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Foreword 

Agriculture being the primary source of income for the largest section of India’s 
population, sustaining high productivity, ensuring resource use efficiency and secur-
ing profitability assume critical importance in catering to the country's growing food 
demand. Since independence, agricultural output has increased dramatically placing 
India as one of the top five producers in respect of 80% of global agri-produce. The 
year 2021–2022 closed with a record food grain output of 314.51 million tons and 
record horticultural output of 335 million tons. The year also saw agri-exports 
surpassing USD 50 billion. Notwithstanding this, our food system continues to fall 
short of meeting the nutritional security besides suffering from a huge deficit of 
certain commodities like oilseeds and millets. 

The nation’s agrarian structure has however been acquiring the needed dynamism 
in recent times. As markets are evolving, farmers are gradually shifting from 
production focus to demand-led market focus in practicing agriculture. The tentative 
changes in this direction need to be consolidated, which entail a fundamental rethink 
of the role of agricultural knowledge, science and technology. 

The economic, social and environmental dimensions are closely inter-linked in 
the domain of agriculture. This calls for reconciling the contradictions that would 
emerge between economic growth and ecological sustainability, and therefore, 
necessitating broad-basing the growth triggers across all the sub-sectors including 
dairy, livestock and fisheries besides agronomic and horticultural crops. Logically, 
this orientation warrants a new policy framework and appropriate investments in the 
agriculture sector. The intensive nature of agriculture adopted since the mid-1960s in 
the irrigated regions of the country has resulted in certain challenges to sustaining the 
productivity. These include loss of soil organic carbon, increase in problematic soils 
and decline in groundwater table. Further, the climatic change-linked weather 
aberrations are complicating the production system across both rainfed and irrigated 
systems. Yield gaps vis-a-vis the technical potential exist across various agricultural 
crops and states, minimizing which will require sharing of technology with all 
farmers that promotes sustainability of higher yield based on total factor productiv-
ity, climate resilience and feasibility for efficient market integrations. Given the 
current need for generating profitability, farmers will need to be repurposed to 
practise agricultural value systems based on healthy value chains.
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vi Foreword

The moral and foremost responsibility of agriculture is to ensure food security of 
the people. So far, this has meant carbohydrate security. It is important that the 
production system is remandated to produce a cafeteria of agri-produce that will 
meet the nation’s nutrient requirements for a balanced diet and healthy living. Broad-
based production systems should also focus on outputting safe and healthy 
commodities by adopting Good Agriculture Practices. It cannot be “anyhow and at 
any cost” system anymore. This new approach also bears the potential that can 
generate spin-off positive advantages like minimizing production and income risks. 

I am happy to learn that Dr. P. K. Ghosh and a group of scientists have thoroughly 
examined the development of Indian agriculture since independence and shared with 
readers the agricultural landscape over the last 75 years. The book Trajectory of 
75 Years of Indian Agriculture After Independence addresses many issues in a 
pragmatic way and documents various facets of Indian agriculture from different 
perspectives. The choice of themes and topics. well researched content and logical 
structuring of the book makes it a useful reading for all those interested in agriculture 
including researchers, academics, policy makers and programme executives. 

That the book is being brought out during the “Azadi Ka Amrit Kaal” of India, 
and when the country looks forward to a new trajectory of growth after its 75 years of 
meaningful transformation, is more than a fortuitous coincidence. 

I congratulate the authors and editors for contributing richly to the knowledge 
domain of the agriculture sector through this book. 

Department of Agriculture & Farmers Welfare 
National Rainfed Area Authority (NRAA) 
New Delhi, India 

Ashok Dalwai



Preface 

The majority of India's rural population relies on agriculture as their main source of 
income. This sector provides employment to a sizable population in the country. 
Realizing the importance of agriculture, the Government of India made several 
attempts to evolve appropriate agricultural policies for producers’ and consumers’ 
welfare. Adoption of improved HYV seeds, coupled with efficient irrigation, other 
inputs and price support led to a notable increase in agricultural production and 
productivity making it possible to feed the growing human population. The approach 
to agricultural reforms was largely production centric, but several concerns related to 
farmers’ distress and low incomes emerged in the recent decade. India is the land of 
diverse agro-ecologies that covers many typologies and is dominated by various 
crops and animal-based systems. These diverse typologies allow the country to 
produce a number of major and minor agri-based commodities. The crop sector 
contributes maximum to the value of output realized from agricultural and allied 
activities. Livestock and fisheries sectors are growing appreciably and are regarded 
as high growth sectors. To provide a boost, the Government has created a separate 
ministry to focus on these sectors. The outputs have increased manifolds since 
independence, and we are now the largest exporter of bovine meat and crustaceans. 

Currently, the country produces more than 1.2 billion tonnes of agricultural 
produce. However, the commodities vary in terms of their importance for food, 
feed and fodder, clothing along with being used as raw and intermediate products for 
industries. The country has now emerged as a significant global player particularly in 
crustaceans, basmati rice, cotton, bovine meat and many other commodities. Agri-
cultural exports crossed USD 50 billion in 2021–2022. India’s export basket is now 
diversified with non-traditional items, and differential products are also gaining 
importance. However, the country has been deficit in production of oilseeds, and 
the major chunk of edible oil requirement in the country is met through imports. Our 
imports of palm oil have reached the level of approximately 10 million tonnes. A 
number of steps have been taken by the Government of India to boost the produc-
tivity and production of domestic oilseeds in the country. 

The agrarian structure in India has also undergone significant change. 
Corresponding to the growth trajectory, the cropping pattern has also gone through 
significant changes over time. The Government of India is places much emphasis on 
the promotion of coarse cereals, which are now emerging as important for assured
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health benefits and termed as nutri-cereals. Much emphasis has also been placed on 
pulses and oilseeds for attaining self-sufficiency. There is a clear shift from food 
grains towards fruits and vegetables. Due to the shift in demand patterns, farmers 
have also responded to market signals and are gradually shifting the production mix 
to meet the growing demand for these commodities. Increasing demand of high 
value commodities like fruits and vegetables in coming years could be tapped by 
shift in policy focus as well as investment towards allied sectors for improving 
productivity, quality and efficiency. 

viii Preface

The nutrition transition is reported to be an important consequence of the 
economic and structural transformation. The economic growth, changes in tastes 
and preferences and urbanization have resulted in changing consumption pattern 
away from traditional food commodities to processed and high value commodities. 
There is a clear consumption shift from food grains towards high value products like 
fruits and vegetables, livestock and fisheries. This is manifest in increasing area 
coverage and production in respect of these sectors and reflects in the increasing 
value share of these items over time. The increasing demand for high value 
commodities like fruits and vegetables, livestock products and fisheries can be 
tapped better, by a shift in policy to focus on what would constitute the growth 
drivers in the coming years. 

Further, Indian agriculture is challenged owing to climate variability, occurrence 
of natural disasters, poor logistics, price uncertainties, etc. In many cases, the crop 
productivity in India is much lower than other producing nations. We need to ensure 
that the maximum potential of any crop variety is harvested at the farmers’ field. 
Significant yield gaps exist across various crops in different states, as well as within 
states. Bridging these yield gaps will not only increase the production but also help 
to improve the efficiency of land and labour, reduce production cost and add to food 
security. Improving the crop yields is also important from the perspective of 
releasing land for other productive uses, by diversifying into high value activities 
and commodities, and to allow farmers to scale up integrated farming practices. 

Raipur, Chhattisgarh, India P. K. Ghosh 
Patna, Bihar, India Anup Das 
New Delhi, India Raka Saxena 
Pune, Maharashtra, India Kaushik Banerjee 
Barrackpore, West Bengal, India Gouranga Kar 
New Delhi, India D. Vijay
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Trends and Trajectory of Indian Agriculture 1 
Raka Saxena, Sonia Chauhan, Dilip K. Ghosh, Rohit Kumar, 
Dilip Kumar, and Anup Das 

Abstract 

The Government of India made several attempts to evolve appropriate agricul-
tural policies. The approach to agricultural reforms was largely production-
centric, but concerns related to farmers’ distress and low incomes emerged in 
the recent decade. Realizing those, the Government constituted a committee for 
Doubling of Farmers’ Income (DFI) by 2022–2023. This chapter studies the 
detailed trajectory of Indian agriculture in terms of changes in macroeconomic 
indicators, particularly agricultural growth, employment, agricultural trade, 
changes in agrarian structure, cropping pattern, production profile, and changes 
in consumption pattern during various growth phases. The crop sector contributed 
the maximum to agricultural growth. Livestock and fisheries sectors have grown 
at an appreciable growth. The number of marginal and small holdings and the 
area under such holdings have increased while the number of semi-medium, 
medium, and large holdings and the area under such holdings has reduced. 
There is a clear consumption shift from food grains toward high-value products 
like fruits and vegetables, livestock, and fisheries. This manifests in increasing 
area coverage and production in respect of these sectors and reflects in the
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increasing value share of these items over time. The exports of agricultural 
commodities have jumped significantly. The country needs to handle the 
challenges related to climate uncertainties and other productivity barriers.

4 R. Saxena et al.
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1.1 Chronology of Policy Reforms in Agriculture 

Agriculture has been a significant component of the Indian economy and supports 
the mainstay of the majority of the rural population in India. Though the share of 
agriculture and allied in total gross value added (GVA) has declined from 60% in 
1950–1951 to 20% in 2019–2020, the agricultural output has been consistently 
increasing. India is one of the largest producers of rice, wheat, pulses, sugarcane, 
cotton, groundnuts, fruits, vegetables, milk, and fisheries. This sector provides 
employment to a sizable population in India. Realizing the importance of agriculture, 
the Government of India made several attempts to evolve appropriate agricultural 
policies for producers’ and consumers’ welfare. To start with, the Royal Commis-
sion was set up in 1928 to examine the conditions of the agricultural and rural 
economy and recommend measures for agricultural improvement in India. The first 
Food Grains Policy Committee was set up in 1943 to tackle the ill effects of the 
Second World War on the availability, supply, distribution, and prices of food 
products. Severe food shortages were faced due to partition and lower productivity 
immediately after attaining independence. With the aim to provide food to all, the 
government appointed Foodgrain Policy Committee in 1947 to study the food 
distribution aspects. The main feature of this policy was the gradual withdrawal of 
control and restrictions on the food grains movement. Subsequently, to examine 
food problems and their solutions, various other committees like Maitra Committee 
(1950), Mehta Committee (1957), and Venkatappaiah Committee (1966) were 
constituted. The recommendations of these committees were vital in the formulation 
of agricultural policies for the distribution of food grains, minimum support prices, 
subsidies, public storage, procurement, and trade protection measures (Government 
of India 2018). 

The first comprehensive agricultural policy in the country was brought out by the 
National Commission on Agriculture (1976) with a major emphasis on agricultural 
production along with natural resource management including land, water, and soil 
conservation. The outcomes were realized in the suggestion/initiation of various 
development schemes to improve the condition of natural resources and the income 
of farmers. Another committee chaired by Shri Bhanu Pratap Singh in 1990 made 
recommendations covering all major sectors of the agricultural economy and 
provided the base for the first draft of agricultural policy resolution, which resulted 
in the first ever comprehensive National Agricultural Policy introduced in 2000 
(Government of India 2018). Further, the National Commission on Farmers (NCF)



was set up in 2004 and studied the major concerns pertaining to Indian farming and 
the farmers, largely emphasizing agricultural production, productivity, food avail-
ability, and sustainability and also addressed other major agricultural dimensions 
related to land reforms, irrigation, infrastructure, along with agricultural research and 
development. 

1 Trends and Trajectory of Indian Agriculture 5

The approach to agricultural reforms was largely production-centric, but several 
concerns related to farmers’ distress and low incomes emerged in the recent decade. 
Realizing those, the government constituted a committee for Doubling of Farmers’ 
Income (DFI) by 2022–2023; the agenda focused on holistic solutions and suggested 
the major reforms required in the agriculture sector. DFI Committee also considered 
and suggested the market reforms in a big way and also focused on the allied sectors 
like animal husbandry, poultry, fisheries, and secondary agriculture. 

Considering this chronology, this chapter studies the detailed trajectory of Indian 
agriculture in terms of changes in macroeconomic indicators, particularly agricul-
tural growth, employment, agricultural trade, changes in agrarian structure, cropping 
pattern, production profile, and changes in consumption pattern during various 
growth phases. For analyzing the changes, the entire period during the last 
75 years has been classified into four broad phases: pre-green revolution phase 
(1950–1951 to 1966–1967), green revolution phase (1967–1968 to 1987–1988), 
diversification and economic reforms phase (1988–1989 to 2009–2010), and market 
and income reforms (2010–2011 to 2019–2020).1 We followed a systematic 
approach and identified the structural breaks using the Bai-Perron methodology.2 

The breaks were identified in the GVA of agriculture at 2011–2012 prices. The 
analysis of selected parameters (for continuous series) has been done according to 
the identified structural breaks. 

1.2 What Comprises Indian Agriculture? 

Agriculture and its allied sectors play an important role in the Indian economy. 
Agriculture and allied sector consists of four broad subsectors, namely crop sector, 
livestock, forestry, and fisheries. The crop sector contributes the maximum output 
value realized from agricultural and allied activities. Livestock and fisheries sectors 
are growing appreciably and are categorized as high-growth sectors. India is the land 
of diverse agroecologies and covers various typologies, namely arid, coastal, hilly, 
mountainous, irrigated, and rainfed. These diverse typologies allow the country to

1 Chand and Shinoj (2012) delineated six phases in agricultural development, namely pre-green 
revolution period (1950–1951 to 1966–1967), early green revolution period (1968–1969 to 
1975–1976), period of wider technology dissemination (1975–1976 to 1988–1989), period of 
diversification (1988–1989 to 1995–1996), post-reform period (1995–1996 to 2004–2005), and 
period of recovery (2004–2005 to 2010–2011). 
2 The models for a structural break can integrate the structural changes in selected variables through 
the model parameters. Bai and Perron (1998) provide the standard framework for the structural 
breaks model in which some, but not all, of the model parameters, are allowed to break at m possible 
break points (Bai and Perron 1998).



continued)

produce a number of major and minor agri-based commodities. Box 1.1 provides the 
total production of all major agri-commodities in India. Currently, the country 
produces approximately 1.2 billion tonnes of agricultural produce. However, the 
commodities vary in terms of their importance for food, feed and fodder, and 
clothing, along with being used as raw and intermediate products for industry. 
Being the largest sector in agriculture, the crop sector holds a large number of 
contributors. Field crops include cereals, pulses, oilseeds, sugars, and fibers. 
Among the cereals, paddy and wheat are the major staple crops and comprise the 
maximum share. Recently, the Government of India accorded greater emphasis on 
the cultivation of coarse cereals/millets owing to their nutritional benefits. Gram, 
pigeon pea, black gram, and green gram are the most important pulses. The country 
attained an appreciable increase in the production of pulses, and the total pulse 
production increased from 16–17 million tonnes (2014–15) to around 24–25 million 
tonnes (2019–20).
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Box 1.1 Volumes of Different Commodities Produced in India, TE 
2019–2020 (000′ Tonnes) 

Cereals 

Paddy 
116035 

Wheat 
103775 

Sorghum 
4350 

Pearl millet 
9412 

Barley 
1712 

Maize 
28411 

Finger 
millet 
1660 

Small 
millets 
381 

Pulses 

Gram 
10798.6 

Pigeon pea 
3832.3 

Black 
gram 
2877.9 

Green gram 
2328 

Lentil 
1318 

Oilseeds 

Soybean 
11809 

Linseed 
131 

Sesamum 
701 

Groundnut 
8644 

Rapeseed 
and 
mustard 
8936 

Castor seed 
1535 

Niger seed 
52 

Safflower 
41 

Sunflower 
217 

Sugar and jaggery 

Sugarcane 
385,274 

Fibers 

Cotton 
32,304 

Jute 
9511 

Mesta 
399 

Indigo, dyes and tanning material, drugs and narcotics 

Tea 
915 

Coffee 
311 

Cocoa 
23 

Condiments and spices 

Cardamom 
24 

Dry chilies 
1692 

Black 
pepper 
58 

Ginger 
1817 

Turmeric 
999 

Areca nut 
1110 

Garlic 
2986 

Coriander 
668 

Fennel 
134 

Cumin 
767 

Ajwain 
26 

Fenugreek 
193 

Tamarind 
193 

Nutmeg 
15 

Cloves 
1 

Fruits 

Banana 
31288 

Cashew 
Nut 
754 

Mango 
21155 

Grapes 
3047 

Papaya 
5940 

Apple 
2486 

Mosambi 
3524 

Lemon 
3439 

Orange 
5827 

Walnut 
295 

Litchi 
711 

Pineapple 
1716 

Sapota 
1047 

Almonds 
12 

Jack fruit 
1778 

Watermelon 
2399 

Muskmelon 
1198 

Pear 
303 

Guava 
4223 

Gooseberry 
1095 

Passion fruit 
73 

Peach 
113 

Pomegranate 
2791 

Strawberry 
6 

Other fruits 
2295 

Plum 
87 

Vegetables 

Potato 
50,021 

Sweet 
potato 
1266 

Tapioca 
5329 

Onion 
24,057 

Cabbage 
9145 

Cauliflower 
8897 

Okra 
6209 

Tomato 
19,980 

Green 
peas 
5611 

(
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Radish 
3129 

Beans 
2301 

Bitter 
gourd 
1203 

Bottle 
gourd 
2933 

Capsicum 
452 

Carrot 
1790 

Cucumber 
100 

Pumpkin 
1936 

Other Crops 

Rubber 
685,667 

Mushroom 
293 

Livestock 

Milk group 
176,467 

Meat 
7733 

Eggs 
104 
(billion 
nos.) 

Wool 
4242 
(million kg) 

Fisheries 

Inland fish 
8806 

Marine 
fish 
3675 

Source: Directorate of Economic and Statistics, Government of India. 

Major oilseeds include soybean, rapeseed and mustard, groundnut, and coconut. 
The country has been in deficit in the production of oilseeds, and the major chunk of 
edible oil requirement in the country is met through imports. Our imports of palm oil 
have reached the level of approximately ten million tonnes. A number of steps have 
been taken by the Government of India to boost the productivity and production of 
domestic oilseeds in the country. The country is also the leading producer of 
sugarcane. The recent sugar policy aims at enhancing sugar exports and also aims 
to diversify its usage for strengthening domestic producers and sugar mills. A 
number of fruits and vegetables are grown under diverse agroclimatic environments. 
Horticultural output is increasing at an encouraging pace leading to greater partici-
pation of the country at the international level. Livestock and fisheries are the high-
growth sectors. To provide a boost, the Government has created a separate ministry 
to focus on these sectors. The outputs have increased manifolds since independence, 
and we are now the largest exporter of bovine meat and crustaceans. Subsequent 
chapters delve more into the technological and other growth aspects of each of these 
subsectors. 

1.3 Phases in Indian Agriculture 

Several efforts have been made since independence to evolve appropriate agricul-
tural policies impacting the agricultural systems in India. Given the food deficiency 
that prevailed and continued since independence, the growth strategy was largely 
production-centric. The agricultural sector received the much-needed attention that 
helped the nation achieve high levels of production for achieving food security. To 
have a more systematic portrait, we delineated the growth phases in agriculture and 
identified the structural breaks (Fig. 1.1). 

To realize the goal of self-sufficiency in the agricultural sector, the Green 
Revolution was initiated in 1966–1967, which led to appreciable productivity



growth in major grains, mainly rice and wheat. The adoption of improved HYV 
seeds coupled with efficient irrigation, other inputs, and price support led to an 
increase in productivity, making it possible to feed the growing human population. 
This led to a considerable rise in agricultural production, making India self-sufficient 
in food grains. During the decade of the 1980s, efforts were made to spur agricultural 
growth in low productivity and stagnant states and regions, and special packages 
were launched to disseminate improved agricultural technology in underdeveloped 
states. The strategy focused on improved crop varieties and technologies suitable for 
dry-land regions to improve agricultural productivity. The productivity 
enhancements were realized through an increase in public investment in agriculture, 
research & development, and infrastructure. Agricultural research, extension, input 
supply, credit, marketing, price support, and the spread of technology were the prime 
concern of policymakers (Rao 1996).
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Fig. 1.1 Various phases in the growth of Indian agriculture. Source: Central Statistics Office, 
MoSPI 

Expansion of area was the main source of growth during the 1950s and 1960s; 
productivity became the main source of growth in agricultural production afterward. 
This phase also witnessed agrarian reforms, a number of institutional reforms, and 
the strengthening of agricultural credit institutions. Land reforms were important in 
increasing agricultural production during this phase. For price support to boost the 
adoption of improved technology, Agricultural Price Commission was set up in 
1964, and an agricultural price policy was formulated to ensure minimum support 
prices to the farmers for selected agricultural commodities. 

The second phase in Indian agriculture resulted in the attainment of self-
sufficiency in food grains. Meanwhile, the Operation Flood Program launched by 
the Government of India with international cooperation in different phases resulted 
in enhanced milk output. A ‘National Milk Grid’ was formed that connected milk 
producers throughout the country along with the consumers. This led the country to



become the highest milk producer in the world. Indian agriculture witnessed diver-
sification toward nonfood grains output like milk, fishery, poultry, vegetables, fruits, 
etc. which accelerated growth in agricultural GDP during the 1980s (Chand 2003). 
The Blue Revolution concentrates mainly on enhancing the production and produc-
tivity of aquaculture and fisheries both from the inland and marine sources to meet 
the food and nutritional security of the nation. Economic reforms initiated in 1991 
focused on deregulation, reduced government participation in economic activities, 
and liberalization. Opening up the economy for agricultural trade was a significant 
development and impacted agriculture. The country signed a number of multilateral 
trade agreements to boost our agricultural exports. The comprehensive e New 
Agricultural Policy was launched in 2000, aiming at 4% per annum growth in 
agriculture while meeting sustainability and equity goals. The recent phase focuses 
on various reforms for enhancing farmers’ income in the country. 

1 Trends and Trajectory of Indian Agriculture 9

1.4 Agricultural Growth 

This section presents the trends and growth in Gross Value Added (GVA) across 
various subsectors at 2011–2012 prices. The contribution of the agricultural and 
allied sectors to the overall GVA has changed intensely over the years. The contri-
bution of the agricultural sector has declined from approximately 56% in pre-green 
revolution phase to about 16% in the recent phase, which was mainly dominated by 
several market and income reforms. The share of the service sector has enhanced 
drastically during this growth trajectory. Though the share of agriculture has 
declined, the growth momentum has picked up. The recent phase has witnessed an 
appreciable growth of over 3.5% per annum (Table 1.1). 

During the recent phase, livestock and fisheries registered a growth of 1.54, 7.48, 
and 8.56% per annum, respectively (Fig. 1.2). The fisheries sector is growing at an 
appreciable and sustainable rate and is ahead among all sub-sectors. The livestock 
sector is likely to emerge as an engine of growth in the agricultural sector and can be 
relied upon for risk mitigation and minimizing losses to the farmers. The studies 
show that livestock is the best insurance against agrarian distress as the sector is the 
source of sustained income and generates income more frequently than the crop 
sector (Fig. 1.3). 

1.5 Cropping Pattern 

Corresponding to the growth trajectory, the cropping pattern has gone significant 
changes over time. Table 1.2 provides insight into the area share of different crop 
categories to gross cropped area (GCA) over time. The area under cereals has 
increased over time; paddy and wheat have been the principal cereals and accounted 
for more than one-third share of GCA. The Government of India places a lot of 
emphasis on the promotion of coarse cereals, which are now emerging as important 
for assured health benefits and are termed as nutri-cereals. A lot of emphasis is also



Sector 1966–1967 1987–1988 2010

being accorded to pulses and oilseeds for attaining self-sufficiency in both 
subsectors. There is a clear shift from food grains toward fruits and vegetables. 
Because of the shift in demand pattern, the farmers have also responded to market 
signals and gradually shifted the production mix to meet the growing demand for 
these commodities, as indicated by the increasing value share of these items over 
time. Increasing demand for high-value commodities like fruits and vegetables in 
coming years could be tapped by a shift in policy focus as well as an investment 
toward allied sectors for improving productivity, quality, and efficiency (Fig. 1.4). 
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Table 1.1 Trends in GVA across sectors 

Market and 
Pre-green 
Revolution 
1950–1951 to 

Green 
Revolution 
1967–1968 to 

Diversification and 
Economic Reforms 
1988–1989 to 2009– 

Income 
Reforms 
2010–2011 to 
2019–2020 

Average GVA@2011–2012 prices (Rs billion) 
Agriculture 
and allied 

3631 5585 10,328 16,691 

Agriculture 2956 4589 8683 14,367 

Industry 960 2401 8314 21,314 

Services 2287 5452 21,868 64,999 

Share (%) 
Agriculture 
and allied 

55.89 43.12 25.83 16.20 

Agriculture 45.51 35.43 21.72 13.95 

Industry 14.78 18.53 20.80 20.69 

Services 35.21 42.09 54.70 63.10 

GVA growth (% p.a.) 
Agriculture 
and allied 

2.02 2.30 2.70 3.55 

Agriculture 2.00 2.52 2.77 3.24 

Industry 6.33 4.88 6.25 6.21 

Services 4.87 4.70 7.45 7.52 

1.6 Dependence on Agriculture and Agrarian Structure 

The dependence on agriculture can be assured from the fact that how many workers 
in the form of cultivators and agricultural laborers are employed in agriculture. Such 
data on agricultural workers are available in the population census on decadal bases. 
Besides, the National Sample Survey Office (NSSO) conducts surveys on employ-
ment and unemployment on a quinquennial basis. Table 1.3 presents the data on 
agricultural workers in the economy since 1951. Except for 1971, a continuous 
increase has been noticed in total workers engaged in agriculture. However, the 
number of cultivators declined between 2001 and 2011. The number of agricultural



laborers increased from 107 million to 144 million. The data indicate that the interest 
of the farming community in agriculture is declining, and consequently, the self-
employed workers in agriculture are leaving the industry. This reported shift is good, 
provided the workers, who left the sector, are productively and gainfully employed 
in alternate sectors/industries. 
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Fig. 1.2 Growth rates in GDP across subsectors at 2004–2005 prices. Source: Central Statistics 
Office, Ministry of Statistics and Programme Implementation, Govt. of India 

The agrarian structure in India has also undergone significant change in India. 
The average land holding has witnessed a continuous decline since independence, 
and it declined from 2.69 hectares in 1960–1961 to 1.08 in 2015–2016. The total 
number of operational holdings in the country increased from 71.011 million in 
1970–1971 to 146.45 million in 2015–2016. Small and marginal farm holders now
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Crops economic reforms income reforms

cultivate 47% of total operated land and constitute 86% of the total number of 
landholdings. Fragmented and scattered holdings (as is the case of most of the 
marginal and small farms in India) do not allow better utilization of farm resources 
and technology adoption by the farmers; as a result, it reduces productivity. More-
over, this also hinders the diversification process, which is considered a key in 
enhancing the income of farmers. However, studies have also reported that small 
farms are more efficient in terms of technology adoption and better resource use 
productivity. A study by Chand et al. (2011) indicates that the smaller the holding 
size, the higher the use of inputs, crop intensity, and coverage under HYVs, 
reflecting technology. The study concluded that agriculture productivity in marginal 
and smallholdings was found to be much higher than the average productivity for all 
size categories; however, per capita output is low in smallholdings despite higher 
productivity due to lower per capita availability of land (Table 1.4). 
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Fig. 1.3 Growth rates in GDP across subsectors. Source: Central Statistics Office, MoSPI, Govt. of 
India 

Table 1.2 Area shares of crop categories to gross cropped area (GCA) 

Pre-green Green 
revolution 
period 

revolution 
period 

Diversification and Market and 

Paddy 
and wheat 

30.44 35.12 36.84 37.48 

Pulses 15.19 13.39 12.04 13.38 

Oilseeds 8.60 9.72 18.51 17.55 

Sugar 1.49 1.69 2.17 2.49 

Source: Agricultural Statistics at a Glance, Various issues
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Fig. 1.4 Recent changes in cropping pattern. Source: Agricultural Statistics at a Glance, Various 
issues 

1.7 Domestic Marketing and Trade 

The bulk of the agricultural produce was marketed through the traditional spot 
markets. The Agriculture Produce Marketing Committee (APMC) was established 
to regulate agricultural marketing and promote efficient trade. The Government of 
India established the Agricultural Prices Commission (APC) in 1964 to create a 
stable and remunerative price environment. Agricultural price policy in India started 
with the basic intention of incentivizing Indian farmers to adopt the improved 
package of technology effectively. The model Agricultural Produce Marketing 
(Development and Regulation) Act, 2003 was formulated and shared with all the 
states for implementation. Only a few states could completely modify the existing 
Acts and implement the amendments. Newer marketing platforms were also created, 
such as eNAM. 

Contrary to the overall trade, India has always been a net exporter in the case of 
agriculture despite the initial phases of attaining self-sufficiency in most of the 
commodities. The exports of agricultural commodities picked up after 1970–1971; 
however, a kick start was attained only after 1994–1995 with the launch of global 
trade reforms and trade integration with the establishment of the World Trade 
Organization. Over the last 25 years since India’s liberalization, foreign trade has 
expanded multifold and seen significant structural shifts in product mix as well as 
geographic spread. Liberalization in trade policies related to easing several trade 
restrictions, reduction in tariff levels across different products, and other trade 
reforms have assisted the growth of foreign trade, especially in the first two decades 
post-liberalization. India’s exports increased from Rs. 0.32 lakh crores in 1990–1991 
to Rs. 23.08 lakh crores in 2018–2019, and imports also enhanced from Rs. 0.43 
lakh crores in 1990–1991 to Rs. 35.95 lakh crore in 2018–2019 (Table 1.5). The 
composition of exports has gone substantial changes post-liberalization. India’s

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/agricultural-price
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export basket is now diversified, with nontraditional items and differential products 
also gaining importance. Agricultural exports and imports have also increased 
considerably during the last 25 years. Since the year 2005–2006, there can be seen 
marked surge both in the export and import of agricultural commodities. The 
absolute agricultural trade has expanded, and also the share of agricultural exports 
has increased in recent years (Fig. 1.5).
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Table 1.4 Changing the agrarian structure: number and size of holdings 

Below 1.0 1.0–2.0 2.0–4.0 4.0–10.0 Above 10.0 All 

Number of holdings (thousands) 
1960–1961 19,900 10,900 9200 6600 2300 48,900 

1970–1971 35,682 13,432 10,681 7932 2766 70,493 

1976–1977 50,122 16,072 12,455 8068 2166 88,883 

1980–1981 56,147 17,922 13,252 7916 1918 97,155 

1985–1986 63,389 20,092 13,923 7580 1654 106,637 

1990–1991 71,179 21,643 14,261 7092 1404 115,580 

1995–1996 76,222 22,814 14,067 6868 1230 120,822 

2001–2001 83,694 23,930 14,127 6375 1096 129,222 

2005–2006 64,316 18,776 11,218 5336 1003 100,650 

2006–2007 92,826 24,779 13,896 5875 973 138,348 

2010–2011 92,688 24,746 13,869 5854 953 138,110 

2015–2016 100,251 25,809 13,993 5561 838 146,454 

Average holding size (hectares) 
1960–1961 0.44 1.47 2.85 6.08 17.57 2.69 

1970–1971 0.41 1.44 2.81 6.08 18.10 2.30 

1976–1977 0.39 1.41 2.77 6.04 17.57 2.00 

1980–1981 0.39 1.44 2.78 6.02 17.41 1.84 

1985–1986 0.39 1.43 2.77 5.96 17.21 1.69 

1990–1991 0.39 1.43 2.76 5.90 17.33 1.57 

1995–1996 0.40 1.42 2.73 5.84 17.21 1.41 

2001–2001 0.40 1.42 2.72 5.81 17.12 1.33 

2005–2006 0.38 1.38 2.68 5.74 17.08 1.23 

2006–2007 0.42 1.42 2.72 5.78 15.57 1.30 

2010–2011 0.39 1.42 2.71 5.76 17.38 1.15 

2015–2016 0.38 1.40 2.69 5.72 17.07 1.08 

Source: Agricultural Census, Various Years
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Recent Marketing Reforms 
In order to revive the Indian economy, the Centre government has announced 
the Atma Nirbhar Bharat Abhiyan. It includes the announcement of Rs 1 lakh 
crore fund to finance agriculture infrastructure projects at the farm gate and 
produce aggregation points. Also, Rs 500 crore has been allocated to 
extend Operation Greens, which comprises Tomatoes, Onion, and Potatoes 
(TOP) to ALL fruits and vegetables (TOTAL). Apart from it, the government 
has also shown the intention to usher in agricultural marketing reforms. These 
reforms relate to amending the Essential Commodities Act (ECA), 1955, 
bringing Central legislation to allow farmers to sell their products to anyone 
outside the APMC mandi yard and creating a legal framework for contract 
farming. 

1.8 Shift in Consumption Pattern 

India is a country with around 1.38 billion population (almost 17% of the world) 
with changing food habits. The agricultural systems and policies in the initial phases 
largely catered to meeting the basic objective of reducing hunger and poverty. 
Breakthroughs in production technology for enhancing the food grain yield, 
named the Green Revolution, led to self-sufficiency in food production. Rising 
income further facilitated consumption diversification leading to greater demand 
for the consumption of high-value products. The nutrition transition is reported to be 
an important consequence of economic and structural transformation. Economic 
growth, changes in tastes and preferences, and urbanization has resulted in changing 
consumption pattern away from traditional food commodities to processed and high-
value commodities (Murty 2000; Meenakshi 1996; Rao 2000) (Fig. 1.6). 

There is a clear consumption shift from food grains toward high-value products 
like fruits and vegetables, livestock, and fisheries. This is manifest in increasing area 
coverage and production in respect of these sectors and reflected in the increasing 
value share of these items over time. The increasing demand for high-value 
commodities like fruits and vegetables, livestock products, and fisheries can be 
tapped better by a shift in policy to focus on what would constitute the growth 
drivers in the coming years. This potential can be better harvested by reorienting the 
policy to enhance investments in these allied sectors for improving productivity, 
quality, and efficiency. Over the past two decades, the share of food in total 
expenditure (as explained by the monthly per capita expenditure, MPCE) has fallen 
in rural India, signaling a clear shift in expenditure behavior. An increasing trend 
toward nonfood expenditure is clearly visible, and one would expect the trend to 
continue in the near future. The physical consumption quantities display a consistent 
decline in cereals in both rural and urban India, and the trend holds true for pulses as 
well. Around 15% of the household expenditure budget has shifted toward nonfood

https://www.drishtiias.com/daily-updates/daily-news-analysis/atmanirbhar-bharat-and-economic-stimulus
https://www.drishtiias.com/daily-updates/daily-news-editorials/operation-greens-3
https://www.drishtiias.com/daily-updates/daily-news-editorials/agriculture-produce-to-agriculture-marketing


expenditure. While expenditures on fuel, light, and other items have also registered 
consistent and marginal improvements, doubling expenditure on durable goods can 
be appreciated as it reflects household welfare. More than 9% increase in expendi-
ture on other goods and services also indicates an increasing preference toward 
nonfood items than food items (Table 1.6). 
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Box 1.2 Projected Demand of Major Food Commodities (Million Tonnes) 

Commodities 2030* 2050** 

Cereals 284 359 

Pulses 26.6 46 

Edible oils 21.3 39 

Vegetables 192 342 

Fruits 103 305 

Milk 170.4 401 

Sugar 39.2 58 

Meat 9.2 14 

Egg 5.8 10 

Fish 11.1 22 

Source: *Kumar et al. (2016) for projected demand in 2030, **NCAP 
Vision 2050 for projected demand in 2050. 

Owing to the increasing population pressure over the years, demand for food is 
naturally expected to increase in the coming years. Various studies have projected 
the demand for food grains under alternative assumptions of income growth, distri-
bution of income, and future dynamics of rural and urban populations. Box 1.2 
presents the projected national demand for major food commodities for the years 
2030 and 2050, as estimated in different studies. Substantial increases in the 
consumption of high-value food commodities like fruits, vegetables, milk, meat, 
fish, and eggs have been projected. It is encouraging to note that the outputs have 
risen more than the projections because of technological improvements and better 
logistics. The rising food demand needs to be accompanied by increasing demand 
for its safety and quality owing to the rising health consciousness of the masses. The 
major challenge lies in developing technologies, practices, varieties, and breeds that 
are high-yielding as well as safe for human health. 

1.9 Conclusions 

The growth trajectory of the agricultural sector has moved through different phases 
and evidenced varied growth patterns along with changes in other related sectors. 
The crop sector contributed the maximum to agricultural growth, and overall growth 
in agriculture was largely determined by growth in the crop sector. Livestock and 
fisheries sectors have grown at an appreciable growth. Fisheries growth has outpaced 
growth in other sectors. Since independence, food grains production enhanced by six 
times, fish by 19 times, milk 12 times, and eggs 67 times since 1950–1951, thus 
making a visible impact on national food and nutritional security. However, the



interest of the farming community in agriculture is declining, and consequently, the 
agricultural workers who are self-employed in agriculture are leaving the industry. 
This reported shift is good, provided the workers, who left the sector, are produc-
tively and gainfully employed in alternate sectors/industries. Trends in components 
of nonfood items remain more or less equal in rural and urban domains. Rather, 
while food and nonfood expenditure are converging in the rural sphere, urban India 
shows a clear divergence, with a sharp fall in food expenses and a corresponding 
increase in nonfood expenses. 
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The country is the largest producer of pulses in the world and the second-largest 
producer of paddy and wheat. India is also an important producer of commercial 
crops like cotton, sugarcane, and tobacco. There is a need to sustain the enhanced 
outputs and maximize land productivity. In many cases, the crop productivity in 
India is much lower than in other producing nations. We need to ensure that the 
maximum potential of any crop variety is harvested at the farmers’ field. Significant 
yield gaps exist across various crops in different states, as well as within states. 
Bridging these yield gaps will not only increase production but also help to improve 
the efficiency of land and labor, reduce production costs, and add to food security. 
Improving the crop yields is also important from the perspective of releasing land for 
other productive uses, by diversifying into high value activities and commodities, 
and to allow farmers to scale up integrated farming practices. 

The Government is placing a strong emphasis on neglected sectors. India suffers 
from a huge deficit of edible oils and has emerged as the major importer of food oil in 
the world. As against the domestic requirement of about 23 million tonnes of 
vegetable oils, the country’s domestic output from both primary and secondary 
sources is about 8.5 million tonnes. The oilseeds output is 32 million tonnes, far 
short of the requirement and potential. The yields can be optimized, and there is 
scope to increase the net sown area by improving both cultivable wasteland and 
fallow. The gross sown area can be increased through intensive cropping. 

The number of marginal and small holdings in the country and the area under 
such holdings have increased, while the number of semi-medium, medium, and large 
holdings and the area under such holdings has reduced. The area under nonfood 
crops as a proportion of the total cropped area is increasing, but still, there is a 
dominance of food crops. This shift in the allocation of the area from food crops to 
nonfood crops reflect a change from subsistence cropping to commercial cropping. 
Furthermore, the area under fruits, vegetables, and oilseeds is gradually increasing. 
This is because the consumption pattern is shifting from cereals to noncereals. Policy 
reforms are continuously facilitating the growth of agriculture and will help sustain 
its growth trajectory.
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Abstract 

India’s total food grain production in 1950–1951 was low at 50.8 million tonnes, 
with a population of 361 million. Thus, the food grain production in 1950–1951 
was 140.7 kg per person per annum or 0.39 kg per day. Thanks to Indian 
farmers and agricultural scientists who worked hard to increase the food grain 
production through new crop varieties and production technologies, along with 
the supportive policies of the governments that paved the way for the Green 
Revolution in Indian Agriculture. Achievements of the green revolution further 
led to achievements in other agricultural and allied sectors like the white 
revolution with substantial gains from milk production, followed by the yellow 
revolution with a significant increase in edible oilseed production, and the pink 
revolution with an increase in meat and poultry production to a significant extent. 

agriculture when compared to its independence in 1947? As the data for 1947 for 
most of the indicators is not available, 1951 is considered the base year and 
compared the various indicators for the year 2021. 
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2.1 Introduction 

India’s total food grain production in 1950–1951 was low at 50.8 million tonnes, 
with a population of 361 million. Thus, the food grain production in 1950–1951 was 
140.7 kg per person per annum or 0.39 kg per day. Thanks to Indian farmers and 
agricultural scientists who worked hard to increase food grain production through 
new crop varieties and production technologies, along with the supportive policies of 
the governments that paved the way for the Green Revolution in Indian Agriculture. 
Achievements of the green revolution further led to achievements in other agricul-
tural and allied sectors, like the white revolution with substantial gains from milk 
production, followed by the yellow revolution with a significant increase in edible 
oilseed production, and the pink revolution with an increase in meat and poultry 
production to a significant extent. 

This chapter mainly discusses where does India stand today in terms of its 
agriculture when compared to its independence in 1947? As the data for 1947 for 
most of the indicators is not available, 1951 is considered the base year, and 
compared the various indicators for the year 2021. 

2.2 Period-Wise Food Security Strategies and Approaches 

Broadly, the overall period from independence to 2021 is divided into: Phase-I, 
Pregreen revolution period (1947–1965); Phase-II, Green Revolution Period 
(1965–1980); Phase-III, Post-Green Revolution Period (1980–1991); Phase IV, 
Economics reforms period (1991–2015); and Phase V, One nation, One market 
(2015 onwards). The problems faced, strategies, and approaches followed in differ-
ent periods are presented in Table 2.1. 

2.2.1 Pre-Green Revolution Period (1947–1965) 

When India became an independent nation on August 15, 1947, India’s population 
was just 330 million, mostly living in villages with poverty and low life expectancy. 
Agriculture had very low productivity, mostly led by self-sustaining small farmers. 
The marketed surplus was very limited, and mostly marketed in weekly markets 
along with other daily necessities. The share of coarse cereals and pulses was much 
higher in the food basket. The trading was mostly done by informal and unregulated 
petty village traders, who purchased from the farmers and sold to aggregators or in 
weekly markets with limited postharvest processing like cleaning, grading, and 
packaging. Slowly different state governments started regulating the agricultural 
markets through the formation of Agricultural Produce Market Committees 
(APMCs) at the block level with twin objectives of regulating the malpractices of 
traders and commission agents to ensure reasonable prices to farmers and also to 
maintain reasonable prices for consumers. This period is characterized by frequent 
famine-like situations. Traders frequently hoarded and speculated on food grains to
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Table 2.1 Problems, strategies, and approaches followed since independence 

Phase Status and approach 

Phase-I: Pre-Green Revolution 
Period (1947–1965) 

Problem: Deficit in food production 

Strategy: “Grow more food” campaign and improved food 
security 

Approach: Marketing system designed to the handle deficit, 
regulate interstate trade, manage food security, APMC Acts 
and ECA Act, 1955, PL-480 

Phase-II: Green Revolution 
Period (1965–1980) 

Problem: Self-sufficiency in food grains, ushering in “green 
revolution” (wheat and rice) and “operation flood” (milk 
sector) 

Motive: Ensure food security 

Approach: Usage of technology and high yielding varieties 
(HYVs) to boost production and distribution through 
procurement. Number of important institutions set up (FCI, 
APC, MSP, CWC, and SAUs) 

Phase-III: Post-Green 
Revolution Period(1980–1991) 

Status: Diversification toward high-value crops. 

Strategy: Enhance the value of the output 

Approach: Focus on commercial agriculture, setting up 
National Horticultural Board (NHB) and agricultural and 
processed products export development authority (APEDA) 

Phase IV: Economics reforms 
period (1991–2015) 

Problem: Approaching surplus 

Strategy: Improving the functioning of markets and greater 
international market access for export and imports 

Approach: Signing of Agreement of Agriculture of WTO; 
rapid growth of poultry and milk production; Initiation of 
consultations on Market reforms: Report of Committee on 
Strengthening and Developing of Agricultural Marketing 
under the chairmanship of Shri. Shankerlal Garu submitted 
on 29.06.2001, Model APMC Act 2003 to increase private 
sector participation in marketing and processing; Model 
APMC Rules, 2007. Some states adopted the Model Act. 

Phase V: One nation, one market 
(2015 onwards) 

Problem: Food secure, but the problem of plenty emerges 
especially in cereals 

Strategy: Enhance farmers’ income with freedom to market 
access with one nation, one market strategy 

Approach: Toward a National unified Electronic National 
Agricultural Market (e-NAM), the Model Agricultural 
Produce and Livestock Marketing (Promotion & 
Facilitation) Act, 2017 (APLM) allows for the operation of 
alternative markets and unified national markets; GST 
rollout, streamline interstate trade 

Source: Ministry of Agriculture and Farmers Welfare (2018) Report of the “Committee on 
Doubling on Farmer’s Income,” Ministry of Agriculture and Farmers Welfare, Government of 
India https://agricoop.nic.in/en/doubling-farmers

https://agricoop.nic.in/en/doubling-farmers


take advantage of high price fluctuations. To control speculative and large-scale 
hoarding of food grains, the government of India passed the Essential Commodities 
Act (ECA Act), 1955, to impose stock limits maintained by the middlemen and 
traders and release excess stocks into the market for sale in the times of famines and 
food shortages. Further, during this period, India relied on supplies of food grains 
from the United States under Public Law 480 (PL-480) against rupee payments, as 
India did not have much foreign exchange to buy large quantities of food in 
international markets. During the peak years, under PL-480, India imported 10 mt 
of food grains, this huge import dependence on basic necessities like food was a 
humiliation to the government; hence the government started taking steps to become 
food self-sufficient.

26 A. A. Reddy et al.

2.2.2 Green Revolution Period (1965–1980) 

During the late sixties, the government gave special emphasis on food self-
sufficiency to reduce dependency on PL-480 imports. India imported 18,000 tonnes 
of high-yielding varieties (HYV) of wheat from Mexico in 1966 and ushered in the 
Green Revolution. Improved technologies (HYV seeds, water, and fertilizers) and 
innovation in institutional development (like the cooperative movement ushered in 
the white revolution) have been the driving force of the green revolution. Although 
seeds originally came from outside the country (as with the short duration high yield 
varieties of paddy and wheat). But the farmer-entrepreneur takes the risk of adopting 
these seeds and technologies, puts in his/her best efforts, and the nation reaps a rich 
harvest to feed its citizens. Measures were taken during the green revolution (1960s 
to 1980s): like FCI, PDS, and their impact. 

2.2.3 Post-Green Revolution Era (1980–1991) 

The last phase could be the period of the post-green revolution, where a lot of focus 
was being provided on improving productivity and quality with the objective of 
enhancing farmers’ income. Green revolution of paddy and wheat spread to other 
states like Andhra Pradesh, Karnataka, Tamil Nadu and also western states like 
Gujarat. To some extent, there was a shift to commercial crops and increased use of 
fertilizers for increasing productivity. This period saw the success of the yellow 
revolution meant for self-sufficiency in oilseeds (the Technology Mission on 
Oilseeds). 

2.2.4 Economic Reform Period (1991–2015) 

The growing private sector participation especially in the seed sector and with Bt 
cotton seeds from large private-sector companies such as Mahyco and Monsanto and 
the spread of basmati rice varieties like Pusa basmati and several hybrids of maize



became popular among farmers during this phase. The exports of many agricultural 
commodities started picking up, especially basmati rice, oil cake (meal), meat, 
and fish. 
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2.2.5 One Nation, One Market (2015 Onwards) 

The Government of India focuses on one nation, one market with sweeping reforms 
in agricultural markets, strengthening market infrastructure, and encouraging private 
markets and public–private partnerships. With all these efforts, the agricultural 
sector showed astonishing resilience during the COVID pandemic. Agriculture 
was the only sector that grew at a comfortable rate of 3.5% during 2020—the 
COVID year, while all other sectors suffered negative growth. Even during the strict 
lockdown, there was no shortage or no price hike for essential food items like rice, 
wheat, fruits, and vegetables. The supply chains evolved themselves to overcome 
logistical bottlenecks. It is now the responsibility of the policymakers and govern-
ment to build and support these resilient supply chains. 

2.3 Evolution of Technological and Institutional Provisions 
(1951–2021) 

Technology has been the main driver of change over the years, whether it is the green 
revolution led by wheat and rice, or maize productivity led by hybrids or cotton 
production led by Bt technology. Fig. 2.1 shows the changes in the yield index with 
1951 as the base year. From the last 70 years, the highest yield increase was recorded 
in cotton (yield index increased from 100 to 585), indicating 5.8 times increase in 
yield, mostly after 2001 with the introduction of Bt cotton varieties; the next highest
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Fig. 2.1 Index of yields of major crops from 1951 to 2021. Source: Agriculture at a glance, various 
issues



increase was in maize (from 100 to 561), indicating 5.61 times increase over 
70 years, followed by wheat 5.29 times, rapeseed and mustard (4.11 times), paddy 
3.98 times and 2.32 times in gram. These are some of the success stories from the last 
70 years. Although yield played a major role in the overall increase in production 
and availability of food items, the increase in the area also played a major role. For 
example, there is a significant increase in cotton areas in response to increased 
demand and prices.
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2.4 Changes in Food Availability (1951–2021) 

An increase in food production is the first indicator of food available for consump-
tion by the population. While the population has grown from 361 million in 1947 to 
almost 1.403 billion in 2021, that is by almost 3.9 times; our cereal production has 
increased by almost 6.73 times (from about 42.4 mt in 1951 to 285.3 mt in 2021) 
(Table 2.2). Pulses production has gone up by three times (from 8.4 mt in 1951 to 
25.5 mt in 2021), oilseeds production by 6.9 times (from 5.2 mt to 36.1 mt), cotton 
by more than 12 times (from 3.0 million bales to 36.1 million bales), milk by 12.4 
times (from 17 mt to 210 mt), meat by more than 7.3 times (from 1.2 mt to 8.8 mt), 
poultry by 43 times (from 0.1 mt to 4.3 mt), eggs by 64 times (from 2 billion to 
128 billion), and fish by 18.1 times. It indicates India performed in terms of the 
availability of various food items even after discounting for population growth 
(Fig. 2.2). 

It indicates the highest growth in production was in eggs, followed by poultry, 
fish, milk, and cotton with a more than tenfold increase, while the increase is limited 
in the case of pulses, cereals, oilseeds, and meat. However, in the case of pulses, 
production growth is less than the population growth, resulting in a decrease in per 
capita availability of pulses in 2021 compared to 1951, even after accounting for 
import growth. 

2.5 Changes in Per Capita Availability (1951–2021) 

Except for pulses and coarse cereals, the net availability of all other food items 
increased over the last 70 years. Per capita availability of rice increased from 58 kg to 
73 kg (25.9%), wheat increased from 24 kg to 65 kg (171% increase), and total food 
grains (cereals plus pulses) increased from 144 kg to 187 kg (an increase of 30%). 
Edible oil availability increased from 3 kg to 19 kg (533% increase), milk per capita 
availability increased from 130 g/day to 427 g/day (228% increase), and meat 
availability increased from 3.3 kg to 6.5 kg (97% increase). The spectacular perfor-
mance was seen in poultry and eggs from 0.2 kg to 3.1 kg (1450% increase) and from 
5 to 91 (1720% increase), respectively (Table 2.3).
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Fig. 2.2 Trends in India’s population (crore) and food grain production (million tonnes). (Source: 
Agricultural statistics at a glance, various issues) 

2.6 Evolution of Institutional Framework 

India has transformed from a famine-like situation in the 1940s and 1950s to a food-
surplus economy over the years. Now it is a leading agricultural exporting country. 
During the shortage period, the government of India came out with new regulations 
and institutional framework to ration food grains so that there would not be any spike 
in prices of essential food items. First among the regulations is the establishment of 
regulated markets at the block level under Agricultural Produce Market Committee 
(APMC) Act to eliminate speculation and malpractices by the traders and commis-
sion agents and to provide a platform for farmers to sell their produce at reasonable 
prices. The Essential Commodities Act of 1955 was to impose stock limits on traders 
to curb hoarding and speculation. With the onset of the green revolution, to procure 
grain in green revolution states and distribute in food deficit states, a plethora of 
institutions evolved, of which the Food Corporation of India (FCI) in 1964, the 
Warehousing Corporation of India (WCI) 1962, Agricultural Price Commission 
(APC) in 1965 were established. However, after this initial phase, there was stagna-
tion in reforms in the agricultural sector. Then after a long gap, Model APMC Act 
2003 was distributed to states to reform their agricultural markets through (i) the 
introduction of private markets, (ii) contract farming, (iii) electronic national 
markets, (iv) direct marketing, etc. This model act is changed as per the new 
information and consensus (Box 2.1 for details of institutional and legislative 
developments related to agriculture and food).
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Box 2.1 Historical Legal and Regulatory Framework Related to Food 
Markets (Laws and Orders) 
Big role for the government

•
•

Berar Cotton and Grain Market Act of 1887.

•
Agricultural Produce Marketing (Grading and Marketing), Act, 1937.

•
AGMARK, 1937.

•
Public Distribution System(PDS), 1945.

•
The Essential Commodities Act, 1955.

•
State Trading Corporation of India, 1956.

•
National Cooperative Development Act, 1962.

•
The Warehousing Corporations Act, 1962.

•
Food Corporation of India Act, 1964.

•
Agricultural Price Commission, 1965. 
Prevention of Black Marketing and Maintenance of Supply of Essential 
Commodities Act, 1980.

• The Bureau of Indian Standards Act 1986.

•

Liberalization of agricultural markets

•
Model APMC Act (Agricultural Produce Marketing Committee) Act 2003.

•
Forward Contract (Regulation) Amendment Act 2006.

•
The (Warehousing Development and Regulation) Act, 2007.

•
National Food Security Act, 2013.

•
Model Agriculture Land Leasing Act, 2016. 
Model Agricultural Produce and Livestock Marketing (promotion and 
facilitation) Act, 2017.

•
•

Electronic national agriculture markets (eNAM). 
Model Contract Farming Act, 2018. 

2.7 Demand and Supply Projections 2033 

With the current trend of growth in technology and incentive structure, by 2033, 
there will be a huge surplus in food grains, especially cereals, i.e., wheat and rice. 
There will be a surplus also in milk and its products and vegetables. But there is 
likely a deficit in oilseeds, coarse cereals, pulses, and fruits (Fig. 2.3). 

2.8 Evolution of Public Distribution System (PDS) 

It is not the availability of food grains, but its distribution to the most vulnerable 
population, low-income households, and the poorest of the poor and disabled people 
that cause persistent hunger and malnutrition, and thereby their proper distribution is



Year Procurement Public distribution

crucial. Keeping the recurrent famines during and after the second world war, the 
Public Distribution System (PDS) scheme was first started on 14 January 1945 and 
was launched in its current form in June 1947. The introduction of rationing in India 
dates back to the 1940s Bengal famine. This rationing system was revived in the 
wake of acute food shortage during the early 1960s, before the Green Revolution. It 
involves two types, RPDS and TPDS. In 1992, PDS became RPDS (Revamped 
PDS), focusing the poor families, especially in far-flung, hilly, remote, and inacces-
sible areas. In 1997 RPDS became TPDS (Targeted PDS) which established Fair 
Price Shops for the distribution of food grains at subsidized rates (Table 2.4). 

2 Food Supply and Security 33

Fig. 2.3 Aggregate demand and supply projections, 2032–33. (Source: NITI Aayog 2018) 

Table 2.4 Net availability, procurement, and public distribution of food grains (in million tonnes) 

Net production Net Net availability 
of food grains imports of food grains 

1951 48.1 4.8 52.4 3.8 8.0 

1961 72.0 3.5 75.7 0.5 4.0 

1971 94.9 2.0 94.3 8.9 7.8 

1981 113.4 0.7 114.3 13.0 13.0 

1991 154.3 (-)0.1 158.6 19.6 20.8 

2001 172.2 (-)2.9 156.9 42.6 13.2 

2011 213.9 (-)2.9 203.1 64.5 47.9 

2021 276.4 -20.6 253.4 56.8 53.8 (in addition 29.9 
mt under 
PMGKAY) = 83.69 

Source: https://www.indiabudget.gov.in/budget_archive/es2000-01/app1.19.pdf 
Source: Loksabha unstarred question No. 1614 answered on 8th December 2021

https://www.indiabudget.gov.in/budget_archive/es2000-01/app1.19.pdf
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Another major push for food security and PDS was in 2013 with the enactment of 
The National Food Security Act 2013 (also the ‘Right to Food Act’). It is an Indian 
Act of Parliament that aims to provide subsidized food grains to approximately 
two-thirds of the country’s 1.4 billion people. It was signed into law. 

The National Food Security Act, 2013 (NFSA 2013) converts into legal 
entitlements for existing food security programs of the Government of India. It 
includes the Midday Meal Scheme, Integrated Child Development Services scheme, 
and the Public Distribution System. Further, the NFSA 2013 recognizes maternity 
entitlements. The Midday Meal Scheme and the Integrated Child Development 
Services Scheme are universal in nature, whereas the PDS will reach about 
two-thirds of the population (75% in rural areas and 50% in urban areas). As per 
the latest data, 79.72 crore persons were covered under the NFSA. A total of 5.44 
lakh fair-price shops exist across the country for the distribution of food grains to the 
NFSA beneficiaries. 

Under the provisions of the bill, beneficiaries of the Public Distribution System 
(PDS) are entitled to 5 kg per person per month of cereals. Rice is sold at `3 per kg; 
wheat at `2 per kg, and coarse grains (millet) at `1 per kg. Pregnant women, lactating 
mothers, and certain categories of children are eligible for daily free cereals. 

To meet the COVID situation, Pradhan Mantri Garib Kalyan Anna Yojana 
(PMGKAY) was launched to ensure that the targeted beneficiaries (including 
migrant workers) do not face any issues of food security on account of the pandemic. 
PMGKAY provided for additional allocation of food grains @ 5 kg per person per 
month free of cost for all the beneficiaries covered under the Targeted Public 
Distribution System (Antyodaya Anna Yojana & Priority Households). This was 
over and above the monthly benefit provided under the National Food Security Act 
2013 (Table 2.4). 

2.9 Malnutrition 

To address anemia and micronutrient deficiency in the country, the Government of 
India approved a Centrally Sponsored Pilot Scheme on “Fortification of Rice and its 
Distribution under Targeted Public Distribution System (TPDS)” for a period of 
3 years beginning in 2019–2020. The Pilot Scheme is intended to focus on 
15 Districts. Under this scheme, state governments have started the distribution of 
fortified rice. Mid-Day Meal (MDM) and ICDS are covered under the provisions 
of NFSA. 

The government has notified Food Security Allowance Rules, 2O15, under this, 
pregnant women and lactating mothers and children in the age group of 6 months to 
14 years are entitled to meals as per prescribed nutritional norms under Integrated 
Child Development Services (IGDS) and Mid-Day Meal MDM) schemes. Higher 
nutritional norms are prescribed for malnourished children up to 6 years of age.
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2.10 Children 

As per the World Bank (2013), approximately 60 million children in India were 
underweight, about 45% were stunted (too short for their age), 20% were wasted (too 
thin for their height, indicating acute malnutrition), 75% were anemic, and 57% were 
vitamin A deficient. The numbers keep increasing over the years. The majority of 
them belong to the most vulnerable sections of society living in rural areas. To cater 
to this section, Anganwadi Centres were created. 

It was also observed that the AWCs, especially the ones in tribal hamlets, lacked 
proper Teaching and Learning Materials, had no LPG cylinder connection, no 
drinking water facility, no mats or furniture, etc., and were in deplorable conditions. 

Now is the time to change the narrative and reimagine the whole framework of 
working of AWCs in light of digital interventions. Technology has already paved its 
way in AWCs. The AWWs have been provided with smartphones, and the 
supervisors with tablets for recording the data accurately and digitally. In 2015, 
the NITI Aayog recommended providing better sanitation and drinking water 
facilities, improved power supply, and basic medicines for the AWCs. 

Women empowerment is a prerequisite for child development. Many studies on 
intra-household food consumption pointed out that economic contributions, physi-
cally strenuous work, cultural beliefs and social status, concerns about fair alloca-
tion, decision-making power, household-level food sufficiency, wealth, and 
seasonality will determine the food and nutrition status of a child. A number of 
studies pointed out that women and men have different priorities when controlling 
income, with women more likely to invest in children’s education, nutrition, and 
health (Masamha et al. 2018; Agarwal 2021). 

The increasing presence of undernutrition, obesity, and micronutrient deficiencies 
simultaneously in the same households results in a triple burden of malnutrition 
(Béné et al. 2015). In this context, it would be wise to reconsider the inclusion of 
healthy food commodities such as pulses, nutri-cereals, biofortified rice, etc., in the 
PDS basket. 

2.11 Increasing Exports 

There was a significant improvement in the food surplus situation and exports after 
the 1990s in India. Globally more countries are opening up their domestic 
economies, providing greater opportunities for India’s exports. Exports of agricul-
tural commodities steeply increased since 1991 and started rapidly increasing after 
2006–2007. Overall exports of India also increased during this period with the 
industrial liberalization and free export and import policies to align in line with 
WTO commitments. Although agricultural exports increased steeply, their relative 
share decreased from the peak of 20% of total national exports to 12% in 2019–2020. 
At the same time, India’s agricultural imports remain very low, below 10% of total 
national imports. With the growing surplus of many agricultural commodities, there 
is a need for increasing agricultural exports by identifying new export commodities



and countries and strengthening existing commodity groups to the existing 
destinations. This can be done through long-term export contracts or by joining 
different trade groups like SAAFTA (Fig. 2.4). 
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Fig. 2.4 Agricultural exports and imports from 1990–1991 to 2019–2020. Source: Agricultural 
statistics at a glance, various issues 

2.12 Inefficiencies in Procurement and PDS 

Every year, the government of India spends huge amounts of money, up to 2–4 lakh 
crore, toward food subsidies and public distribution systems. Although procurement 
operations at Minimum Support Price (MSP) of paddy and wheat and distribution 
through ration shops for the needy served its purpose of remunerative prices to 
farmers and food security for the majority of Indians, inefficiencies have built up in 
the system over the years. 

The buffer stock of food grains in 2020 is more than three times the existing 
buffer stocking norm (Fig. 2.5). Except for a few years, stocks have been much 
higher than buffer norms in the recent past. There is about 50 mt excess stock worth 
about 1.5 lakh crore blocked with no use to either farmers or consumers. 

On the supply side, owing to the rise in the MSP, the government has become the 
sole buyer of paddy and wheat in states like Punjab, Haryana, and Telangana. On the 
demand side, the expanding food grain commitments under the National Food 
Security Act pressure the FCI to intensify its procurement drive. Consequently, the 
government procured a major share of paddy and wheat in the market. 

The grain management cost includes acquisition cost, which covers pooled cost, 
procurement incidentals, and distribution cost. Combining the MSP with the cost of 
logistics, storage, handling, and distribution, the economic costs for rice and wheat 
are estimated at `37,026 and `27,026 per tonne, respectively (Fig. 2.6). The cost of



maintaining strategic stocks or buffer carrying costs is rising, which is attributed to 
increased procurement incidentals (such as storage, handling, transportation, and 
other charges), and acquisition and distribution costs. Prices of both rice and wheat 
in the Open Market Sale Scheme (OMSS) of FCI came down because of excess 
supply. The price of rice in OMSS is `22,500 per tonne in 2020 against `27,850 per 
tonne earlier 3 years back. In the same way, the OMSS price of wheat has also come 
down to `21,350 per tonne against `22,450 per tonne earlier. These OMSS prices of 
both rice and wheat are significantly lower than the economic cost. The reduced sale 
price of grains for OMSS is due to the excess buffer stock and the shortage of 
storage. The poor demand for grains in the open market in recent years is also
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Fig. 2.5 Open-ended procurement operations. (Source: Reddy (2021a, 2021b)) 

Fig. 2.6 Economics of buffer stock operations for the year 2021. Source: Reddy (2021a)



another reason. Therefore, the increasing gap between costs and revenues has 
strained the finances of the FCI as they lose 39.2% for rice and 21% for wheat in 
OPSS. The same thing happens for international prices also (Fig. 2.6).
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The practice of procuring more than stipulated buffer quantities leads to certain 
imbalances. It requires offloading the excess stock in the international or domestic 
market, which could lead to a price crash. Also, it could lead to a loss when the 
international market prices or domestic prices are lower than the actual economic 
cost of the stock. 

Table 2.5 indicates the vast difference in the share of the procurement of grains 
against the total production in the case of rice, wheat, and pulses. In case of pulses, 
procurement is generally below 10% of the production, while in the case of paddy 
and wheat, it is 43% and 36%, respectively. The neglect of pulses, oilseeds, and 
nutri-cereals with a focus on only paddy and wheat disrupts a balanced diet among 
the poor consumers who depend on PDS for their consumption requirements. This 
needs to be rectified with more procurement of pulses, oilseeds, and other crops to 
enhance balance in food systems at the national and household levels. 

2.13 FAO-Based Food and Nutrition Security Indicators 

According to a currently accepted definition (FAO 2000), “Food Security” is 
achieved when it is ensured that “all people, at all times, have physical, social and 
economic access to sufficient, safe and nutritious food which meets their dietary 
needs and food preferences for an active and healthy life.” Food is here defined as 
any substance that people eat and drink to maintain life and growth. As a result, safe 
and clean water is an essential part of food commodities. The nutrition focus adds the 
aspects of caring practices and health services and healthy environments to this 
definition and concept. This aims at what is more precisely called “Nutrition 
Security,” which can be defined as adequate nutritional status in terms of protein, 
energy, vitamins, and minerals for all household members at all times (Quisumbing 
et al. 1995 p. 12). 

Now, after incorporating nutrition aspects, “Food and nutrition security is 
achieved, if adequate food (quantity, quality, safety, sociocultural acceptability) is 
available and accessible for and satisfactorily used and utilized by all individuals at 
all times to live a healthy and active life.” This definition combines food and 
nutrition security (FNS) and emphasizes several aspects, i.e., “Availability,” “Acces-
sibility,” and “Use and Utilization” of food. The inclusion of the use and utilization 
aspect underscores the fact that “Nutrition Security” is more than “Food Security.” 

2.14 Aspects of Food and Nutrition Security 

The conceptual framework of food security Fig. 2.7 illustrates the relationship 
among the various elements of food security. Two factors influence the framework: 
a physical and a temporal factor. The physical determinant is the food flow:
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Availability, Accessibility, Use, and Utilization. The temporal determinant of FNS 
refers to stability, which affects all three physical elements. In this section, different 
pillars of food security for India were analyzed from the year 2000–2019.
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Availability Access 

Food security 

“Exists when all people, at all times, have physical 

and economic access to suffcient, safe and 
nutritious food to meet their dietary needs and 
food preferences for an active and healthy life”. 

(FAO, 1996) 

Stability 

Domestic production Political, economic, socia;  factors 
Equitable distribution 

Markets / infrastructure 
Affordability 

Purchasing power 

Food stocks 
Imports 
Food aid 

Maintenance of all Food safety 
Food quality 

Nutritional knowledge 
Proper preparation 

three pillars over time 
No risk of loss of supply 
due to economic,  political or 

Dependant on: Dependant on:Utilisation 

Fig. 2.7 Conceptual framework for food security. Source: FAO (1996) 

2.14.1 Food Availability 

Availability refers to the physical existence of food, be it from its own production or 
from the market. On a national level, food availability is a combination of domestic 
food production, commercial food imports, food aid, and domestic food stocks, as 
well as the underlying determinants of each of these factors. The use of the term 
availability is often confusing since it can refer to food supplies available at both the 
household level and at a more aggregate (regional or national) level. However, the 
term is applied most commonly in reference to food supplies at the regional or 
national level. Indicators of availability are explained in Fig. 2.8. 

Average dietary supply adequacy, the share of dietary energy supply derived 
from cereals, roots, tubers, and average protein supply are the indicators of avail-
ability. Based on FAO data, the national average per capita food energy supply is 
calculated. Rice and wheat are the major sources of dietary energy in India. In the 
early 2000s, the supply of dietary energy was less stagnant (Fig. 2.8) and gradually 
increased after 2007. Major sources of protein for human consumption are pulses, 
meat, fish, and milk products. The average protein supply is measured in g/cap/day. 
Protein supply was somewhat stagnant or even declining in the early 2000s, but from 
2005, it shows an increasing trend year-on-year in the same way the share of dietary 
energy supply derived from cereals, roots, and tubers shows an increasing trend.
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Fig. 2.8 Indicators of food availability. (Source: FAOSTAT 2022) 

2.14.2 Food Access 

Access is ensured when all households and all individuals within those households 
have sufficient resources to obtain appropriate foods for a nutritious diet. It is 
dependent on the level of household resources—capital, labor, and knowledge— 
and prices. 

Figure 2.9 depicts the rail line density and prevalence of undernourishment. The 
rail line density was lower in 2002, but it slowly improved after 2011. The preva-
lence of undernourishment is an outcome indicator of food access. It shows the 
probability that a randomly selected individual from the population consumes a 
number of sufficient calories to cover her/his energy requirement for an active and 
healthy life. Undernourishment was high in 2005 (22.1%) but decreased steeply. 

GDP per capita was based on PPP$. PPP-GDP is GDP that is converted into 
international dollars using PPP rates. It was measured in constant 2011 international 
dollars. Fig. 2.10 depicts the Gross domestic product per capita, PPP, dissemination 
from 2002 to 2018; the GDP per capita was lowest in 2002 at about 2711.5 dollars 
and gradually showed an increasing trend, indicating increased purchasing power 
and food access. 

2.14.3 Food Utilization 

The use of food refers to the socioeconomic aspect of household food security. If 
sufficient and nutritious food is both available and accessible, the household has to 
make decisions concerning what food is to be purchased, prepared, and consumed 
(demanded) and how the food is allocated within the household. In households



where distribution is unequal, even if the measured aggregate access is sufficient, 
some individuals may suffer from food deficiency. The same is true if the composi-
tion of the consumed food is unbalanced. 
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Fig. 2.9 Indicators of food access (Source: FAOSTAT 2022) 
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Fig. 2.10 Gross domestic product per capita, PPP$ (FAOSTAT 2022) 

Focusing on the individual level of food security also requires taking the 
biological utilization of food into consideration. This refers to the ability of the 
human body to take food and convert it into energy which is either used to undertake 
daily activities or is stored. Utilization requires not only an adequate diet but also a 
healthy physical environment, including safe drinking water and adequate sanitary



facilities (so as to avoid disease) and an understanding of proper health care, food 
preparation, and storage processes. 
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Fig. 2.11 Indicators of utilization (Source: FAOSTAT 2022) 

The percentage of children under 5 years of age who are stunted and overweight 
are outcome indicators in utilization. Children under 5 years of age who are stunted 
and overweight were higher in 2000 at about 49.8 and 3.3%, respectively; year-on-
year, there is a steep decrease in the percentage of children under 5 years of age who 
are stunted and overweight (Fig. 2.11). 

2.14.4 Food Stability 

Food stability or sustainability refers to the temporal dimension of nutrition secu-
rity, i.e., the time frame over which food security is being considered. In much of the 
food security literature, a distinction is made between chronic food insecurity—the 
inability to meet food needs on an ongoing basis—and transitory food insecurity, 
when the inability to meet food needs is of a temporary nature (Maxwell and 
Frankenberger 1992). Transitory food insecurity is sometimes divided into two 
subcategories: (i) cyclical, where there is a regular pattern to food insecurity, e.g., 
the “lean season” or “hungry season” that occurs in the period just before harvest, 
and (ii) temporary, which is the result of a short-term, exogenous shock such as 
droughts or floods.
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Fig. 2.12 Indicators of stability 

Per capita food production variability and Per capita food supply variability (kcal/ 
cap/day) are depicted in Fig. 2.12 that, per capita food production variability 
corresponds to the variability of the net food production value in constant 
2004–2006 international dollars divided by the population number as from UN 
2010 estimates. Variability is based on the trend of the net food production index 
number per capita over the period of 2002–2018 and corresponds to the standard 
deviation of the deviation from the trend over a period of 5 years. Per capita food 
production variability was much lower in 2002, which gradually increased in 2003. 
After 2003 there was a steep decrease in Per capita food production variability, 
whereas it was much higher in 2017, and it is the same in the case of per capita food 
supply variability. 

2.15 The Problem Analysis 

The above analysis showed some undernourishment, especially among women and 
children, from both secondary sources, which was supported by primary data 
collection from a few village studies. A detailed analysis of the problem was done 
by drawing a fishbone diagram of problem analysis, diagnosis, and dissection 
(Fig. 2.13). The major causes of undernourishment are poverty, irregular incomes, 
low crop yields, unhealthy food habits like an excessive proportion of rice compared 
to fruits and vegetables and infectious diseases.
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Fig. 2.13 Root cause analysis of undernourishment through fishbone diagram (Source: Focus 
group discussion in a village in Telangana by the authors) 

2.16 Conclusions 

This chapter has attempted to analyze data from three dimensions of food availabil-
ity, access to nutritious food and utilization of food supplies in India. The results and 
analysis indicate that there is very good progress in food availability with increased 
production of all food items, and there is also a visible improvement in food access 
with the implementation of the Food Security Act. There is a need to focus on 
agriculture diversification, enhanced productivity, incentives for promotion of culti-
vation, marketing, and demand generation of nutri-rich foods like coarse cereals and 
pulses. There is a need to focus on strengthening safety net programs like PDS, 
improving Child and women nutrition programs like ICDS and mid-day meal 
programs to reduce undernourishment and anemia, and reducing wasting prevalence 
among children and women. There is a need for improvement in water, sanitation, 
and hygiene practices and changing consumer behavior toward healthy food. 
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Changing Structure of Rural Employment 3 
S. K. Srivastava, Jaspal Singh, and Raka Saxena 

Abstract 

This chapter empirically examined the long-run gender and occupation-wise 
changes in rural employment in India using the nationally representative surveys 
of the National Sample Survey Office (NSSO). Also, studied the implications of 
changes in labor supply in agriculture on the farm economy. The estimated 
workforce in rural areas increased from 191 million in 1972–1973 to 361 million 
in 2019–2020, however, the growth in the workforce remained less than the 
population growth indicated by the declining worker-population ratio (WPR). 
Despite a declining share, rural areas still engage 70% of the country’s workforce. 
The results reveal a significantly higher rate of participation in the male workforce 
as compared to female counterparts in rural areas. The share of females in the 
rural workforce declined from 36% in 1972–1973 to 24% in 2017–2018. It is 
worth noting that since 2018–2019, the rural workforce is witnessing a reversal in 
the declining trend in female participation. Interestingly, the Period Labor Force 
Survey (PLFS) conducted during 2019–2020 revealed a significant increase in the 
rural workforce and growth in the agricultural workforce. Withdrawal of agricul-
tural labor affects the farm economy either by creating a physical scarcity of labor 
or through the rise in farm wages. Because of the inelastic demand for labor, an 
increase in wages could not bring a proportionate decrease in labor use and result 
in an increase in labor cost in crop cultivation. Thus, the extent of the decline in 
labor use is found to be insufficient to negate wage-push cost inflation. This 
warrants concerted efforts to accelerate the pace of farm mechanization and its 
economic access to farmers to partially substitute labor. 
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3.1 Introduction 

Despite rising urbanization, rural areas contribute significantly to the output and 
employment of the Indian economy. According to the 2011 population Census, 
68.8% of the country’s population resided in rural areas. Further, 70.9% of the 
workforce and 46.9% of the output were contributed by rural areas in 2011–2012 
(Chand et al. 2017a). Population projections also indicate that India will continue to 
be predominantly rural till the year 2050, after which the urban population is 
estimated to overtake the rural population (United Nations 2012). Therefore, 
developments in rural areas play a critical role in the overall economic development 
of the nation. Chand et al. (2017b) have observed that an urban worker earns about 
three times or more than the income of a rural worker. Given the high rural–urban 
disparity in income and thus unplanned rural-to-urban migration, there is a strong 
need to generate productive employment in rural areas. 

Employment diversification from agriculture to more productive nonfarm sectors 
has been considered a major source of improving worker productivity in rural areas 
(Kumar et al. 2011; Himanshu et al. 2011; Chand et al. 2017a). Many scholars have 
observed that such transitions in rural employment are taking place but at a slower 
pace than in rural output (Aggarwal and Kumar 2012; Maurya and Vaishampayan 
2012; Papola 2012). It is essential to understand the nature of such transitions at a 
disaggregate level so that suitable strategies can be devised for accelerating the pace 
of employment diversification toward nonfarm sectors. 

Although employment diversification (away from agriculture) is desirable from 
an economic development point of view, it may lead to physical and economic 
scarcity of labor for the agriculture sector. The physical scarcity of labor due to their 
outward movement may hamper the timely completion of farm operations, particu-
larly during the peak season. Further, it may increase labor wages and push cost 
inflation. As labor constitutes a predominant share of production costs (Raghavan 
2008; Srivastava et al. 2017), an increased wage bill can also adversely affect farm 
profitability. It is therefore required to assess the implications of structural changes in 
rural employment on the farm economy and devise coping strategies. 

With this background, the chapter has empirically examined long-run gender and 
occupation-wise changes in rural employment in India using the nationally repre-
sentative surveys of the National Sample Survey Office (NSSO). Further, the 
implications of changes in labor supply in agriculture on the farm economy have 
been studied using the Cost of Cultivation (COC) Surveys of the Directorate of 
Economics and Statistics, Ministry of Agriculture and Farmers Welfare. The 
findings provide useful insights for developing technological and policy measures 
for efficient management of labor resources in agriculture.
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Table 3.1 Worker–population ratio (WPR) and rural share in the total workforce 

Rural share in total workforce (%) 

Agriculture Nonagriculture Total 

1972–1973 191 46 97 47 84 

1983 226 45 96 48 81 

1993–1994 293 44 96 47 78 

2004–2005 343 44 96 47 75 

2011–2012 336 40 96 49 71 

2017–2018 316 35 96 49 69 

2018–2019 327 36 96 51 70 

2019–2020 361 39 96 49 70 

Source: Authors’ estimates based on NSS estimates, Census population, and National Account 
Statistics 

3.2 Changing Rural Employment 

The evidence from successive employment surveys of NSSO reveal that majority of 
the workforce (based on usual activity status) is employed in rural areas in India. The 
estimated workforce in rural areas increased from 191 million in 1972–1973 to 
361 million in 2019–2020 (Table 3.1). But, the growth in the workforce remained 
less than the population growth which is indicated by the declining worker–popula-
tion ratio (WPR). The rural workforce constituted 84% share in the total workforce 
of India in 1972–1973. Temporally, the rural share in total employment has declined 
because of relatively higher growth in the urban workforce. Relatively higher growth 
in the workforce in urban areas could be due to rural-to-urban migration and better 
employment opportunities in these areas. Despite a declining share, rural areas still 
engage 70% of the country’s workforce. Chand et al. (2017a) observed that the share 
of rural areas in national output declined at a sharper rate than the decline in rural 
share in employment during 1970–1971 to 2011–2012. This implies that a major 
portion of the overall economic growth in the country came from the capital-
intensive sectors in urban areas without generating significant employment. 

Occupation-wise disaggregation shows that almost entire agricultural activities 
are taken up in rural areas only. Moreover, about half of the 
nonagricultural workforce is employed in rural areas. In 2011–2012, 49% of the 
total nonagricultural workforce engaged in rural areas produced only 35% of the 
total nonagricultural output in the country (Chand et al. 2017a). This implies that 
economic activities in rural areas are more labor-intensive, with less worker produc-
tivity as compared to urban areas.
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3.3 Long-Run Changes in the Structure of Rural Employment 

3.3.1 Gender-Wise Changes in the Rural Workforce 

The estimates from NSSO surveys on employment reveal a significantly higher rate 
of participation in the male workforce as compared to female counterparts in rural 
areas (Table 3.2). This led to the domination of males in the total rural workforce, 
constituting a 64% share of the total rural workforce in 1972–1973. Over time, the 
participation of females in the workforce further declined and reached 18% by the 
year 2017–2018. Consequently, the share of females in the rural workforce declined 
from 36% in 1972–1973 to 24% in 2017–2018. These evidence reveal a 
de-feminizing trend in the rural workforce during the period under consideration. 
The withdrawal of female workers also contributed to the decline in the absolute 
number of the rural workforce between 2004–2005 and 2017–2018. It is worth 
noting that since 2018–2019, the rural workforce is witnessing a reversal in the 
declining trend in female participation. 

3.3.2 Occupation-Wise Changes in the Rural Workforce 

Rural areas are witnessing a structural change in employment over the years. During 
1972–1973, 86% of the rural workforce (based on usual status) was engaged in the 
agriculture sector (Fig. 3.1). With the economic development, rural areas started 
diversifying toward nonagricultural activities, and by the year 1993–1994, the share 
of agriculture in the rural workforce declined to 78% (Table 3.3). The pace of 
employment diversification further accelerated with significantly higher growth in 
nonagricultural activities (3.99%) as compared to agriculture activities (0.82%) 
between 1993–1994 and 2004–2005. Interestingly, the agricultural workforce 
declined by about 34 million at an annual growth rate of 2.06% between 
2004–2005 and 2011–2012. On the other hand, 28 million workers joined

Table 3.2 Gender-wise changes in workforce structure in rural areas 

WPR (usual status) Share in total workforce 

Male Female Male Female Total (million) 

1972–1973 55 32 64 36 191 

1983–1984 55 34 63 37 226 

1993–1994 55 33 64 36 293 

2004–2005 55 33 64 36 343 

2011–2012 54 25 70 30 336 

2017–2018 52 18 76 24 316 

2018–2019 52 19 74 26 327 

2019–2020 54 24 70 30 361 

Source: Authors’ estimates based on NSS estimates, Census population, and National Account 
Statistics
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Fig. 3.1 Distribution of rural workforce between agriculture and nonagriculture sectors 

Table 3.3 Changes in the agricultural and nonagricultural workforce in rural India 

Agriculture Nonagriculture Total 

Male Female Total Male Female Total Male Female Total 

Number (million) 

1993–1994 139 90 229 49 14 63 188 105 293 

2004–2005 146 103 249 73 21 93 219 124 342 

2011–2012 139 76 215 95 25 121 234 102 336 

2017–2018 131 56 187 108 21 128 239 77 315 

2018–2019 129 60 188 114 24 137 243 84 326 

2019–2020 141 81 222 113 26 139 254 107 360 

Growth rate (%) 

1993–1994 
to 2004– 
2005 

0.45 1.35 0.82 4.19 3.66 3.99 1.55 1.70 1.59 

2004–2005 
to 2011– 
2012

-
0.64

-4.26 -
2.06 

3.81 3.00 3.70 0.98 -2.80 -
0.28 

2011–2012 
to 2017– 
2018

-
0.96

-4.94 -
2.29 

2.06 -3.49 1.01 0.32 -4.57 -
1.04 

2017–2018 
to 2019– 
2020 

3.47 20.33 8.80 2.55 12.58 4.08 3.05 18.31 6.91 

Source: NSSO surveys on employment and unemployment (various years)



nonagricultural jobs during the same period. This shows a clear preference of 
workforce for nonagricultural jobs, and the movement of workers outside agriculture 
is influenced by a complex set of factors such as the pattern of economic growth, 
inter-sectoral differences in wage rate and worker productivity, government 
programs, education and sociocultural factors prevailing in rural areas (Chand and 
Srivastava 2014). The majority of workers withdrawing from agriculture were 
female. It is to be noted that the increase in the nonagricultural workforce could 
not be commensurate with the decline in the agricultural workforce, which resulted 
in the net decline in the rural workforce between 2004–2005 and 2011–2012. Such 
evidence also reveals a limited capacity of nonagricultural activities in rural areas to 
provide productive employment to the incoming workforce. Efforts are, therefore, 
needed to augment the nonagricultural jobs and improve the skills of the rural 
workforce.
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The withdrawal of the agricultural workforce further accelerated, and additional 
28 million workers left agriculture between 2011–2012 and 2017–2018. This was 
accompanied by a slowdown in nonagricultural employment, and the overall rural 
workforce declined by 21 million. The share of agriculture in the rural workforce 
reached 59% by the year 2017–2018. The Period Labor Force Survey (PLFS) 
conducted during 2019–2020 revealed a significant increase in the rural workforce, 
and growth in the agricultural workforce between 2017–2018 and 2019–2020 was 
more than doubled as compared to the nonagricultural workforce. The increase in the 
agricultural and nonagricultural workforce was majorly accounted for by female 
workers. 

The agricultural workforce comprises of both cultivators and agricultural labors. 
The changes in cultivators and agricultural labors in the country are presented in 
Table 3.4. The estimates using NSS and census population show that cultivators 
constituted about 60% of the total agricultural workforce in 1993–1994. Between 
1993–1994 and 2004–2005, the number of cultivators increased by 22 million at an 
annual growth rate of 1.47%. On the other hand, agricultural labor registered a 
marginal decline during this period. The subsequent period between 2004–2005 and 
2011–2012 witnessed a decline in the number of cultivators at an annual growth rate 
of 1.83%. The decline in the absolute number of cultivators occurred first time in the 
history of agricultural development since independence. The decline in agricultural 
labor also accelerated in this period. The decline in the agricultural workforce, along 
with the simultaneous increase in nonagricultural workforce, implies employment 
diversification toward more productive nonagricultural sectors, which is desirable 
from the economic development point of view. Notwithstanding, the withdrawal of 
agricultural workers was primarily accounted for by female. 

The evidence from subsequent NSSO surveys, however, revealed a deceleration 
in the withdrawal of cultivators between 2011–2012 and 2017–2018. In fact, male 
cultivators increased at an annual growth rate of 1.76%, and withdrawal was 
restricted only to female cultivators during this period. Agricultural laborers 
continued to withdraw from agriculture at a higher rate (-6.56%) during this period 
as compared to the previous period. The deceleration in the decline of cultivators 
could be due to the recent government’s emphasis on improving farmers’ income



Year

and/or the limited capacity of nonagricultural sectors to provide productive employ-
ment to the incoming workers. Interestingly, the recent period between 2017–2018 
and 2019–2020 has witnessed a significant increase in the number of both cultivators 
and agricultural laborers. 
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Table 3.4 Changes in agricultural workforce in rural India 

Cultivator Agricultural labor Agricultural workers 

Male Female Total Male Female Total Male Female Total 

Number (million) 

1993–1994 85 53 138 54 37 91 139 90 229 

2004–2005 93 67 160 53 37 89 146 103 249 

2011–2012 91 49 140 48 27 75 139 76 215 

2017–2018 101 37 138 30 20 50 131 56 187 

2018–2019 100 41 140 29 19 49 129 60 188 

2019–2020 108 58 165 33 24 57 141 81 222 

Growth rate (%) 

1993–1994 
to 2004– 
2005 

0.89 2.32 1.47 -
0.27

-0.18 -
0.23 

0.45 1.35 0.82 

2004–2005 
to 2011– 
2012

-
0.24

-4.32 -
1.83

-
1.41

-4.34 -
2.56

-
0.64

-4.26 -
2.06 

2011–2012 
to 2017– 
2018 

1.76 -4.75 -
0.30

-
7.54

-5.07 -
6.56

-
0.96

-4.94 -
2.29 

2017–2018 
to 2019– 
2020 

3.06 25.50 9.47 5.05 10.10 6.94 3.47 20.33 8.80 

Source: NSSO surveys on employment and unemployment (various years) 

3.4 Implications of Changes in Agricultural Labor on the Farm 
Economy 

The decline in the supply of agricultural labor is expected to create physical and 
economic scarcity of labor. Physical scarcity adversely affects the timely completion 
of farm operations, particularly during the peak season. On the other hand, economic 
scarcity implies an upward movement in farm wages because of a contraction in 
labor supply which in turn adversely affects farm profitability and farmers’ income. 
The magnitude of this effect would depend on the relative changes in wages and 
labor use and labor share in the cost of cultivation. Presently, labor constitutes 46% 
share of the average cost of cultivation (CostA1 + FL) of principal crops (Table 3.5).
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Table 3.5 Changes in average labor use and cost of cultivation of major crops during 1993–1994 
to 2016–2017 

Average labor use Average Average Average Share of 
(hrs/ha) real labor 

cost 
(Rs/ha) 

real labor 
wages 
(Rs/hr) 

real cost 
A1 + FL  
(Rs/ha) 

labor cost in 
cost 
A1 + FLa 

Absolute numbers 

1993– 
1994 

455 246 701 4367 6.2 10,585 41.3 

2004– 
2005 

419 223 642 4971 7.7 12,938 38.4 

2011– 
2012 

412 220 632 7205 11.4 15,651 46.0 

2016– 
2017 

366 189 555 7218 13.0 15,705 46.0 

Growth rate (%) 

1994– 
2005

-
0.89

-1.13 -
0.97 

1.30 2.10 2.03 – 

2005– 
2012

-
0.26

-0.15 -
0.22 

5.45 5.82 2.76 – 

2012– 
2017

-
2.34

-2.99 -
2.56 

0.04 2.67 0.07 – 

Source: Srivastava et al. (2017) 
a At current prices 

According to the COC surveys, average labor use1 in the cultivation of major 
crops declined by 8% between 1993–1994 and 2004–2005. But, despite the reduc-
tion in labor use, labor costs at real prices increased by 14% on account of 33% rise 
in real wages. Incremental labor cost contributed 26% of the total increase in Cost 
A1 + FL during this period. Nevertheless, the share of labor in CostA1 + FL reduced 
from 41.3% in 1993–1994 to 38.4% in 2004–2005 because of a relatively higher 
increase in the cost of other factors of production. The subsequent period till 
2011–2012 witnessed a significant rise in real labor wages which resulted in 45% 
increase in labor cost (despite a decline in labor use). This inflated real cost A1 + FL  
by 82%, and the share of labor in a cost increased to 46% by the year 2011–2012. 
Interestingly, the decline in labor use accelerated during the latest period 2011–2012 
to 2016–2017, which negated the effect of rising wages on labor costs. 

This evidence indicates that despite the reduction in labor use in crop cultivation, 
labor costs could not be saved during the past 24 years. This phenomenon is 
explained by the inelastic nature of the demand for labor in crop cultivation.

1 An aggregate time series of labor use (family and hired) was constructed using COC summary data 
on 10 principal crops in 19 states. The selected crops include paddy, wheat, maize, jowar, gram, 
arhar, rapeseed and mustard, groundnut, sugarcane, and cotton, which covered 64.58% of the Gross 
Cropped Area (GCA) in the country in 2015–2016. The cultivated area under each crop in the 
respective state was used as a weight to construct aggregate time series.



Table 3.6 Estimated
elasticities of labor demand
in selected crops in India

The estimated price elasticities of labor demand were negative and less than one in 
all the selected crops, with an average value of -0.21 (Table 3.6). This implies that 
in the situation of wage rise, labor use in crop cultivation reduces less than propor-
tionately, resulting in rising labor costs. As the magnitude of reduction in labor use is 
insufficient to negate the wage-push cost inflation, it is necessary to promote farm 
mechanization and improve its economic access to farmers through institutional 
innovations (e.g., custom hiring centers). Srivastava et al. (2017) have observed that 
the present level of farm mechanization is inadequate to offset the wage-push cost 
inflation in Indian agriculture.
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Crops Price elasticity of labor demand 

Paddy -0.20 

Wheat -0.27 

Sorghum -0.25 

Maize -0.22 

Pigeon pea -0.22 

Gram -0.16 

Groundnut -0.16 

Rapeseed and mustard -0.23 

Cotton -0.20 

Sugarcane -0.20 

Overall -0.21 

Source: Srivastava et al. (2017) 

3.5 Conclusions 

Despite declining contributions to total employment, rural areas still engage majority 
of the country’s workforce in agricultural and nonagricultural activities. The eco-
nomic activities in rural areas are more labor-intensive, with less worker productivity 
as compared to urban areas. The rural workforce is dominated by male workers, and 
the evidence reveal a de-feminizing trend in rural employment between 1972–1973 
and 2017–2018. However, the participation of females in the workforce has been 
increasing in recent years. Further, rural areas are witnessing a structural change in 
employment away from agriculture toward nonagricultural activities. Consequently, 
the share of agriculture in the total rural workforce has been declining over the years. 
From 2004 to 2005, both cultivators and agricultural labors are withdrawing from 
agriculture. The recent NSSO survey, however, reveals a deceleration in the with-
drawal of cultivators and an acceleration in the withdrawal of agricultural labors. The 
slowdown in the withdrawal of cultivators could be due to the effect of ongoing 
agricultural reforms raising their expectations about remunerative returns from 
farming. This could also imply the limited capacity of nonfarm sectors to absorb 
the incoming workforce and necessitates the strengthening of rural nonfarm sectors 
so as to generate gainful employment opportunities.
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Withdrawal of agricultural labor affects the farm economy either by creating a 
physical scarcity of labor or through the rise in farm wages. Because of the inelastic 
demand for labor, an increase in wages could not bring a proportionate decrease in 
labor use and result in an increase in labor cost in crop cultivation. Thus, the extent of 
the decline in labor use is found to be insufficient to negate the wage-push cost 
inflation. This warrants concerted efforts to accelerate the pace of farm mechaniza-
tion and its economic access to farmers to partially substitute labor. 
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Agricultural Technologies 4 
Anup Das, Saurav Saha, Jayanta Layek, Subhash Babu, R. Saxena, 
and G. I. Ramkrushna 

Abstract 

Provisioning food and nutritional security for India’s 1.4 billion population is a 
challenge and requires robust agricultural research and extension mechanism to 
address the complex issues. Further, India has only 2.4% and 4% of global land 
and water availability, respectively with which it should support 17.5% of the 
world population. From the position of ‘begging bowl’ for its 330 million 
population in the 1950s, India not only became food secure for its ~1.4 billion 
current population but became a net exporter of food grains. While there was a 5.6 
times increase in food grain production since independence, there was also a 
substantial increase in the production of pulses (3 times), oilseed (5 times), cotton 
(11.4 times), sugarcane (6.6 times), milk (9.7 times), fish (15.2 times), egg (47.5 
times), etc. Except for the British period, there was a steady increase in the 
development of agricultural technology and subsequent production of agricultural 
and allied enterprises over the centuries. Scientific integration of crops and
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livestock, along with the concept of manuring and irrigation, has existed since 
Indus Valley Civilization. After the Independence, there was enormous growth in 
the agricultural sector and food production due to different pioneer schemes of the 
Government of India like Grow More Food Campaign and Integrated Production 
Program. The introduction of high-yielding varieties (HYVs), fertilizer, provision 
of irrigation, and improved agronomic practices resulted in the Green revolution 
in the 1960s and enhanced food grain production significantly over the years. The 
creation of the Department of Agricultural Research and Education (DARE), 
Indian Council of Agricultural Research (ICAR), and Krishi Vigyan Kendra 
(KVK) are the important milestones in Indian agriculture to get operation flood, 
yellow revolution, blue revolution, etc. Development of HYVs and hybrids of 
different agricultural and horticultural crops, a scientific package of practices for 
cultivation of crops, livestock, fisheries, and allied enterprises, availability of 
farm implements, post harvesting and processing technologies, supply on quality 
inputs like manures, fertilizer, pesticides, etc. and availability of institutional 
credit and procurement of produce further strengthen the Indian agriculture. 
Remote sensing technology is widely used for crop yield estimation, area expan-
sion under specific crops in order to forecast the district/ regional level produc-
tivity, and also used to provide crop insurance to farmers for crop loss due to 
climatic or biotic stress. The use of no-till technology along with drip or sprinkler 
irrigation is the need of the hour for conserving our scarce natural resources and 
enhancing productivity and income. While biotechnology and genetic engineer-
ing have resulted in the development of varieties with pest resistance and 
increased crop yields, farm mechanization has led to efficient tilling, harvesting, 
water use, and a reduction in manual labor requirements. The development of 
location-specific different integrated farming systems (IFS) or integrated organic 
farming system (IOFS) models also helped enhance resource use efficiency, 
system productivity, and income of farmers. The use of information and commu-
nication technology and weather-based agro-advisories also help farmers’ pre-
paredness for forthcoming sporadic extreme weather events such as flash floods, 
drought, or pest outbreaks. The Indian population is slated to grow to about 1.7 
billion by 2050. Food production has to be increased in the context of worsening 
land and water scarcity, soil degradation, multinutrient deficiency, and climate-
change-related extreme weather events. The challenge is to find ways and means 
to produce enough quality to ensure food and nutritional security without 
deteriorating the environment. The challenge of producing more from reduced 
area and water under agriculture and minimizing post-harvest losses will have a 
major impact on agricultural development. Digital smart agriculture with the use 
of artificial intelligence, blockchain, remote sensing and GIS technology, use of 
drones and robots, etc. may take Indian agriculture to the next paradigm.
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4.1 Introduction 

Feeding an ever-growing population and maintaining food and nutritional 
requirements warrants enhancement in agricultural productivity using modern 
technologies. Slow agricultural growth concerns policymakers as some two-thirds 
of India’s population depends on rural employment for a living. The technology gap 
needs to be filled on a fast-track basis to match productivity ratios with the rest of the 
world. Thanks to technological advancements, our food production, which was 
merely 50 million tonnes at the time of independence, will have reached more 
than 315 million tonnes by 202-22. Similarly, in the case of livestock, India is the 
leading producer of milk in the world and the largest producer of pulses. This is also 
happening at a time when we have to achieve the Sustainable Development Goals. 
Food production has to be increased in the context of worsening land and water 
scarcity and climate-change-related weather shocks. India’s current water use effi-
ciency is barely 36–40%, which may lead to a “water scarce” situation by 2030 
(NITI Aayog 2018). Further, there is a high deficiency of nitrogen (N), phosphorus 
(P), potassium (K) and increasing deficiencies of zinc (Zn), boron (B), iron (Fe), 
manganese (Mn), and sulfur (S), with very low nutrient use efficiency (36–40% for 
N and 15% for P). There is a constant decline of soil organic matter, with soil organic 
carbon (SOC) reaching to 0.25% in Indo Gangetic plains (IGPs). The groundwater 
table depletion in non-traditional rice production areas and arsenic pollution in the 
eastern region of India are further challenges. Soil and nutrient loss through runoff 
and anthropogenic activities also requires massive attention to sustain agriculture for 
posterity. Hence, a significant paradigm shift of adopting integrated soil, water, and 
biodiversity-centric approach is required to increase and sustain agriculture-food 
system productivity and growth, through conserving natural resources and 
mitigating climate change, and moving from Green to Evergreen Revolution to 
Evergreen Economy (Swaminathan 2007; Singh 2011). Off late emphasis is also 
given on natural farming, organic farming, regenerative agriculture and other alter-
native ecofriendly practices (to cover ~10 m ha) to reduce pressure on 
land, revitalizing environment and promote resilient agriculture with focus on 
benefiting small and marginal farmers. Thus, while promoting modern farming 
practices and technologies, the learnings from traditional practices must also be 
integrated for a sustainable development. 

4.2 Evolution of Agricultural Technologies in India 

Agriculture has always been accorded an important profession in Indian society. 
There is endless evidence that indicates the flourishing state of our agriculture in the 
pre-British period. Many of the indigenous practices which were perfected centuries 
ago, such as the rotation of crops, the practice of drill husbandry, etc., were relatively 
unknown in seventeenth-century Europe and are often cited as the major advances 
achieved during the eighteenth century ‘agricultural revolution’ in Europe. The 
all-around excellence of Indian agriculture was perhaps first documented in detail 
by Alexander Walker in a report written around 1820 (CFPS 2011).
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Agriculture in British India
•
•

Agriculture was almost stagnant during this period

•
Emphasis was on cash and plantation crops than food crops. 
Production of food crops decreased, mass impoverishment and destitute 
farmers, trade was major focus.

•
•

Favorable policies for the rulers

•
Population increased but production decreased 
1943 famine in Bengal due to less production, wrong policy and diversion 
of food for soldiers 

Indian agriculture, which grew at the rate of about 1.0% per annum during 
the 50 years before independence, has grown at the rate of about 2.6% per annum 
in the post-independence era. Expansion of area was the main source of growth in 
the period of 1950s and 1960s. After that, the contribution of increased land area 
under agricultural production declined over time, and an increase in productivity 
became the main source of growth in agricultural production. Success in eradicating 
dependence on imported food grains was an important factor of progress in agricul-
ture. Land reforms, the inauguration of the Agricultural Price Commission to ensure 
remunerative prices to producers, a new agricultural strategy, investment in agricul-
tural research and extension services, provision of credit facilities, and improving 
rural infrastructure are some of the steps initiated by Government of India which 
contributed to agricultural development and growth in India (Tripathi and Prasad 
2009). Indigenous farming practices with a focus on intensive tilling, recycling 
on-farm resources, use of FYM/Composts/green manure, use of tank silts, indige-
nous traditional knowledge base (ITKs), traditional long-duration varieties including 
primitive practices like shifting cultivation (reduced from more than two million ha 
at the end of 2000 to less than 0.75 million ha by 2020), cattle shed rotations in fields, 
existed in India long before independence. 

Agriculture in Post-independence
• Till mid 1960s India relied on imports and food aids to meet domestic 

requirements
•
•

Drought in 1965 and 1966 led to reforms in agriculture policies

•
Food security through Green revolution 
High yielding disease resistance wheat varieties along with improved 
agronomic practices

• HYVs needed high chemical fertilizers, pesticides and irrigation 

The fragility of the Indian food production and distribution system was exposed 
after the disastrous Bengal famine in 1943. In order to increase the food grain 
production levels, the cultivated area under food crops was expanded through special 
programs, like Grow More Food Campaign. Further, on the basis of the



recommendations of the Food Grain Policy Committee in 1947, the reclamation of 
25 million acres (ten million hectares) of land was undertaken to expand the 
cultivated area under food crops. But this singular focus on food grain production 
led to an acute shortage in cotton and other fiber production in the late 1940s, and 
this problem was addressed through an Integrated Production Programme initiated in 
1950. At this stage, the vital role of technology was realized, particularly the land-
augmenting technology that enhances the yield per unit of land. The introduction of 
technical changes through improved seed, fertilizer, irrigation, mechanization, and 
plant protection has brought dramatic changes in agricultural production since the 
1950s. These technical changes in agriculture have proceeded in a step-by-step 
manner; initially, the focus was on the development of land, irrigation, and other 
inputs; subsequently, the emphasis was on high-yielding varieties (HYVs) and 
improved “package of practices,” and finally, postharvest and marketing aspects 
were explored. 
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4.2.1 Pre-green Revolution Period 

To address the problems of food shortage and the resultant rise in food prices, the 
agriculture sector was given the highest priority in India’s first 5-year plan (FYP). 
The focus was placed on the expansion of irrigation, land reclamation, and the 
domestic production of inorganic fertilizers. A number of major irrigation projects 
were completed during the first FYP (1951–1956), including the Tungabhadra 
Project (1956), Gandhi Sagar (1960), Ghataprabha Left Bank (1956), and Hirakhud 
Dam (1956), and many others. In addition to surface irrigation, groundwater irriga-
tion through tube wells gained popularity in the 1950s. Further, the mechanization of 
irrigation operations, as reflected by the steep increase in the number of diesel 
engines and electric pumps, picked up momentum in the late 1950s. As a result, 
the extent of irrigated area in the total cultivated area went up from about 17% in the 
1950s to about 20% in the 1960s. The number of electric pumps for irrigation 
purposes increased steeply, from about 56,000 at the end of the first FYP period to 
more than 500,000 by the end of the third FYP (1961–1966) period, as a result of the 
expansion in rural electrification launched during the first plan period. 

4.2.2 Fertilizer Use 

Though the role of fertilizers as an important source of nutrients and a substitute for 
organic manures was recognized, their use was not widespread and was restricted to 
commercial crops in southern regions of the country until 1950. In order to create 
awareness among farmers about the importance and methods of fertilizer applica-
tion, Agricultural Technical Assistance Programme (1951) and the Fertilizer Dem-
onstration Programme (1954–1956) were initiated. Soil testing laboratories were 
also established to collect and analyze soil samples and to prepare a nutrient status 
map of the villages. As a result, the application of fertilizers increased, with an



average annual growth rate of about 20% in the 1950s and 25% in the 1960s. The 
consumption of phosphatic and potassic fertilizers was almost negligible until the 
1950s but started rising in the subsequent period; the growth in phosphatic and 
potassic fertilizer application outpaced that of nitrogenous fertilizers during the 
1950s and 1960s, although the use was judicious in absolute quantities. 
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4.2.3 Package of Practices 

Based on the recommendations of the Ford Foundation Team, the Intensive Agri-
cultural Development Programme (IADP) was initiated, which featured a “package 
of practices” for each crop based on recent research findings. Though the program 
was successful in increasing yields to some extent during the early 1960s, the 
success was restricted to resource-endowed areas that accounted for only 5% of 
the total cultivated area in the country. Because of successive droughts, food grain 
imports reached more than 9.8 million tonnes (ten million tonnes) in 1966–1967. 
The reason for the program’s limited success was recognized to be an inherent 
problem associated with the traditional improved varieties of wheat and rice. After 
the application of high doses of fertilizers, those varieties grew taller, with slim 
stems, and had a tendency to fall over at the time of maturity, notwithstanding the 
grain weight. 

4.2.4 Green Revolution 

India had imported the dwarf genes varieties of wheat (Lerma Rojo 64 and Sonara 
64) from Mexico, and Indian scientists developed high-yielding, pest-resistant, and 
input-responsive dwarf wheat varieties (Sonalika, Sharbati Sonara) by crossing these 
lines with local high-yielding varieties. In rice, the first semidwarf indica rice 
variety, Taichung Native 1, was developed by crossing a semidwarf indica variety, 
Dee-gee-woo-gen, with a drought-resistant variety, ‘sai-Yuan-Chung, at the 
Taichung District Agricultural Improvement Station in Taiwan in 1956. India, 
being the world’s largest source of rice, had actively participated and cooperated 
in developing new rice varieties with the rice breeders at the International Rice 
Research Institute by making several crosses of Dee-gee-woo-gen and local 
varieties. The high-yielding semidwarf rice breeding lines were introduced, and 
numerous improved varieties were developed with the active participation of the 
Central Rice Research Institute, the All-India Coordinated Rice Improvement Pro-
gram, and various state agricultural universities. Finally, high-yielding rice varieties 
were released for large-scale commercial cultivation all over India in 1966. In 
addition, high-yielding varieties of coarse cereals, including sorghum, bajra, and 
maize, were also developed through hybridization and were released for large-scale 
commercial cultivation during the late 1960s. 

Thus, began the golden period in Indian agriculture called the “Green Revolu-
tion.” The area under HYVs of wheat reached more than 60% of total wheat



cultivated by the mid-1970s, while it took 15 more years (until 1990–1991) to reach 
the same level (64%) for rice. Consequently, the growth of food grain production 
was the highest during the 1980s compared to any other period. 
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Considering the frequency of drought, a characteristic of Indian agriculture, 
assured irrigation has become a prerequisite for intensifying agricultural production 
in India, particularly following the introduction of HYVs. Apart from major irriga-
tion projects, emphasis was also placed on increasing minor irrigation projects 
through groundwater exploitation. Consequently, the total area under irrigation 
grew from about 55.8 million acres (22.6 million hectares) in 1950–1951 to about 
123 million acres (50 million hectares) in 1979–1980. Considering the limitations to 
expanding irrigation through canals as well as groundwater, agricultural scientists 
and planners started promoting rain-fed agriculture through a promising “watershed” 
technology during the 1980s. The HYVs, due to their responsiveness to fertilizers, 
particularly to nitrogenous fertilizers, have a tendency to grow succulently and 
become susceptible to pests and diseases. With increasing irrigation and fertilizer 
application, the growth of weeds also increased. As a measure of plant protection, 
the first Pest and Disease Surveillance Service was organized in 1969 in selected 
districts of the Intensive Agriculture Development program (IADP). The application 
of pesticides became an important component of crop production, particularly in 
commercial crops like cotton, tobacco, and sugarcane. Mechanization of irrigation 
operations expanded rapidly and resulted in a multiplier effect on crop production 
through crop intensification. 

4.2.5 Yellow (Oilseed) Revolution 

In view of the dismal performance of oilseeds during the 1960s and 1970s, the 
Government of India created the Technology Mission on Oilseeds (TMO) in May 
1986. The objective of the TMO was to achieve self-sufficiency in edible oils; to 
achieve this, the TMO implemented the introduction of HYVs of oilseeds, together 
with the adoption of improved production technology, a better supply of inputs, 
extension services, and postharvest technologies. Consequently, a major increase in 
oilseed production was achieved; the production of oilseeds increased from 10.7 
million tons in 1985–1986 to 24.6 million tons (25 million tons) in the late 1990s. 
Following the success in oilseed production, other crops, including pulses, oil palms, 
and maize, were brought under the TMO in 1990, 1992–1993, and 1995–1996, 
respectively. 

4.2.6 White Revolution 

The government initiated a massive dairy development program, popularly known 
as Operation Flood, in 1970. Verghese Kurien was the principal architect of the 
program, which was implemented in three phases from 1971 to 1996, with support



from the European Economic Community, the World Food Programme, and a soft 
loan from the World Bank. 
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The aim of the program was to expand milk production through processing and 
marketing facilities. Toward this objective, milk producers’ cooperatives were 
organized to collect, process, and sell milk to achieve a secured market and remu-
nerative prices. Further, to enhance milk production, inputs such as better feed and 
fodder, breed improvement through artificial insemination, and disease control 
measures were also arranged through cooperatives. This coordinated effort led to 
an increase in milk production and ushered in an era of the “White Revolution.” 
During this period, milk production increased at an annual average growth of 
about 5%. 

4.2.7 Blue Revolution 

The Indian Council of Agricultural Research (ICAR) implemented an All India 
Coordinated Research Project on Brackishwater Fish Farming (1973–1984). The 
objective of the program was to develop and test various farming technologies under 
different agroclimatic conditions in the country. The main center of the project was 
located in West Bengal; other centers were located in Orissa, Andhra Pradesh, Tamil 
Nadu, Kerala, and Goa for demonstrating the technologies to small-scale farmers. In 
addition, shrimp hatchery technology was also introduced into the country, and two 
commercial hatcheries were established in the late 1980s with an initiative from the 
Marine Products Export Development Authority. As a result, the production of 
fisheries, particularly inland fisheries, increased significantly, at an average annual 
growth rate of 7.1% and 6.2% during the 1980s and 1990s, respectively. By 2002, 
India had become the third-largest producer of fish. 

4.2.8 Pulses revolution India’s 

Pulses production underwent a significant transformation after the observance of the 
International Year of Pulses in 2016. As one of the world’s leading producers and 
consumers of pulses, the Indian government implemented a range of initiatives and 
programs in mission mode with an aim on promoting production. These included the 
National Food Security Mission, the Pradhan Mantri Fasal Bima Yojana, and the 
Pradhan Mantri Krishi Sinchai Yojana, which provided farmers with high yielding 
varieties through seed minikits, resource conservation technologies, efficient water 
application tools, and insurance coverage (Tiwari and Shivhare 2018; Gaur 2021). 
As a result of these efforts, the production of pulses in India rose from 16.35 million 
tonnes in 2015–16 to a record high of 23.13 million tonnes in 2016–17, a 43% 
increase. This trend continued in the following years, with pulses production 
remaining consistently above 23 million tonnes (25.58 million tonnes in the year 
2020–21). The surge in production had numerous positive impacts, such as enhanc-
ing food security, improving nutrition, and raising farmers’ incomes. It also helped



India reduce its dependence on imports of pulses, which had previously put a 
significant strain on the country’s foreign exchange reserves. To sustain the produc-
tion, focus on farmers’ preference to competitive crops over pulses should be 
studied, emphasis on research on developing varieties with biotic and abiotic stress 
tolerant with early maturity, location specific package of practices, improved mech-
anization, etc. shall take into future planning. 
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4.2.9 Agroprocessing 

In order to encourage food processing, the Government of India has taken a number 
of steps, first creating the Ministry for Food Processing Industries in 1988. The 
ministry has taken many initiatives, such as integrated food law, the creation of cold 
storage facilities, and the establishment of food parks (centers for the distribution of 
all processed grains and horticultural products across the country). As a result, the 
food processing industry expanded significantly in the 1990s. Recognizing the 
potential and comparative advantage that India has in the agroprocessing industry, 
a number of agro-export zones were established across the country. Thus, it is the 
changes in postharvest technology that have dominated Indian agriculture since the 
1990s. 

4.2.10 Remote Sensing Technology 

In the early 1970s, India initiated the first practical use of remote sensing in the 
agriculture sector for early detection of coconut wilt disease in Kerala through 
air-born Infrared Cameras. In the early 1980s, the extensive use of space technology 
in policy planning was started through satellite remote sensing with the development 
of Indian Remote Sensing (IRS) satellites under the Joint Experiment Programme 
(JEP). At present, remote sensing technology is widely used for crop yield estima-
tion and area expansion under specific crops to forecast the district/regional level 
productivity under Forecasting Agricultural Output using Space, Agro-meteorology 
and Land-based Observations (FASAL) project at a national level with considerable 
accuracy. At present, the satellite sensor-based Normalized Difference Vegetation 
Index (NDVI) is widely used for real-time drought monitoring under National 
Agricultural Drought Management and Monitoring System (NADAMS) across 
India. Remote sensing became the indispensable tool for mapping wasteland, wet-
land ecosystems, soil resources (land use and land cover, land degradation studies, 
monitoring of horticultural inventory under the Mission for Integrated Development 
of Horticulture (MIDH) program, the extent of problem soils (soil salinity, alkalinity, 
water logging, etc.), Disaster Monitoring (locust invasion), forest vegetation cover 
assessment, and Climate Change studies across India. The use of microwave remote 
sensing (L or C bands) enabled the monitoring of soil moisture from space using 
modern satellites (RADARSAT-2, MODIS, etc.).
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4.2.11 Genetically Engineered Crop Varieties (Gene Revolution) 

Near stagnation in yields of all field crops in the 1990s created the need to look for 
alternative technology that could further boost crop yields. In this context, genetic 
engineering appeared to be a promising choice. In India, the efforts initiated in the 
late 1990s to release the first genetically engineered crop, “Bt cotton,” were not 
successful until 2002 because of strong protests from environmentalists. The first 
genetically modified (GM) crop was approved in the year 2002 as Bt cotton and its 
adoption has been one of the most successful stories in the country’s agricultural 
history. Bt cotton was genetically modified to resist bollworm infestation, which 
had significantly reduced the use of pesticides and increased cotton yield. Three Bt 
hybrids were approved by Genetic Engineering Appraisal Committee (GEAC), 
Ministry of Environment, Forest and Climate Change, Govt. of India, namely 
MECH 12, MECH 162, and MECH 184, for cultivation in India initially carrying 
gene Cry 1AC. A quantum jump in the yields of cotton was realized after the 
introduction of Bt cotton in India. On the other hand, several research units under 
ICAR and state agricultural universities have been working to develop genetically 
modified crops suitable for Indian conditions. However, the dilemmas concerning 
the commercial cultivation of genetically engineered crop varieties still persist, 
owing to the serious concerns of biosafety and biodiversity. 

4.3 Technological Advancements 

Indian agriculture is still a technology deficit. Our productivity of food grains, fruits, 
and vegetables is still far below global averages. The current is about one-third of 
China’s and about half of Vietnam’s and Indonesia’s. The productivity of pulses and 
oilseeds in India has the potential to increase by 2.3–2.5 times through attention to 
seeds, soil health, pest management, crop lifesaving irrigation, and post-harvest 
technology (Gautam and Kumar 2014). India’s population is expected to reach 1.7 
billion by 2050, making food security the most important social issue, and food 
production will have to be increased considerably to meet the needs of a growing 
population. As per FAO, India is still home to a quarter of all undernourished people 
globally. There is an urgent need to embrace new technologies like biotechnology, 
nanotechnology, high-tech protected cultivation, and modern irrigation methods to 
accelerate agriculture production. There is also a growing realization that previous 
strategies of generating and promoting technologies have contributed to serious and 
widespread environmental and natural resource degradation problems. This implies 
that in the future, the technologies that are developed and promoted must result not 
only in increased productivity levels but also ensure that the quality of the natural 
resource base is preserved and enhanced (Kumari 2014). Agriculture also includes 
livestock, apiculture, pisciculture, apiary, goatery, forestry, etc. has to undergo a 
significant transformation in order to meet the above-related challenges. Smallholder 
and marginal farmers, accounting for nearly 86.25% of Indian farmers, 47.38% of 
the cultivated land, and over 50% of the total agricultural production, are vital not



only for India’s agrarian economy (tenth Agriculture Census 2015–2016) but also 
for achieving alleviation of hunger and poverty. Thus, the new agriculture paradigm 
must ensure that the small and marginal farmers be at the center stage of any 
technological interventions (Table 4.1). 
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Innovative technologies are a must to push the yield frontiers further, utilize 
inputs more efficiently and diversify to higher-value sustainable cropping systems. 
These are all knowledge-intensive technologies that require both a strong research 
and extension system and skilled farmers but also a reinvigorated interface where the 
emphasis is on the mutual exchange of information bringing advantages to all. At the 
same time potential of less-favored areas must be better exploited to meet the targets 
of growth and poverty alleviation. 

Efficient utilization of resources is the central driving force behind the use of all 
agricultural technologies. Several resource conservation technologies are being 
used, including no-till and minimum tillage, green manuring, crop rotations/ 
diversifications, etc. The no-till (NT) in wheat is reported to have reduced the cost 
of production by Rs. 2000–2500 per ha and saved 15–20% of irrigation water 
(Tripathi and Prasad 2009). Similarly, by using drip and sprinkler type of irrigation 
methods, more area can be brought under irrigation by saving 50–80% of water. The 
use of farm yard manure (FYM), compost, and biofertilizers helps reduce over-
dependence on the chemical fertilizers that lead to intensive cultivation. Boosting 
agricultural growth is essential for inclusive growth because this sector sustains the 
livelihood of 65% of the population. However, agriculture contributes only 14% to 
Gross Domestic Product (GDP). Several revolutions in agriculture have taken place 
to boost the sector. These include the Green Revolution, Evergreen Revolution, Blue 
Revolution, White Revolution, Yellow Revolution, Bio-technology Revolution, and 
ICT Revolution. While nearly all relevant technologies and know-how are available 
to us, the extension of these developed systems to the field is required. Agriculture 
Extension combined with adequate infrastructure is the key to agricultural growth. 
The involvement of the private sector would help the absorption of technologies in 
the fields faster. 

Technology in agriculture affects many areas of agriculture, such as sowing/ 
planting practices, fertilizers, pesticides, seed technology, etc. Biotechnology and 
genetic engineering have resulted in pest resistance and increased crop yields. 
Mechanization has led to efficient tilling, harvesting, water use, and a reduction in 
manual labor. Irrigation methods and transportation systems have improved, 
processing machinery has reduced wastage, etc., and the effect is visible in all 
areas. New-age technologies should focus on machine learning, robotics, precision 
agriculture, aeroponics, hydroponics, artificial intelligence, blockchain technology, 
and more. Some technological advancements that have innovated agriculture:

• Improved productivity from the mechanization of agriculture: Indian farming 
is characterized by small landholdings, and the need is to partner with others to 
take advantage of modern machines. Combine harvesters are finding greater use 
to minimize manual labor and make the processes quicker.
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Table 4.1 Chronology of some important technological development in Indian agriculture 

9000 BC Agriculture is born 
Wheat, barley, and jujube were domesticated in the Indian subcontinent 

3000–2000 BC Indus Valley Civilization 
Irrigation concept developed 
Cotton, rice, fruits, vegetables 
Poultry, buffalo 
Cattle drawn plough 

1000 BCE Sugar processing in India 

1000–500 BC Cultivation of a wide range of cereals, vegetables, and fruits 
Cow dung provided the manure 
Irrigation was practiced 

100–200 AD Water storage systems for irrigation 
Spice trade (cinnamon, black pepper, etc.) 

British period 
(1857–1947) 

Agriculture is more or less stagnant 
Emphasis on cash and plantation crop rather than food crop 
Policy more for the rulers than the ruled 
Imperial Council of Agricultural Research (ICAR) established 

1940 Grow More Food Campaign 

1950 Integrated Production Program 

1952 Simple Fertilizer Trial on Cultivators field 

1965–1970 High yielding varieties, fertilizer application, need-based irrigation and 
improved agronomic practices leads to green revolution 

1973 Creation of Department of Agricultural Research and Education (DARE) 
in the Ministry of Agriculture 

1979 Launching of Lab-to-Land Program and the National Agricultural 
Research Project (NARP) 

1989–2010 Experiments on cropping systems research 

1992–2006 Microirrigation concept initiated (1992) and recognized this as a thrust 
area (2006) 

2002 Transgenic crop (Bt cotton) 

2003 System of Rice Intensification (SRI) 

2004–2020 Development of IFS and IOFS models for enhancing system productivity 
and income 

2005 Conservation agriculture 

2011 National Innovations in Climate Resilient Agriculture (NICRA) 

2015 Soil health card to promote Integrated Nutrient Management (INM) 

2015 Neem Coated Urea made mandatory (New Urea policy) 

2017 MOVCDNER: Mission organic value chain development for North 
Eastern region 

2004–2022 Scientific organic farming and promotion 

2021 21 climate-resilient and biofortified special varieties of crops 

2021 Digital agriculture mission (artificial intelligence, block chain, remote 
sensing and GIS technology, use of drones and robots, etc.)
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• Climate/weather prediction through artificial intelligence: A major advance in 
agriculture is the use of artificial intelligence (AI). Modern equipment and tools 
based on AI enable data gathering and assist in precision farming and informed 
decision-making. Drones, remote sensors, and satellites gather 24/7 data on 
weather patterns in and around the fields, providing farmers with vital informa-
tion on temperature, rainfall, soil, humidity, etc. However, AI finds slow accep-
tance in a country like India where marginal farming, fragmented landholdings, 
and other socioeconomic reasons act as impediments. But there is no doubt that 
technologies based on AI can bring precision to large-scale farming and lead to an 
exponential rise in productivity.

• Resilient crops developed via the use of biotechnology: It refers to a wide 
resource of methodologies that include traditional breeding methods, genetic 
engineering, and the development of microorganisms for agriculture. Genetic 
engineering uses the understanding of DNA to identify and work with genes to 
increase crop resistance to pests, and the development of high-yielding varieties 
also makes improvements to livestock. The introduction of Bt technology has 
reduced crop insecurity by 15–20% among Indian cotton growers (Gautam and 
Kumar 2014). But, the use of genetically modified crops was restricted to cotton 
only due to concerns echoed by various environmentalist groups. Currently, the 
Government of India has allowed the trials of other GM crops, which will also 
give a momentum for adopting other GM crops. The country has also developed 
golden rice, which is rich in β-carotene. This is a great solution for India as nearly 
5000 children go blind every year because of β-carotene deficiency.

• Improving farm yields and supply chain management using Big Data: The 
collection and compilation of data and its further processing to make it useful for 
decision-making/problem-solving are expanding the way big data functions. Big 
data is slated to play a major role in smart farming, and the benefits percolate 
across the entire supply chain and the markets. Agriculture is becoming larger, 
and it depends on a large number of variables.

• Information and communication technology (ICT) in agriculture: In devel-
oping countries like India, ICT in agriculture often provides farmers with vital 
information on sowing, crop protection, and measures for improving soil fertility 
to improve agricultural productivity. Weather-based agroadvisories issued under 
Gramin Kishi Mausam Seva (GKMS, real-time SMS-based messaging services) 
with sufficient lead time often open up the scope for advance farmers’ prepared-
ness toward forthcoming sporadic extreme weather events, viz. flash floods, 
drought, or pest outbreaks in order to minimize significant crop loss. This results 
in the greater collection and use of complex data, which has to be meaningfully 
interpreted and managed. Data can be from external sources such as social media, 
supplier networks, markets, or sensor/machine data from the fields. Transforma-
tion of agriculture using big data is taking place that affects crop yield, supply 
chain management, yield prediction, etc.
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4.3.1 High-Yielding Varieties and Technologies 

The green revolution of the 1960s would not have occurred without the HYV of 
Wheat and rice. These HYVs and the area under irrigation and fertilizers saw India 
becoming a bread basket from once being labeled as a begging bowl. If Indian 
agriculture is to remain competitive with global agriculture, it has to increase yield 
per unit area through the development and production of seeds that have more yields, 
are resistant to multiple diseases/stresses, and can withstand the environmental 
extremities. Already wide such varieties are developed under National Innovations 
in Climate Resilient Agriculture (NICRA). National Rice Research Institute (NRRI), 
Cuttack, Indian Institute of Wheat and Barley Research (IIWBR), Karnal, Indian 
Agricultural Research Institute (IARI), New Delhi, Indian Institute of Maize 
Research (IIMR), Ludhiana, and others ICAR institutes have come out with 
biofortified varieties and multiple stress-tolerant crop varieties. 

4.3.2 Modern Technologies 

Modern machinery such as laser land levelers, self-propelled sprayers, precision 
seeders and planters, transplanters for rice and vegetable seedlings, multicrop 
threshers, and harvesters for cereals and sugarcane today allow technically highly 
efficient farming and resource conservation. The single operation of laser leveling 
can reduce water application charges by 25–30% with greater water use efficiency. 
The precision farming approach recognizes site-specific differences within fields and 
adjusts management actions accordingly adopting the concept of “doing the right 
thing in the right place at the right time.” Moving forward, this will be the new 
normal, addressing: (1) increased land and labor productivity by means of gender-
neutral technologies, (2) intensification, diversification, and off-farm employment, 
(3) institutional arrangement to equitable rights, and (4) balanced agroecological 
settings compatible with minimum risk (Gatzweiler and Von Braun 2016). Coupled 
with precision farming, the resource conservation technologies like zero tillage and 
residue management can reduce the cost of cultivation by 25–30% over conventional 
farming practices. System of Rice Intensification (SRI), which improves the produc-
tivity of rice by 30–35% in conventional varieties and over 50% in hybrids, is a 
potential source of technological revolution for small and marginal farms. It is a 
skill-intensive technology that cuts the need for inputs such as seeds and fertilizers 
while raising yields per ha. Aerobic rice production and direct seeding in rice are two 
breakthrough technologies for saving water and enhancing water productivity. It is 
predicted that in the next 10 years, the nanotechnology-led application will play a 
critical role in agriculture. These applications are related to the release and efficient 
dosage of water and fertilizers, drugs (for livestock), and herbicide delivery. The 
nanoparticles for new pesticides, insecticides, and insect repellents may also come to 
play an important role. Land shaping, furrow irrigated raised bed planting (FIRB), 
crop diversification, sustainable intensification, irrigation at critical stages like CRI 
stage in wheat, mid-season drainage, use of leaf color chart, green seekers, high-tech



poly houses, soil health cards, biofertilizer, Free Air Temperature Enhancement 
(FATE), Carbon-dioxide and temperature Gradient Chamber (CTGC), Growth 
chambers, Open Top Chambers (OTCs), eddy-covariance towers, micro-irrigations, 
the use of information and communication technology (ICT) in agriculture like 
models, robotics, SMS services, weather forecasting, etc. are some of the modern 
technologies for efficient resource uses. Fiber extraction technologies, fodder seed 
production and multiplication technologies, biochar technology, sugarcane produc-
tion technologies, and integrated weed management using new-generation 
herbicides, are some of the other promising technologies. Planting soybean on 
broad bed furrow (BBF) has helped conserve water and raise productivity. Micro 
irrigation via sprinklers and drips brought a dramatic change in several pockets of the 
country, especially in undulating topography and sand dunes areas where no other 
method of irrigation can work. Hi-tech horticulture, like poly house cultivation of 
vegetables, flowers, medicinal plants, and fruits, constitutes one of the most 
technologies and skill-intensive agricultural practices. The emphasis should be on 
informing farmers of the opportunities new technologies offer, improving access to 
credit, and creating an enabling policy environment for their adoption without major 
direct financial commitments. Similar great development has also occurred in 
horticulture, animal husbandry, and fishery sector in India with a quantum jump in 
productivity and production. 
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4.3.3 Genetically Modified Organisms 

The conventional technologies will not be able to meet the food and nutrition 
requirements. GM crops are produced by the transfer of genes between organisms 
for specific traits using laboratory techniques. Modern biological advancement, 
especially in the fields of biotechnology and molecular biology, offers many 
advantages when applied in conjunction with traditional plant breeding techniques. 
Plants obtained through this method are called GMOs (Genetically Modified 
Organisms) or genetically engineered or transgenic plants. The development of 
genetically modified crops expressing a variety of novel traits, such as insect 
resistance, disease resistance, herbicide tolerance, improved nutritional quality, etc. 
has led to large-scale cultivation of GM crops (Lucht 2015). GM crops 
commercialized worldwide in the past two decades include tomato, corn, soybean, 
cotton, canola, rice, potato, squash, melon, and papaya. Genetically engineered 
cotton (known as Bt cotton) for insect resistance was released for commercial 
cultivation in India in 2002. During the next few decades, GM crops will play a 
significant role in ensuring food security and addressing concerns of biotic and 
abiotic stress. Concerns about environmental risks of GM crops include the impact 
of introgression of the transgenes into the natural landscape, the impact of gene flow, 
the effect on nontarget organisms, the evolution of pest resistance, and the loss of 
biodiversity.
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4.3.4 Nanotechnology 

Nanotechnology can help in sustaining soil fertility and balanced crop nutrition; 
effective weed control; enhancing seed emergence using carbon nanotubes; delivery 
of agriculture chemicals, field-sensing systems to monitor the environmental stresses 
and crop conditions, and improvement of plant traits against environmental stresses 
and diseases. It offers a very good opportunity to develop innovative products and 
applications for agriculture, water treatment, food production, processing, preserva-
tion, and packaging, and its use may bring potential benefits to farmers, food 
industry, and consumers alike. Nanotechnology has a huge potential to revolutionize 
food packaging. Nanoparticles, such as titanium dioxide, zinc oxide, and magnesium 
oxide, as well as a combination of them, once functionalized, can be efficient in 
killing microorganisms and are cheaper and safer to use than metal-based 
nanoparticles. 

4.3.5 Protected Cultivation/Automated Structures 

Protected or greenhouse cultivation is the most promising area where the production 
of horticultural crops has improved qualitatively and quantitatively the world over in 
the last few decades. New-generation poly houses/greenhouses are automated with 
temperature, humidity, light intensity, irrigation, and fertigation control system with 
need-based sensors. In India, the area under protected cultivation is presently around 
25,000 ha, while the greenhouse vegetable cultivation area is about 2000 ha. Faced 
with constraints of land holdings, rapid urbanization, declining crop production, 
declining biodiversity and ever-increasing population, demand for food, especially 
vegetables, has increased manifold, and protected cultivation has offered a new 
dimension to produce more in a limited area. 

4.3.6 Farm Mechanization 

India has a very high share of labor (55%) with a lesser contribution to farm 
mechanization (40%). While the USA (2.5%) and Western Europe (3.9%) have a 
very low share of labor in comparison to a 95% share of mechanization. Power is the 
major crunch in mechanization as only 1.36 kw/ha of power is used in India in 
comparison to 8.75 kw/ha in Japan. One of the major bottlenecks in farm mechani-
zation in India is 138 million land holdings which are very large in comparison to 
only 2–3% of the population having landholdings in the USA. Efficient farm 
mechanization can help in 15–20% savings in seeds, 15–20% savings in fertilizers, 
5–20% increase in cropping intensity, 20–30% savings in time, 20–30% reduction in 
manual labor, and 10–15% overall increase in farm productivity (Guru et al. 2018). 
Happy seeder, no-till seed drills, paddy threshers, seed drills, and solar sprayers, 
among many others, are very efficient technology that revolutionized Indian 
agriculture.



4 Agricultural Technologies 73

4.3.7 Laser Land Leveling 

The use of modern technology in land leveling, like laser land leveling with suitable 
instruments, has helped in reducing the time and cost of irrigation. Its simple 
operation to prepare the land before sowing can reap massive returns, such as 
increasing yields, saving water, and reducing greenhouse gas emissions. Laser 
leveling in rice fields reduced irrigation time by 47–69 h/ha/season and improved 
yield by approximately 7% compared with traditionally leveled fields. In wheat, 
irrigation time was reduced by 10–12 h/ha/season, and yield increased by 7–9% in 
laser-leveled fields (Aryal et al. 2015). 

4.3.8 Modern Irrigation Methods 

In India, around 78% of water is consumed in the agriculture sector, while the 
remaining part is diverted between drinking, industry, and other uses. Dry land 
agriculture covers about 60% of cultivated area and hence should be the main focus 
for efficient water conservation and management. The water use efficiency under the 
conventional flood method of irrigation is very low because of substantial convey-
ance and distribution losses. There is a need to adopt modern methods of irrigation, 
like drip and sprinkler irrigation. Drip methods can save up to 70%, while increasing 
crop yields by 20–90%. India now leads the world, with nearly two million hectares 
(about five million acres) under microirrigation methods. But, still, there is tremen-
dous potential to go away from using underground water to adopting such methods 
by harnessing the vast potential of rainwater. To produce ‘More Crop Per Drop,’ i.e., 
enhancing water productivity, a five-pronged strategy (based on ecology) would be 
helpful: (1) precision water management practices (micro-irrigation, laser leveling, 
automation), (2) reduced water wastage by discouraging flooding, (3) cropping 
systems optimization and diversification, (4) induction of solar pumps, and 
(5) on-farm rain-water harvesting (Singh et al. 2021). 

4.3.9 Post-Harvest Technologies 

. Post-harvest infrastructure plays an important role in Indian agriculture. In India, 
less than 10% of farm products are processed. Approximately 2% of fruits and 
vegetables, 8% marine, 35% milk, and 6% poultry are processed. A considerable 
proportion of our produce goes wasted in the absence of suitable post-harvest 
infrastructure. Suitable postharvest infrastructure in terms of cold storage, 
processing units, road networks in inaccessible areas, and establishment of local 
regulated markets at the Panchayat (village) levels can boost the agriculture sector by 
promoting value addition and food processing.
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4.3.10 Technologies for Drudgery Reduction 

Drudgery is the main bottleneck that keeps youths away from agriculture. Thus, 
appropriate mechanization and smart farming practices will allow for retaining more 
youth and talent in agriculture. The ergonomics and landscapes are also given 
adequate emphasis while developing machinery for a particular area in addition to 
socioeconomic conditions and other factors. 

4.3.11 Biofortified Crops 

Biofortification” or “biological fortification” refers to nutritionally enhanced food 
crops with increased bioavailability to the human population that is developed and 
grown using modern biotechnology techniques, conventional plant breeding, and 
agronomic practices. The biofortified varieties are considered to be 1.5–3.0 times 
more nutritious than the traditional varieties. It’s a sustainable and cost-effective 
solution to alleviate malnutrition. India is home to the world’s highest number of 
under-nourished people (194.6 million), where 38.4% of them are children. It is 
estimated that every $1 invested in a proven nutrition program offers benefits worth 
$16 (Yadava et al. 2017). The Prime Minister of India dedicated 17 biofortified 
varieties of eight crops to the nation on the occasion of the 75th Anniversary of the 
Agriculture and Food Organization (FAO), the United Nations on October 16, 2020. 
The rice variety CR DHAN 315 is enriched with zinc; the wheat variety HD 3298 is 
rich in protein and iron, while DBW 303 and DDW 48 are rich in protein and iron. 
The maize hybrids 1, 2, and 3 are enriched with lysine and tryptophan, and the finger 
millet varieties CFMV 1 and 2 are rich in calcium, iron, and zinc. The CCLMV1 
variety of small millet is rich in iron and zinc. The Pusa Mustard 32 is enriched with 
low Araucic Acid, while Girnar 4 and 5 varieties of peanuts are rich in increased 
Oleic Acid and Yam’s Shri Neelima and DA 340 varieties are enriched with 
Anthocyanin. Such varieties will contribute to improving the nutrition of the masses. 

4.3.12 Sustainable Technologies 

To address various issues related to the fatigues of green revolution technologies, 
more integrated and regenerative technologies like conservation agriculture (CA), 
integrated farming systems, organic farming, and natural farming are being 
emphasized in the country. The emphasis is on rehabilitating degraded lands, 
achieving land degradation neutrality, enhancing farm productivity, reducing the 
cost of cultivation, making farming climate resilient, ecosystem restoration, efficient 
on-farm resource recycling, balancing nutrition and producing healthy foods, 
biorational pest and disease management and blending ITKs with modern practices. 
Apart from institutional innovations and the right policies, specific actions are 
needed for: (1) strengthening scientific manpower through more investment in 
R&D and by forging viable partnerships with other players in the public and private



sectors, (2) revisiting rules and regulations for speeding the transfer of technology, 
including paid extension, and (3) fostering partnership with the private sector for 
rapid commercialization of available technologies (Singh et al. 2021). The agricul-
tural research in India gradually moved from crop-based to farming system-based 
agriculture integrating horticulture, livestock, poultry, and fisheries, and secondary 
agricultural activities as essential components to achieve sustainable food and 
nutrition security and to maximize farm income. For the economic and nutrition 
security of a largely vegetarian population, dairy animals are of prime importance; 
and to improve their productivity and climate resilience, a two-pronged approach 
will be required—strengthening the availability of superior germplasm and enhanc-
ing fertility through biotechnological augmentation of reproduction (NDRI, Vision 
2030). 
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4.3.13 Technology Transfer Tools 

Technology transfer needs effective interactive groups like Self Help Groups 
(SHGs) and Farmers Clubs, which should become tools for disseminating informa-
tion about various government-sponsored schemes, and these entities will help in 
liaising with various line Departments for various activities. Internet and mobile 
phones are potential tools to Impart knowledge on new developments and improved 
methods of cultivation/technologies in the field of agriculture. These tools are useful 
in the dissemination of weather data and agroclimatic conditions’ latest information 
on prices of agricultural produce to farmers. Krishi Vighyan Kendras (KVKs) have 
been established in each district of the country, and now these are the backbone of 
technology dissemination in the country. Fast technology transfer will certainly 
reduce the knowledge deficit among the farmers and will help accelerate the stagnant 
growth of agriculture, realizing the higher potential of our land and the hard work of 
our farmers. 

There are a number of innovative technologies ready to be scaled up and scaled 
out, and farmer-led innovations also need to be assessed, validated, refined, and 
out-scaled to harness their full benefits and adopted in a participatory mode involv-
ing all stakeholders (Paroda 2019). Hybrid technology (maize, bajra, sorghum, and 
rice), biotechnology—GM crops (soybean, mustard, maize, and brinjal), conserva-
tion agriculture (3.5–20 m ha), protected cultivation (expand area from 50,000 ha to 
2.00 m ha), microirrigation (discourage flood irrigation)—at least 10 m ha, 
bioenergy/biofuel (use of sugarcane and maize - initially 20%), biofortified crops 
(QP maize, Fe and Zn rich rice, Fe rich bajra, Zn rich wheat) and ICT for knowledge 
sharing, ex. e-Chaupal have been identified as potential areas for immediate 
up-scaling in India (Paroda 2019).
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4.3.14 Scientific Organic Farming and Export of Organic Produce 

Organic farming is a system that avoids or largely excludes the use of synthetic 
inputs (such as fertilizers, pesticides, hormones, feed additives, etc.) and, to the 
maximum extent feasible, rely upon crop rotations, crop residues, animal manures, 
off-farm organic waste, mineral grade rock additives and biological system of 
nutrient mobilization and plant protection. An inherited tradition of organic farming 
in several states of the country is an added advantage. This holds the promise for 
organic producers to tap the market which is steadily growing (15–25%) in the 
domestic market related to the export market. In order to develop a technological 
package of organic farming, including plant protection for different crops and 
cropping systems, a Network Project on Organic Farming (NPOF) was initiated 
during 2004–2005 by the Indian Council of Agricultural Research (ICAR), New 
Delhi with Indian Institute for Farming Systems Research (IIFSR), Modipuram, 
Uttar Pradesh as a nodal institute with now having 20 centers across India. More than 
45 packages of practice for the organic production of crops in cropping systems 
across India have been developed so far. An integrated organic farming system 
(IOFS) model was also developed (Umiam, Meghalaya) to meet the diverse require-
ment of the farm household while preserving the resource base and maintaining the 
ecology. The model has diversified farming components like field crops (cereals, 
pulses, and oilseeds), horticultural crops (vegetables, fruits), livestock, and duckery, 
along with perennial fodder crops, composting units, and central water harvesting 
pond for composite fish culture and as a source for irrigation during the lean season. 
As of March 31, 2021 total area under the organic certification process (registered 
under National Programme for Organic Production) is 4,339,185 ha (2020–2021). 
This includes 2,657,889 ha cultivable area and another 1,681,296 ha for wild harvest 
collection. Among all the states, Madhya Pradesh has covered the largest area under 
organic certification, followed by Rajasthan, Maharashtra, Chhattisgarh, Himachal 
Pradesh, Jammu and Kashmir, and Karnataka. The total volume of export during 
2020–2021 was 888,179.68 MT. The organic food export realization was around 
INR 707,849.52 lakhs (1040.95 million USD). Organic products are exported to the 
USA, European Union, Canada, Great Britain, Korean Republic, Israel, Switzerland, 
Ecuador, Vietnam, Australia, etc. In terms of export value realization, processed 
foods, including soya meal (57%), lead among the products, followed by oilseeds 
(9%), cereals and millets (7%), plantation crop products such as tea and coffee (6%), 
spices and condiments (5%), medicinal plants (5%), dry fruits (3%), sugar (3%), and 
others. 

4.4 Conclusions 

The India’s population is estimated to be about 1.7 billion by 2050. To meet the 
challenge of producing enough quality food to assure food and nutritional security 
without harming the environment, India must find ways to increase food production 
while dealing with worsening land and water scarcity, soil degradation, and climate-



change-related extreme weather events. The increasing role of technology in 
addressing these issues is the only way forward to a food-secure future. The recent 
example of growth in pulses sector making India self sufficient is a glaring example 
of technological advancement in the country. Technology can help save foreign 
exchange, increase productivity, and lead to an improvement in the overall standard 
of life, especially for peasants. Innovative approaches such as digital smart agricul-
ture, artificial intelligence, blockchain, remote sensing and GIS technology, drones, 
and robots could take Indian agriculture to the next level. The pace of adopting 
modern farming practices is slow, and path-breaking efforts need to be made to 
educate farmers about the benefits to be had with technology. 
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Indian Seed Sector 5 
D. Vijay, H. P. Vijayakumar, C. T. Manjunath Prasad, 
and P. R. Choudhury 

Abstract 

The Indian seed sector is one of the most vibrant industries in the country. It is 
unique with a strong public and private industry. The evolution of this sector is an 
interesting story and illustrates the role of various contributors, including the 
policymakers, researchers, departmental personnel, and the private sector. A 
categorical institutionalization and growth of this sector were initiated before 
the independence with the suggestions of the Royal Commission on Agriculture 
(1925). The availability of quality seed played an important role in the green 
revolution and further contributed to the increase in food grain production and 
productivity. The time-to-time recommendations of various commissions, 
committees, and review teams helped in shaping a strong seed sector in India. 
The foundation of an organized seed industry was laid with the creation of a 
public sector organization, the National Seeds Corporation, in 1963, which 
mentored the private sector initially and helped in developing a systematic, 
independent seed certification system in the country. The National Seed Project, 
with World Bank financial assistance and other seed projects, helped in the 
development of infrastructure in both public and private seed organizations. 
The landmark seed legislations, viz., Seeds Act (1966), Seed Rules (1968), The 
Seeds (Control) Order (1983), Protection of Plant Varieties and Farmers Rights 
Act (2001), and several policies like New Policy on Seed Development (1988), 
National Seed Policy (2002), Exim policy (2002–2007) helped in the overall 
growth of the industry and paved the way for a competitive private sector. The
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seed production and supply system showed continuous growth, and the surplus 
production facilitated the increase in seed replacement rates of various crop 
groups over a period. The seed exports are also increasing and have a potential 
for further growth. The increase in the varietal replacement rate of important 
crops supports the inclusion of climate-resilient varieties in the seed chain. To 
become the Asian seed hub, the Indian seed sector shall emphasize the 
incorporation of the latest technological innovations and upgrade to the digital 
mode to cater the future needs.
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5.1 Introduction 

Seed is one of the primary inputs for successful and sustainable agriculture. It is a 
vehicle through which various technologies can reach farmers to bring out a phe-
nomenal change in the agricultural situation of a country or region. Seed quality is of 
utmost importance for realizing the yield potentials of high-yielding varieties, 
transforming Indian agriculture and its dependence on food imports. Our ancestors 
realized the fundamental importance of using quality seed, and the quote 

present in ‘Manu smriti’ which means good seed in good 
land yields abundance, is an undeniable proof of it. The supply of quality seeds to the 
farming community helps in achieving higher crop productivity and enhances farm 
income. Quality seeds possess specific standards for genetic and physical purity, 
germination, moisture content, and seed health. The legal requirement of meeting 
these standards through certification and quality control regulation has 
revolutionized the Indian seed sector. It is well-established that quality seed alone 
contributes about 15–20% to crop productivity by ensuring good germination, early 
vigor, and plant stand. The Indian seed industry is unique globally, with strong 
public and private sectors. The review and recommendations of various committees 
during the pre-independence era have paved the way for developing a robust public 
seed sector, which further helped in the birth of the private seed sector through 
various schemes. India is home to more than 500 private seed companies, including 
local and multinational enterprises. The success of the green revolution in mitigating 
food imports started with the import of desired seeds and their multiplication and 
distribution. The bold steps taken during the last 75 years of Indian independence 
made the seed industry a viable system that helped the country to achieve self-
sufficiency in food grains and aided in venturing into food exports. The vastness of 
the seed production and supply system and its quality regulation over the periods has 
revolutionized this sector and made it one of the fastest-growing agricultural input 
industry in the country. This chapter will unfold the saga of the Indian seed industry 
from the pre-independence era and its transformation during the last 75 years of



independence, along with its contribution to the development of the agriculture 
sector in India. 
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5.2 Status of the Seed Sector in the Pre-independence Era 
(up to 1947) 

The development of improved varieties in India was initiated with the commence-
ment of agriculture research at Agricultural Colleges and Research Stations 
established in the early years of the twentieth century. In the pre-independence 
era, the state department of agriculture was bestowed with the distribution of quality 
seeds of the improved varieties. The state department used to adopt two different 
methods for distributing seeds. In the first method, seeds multiplied at one location 
were delivered over a larger area. In the second method, small quantities of seeds 
were supplied to many farmers for further multiplication and dissemination among 
themselves. However, the second method was ineffective in the spread of improved 
varieties, and the state departments concentrated on the first method by setting up 
several seed multiplication centers. The seed produced at these centers was further 
multiplied with the help of landlords and then distributed to the region’s farming 
community. The Royal Commission on Agriculture, constituted in 1925, examined 
the progress of seed distribution and the spread of improved varieties and suggested 
constituting a separate organization within the agriculture department to deal with 
seed distribution and seed testing. It also advised to encourage new seed merchants, 
since only flower and vegetable seed merchants were present in India. The commis-
sion predicted that it would take several years to develop exclusive seed merchants 
and suggested that until then, the government shall be involved in seed multiplica-
tion and distribution. Later, several other commissions like Sir John Russel Com-
mission (1937), the Famine Enquiry Commission (1944), and Food Grains Policy 
Committee (1943) reviewed the seed status in India and emphasized seed multipli-
cation and distribution by the agriculture department. 

The second world war resulted in several hardships to the country’s food avail-
ability. After the separation of Burma (presently Myanmar) in April 1937, India 
imported 1.5–2 million tonnes of rice per annum from it. Due to the second world 
war, this source of rice import got suddenly cut off, and no alternate source could be 
tapped. At the same time, wheat supplies from the USA, Canada, and Australia could 
not be obtained due to the war. This situation led to the emphasis on increasing food 
production, which ultimately resulted in Grow More Food campaign in 1942. One of 
the main action lines of this campaign is the intensive cultivation of cultivated lands, 
making available better seeds and manures, and following better farming practices. 
The second world war also brought several difficulties for the seedsmen of vegetable 
crops in India because most of the vegetable seed requirement was met through 
imports. The private vegetable seed companies were the first to develop seed 
production facilities for temperate vegetables in Kashmir and Quetta by 1945. The 
seedsmen of vegetable seeds organized into an association, “The All India Seed



Growers, Merchants and Nurserymen’s Association,” in 1946 for the rapid develop-
ment of the vegetable seed industry in India. 
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5.3 Seed Sector Development in the Pre-green Revolution 
Period (1947–1966) 

The partition of the country in 1947 led to a loss of 7–8 lakh tons of food grains to 
India. Due to partition, India received 82% of population and 71% of the total 
irrigated area of the undivided country. This led to only 75% of total cereal 
production, 65% of wheat, and 68% of rice production of the undivided nation 
(Fig. 5.1). The partition reduced percent of the total irrigated area to the total cropped 
area from 24 to 19 in India (Fig. 5.2). These losses led to more emphasis on 
agriculture to meet the food requirement of the growing population in the consequent 
5-year plans. Along with agriculture, the seed sector has also grown during the post-
independence period. The Grow More Food Enquire Committee (GMFEC) was 
constituted in 1952 to review the Grow More Food (GMF) campaign implemented 
in April 1949 to enhance the production of food crops. One of the important schemes 
of the GMF campaign is the supply and distribution of seeds and fertilizers. The 
GMFEC pointed out that the GMF campaign could not achieve its target, and one of 
the reasons was a lack of seed purity and unsatisfactory seed multiplication. It 
recommended establishing nucleus seed production farms and strengthening seed 
multiplication. ICAR constituted an expert standing committee in 1952 to formulate 
a sound seed improvement program. Due to the recommendations of these 
committees, a system for distributing improved seeds of food grains came into 
existence. Despite this, the progress made during the 1950s was poor, and the seed 
programs were mainly confined to seed distribution. 

Fig. 5.1 Percent population, 
irrigated area, and crop 
production of India and 
Pakistan due to the partition of 
the country in 1947. (Data 
source: GMFEC Report 1952)
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Fig. 5.2 Percent irrigated 
land to the total cropped area 
of India and Pakistan due to 
partition of the country in 
1947. (Data source: GMFEC 
Report 1952) 

During the Second 5-Year Plan (1956–1961), special importance to seed multi-
plication from the nucleus seed stage to the foundation seed stage given by the Indian 
government by setting up seed farms of 10 ha each. Even though only 59% of seed 
farms (2551 Nos.) could commence functioning of the targeted 4328 farms during 
this period, it paved the way for systematic seed production on a large scale. In 1961, 
the Program Evaluation Organization (PEO), at the instance of the planning com-
mission of India, conducted a study to assess the operation of the seed multiplication 
and distribution program from 1952–1953 to 1959–1961. The study found that the 
production and multiplication of nucleus and breeder seed in the first two 5-year 
plans were not given proper attention even though the Royal Commission on 
Agriculture (1925) emphasized the importance of these two stages for further 
maintenance of quality during seed multiplication. The PEO study also observed 
that only 5% of seed farms had taken all necessary precautions to maintain seed 
purity, and 90% of farms were running at a loss. The PEO (1961) made a few 
suggestions, viz. (1) formulation of annual seed plans by state governments, 
(2) extending the seed production and multiplication to food crops other than 
paddy and wheat, (3) strengthening of seed farms, and (4) training to human 
resources of seed farms on quality seed production. During the same period, the 
first Indo-American Agricultural production team (1959) headed by Dr. Sherman 
E. Johnson from the Ford foundation examined India’s food production problem and 
suggested several critical seed quality and distribution aspects. The team 
recommended (1) educating farmers to use improved seed through the extension 
workers at the village, block, and district level, (2) Involvement of State Agriculture 
Departments in seed certification and involvement of cooperatives and private seed 
growers in seed supply, and (3) to set up seed testing laboratories, development of 
uniform seed certification standards and enactment of seed laws. These 
recommendations from PEO and Agricultural Production Team laid the foundation 
for the seed quality control system in the country.
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The All India Coordinated Maize Improvement Programme (AICMIP), initiated 
in 1957 by the Indian Council of Agricultural Research (ICAR) in collaboration with 
the Rockefeller Foundation, was one of the most significant turning points in 
developing suitable varieties/hybrids in Indian Agriculture. It marked the beginning 
of an intensive, multidisciplinary, integrated approach to crop improvement. Four 
years of its inception, four maize hybrids were released in 1961. Encouraged by the 
progress of this approach, ICAR simultaneously launched similar projects in 1960 
for sorghum and bajra, which released their first hybrids in 1964 and 1965, respec-
tively. The Third 5-Year Plan (1961–1966) has seen some serious efforts to over-
come the shortcomings of the seed programs. The year 1961, celebrated as ‘World 
Seed Year’ by Food and Agricultural Organization (FAO), is also a remarkable year 
for the Indian seed sector. This year, the first seed testing laboratory (STL) was 
established at Indian Agricultural Research Institute (IARI) with the help of the 
Rockefeller Foundation. This STL became a member laboratory of the International 
Seed Testing Association (ISTA), Zurich, Switzerland, for uniformity of testing 
procedures. The newly developed hybrids under All India Coordinated Crop 
Improvement Programmes necessitated the creation of a separate organization for 
seed production, resulting in the birth of a Central seed corporation, viz. National 
Seeds Corporation (NSC), in 1963. The NSC was incorporated under the Ministry of 
Agriculture to ensure the rapid multiplication and distribution of hybrid seeds to 
farmers. It paved the way for developing an organized seed industry in India. Its 
responsibilities in producing high-quality seeds, establishing quality control inspec-
tion through seed certification, scientific seed processing, storage, and marketing 
marked the beginning of systematic seed production on scientific principles. NSC 
was also involved in developing field inspection methods and seed standards for 
seed certification and labeling; multiplication of prereleased varieties of all-India 
importance; assisting in setting up seed processing plants; and training individuals 
involved in seed production. 

5.4 Development of the Seed Sector During the Green 
Revolution Era (1966–1985) 

The world witnessed a tremendous increase in food crop productivity in the last six 
decades due to the green revolution (1966–1985), particularly in the developing 
world. The global population increased by 2.5 times, whereas cereal production rose 
by almost 3.5 times in the last 60 years (Fig. 5.3). The green revolution rapidly 
increased agricultural output due to increased yield levels. Between 1960 and 2000, 
the yield levels of developing countries rose by 208% for wheat, 109% for rice, and 
157% for maize (FAO 2004). Developing countries in Southeast Asia and India were 
the first to reap the benefits of the green revolution in cereal food crops (Pingali 
Prabhu 2012). Agricultural Trade Development and Assistance Act (commonly 
known as Public Law-480 or “Food for Peace”), enacted by the United States of 
America (USA) in 1954, enabled food-deficit friendly countries to purchase US 
agricultural commodities with their local currency instead of USD to save their



precious foreign exchange reserves. India signed an agreement in 1956 to import 
food grains from the USA under PL-480 to meet the food grain requirement of the 
growing population. The imports under PL-480 masked the necessity and deferred 
the initiation of programs to enhance the country’s agricultural productivity during 
the Second and Third Five-Year Plans (Hatti 1977). 
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Fig. 5.3 Number of times change in the global population and cereal production with 1961 as base 
year. (Data source: https://ourworldindata.org) 

In India, the population increased by 10% between 1961 and 1966, which 
coincided with a decline in cereal food grain production. The back-to-back drought 
in 1965 and 1966 and the USA’s delayed supply of food grains due to political 
differences led to the ‘ship to mouth’ situation. The green revolution was ushered by 
importing 18,000 tonnes of wheat seeds in 1966 from CIMMYT, Mexico, under the 
High Yielding Varieties Programme (HYVP). The HYVP launched in 1966 is a 
significant milestone in developing the country’s seed industry. The HYVP is a 
comprehensive program consisting of research, irrigation, inputs, extension services, 
training, and supervision in five crops, viz. paddy, wheat, maize, sorghum, and pearl 
millet. The output of these five crops taken together increased by 16% during 
1964–1965 to 1969–1970. The collaborated efforts of the NSC, state agriculture 
departments and private entrepreneurs in seed production, processing, certification, 
testing, storage, and distribution ensured the supply of the required quantity of seed 
for implementing the HYVP. In the last 60 years, the population of India increased 
by three times, but due to the green revolution, the cereal food grain production 
increased by 3.75 times (Fig. 5.4) and changed the food grain situation from deficit 
to surplus. Crop production and yield trajectory changed due to the green revolution 
in India and the world (Figs. 5.3 and 5.4). Several drivers led to the success of the

https://ourworldindata.org


green revolution, and one among them is the production, multiplication, and supply 
of quality seeds of high-yielding varieties. 
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Fig. 5.4 Number of times change in the Indian population and cereal production with 1961 as base 
year. (Data source: https://ourworldindata.org) 

The progress of seed development work was very rapid, with many new 
initiatives on the seed front taken during the green revolution period. To ensure 
seed quality, the Parliament passed The Seeds Act in 1966, and Seed Rules were 
framed in 1968. These two played a significant role in providing the legal sanctity to 
the seed quality assurance and its maintenance. The Seeds Act is essentially a 
truthful labeling law that empowers the government to notify the seed varieties for 
specific areas. This act also provides setting up certification agencies for seed 
certification. However, seed certification is made voluntary, and labeling is compul-
sory for the seed sold in the market. In the second half of the 1960s, seed testing 
laboratories were created in almost all states, and several processing plants were also 
established. To review the rapid changes in the Indian seed sector and to develop a 
robust seed production system in India, the Government of India constituted a Seed 
Review Team (SRT) on October 10, 1967 under the leadership of Mr. I.J. Naidu, 
Joint Secretary to the Govt. of India, Department of Agriculture and members from 
Research Institutes, state agriculture department, private seed industry and NSC. The 
SRT submitted its report on 14th June 1968. It made several recommendations on 
various aspects, including seed production, processing, storage, certification, the 
seeds act, quality control, the role of multiple agencies, and the seed industry. 

Some of the important recommendations made by SRT (1968) were (1) registra-
tion of crop varieties for marketing seeds; (2) elimination of varieties with doubtful 
value; (3) adequate arrangements for prerelease seed multiplication of promising
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varieties; (4) involvement of Agricultural Universities in foundation seed production 
in addition to NSC; (5) assigning a significant role to the cooperative and private 
sectors in seed production, processing, and marketing; (6) once the cooperative and 
private organizations are developed, governmental agencies should be relieved 
gradually from these activities and focus on program planning and extension 
activities; (7) NSC should support State Governments to set up the certification 
agencies and transfer its certification work to them. During the Fourth Five-Year 
Plan (1969–1974), GOI planned to transform Indian agriculture from a traditional 
way of life into an industry-based system by efficiently using available resources and 
providing economic incentives for higher investment. For this purpose, areas with 
assured rainfall were selected and suggested to follow an improved package of 
practices, including seeds of improved varieties, and fixed the particular food 
production targets for such areas. One such organization is Tarai Development 
Corporation (TDC), established in 1969 with the World Bank’s assistance under 
National Seed Program. It was another important landmark in developing the seed 
industry in India. TDC was a role model for seed corporations set up in other states. 
It aimed at the integrated agricultural development of the Tarai area through the 
production and supply of quality seeds. Later it was renamed UP Seeds and Tarai 
Development corporation w.e.f. July 1, 1978. 
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The National Commission on Agriculture (NCA) reviewed Indian Seed Industry 
and submitted its final report in 1976 with recommendations for expanding the seed 
industry on commercial lines. Its suggestions include (1) the development of a 
national registry of varieties by ICAR and the central seed committee; (2) the 
creation of a network of seed processing and storage facilities to the extent required 
for the seed industry; (3) the manufacture of processing equipment; (4) storage of 
nucleus, and breeder seed in controlled conditions; (5) undertake grow-out test as an 
integral part of seed testing. It also emphasized selecting congenial areas for seed 
production and advised introducing seed production technology courses in agricul-
tural universities. It also encouraged small seed growers to form compact areas for 
seed production. Based on the Seed Review Team (1968) and the National Commis-
sion of Agriculture (1971 and 1976) recommendations and the encouraging experi-
ence with the Tarai Seeds Project, a working group was established to prepare the 
proposals for National Seeds Programme. Under this program, a project proposal 
was submitted to World Bank with components including reorganization of NSC to 
coordinate and develop the seed industry in the country and interstate seed market-
ing; expansion of seed storage capacity, establishment of state seed corporations, 
improvement of breeder seed production facilities at agricultural universities and 
ICAR institutes; development of research component of seed technology at agricul-
tural universities; provision of facilities and equipment for private seed processing 
units; expansion of seed quality control through support to seed certification 
agencies and seed testing laboratories; and providing training and technical assis-
tance. The National Seeds Project (NSP) was launched initially in two phases, NSP-I 
(1976–1984) and NSP-II (1978–1985), to expand the seed industry with a loan from 
the World Bank. NSP Phase-I was launched in four states, viz. Punjab, Haryana, 
Maharashtra, and Andhra Pradesh, and Phase-II in five states, viz. Karnataka,



Rajasthan, Uttar Pradesh, Bihar, and Odisha. The World Bank Supervisory Mission 
examined the progress of NSP Phase-I and II in 1981 and observed that only 1.72 
lakh metric tonnes of seed were produced against the target of 3 lakh metric tonnes 
(Agrawal 1995). It also found that most of the sanctioned amount was not utilized by 
the Seed Corporations. However, the Projects have created an excellent infrastruc-
ture to meet future seed demands. Even though both projects could not generate the 
economic returns envisaged in the proposal, they helped to identify the critical issues 
of public sector seed industry governance and formulate appropriate policies for the 
development of the seed industry. 
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Further, the government of India passed the Seeds (Control) Order (1983) under 
the Essential Commodities Act of 1955 to regulate the seed business, including the 
import and export of seed, and to stop illegal seed hoarding. This order made 
compulsory licensing for seed sale, import, and export. Seed quality assurance was 
entrusted to seed inspectors. It empowered them to draw the samples of seeds meant 
for sale, import or export, check their quality, and seize any seed if a contravention of 
this order was committed. 

5.5 Seed Sector During the Post-green Revolution Era (1985 
Onwards) 

The Indian seed sector has seen a categorical change after the green revolution, 
followed by various policy decisions by the government to encourage the seed 
industry. During the Seventh Five-Year Plan (1985–1990), seed corporations were 
established in another four states, viz. Assam, West Bengal, Madhya Pradesh, and 
Gujarat, under the sponsorship of NSP Phase-III. Further, seed production infra-
structure in the private sector also considerably improved under this Phase-III as 
about 95% of the funds were loaned to private companies. The introduction of the 
New Seeds Policy in 1988 revolutionized the Indian seed industry by liberalizing the 
seed trade and granting access to the best quality seed or planting material available 
anywhere in the world to Indian farmers. Under this policy, the import of seeds under 
an Open General License (OGL) for sowing purposes both by the public and private 
seed industry was allowed. A timebound (30 days) permission or rejection by the 
regulating body was emphasized on the import requests. Separate guidelines were 
issued under this policy for strengthening the plant quarantine. This policy paved the 
way for several incentives like reducing import duty on seeds and machines used for 
seed processing and quality control; preshipment credit; cash compensation on the 
export of seed; income tax rebate; and backward area subsidy for the growth of the 
seed industry in the country. These steps by the government have resulted in the 
import of hybrid seeds of vegetables, flowers, and some food crops by private 
companies and boosted the private seed sector in the country. With the growth of 
the seed sector, the research and development activities of the private sector 
increased, and several national and multinational companies started seed production 
of their hybrids in several crops. With the growth in the seed sector, along with the 
commitment by India as a member of the World Trade Organization (WTO) to the



Trade-Related Aspects of Intellectual Property Rights (TRIPS) agreement, the 
Government of India enacted the Protection of Plant Varieties and Farmers’ Rights 
(PPV&FR) Act, 2001. To safeguard the farmers’ rights and plant breeders’ rights, 
India adopted a sui-generis system instead of joining the UPOV (International Union 
for the Protection of New Varieties of Plants) convention to protect new varieties. 
The PPV&FR Act strengthens the seed industry by providing necessary protection to 
their intellectual property so that farmers get access to seeds developed by MNCs in 
other countries. This act also encourages investment in research and development 
both by the public and private sectors. To date, the Distinctness, Uniformity, and 
Stability (DUS) testing guidelines for new varieties of 171 crop species were notified 
by the PPV&FR Authority. The authority has issued 4894 plant variety registration 
certificates till March 2022. Maximum certificates were issued in cereal crops (3249) 
and least in spice crops (41) (Fig. 5.5). The certificates were issued under five 
categories, viz. extant varieties—notified and of common knowledge, farmers’ 
varieties, new varieties and essentially derived varieties. The maximum number of 
certificates issued belongs to the farmers’ varieties category (39.4%), indicating the 
need for farmers’ rights in our country and the role farmers play in maintaining the 
seed of indigenous/traditional varieties (Fig. 5.6). 
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Fig. 5.5 Crop group wise number of plant registration certificates issued by PPV&FRA till March 
2022. (Data source: https://plantauthority.gov.in) 

The National Seeds Policy 2002 was formulated to enhance the seed replacement 
rate, which means enhanced availability of quality seed to the farming community. It 
also intends to create a congenial environment for the faster growth of local seed 
industries, encourage germplasm import and boost exports and strengthen the 
monitoring system for the availability of high-quality seed material to the farmers. 
This policy also emphasized enhancing India’s share of global seed export from 1%

https://plantauthority.gov.in


to 10% and developing a national seed grid to provide information on the availability 
of seeds initially by the public sector and later extended to the private sector. Further, 
to streamline the import and export of seed, the export/import (EXIM) policy 2002– 
2007 was formulated. This policy is being followed by including the amendments 
made from time to time. The EXIM Policy reiterates that Plant Quarantine Order 
2003 regulates all seeds and planting material imports. The Import licenses will be 
granted by the Directorate General of Foreign Trade (DGFT) under the Ministry of 
Commerce and Industry only based on the recommendations of the Department of 
Agriculture and Farmers Welfare of Ministry of Agriculture and Farmers Welfare. A 
small quantity of seeds sought to be imported would be given to ICAR, or farms 
accredited by ICAR, for trial and evaluation for one crop season. The restrictions on 
the export of all seeds except breeder seed, foundation seed, seeds of wild varieties, 
and seeds of a few specific crops, viz. onion, berseem, cashew, rubber, nux vomica, 
pepper cuttings, sandalwood, saffron, neem, forestry species, and wild ornamental 
plants, were removed from 2004. The EXIM Committee meets every month subject 
to the tendency of proposals for the import/export of seeds and planting material and 
furnishes its recommendation to DGFT for necessary permissions. 
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Fig. 5.6 Percentage of 
different types of plant 
registration certificates issued 
by PPV&FRA till March 
2022. (Data source: https:// 
plantauthority.gov.in) 

The government proposed to revise the Seeds Act of 1966 to get it harmonized 
with other acts and rules and combine it with the Seed (Control) Order 1983 and 
other policies. The New Seed Bill was proposed in 2004 and later modified in 2019 
and is under parliament’s consideration. In the new bill, apart from agriculture and 
horticulture, forestry, cultivation of plantation, medicinal and aromatic plants are 
brought under its purview. Registration of varieties sold in the country has been 
made compulsory, and the registration body will maintain a ‘National Register of 
Seeds’. A provision is made under this new seed bill to evaluate the registered 
varieties and compensate the farmers for the non-performance of varieties under said 
conditions. The registration of seed dealers, processing units, and seed producers is 
also compulsory. Seed certification by accredited government organizations apart 
from certification agencies is permitted. Seed health is given importance in the New 
Seed Bill in coherence with the international seed trade. Apart from these regulations

https://plantauthority.gov.in
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and policies, from time to time, several schemes, viz., technology mission on 
oilseeds; subsidy on seed production and distribution; subsidy on seed transport; 
and seed bank scheme, were initiated by the government to encourage and 
strengthen the seed sector in the country during post green revolution period. 
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5.6 Role of Seed Sector in Agricultural Growth 

Seed is a low-cost input and is the cheapest means of enhancing agricultural 
production. The quality of seed and its timely availability in sufficient quantities 
are the major requirements for the success of any agriculture-based technology. The 
seed sector has played a tremendous role in increasing agricultural output in terms of 
production and productivity. With the advent of the science of genetics, plant 
breeding, and biotechnology, new vistas are opened in the development of varieties 
and hybrids with resistance to pests and diseases, enhanced food quality, increased 
yield, and other desirable characteristics by manipulating the genetic composition of 
the plants. A robust seed system is the foremost step toward the country’s food 
security and acts as a driver of growth in agriculture. In the early nineteenth century, 
modern India recognized the significance of seeds and emphasized several seed 
improvement programs. Accordingly, several suggestions were made by the Royal 
Commission on Agriculture (1925), Grow More Food Enquiry Committee (1952), 
Indo-American Agricultural Production Team (1959), Seed Review Team (1968), 
and National Commission on Agriculture (1976). With the government’s emphasis 
on formulating several seed policies and infrastructure development, a robust seed 
sector has emerged. The Indian seed sector is unique, with strong public and private 
sector seed companies. The public seed sector mainly concentrates on high-volume 
and low-value food crops. Important public sector organizations include 50 ICAR 
Research Institutes of crop science and horticulture; 35 crops related All India 
Coordinated and Network Projects, 46 State Agricultural and Horticultural 
Universities (SAUs), 3 Central Agricultural Universities, 722 Krishi Vigyan 
Kendras (KVKs), 1 National Seeds Corporation (NSC); 15 State Seeds Corporations 
(SSC) and 24 State Seed Certification Agencies (SCA). The ICAR Institutes and 
Universities are mainly concerned with breeder seed production, and SAUs and 
KVKs are involved in the foundation seed production. The seed corporations 
and department farms are involved in the foundation and certified seed production. 
The private seed sector also plays an equally important role in seed production 
but is usually restricted to high-value crops such as vegetables, hybrids of corn, 
cotton, pearl millet, sunflower, and other similar crops. The private seed sector 
comprises 540 seed companies, including multinational companies. Among these, 
80 companies have their own independent research and development programs to 
develop new varieties. After the green revolution, the demand for hybrid seeds in the 
country increased due to the increasing pressure for higher food grain production to 
meet the requirement of the growing population in the country. The strong seed 
sector could meet the rising demand and help achieve food security.
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5.6.1 Impact of Quality Seed on Food Grain Yield and Production 

The green revolution was instrumental in increasing food grain production, changing 
the ‘ship to mouth’ condition to surplus food grains with overflowing granaries. Of 
the several factors that made this possible, significant ones are (1) the photo 
insensitive, fertilizer responsive, dwarf, high yielding varieties, (2) the availability 
of adequate inputs like quality seed and fertilizers, and (3) increased area under 
assured irrigation. In the last 70 years, the area under food grains has increased only 
by 30 million hectares (~30%), whereas production has increased by 245 million 
tonnes (~481%). This increase in production is due to a yield increase, which grew 
from 522 kg/ha to 2325 kg/ha (~445%) in the previous 70 years (Fig. 5.7). Seed is 
the most essential and primary input of the several inputs required for crop produc-
tion. The quality seed alone contributes 15–20% of the total production (Chauhan 
et al. 2015). Thus, the availability of quality seed (certified seed) played an essential 
role in increasing crop yield. The correlation analysis between the amount of 
certified seed distributed and crop yield during the last 34 years showed a strong 
positive correlation with a significant positive Pearson correlation (r) value of 0.918 
and an adjusted r2 value of 0.839 between these two parameters (Fig. 5.8). Similarly, 
we observed a strong positive correlation (r = 0.928, adjusted r2 = 0.858) between 
certified seed distribution and food grain production per se (Fig. 5.9). These findings 
irrevocably explain the importance of quality seeds to enhance crop yield and 
production and justify the government’s priority on various seed programs. 

Fig. 5.7 Status of area, production, and yield of food grains in last 70 years (Source: Anonymous 
2021)
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Fig. 5.8 Relation between yield and distribution of certified seed (CS) during the last 34 years 
(Vijay et al., unpublished data) 

Fig. 5.9 Relation between food grain production and distribution of certified seed (CS) during the 
last 34 years (Vijay et al., unpublished data) 

5.6.2 Status of Seed Requirement and Availability 

The success of the seed program depends on proper planning of the seed production 
of different classes of seeds. In India, the three-generation seed multiplication system



Year

consisting of the breeder, foundation, and certified seed is followed. The breeder 
seed is produced in the variety originating research center, whereas the foundation 
and certified seed production at seed corporations, SAUs, and the private sector. 
Based on the information available for the area under a particular crop, the seed 
requirement can be calculated using the standard seed rate for that crop. Based on the 
last 16 years’ data available from the Ministry of Agriculture and Farmers’ Welfare, 
there is always a surplus situation for the available seed ranging from 2% to 30% in 
different years (Table 5.1). This self-sufficiency in the primary input has helped 
achieve the country’s food security. The certified seed is produced from foundation 
seed, which in turn is grown from breeder seed. Thus, the current certified seed 
production cycle begins 3 years earlier with breeder seed production. The 
generation-wise seed requirement will be calculated based on the crop area, seed 
multiplication ratio, and ideal seed replacement rate (SRR), and a seed rolling plan 
will be developed for a successful production program. The Department of Agricul-
ture and Farmers’ Welfare at the center and its counterpart in the state set the seed 
rolling plan for every financial year consisting of Kharif and Rabi seasons. Apart 
from the certified seed, the breeder and foundation seed also steadily increased 
during the last 30 years. In the previous 15 years, there was a 50% increase in 
breeder seed and a more than 100% increase in foundation seed production 
(Fig. 5.10). This increase could be made possible due to the implementation of the 
ICAR Seed Project in 2005 at the National Agricultural Research and Education 
System, consisting of ICAR institutes and SAUs, and with the help of various seed 
schemes at the central and state levels. 
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Table 5.1 Status of certified/quality seed requirement and availability 

Requirement (million
tonnes)

Availability (million
tonnes)

Percent surplus (+) or 
deficit (-) 

2004–2005 1.11 1.32 +19.34 

2005–2006 1.07 1.41 +31.22 

2006–2007 1.29 1.48 +15.08 

2007–2008 1.81 1.94 +7.51 

2008–2009 2.07 2.50 +20.77 

2009–2010 2.49 2.80 +12.28 

2010–2011 2.91 3.21 +10.52 

2011–2012 3.30 3.54 +7.02 

2012–2013 3.15 3.29 +4.25 

2013–2014 3.35 3.47 +3.59 

2014–2015 3.44 3.52 +2.39 

2015–2016 3.37 3.44 +1.91 

2016–2017 3.53 3.80 +7.60 

2017–2018 3.71 4.19 +12.93 

2018–2019 3.54 3.99 +12.82 

2019–2020 3.87 4.31 +11.28 

Source: Anonymous (2021), Agarwal et al. (2019), and Chauhan et al. (2016)
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Fig. 5.10 Breeder and foundation seed production during the last 30 years (Source: Anonymous 
2013, 2021) 

5.6.3 Contribution of the Private Sector 

The private sector was in the nascent stage during the green revolution period. 
However, due to consistent government policy, financial support, and technical 
help from National Seeds Corporation, the private industry started growing during 
the post-green revolution era. The National Seed Program gave substantial support 
to the private sector under NSP Phase III. Further, with the implementation of the 
New Policy on Seed Development (1988), there was a surge in the private sector 
with the liberalization of imports and foreign investment/technology support. The 
growth of the private sector is visible in its contribution to quality seed, which 
increased from 39% to 62% of the total quantity of quality seed supplied in the last 
decade (Table 5.2). 

The detailed analysis of the contribution of public and private sectors in major 
crop groups shows that the increase in private sector contribution is not uniform 
across all crops, and there is a lot of variation in the percent contribution. In cereal 
crops, including maize, the percent contribution of the private sector increased from 
53% in 2012–2013 to 61% in 2019–2020 (Fig. 5.11). Among the cereals, the 
presence of hybrids in most crops like maize, pearl millet, and sorghum, whose



Year

96 D. Vijay et al.

Table 5.2 Public and private seed sectors share in the supply/availability of quality seed 

Quality seed supplied/available
(million tonnes)

Percent share of quality seed supplied/ 
available 

Public sector Private sector Public sector Private sector 

2009–2010 1.71 1.09 61.06 38.94 

2010–2011 1.65 1.56 51.48 48.52 

2011–2012 1.81 1.73 51.08 48.92 

2012–2013 1.61 1.67 49.05 50.95 

2013–2014 1.68 1.80 48.30 51.70 

2014–2015 1.51 2.01 42.95 57.05 

2015–2016 1.47 1.96 42.87 57.13 

2016–2017 1.84 1.96 48.44 51.56 

2017–2018 1.79 2.40 42.76 57.24 

2018–2019 1.71 2.28 42.77 57.23 

2019–2020 1.64 2.67 37.98 62.02 

Data source: Anonymous (2015, 2018, 2021) and Agarwal et al. (2019) 
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Fig. 5.11 cereal seed requirement and availability with contribution from public and private 
sectors (Data source: Anonymous 2016, 2018, 2021)



seed replacement rate (SRR) is high, has attracted the private sector to contribute 
more. The private sector’s contribution to pulse crop seed supply is almost static at 
around 40% (Fig. 5.12). In pulses, the increase in the supply of quality seeds is 
mainly due to the increased contribution by the public sector (~60%). The situation 
in oilseed crops is similar to cereals, where the private sector’s contribution is 
steadily growing. The presence of commercially important crops like groundnut, 
soybean, and castor attracted the private sector’s contribution to quality seed supply 
in recent years, leading to the increase of its share from 43% in 2012–2013 to 57% in 
2019–2020 (Fig. 5.13). The private sector is the leader in the quality seed supply of 
fiber crops, viz., cotton, and jute, with more than 80% contribution. In this crop 
group, the public sector’s contribution decreased from 18% in 2012–2013 to 11% in 
2019–2020 (Fig. 5.14). Thus overall, the share of the private sector in the quality 
seed supply is steadily increasing and is a positive sign of the growth of the seed 
industry in the country.
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Fig. 5.12 Legume seed requirement and availability with contribution from public and private 
sectors (Data source: Anonymous 2016, 2018, 2021) 

Even though the private sector’s contribution is increasing in quality/certified 
seed supply, the breeder seed indents are almost static for cereals and decreasing for 
oilseeds. In the case of legumes, a sudden surge in seed indent was observed from 
2017 to 2018 (Fig. 5.15). The overall private sector’s breeder seed indent is less than 
20% (Agarwal et al. 2019). These low BS indents, coupled with an increase in



truthfully labeled seed supply, indicate that the private industry’s use of public sector 
varieties is limited. However, in recent years there has been increased collaboration 
between the public and private sectors. Several seed companies are taking up the 
seed production of recently developed varieties from the public sector on a 
non-exclusive basis. 
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Fig. 5.13 Oilseed requirement and availability with contribution from public and private sectors 
(Data source: Anonymous 2016, 2018, 2021) 

5.6.4 Seed Replacement Rates 

The proportion of cropped area covered with quality seed purchased or procured 
during the crop period to the total cultivated area is called the seed replacement rate 
(SRR). Seed replacement is necessary for quality maintenance and yield assurance. 
The degeneration of varieties occurs either due to natural events like mutation, cross-
pollination, pests, and diseases or by human activities that cause mechanical 
mixtures, developmental variations, and minor genetic variations. Therefore, it 
warrants the replacement of seeds in a stipulated period. The National Seeds Policy 
2002 emphasizes enhancing SRR to achieve food production targets as SRR has a 
well-known strong positive correlation with crop production and productivity. Based 
on the type of pollination, the ideal SRR of different crops was finalized. The self-
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Fig. 5.14 Fiber seed requirement and availability with contribution from public and private sectors 
(Data source: Anonymous 2016, 2018, 2021) 

Fig. 5.15 Breeder seed indent by private sector in different crop groups (Agarwal et al. 2019)



pollinated crops require 33% SRR, which means after every 3 years, the seed should 
be changed; similarly, for cross-pollinated crops, 50% SRR means that fresh seed 
should be used after every 2 years. In the case of hybrids (F1) of both self- and cross-
pollinated crops, SRR is 100% as segregation occurs in the F2 generation. The SRR 
over the last 20 years (2001–2020) varied from state to state and crop to crop. The 
SRR of important cereals showed an increasing trend in India except in pearl millet 
(Fig. 5.16). There was a sharp rise in the SRR of maize (62%), followed by wheat 
(29%). Even though a 22% increase in SRR was observed in rice from 2001 to 2020, 
the actual growth was only up to 2011 (21%); later, it fluctuated without any 
significant increase. In the case of sorghum and pearl millet, the SRR fluctuated 
with a marginal increase. There is a need to analyze the reasons for these SRR 
fluctuations to understand the farming practices and the role of seed in a better way.
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The pulse crops showed an overall increase in their SRR from 2001 (Fig. 5.17). 
The maximum rise in SRR was observed in red gram (47%), followed by black gram 
(34%), chickpea (22%), and green gram (19%). The oilseed crops also showed an 
increase in SRR from 2001 to 2020, with many fluctuations in sunflowers and 
mustard (Fig. 5.18). There was a steady increase in groundnut up to 2010, but 
afterward, it remained static. A similar increase was observed in soybean, except 
for a surge in 2011 and 2012. There is a need to make in-depth studies on SRR based 
on area, cropping pattern, purchase practices, and its influence on production and 
productivity to understand the fluctuations and develop guidelines for its steady 
increase. 

5.6.5 Varietal Replacement Rates 

The replacement of old varieties with new ones is an essential requirement for 
enhancing production and productivity. It provides new and upgraded genetic 
material to the farming community as the new varieties are bred mainly for climate 
resilience, pest and disease tolerance, improved quality, and increased yield. Quality 
seeds play an essential role in varietal replacement, and the green revolution was 
initiated with the supply of quality seeds to the farming community. The Govern-
ment of India is pushing to replace the old varieties with the newly developed better 
varieties through Minikit trials, seed rolling plans, and many demonstrations. The 
varietal replacement rate of major food crops from 2017–2018 to 2019–2020 
showed that less than 5-year-old varieties occupy 23% of the total indent and less 
than 10-year-old varieties around 54%. Crop-wise details show that less than 5-year-
old varieties of wheat and soybean occupied more than 40% of their total indent 
(Table 5.3). Similarly, less than 10-year-old varieties have the highest indent in 
wheat crop (74%), followed by mungbean (64.4%), chickpea (61.4%), and soybean 
(55.6%). Based on the number of varieties in the seed chain, the maximum percent of 
less than 5-year-old varieties are present in soybean (34.3%), followed by wheat 
(28.5%) and rice (23.2%). At the same time, less than 10-year-old varieties are also 
maximum in soybean (57.1%), followed by groundnut (56.5%), wheat (54.4%), and 
rapeseed and mustard (53.5%). Thus, it indicates that a higher percentage of the



number of varieties in the seed chain does not mean higher indents. The requirement 
for climate-resilient varieties is one of the primary reasons for the increased VRR. In 
India, from 2014 to 2019, of the total varieties released, 83% were climate-resilient. 
In some crop groups like pulses, oilseeds, and forage crops, all the varieties released 
have one or the other climate resilience character (Table 5.4). 
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Fig. 5.16 Changes in the seed replacement rate of important cereal crops, wheat, rice, maize, 
sorghum, and pearl millet from 2001 to 2020 in India. (Data source: Ministry of Agriculture and 
Farmers’ Welfare, GOI)
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Fig. 5.17 Changes in the seed replacement rate of important pulse crops, chickpea, black gram, 
green gram, and red gram from 2001 to 2020 in India. (Data source: Ministry of Agriculture and 
Farmers’ Welfare, GOI) 

5.6.6 Seed Imports and Exports 

The global seeds market size during 2020 was almost US$ 65.4 billion, and it may 
reach a value of nearly US$ 98.2 billion by 2026. The seeds industry is expected to 
grow at a CAGR of 7.1% (www.expertmarketresearch.com). India occupies fifth

http://www.expertmarketresearch.com


position in the global seed market with approx. 5.8% share (Vijay 2021). The Indian 
seed market reached a value of USD 4.9 billion in 2020 (https://www.imarcgroup. 
com/seed-industry-in-india). The total quantity of seed exported was in the surplus 
condition in the last 7 years except in 2015, when the quantity imported was more
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Fig. 5.18 Changes in the seed replacement rate of important oilseed crops, ground nut, mustard, 
soybean, and sunflower from 2001 to 2020 in India. (Data source: Ministry of Agriculture and 
Farmers’ Welfare, GOI)

https://www.imarcgroup.com/seed-industry-in-india
https://www.imarcgroup.com/seed-industry-in-india
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Crops Per cent of total varieties

than that exported. However, the trade balance was always negative up to 2017, and 
it tilted to positive only in 2019 with a phenomenal increase in export quantities 
(Fig. 5.19). The three major groups of seeds (field crops, vegetables, and flower 
crops) that India exports and imports showed different trends over the years. The 
difference in export and import quantities of field crop seeds is only marginal except 
in 2019 when there was a significant leap in export quantity. Similarly, vegetable 
crop exports were higher than imports except in 2015 and 2016. The export quantity 
of flower seeds is substantially higher than the import quantities (Fig. 5.20).
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Table 5.4 Crop group-wise number of climate-resilient varieties released in the last 5 years 
(2014–2015 to 2019–2020) 

No. of varieties
released

Climate-resilient 
varieties 

Cereals 645 446 69.15 

Oilseeds 183 183 100.00 

Pulses 187 187 100.00 

Fiber crops 92 89 96.74 

Forage 
crops 

81 81 100.00 

Sugar crops 44 32 72.73 

Others 2 2 100.00 

Grand Total 1234 1020 82.66 

Source: presentation by Joint Secretary of seeds accessed from https://agricoop.nic.in/sites/default/ 
files/Quality%20Seeds%20JS%20Seeds.pptx 

Nevertheless, the trade balance shows a different scenario with a trade deficit in 
all three categories until the latest exports (Fig. 5.21). There was a shift in trade 
balance from 2018 onwards when the total trade value of vegetable seeds was 
surplus, and in 2019 trade surplus was achieved both in food crops and vegetables. 
Still, we have a substantial negative trade balance in the case of flower seeds, even 
though our export quantities are higher than our import quantities. Thus, choosing 
high-value crops, particularly flower seeds, is needed to change the scenario. This 
positive sign of seed trade will help in increasing our global seed market share. India 
is bestowed with diverse agro-climatic zones and skilled human resources. Thus, 
there are many opportunities to support large-scale export-oriented seed production. 
In addition to vegetable seeds, seeds of hybrid corn, paddy, pearl millet, and cotton 
have promising export prospects to Asian and African countries. 

5.7 Future Thrust Areas 

The Indian seed sector has the potential to make the country the “Asian seed hub,” 
provided emphasis was given on certain aspects as detailed below.

https://agricoop.nic.in/sites/default/files/Quality%20Seeds%20JS%20Seeds.pptx
https://agricoop.nic.in/sites/default/files/Quality%20Seeds%20JS%20Seeds.pptx
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Fig. 5.19 Total quantity 
(‘000 t) and value (m USD) of 
exported and imported seed 
by India in the last 7 years 
(2013–2019) (Data source: 
ISF 2022) 

5.7.1 Seed Production of Biofortified Varieties 

Biofortification of plant varieties is the best method for ensuring the country’s 
nutritional security. Recently, 17 biofortified varieties of eight crops were dedicated 
to the nation by the Prime Minister; with this, the total number of biofortified 
varieties available in the country has increased to 34. Most of these varieties are 
under the seed chain; however, there is a lot of export potential for the seed of these 
varieties because of their nutritional superiority. There is a need to concentrate on the 
seed production and export of biofortified varieties. 

5.7.2 Seed Production of GM/GE Crops 

Genetically modified (GM) and/or genome-edited (GE) crops are inevitable in the 
future. Standard policy on GM seeds is required with prioritization of crops and traits 
to stop the illegal spread of untested technology. Specified production zones can be



developed for GM crops for better containment with a regulated seed supply and 
procurement system. GM seed labeling and testing shall be pushed on a large-scale 
basis with quality regulation. GM crops have occupied the central part of the crop 
belt in several countries due to their many advantages. However, Bt-cotton is the 
only GM crop allowed for open-field cultivation in India. Recently the government 
has exempted genome-edited crops free from exogenous introduced DNA from the 
biosafety assessment rules of genetically engineered organisms. This will usher in 
the developing of new varieties with quality traits, pest and disease resistance, and 
increased yield. Seed production of these new varieties is of utmost importance for 
their success. 
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Fig. 5.20 Export and import 
quantity (t) of seed of different 
crop groups in the last 7 years 
(2013–2019) (Date source: 
ISF 2022) 

5.7.3 Seed Traceability 

Quality assurance is one of the critical parameters in the success of any supply chain, 
and seed is not an exemption. A mechanism for seed traceability at the national level 
is to be developed and implemented. It will help to maintain and assure quality and



assist in identifying the bottlenecks in the supply chain. Traceability empowers 
farmers and agricultural companies in tracing the history of origin, processing, and 
storage of that particular seed lot. Digitization of information in the seed industry is 
still in the initial stages, and there is an urgent need to adopt IoT technology. 
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Fig. 5.21 Export and import 
value (m USD) of seed of 
different crop groups in the 
last 7 years (2013–2019) 
(Data source: ISF 2022) 

5.7.4 Networking of Seed 

The seed production of different classes occurs in various organizations of the 
country. It includes more than 800 institutes/organizations in the public sector and 
more than 500 private companies. There is a need to connect all these production 
centers to use their seed efficiently. Interlinking all the production organizations to 
have updated information about seed availability is a big task. Developing a national 
seed grid for live updating of the seed availability is the need of the hour. Initially, it 
can be started with public sector organizations and later can be extended to the 
private sector.
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5.7.5 Climate-Resilient Seed Production Research 

Climate change will affect seed production on a massive scale. The research on the 
effect of climate change on seed development and quality is scanty. There is a need 
to start network projects with specific objectives in this line to cope with the changes. 
The research output will be helpful to the seed industry in identifying new places for 
seed production and adopting mitigation strategies. Thus, there is a need for sub-
stantial public and private collaboration on this aspect. 

5.7.6 OECD Seed Schemes/EU Equivalence 

The OECD seed schemes assure seed quality by providing a global framework for 
seed certification in international trade. India is a participating member of OECD 
Seed Schemes and started exporting seeds under this scheme. National Designated 
authority nominated nine designating authorities across all states. A total of 
246 varieties in 31 crop species are enlisted in the OECD list of varieties eligible 
for OECD certification. The scope of OECD seed schemes shall be extended to a 
greater number of varieties as most of the Indian varieties have the potential to get 
exported to South Asian and African countries due to similar climatic conditions and 
food habits. Similar to OECD seed schemes, the EU equivalence provides access to 
European markets. The non-EU member countries must offer the same quality as EU 
seed, and the packing shall be as per OECD seed schemes. By gaining EU equiva-
lence, India can export seeds to EU countries easily. 

5.7.7 Harmonization of Seed Legislations 

Harmonizing the seed rules and regulations is the need of the hour. With the 
adoption of OECD seed schemes, and the wish to join EU equivalence, India shall 
synchronize its rules and regulations with international regulations. Harmonizing the 
procedures and standards in line with the global systems will help ease of movement 
of seeds to other countries and make India the seed hub of South Asia. The New Seed 
Bill needs further deliberations as specific contentions exist between PPV&FR Act, 
2001, and the proposed New Seed Bill, 2019. 

5.7.8 Strengthening of Seed Chain 

The seed chain acts as a foundation for the growth and availability of quality seeds in 
the country. There is a considerable deficit in the efficiency of the seed chain 
multiplication, resulting in the production of excessive quantities of precious breeder 
and foundation seed. By ensuring 100% conversion, the energy and resources 
utilized for breeder and foundation seed production can be diverted to other seed 
developmental activities.
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5.8 Conclusions 

The Indian seed industry has evolved under the recommendations of various 
committees and review teams. The seed sector played a crucial role in realizing 
the green revolution and increasing the food grain production and yield during post-
green revolution period. The systematic development of the industry, with the help 
of several government policies and funding through National Seed Projects, resulted 
in the tremendous growth of the seed sector. With the changing scenario of crop 
improvement and the development of new technological innovations, the seed 
industry needs to adopt those changes. The age-old act and rules need to be upgraded 
and shall be harmonized with the national and international regulations for the 
industry’s future growth. The Indian seed industry has a lot of export potential. 
With surplus production of quality seed, avenues for export like OECD seed 
schemes, EU equivalence, and ISTA accreditation shall be strengthened and 
implemented across the country. Identifying potential crops and varieties for export 
and developing a national seed grid aid in the further development of the industry. 
Thus, the most vibrant Indian seed sector shall become future-ready by 
metamorphosing itself with the combined efforts of renewed government policies, 
innovative research inputs, and dedicated public and private sectors in the most 
coherent manner. 
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Abstract 

A detailed account of rice research in India starting from the inception of the 
Indian Council of Agricultural Research (ICAR) in 1929, its achievements, and 
its role in securing the rice productivity of the country is provided. A trend 
analysis of rice yield gains during the green revolution (GR), and post-GR era 
is provided. Development and adoption of improved cultivars with higher yield 
potential and crop management technologies have contributed to continued 
productivity gain and steered India towards an evergreen revolution. The future 
strategies for rice improvement, considering the major challenges imposed by 
global climate change, are discussed in light of genomics-assisted breeding and 
cutting-edge crop management practices. 
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6.1 Introduction 

Rice is the staple crop of Asia and is the key to the food security of around half of the 
world’s population. Rice is also the major source of livelihood for about 140 million 
rice farming households and millions of rural poor associated with rice farming. For 
poor consumers, rice accounts for nearly a fifth of the total household expenditure on 
average. Hence, rice is a strategic commodity as a country’s overall economic 
growth and stability depend on an adequate and cheap supply of this crop. India 
has the largest area (approximately 43.78 million hectares, M ha) under rice and is 
second only to China in rice production (118.43 million tonnes, Mt). Over the last 
70 years, rice production has increased manifold from 20.58 Mt (in 1950–1951) to 
118.43 Mt (in 2019–2020) while the total area under rice has increased marginally 
from 30.81 Mha to 43.78 Mha during the period (Fig. 6.1) (www.agricoop.nic.in, 
Agricultural Statistics at a Glance 2020). This remarkable improvement in rice 
production played a pivotal role in the food security of the country and was achieved 
through the coordinated efforts from rice scientists of Indian and international 
institutes under the guidance of the Indian Council of Agricultural Research 
(ICAR) and the International Rice Research Institute (IRRI), Philippines. The wide 
adoption of the high-yielding semi-dwarf variety IR8 carrying the semi-dwarf gene, 
sd1, derived from a Taiwanese rice variety Dee-geo-woo-gen, marked the Green 
Revolution in the country in 1966–1967. Before that, ICAR established the All India 
Coordinated Rice Improvement Project (AICRP) in Hyderabad in 1965 to fast-
forward the varietal development and screening for wider adoption in different 
regions of the country. The collaborative research activities with IRRI in the 
subsequent years led to the exchange of genetic material between IRRI and ICAR

Fig. 6.1 Growth in rice production and area in 70 years (1950–1951 to 2019–2020) in India

http://www.agricoop.nic.in


(AICRIP), and the researchers in India started using high-yielding disease and 
insect-resistant varieties such as IR20, IR22, IR26, IR36 and IR72 in their breeding 
programs. Later the mega variety IR64 possessing excellent grain quality and high 
yield was developed and released in the Philippines in 1985. IR64 was adopted 
rapidly by the farmers in most rice-growing countries and was cultivated in over 
10 Mha worldwide. The semidwarf high-yielding variety “Jaya” was released by 
AICRIP in 1968, ushering in the green revolution. This miracle rice variety 
transformed the country into a state of self-sufficiency by the mid-eighties and 
reduced rice imports while beginning an era of exporting rice, earning high foreign 
exchange for the government by the early 1990s.
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The Indian Council of Agricultural Research, formerly known as the Imperial 
Council of Agricultural Research, was established on July 16, 1929 as a registered 
society under the Societies Registration Act, 1860, in pursuance of the report of the 
Royal Commission on Agriculture. Since its inception, ICAR has acted as an apex 
body for coordinating, guiding, and managing research and education in agriculture 
in the country. The ICAR has played a pioneering role in ushering Green Revolution 
and subsequent agricultural development in India. Rice being the most important 
food crop, the Council devoted considerable attention to its improvement from a 
very early period. An account of significant research and development in rice 
research and development under the guidance of ICAR is presented in the following 
sections. The growth rates in rice yield have been analyzed based on data on the 
productivity of crops (www.agircoop.nic.in) starting from 1950. The period of 
70 years (1950–1951 to 2019–2020) has been partitioned into four phases: 
Pre-Green Revolution (GR) era (1950–1966) is referred to as phase I, the GR era 
(1967–1983) as phase II, the post-GR era of 1984–2000 as phase III, and the post-
GR era of 2001–2020 as phase IV following (Yadav et al. 2019). 

6.2 Pre-independence and Pre-green Revolution Era 
(1940–1966) 

In the “pre-Green Revolution” (pre-GR) era (1940–1966), rice improvement focused 
mainly on the selection of traditional cultivars and the introduction of rice varieties 
from China, Japan, Russia, and other countries to select new and local cultivars. 
Throughout the country, indigenous rice germplasm was collected, evaluated, and 
improved through pure-line and mass selection, and to some extent, through 
hybridization and mutation. Several coordinated trials were operative in various 
regions of India. During the pre-GR era, the average yield was 888.71 ± 114.13 kg/ 
ha, with an annual improvement of 15.7 kg/ha (Fig. 6.2) (Yadav et al. 2019). The rate 
of increase in rice production was 0.89 Mt/yr and it increased steadily during 
1950–1966 (Fig. 6.2). 

During this period, a large number of schemes for rice research were funded by 
ICAR in different rice-growing areas of the country. As a result, wide varieties 
suitable for varying environments and resistant to pests and diseases were devel-
oped. Under the Kashmir scheme, which started in 1940–1941, exotic rice varieties
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from China, Russia, America, Japan, and Australia were evaluated along with 
indigenous varieties for yield and earliness to identify promising high-yielding 
exotic varieties. Vernalization experiments were conducted at Calcutta university, 
Bengal, to induce flowering in foreign varieties. Due to higher yield potential 
(5–6 t ha-1), Chinese rice varieties became popular among the growers in Kashmir 
Valley (ICAR Annual Report 1951–1952). The Chinese varieties such as China 
1039, China 988, China 972, and China 1007 helped in solving the food problem in 
the Kashmir valley during 1945–1950. Looking into the success of the Chinese rice 
varieties in Kashmir, subsequent trials were conducted starting from 1950–1951 at 
Orissa, Assam, Uttar Pradesh, and Punjab to test the suitability of Chinese varieties 
in other ecologies. However, these varieties did not perform satisfactorily in other 
parts of the country. In 1950, the Russian Dry Land Paddy was introduced in India. 
During 1952–1953, in the Jammu and Kashmir state, exotic varieties from America, 
Australia, Italy, and Japan produced around 3.5 t ha-1 yields and showed promise 
for cultivation in high-altitude areas where no cereals are grown except low-yielding 
small millets and buckwheat. The Kashmir scheme for plant introduction and 
acclimatization was terminated in 1952, and a new scheme for developing high-
yielding non-shattering varieties was started in 1954. In 1962–1963, India began 
importing rice varieties from temperate countries through IRRI, the Philippines and 
the Japanese Agricultural Research Institute, Hiratsuka, for testing in temperate 
regions in Himachal Pradesh, Jammu and Kashmir, and Punjab. 
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Fig. 6.2 Rice area, production, and productivity (kg/ha) trend in the pre-GR era (1950–1966). The 
coefficient b is the rate of increase in yield (kg/ha/yr) in each phase, and R2 is the coefficient of 
determination 

The Bombay scheme was operative during 1945–1952 with an objective of 
developing improved cultivars with better yield and quality from the rice germplasm 
of Gujarat. Many promising cultivars such as Sukhwel, Sutarsal, Jirasal, Pankhali, 
White Kada, Red Kada, early Kolam, and T22-A (a selection from the Basni variety 
of Uttar Pradesh) were identified and subjected to pure-line selection in this scheme. 
Under the Travancore scheme, mass selection of the most popular local cultivars, 
Kallada Samba and Chettivirupu, resulted in the selection of Ptb10 and Cochin 
3 with higher yield and early maturity. Research on late and very late varieties was 
done at Hyderabad, focusing primarily on agronomic and manurial management.
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In 1946, the Government of India set up Central Rice Research Institute (now 
National Rice Research Institute, NRRI) at Cuttack, Orissa, with Dr. K. Ramaiah as 
the first Director to enable India to produce more and better rice. Both short- and 
long-term research projects were undertaken to achieve this objective. The indica-
japonica hybridization scheme was sanctioned during 1950–1951. The japonica 
varieties, despite having higher yields in their own habitat, responsiveness to heavy 
fertilizer application, short and non-lodging plant structure, and adaptability to 
tropical conditions, were not suitable for introduction in the indica zone. On the 
other hand, indica varieties are fast germinating with high tillering and are resistant 
to drought and diseases. Therefore, a comprehensive hybridization scheme was 
started under the sponsorship of the Indian Council of Agricultural Research and 
Food and Agriculture Organization (FAO) for the benefit of India and the southeast 
Asian countries. Under this scheme, much exotic rice germplasm was assembled 
from different parts of south and southeast Asia. The promising indica types selected 
by the states were sent to CRRI for crossing with selected japonica varieties. Around 
710 japonica-indica cross combinations were made, and seeds of the hybrids were 
distributed to the participating states and Asian countries for testing. Numerous 
promising selections were made, showing around a 25% yield advantage. Studies 
on the spikelet fertility in the indica-japonica hybrids showed that japonicas gave 
greater fertility with indicas from northern and north-western India than with south 
Indian cultivars. The promising high-yielding indica-japonica hybrids (IJ hybrids) 
were selected by the states and tested through pilot projects. During 1962–1963, IJ 
hybrid Np. 27, giving a 30–50% higher yield than Jhona 349, was released in 
Punjab. IJ hybrid No. 2914 was released as ADT27 in Andhra Pradesh and showed 
superiority over TKM6 and ART20. 

The scheme for the botanical survey and collection of landraces from the Jaypore 
tract of Orissa, the secondary center of origin of rice, was operative during 
1952–1959. This mission, popularly known as Jaypore Botanical Survey (JBS), 
was the first of its kind ever organized in the world to collect rice germplasm (Chang 
1989). Under this scheme, a significant collection of 1930 rice cultivars (1766 
cultivated and 164 wild types) have been made. The collection included glutinous, 
semi-glutinous, scented varieties with long sterile glumes, double grain, and clus-
tered grain types. Grains measuring >12 mm in length have also been collected from 
the Jaypore tract. 

In 1959–1960, a total of 455 improved rice varieties were released, which was the 
outcome of various schemes operating in different states of India (ICAR 1959). 
Under Madras schemes, blast-resistant early maturing variety development work 
started in Coimbatore, Aduthurai, and Buchired-dipalam research stations in 1953. 
Blast-resistant long-duration cultivars Co25 and Co26 were released for the Madras 
region in 1951–1952. Quality rice improvement work was undertaken in the Punjab 
scheme. Several other rice cultivars such as T1 (basmati group), Kele, ADB-4, 
ADL-4, Bhutmuri, Chakala, S-20 (Jhona Kasawala group), NP125, and T-43 
(Palman group) were tested and register higher yield. Rice breeding for special 
conditions such as flood, deep water, drought, salinity, hilly conditions, and resis-
tance to blast and stem borer was strengthened during 1955–1960. Work for flood



and salinity resistance work was started in Andhra, Madras, Kerala, Uttar Pradesh, 
Orissa, and West Bengal. The rice landraces collected from Assam, Orissa, and West 
Bengal were characterized for submergence tolerance in 1956. The flood-resistant 
lines developed at NRRI, Cuttack showed a considerable level of tolerance, and 
among them, FR43B could withstand more than 21 days of submergence to a depth 
of 4 feet. In the Assam collection of bao and Sali rice, Negheri Bao was found to be 
the best submergence-tolerant landrace at Chinsurah Rice Research Station, West 
Bengal. Breeding for salt and flood resistance work at West Bengal and Andhra 
identified several salinity/flood tolerant cultivars such as Bheral, Nona bhelki, 
Bokra, Rupral Lalgenti, Sadamota, Pathacuchi, Talmugur, Kumargore, 
Tilakkanchan, Patnai 23 in West Bengal and Kolappala, Pokkali, and Karivennel 
in Kerala, and Red Kesari, Buddamolakolu, and Kulu in Andhra Pradesh. It was 
noted that variety 1131 could withstand submergence under 5 ft. for more than 
2 months (ICAR Annual Report 1959–1960). In the Coimbatore research station, 
Oryza minuta was identified as a deeper and more vigorous root system. A scheme 
for research in the mountainous region was started in Kalimpong, West Bengal, in 
1953–1954. The selection was made on hill paddy germplasm and local cultivars 
such as Jasuda, Adday, Krishnabhog, Kalomaishi, and Ramtulasi, along with the 
Chinese variety CNAB4 were identified as high yielding. Under the West Bengal 
scheme, the improvement of boro rice was targeted. Boro landraces were collected 
and characterized for yield attributes. Local variety Chinsurah Boro 33/138, along 
with DI3, DI4, and Bhutmuri were found promising. Later in 1955, Chinsurah Boro I 
was identified, and it was at par in yield (0.7 t ha-1 ) with Co13, CH45, and Borosali. 
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The Uniform Blast Nursery Scheme of the Food and Agriculture Organization 
(FAO) was launched in the year 1962–1963. Under this scheme, the seeds of blast-
resistant varieties were shared among the countries, and testing of a global set was 
started at CRRI, Cuttack, and Lonavala, Maharashtra. During this year, ICAR 
planned an All-India Co-ordinated Trial with varieties having wide adaptability so 
that the number of improved varieties under distribution in different states can be 
reduced. The All India Co-ordinated Rice Improvement Project started on April 
1, 1965. 

The success of rice breeding in India lies in the coordinated efforts of hundreds of 
rice breeders working under research institutes of ICAR, State- and Central- Agri-
cultural universities, and Private seed enterprises through the All India Coordinated 
Rice Improvement Project (AICRIP). It was initiated to conduct multilocation trials 
to identify suitable widely adaptive genotypes of high yield potential along with 
appropriate crop management practices. It is the largest national network for rice 
breeding in the world. Under this project, a nucleus coordinating cell was established 
at Ranjendranagar, Hyderabad, in 1965 to improve rice production, productivity, and 
profitability in India by organizing multilocation testing and interdisciplinary 
research on a national basis. Until the 1970s, the support was provided by the 
Rockefeller Foundation, International Rice Research Institute, and US Agency for 
International Development (USAID) through financial assistance and technical 
support to strengthening the research activities.
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During 1965–1966, IR-8, the ‘Miracle Rice’ bred at IRRI, Philippines, was 
approved for release and cultivation in single and multicrop areas in Andhra Pradesh, 
Assam, Bihar, Kerala, Madras, Madhya Pradesh, Orissa, Uttar Pradesh, and West 
Bengal. IR-8 was found to be less susceptible to bacterial leaf blight (BLB) than 
Taichung Native 1 and registered an average of 27% more yield than TN1, which 
was included in the High-yielding Varieties Program of the Government of India. 
The widespread adoption of IR-8 throughout the country marked the dawn of the 
Green Revolution in the following decades. 

6.3 Green Revolution Era (1967–1983) 

In the past 70 years, although the human population has more than doubled, the 
production of staple crops has tripled during the period, with only around a 30% 
increase in cultivated lands (Wik et al. 2008). The developing world was able to 
overcome its chronic food deficit mainly due to collaborative efforts of different 
nations and international bodies in prioritizing investment in crop research, infra-
structure and market development, and appropriate policy support during 
1966–1985, known as the Green Revolution era (Pingali 2012). The Green Revolu-
tion strategy was based on the foundation that, given appropriate institutional 
mechanisms, technology spillovers across geo-political boundaries could be cap-
tured. The central part of the GR strategy was to develop the necessary institutional 
capacity, particularly in plant breeding. In the case of rice, the IRRI in the 
Philippines led to the early development of improved modern production 
technologies. Based on the success of IRRI and the International Maize and Wheat 
Improvement Center (CIMMYT) in Mexico, the Consultative Group on Interna-
tional Agricultural Research (CGIAR) came into force specifically to channel 
technology spillovers in those countries that underinvest in the agriculture sector. 
The knowledge, inventions, and products (primarily the modern varieties and breed-
ing lines) developed at IRRI, and other CGIAR centers were made publicly available 
in rice. Different countries responded positively by adopting, disseminating, and 
delivering the technologies which paved the path to the first Green Revolution. The 
rice germplasm improvement played a central role in enhancing agricultural produc-
tion and reducing food prices and poverty. It was estimated that the productivity gain 
from crop germplasm improvement was 0.8% for rice, while it was 1.0% for wheat 
across all regions (Evenson and Gollin 2003a). Note that the national agriculture 
research systems (NARS), in association with international agricultural research 
centers (IARCs), had played a crucial role in developing, testing, and selecting 
suitable high-yielding varieties for the farmers. The agricultural research system of 
India, led by ICAR, played a leading role in the science and techniques of rice 
breeding and in realizing the effect of the Green Revolution (Evenson and Gollin 
2003b). 

Before 1965, the growth rate of food grain output was around 2.4% per annum, 
and after 1965 the food grain production grew at the rate of 3.5% per year. Since the 
introduction of the high-yielding variety (HYV) technologies, the necessity of



importing food grains has declined considerably. The major boom in food grain 
production was due to wheat, followed by rice. Food production increased from 
50 million tons in 1950–1979 million tons in 1964. In 1968, it was 95 million tons 
and reached a quantity of 120 million tons by 1976. During the GR era, the high-
yielding dwarf and semidwarf rice varieties made a significant impact, and rice 
productivity increased by 19.2 kg/ha/yr (Fig. 6.3). The average rice productivity 
during this period was 1163.69 ± 109.66 kg/ha. The rice production showed an 
increase of 1.04 Mt/yr. 
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Fig. 6.3 Rice area, production, and productivity (kg/ha) trend in the Green Revolution era 
(1967–1983). The coefficient b is the rate of increase in yield (kg/ha/yr) in each phase, and R2 is 
the coefficient of determination 

The early success of breeding improved rice varieties reflected the advanced state 
of research in the late 1950s in developed countries and India. In Asia, IRRI has 
played a crucial role in rice germplasm improvement and the development of 
important high-yielding varieties. The relationship between IRRI and Asian NARS 
was very fruitful in the early years. After the 1970s, IRRI’s role was increasingly that 
of a germplasm supplier, producing breeding lines for NARS breeders. This role was 
facilitated by an international network for germplasm exchange that provides NARS 
breeders with ready access to breeding materials (Evenson and Gollin 2003b). 
IRRI’s initial efforts were concentrated in the irrigated rice environments and then 
extended to favorable rainfed environments. However, the success of the collabora-
tion between IRRI and NARS did not extend to any significant degree to upland rice 
environments nor to deep-water environments. The breeders incorporated dwarfing 
genes that allowed the development of shorter lodging-resistant varieties. The new 
varieties devoted much of their energy to producing grains and relatively little to 
straw or vegetative parts. The semidwarf varieties were responsive to better fertilizer 
than traditional varieties. The farmers, particularly in irrigated and rainfall-sufficient 
areas, rapidly adopted the new varieties, and the new varieties yielded substantially 
more than traditional varieties (Dalrymple 1986). The early success of these high-
yielding semidwarf varieties was widely referred to as the Green Revolution, which 
coincided with the initial wave of modern variety releases during 1966–1975. Over 
the following years, the Green Revolution achieved broader and deeper impacts on



the economy and social structure of the country (Bowonder 1979; Evenson and 
Gollin 2003a). 
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Fig. 6.4 Rice varieties 
released from two national 
institutes on rice, NRRI, 
Cuttack, and IIRR, Hyderabad 
through CVRC during 
1968–2021 

Following the introduction of the semidwarf variety T(N)1, breeding work was 
started to develop high-yielding improved plant-type varieties, side by side, work on 
crop management, primarily fertilizer management, has also been intensified to 
harness the high-yield potential of new varieties (ICAR 1967). Trials were 
conducted with several IRRI-bred lines such as IR8-288-3, IR5-114-3-1, IR4-93-2, 
IR5-198-1-1, IR-177-3-3-2, and IR5-264-1-3-2. The culture IR8-288-3 was subse-
quently released as IR8, which showed superiority over T(N)1 in yield and seed 
dormancy. However, with the popularization of semidwarf varieties, the outbreak of 
bacterial leaf blight (BLB) and bacterial leaf streak (BLS) increased, and these 
became identified as major diseases of rice. Trials were started at CRRI, Cuttack, 
to screen for BLB-resistant lines in the late 1960s. In 1968, the rice variety Padma, 
bred at CRRI, was released along with the variety Jaya by AICRIP. Both these 
varieties played an important role in enhancing rice yield during the GR era. In this 
period, both T(N)1 and IR8 were extensively used as high-yielding parents in several 
breeding programs, and around 15 varieties, including Bala, Ratna, Vijaya, Saket 
4, and Kalyani II, were released from CRRI during the GR era. Altogether, 
28 varieties were released by two prominent national rice research institutes: 
NRRI (earlier CRRI) and IIRR (earlier Directorate of Rice Research, DRR) 
(Fig. 6.4). 

To enhance genetic gain, the All India Coordinated Rice Improvement Project 
(AICRIP), since its inception in 1965, relied on the rigorous testing of breeding lines 
based on set criteria such as high mean yield, yield stability, pest and disease 
resistance, agronomic superiority, and grain quality parameters. Initially, AICRIP 
work was carried out in seven zones. There were 22 centers, and the zonal



headquarters were Khudwani, Jorhat, Faizabad, Patna, Hyderabad, Cuttack, and 
Coimbatore. Twelve regional stations viz., Palampur, Pantnagar, Kapurthala, 
Chinsurah, Sambalpur, Raipur, Maruteru, Karjat, Nawagam, Mandya, Aduthurai, 
and Pattambi were established in the major rice-growing states of the Country. 
Upper Shillong, Kalimpong, and Imphal were identified as testing centers. During 
1980–1985, eight more subcenters were added, raising the total to 53. In August 
1975, AICRIP was elevated to the status of Directorate of Rice Research (DRR), 
wherein lead research targeting mainly the irrigated ecosystem was included in the 
mandate. The Directorate of Rice Research (DRR) was upgraded to national institute 
status and renamed as “Indian Institute of Rice Research (IIRR)” during the golden 
jubilee year, from December 15, 2014. In order to resolve the research problems of 
rice cultivation in India, coordination of AICRIP is now carried out jointly by three 
ICAR research institutes, namely ICAR-IIRR, ICAR-NRRI, and ICAR-Indian Agri-
cultural Research Institute, with the support of state agricultural universities, state 
departments, and private seed industry. 
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Later in the 1980s, yield and quality improvement received major attention in 
AICRIP. This led to the development of varieties possessing significant biotic stress 
tolerance with desirable quality. In the 1990s, developing suitable hybrid rice 
technology and multilocation testing were the major goals. During the 2000s, 
emphasis was on aerobic, soil stress, and hill trials. In recent times, the objective 
was on the near-isogenic lines (NILs) introgressed with genes for biotic (blast, 
bacterial blight, and gall midge) and abiotic (drought and submergence) stresses. 
Nutritional security is also stressed by enriching the grain with micronutrients such 
as zinc and iron along with protein. While the emphasis on boro rice improvement 
continues, efforts to identify material suitable for newly emerging challenges like 
limited water situations are also being addressed through aerobic trials. Additionally, 
trials have been initiated on New Plant Type (NPT), Nutrient Use Efficiency 
(NUE)—Nitrogen and Phosphorous, and japonica trial. Summarizing the 
achievements of AICRIP is a herculean task. Since 1966, a total of 29,023 elite 
breeding lines developed by different rice research centers were tested in multiloca-
tion trials across the country under the umbrella of AICRIP, which culminated in the 
release of 1436 varieties, including 127 hybrids. Of these, 230 pure line varieties and 
83 hybrids were released by the central variety release committee (CVRC). Whereas 
1079 pure line varieties and 44 hybrids were released by state variety release 
committees (SVRC) from different states. With the increase in the export quality 
of rice, special attention was given to enhancing the quality of rice in the country, 
leading to the release of around 30 export-quality basmati, and short grain rice 
varieties. It is worth mentioning that the AICRIP system of multilocation testing 
of improved genotypes in India has become a role model for establishing similar 
institutional frameworks in other countries of Africa and Asia. 

From 1975–1976, breeding rice for rainfed conditions was prioritized. The short 
duration cultures developed from indica-japonica hybridization at CRRI, Cuttack 
were tested and appeared to be highly suitable for direct seeded upland conditions. 
Other cross combinations involving drought-tolerant donors such as Bala, Dular, 
Lalnakanda, etc., which included CR143-2-2, CR141-1-191, CR141-2-192, CR125-



12-6, and CR124 series along with the early maturing varieties developed at AICRIP 
such as IET1444 (Rasi), RP79-14, RP79-5 were selected as high drought tolerant 
and showed potential for zones having rainfall of 900–1100 mm. Other high-
yielding varieties such as UPRI-71-12, Karjat-14-7, Ratnagiri, Co38 (Bhagavathy), 
Co39 (Amarareathy), No.103, MR272, and others were also found suitable for 
rainfed conditions. Subsequently, Rasi (IET1444) and Akashi (IET2914) were 
released in 1979 for rainfed upland conditions as a substitute for Bala. Rasi is 
suitable for problem soils, particularly for low soil phosphate in rainfed upland 
conditions. In the late 1970s, efforts were made to develop insect and disease-
resistant varieties. Breeding for rice tungro disease (RTD) resistance was started in 
CRRI, and resistant genotypes such as Kataribhog, Pankhari 203, IR28, IR9-4, Pusa 
2-21, and Ambemohar 102 were selected. Rice cultures developed from TKM6 were 
resistant to RTD (ICAR 1975). Interdisciplinary research was started to develop a 
broad spectrum of resistance to blast, BLB, RTD, stem borer, gall midge, and leaf 
and plant hoppers, in addition to good plant habit and acceptable grain type. 
Mutation breeding was also started during 1975–1976 for developing varieties 
with semidwarf characters and high yield potential using Mashuri, GEB24, and 
Kaminisaru cultivars. It was also noted that genetic improvement of grain protein 
content was started at CRRI in the mid-1970s and lines with 10% protein content 
such as CRHP-1, CRHP-8, and CR198-13. CRHP-8 has developed from the cross 
Gaisen mochi Pirurutong x Padma, recorded 10–11% protein content. Considerable 
progress was made in understanding the physiological basis of response to low 
sunlight during monsoon season and for submergence tolerance (up to 15 days of 
complete submergence). For adaptation to low light, genotypes having high photo-
synthetic rates, viz. Ptb10, MTU15, Co29, TKM6, AC4491, Vijaya, IR8, Saket4, 
and Jamuna, were identified. Studies on submergence tolerance at CRRI helped in 
identifying varieties (Tilakkacherry, CR1030, CR540, and FR13A) with high sur-
vival and regeneration capacity under complete submergence for 15 days (ICAR 
1983). The mega rice variety Swarna (MTU 7029), developed at Agriculture 
Research Center, Maruteru, was released in 1982. This variety spread countrywide. 
The coordinated efforts of CRRI, Cuttack, AICRIP, Hyderabad and a network of 
50 research centers at agricultural universities and other institutions throughout the 
country led to a significant development of some remarkable HYVs in the Green 
Revolution era targeting diverse rice ecologies of India. 
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6.4 Post-GR Era (1984–2020) 

In the post-GR era, greater emphasis was given to the development of cultivars with 
adaptation to specific niche environments, with the result that the rate of productivity 
increased further to 31.45 kg/ha/yr, which is 68% higher than the gain achieved 
during the GR era (Yadav et al. 2019). The average productivity during this period 
has been 2030.5 ± 342.9 kg/ha. Total rice production increased from 58.3 Mt in 
1984 to 118.43 Mt in 2019 with a rate of 1.49 Mt/yr. In the first half of the post-GR 
period (1984–2000), the yield increased at a rate of 31.45 kg/ha/yr, while in the



second phase (2001–2019) it increased further to 40.93 kg/ha/yr (Fig. 6.5). From 
early 2000, rice improvement program emphasized the incorporation of multiple 
genes for resistance to diseases or insect pests, and tolerance to abiotic stresses like 
submergence and drought using conventional and molecular techniques, leading to 
the development of climate-resilient varieties. Hybrid development and amalgam-
ation of high yield, short duration, and superior grain quality were given top priority 
(Yadav et al. 2019). 
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Fig. 6.5 Rice area, production, and productivity (kg/ha) trend in the post-GR era (1984–2019). 
The coefficient b is the rate of increase in yield (kg/ha/yr) in each phase, and R2 is the coefficient of 
determination 

The varietal improvement program continued to identify suitable genotypes for 
various agroecological situations, emphasizing rainfed environments. Equal priority 
was given to isolating varieties with a high degree of resistance to insect pests and 
diseases for increased and stable yields. Drought affected agricultural production to a 
great extent in consecutive years from 1984 to 1988. Such environmental phenome-
non necessitated developing rice varieties for specific niche environments under 
rainfed ecologies. Drought-tolerant varieties for rainfed uplands got priority, and 
varieties were developed using tolerant donors such as Rasi, Dular, Cauvery, and 
Annapurna. In 1988, the early maturing (90–100 days) variety Annada (CR222-
MW10) was released for rainfed uplands. Heera (CR544-12), an extra early 
(70 days) variety, was released in 1989 for eastern India. Subsequently, wide very-
early and early maturing drought-tolerant varieties, such as Kalinga III, Sneha, 
Vandana, Khandragiri, Ghanteswari, and Vanaprabha were released in the 1990s. 
Breeding work for varietal development suitable to rainfed shallow lowland, semi-
deep, and waterlogged ecologies also produced many important varieties. For 
rainfed lowland conditions, Pankaj was used in several crossing programs at 
CRRI. Early maturing varieties were evaluated for post-flood conditions. The 
development of high-yielding Basmati rice varieties with superior grain quality 
was strengthened at IARI during the late 1980s. Pusa Basmati 1 (IET10364) was 
identified in 1989 and gave a considerably higher yield than Basmati 370 and Ranbir 
Basmati. In 1989, the crossing program with tropical japonica (bulus/javanica) 
varieties from Indonesia was started to transfer high tillering ability, lodging resis-
tance, and long-dense panicle characters into HYVs. It was observed that most of the 
varieties developed from IR8 and Jaya have weaker culms and are thus prone to 
lodging.
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The varieties bred at IRRI played a vital role during the Green Revolution period. 
Although IR8 had a very high grain yield, it has several defects, most importantly, 
poor grain quality, lack of disease and insect resistance, and late maturity. The 
varieties subsequently developed and released since the 1980s improved greatly 
on these traits (Khush 1999). During the early 1980s, one of the most popular IRRI 
varieties grown was IR36 which was early maturing (111 days), high yielding, and 
resistant to insects and diseases (Khush and Virk 2005). IR36 became very popular 
in India during the 1980s. Later, IR64 was released by IRRI in the Philippines in 
1985. This variety represented a breakthrough in combining the excellent palatabil-
ity of cooked rice with the other traits found in earlier IRRI HYVs. Because of its 
wide adaptation, early maturity, and improved quality, it became highly popular and 
was also highly desired by the rice industry. IR64 has also been used extensively as a 
parent in breeding programs and to develop populations for genetic analysis (Mackill 
and Khush 2018). 

Hybrid rice research in India was first started at CRRI, Cuttack, in the mid-1950s 
(Sampath and Mohanty 1954; Richharia et al. 1962). Based on the identification of 
the wild abortive (WA) cytoplasm and the miraculous success and adoption of 
hybrid rice technology in China, ICAR- Indian Agricultural Research Institute 
(ICAR-IARI) launched a national program in 1987 with 12 network centers for the 
development of suitable hybrids for Indian ecologies. This program was further 
strengthened with technical support from the IRRI, Philippines, and financial sup-
port from FAO, UNDP (United Nations Development Programme), Mahyco, World 
Bank, and Asian Development Bank (ADB) consortium. With concerted efforts, 
APRH-1, the first rice hybrid, was released by APRRI, Maruteru, in 1994. Immedi-
ately after the release of APRH-1 from Andhra Pradesh, the University of Agricul-
tural Sciences, Mandya, released KRH 1 and KRH 2 hybrids. The KRH 2 became 
highly popular throughout India and widely grown in Southern and Eastern parts of 
the country. Excellent progress has been made in hybrid rice research and develop-
ment in India for the past three decades. However, first-generation hybrids focused 
only on heterotic yield but failed in quality traits. Keeping with past experience, 
second and third-generation hybrids focused on grain quality in comparison with 
popular Indian cultivars like Samba Mahsuri and Ponni, resistance to pests and 
diseases in addition to per se yield heterosis, to have marketability and credibility 
among farmers and consumers to a larger extent (Janaiah and Xie 2010). Altogether, 
121 hybrids with high yield potential and better grain quality were released for 
commercial cultivation in different rice-growing states across the country 
(Senguttuvel et al. 2019). All the released hybrids are based on three lines (A, B, 
and R) breeding systems with WA cytoplasm, except SAVA124 and SAVA134, 
which are based on two line breeding approach (Senguttuvel et al. 2019). Of the 
121 hybrids, 38 were developed by the public sector, and the remaining 83 by the 
private sector (AICRIP 2020). Some handful of hybrids from the public sector that 
finds a place in the market are DRRH2, DRRH3, KRH2, KRH4, Pusa RH 
10, Rajalaxmi, Ajay, Sahyadri 4, CORH4, CRHR 32, PSD 3, Indira Sona and 
JRH 8; important hybrids from the private sector are PHB 71, PA 6129, PA 6201, 
Arize6444 Gold, JKRH 401, 27P31, 27P37, Suruchi, GK 5003, DRH 775, HRI



157, PAC 835, PAC, 837, US 312, Indam 200-017, NK 5251 and 27P11. United 
Andhra Pradesh, popularly called the “Seed capital of India,” where more than 80% 
of the private seed sector plays a pivotal role in hybrid seed research and production. 
During the year 2020, hybrid rice was planted in an area of 3 m ha (6.8% of total rice 
area), and more than 80% of the total hybrid rice area is in Eastern and Central Indian 
states of Uttar Pradesh, Jharkhand, Bihar, Chhattisgarh, Madhya Pradesh, and 
Odisha with lesser area in states like Madhya Pradesh, Assam, Gujarat, Punjab, 
and Haryana. As rice is a key source of livelihood in eastern India, a considerable 
increase in yield through hybrid rice technology will have a major impact on 
household food and nutritional security, and income generation, besides an eco-
nomic impact in the region. 
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The Biotechnological work in terms of tissue culture and production of doubled 
haploids (DH) through rice anther culture was started in 1988 at CRRI. Initially, 
heterotic cross combinations were selected from the crosses of IR64, IR50, PR106, 
P269, and other elite lines. The earlier DH cultures, AC561 and AC570 showed 
around a 20% yield advantage over the checks. Tissue culture techniques are being 
adopted to establish rice suspension cultures from different plant parts in vitro and 
assess the regeneration capacity of calli obtained from different rice genotypes. 
Transformation experiments were initiated using a biolistic particle-delivery system. 
Protocols for producing embryogenic calli from different explants and preculturing 
or isolated immature embryos were standardized for successful transformations. 
Molecular tools being used for identifying pathotypes of BLB in 1995–1996. 
Pathogen diversity was analyzed using virulence gene probes in combination with 
the classical method of identifying pathotypes. The population structure of blast 
pathogen Magneporthe oryzae in the uplands of Eastern India was characterized 
using Random amplified polymorphic markers (RAPD) in early 2000 (Chadha and 
Gopalakrishna 2005). The effectiveness of blast resistance genes such as Pi-1(t), 
Pi-2(t), Pi-3(t), Pi-4a(t), and Pi4b(t) was assessed in different rice growing parts of 
the country during this period (ICAR 2000). Work on pyramiding BLB resistance 
genes xa5, xa13, and Xa21 in the background of Swarna and IR64 was also started in 
2000 (ICAR 2000). Introgression of xa5, xa13, and  Xa21 through marker-assisted 
selection (MAS) in BPT5204 and Triguna was reported subsequently (Sundaram 
et al. 2008). DNA fingerprinting of rice germplasm lines was mostly started during 
2002–2003 at National Research Center (NRC) for DNA fingerprinting, NBPGR, 
New Delhi, using various molecular profiling techniques (ICAR 2003). In the 
following years, with the advent of agricultural biotechnology, molecular tools 
were applied to a greater extent in developing improved rice varieties with abiotic 
and biotic stress tolerance. 

6.5 Rice Development Programs: Government Schemes, 
Salient Achievements 

The country’s food production after independence and before the green revolution 
(1947 to 1960) was so bad that there was a risk of famine. The lack of proper 
technology, awareness, etc., brought India to the verge of massive famine (Eliazer



Nelson et al. 2019). People cannot get adequate food; therefore, starvation and 
malnutrition are very common. The new agricultural strategy was initiated to achieve 
the goal of self-sufficiency in agriculture or food production in the 1960s, and the 
basic principle of this strategy was to apply science and technology to enhance 
productivity (Tripathi and Prasad 2010). Therefore, the Green Revolution was 
initiated in the 1960s to increase food production with the objective of alleviating 
poverty and malnourishment in the country (Eliazer Nelson et al. 2019). To achieve 
these targets, attention was given to producing and developing high-yielding 
varieties and hybrids and promoting mono-cropping. This is based on the use of 
high-yielding varieties and hybrids which are responsive to high doses of fertilizers, 
particularly nitrogen, and the improved package of practices. The Govt. also 
launched several programs in sequence to achieve these targets. 
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The Central Sector Rice Seed Minikit Program has played a major role in 
improving rice production and productivity in the country by increasing the area 
under high-yielding varieties, which also includes demonstrating improved crop 
production technologies to the farmers. The High-Yielding Varieties (HYVs) Pro-
gram was started during 1966–1967, and the Directorate of Rice Development 
(DRD) under the Ministry of Agriculture, Govt. of India, monitored its implementa-
tion from 1970 onward. The successful implementation of the program significantly 
increased the area under HYVs from 4.34 million ha (1969–1970) to 33.10 million 
ha (1999–2000). During 1969–1970 only 16 HYVs were released/notified for 
cultivation, and thereafter, with the concerted efforts of breeding, the country has 
released more than 1200 varieties and 127 hybrids of rice so far. The popularization 
of HYVs in farmers’ fields through the rice Minikit program was initiated in 
1971–1972 and continued up to the Ninth Plan period. During the Ninth Plan, 
more emphasis was given to the popularization of location-specific HYVs 
released/notified during the previous 3 years for favorable areas and 5 years for 
problematic areas, and a total of 33 lakh seed mini kits of 419 location-specific 
HYVs were distributed. 

A full-fledged Centrally Sponsored “Special Rice Production Programme-SRPP” 
was started from 1985–1986 with the objective of substantially increasing the 
productivity of low-productive areas by supplying critical inputs like quality 
seeds, fertilizers, agrochemicals, implements, equipment, improved package of 
practices, etc. The program was implemented in 439 blocks of seven Eastern India 
States with the funding pattern of 50:50 sharing basis between the Govt. of India and 
the concerned State Government. Quality seeds having high yield potential were 
provided under the seed Minikit program. After that, the “Special Food grains 
Production Program (SFPP)” was also launched to achieve the minimum food 
production of 166 million tonnes during 1988–1989 and 175 million tonnes in the 
year 1989–1990. This program was implemented in 106 districts of 13 rice-growing 
states of the country and was 100% funded by the Government of India. 

An “Integrated Programme for Rice Development (IPRD)” was also implemented 
from 1990 to 1991 by unifying the two schemes, SRPP and SFPP-Rice, and four 
additional states were covered under this scheme. This scheme was implemented in 
all the districts of the states covered under the program with a funding pattern of 75:



25 between GOI and the concerned State Government. Besides field demonstrations, 
training programs for farmers were also included under the scheme for the effective 
transfer of crop production technology. Keeping in view of the specific constraints to 
rice production, the State Governments were given a choice to include the most 
suitable components of rice production from an approved list. 
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The National Development Council (NDC), in its 53rd meeting held on 29th May 
2007, adopted a resolution to launch a Food Security Mission on rice, wheat, and 
pulses to increase the annual production of rice by ten million tonnes, wheat by eight 
million tonnes and pulses by two million tonnes by the end of the Eleventh Plan 
(2011–2012). Accordingly, a Centrally Sponsored Scheme, “National Food Security 
Mission” (NFSM), was launched in October 2007. The main objectives of this 
scheme are to increase the production of rice, wheat, and pulses through area 
expansion and productivity enhancement in a sustainable manner in the identified 
districts of the country; restore soil fertility and productivity at the individual farm 
level; creation of employment opportunities; and enhancing farm level economy to 
restore confidence amongst the farmers. NFSM-Rice is being implemented in 
25 states covering 194 potential districts, selected based on rice area coverage 
(>50,000 ha) with a productivity level less than the state average. The scheme is 
being implemented by organizing cluster demonstrations of varieties that are less 
than 10 years old following the latest crop production technologies and mechaniza-
tion to reduce the cost of cultivation. The NFSM met with overwhelming success 
and achieved the targeted additional production of rice, wheat, and pulses. Because 
of its success, the scheme continued during the 12th Plan with new targets of 
additional production of ten million tonnes of rice, eight million tonnes of wheat, 
four million tonnes of pulses, and three million tonnes of coarse cereals, which were 
also accomplished. The average rice area of the country during the XII plan period 
decreased marginally by 0.11 million ha as compared to the XI plan period. At the 
same time, production has increased by 9.14 million tons due to a productivity hike 
of 215 kg/ha. Rice production can be further increased by expansion of the area, 
increasing productivity, and reducing the yield gap. Based on the performance of the 
12th Plan and earlier tenure, the Central Government decided to continue the 
program beyond the 12th plan, i.e., from 2017–2018 to 2019–2020, which is 
co-terminus with the Fourteenth Finance Commission (FFC) period, with a new 
target to achieve 13 million tonnes of additional food grain production comprising of 
five million tonnes of rice, three million tonnes of wheat, three million tonnes of 
pulses, and two million tonnes of coarse cereals. 

Following the recommendation of the Task Force constituted by the Government 
of India to maximize agricultural production on a sustainable basis, the program 
‘Bringing Green Revolution to Eastern India’ (BGREI) was launched in the year 
2010–2011, which intended to address the constraints limiting the productivity of 
“rice-based cropping systems” in Eastern India comprising seven (7) States namely, 
Assam, Bihar, Chhattisgarh, Jharkhand, Odisha, Eastern Uttar Pradesh, and West 
Bengal. The program aims to harness the water potential for enhancing rice produc-
tion in Eastern India, which was hitherto underutilized. During 2010–2011, the 
major focus of the states was on the promotion of improved crop production



technologies of rice, water harvesting measures, and their utilization for overall 
agriculture development. The demonstrations included the introduction of new 
HYVs (emphasis was on stress-tolerant varieties, STRVs) and hybrids, farm 
machines and implements, nutrients, pesticides, etc. During 2013–2014, based on 
the experience of implementation, the intervention of Marketing Support, including 
post-harvest technology, was also included. From 2015 to 2016, the program was 
modified, including a few interventions like seed distribution of new rice varieties, 
seed production incentives for newer varieties/hybrids of rice, micronutrients, soil 
ameliorants, and plant protection chemicals, machines like laser land levelers, etc. A 
three-tier monitoring structure involving the Central Steering Committee (CSC) 
under the chairmanship of the Secretary (DAC & FW); State Steering Committee 
(SSC) for each state under the chairmanship of Agriculture Production Commis-
sioner/Principal Secretary (Agriculture) and District Steering Committee (DSC) 
headed by District Magistrate/Chief Development Officer is created to monitor the 
program. ICAR-National Rice Research Institute (NRRI), Cuttack is the nodal 
agency for monitoring the programme, and scientists of ICAR institutes and SAUs 
are also allotted one district each for extending technical backstopping and monitor-
ing of the program. All the BGREI states have made a lot of progress in improving 
rice production and productivity by introducing improved production technologies 
and infrastructure development in the adopted districts. The impact of various 
interventions of block demonstrations to drive growth in rice is reflected in changes 
in yield rates; some of the states even reached the national average in terms of 
productivity. With the implementation of BGREI and NFSM programs, rice produc-
tion has increased in seven Eastern India States from 45.65 million tonnes during 
2009–2010 to 54.93 million tonnes during 2015–2016. 
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All these programs focus on increasing productivity to achieve the target food 
grain production. These lead to more emphasis on monoculture with over-
exploitation of natural resources. With the use of HYVs, hybrids, chemical 
fertilizers, agrochemicals, groundwater, etc., productivity has increased, and since 
independence, the country has made tremendous progress in food grain production 
as well as in the overall agricultural sector. India has progressed from ‘hand to 
mouth’ conditions to self-sufficiency. We are not only self-sufficient but acquired 
sufficient resilience to tide over the adverse conditions, and now the country is 
exporting food grains to other countries. Since the green revolution, the consumption 
of chemical fertilizer has been growing very fast, and Government is also encourag-
ing the use of fertilizer through heavy subsidies to get high productivity. The total 
consumption of fertilizer was 70,000 tonnes during 1950–1951 and went to 
19,145,000 tonnes during 1999–2000 (270 times). The fertilizer consumption per 
hectare of the gross cropped area has also increased steadily, from 0.50 kg in 
1950–1951 to 74 kg in 1995–1996 (128 times) (Tripathi and Prasad 2010). The 
use of high-yielding varieties, hybrids, and over-application of fertilizers and other 
agrochemicals leads to the deterioration of natural resources. Among the different 
natural resources, water is the most important. In rice, the primary method of 
cultivation is transplanting, and the conventional puddled transplanting system 
requires a large quantity of irrigation water. These practices not only lead to the



use of a high amount of water but also break to use of a high amount of water 
requirement but also break capillary pores, destroy soil aggregates and form hard 
pans. Since the water resources (both surface and underground) are shrinking day by 
day (Farooq et al. 2009) and the profit margins are decreasing in transplanting 
mainly because of high labor costs and water requirements (Pandey and Velasco 
1999), there is a need to move on from the transplanted method of rice cultivation. 
SRI was introduced to reduce the water requirement of the rice cultivation process. 
The practices that culminated in SRI began in the 1960s with the principle of 
applying a minimum quantity of water and transplanting individual plants in the 
square. These techniques reduce the water requirement to some extent as it involves 
intermittent irrigation that keeps the field moist but not inundated. However, water 
savings from SRI cultivation cannot be to a large extent as it still involves puddling, 
which is the major water-consuming process of rice cultivation, and it has been 
reported that water up to 2500–5000 L is required to produce 1 kg of rough rice 
(Bouman 2009). Due to water scarcity and high labor wages, there was a need for 
alternative crop establishment methods with less water requirement and higher water 
productivity. Direct-seeded rice (DSR) is one of the viable options to reduce the 
water requirement. The development of improved short-duration high yielding 
varieties and improved package of nutrient and weed management practices 
encouraged the farmers to shift from traditional transplanting to DSR culture in 
many rice growing areas including Punjab. Direct seeding offers different 
advantages like saving irrigation water, labor and energy, time, reduction of green-
house gases, non-disturbance of soil, maintaining the soil structure, better crop 
growth, etc. 
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The progressive development of the different packages of practices and methods 
of cultivation, overexploitation of natural resources, mismanagement and excessive 
use of chemical fertilizers, pesticides, and lack of crop rotation caused several natural 
resources problems. It reduces soil fertility and crop productivity and leads to land 
deterioration, imbalance of nutrients, deficiency of micronutrients, and depletion of 
groundwater. The quantum of chemical fertilizers and agrochemicals used during 
and after the Green Revolution was very high. The overuse of these agrochemicals to 
achieve high production led to physical, chemical, and biological degradation of the 
soil (Singh 2000). The excessive use of groundwater for irrigation depleted the water 
table in many parts of the country. This way, the farmers shifted to unsustainable 
practices to achieve more yields, and due to the highly demanding nature of the 
agriculture production system, farmers are unable to withstand the increasing 
expenses for farming and fall into debt. 

Now there is a need to conserve our natural resources for future generations and to 
sustain the yield. Different technology has been evolved for the sustainable use of 
resources. With increasing water shortage and labor scarcity, Dry-DSR with mini-
mum or zero tillage (ZT) was adopted to reduce the cost of cultivation. Further, 
conservation agriculture has been adopted to utilize the different resources, in which 
zero tillage (ZT) or reduced tillage (RT) was applied, followed by row seeding. This 
technology is based on the principle of fewer disturbances to the soil and proper 
utilization of farm resources. Crop residues are being used to cover the soil surface as



mulch. When this technology utilizes crop residue as mulch with improved crop and 
resource management methods, it is termed conservation agriculture (CA) or 
integrated crop and resource management (ICRM) (Asian Development Bank 2009). 
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6.6 Future Strategies and Conclusions 

India’s projected demand for rice is about 197.4 million tons by 2050. Annual 
genetic yield gains in rainfed rice in India are about 0.68–1.9%, primarily due to 
conventional breeding and some marker-assisted breeding products released during 
the last quarter of the previous decade. Recently, an analysis of genetic gain for yield 
in rice breeding and rice production in India indicated that since the introduction of 
plant-type-based HYVs (1995–2013), rice breeding research had not increased grain 
yield substantially by the genetic gain (Muralidharan et al. 2019). The yield stability 
has increased through the selection of traits, especially to withstand abiotic and 
biotic stress conditions. The increase in the national rice production of India is also 
the outcome of continued improvement in crop production skills at the farm level, 
effective use of irrigation, and several other factors. A long-term (from 1988 to 
2019) analysis of AICRIP yield data of hybrids and inbred cultures in irrigated 
ecosystems across India revealed that the genetic gain or loss in yield of hybrid 
genotypes estimated over the test duration was non-significant (Muralidharan et al. 
2022). Only in <20% of test locations, hybrid F1 genotypes produced 10% more 
grain yields than inbred varieties. Therefore, much work is needed to make hybrid 
rice technology profitable to farmers. 

The grain yield in rice is a complex trait determined by the quantitative compo-
nent traits. The significant developments in rice genomics have provided powerful 
tools for understanding the genetic and molecular basis of complex traits. The 
genomic selection strategies, where individuals could be precisely selected based 
on Genomic Estimated Breeding Values (GEBVs) that are determined by genome-
wide high-density markers, are expected to play a vital role in developing 
new-generation rice varieties with enhanced genetic gains. Genomic selection is 
now widely adopted to meet the future demand for rice. Through functional charac-
terization/haplotype analysis of genes governing traits of economic importance, a 
haplotype-based breeding strategy can be implemented for combining superior 
haplotypes from elite backgrounds using targeted markers to develop improved 
varieties. 

Rice productivity, in general, is increasingly challenged by the ensuing global 
climate change. The adverse effects of climate change are more evident in rainfed 
ecologies. To accelerate the yield gain, the integration of physiological traits along 
with agronomic traits needs to be considered in rice breeding. For example, to 
maximize the improved performance under drought stress, several independent 
compatible traits need to be introgressed into elite genetic backgrounds. Recent 
development in genomics makes it possible to tag any traits with reliable markers for 
use in the selection of a large population. The International Wheat Improvement 
Network demonstrated that physiological breeding has led to a significant increase in



genetic gains in Australia and several other developing countries. Similar initiatives 
must be undertaken in the rice breeding programs to improve climate resilience 
under stress-prone ecologies. Considering the challenge of the future food demand 
and mitigating the adverse effects of climate change, the priority should be to address 
the yield gap in available high-yielding varieties and vertically raise the genetic yield 
by integrating genomic technologies in conventional breeding strategies. 
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Wheat 7 
S. K. Singh, Satish Kumar, P. L. Kashyap, R. Sendhil, and O. P. Gupta 

Abstract 

Wheat, a preeminent crop as a food of mankind, is originated in the Central Asian 
region, which has 225 million ha with global production of 750 million tons. 
India holds the second position with 109.52 million tons of production and 
contributes 13% share to the global wheat basket. Wheat acreage has five zones 
in India where bread, durum, and dicoccum wheat are grown during the rabi 
season under different production conditions. Wheat improvement was initiated 
in 1905, and since then, it has reached present-day advancements after its journey 
through the green revolution. There have been many research advancements in 
the last 75 years, especially in the post-green revolution period, in the form of the 
development of more than 500 cultivars for commercial cultivation, different 
resource conservation and plant protection technologies, crop diversification 
strategies, product and nutritional quality traits, etc. Nowadays, stagnating yield 
potential, unavailability of sufficient quantity of quality seeds, low seed replace-
ment, biotic and abiotic stresses in climate change conditions, restrictions to 
germplasm exchange in new IPR regime, reduced total factor productivity, 
imbalanced use of fertilizers and yield gaps at farm level have been identified 
as major challenges to wheat production in the country. The current pace of 
research efforts needs to be maintained to meet our future demands of 140 mil-
lion tons by 2050, for which future research efforts would be focused on evolving 
new and innovative production technologies which can fit into the framework of 
changing wheat production scenarios. Some key strategic issues for enhanced
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production levels include breaking yield barriers through genetic enhancement, 
molecular approach for precision breeding, tailoring wheat genotypes with crop-
ping system perspective, improved varieties for abiotic stresses, focused disease 
resistance breeding, access to quality seeds of wheat, conservation agriculture 
technologies, integrated input management, crop diversification, quality improve-
ment, strengthening inter-institutional linkages and support in policy issues. 
Bridging the yield gap between experimental and farmers’ fields can solve the 
problem to a considerable extent. With support from farmers, policymakers, and 
extension units, it is expected that present technologies can be further refined and 
popularized so that wheat production can be enhanced to fulfill future demand for 
ensured national food security.
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7.1 Introduction 

Among the world’s crops, wheat (Triticum species) is preeminent both in regard to 
its antiquity and its importance as a food of mankind. In prehistoric times, it was 
cultivated throughout Europe and was one of the most valuable cereals of ancient 
Persia, Greece, and Egypt. According to paleo-botanists and archaeologists, the 
modern domesticated form of wheat originated in South-eastern Anatolia, around 
the region of Diyarbakir Province in present-day Turkey, at about 8500 BC. In India, 
evidence from Mohen-Jo-Daro excavations indicated wheat cultivation more than 
5000 years ago. Globally wheat is cultivated in approx. 225-million-ha area with 
production of more than 750.0 million tons of grain. India, one of the greatest 
success stories of historical Green Revolution in India, made it the second largest 
producer of wheat in the world after China, with approximately 13% share of global 
wheat production, and recognized it as the wheat surplus nation. On the other hand, 
India is also the second largest wheat consumer after China and thus, wheat and its 
various products play an increasingly important role in managing India’s food 
security. 

7.2 Trends in Wheat Area, Production, and Productivity 

Wheat is the second most important crop after rice in India and occupies an 
approximately 31.76-million-ha area. Wheat production in India touched a new 
height of 109.52 million tons in 2020–2021 (DAC & FW 2021). The major 
wheat-growing states in India are Uttar Pradesh, Punjab, Haryana, Madhya Pradesh, 
Rajasthan, and Bihar, which contribute approx. 91.5% of India’s wheat production. 
The trend of area, production, and productivity indicated a significant quantum jump



in wheat in post-independence period (Table 7.1, Fig. 7.1), where an increment of 
2.23 times in area under wheat (+21.91 million ha: 222.50%), 15.49 times in wheat 
production (+102.15 million tons: 1548.73%), and 4.11 times in wheat productivity 
(+2754 kg/ha: 411.23%) was recorded. This gargantuan jump in production, post-
independence, is attributed to the increased crop productivity followed by area. 
Precisely, the impact was more evident since the inception of the All India Coordi-
nated Research Project leading to semidwarf wheat-based Green revolution. Despite 
recent risks of climate change, decade-wise analysis indicated increasing trends in 
area, production, and productivity in recent decades. 
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Globally, wheat is the most widely cultivated and traded cereal. In India, owing to 
surplus production, wheat imports have reduced considerably from 37.6 lakh tons 
(triennium ending 1970) to 0.4 lakh tons (triennium ending 2000). In contrary, the 
exports witnessed a surge from 0.01 to 5.56 lakh tons for the same period. Wheat is 
one of the major food staples for a majority of Indians; the consumption also 
registered an increase from 21 to 97.08 million tons between the triennium ending 
1970 and 2020 (Sendhil et al. 2021). 

7.3 Wheat Species and the Zones 

The three species of wheat, namely Triticum aestivum (Bread wheat), Triticum 
durum (Macaroni wheat), and Triticum dicoccum (Emmer or Khapli), grown on a 
commercial basis in India are of spring type but cultivated during the winter season. 
Of these species, T. aestivum is the most important, accounting for about 90–95% of 
the total wheat area of the country, and is grown in almost all the wheat-growing 
states. T. durum occupies approximately 5% of the total wheat area and is confined 
mostly to central and southern parts of India. The cultivation of T. dicoccum is 
confined largely to the southern region, mainly Karnataka and southern Maharashtra. 
Another wheat species, T. sphaerococcum (Indian dwarf wheat), has now almost 
vanished and cultivated in some pockets in Gujarat. Wheat in India is cultivated in 
almost every state except Kerala, thus representing diverse crop-growing conditions 
and situations. Wheat cultivation in India extends from 9°N (Palni hills) to above 35° 
N (Srinagar valley of J & K), thus the wheat crop is exposed to a wide range of 
agroclimatic changes such as humidity, temperature, photoperiod during crop sea-
son, soil types, altitudes, latitudes and cropping systems. Based on the agroclimatic 
conditions and varying agroecological production conditions, the country is broadly 
divided into five wheat growing zones, namely, Northern Hills Zone (NHZ), North 
Western Plain Zone (NWPZ), North Eastern Plain Zone (NEPZ), Central Zone (CZ), 
and Peninsular Zone (PZ). NWPZ, NEPZ, and Central Zones are the main 
contributors to wheat production. The growing period of wheat is variable from 
one agroclimatic zone to another, which affects the vegetative and grain filling 
duration leading to differences in attainable yield. The maximum wheat growing 
duration is in Northern Hill Zone and the minimum in Peninsular Zone.
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Pre-Independence Post-Independence 

Fig. 7.1 Trends in wheat area, production, and productivity (pre- and post-independence) 

7.4 Wheat Growing Season and Cultural Condition 

Wheat is cultivated during the winter season from mid-October to April (except in 
higher hills of north India, where harvesting of wheat is done in the month of May) 
Sowings of wheat are initiated when the average day-night temperatures are equal to 
23 °C. The months of December and January remain to be the coldest, followed by 
comparatively warmer and higher temperatures in the months of March-April, 
coinciding with later growth stages of the crop till maturity. Wheat is mainly 
grown under three production conditions: timely sown, irrigated; late sown, 
irrigated; and timely sown, restricted irrigation. Nearly, 89% of the wheat area in 
the country is irrigated and most of it lies in north India. The central, peninsular, and 
hilly areas have comparatively lower coverage of area under irrigation and grow 
mostly rainfed. In recent years, a new situation of timely sown, restricted/limited 
irrigation has emerged in some of the areas of the central and peninsular parts where 
water for irrigation is not available in sufficient quantity, and thus, the wheat crop is 
grown with one to two irrigations only. 

7.5 Wheat Research in India: Chronological Perspective 

7.5.1 Pre-independence Era 

Wheat grown in India prior to the twentieth century mostly consisted of mixtures of 
various botanical forms usually referred to as ‘sorts’ among which Sharbati, Dara, 
Safed Pissi, Chandausi, Karachi, Choice White, Hard Red Calcutta, Lal Kanak, Lal 
Pissi Jaipur Local, Kharchia Local, Mondhya 417, Muzaffar Nagar White, Buxar



White, etc. were some prominent local bread wheat sorts utilized nationally and 
internationally. A systematic bread-wheat improvement work was initiated by Sir 
Albert Howard and his wife Lady G.L.C. Howard in 1905 at Imperial (now Indian) 
Agricultural Research Institute (IARI) at Pusa in Bihar. At the same time, Govern-
ment Agricultural Colleges and Research Institutes were established at Lyallpur 
(now in Pakistan), Kanpur, Sabour, Coimbatore, and Pune to undertake research on 
crops, especially wheat, and later wheat improvement was also undertaken at 
Powarkheda (Madhya Pradesh), Nagpur, Akola, and Niphad (Maharashtra). In the 
era of pre-semidwarf bread wheat varieties (1905–1962), the selection from the 
mixtures resulted in some important pure lines like NP4, NP6, NP12, NP22, 
Type9, Type11, Pb type8A, C13, C46, AO13, AO49, AO68, AO69, AO85, 
AO88, AO90, etc. Some of these varieties earned international recognition due to 
their excellent grain appearance and are still considered a valuable genetic resources. 
Many Indian local collections, viz. Indian, Indian A, Indian B, Indian 4E, Indian F, 
Indian G, Indian H, Indian 8, Indian 9, Indian 17, Nabob, Sindhi, Etawah, Indian 
Pearl, Indian Dwarf, Ranjit, Khapli, Kaali, Muzzafar Nagar Variety, Hindi D, Hindi 
7, Hindi 39, Hindi 62, Hindi 90, Hindi 144, Hard Red Calcutta, etc. were utilized in 
Australia, Egypt, Canada, South Africa, USSR, France, Brazil, and other countries 
(Jain 1994) for wheat improvement. Hybridization among these varieties and the 
exotic wheat was utilized in wheat breeding from the early years of the twentieth 
century which resulted in varieties like NP52, NP80-5, NP120, NP165, NP710, 
NP770, NP783, NP824, PbC518, PbC591, Niphad4, AO113, etc. Exotic sources 
such as Ridley, Padova I, and Padova II gained acceptance, and Federation 
41, Kononso, Thatcher, Kenya C 10854, Kenya 48F, Democrat, Spalding’s, Ridit, 
Reliance, prolific, Gabo, Timstein, Bobin, Gaza, Regent, etc., contributed signifi-
cantly in the Indian wheat breeding program as donor lines for incorporating rust 
resistance leading to the development of disease-resistant cultivars like K53, K54, 
RS31-1, and Kenphad25. The varieties developed until the early 1960s were tall in 
stature and prone to lodging and therefore, nonresponsive to high fertilizer usage, 
e.g., K 65, K 68, Hyb 65, etc. Similar to those of the bread wheat improvement 
program, the durum improvement was initiated by H.M. Chibber in 1918–1919 in 
the erstwhile Bombay Presidency by making single plant selections out of the 
cultivated landraces like Bansi, Kathia, Gangajali, Haura, Jalalia, Jamli, Khandwa, 
Malvi, etc. These selections yielded superior lines like Bansi103, Bansi 162, Bansi 
168, Bansi 224, and Baxi 228-18. The durum wheat evolved in India is a good 
source of genes for drought and heat tolerance, and they are mostly used as chapati or 
Dalia due to their unique quality characteristics. Subsequent efforts using exotic 
germplasm led to the development of improved durums like A 206, A 624, Amrut, N 
59, NP 404, A-9-30-1, N 5749, Hybrid 23, Ekdania 69, Narasingarh 111, Bijaga 
yellow, and Bijaga red.
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7.5.2 Post-independence Era 

The real breakthrough in productivity occurred from the introduction of the semi-
dwarf Mexican wheat in the early 1960s when India took advantage of Norin (having 
Rht dwarfing gene) based germplasm including four semidwarf wheat varieties, viz, 
Lerma Rojo 64-A, Sonora 63, Sonora 64, and Mayo 64 possessing a unique set of 
high productivity traits such as non-lodging habit, high fertilizer responsiveness, and 
resistance to rust and foliar diseases. After extensive evaluation of these varieties 
during 1963–1964, Lerma Rojo 64-A and Sonora, 64 carrying the genes for dwarf-
ism and resistance to rusts, were released by the Central Varietal Release Committee 
in 1965, which laid the foundation for increased wheat production. At the same time, 
the establishment of the All India Coordinated Wheat Improvement Project 
(AICWIP) in 1965 was an important milestone for systematic developments in 
wheat research resulting in a major breakthrough in wheat production and produc-
tivity. Later on, the advanced lines from CIMMYT provided the base material for the 
development and commercial release of important amber-colored varieties, namely 
S227 (Kalyansona), S307, S308 (Sonalika), S331, Chhoti Lerma, and Safed Lerma. 
Among these, Kalyansona and Sonalika were very popular, occupying nearly 
10-million-ha area because of their high yield, rust resistance, amber grains, and 
adaptability to different agroclimatic conditions of the country and became the 
harbingers of the ‘Wheat Revolution’ in India, which was later termed as the 
“Green Revolution.” The red color of Sonora 64 was improved through mutagenesis 
at IARI, New Delhi, and released as “Sharbati Sonora.” Afterward, hybridizations 
between Mexican and Indian varieties led to the release of WG357, WG377, 
WL711, HD2009, WH147, and HD1981 for NWPZ; HD1982, UP262, HP1102, 
HUW12, K7410, and HP1209 for NEPZ; HD2189 and NI5439 for PZ and many 
others which not only sustained the impact of green revolution but also took the 
wheat revolution to newer heights. India was the first country to release three 
multiline wheat varieties, namely MLKS11, KSML3, and KML7406 (Bithoor), for 
commercial cultivation in 1978. Varieties such as Lok1, HUW234, HD2285, 
HD2329, HD2189, and some derivatives of Veery of CIMMYT, viz. HUW206 
and HS207, were very popular among the farmers during the 1980s and provided 
the necessary boost to wheat production and productivity. The development of 
wheat varieties CPAN3004, WH542, PBW343, and PBW373 having 1B/1R trans-
location through the utilization of winter wheat gene pool provided a quantum jump 
in wheat productivity by way of resistance to diseases, enhanced 
morphophysiological traits, and wider adaptability. Later HD2687, UP2338, 
RAJ3765, K9107, NW1014, HP1744, GW273, GW322, GW366, and MACS2496 
covered significant wheat acreage in different parts of the country. During the early 
2000s, PBW343 was the dominant wheat variety and after its susceptibility to yellow 
rust, DBW17 caught the farmers’ attention as a suitable replacement for PBW343 in 
NWPZ. The release of mega varieties such as HD2967 in 2011 and HD3086 in 2014 
has brought out a revolution in the highly productive environments of northern India. 
The robust and tall plant types with thick stems have led to changes in the plant type 
of the varieties, with the newer genotypes being more efficient and adaptive. The



improvement in yield potential of wheat cultivars under high fertility conditions of 
the north-western wheat zone—the wheat bowl, is shown in Fig. 7.2. This decade 
also saw the release of two zinc bio-fortified wheat varieties (HPBW01 and WB2) 
for cultivation at the farmers’ fields in 2017 hence enhancing the nutritional status of 
farm families. Also, for the first time, the wheat variety PBW723, developed through 
marker-assisted selection (MAS), was released in 2017. Recent releases DBW187, 
DBW222, and DBW303 have revolutionized wheat cultivation in the breadbasket of 
India with a yield potential of more than 8.0 tons/ha. 
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Fig. 7.2 Improving yield potential (q/ha) in high fertility conditions of NWPZ 

7.5.3 Wheat Improvement for Biotic Constraints 

The most important fungal disease that badly hampered wheat production in India 
are rust diseases, namely stem or black rust (P. graminis f. sp. tritici), leaf or brown 
rust (Puccinia triticina Eriks), and stripe or yellow rust (Puccinia striiformis f. sp. 
tritici). Historical rust epidemic accounts revealed the first stem rust epidemics in 
1786, 1829, and 1946–1947 in the central parts of India (Sleeman 1839; Nagarajan 
and Joshi 1975; Joshi et al. 1986). The research advances in the intensification of the 
agriculture system in post green revolution resulted in the rise of pest and pathogen 
incidences as indicated by brown and yellow rust epidemics in the north-western part 
of India during 1971–1973 and 1993 (Nayar et al. 1997). At present, yellow (stripe) 
rust is a potential threat to 10 million ha area of northern India, whereas stem (black) 
rust is to ~7 million ha of Central and Peninsular areas of India. Leaf or brown rust is 
of major concern in all the wheat-growing zones of the country. Although virulent 
pathotypes of yellow rust were identified on Yr9 in 1996 and Yr27 in 2002 (Prashar 
et al. 2007), cultivars possessing 1BL.1RS wheat-rye (Secale cereale) translocation 
(Singla and Krattinger 2016) like PBW373, PBW343, PBW175, UP2338, UP2425, 
UP2418, UP2382, and CPAN3004 showed resistance towards multiple fungal



diseases including yellow rust (Yr9), leaf rust (Lr26), stem rust (Sr31) and powdery 
mildew (Pm 8). The emergence of 78S84 virulence for Yr9 in stripe rust led to the 
elimination of mega wheat variety PBW343. Later virulent pathotypes 46S119, 
110S119, 110S84, and 238S119 were detected, and currently, 238S119 has become 
the most prevalent. It is important to mention that Indian wheat germplasm remained 
resistant to rusts due to the presence of multiple genes complexes for stem 
(Sr31 + Sr24, Sr2, Sr5, and Sr8), leaf (Lr26 + Lr13, Lr23, Lr34, Agropyron segment 
carrying Lr24/Sr24), and stripe (Yr9 + Yr2, Yr18, and some unknown adult plant 
resistance genes) rusts. At present, about 10 million tons of wheat are protected 
every year from fungal diseases by deploying strategic and integrated disease 
management modules (Bhardwaj et al. 2019). Efforts have been made to decipher 
the genome structure, molecular basis of variation, and pathogenicity of rust fungus 
in wheat, and the genome of three races (K, 31, and 46S119) of P. striiformis f. sp. 
tritici (wheat yellow rust fungus) has been unzipped (Kiran et al. 2017). Recently, in 
India, a major rust resistance gene Lr80 was identified from the local wheat landrace, 
Hango-2, and mapped on the 2DS chromosome (Kumar et al. 2021). 
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Another important foliar disease, Spot blotch (Bipolaris sorokiniana (Sacc.) 
Shoemaker Syn. Helminthosporium sativus), is reported to affect nearly 9 million ha 
of the rice–wheat belt in Northern plains with an average yield loss of about 15–20% 
(Chand et al. 2003; Duveiller and Sharma 2009). Recent studies have revealed that 
the resistance to spot blotch is imparted by the presence of at least two or more genes 
or QTLs and so far, eight quantitative trait loci (QTLs) linked to spot blotch 
resistance have been identified (Kumar et al. 2010). Besides, powdery mildew 
(Erysiphe graminis DC. f. sp. tritici Em. Marchal syn. Blumeria graminis (DC.) 
E. O. Speer), flag smut (Urocystis agropyri (G. Preuss) Schrot.), loose smut 
(Ustilago tritici (Pers.) Rostr. Syn. U. segetum tritici), head scab (Fusarium 
graminearum Schwabe), etc., are diseases of minor importance due to their localized 
effects. Powdery mildew hindered wheat cultivation in the north-western plain zone, 
northern and southern hill zone and was documented to cause 10–15% yield losses 
under congenial conditions (Kashyap et al. 2021). It has been observed that head 
scab disease is on the rise under the influence of global warming and the fast 
adoption of reduced tillage practices in North-western parts of India (Saharan et al. 
2021). Flag smut and Loose Smut are also gaining concern in the present climate 
change scenario. 

Karnal bunt (Tilletia indica Mitra syn. Neovossia indica (M. Mitra) Mundk.) is 
another disease that has importance in trade perspectives. It was first identified by 
Manoranjan Mitra in the year 1931 and remained a little-known wheat disease 
localized in North-West India. With the introduction of semidwarf wheat varieties, 
KB incidences became unusually frequent in North-West India (Joshi et al. 1983). 
Moreover, intense irrigation and large-scale fertilizer application also added to the 
aggravation of the intensity and number of KB incidences in the entire Northern 
India. The KB-infected grains are of low quality as they harbor an unacceptable 
smell, color, and taste and at as low as 1% infection, the grains/flour become 
unpalatable and categorized as a disease of quarantine significance (Bishnoi et al. 
2020).



Table 7.2 Released wheat
varieties in India
(1965–2021)

) 45 23 68

) 6 1 7
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A particular concern is the threatening emergence of wheat blast disease 
(Magnaporthe grisea pathotype tritici) in our neighboring country Bangladesh. To 
prevent its entry in Indian territory, especially in the bordering districts of West 
Bengal, the most proactive role has been made by ICAR-Indian Institute of Wheat 
and Barley Research (IWBR) under the aegis of the Indian Council of Agricultural 
Research (ICAR) to thwart any scope of wheat biosecurity in the county. Under this 
initiative, a wheat crop holiday i.e. banning wheat cultivation in Murshidabad and 
Nadia districts of West Bengal, India, with support and incentive for alternate crops 
(non-poaceaous crops like gram, urad, oilseed crops such as rapeseed, mustard, and 
potatoes) and “no wheat zone” within 5 km along the border area have been 
recommended. In addition to this, research and development activities related to 
the characterization of Indian wheat lines for WB resistance in collaboration with 
CIMMYT, Mexico, have been initiated since 2016 and successfully identified and 
recommended five resistant/tolerant, high-yielding wheat varieties such as HD3249, 
DBW187, HD2967 for irrigated timely sown conditions and HD3293, DBW252, 
and HD3171 for restricted irrigation timely sown conditions. Apart from this, the 
available potential donors (BH1146, Milan, SHA7, Aegilops tauschi derivatives, 
varieties carrying Lr34, and genotypes possessing 2NS translocation) are being 
exploited for introgression of WB resistance in Indian cultivars as part of the WB 
anticipatory breeding research initiative. 

7.6 Advances in Technological Development 

7.6.1 Cultivar Development 

The agroclimatic conditions, local preferences, and wheat-based food habits, preva-
lence of diseases and pests, wheat-based cropping systems, availability of irrigation, 
and related input factors have a direct bearing on the types of wheat varieties to be 
developed for commercial cultivation in the country. The farmers of the country 
have been provided with a choice of varieties during the last 60 years since the 
inception of the All India Coordinated Wheat and Barley Improvement Program in 
1965. The Indian wheat improvement program has significantly contributed to the 
release of 501 wheat varieties, including Triticum aestivum, T. durum, T. dicoccum, 
and triticale, through Central Variety Release Committee (CVRC) or State Variety 
Release Committee (SVRC) for different agroclimatic zones along with relevant

Crop species CVRC SVRC Total 

Bread wheat (T. aestivum) 267 155 422 

Durum wheat (T. durum 

Dicoccum wheat (T. dicoccum 

Triticale 4 – 4 

Total 322 179 501



production technology (Table 7.2). This included 422 bread wheat, 68 durum, 
7 dicoccum, and 4 triticale varieties.
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Some varieties released in the recent past have contributed significantly to 
enhancing wheat production and among them, DBW17, PBW550, HD2967, 
HD3086, WH1105, K0307, GW 322, GW 366, HI 1544, and MACS 6222 are 
notable in different areas. The recently released cultivars are presented in a table 
which is becoming popular among the farmers (Table 7.3). Besides this, more than 
300 wheat genetic stocks have been registered with the National Bureau of Plant 
Genetic Resources (NBPGR), New Delhi, for various biotic and abiotic stress 
tolerance, yield and quality component traits for their further utilization in wheat 
improvement programs. 

7.6.2 Resource Conservation Technologies 

Among the wheat-based cropping systems in India, the rice–wheat cropping system 
was adopted on a significant area of more than 12 million ha. The intensive tillage 
under this system needed to optimize energy usage by improving tillage practices 
and developing efficient machinery. The focused research efforts have resulted in the 
development of eco-friendly resource conservation technologies, viz., zero tillage, 
bed planting, rotary tillage, and rotary disc drill, to reduce the cost of cultivation, 
increase productivity, and improve the soil health and environment. The zero tillage 
technology, covering about 2.0 million ha area for seeding wheat without any field 
preparation, besides saving energy, reduces the cost of cultivation, advances the time 
of wheat sowing by 4–5 days, requires less water for the first irrigation, and results in 
less infestation of the notorious weed Phalaris minor as compared to the conven-
tional tillage. The furrow irrigated raised bed-planting system (FIRBS) is a 
promising resource conservation tillage technology that saves about 25% seed and 
fertilizer along with reduced water usage by 25–40% depending upon the soil type 
and agro-climatic conditions. Rotary tillage technology is another option that 
completely pulverizes the top 10 cm soil with simultaneous placement of seed and 
fertilizer and gives the highest productivity with the least specific energy require-
ment. In some part of the country, like Punjab and Haryana, the burning of crop 
residues often lead to environmental pollution, loss of soil organic carbon, depletion 
of plant nutrients such as nitrogen, and loss of soil microflora. To avoid residue 
burning, a new machine “Rotary Disc Drill” has also been developed at the IIWBR 
which is capable of seeding under loose residue conditions. 

7.6.3 Crop Diversification 

Diversification of wheat-based cropping system, especially rice–wheat systems, by 
introducing short-duration legume crops for grains or green manuring, helps in 
restoring soil health by enhancing the organic matter content and improving the 
soil physicochemical properties. These systems also help in controlling weeds
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Table 7.3 Latest wheat varieties for diverse agroclimatic and production conditions 

Production condition Improved cultivars 

North Western Plains Zone (NWPZ) 

Early sown, irrigated : DBW 303, WH 1270 

Timely sown, irrigated : DBW 222, DBW 187, HD 3226, WB 02, HPBW 01, PBW 
723, DBW 88, HD 3086, WH 1105, HD 2967, DPW 621-50, 
DBW 17, WHD 943 (d), PDW 314 (d), PDW 291 (d) 

Late sown, irrigated : PBW 752, DBW 173, DBW 90, WH 1124, DBW 71, HD 3059, 
PBW 590 

Very late sown, 
irrigated 

: PBW 757, HI 1621, HD 3271 

Timely sown, rainfed : PBW660, PBW644, WH1080 

Timely sown, 
restricted irrigation 

: NIAW 3170, HD 3237, HI 1620, WH 1142, HD 3043 

Sodic soils/others : KRL-19, KRL 210, KRL 213 

North Eastern Plains Zone (NEPZ) 

Timely sown, irrigated : HD 3086, DBW 187, K 1006, HD 2967, NW 5054, DBW 39, RAJ 
4120, K 0307 

Late sown, irrigated : DBW107, HD3118, HD2985, HI1563 

Very late sown, 
irrigated 

: HI1621, HD3271 

Timely sown, rainfed : K1317, HD3171 

Timely sown, 
restricted irrigation 

: DBW252, HI1612 

Sodic soils/others : KRL-19, KRL 210, KRL 213 

Central Zone (CZ) 

Timely sown, irrigated : HI 1544, GW 366, GW 322, HI 8759 (d), HD 4728 (d), HI 8737 
(d), HI 8713 (d), MPO 1215 (d) 

Late sown, irrigated : HI 1634, CG 1029, RAJ 4238, MP 3336, MP 1203 

Timely sown, rainfed : HI 1500, MP 3173, MP 3288 

Timely sown, 
restricted irrigation 

: DBW 110, DDW 47 (d), UAS 466 (d), HI 8627 (d) 

Sodic soils/others : KRL-19, KRL 210, KRL 213 

Peninsular Zone (PZ) 

Timely sown, irrigated : DBW 168, MACS 6478, UAS 304, MACS 6222, DDW 48 (d), 
MACS 3949 (d), WHD 948 (d), UAS 428 (d), UAS 415 (d), HW 
1098 (dic), MACS 2971 (dic), DDK 1029 (dic), DDK 1025 (dic) 

Late sown, irrigated : HI1633, HD3090, AKAW4627, HD2932 

Timely sown, rainfed : NIAW 1415, PBW 596, UAS 375, UAS 347, MACS 4028 (d), HI 
8777 (d), UAS 446 (d) NIDW 1149 (d), GW 1346 (d), HI 8802 (d), 
HI 8805 (d), MACS 4058 (d) 

Timely sown, 
restricted irrigation 

: NIAW 3170, HI 1605, DBW 93 

Northern Hills Zone (NHZ) 

Timely sown, irrigated : HS 562, HPW 349, VL 907, HS 507 

Late sown, irrigated/ 
rainfed 

: HS 490, VL 892 

Timely sown, rainfed : HS 542, HPW 251, VL 829 

For high altitude areas : VL 832



without herbicide application as the wheat is sown late when the environment is not 
conducive for the germination of Phalaris minor. Among various diversified crop-
ping sequences, rice–vegetable peas–wheat rotation gave the highest net return per 
unit area, and it appears to be the best option for maximization of net returns and 
sustainability of the rice–wheat system.
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7.6.4 Plant Protection Technologies 

Indian wheat production has been free from disease epidemics during the last four 
decades mainly because of the systematic deployment of rust resistance genes in 
high-yielding varieties. The survey and surveillance of rust virulence and identifica-
tion of resistance donors against important diseases and pests were very crucial 
activities in this direction. Pest risk analysis has been carried out for Karnal bunt to 
safeguard the national export potential. Integrated Pest Management (IPM) modules 
have been developed and validated for cost-effective and eco-friendly control of 
pests and diseases of wheat. In post green revolution period, a large number of 
research initiatives have been taken to diagnose and monitor pathogen inocula inside 
plants and soil with special reference to Karnal bunt, flag smut, leaf rust, and head 
scab diseases in wheat (Kashyap et al. 2020; Gurjar et al. 2017; Manjunatha et al. 
2018; Gupta et al. 2020). The long-term experiments under AICRP on Wheat and 
Barley have recommended the application of fungicides such as Propiconazole 25% 
EC (Tilt), Tebuconazole 25% EC (Folicur), Triadimefon 25% EC (Bayleton), and 
Difenaconazole for control of initial inoculum load or high disease pressure of fungal 
pathogens and their effective management. Efficient protection technologies have 
also been developed to control aphids (spray of imidacloprid @ 20 g a.i./ha) and 
termites (endosulfan, chlorpyriphos, and carbosulfan). Besides, several advanced 
breeding lines have been evaluated and screened under AICRP on wheat and barley 
against multiple pathogens to support the breeding program at various hot spot 
locations under artificially inoculated conditions in different agroecological zones, 
and potential resistance donors were identified for further utilization (Table 7.4). 

7.6.5 Quality of Indian Wheat 

A number of physical and biochemical parameters are associated with the quality of 
wheat. Targeting the surplus wheat and export potentials, the quality parameters 
have been standardized, and special emphasis was given to identify specific varieties 
of chapati, bread, biscuit, and pasta products. The quality requirements differ for 
various products like chapati, bread, biscuit, and pasta. Hard wheat with strong 
gluten (&gt;60 mL sedimentation value), &gt;12.0% protein, 5 + 10 high molecular 
weight glutenin subunit with 9 or 10 Glu-1 scores is required for making good bread, 
whereas weak and soft wheat with &lt;10.0% protein, weak gluten of &lt;30 mL 
sedimentation value, and ~50% alkaline water retention capacity (AWRC) is 
required for biscuits. Good pasta products can be prepared from hard durum wheat
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Table 7.4 Current spectrum of wheat diseases in different agroecological zones and identified 
potential resistance donors 

Diseases Distribution Potential disease-resistance donors 

Stripe 
rust 
(yellow 
rust) 

NHZ and NWPZ DBW 187, DBW 237, DBW 302, DBW 
303, HI 1628, HPW 467, HS 660, HS 
661, PBW 752, PBW 757, PBW 
763, PBW 771, PBW 796, PBW 
797, PBW 800, PBW 801, PBW 
820, PBW 821, PBW 822, PBW 
823, PBW 825, UP 3043, VL 3020, VL 
3021, WH 1270, DDW 47 (d), DDW 
48 (d), GW 1339 (d), GW 1348 (d), HI 
8800 (d), HI 8802 (d), HI 8805 (d), HI 
8807 (d), HI 8808 (d), HI 8811 (d), HI 
8812 (d), MPO 1336 (d), NIDW 1149 
(d), NIDW 1158 (d), WHD 963 (d) 

Leaf rust 
(brown 
rust) 

All the six agroecological zones but 
more prevalent in NEPZ, CZ and PZ, 
whereas in NWPZ, it appears late 

AKAW 4924, CG 1029, DBW 
187, DBW 237, DBW 302, DBW 
303, GW 491, GW 492, GW 509, HI 
1624, HI 1628, HI 1633, HI 1634, HPW 
451, HPW 459, HPW 467, HS 660, HS 
661, MACS 5051, NIAW 3171, PBW 
752, PBW 757, PBW 763, PBW 
771, PBW 796, PBW 797, PBW 
800, PBW 801, PBW 820, PBW 
821, PBW 822, PBW 823, PBW 
825, UP 3016, UP 3043, VL 3020, VL 
3021, WH 1270, DDW 47 (d), DDW 
48 (d), GW 1339 (d), GW 1346 (d), GW 
1348 (d), HI 8800 (d), HI 8802 (d), 
HI8805 (d), HI 8807 (d), HI 8808 (d), 
HI 8811 (d), HI 8812 (d), MACS 4059 
(d), MPO 1336 (d) NIDW 1149 (d), 
NIDW 1158 (d), WHD 963 (d), DDK 
1054 (dic) 

Stem rust 
(black 
rust) 

PZ and CZ AKW4924, CG 1029, DBW 302, GW 
491, GW 492, GW 509, HI 1624, 
HI1628, HI 1633, HI 1634, HPW 
451, HPW 459, MACS 5051, NIAW 
3171, PBW 820, UP 3016, GW 1346 
(d), GW 1348 (d), HI 8802, HI 8807 (d), 
HI 8811 (d), MACS4059 (d), NIDW 
1149 (d), NIDW 1158 (d), DDK 1054 
(dic) 

Karnal 
bunt 

Major problem in NHZ, NWPZ, minor 
in NEPZ 

AKAW4924, ALDAN, Altar 84, CG 
1029, CPAN 3045, DBW 110, DBW 
187, DBW 237, DBW 302, DBW 
303, GW 491, GW 492, GW 509, HD 
29, HI 1624, HI 1628, HI 1633, HI 
1634, HP 1531, HPW 451, HPW 
459, HS 660, HS 661, KBRL 
22, KBRL57, MACS 5051, NIAW 

(continued)
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Table 7.4 (continued)

Diseases Distribution Potential disease-resistance donors 

3171, PBW 34, PBW225, PBW 
752, PBW 757, PBW 763, PBW 
771, PBW 796, PBW 797, PBW 
800, PBW 801, PBW 820, PBW 
825, UP 3016, UP 3043, VL 3021, 
W48, W285, W382, W485, DDW 
47 (d), DDW 48 (d), GW 1339 (d), GW 
1346 (d), GW 1348 (d), HI 8800 (d), HI 
8802 (d), HI8805 (d), HI 8807 (d), HI 
8811 (d), MACS4059 (d), MPO 1336 
(d) NIDW 1149 (d), NIDW 1158 (d), 
DDK 1054 (dic) 

Spot 
blotch 

NEPZ, moderate in CZ, PZ and NWPZ HI1628, NIAW 3171, PBW 763, PBW 
800, UP 3016, VL 3020, WH 1270, HI 
8805 (d), DDK 1054 (dic) 

Powdery 
mildew 

NHZ and NWPZ but occurrence is 
erratic 

DBW 187, DBW 237, GW 491, GW 
492, HI 1628, HPW 451, HPW 459, HS 
660, HS 661, MACS 5051, NIAW 
3171, PBW 757, UP 3016, GW 1339 
(d), GW 1346 (d), HI 8800 (d), MACS 
4059 (d), MPO 1336 (d) 

Head 
scab 

NWPZ, NEPZ AKW4924, DBW 187, DBW 237, GW 
491, GW 492, HI 1624, HI 1628, HS 
660, HPW 451, HPW 459, HS 
661, MACS 5051, NIAW 3171, PBW 
757, PBW 763, PBW 797, PBW 
800, PBW 801, UP 3016, GW 1339 (d), 
GW 1346 (d), HI 8800 (d), MACS 4059 
(d), MPO 1336 (d), DDK 1054 (dic) 

Loose 
Smut 

NWPZ, NHZ, and NEPZ PBW 752, UP 3043 

Flag 
smut 

NWPZ AKAW 4924, CG 1029, DBW 
187, DBW 237, DBW 302, DBW 
303, GW 491, GW 492, GW 509, HI 
1624, HI 1628, HI 1633, HI 1634, HPW 
451, HPW459, HPW 467, HS 660, HS 
661, MACS 5051, NIAW 3171, PBW 
752, PBW 757, PBW 763, PBW 
771, PBW 796, PBW 797, PBW 
800, PBW 801, PBW 820, PBW 
821, PBW 822, PBW 823, PBW 
825, UP 3016, UP 3043, VL 3020, VL 
3021, WH 1270, DDW 47 (d), DDW 
48 (d), GW 1339 (d), GW 1346 (d), GW 
1348 (d), HI 8800 (d), HI 8802 (d), 
HI8805 (d), HI 8807 (d), HI 8808 (d), 
HI 8811 (d), HI 8812 (d), MACS4059 
(d), MPO 1336 (d) NIDW 1149 (d), 

(continued)



with &gt;12.0% protein and strong gluten strength of &gt;40 mL sedimentation 
value. The yellow berry incidence below 10%, &gt;7 ppm β-carotene content, and 
γ-gliadin 45 is also required for good quality pasta products. A large number of 
genotypes were evaluated for product quality and promising varieties were identified 
as mentioned in Table 7.5. Quality analysis was carried out on large scale with 
samples collected from different markets and warehouses across the country for the 
purpose. A wheat quality atlas of the country was also developed, and potential 
regions have been identified for product-specific varieties.
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Table 7.4 (continued)

Diseases Distribution Potential disease-resistance donors 

NIDW 1158 (d), WHD 963 (d), DDK 
1054 (dic) 

Wheat 
blast 

Not yet reported in India BH 1146, DBW 187, DBW 252, HD 
2967, HD 3171, HD 3249, HD 3293, 
Milan, SHA7 and Aegilops tauschi 
derivatives 

d durum, dic dicoccum, NHZ Northern Hills Zone, NWPZ North Western Plains Zone, NEPZ North 
Eastern Plains Zone, CZ Central Zone, PZ Peninsular zone 

Table 7.5 Product-specific varieties 

Product Varieties 

Chapati (score > 8.0/10.0) DBW 71, DBW 303, HD 2888, HD 2967, HD 3086, HD 3237, 
HI 1500, HI 1634, K 0307, MP 3288, NIAW 1415, PBW 
757, PBW 771, WH 1124 

Bread (loaf volume 
>600 mL) 

DBW 71, DBW 93, DBW 173, DBW 187, DBW 222, HD 2733, 
HD 3059, HD 3226, HD 3298, NIAW 1415, WH 1080, WH 
1105, WH 1124, WH 1254 

Biscuit (spread factor >10.0) DBW 168, HS 490, NIAW 3170 

Durum for pasta (Yellow 
pigment >7.0/9.0) 

UAS 446 (d), DDW48 (d), DDW 47 (d) 

7.7 Challenges Ahead 

7.7.1 Stagnating Yield Potential 

After realizing the benefits of the green revolution, steep growth in wheat produc-
tivity in frontline states of north-western India was achieved from 1975 to 1995 
through the churning of the gene pool and deployment of rust resistance genes in 
better agronomic backgrounds that resulted in the release of some of the landmark 
varieties. The increasing trend of wheat productivity in all the wheat areas has 
reached a kind of saturation. Recently released varieties in NWPZ have shown 
yield superiority, but the cultivars in other zones are not coming with desired yield



superiority which is one of the major concerns for the enhancement of wheat 
productivity. India is expected to produce 140 million tons of wheat by 2050 
(ICAR 2018). Progress made in irrigated and high-fertility wheat regions is signifi-
cantly higher than that in marginal areas experiencing water stress conditions 
coupled with heat stress during different crop growth stages. Since significant 
scope exists for improvement in these new areas, one of the major challenges is to 
develop high-yielding varieties having tolerance to abiotic stresses, especially heat, 
drought, salinity, and waterlogging. 
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7.7.2 Unavailability of Quality Seeds and Low Seed Replacement 

Physical and genetic purities of seed are of utmost importance for realizing the actual 
yield potential of the variety. The rate of seed replacement of newer varieties to the 
older ones is also an important factor to put the yield levels in high momentum. The 
major constraints in most of the area are the unavailability of pure-quality seeds and 
a substantially lower seed replacement rate at the farm level. An enhanced rate of 
seed replacement with advanced varieties will certainly result in a significant 
increase in total wheat production in the country. Thus, there is an urgent need to 
strengthen the seed production system and efficient distribution channel to bring 
more area under new wheat varieties in a lesser time period. 

7.7.3 Global Climate Change 

An impact of changing climate on crop production is expected for various latitude 
limits for all the crop seasons, and the wheat crop is the most affected during the 
winter season. Wheat is sensitive to high temperatures (both early and late heat), but 
the magnitude of damage depends on the existing ambient temperature, stage of crop 
development, and variety. The rise in temperature during December, the period of 
tillering, and subsequently higher temperatures above 30 °C during the February and 
March at the stages of anthesis, grain formation, and filling has affected the produc-
tivity of varieties having high yield potential. Effects of increased CO2 on wheat 
yields will normally be positive but the benefits vary with the prevailing temperature 
regime and availability of other inputs (water and nutrients). It is predicted that with 
the doubling of CO2, the ambient temperature in India would increase by 3 °C and 
will affect both the area and productivity of wheat. The encounter of negative effects 
of varying temperature regimes with the benefits of increased CO2 activity is, 
therefore, a critical issue for any assessment of wheat production under changing 
climate. It has been observed that an increase in temperature (about 2 °C) reduced 
potential wheat grain yields at most places. A net reduction in wheat production is 
anticipated due to a reduction in the growth period as a result of increased tempera-
ture. Besides, increased water requirements may be anticipated in all regions, which 
will highlight the importance of irrigation management in mitigating climate change.
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7.7.4 Restrictions to Germplasm Exchange in New IPR Regime 

The success of the green revolution in the early sixties and the later varietal 
improvement programs were dependent on the exchange of germplasm lines from 
exotic sources especially International Maize and Wheat Improvement Center 
(CIMMYT) that were used directly as a variety or as a donor parent in wheat 
improvement programs. However, due to the emergence of Intellectual Property 
Rights (IPR) as one of the major global issues, germplasm exchange between the 
countries is likely to be restricted, and this may influence the pace of genetic 
improvement in wheat. In the post-GATT scenario, the issue of Intellectual Property 
Rights gained significant importance and has become a major hurdle in germplasm 
exchange. Therefore, the Indian wheat program has to focus on prebreeding 
activities by utilizing unexploited elite sources like landraces, synthetics, and other 
available wheat genotypes for broadening the genetic diversity for higher yield 
potential. 

7.7.5 Reduced Total Factor Productivity and Imbalanced Use 
of Fertilizers 

The intensive tillage and over-exploitation of the natural resources i.e. soil and 
water, resulted in the situation where the benefits per unit input used in wheat 
cultivation are continuously declining, as evident from experimental as well as on 
farm trials. The earlier fertilizer recommendation of 120:60:40 kg NPK/ha has been 
enhanced to 150:60:40 or 150:60:60 kg NPK/ha in some soils. Over-mining of 
essential plant nutrients and burning of crop residues have increased widespread 
incidences of nutrient deficiencies. The deficiency of Zn in the rice–wheat system 
and S, Fe, Mn, and Bo from various pockets in the intensive cropping areas are 
severely reported. Farmers, in general, are not applying potash, and in some areas, 
soil status has dropped to such an extent that further nutrient mining may change soil 
nutrient status substantially. Potash and, to some extent, zinc are going to play a 
major role in sustaining and enhancing production and productivity. Further, an 
increase in fertilizer requirement in the future to get the same productivity level is 
also predicted in case of continuing unbalanced fertilization. The depleting soil 
organic carbon due to intensive tillage is also a very crucial factor at present that 
has reduced the water and nutrient-holding capacities of the soils. As a consequence, 
the frequency of irrigation has increased in those areas where water is not a limiting 
factor. This is further leading to deep percolation of water that often leaches down 
plant nutrients such as nitrogen and ultimately pollutes groundwater. 

7.7.6 Yield Gaps at the Farm Level 

The yield gaps were observed between the frontline demonstrations (FLDs) and the 
farmers’ practice at their own fields. The zone-wise analysis indicated the maximum



yield gap in CZ (13.26 q/ha) followed by NEPZ (9.46 q/ha), PZ (7.6 q/ha), NWPZ 
(7.35 q/ha), and NHZ (6.18 q/ha). The state-wise yield gap scenario (Fig. 7.3) 
indicated the highest yield gap in Assam (35.1%) and Jharkhand (32.2%), whereas 
a low gap was observed in the states of Haryana (5.5%) and Punjab (4.8%). This gap 
may be due to many related factors to seed, water, and technological adoptions, 
which can be bridged for enhanced overall production. 
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Fig. 7.3 Wheat yield gaps (%) in different states. (Source: AICRPW & B Progress report (Social 
Sciences), 2019–2020) 

7.8 Future Strategies for Enhanced Production 

The major thrust for increased wheat production will be in the agroclimatic regions 
of Indo-Gangetic plains, especially the northeastern plains zone, the plateau region 
of central India, and the hill regions. In potential regions, the production is expected 
to increase at a higher rate, whereas a slight increase in yield levels may be achieved 
in the remaining regions. These expectations are possible with technologies avail-
able at present; however, future research efforts would be focused on evolving new 
and innovative production technologies which can fit into the framework of chang-
ing wheat production scenario. Some key strategic issues are discussed for enhanced 
production levels. 

7.8.1 Breaking Yield Barriers Through Genetic Enhancement 

The existing yield plateau in the main wheat growing areas is a major concern, and 
enhanced efforts are being made to break the yield barriers. Genetic diversity will



continue to be the key factor, and new approaches need to be adopted to enhance the 
yield potential of wheat genotypes. In this regard, the future strategy will be aimed to 
introgress desirable gene complexes from unexploited germplasm and wild 
progenitors for creating new variability. There is ample scope in prebreeding 
activities, which has been evident in the better performance of synthetic wheat 
genotypes and their hybridization with bread and durum wheat. The winter × spring 
wheat hybridization has been an attractive tool to introgress genes for disease 
resistance, and resistance/tolerance to various abiotic stresses like drought and 
cold, etc. Among the other approaches, the exploitation of hybrid vigor through 
the development of hybrids is very promising for yield gains in marginal climatic 
conditions. 
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7.8.2 Molecular Approach for Precision Breeding 

One of the important goals of molecular biology is to expedite the breeding program 
with precision and accuracy to develop cultivars with specific traits within a short 
period of time. Significant achievements were made in the development of diverse 
types of molecular markers, the construction of molecular genetics, and physical 
maps with a reasonably high density of markers. The new molecular tools are 
potential armaments to revisit the origin and evolution of the wheat genome for 
the development of more precise QTL/gene analysis for the identification of markers 
associated with major economic traits for integration of marker-assisted selection 
(MAS) as a complementary strategy to conventional breeding methodologies of 
wheat improvement. The transformation approach, including newer techniques of 
CRISPER/Cas, can also be explored for improving popular varieties for missing 
traits like disease resistance, abiotic stress tolerance, and quality traits. 

7.8.3 Tailoring Wheat Genotypes in Cropping System Perspective 

Among the wheat-based cropping systems, the most extensively followed is rice– 
wheat cropping system. The continuity of this cropping sequence over the years 
showed a tendency for a decrease in wheat yield though the total productivity per 
year has increased. Other cropping systems like maize-wheat, potato-wheat, 
sugarcane-wheat, green pea-wheat, and cotton-wheat are being used in different 
parts. New resource conservation technologies have been developed for high output 
from wheat cultivation in a profitable and sustained manner. This needs to be 
accomplished with specific genotypes for cultivation under different RCTs. In this 
regard, the experiments showed a significant interaction between varieties and 
RCTS, suggesting differential behaviors of wheat genotypes. The hybridization 
and handling of segregating populations under different tillage options is the future 
thrust for developing tillage-specific genotypes for different agro-climatic zones.
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7.8.4 Improved Varieties for Abiotic Stresses 

The major abiotic stresses affecting wheat crops are heat, drought, salinity-alkalinity, 
waterlogging, etc. The wheat crop in the northern plains is exposed to higher 
ambient temperatures at the time of grain filling, whereas in central and peninsular 
parts, the crop is exposed to both early and late heat stress which significantly 
reduces productivity. Hence, breeding for heat tolerance is one of the major issues 
under prevailing stress environments. Most of the areas in the central and peninsular 
parts also experience water stress condition and suffers due to moderate to extreme 
drought conditions. The salinity and alkalinity condition is another threat that 
severely affects the productivity of wheat. Although resistant genotypes like KRL 
19, KRL 210, and KRL 21319 have been released for these suppressive soils, more 
efforts are needed to reclaim and provide highly tolerant genotypes for these 
conditions. It has also been observed that a large area sown to wheat (about 3–-
6 million ha) is subjected to irregular waterlogging at early stages of growth, 
particularly where soils are sodic. Genotypes tolerant to waterlogging have been 
identified, which need to be incorporated in high-yielding background. 

7.8.5 Disease-Resistance Breeding 

Among biotic stresses, rusts pose a major threat to wheat production in India. A 
limited number of known resistance genes are being used in our breeding programs 
so far. Also, isolated efforts have been made in characterizing the phenomenon of 
slow rusting (a trait of durability) in Indian wheat germplasm. At this juncture, none 
of the genes or their compatible combinations in use is capable of providing 
complete protection from stripe and leaf rusts. Therefore, it becomes imperative to 
make use of other unexploited genes, especially those derived from alien sources, to 
keep the rust epidemics under check in the Indian subcontinent. Although the 
resistant sources have been identified in international collaboration, the need is to 
develop high-yielding varieties with resistance to these races. Leaf blight and flag 
smut, Karnal bunt are other diseases of importance that needs to be taken care of for 
wheat production and exports. 

7.8.6 Access to Quality Seeds of Wheat 

The varietal diversity under commercial cultivation plays a barrier to any probable 
pathogenic hazard. From 1967 to 1977, there were only two varieties, namely 
Sonalika and Kalyansona, which occupied the largest area in the country. In 
1984–1985, there were 62 wheat varieties under the breeder seed program, of 
which indents of only 11 varieties were higher than 50 quintals, and a similar 
trend was continued till 2000 AD, although there was a mosaic of many promising 
varieties like HUW 234, HD 2285, HD 2329, WH 542, UP 2338, Raj 3765, PBW 
343, and PBW 373. There was a paradigm shift in seed demand with the



development of new varieties like GW 322, DBW 17, PBW 550, HD 2967, HD 
3086, among which PBW 343, HD 2967, and HD 3086 have larger areas and are 
considered mega varieties. Nowadays, although the seed indent of new varieties, 
including DBW 187 and DBW 222, is more than 1500 q, a large area under few 
varieties is also a concern in the event of the spread of disease. For quicker 
replacement of old, susceptible, and otherwise uneconomical varieties, the research 
institutes of the Indian Council of Agricultural Research (ICAR), State Agricultural 
Universities (SAUs), and State Departments of Agriculture should have tuned to 
develop a strategy to distribute and popularize a large number of newly released 
cultivars. To provide quality seed to the farmers, an extensive breeder seed produc-
tion program has been taken up under coordinated projects every year, and it has 
been further strengthened through the ICAR initiative of mega seed project involv-
ing SAUs and ICAR institutes to enhance seed research and production capabilities. 
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7.8.7 Conservation Agriculture 

The new resource conservation technologies have shifted the thrust to conservation 
agriculture. These technologies are capable of placing seeds of wheat directly in the 
presence of residues left after the harvest of rice/wheat by the combines, which at 
present is being burnt. This can tremendously contribute to conserving soil health by 
preventing the loss of nutrients. Conservation agriculture will help to retain the 
residue on the surface of the soil which will act as biological tillage, conserve the soil 
moisture, release nutrients to the plant as and when required, reduce soil erosion, 
keep a check on weeds and provide enabling environment that will ultimately help in 
the sustenance of soil and crop productivity. 

7.8.8 Integrated Water, Nutrient, and Weed Management 

Water management is the key to the development of sustainable agriculture for both 
irrigated as well as rainfed areas for which issues like water conservation, watershed 
management, sprinkler, and drip irrigation and FIRB (Furrow Irrigated Ridge-till 
and Bed-planting) system of wheat cultivation needs to be addressed with respect to 
increased nutrients and moisture use efficiency, avoiding lodging, reducing seed 
rates, minimizing weed infestation, better residue management and thus reducing 
cost of wheat cultivation without affecting the productivity. Attention is also needed 
for the balanced use of chemical fertilizers, the use of biofertilizers, and other 
sources for improving soil structure and texture. Sustained yield and soil productiv-
ity can be accomplished with balanced nutrient addition using animal manures/ 
locally available organic manures with commercial fertilizers. Some of the measures 
suggested to improve the micronutrient status of soils under intensive cultivation 
include the use of a leaf color chart for saving nitrogen, in situ green manuring 
without additional water, diversification with pulses, residue incorporation/retention, 
balanced application of fertilizer including micronutrients and development of



efficient micronutrient cultivars. Weeds play an important role in realizing the yield 
potential of any crop, and unfortunately, they are more resistant to abiotic stresses 
and their nutrient absorption capacity is also more than the wheat crop. As most of 
the area follows the wheat-based cropping system, there is a need to focus on 
integrated weed management and succession of weeds in a cropping sequence. 
Besides physical, cultural, and chemical means, biological weed control in wheat 
crops using plant pathogens, especially in the form of mycoherbicides, needs to be 
focused on in the future that will reduce the hazards of groundwater contamination 
and promote the food safety and protection of endangered species. 
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7.8.9 Diversification/Intercropping/Companion Cropping 

Since the area under wheat is not going to expand further, there is a need to evolve 
suitable genotypes and production technologies for various synergistic and parallel 
intercropping/companion-cropping systems. Under irrigated conditions, 
opportunities for intercropping of wheat exist with autumn-planted sugarcane and 
potato. This could be achieved by establishing inter-institutional linkages and an 
effective extension network. Continuous use of rice–wheat system is depleting the 
soil health and lowering the water table. Hence there is also a need to opt for the 
possible replacement of rice by some other remunerative crops i.e., maize, baby 
corn, soybean, etc., through FIRB technology so that burden on the water is reduced. 
Alternatively, there is a possibility to intensify the system through the introduction of 
leguminous crops like moong bean, which can also improve soil nutrient status. This 
will reduce the cost of cultivation and enhance crop productivity and water use 
efficiency. The present efforts to diversify the rice–wheat system need to be 
enhanced through support from policymakers and extension workers. 

7.8.10 Quality Improvement 

In changing socioeconomic scenarios and wheat consumption patterns, high demand 
is expected for value-added wheat products of bread, biscuit, and pasta. With 
tremendous human resources and emerging food processing technologies, India 
has a large scope to develop instant food industries; thus, the Indian wheat program 
has to strengthen to meet the quality requirement of the domestic and international 
markets. Increasing global demand, value addition potential, better price in the 
market, and resistance to Karnal bunt make durum an export commodity. Although 
high-yielding varieties with better quality are available, efforts are in progress to 
create variability for beta-carotene, protein content, semolina recovery, and hectoli-
ter weight, besides enhancing resistance against stripe, leaf, and stem rust. A 
systematic breeding program is also required to improve the nutritional and indus-
trial quality of bread wheat. Food processing industries can take maximum benefit 
from superior varieties of wheat if procurement and processing of grains at the 
market level are attended to with special care. Small-scale industries for wheat-based



value-added products needs to be encouraged in the rural sector to improve the 
livelihood of farmers and especially of the rural woman. 
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7.8.11 Strengthening Linkages and Policy Issues 

Strengthening research capabilities of centers for efficient transfer of technology 
through frontline demonstrations is crucial to bridge the yield gap between the 
experimental field and farmer’s field that can increase an additional wheat produc-
tion to the tune of approximately 30.0 million tons by the adoption of currently 
available technologies. Cooperation from state agricultural extension units and 
Agricultural Universities would be a key factor in this process. Krishi Vigyan 
Kendras (KVKs) can also play a significant role in the rapid transfer of technologies 
and needs to be strengthened and their activities should be strongly linked to national 
wheat research centers. The availability of agricultural inputs in time for the timely 
sowing of wheat can lead to a remarkable increase in wheat production. Policy 
support is needed to popularize and spread eco-friendly production technologies 
such as zero tillage, crop diversification, production and marketing of high-quality 
product-specific wheat, installation of modern silos to prevent post-harvest losses of 
grains, and development of wheat-based rural industries and cooperatives for pro-
ducing and marketing value-added products. Support for human resource develop-
ment through training at national and international institutes to acquire expertise in 
advanced science and technologies is also crucial. 

7.9 Conclusions 

The present yield plateau in most of the wheat zones except NWPZ is the major 
concern for achieving the targeted wheat production of 140 million tons by 2050. 
However, bridging the yield gap between experimental and farmers’ fields can solve 
the problem to a considerable extent. For future needs, the genetic enhancements of 
yield potential through the integration of conventional and molecular approaches 
with special reference to the changing climatic conditions, integrated management of 
resources, and incorporation of resistance genes to various biotic and abiotic stresses 
are very significant factors. The quality of wheat will continue to be one of the major 
foci of research. With support from farmers, policymakers, and extension units, it is 
expected that present technologies can be further refined and popularized so that 
wheat production can be enhanced to fulfill future demand. 
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Maize and Millets 8 
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Abstract 

Maize is an important cereal crop in India, which has the highest production and 
productivity in the world after rice and wheat. In India, cultivation is done on an 
area of 197.20 million ha with a global production of 1148 million tons and 
average productivity of 5.82 tons/ha productivity. The maize production in the 
country has increased from 2.0 to 30.24 million metric tons from 1949 to 2020 
with an average annual growth rate of 3.90% and presently it occupies a 9.7-
million ha area with a mean yield of 3.12 tons/ha. Similarly, various millet 
including sorghum, pearl millet, finger millet, and small millets (barnyard millet, 
proso millet, kodo millet, and foxtail millet) are grown throughout the year in the 
whole country. Millets can be grown in arid and semi-arid types of climate due to 
their less water requirement. Like maize, it can be used for feed, food and 
different industrial applications and due to its nutritional value it is called nutri-
cereal. The historical view of production, area, and productivity of different 
millets and maize during the green revolution and post-green revolution indicated 
that there are tremendous changes. Production and productivity increased during 
the time. The present book chapter will cover the historical changes in terms of 
production, productivity and area for millets and maize with current technologies 
and future perspectives. 
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8.1 Introduction 

More crop diversity is present in India due to variations in soil, rainfall, and climate. 
Different coarse cereals like maize, sorghum, pearl millet, finger millet, and small 
millets (barnyard millet, proso millet, kodo millet, and foxtail millet) are grown 
throughout the country in diverse ecology. Further, sorghum, pearl millet, finger 
millet, maize, and small millet are also called nutri-cereals due to their better 
nutritional value. Among the coarse cereals, maize is the most important cereal 
crop in the world with huge yield potential among all the cereal crops; therefore, it is 
called as queen of cereals. Maize, with its wider adaptability, is cultivated in all parts 
of the country during all three seasons. It is mainly a kharif crop but in some states, 
viz., Bihar, West Bengal, and Peninsular India, it is grown as a winter/rabi crop and 
in some states such as Punjab, Haryana, and western Uttar Pradesh as a summer crop 
also (Rakshit and Chikkappa 2018). It is used as both food and feed. Further, every 
part of maize has some economic value like grain, leaves, stalk, tassel, and cob 
which can be used to produce a large number of food and non-food products. In 
addition, maize is an industrial crop and is used as raw material in several industries 
like starch, oil, alcoholic beverages, food sweeteners, pharmaceuticals, cosmetics, 
textile, paper, film, tyre, food processing, and bio-fuel to develop thousands of 
products. Apart from these specialty corn becoming more popular in the last few 
years, it includes sweet corn, baby corn for ensuring livelihood and green fodder 
security in peri-urban areas, and popcorn as a nutritional alternative snack (Kumar 
et al. 2012). 

Millets refer to cereal grasses grown primarily as grain and feed crops. Millets 
require less water than any other grain crop and provide assured harvests in arid, 
semi-arid, and mountainous regions of tropics and sub-tropics where monsoon 
failure and droughts are frequent, soil fertility is poor, and land terrain is challenging. 
Millet grain forms the main staple for farm households in several old-world countries 
and among the poorest people. Millet straw is a valuable livestock feed, besides 
having other uses as a building material and fuel, in those farming systems. There are 
major millets—sorghum and pearl millet—and several small grain millets—finger 
millet (ragi), foxtail millet (kangni), kodo millet (kodo), proso millet (cheena), 
barnyard millet (sawan), brown top millet, and little millet (kutki). These are suitable 
for fragile and vulnerable environments and sustainable and green agriculture. 
Promoting these crops can lead to more efficient natural resource management and 
a holistic approach to sustaining precious agro-biodiversity. 

Maize and millet grains are nutritious with good quality protein, rich in minerals, 
dietary fibre, phytochemicals, and vitamins. A cursory look at the proximate com-
position of various food grains (Table 8.1) would reveal the distinct nutritional 
superiority of millets over major food grains such as wheat and rice. Millet, by its
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unique grain properties, exhibits considerable opportunities for diversification of its 
food use through processing and value addition. The regular use of millet can lead to 
significant health benefits across all sections of society. The area, production and 
productivity of coarse cereals also underwent a significant change since indepen-
dence in India (Table 8.2).
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8.2 Maize 

Maize is the third most important food crop after rice and wheat, with the highest 
production and productivity globally (Kumar et al. 2012). It is more versatile due to 
its diverse applications such as food, feed, fodder and in the recent past as a source of 
bio-fuel (Rakshit and Chikkappa 2018). Further, maize has wider adaptability and is 
grown in more than 170 countries worldwide, including tropical, sub-tropical, and 
temperate regions. Globally, maize is being cultivated in an area of 197.20 million ha 
with 1148 million thousand tons of production and 5.82 tons/ha productivity 
(FAOSTAT 2019). The production of maize increased from 265 to 1148 mil-
lion thousand tons from 1970 to 2019, with an average annual growth rate of 
3.41% (FAOSTAT 2019). Out of world maize production, India produces 28.8 mil-
lion tons in an area of 9.5 million ha with 3.0 tons/ha productivity. Among the total 
production of maize, 60% is used for feed, 14% for industrial application, 13% for 
direct food, 6% for processed food, and around 7% for export and other purposes 
(Rakshit and Chikkappa 2018). India at sixth rank in terms of production after the 
United States (346 metric tons), China (260 metric tons), Brazil (102 metric tons), 
Argentina (51 metric tons), and Ukraine (35.9 metric tons). Both area and production 
of maize have increased in India from 1950 to 2019 with 3.3–9.5 million ha area and 
1.7 metric tons to 28.8 metric tons, respectively. This impressive growth of maize in 
India is the result of higher productivity and cultivation area expansion in different 
states like Uttar Pradesh, Bihar, Rajasthan, and Madhya Pradesh. However, the 
maize area increased in the peninsular region after 1980s which represents around 
40% and 52% in terms of area and production, respectively. In India, maize is a 
kharif season crop but its area of cultivation is increasing in rabi and spring seasons 
also (Yadav et al. 2015). Maize has recorded the highest Compound Annual Growth 
Rate (CAGR) of 0.68% in yield and 0.73% in production among all the cereals. 

Area and Production status of maize The total maize production of India was 
1.73 million tons in 1950–1951 which reached double to 3.46 million tons by 
1958–1959 on account of a 35% increase in area and 48% in yield (Yadav et al. 
2015). Further, the annual maize area increased at 109 ha/year while the yield 
increased by 24.7 kg/ha/year and this figure reached in 1960–1969 at 168 ha/year 
and 7.4 kg/ha/year in terms of area and productivity, respectively (Fig. 8.1). But in 
the 1970s, the productivity gain was negative at -6.9 kg/ha/year while yield 
enhanced significantly again 29 kg/ha/year in the 1980s with a stable area in both 
decades. After that, the yield reached maximum growth of 37 kg/ha/year in the 
1990s and 46 kg/ha/year in the next decade. Presently yield enhancement is over 
60 kg/ha/year.
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Fig. 8.1 The decadal growth rate of maize area and productivity in India during 1950–2020 

8.2.1 Historical Perspective of Maize Improvement in India 

8.2.1.1 Green Revolution Period 
Maize has the highest productivity among cereals. Considering this fact and with the 
support of the Rockefeller Foundation, ICAR established the All India Coordinated 
Maize Improvement Project (AICMIP) in 1957. AICMIP was the first project of its 
kind among all the crops. The major objective of AICMIP was the development and 
release of widely adapted high-yielding cultivars, which are resistant to major 
diseases and insect pests, through extensive multidisciplinary and multi-location 
testing. Further, low temperature during the winter season in the north Indian centre 
was the major hindrance to the advancement of breeding material. To address this 
issue, Winter Nursery Center was established in Hyderabad in 1962 for the advance-
ment of the breeding material in off-season specifically in the winter (rabi) season. 
Based on the AICMIP network, a total of five agro-climatic zones were established 
in the entire country. 

8.2.1.2 Improvement of Maize 
After the establishment of AICMIP in 1957, major emphasis was given to the 
introduction of exotic germplasm to strengthen the maize improvement programme. 
In 1961, four double-cross hybrids namely Ganga 1, Ganga 101, Ranjit, and Deccan 
were released for cultivation using the exotic inbred lines. After that, a set of double 
top cross hybrids were released, viz., Hi-starch and Ganga Safed 2, Ganga 5, etc. to 
make seed production easier. The increased demand for maize seeds and some 
limitations of hybrid seed production in the Indian maize programme realized to 
took some strong decisions focusing on base germplasm with two major objectives



(1) to release synthetic/composite varieties as cultivars for commercial cultivation 
where farmers could use seeds from his harvest up to 3–4 years with a minimum 
compromise with productivity, and (2) to improve the population base enabling 
extraction of more productive inbreds towards hybrid development. Using the exotic 
and native germplasm populations through the systematic crossing, six composite 
cultivars, viz. Vijay, Kisan, Amber, Vikram, Sona, and Jawahar were released for 
cultivation in 1966. Among these Vijay was more popular not only in India but also 
in adjoint countries like Pakistan and Nepal with different names (Dhillon and Malhi 
2006). In the 1960s two mutants namely, Opaque-2 (O2) with high lysine and 
tryptophan and flory-2 ( fl2) with high methionine were introduced which opened 
the research area on quality protein maize (QPM). Using the Opaque-2 (O2) mutant, 
three QPM composites with soft endosperm were released, viz. Shakti, Rattan, and 
Protina but not became popular due to more susceptibility of diseases and storage 
pests. Later on, Shakti 1 was released with hard endosperm. 
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8.2.1.3 Post-green Revolution Period 
The AICMIP project was upgraded into the Directorate of Maize Research in 1994 
and then full-fledged institute the Indian Institute of Maize Research in 2015. 
Presently institute carries all the basic, strategic, and applied research for the overall 
improvement of maize in India and big AICRP on maize network with 30 regular, 
2 ICAR, and 30 voluntary centres over the country (Annual maize progress 
report 2020). 

Hybrid Development in Maize 
Towards the development of productive hybrids work focus was made on heterotic 
pools to extract the promising inbred lines from different pools to develop high-
yielding single cross hybrids. In this series introgression of the temperate germplasm 
into tropical material was also carried out. As a result, a large number of inbred lines 
were derived and screened for yield and adaptability. Using stable and high-yielding 
inbred lines pair, the first single cross hybrid “Paras” by Punjab Agricultural 
University. Further, it was observed that single cross hybrids were more productive 
than DC or DTC hybrids. During the twentieth century, the major focus was given to 
developing the single cross hybrid for normal grain, QPM, and other specialty corns. 
Maize breeders developed several normal maize single cross hybrids and dozens of 
QPM using hard endosperm QPM inbred lines during that period. Around 50,000 
hybrids were developed through the public/private sector till 2019 for different 
states. Among the 500 cultivars released till 2019, a very less number of OPVs, 
and currently, 65% of the maize area is covered under hybrids. In 2008, the first 
marker-assisted selection (MAS) derived QPM hybrid, QPM Vivek-9 was released. 
The series of MAS-derived QPM hybrids, viz., Pusa HM-8 Improved (AQH-8), 
Pusa HM-9 Improved (AQH-9), and Pusa HM-4 Improved (AQH-4) were released 
by IARI, New Delhi. Other than these specialty corn like sweet corn, popcorn, and 
baby corn is one of the important aspects whose demand is increasing every year. 
Further, there is a green fodder shortage in India and this can be addressed through 
the cultivation of baby corn and sweet corn as by-products and no additional land



required for it (Kumar et al. 2012). The food habit of humans is changing due to 
urbanization and improved economic status, in this context specialty corn has 
become more popular in peri-urban areas of the country. 
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Productivity Challenge 
The productivity of maize growing in the rabi/spring season (4.1 tons/ha) is nearly 
double of kharif season (2.3 tons/ha). However, the area under kharif maize 
represents 82.3% and among this 75% area is under rainfed conditions. While rabi 
and spring maize is predominantly grown in irrigated conditions. The kharif maize is 
adversely affected by the changes that occurred in the climate and extreme weather 
conditions like uneven rainfall, drought, flooding, and high temperature. Other than 
these some biotic stresses also reduced the kharif maize productivity, viz. leaf 
blights, post-flowering stalk rot (PFSR), banded leaf and sheath blight (BLSB), ear 
rots (ER), downy mildew (DM), borers, and weeds. 

Hybrid Production Technology 
The maize production has been increased significantly through an increase in area 
and yield gains. Further, yield gains in any crop can be achieved through both 
genetic gains and better agricultural practices. Hence, location-specific agronomic 
practices have been developed with an emphasis on sowing date, plant population, 
and fertilizer application to enhance maize productivity. The optimum plant popula-
tion is 74–80,000/ha, 66,000/ha, and 80–90,000/ha for kharif irrigated, rainfed and 
rabi maize respectively. Nutrient management such as N-P-K @ 150:75:75 in 
irrigated, 120:40:40 for rainfed, and 250:105:105 for rabi season along with 
10 tons/ha FYM reported getting more yield. On the other hand, to apply nitrogen 
in two split doses by the traditional method, application 4–5 times give the best 
result. Further, resource conservation technologies (RCT) reduced the timeline 
window between kharif harvest and sowing of rabi crop, enhancement of organic 
carbon, nutrient use efficiency, and conserving moisture. After harvesting kharif 
crop, farmers waste their time preparing land but zero tillage technology provides the 
opportunity for maize sowing without land preparation by a maize bed planter and 
ferti-cum-seed planter. 

Plant Protection 
There are several chemical control measures available to protect maize crops from 
diseases and insect pests but now time to include eco-friendly control measures. 
Eventually, releasing of pest resistance cultivars is one of the major priority areas 
since the beginning and continued up to date. In maize, biopesticides are relatively 
effective to control pests but it is not a regular practice like chemical control. 

Mechanization in Maize 
Due to the continuous shortage of agricultural labour, mechanization help with 
timely farm operations, saving natural resources, low cost of cultivation, good 
quality product, and improving the living standard of farmers. In Indian conditions



land preparation activities done by machinery and some extent sowing also but 
harvesting and post-harvest handling are mainly manually based. 
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Post-harvest Handling 
Around 20% of losses are reported at the storage level and 5% during harvesting, 
threshing, cleaning, and harvesting, etc. Further, the post-harvest maize quality is 
majority dependent on weather and storage conditions. The proper grain storage and 
drying facility for maize crops are not available in India. Hence, maize grains are 
damaged during normal storage condition. However, some secondary plant 
metabolites have been identified to control storage pests such as leaves of Ixora 
coccinea, Ageratum conyzoides, and Erythrina indica. 

Maize Value-Addition 
Dry milling, wet milling, and alkali processing are the three major processes of 
maize grain as raw materials. After processing the end products use to produce more 
than thousands of products for daily life by different enterprises. The products 
prepared after dry milling are grids, coarse meal, germ, a fine meal, flour, and 
hominy feed. The different ready-to-eat snacks such as cornflakes, porridges, and 
wallpaper paste are prepared using the grids. There are a series of maize-based 
ready-to-cook and ready-to-eat products have been developed by the Rajendra 
Prasad Agricultural University, Dholi and the University of Agricultural Sciences, 
Manyda. Thus, maize is having huge potential to use in processing and value 
addition by involving women and youth. Many products like pasta, vermicelli, 
cornflakes, Jelly, ice cream cones, sewaian, flour, dalia, suji, multigrain flour, 
maize grid, namkeen products, etc. can be developed. 

Potential Scaling Up of Proven Technologies 
The main challenge to enhancing maize productivity is that the developed 
technologies are not reaching the stakeholders. Further, youth is the biggest strength 
in the Indian economy but the biggest challenge is to retain them in agriculture. 
However, they can be potentially utilized for the effective dissemination of knowl-
edge and out-scaling innovations to fulfil the productivity gap. For this, a detailed 
action plan needs to be developed involving all stakeholders, viz., planners, 
researchers, farmers, processors, and traders in Public-Private-Producer-Partnership 
(PPPP) mode. The challenge of increased productivity may be attained by enhancing 
breeding efficiency, seed production of single-cross hybrids, production and protec-
tion technologies, development of maize value chain, and policy interventions. The 
strategies to enhance the breeding efficiency through strengthening the pre-breeding 
activity, genetic enhancement for stress tolerance, use of frontier technologies for 
enhancing the genetic gain like doubled haploids, MAS, and development of 
genetically modified maize with their adoption. 

Future Strategy 
There is tremendous maize growth gained in terms of production after the green 
revolution through the adoption of improved technologies. Further, maize demand is



expected to rise by 45 million metric tons by 2030 and the major users of this 
demand would be the poultry and piggery sector, processed industry, dairy sector, 
and biofuel production. Currently, high-yielding single cross hybrids are available to 
achieve the production target in 2025 to fulfil the demand. In addition, focussed 
research programmes are needed on the diversification of germplasm, development 
of climate-resilient hybrids, application of advanced tools, extension, and populari-
zation of improved technologies and production and protection practices to touch the 
target production. 
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8.3 Sorghum 

Sorghum [Sorghum bicolor (L.) Moench] is the fifth most important cereal crop after 
wheat, rice, maize, and barley across the world. It is mostly cultivated in the arid and 
semi-arid tropics for its better adaptation to drought, heat, salinity, and flooding. It is 
the main staple food for the poorest and most food-insecure people of the world. 
Sorghum is reported to be cultivated across 105 countries representing 41.1million ha 
with an average production of 58.6 million tons. 

Sorghum is the fourth most important cereal crop in India. This crop was one of 
the major cereal staples during 1950s and occupied an area of 17.36 million ha but 
has come down to 4.48 million ha in 2020. The decline has serious concerns about 
the cropping systems and the food security of these dryland regions of the country. 
However, the productivity has increased from 387 kg/ha in 1955–1956 to 1018 kg/ 
ha in 2019–2020, with a threefold increase. Though kharif sorghum yield growth 
rates were relatively higher, it could not offset the declining growth rates in produc-
tion, as the growth rates in kharif sorghum area were negative and high. Just the 
opposite is true in the case of rabi sorghum where the area decline was not sufficient 
to undermine the yield growth, thus resulting in positive production growth rates. 
The overall increase in productivity of kharif is far more than rabi sorghum. 
However, the loss in both area and production is greater in kharif sorghum than in 
rabi. The coverage with high-yielding varieties (HYVs) of sorghum is nearly 80% in 
kharif and the potential under moderate input is also high (4–6 tons/ha) (Figs. 8.2 
and 8.3). 

Sorghum genetic resources At the global level, sorghum germplasm collections 
consist of approximately 168,500 accessions; the largest collection (21% of global 
total) is held at the International Crops Research Institute for the Semi-Arid Tropics 
(ICRISAT), Patancheru, India. The total accessions consist of 18% landraces, old 
cultivars, 21% advanced cultivars breeding lines, and 60% mixed categories of 
unknown material, while very few are wild relatives (Upadhyaya et al. 2009). 
ICAR-Indian Institute of Millets Research (IIMR) is one of the National Active 
Germplasm Sites (NAGS) to act as a national repository for sorghum germplasm in 
India. The objectives of the Millets Gene bank are collection, augmentation, conser-
vation, characterization, evaluation, documentation, distribution, and utilization of 
millets genetic resources (Elangovan 2020).
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Fig. 8.2 Area and production of sorghum in India from 1955–1956 to 2019–2020 (Area: mil-
lion ha; Production: million tons) 
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Fig. 8.3 Yield of sorghum in India from 1955–1956 to 2019–2020 (Yield: kg/ha) 

8.3.1 Historical Perspective of Sorghum Improvement in India 

8.3.1.1 Green Revolution Period 
Focused sorghum research in India started with the establishment of the Project on 
Intensification of Regional Research on Cotton, Oilseeds and Millets (PIRRCOM) in 
1958. Under the PIRRCOM sorghum research was led by the Indian Agricultural 
Research Institute (IARI), New Delhi. In 1966 the sorghum research was shifted



from New Delhi to Hyderabad as a part of the IARI Regional Research Station. 
Realizing the success of hybrid sorghum in the United States of America, in 1962, 
the Indian Council of Agricultural Research (ICAR) launched the Accelerated 
Hybrid Sorghum Project. In December 1969, All India Coordinated Sorghum 
Improvement Project (AICSIP) was launched from the existing IARI RRS in 
Hyderabad. 
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8.3.1.2 Post-Green Revolution Period 
Subsequently in 1987 a full-fledged “National Research Centre for Sorghum 
(NRCS)” was established which has evolved into the Indian Institute of Millets in 
2015. Currently, AICSIP functions with a total of 20 centres spread across nine 
states. 

Grain Sorghum Improvement 
Sorghum improvement till the 1960s focused on selections from local landraces, 
which were tall with low harvest index, photosensitive, late maturing after cease of 
monsoon, and with localized adaptation. With the launching of the Accelerated 
Hybrid Sorghum Project through the Rockfellar Foundation a wide range of germ-
plasm was made available in India. This led to significant improvement principally 
through the manipulation of plant height and maturity. Through these coordinated 
efforts, the Indian National programme over the years released 41 hybrids and 
42 open-pollinated varieties under the kharif sorghum (Rainy season), Rabi sorghum 
(Post-rainy season), sweet sorghum, and forage sorghum. 

Hybrid Sorghum Development in Kharif 
Sorghum is one of the crops in which heterosis could be exploited. The Adoption of 
the first commercial hybrid (CSH 1) in India over much of the rainy season sorghum 
area, while local varieties confined to fairly narrow specific environmental niches is a 
testimony to the wide adaptability of hybrids over the varieties (Rao 1982). Indian 
public sector agricultural research agencies have been breeding improved sorghum 
genotypes since the early part of the twentieth century. Hybrid sorghum research in 
India started in the early 1960s. The major achievement of the Accelerated Hybrid 
Sorghum Project was the availability of male sterile (MS) lines from the USA and 
diverse germplasm from Africa and southeast Asia. Using these MS lines, three 
hybrids, viz., CSH 1, CSH 2, and CSH 3 were released during the first decade of 
hybrid sorghum research. Out of these CSH 1, released in 1964, gained much 
popularity among farmers. In subsequent decades limitations of hybrid seed produc-
tion and low stover yield of released hybrids were addressed with the release of CSH 
4, CSH 5, and CSH 6. Out of these, CSH 6 with its early maturity gained much 
popularity. Among the kharif hybrids CSH 1, CSH 5, CSH 6, CSH 9, CSH 14, and 
CSH 16 need special mention as CSH 5 and CSH 6 had a yield potential of 3.4 t/ha 
which was raised to 40 t/ha in CSH 9 and further raised to 41.0 t/ha in CSH 16, CSH 
23, CSH 25 and CSH 30 with distinct superiority in grain and fodder quality. The 
release of more than 40 hybrids at the national level and several at state level is a 
standing testimony to the success of the Indian sorghum improvement programme



(Prabhakar et al. 2015). So far, outstanding and significant progress has been 
achieved in the case of kharif hybrids, but a great deal is yet to be done to exploit 
heterosis in breeding hybrids for rabi cultivation. 
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Varietal Improvement in Kharif Sorghum 
The first outcome of focused sorghum breeding in India was the release of an early 
maturing variety, CSV 1 in 1968. The next decade witnessed the release of five 
varieties, viz. CSV 2 to CSV 6. Out of these CSV 2 and CSV 3 were of early type, 
while CSV 4 and CSV 5 were dwarf, and CSV 6 was a relatively tall variety. Zera-
zera landrace from Ethiopia was brought into use to incorporate resistance against 
biotic stresses. Further tan plant pigment got incorporated in all kharif nurseries to 
confer resistance against leaf diseases. During the 1980s, five varieties, like SPV 
462, CSV 9 to CSV 13 (K and R) were released. Further using SPV 462 and CSV 
13 in crossing programme a high-yielding dual-purpose variety, CSV 15 was 
released in 1996. Two new varieties were developed from the derivatives of crosses 
involving this variety, viz. early maturing CSV 17 for light soils and drought-prone 
areas and improved dual-purpose variety CSV 20. This was followed by the release 
of two more improved dual-purpose varieties, viz. CSV 23 and CSV 27. Besides, 
central releases, there are several varieties released for specific agroecologies of 
different states (Prabhakar et al. 2015). 

Varietal Improvement in Rabi Sorghum 
The most popular rabi variety, M35-1 was released in 1969 from Mohol, 
Maharashtra. It has remained popular among farmers over the past five decades for 
its stable performance under rainfed situations with above-average yield and bold 
lustrous grains. Most of the present-day improved varieties are the result of pure-line 
selection practiced among the local/popular varieties and their crosses. The popular 
varieties have lustrous, bold, and globular grains. At the national level, the first rabi 
variety CSV 7R was released in 1974. Subsequent releases are CSV 8R, Swati, CSV 
14R, Sel 3, Phule Yashoda (CSV 216R), CSV 18R, CSV 22R, CSV 26R, and CSV 
29R. Besides these, the varieties have also been released by states at the regional 
level. Soil depths play an important role in rabi sorghum growing ecologies. In the 
recent past efforts have been made to develop varieties adapted to specific soil 
situations (shallow, medium, and deep) (Prabhakar et al. 2015). 

Hybrid Development in Rabi Sorghum 
Some of the early rabi hybrids released are CSH 7R and CSH 8R in the year 1977 
and CSH 12R in 1986. Lack of acceptable grain quality with adaption to different 
rabi agro-ecological situations among release hybrids was the principal reason 
behind the low popularity of rabi hybrids among farmers. The second phase of 
rabi sorghum breeding with emphasis on hybrid cultivars, initiated in the late 1980s, 
resulted in central release of CSH 13R, CSH 15R, CSH 19R in 1990s and CSH 39R 
in 2019. None of the hybrids gained popularity due to inferior grain and fodder 
quality as compared to M 35-1. Lack of diversity, grain lustre, and sensitivity to low



temperatures and terminal moisture stress of the parental line are the principal 
bottleneck in rabi hybrid breeding (Rao 1982). 
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Forage Sorghum Improvement 
Forage sorghum, with an area of 3.0 million ha area in India, is principally cultivated 
in Punjab, Haryana, Delhi, western and central Uttar Pradesh, and adjoining areas of 
Madhya Pradesh. In these states, it is grown during kharif and summer seasons, 
either as single-cut (mostly in kharif, as rainfed) or as a multi-cut (summer and 
kharif) forage crop. The major objectives in forage sorghum breeding are to develop 
varieties both for single-cut and multi-cut with high tonnage, better quality, good 
seed yield, and resistance to insect pests and diseases. Concerted breeding efforts for 
the improvement of forage sorghum were initiated in 1970 under AICSIP. Multi-cut 
hybrids developed at Pantnagar, CSH 20MF and CSH 24MF have improved fodder 
yield and quality. Some of the recent single-cut forage sorghum varieties are CSV 
30F and CSV 32F. The latest forage cultivars possess improvement in terms of 
resistance to leaf spot diseases, stem borer, and seed yield. Besides these several 
private-sector hybrids are also popular for multi-cut forage. 

Sweet Sorghum Improvement 
Sweet sorghum, similar to grain sorghum except for its juice-rich sweet stalk, is 
considered to be a potential bio-ethanol feedstock, and is expected to meet food, 
feed, fodder, fuel, and fibre demands. Some sweet sorghum lines contain 15–23% 
soluble fermentable sugar (by comparison, sugarcane has 14–16%). Early efforts 
towards sweet sorghum improvement were made at Nimbkar Agricultural Research 
Institute (NARI), Phaltan, Maharashtra. Sweet sorghum research under AICSIP 
started in 1989. Concerted research efforts during the last two decades have resulted 
in excellent sweet sorghum varieties and hybrids for use in ethanol production and 
for use as green/dry fodder. The productivity ranged between 40 and 50 tons/ha. 
Stalk yields obtained during rabi are 30–35% less with reduced sugar content than 
kharif and summer-grown crops. 

8.3.2 Future Strategy 

Sorghum improvement efforts have succeeded in increasing the productivity of 
kharif sorghum but could not impact much in rabi sorghum. Sorghum as a health 
food is another area that needs concerted efforts to diversify sorghum uses. Sorghum 
production can only be enhanced with appropriate policy support by the govern-
ment. The various factors leading to the decline of sorghum crop in Indian agricul-
ture is a matter of concern. Sorghum-based agricultural systems need to withstand 
biotic and abiotic stresses because of their cultivation mostly in unfavourable soil 
and climatic conditions (Prabhakar et al. 2015). Further, they also need to adjust to 
changing economic (prices and income) and policy-induced stresses as has been the 
case in India where subsidized wheat and rice are supplied through the public 
distribution system. With this background in view, there is a need to embark on



future approaches for improvement. Promotion of genetic diversity, cropping system 
stability and economic advantage or parity will become the major criteria. The 
genetic approaches should promote genetic diversity and cropping system perfor-
mance and stability. 
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Climate change is expected to influence the sorghum area and its importance 
globally, in addition to the biotic and abiotic challenges. Considering all these 
points, crop improvement research in sorghum needs to be oriented towards genetic 
and cytoplasmic diversification for high yield and large grain, shoot fly and grain 
mould resistance, drought and salinity tolerance, post rainy season adaptation, sweet 
stalk traits, and grain micronutrient density. Grain and stover quality needs special 
attention to enhance the market value. Concerted efforts to diversify sorghum as 
health food are another area that needs attention. Sorghum production can only be 
enhanced with appropriate policy support by the government. In India, with the 
inclusion of sorghum and other millets in the national food security mission, there is 
a ray of hope that sorghum will regain a new place in the food basket of the country. 

8.4 Pearl Millet 

Pearl millet [Pennisetum glaucum (L.) R. Br.] is the most widely grown drought-
tolerant warm-season coarse grain cereal cultivated on 30 million ha worldwide. It is 
grown mainly in the arid and semi-arid tropical regions of Africa (18 million ha) and 
Asia (10 million ha) with India accounting for the largest area (>9 million ha). It is 
also consumed as feed and fodder for livestock and is the sixth most important cereal 
crop in the world next to maize, rice, wheat, barley, and sorghum. In India, pearl 
millet is the fourth most widely cultivated food crop after rice, wheat, and maize. It 
occupied an area of 6.93 million ha with an average production of 8.61 million tons 
and productivity of 1243 kg/ha during 2018–2019. 

Pearl millet is cultivated in regions with characteristically low and erratic rainfall, 
high mean temperature, high potential evaporation, and infertile, shallow soils with 
poor water holding capacity, i.e. under the most adverse agro-climatic conditions 
where other major crops like maize and sorghum fail to produce economic yields. 
Despite this, pearl millet has a remarkable ability to respond to favourable 
environments because of its short developmental stages and capacity for high growth 
rate, thus making it an excellent crop for the short growing season and under 
improved crop management. 

Pearl millet is critically important for food and nutritional security. It possesses 
several advantages such as early maturing, drought tolerance, minimal inputs, and is 
mostly free from biotic and abiotic stresses. Its grains have high protein content, a 
balanced amino acid profile, and high levels of iron, zinc, and insoluble dietary fibre. 
Pearl millet is gluten-free and retains its alkaline properties even after being cooked, 
which is ideal for people suffering from gluten allergy and acidity.
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8.4.1 Coordinated System of Testing 

8.4.1.1 Green Revolution Period 
Research on pearl millet improvement in India is carried through the All India 
Coordinated Research Project on Pearl Millet (AICRP-PM) which is a continuing 
central plan project established in 1965 by Indian Council of Agricultural Research 
(ICAR) under the name of All India Coordinated Millet Improvement Project 
(AICMIP) with its headquarters at the Indian Agricultural Research Institute, New 
Delhi. The headquarters of the project were shifted to Pune in 1977. 

8.4.1.2 Post-green Revolution Period 
Later on, pearl millet was separated from the rest of the millet crops and the All India 
Coordinated Pearl Millet Improvement Project (AICPMIP) was established in 1985 
with its headquarters at Pune as an independent Coordinated project. The ICAR 
shifted, in July 1995, the headquarters of AICPMIP to Jodhpur in the state of 
Rajasthan, the state which occupies nearly half of the pearl millet area of the country. 
The AICRP on Pearl millet headquarters is located at ARS, Mandor, Jodhpur which 
now comes under Agriculture University, Jodhpur. The AICRP on Pearl millet has a 
network of 13 AICRP centres in Rajasthan, Gujarat, Maharashtra, Karnataka, 
Andhra Pradesh, Madhya Pradesh, Punjab, Haryana, and Tamil Nadu (AICRP-PM 
2021). 

The AICPMIP has played a pioneering role in developing a diverse range of 
improved breeding lines, parental lines, and commercial hybrids. These hybrids are 
currently cultivated on approx. 50% of the total pearl millet area of 9–10 million ha. 
Hybrids maturing in 80–85 days, when cultivated as an irrigated rains/summer 
season crop in parts of Rajasthan, Gujarat, and Uttar Pradesh have been reported 
to give as high as 4000–5000 kg/ha of grain yield. With adaptive and nutritional 
features of pearl millet combined with high yield potential make it an important 
cereal crop that can effectively address the emerging challenges of global warming, 
water shortages, land degradation, and food-related health issues. AICPMIP has also 
developed production-protection technologies specific to agro-eco regions of differ-
ent states. The HYVs cover about 50% of the total pearl millet area, which is the 
highest among coarse cereal crops. The area under HYVs is highest in Gujarat where 
the almost whole area (>90%) has come under hybrid coverage. Although Rajasthan 
has the highest area under pearl millet, the adoption of HYVs in this state has been 
very low (25–30%). 

8.4.2 Current Status of Pearl Millet Improvement in India 

Through ICAR - All India Coordinated Research Project on Pearl millet, a total of 
175 hybrids (public 101 and private sectors 74) and 62 varieties were identified and 
released for cultivation in different agro-ecological zones of the country. These 
hybrids are cultivated on 60% of the total pearl millet area, leading to increase in



crop productivity from 305 kg/ha during 1951–1955 to 1243 kg/ha during 
2018–2019. 
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Pearl millet is the first crop where MAS (marker-aided selection) strategies and 
tools have been applied to develop “Improved HHB 67”. Since its inception in 1974, 
the Coordinated Project has developed several production and protection 
technologies specific to different agro-ecological regions which proved useful in 
enhancing the productivity of improved cultivars to commercial farming scales and 
thus increased the profitability of pearl millet cultivation. With the release of new 
high-yielding hybrids and varieties, production has enhanced through increased seed 
replacement rate and higher productivity (AICRP-PM 2021). 

8.4.3 Post-green Revolution Era: Impact of the Cultivation of These 
Crops and Consequences on Natural Resources 
and Environment 

Enormous progress has been made in India to improve productivity by developing 
high-yielding cultivars and their improved agronomic management during the last 
six decades (Jukanti et al. 2016). The accomplishments of pearl millet breeding are 
often referred to as one of the greatest success stories in Indian agriculture (Yadav 
et al. 2019, 2021). However, the biological potential of pearl millet has not been fully 
realized as indicated by the current 1.2 tons/ha national productivity in comparison 
to the productivity level of 4–5 tons/ha in the summer season in northwestern India. 

Indian pearl millet cultivation area has been divided into three mega 
environments (designated as A1, A, and B zones) considering the geographical 
location, rainfall pattern, local adaptation, and other environmental conditions 
(Gupta et al. 2013). The A zone consists of parts of northern India receiving 
>400 mm of annual rainfall. The A1 zone consists of parts of northwestern India 
receiving <400 mm of annual rainfall, whereas the B zone accounts for the area in 
peninsular India receiving more than >400-mm annual rainfall. At present, ~75% of 
the pearl millet is grown in A and A1 zones and 25% in B zone. Different pearl millet 
breeding programmes in India have developed their product profiles, depending on 
the need of their target mega environment. 

Early breeding efforts in genetic improvement of pearl millet, which started as 
early as the 1930s, attempted to capitalize on such existing genetic variation within 
traditional landraces by subjecting them to simple mass selection (Athwal 1961). 
There were some innovative attempts in the 1950s to exploit heterosis through 
developing “chance hybrids” that included growing two parental populations of 
similar maturity in the mixture and allowing them to cross-pollinate to produce 
seed that contained ~40% hybrid seed. The chance hybrids out yielded local varieties 
by 10–15% but could not become popular because of a lack of efficient seed 
production programmes and their limited genetic superiority. The greater urgency 
for population improvement programmes started with the acquisition of a diverse 
range of germplasm from across the world in the 1970s at the International Crops 
Research Institute for the Semi-Arid Tropics (Witcombe 1999). Eventually, a large



number of populations and trait-based composites of the broad genetic base were 
established, and a diverse range of elite breeding materials was developed (Rai et al. 
2012). 

180 S. Rakshit et al.

Research programmes in India have started breeding both A and R lines and 
developing hybrids based on these CMS systems. The understanding of the genetics 
of A4 and A5 CMS (Gupta et al. 2018) helped in the well-organized and efficient 
utilization of these CMS sources. A range of germplasm material from India and 
Africa with diverse phenotypic characteristics, such as tillering, panicle size, earli-
ness, grain size, grain colour, and so on, was strategically exploited to diversify the 
genetic base of both seed and restorer parents (Patil et al. 2020). In the last four 
decades, hybrid breeding has received a very high priority in India using genetically 
diverse parental lines targeting various production ecologies that have helped to 
intensify the genetic gains (Yadav et al. 2012). 

It is quite interesting to compare the improvement in pearl millet productivity 
achieved during the last 28 years (1985–2013) to that achieved during 1960–1985 
period. During the first 25 years (1960–1985) of hybrid development, the crop 
productivity increased @ 6.3 kg/ha/year. This increase went up to over 20 kg/ha/ 
year in the next 25 years (1985–2013). The greater rate of improvement in pearl 
millet productivity during the last 25 years is due to several reasons (Yadav et al. 
2021). Firstly, a far greater number of availabilities of pearl millet cultivars provided 
a wide range of choice for their cultivation in various agro-ecological regions. A total 
of 43 cultivars were released during 1960–1985 in comparison to 112 hybrids/ 
varieties released to date. As a result, there have been no major disease epidemics 
during the last 25 years against quite a few prior to 1985. Secondly, the involvement 
of the private sector in seed production, distribution, and marketing has helped 
provide quality seed hybrids to farmers. Thirdly, greater adoption of production 
technology along with high-yielding hybrids proved synergistic in further 
augmenting productivity gains. 

8.4.4 Future Strategy 

Pearl millet is becoming an indispensable food crop that provides calories, nutrition, 
and livelihood security to the poor and marginal people living in the fragile ecosys-
tem of arid and semiarid regions of South Africa and Sub-Saharan Africa Pearl millet 
is a crop of choice because of its critical role in enhancing the resilience to climate 
change. The past breeding priorities and strategies have been able to deliver signifi-
cant productivity growth realized in pearl millet. Greater use of hybrid technology, 
employing modern tools, wider inter-institutional, and inter-sectoral partnerships, 
and improved crop management practices would play a greater role to accomplish 
much higher genetic gains for yield and nutritional traits for growing populations in 
SA and SSA. The success would depend upon a deeper understanding of new 
germplasm, genome, and trait-specific genes for novel traits through an amalgam-
ation of conventional and modern tools and rapid generation techniques in national 
and international pearl millet breeding programmes.
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Pearl millet has shown impressive genetic gains in India for the past seven 
decades (Yadav et al. 2019, 2021). The crop now is poised to take the next quantum 
leap in genetic gains. Sustaining pearl millet production and productivity in India 
have been shown to further enhance the bioavailability of these micronutrients. 
These technologies need to be tested for their commercial feasibility. Thus, an 
integrated approach of crop improvement backed with improved crop management, 
grain processing, and food product development and appropriate policy support will 
enable pearl millet to play its rightful role in enhancing food and nutritional security. 

8.5 Small Millets 

Small millets are a group of seven crops comprising finger millet, kodo millet, little 
millet, foxtail millet, barnyard millet, brown top millet, and proso millet. These are 
crops of antiquity having a long history of cultivation of more than 5000 years and 
are known for their suitability to dry lands, hill, and tribal agriculture contributing to 
food, fodder, and nutritional security at the farm and regional levels. They require a 
small quantity of water, mature early and are well suited for cultivation under 
scarcity conditions. They are less prone to pests and diseases. Unlike the major 
crops, viz. rice, wheat, and maize, the resilience exhibited by the small millets is 
helpful in their adjustment to different ecological situations and makes them ideal 
crops for climate change and contingency plantings. They have longer storage life 
and hence can be termed as ‘famine reserves’. 

Small millets are known for their unique nutritional properties, particularly for 
high fibre content, quality protein and mineral composition and contribute signifi-
cantly to the nutritional security of some of the most disadvantaged groups. They 
contain 7–12% protein, 75–85% carbohydrates, 1–4% fat, 2–3% minerals, and 
15–20% dietary fibre, besides being rich sources of phytochemicals and 
micronutrients and hence they are aptly termed as ‘nutri-cereals’. They are known 
for their nutraceutical qualities and health benefits besides their nutritional 
advantages. 

Globally, small millets are grown in an area of about 15 million ha and India is the 
leading producer. Annual planting area under small millets in India is around 
2.0 million ha, of this nearly 1.2 million ha is under-finger millet comprising 
40–50% of the global area under the crop. During the last three decades the area 
under finger millet has declined but with a significant improvement in productivity 
(1650 kg/ha), the annual production is maintained around 2.0 million tons. In 
contrast, the area under other millets has steeply declined and stagnating productivity 
resulted in declined production. 

The major Finger millet growing states are Karnataka, Tamil Nadu, Andhra 
Pradesh, Odisha, Jharkhand, Maharashtra, Chhattisgarh and Uttarakhand. Karnataka 
is the largest grower of ragi accounting for nearly 60% of area and 70% of 
production in the country. The cultivation of kodo millet, little millet and foxtail 
millet is more in Madhya Pradesh, Chhattisgarh, Odisha, Tamil Nadu, Jharkhand, 
Karnataka and Andhra Pradesh. The cultivation of barnyard millet and proso millet



is largely seen in Uttarakhand, northeast regions, western U.P., and north Bihar. The 
utilization of these grains is mainly as food and straw is a valued fodder for bovines. 
The grain is processed and consumed in traditional way and almost the entire 
production is utilized at the village/farm level. Despite the superior nutritive value 
of grains, their use is largely confined to rural areas and very little produce finds its 
way to urban markets. 
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8.5.1 Crop Improvement in Early Years 

Small millets improvement efforts have been in progress since the beginning of the 
twentieth century (Seetharam 1998). But, the launching of coordinated crop 
improvement programmes during the late 1950s and 1960s has contributed signifi-
cantly by way of developing new superior varieties and concomitant production and 
protection technologies in all small millets. The release of improved varieties and 
production packages for general cultivation has helped in threefold increase in grain 
production in the country. Finger millet among small millets has received a little 
more attention than the rest. 

In the early 1950s and 1960s; crop improvement was confined to fewer states 
such as Tamil Nadu, Andhra Pradesh, Karnataka, and Uttar Pradesh. The emphasis 
was on varietal improvement through the selection of better types from local 
cultivars. In Tamil Nadu, Millet Research Station was established in 1923 at 
Coimbatore under the erstwhile Madras Presidency. Finger millet work in Karnataka 
dates back to 1900, initiated at Bangalore especially on finger millet and in Uttar 
Pradesh at Kanpur and Gorakhpur in 1944. The first finger millet variety released in 
the country was H 22 as early as 1918 in Karnataka. The other finger millet varieties 
released were Co 6 (1935); R 0870, ES13, K1, ES11 (1939); Hagari1 (1941), Co1, 
Co2, Co3, Co4 (1942), VZM 1, VZM 2 (1958) and T36 B (1949). 

8.5.2 Green Revolution Period 

Finger millet improvement got a fillip in Karnataka during 1950–1960s and several 
new varieties such as Aruna, Udaya, K1, Purna, ROH 2, and Cauvery were released. 
Similarly, many varieties were released in other small millets and also in many states 
(Seetharam 1998). This included little millet variety Co 1 (1954); foxtail millet 
varieties Co1, Co2, Co 3 (1943), H1, H2 (1948), T 4 (1949); kodo millet varieties 
PLR 1 (1942), T 2 (1949), Co 1 (1953), proso millet variety Co 1 (1954) and 
barnyard millet varieties T 46, T25 (1949).
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8.5.3 Post-green Revolution Era: Impact of the Cultivation of These 
Crops and Consequences on Natural Resources 
and Environment 

8.5.3.1 Crop Improvement Efforts During Coordinated Project Era 
Millets in general started receiving attention with the launching of the All India 
Coordinated Millets Improvement Project (AICMIP) in 1969. Small millets also 
started receiving some attention at a selected few centres. Small millets improvement 
received a major boost during 1978–1979 with the establishment of five crops 
specific lead research centres in the country under IDRC assistance. They were 
Almora in Uttarakhand (barnyard millet), Dholi in Bihar (proso millet), Dindori in 
Madhya Pradesh (Kodo millet), Semiliguda in Orissa (Little millet) and Nandyal in 
Andhra Pradesh (foxtail millet). The IDRC project continued till 1985 and the “All 
India Coordinated Small Millets Improvement Project” (AICSMIP) was established 
in the year 1986. The centres that were functioning under the IDRC project became 
part of AICSMIP. Small millets research is focused for developing varieties and 
other agro-production and protection technologies suitable to different regions. 
There are 14 centres functioning under AICSMIP spread all over the country to 
address to the research needs of small millets. The research in the project is focused 
to state/regional needs from the point of developing appropriate varietal and agro 
production technology for maximizing production/productivity. The work is multi-
disciplinary and applied in nature. 

The crop improvement is aimed at developing high-yielding varieties with 
resistance to blast disease quality fodder, early and medium maturity and white 
seed in finger millet, resistance to head smut in kodo millet and resistance to shoot fly 
in foxtail, kodo, proso and little millets. So far, a total of 294 varieties in 6 small 
millets with finger millet having 136 varieties, have been released in the country 
from 1986 to 2021. Out of these 86 varieties were released before 1986 
(pre-coordinated era) and 208 during 1986–2021 (post-coordinated project era). 

Genetic Resources Management 
In the past, small millets scientists had limited access to germplasm and worked with 
a handful of local collections that lacked diversity. This situation was to some extent 
rectified in 1960s, when first attempts were made by ICAR to pool the collections 
under PL 480 project. The conservation activities further gained momentum with 
NBPGR, New Delhi, playing a key role in augmenting the small millets collection. 
Recognizing the importance and conservation and greater access to germplasm, the 
All India Coordinated small millets Improvement Project (AICMIP) established a 
germplasm unit in Bangalore in 1979. This unit, since then, has been making efforts 
to collect, and pool the available germplasm from various sources and make it 
available to breeders. This unit is also recognized as National Active Germplasm 
Site (NAGS) by ICAR/NBPGR and has the mandate to assist in the collection, 
conservation, evaluation, and documentation of small millets germplasm in the 
country (Seetharam 2006). Presently the Unit at Bangalore is maintaining one of 
the largest collections of more than 10,000 accessions of all small millet crops.
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Utilization of Germplasm 
During the last 25 years, the majority of the accessions have been screened for 
agronomic, physiological, pathological, and even important grain quality 
parameters. There is a good database available for most accessions conserved 
(Seetharam et al. 2006). In order to improve the efficiency for the utilization of 
germplasm, core subsets have been formed and made available to breeders working 
at different centres. Identification of several sources of stable resistance to blast 
disease of finger millet and their deployment in breeding research has been highly 
rewarding in the evolution of high-yielding blast resistant cultivars in finger millet in 
the country. 

Seed Production 
The success story of seed production of improved varieties in Finger millet in the 
1990s helped farmers to get more production and productivity of the crop and benefit 
them. However, in recent years, the seed production of other small millet crops has 
improved in order to make small millet cultivation more competitive and economi-
cally viable. 

Crop Production and Protection Technologies 
A package of practices such as time of sowing/planting, choice of varieties, time, and 
method of application of fertilizers have been developed for different regions of the 
country. Management practices for aberrant weather conditions for mitigating early, 
mid, and late season drought have been worked out. Remunerative cropping systems 
involving different pulse crops in millet for different regions have evolved. Tech-
nology transfer attempted through frontline demonstrations on the farmer’s field and 
large-scale station demonstrations have helped in narrowing down the yield gap that 
exists between farmers’ fields, demonstration plots and research station trials 
(Prabhakar 2017; Seetharam and Krishne Gowda 2008; Seetharam 2015a, b). 
Plant protection measures to control economically important diseases and pests 
have evolved (Seetharam 2015a, b). Several blast-resistant lines were identified 
from the germplasm available at NAGS and crop protection for the management 
of blast diseases has been recommended. 

8.5.4 Sub-Mission on Nutri Cereals 

A Sub-Mission on Nutri Cereals under NFSM started with an outlay of 
Rs. 300.00 crores for 2018–2019. Sorghum (Jowar), Bajra, Finger Millets (Ragi/ 
Mandua) and Minor Millets, Foxtail millets (Kangani/kakun), Proso millet (Cheena), 
Kodo Millet (Kodo), Barnyard millet (Sanwa/Jhangora), Little millet (Kutki), 
Pseudo Millets (Buck wheat-kuttu, Ameranthus-chaulai) are termed as Nutri-Cereals 
for production, consumption and trade point of view. The major objectives of the 
Sub-Mission on Nutri Cereals are development of a strategy for addressing issues 
concerning production, demand, and research with market-oriented approach. The 
National Year of Millets was celebrated in 2018 and programmes were implemented



in 202 districts of 14 states covering all Nutri cereals. A wide range of activities 
related to nutri cereals production, awareness by way of Millet campaign, Seminar/ 
symposium/workshop at district/state/national level and Value Chain Integration and 
Millet Entrepreneurship were undertaken. 
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8.5.5 Future Strategy 

After years of neglect, small millets are finding a place in agricultural research, 
agendas of large private companies, and from there into our supermarkets. They are 
increasingly being recommended by doctors and nutritionists as being important for 
the health and wellness of people and helpful in preventing many diseases related to 
modern lifestyle including obesity, and diabetes. A lot of elite food chains have 
begun selling millet and millet-based products on their shelves as health food. The 
productivity could be increased by more than 50% by adopting improved production 
practices as indicated by the results of frontline demonstrations. 

8.6 Conclusions 

By 2050 India has to achieve 3.5 more maize production, 2.2 increase in productivity 
and 1.4 times in terms of area compared to the current scenario. During the last seven 
decades (1949–2020), India has increased its maize production from 2.0 to 30.24 mil-
lion metric tons. Eventually, the challenge is very typical but can be achieved 
through strong policy support and by cultivating higher yielder single cross hybrids 
with yield potential of 6–7 tons/ha during kharif season and 9–10 tons/ha during the 
rabi season. But the major challenge is to adopt the available technologies like single 
cross hybrids with 100% area and ensure the availability of quality seeds. In addition 
to that, there is a need to focus on speciality corn like popcorn, sweet corn, and baby 
corn for livelihood security. Similarly for millets, like a need to focus on rabi 
sorghum production, promotion of hybrid technology in pearl millet, and 
popularizing the small millets and their benefits with more production practices. In 
addition to that, there is need to focused research on germplasm collection and 
diversification, development of hybrids or varieties suitable for adverse climate 
conditions, accelerated development of varieties/hybrid cultivars through the appli-
cation of advanced tools like marker-assisted selection techniques, promotion, and 
popularization of improved released hybrids/varieties. Further, sustainable produc-
tion and productivity may be achieved through the adoption of improved production 
and protection practices. 

In recent years milling technology has been improved to enhance grain quality. 
Millet mills are available for cottage-level and large-scale processing. Millets can be 
further processed towards various foods such as flakes, quick food cereals, ready-to-
eat snacks, supplementary foods, extrusion cooking, malt-based products, weaning 
foods, and more importantly health foods. The R & D efforts made in the area of 
grain processing and value addition through the development of novel diversified



foods especially in sorghum, finger millet, and other millets are opening new 
avenues for expanding consumer base, and enhancing absorption for food use. 
Small millet crops are viewed as important for the health and wellness of people 
and can help in preventing many kinds of diseases related to modern lifestyle 
including obesity, diabetes. Of late, plenty of elite food chains have begun selling 
millet and millet based products on their shelves as health food. Grains can be further 
processed towards various foods such as flakes, quick food cereals, ready-to-eat 
snacks, supplementary foods, extrusion cooking, malt-based products, weaning 
foods, and more importantly health foods. The importance of regular food use of 
nutrient-dense millet for achieving holistic food and nutritional security is getting 
widely recognized. 
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Keeping the above in view the research activities are to be restructured and should 
have a very high degree of location specificity. The millet R & D should not be 
viewed from crop and productivity angles only; but holistically on a wider perspec-
tive of other advantages accruing through millet-based cropping systems such as 
ensuring greater ecological balance with the environment, efficient soil and moisture 
conservation and utilization, adjustments for climate change, minimum pest/disease 
load, assured harvests and more so the food, nutrition, and health security to people 
at large. 
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Pulses 9 
K. K. Hazra and Partha Sarathi Basu 

Abstract 

Pulses are nutrient-dense crops and the cheapest source of protein. Among the 
countries in the world, India produces and consumes the most pulses. These are 
the third most important crops after cereals and oilseeds. More than 80% of pulses 
are grown in rainfed and semi-arid regions across diverse climatic conditions. In 
the era of the Green Revolution, cereals were prioritized which brought self-
sufficiency in food production. However, being exhaustive crops and high nutri-
ent responsive, the demand for chemical fertilizers and ground water increased 
tremendously resulting in land degradation, a decline in the water table, and 
depletion in the soil fertility level. For the past several decades, pulses were 
largely ignored and these precious crops were pushed more towards marginal 
lands. As a result, the productivity of pulses stagnated and the demand-supply gap 
kept on widening. Many pulse-based technologies have been developed in the 
past, including region-specific varieties, advanced crop production and protection 
measures, crop diversification, micro-nutrient supplementation, promoting effi-
cient Rhizobium strains, phosphate solubilizing bacteria (PSB) and hybrid 
technologies together have boosted pulse production in India. Along with scien-
tific advancement supported by policy support such as the launching of various 
Government schemes such as the creation of pulse villages, accelerated pulse 
programmes under NFSM, increasing MSP and creation of seed hubs as per seed 
demand in different locations have brought the country self-sufficiency in pulse 
production. During this period both vertical and horizontal expansion of pulses 
including crop diversification in non-traditional areas took place which enabled 
further scope to expand pulse cultivation in the country. With the development of 
improved short-duration varieties and the use of genomic-assisted selection,
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breeding programs have been accelerated. Whole-genome sequencing of major 
pulses such as pigeon pea and chickpea provided vast information on specific 
gene-location imparting resistance towards biotic and abiotic stress. The present 
article analysed the critical gap in our understanding and explored further 
possibilities for enhancing pulse production in the country.
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9.1 Introduction 

India is home to 20 agro-climatic zones and holds the second largest agricultural land 
in the world with 157.4 million ha of land under cultivation. Thus, agriculture plays 
an important role in 58% of rural households. Although India is self-sufficient in 
food production, its food production between 1947 and 1960 was so poor that there 
were risks of famine. Hence, the Green Revolution was the key to increasing food 
production in the country, reducing extreme poverty and malnutrition and feeding 
millions of people. Despite these measures, India has a quarter of the world’s hungry 
population, with 224.3 million malnourished people lacking enough food to meet 
their daily nutritional needs (Fig. 9.1); 31% of children under 5 years of age are 
stunted and widespread prevalence (53%) of anaemia among women of reproductive
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Fig. 9.1 Number of people undernourished (millions) (3-year average) in India (FAOSTAT 2020)



age (15–49 years) (FAOSTAT 2020). Pulses are the cheapest source of dietary 
proteins for a large section of people. Worldwide pulses are cultivated covering 
around 80 million ha with an annual production of about 92–96 million T and 
average productivity of about 900–950 kg ha-1 . India is the largest pulse producer 
accounting for 27–28% of global pulse production sharing about 90% of the global 
pigeon pea, 65% of chickpea, and 37% of lentil area of the total global pulse 
production. Chickpea (Cicer arietinum L.), pigeon pea (Cajanus cajan L.), green 
gram (Vigna radiata L), black gram (Vigna mungo L.), and lentils (Lens culinaris L.) 
are the most important among pulses. The net per capita availability of pulses was 
about 61 g day-1 person-1 , which declined to about 32 g day-1 person-1 , though 
medical experts recommend 70 g day-1 person-1 . Consistent growing demand for 
pulses followed by inadequate production and supply has led to a major gap in pulse 
production in India where a majority of the people are dependent on pulses as the 
cheapest source of protein. Pulses continue to be an integral part of sustainable crop-
production systems because of their biological nitrogen fixation (BNF) ability, low 
water requirement, and ability to withstand unusual weather conditions.
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Pulses provide the right mix of vegetarian proteins of high biological value, with 
a decline in pulse consumption leading to an increase in malnutrition and a decline in 
protein intake (Shalendra et al. 2013). About 24% of the world’s malnourished 
people are reported in India (Sharma et al. 2016). If the level of production of pulses 
in India is not increased, the demand–supply gap is expected to widen. The produc-
tion of pulses in India has been low and yields have been unpredictable. Low returns 
per hectare have resulted in the least preference for farmers to grow pulses on 
irrigated and fertile lands, leading to unstable and low yields (Joshi and Saxena 
2002; Tulsi 2015). Pulses are predominantly rainfed crops and inadequate rainfall 
often causes drastic declines in the productivity of pulses, as there are no alternative 
mechanisms to cope with the situation. Temperature extremes and drought are the 
two major abiotic stresses for winter pulses such as chickpeas, lentils, field peas, and 
rajmash. Cold temperatures and frost often cause substantial yield losses in pigeon 
peas. Pulses are mostly rainfed, but as the irrigated area increases, pulses are shifted 
to rainfed areas and their area is replaced by cereals or some cash crop (Singh and 
Singh 1995). In India, the irrigated area under pulses was only 12%, while under 
wheat and paddy; it was more than 60% of the total area (Reddy and Reddy 2010). 
Among biotic stresses, wilt and root rot complexes are the most prevalent diseases in 
pulses. In addition, pod borer infestation leads to a reduction of grain yield in pulses 
to a considerable extent. There is a huge gap between supply and demand for pulses. 
Therefore, the government has taken major steps to scale up pulse production in the 
country. These steps include increasing support prices, creating seed hubs across the 
country, and developing pulse villages with technological support. Production of 
pulses has stagnated for the past several decades largely due to the lesser importance 
given by policymakers and agri-planners. It is only in the last decade that pulse 
production in India has seen breakthroughs. This is due to strong seed chain links, 
expansion of pulse cultivation in new niches, crop diversification, and stronger crop 
protection and production technologies.
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There has been a significant increase in the production of pulses during the last 
decade. In this chapter, we describe how India achieved self-sufficiency in pulse 
production from the beginning of the green revolution until the era after liberaliza-
tion. India achieved a record production of 17.1 million T in pulses production in 
2014–2015 from an area of 23 million ha with a productivity of 753 kg ha-1 with an 
all-time high production of chickpea (8.25 million T), green gram (1.82 million T) 
and black gram (1.74 million T). Although the production of pulses has increased 
significantly during the last decade, continuing the rapid growth remains a major 
challenge for researchers, extension agencies, and policy makers. Nevertheless, the 
productivity of pulses in India (694 kg ha-1 ) is low compared to most of the major 
pulse-producing countries. Pulses are the most suitable crops for growing in water-
scarce areas. Pulses require less water, improve soil health, and adapt to the local 
microclimate for smart agriculture. Only 43 gallons of water (1 gallon = 3.785 L) are 
needed to produce 1 lb of pulses, while wheat, rice, and meat require 660 gallons of 
water, 1056 gallons of water, and 1142 gallons of water, respectively (https:// 
krishijagran.com/featured/pulses-production-sustainability-and-its-role-in-human-
nutrition/). Hence, pulse crops are considered smart crops in rainfed farming 
systems, which can contribute to addressing climate change in agriculture. Com-
pared to resource-intensive crops such as wheat, soybean, rice, and maize, pulses are 
profitable crops because of their lower input requirements and higher market price. 
In addition, pulses improve soil health by fixing atmospheric nitrogen and adding 
humus content to the soil, thereby improving the biological, chemical, and physical 
properties of the soil (Nath et al. 2019; Borase et al. 2021). In rainfed farming 
systems, incorporating shorter-duration pulse crops into existing cropping cycles can 
increase total farm income. Therefore, there is a need for large-scale promotion and 
cultivation of pulses to increase income and nutritional security in rural and urban 
India. Methods and techniques that may be used to improve pulse production can be 
classified into vertical approach, horizontal approach, and policy intervention. 

9.2 Pulse Production in India: The Need of the Hour 

Food security in India has long been a major area of concern for agricultural 
scientists and planners. India is still largely vegetarian in its diet and relies heavily 
on vegetable sources to meet its daily protein requirement. India is bound to be the 
global leader in the production and consumption of pulses. Since, India is the major 
importer of pulses in the world, the production of pulse crops has remained stagnant 
between 11 and 14 million T over the past two decades. The gap between the 
demand and supply of pulses is widening. India still lags far behind in pulses 
production. About 20% of the total demand for pulses is met by imports. It also 
contributes to the maintenance of the production system through physical, chemical, 
and biological improvements of soil properties in the form of a rotational effect. 
Proper management practices are essential to harness high yields. Therefore, it is 
imperative to understand the constraints in pulse production to achieve high produc-
tivity and maintain soil health. The seed replacement rate is still (<30%) lower than

https://krishijagran.com/featured/pulses-production-sustainability-and-its-role-in-human-nutrition/
https://krishijagran.com/featured/pulses-production-sustainability-and-its-role-in-human-nutrition/
https://krishijagran.com/featured/pulses-production-sustainability-and-its-role-in-human-nutrition/


that of cereals, especially wheat and rice. It is estimated that the total pulse require-
ment for India’s growing population is 32.0 million T, which will rise to 1.69 billion 
by 2050. An annual growth rate of 2.2% is needed to reach this level. The demand 
for pulses is growing at the rate of 2.8% per annum. Although the challenges are 
varied, including climate change scenarios, and depleting land and water resources. 
Increasing the average productivity of pulses to more than 1200 kg ha-1 and 
bringing an additional area of about 35 million ha under pulses cultivation would 
be a concrete step in this direction. Increase in yield through the development of 
input-responsive varieties with multiple resistance to diseases and pests. In addition, 
short-duration varieties that fit well in different cropping systems and climate-
resilient varieties of pulses are highly important in the vertical expansion of pulses 
in the country. Similarly, the development of new plant types for different agro-
climatic conditions, and the development of photo-thermo-insensitive varieties in 
crops like black gram and green gram will help in expanding the areas of these crops 
in non-traditional areas of the country. To increase pulse production, emphasis 
should be given to the expansion of area under short-duration varieties, development 
of multiple disease/pest resistant varieties, use of micronutrients like zinc and 
sulphur, and the increase in area under winter pulse crops. 
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9.3 Growth and Instability in Area, Production, and Yield 
of Pulses in India 

The area under pulses was recorded at 19.09 million ha during 1950–1951, which 
increased to 28.34 million ha during 2019–2020. The production of pulses increased 
at a slower date during 1950–1951 (8.41 million T) to 2000–2001 (11.08 million T). 
However, during the last two decades (2001–2021), there was a remarkable increase 
in pulses production in the country and the highest production was recorded in the 
year 2020–2021 (25.6 million T). The productivity of pulses in India has increased 
from 441 kg ha-1 in the year 1950–1951 to 789 kg ha-1 in the year 2012–2013 and 
further increased to 817 kg ha-1 in the year 2019–2020 (Directorate of Economics 
and Statistics 2021). The Tri-Annual Average End (TE) area for 2013–2014 and the 
share of different states in the production of pulses indicate that states like Madhya 
Pradesh, Maharashtra, Rajasthan, Uttar Pradesh, Andhra Pradesh, and Karnataka 
account for about 80% of the total area under pulses. The production pattern of 
different pulses was dominated by the states (Srivastava et al. 2010). The area under 
pulses in the country is almost constant, from 21.87 million ha during TE 1972–1973 
to 24.42 million ha during TE 2013–2014, an increase of 11.6%. However, the 
production of pulses increased from 10.94 to 18.44 million T during the same period. 
The production of pulses in India showed a negative growth rate during the 1970s, 
which turned positive in the next decade and reached 3.35% per annum in the recent 
decade, mainly due to growth in productivity. Considering the rate of increase in 
production and productivity for the overall period, pulses can be considered slow-
growing crops. Inadequate adoption of production technology, high price volatility, 
production risk, and low level of irrigation are important factors responsible for



stagnation in the productivity of these crops (Ramasamy and Selvaraj 2002). The 
improvement in the productivity of pulses in India was mainly due to the adoption of 
improved varieties by farmers, the production of breeder seed, and the demonstration 
of pulse production technology and policy support (Gowda et al. 2013). The pulses 
sector has undergone significant changes during the period after the Green Revolu-
tion. The area under pulses has declined in North India, while it has expanded in 
Central and South India (Ali and Gupta 2012; Gowda et al. 2013). The regional area 
variation is more typical in the case of chickpeas. The production of chickpeas 
during TE 1972–1973 was 4.94 million T, which increased to 8.69 million T during 
TE 2013–2014, an increase of about 76%. Moreover, there is wide variation in the 
yield of chickpeas in different states, which varies from 558 kg ha-1 (Jammu and 
Kashmir) to 1281 kg ha-1 (Bihar). Although the area under chickpeas declined 
during the 1980s and 1990s and the area showed negative growth rates, the area and 
production of chickpeas in the country have increased rapidly in recent decades, with 
impressive increases in yield. The rate of growth in area and production of gram 
started in the 1990s. The production of chickpea has increased by 5.5% annually in 
the recent decade. The growth in the area under chickpeas remained steady for the 
overall period and the increase in production and yield was around 1% per annum, 
showing slow growth (Sharma and Brahm 2002; Srivastava et al. 2010). The area 
under chickpeas showed an increase during the 1950s, while the area during the 
1960s to 1990s was less than in the 1950s. The decline in the chickpea area 
was mainly due to the replacement of cereals with higher-yielding varieties in 
Punjab, Haryana, Rajasthan, Uttar Pradesh, Bihar, and West Bengal (Tulsi 2015) 
(Fig. 9.2). 
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Fig. 9.2 The year wise trend in pulses area, production, area under irrigation (a) and productivity 
(b) during 1950–2020 (Directorate of Economics and Statistics 2021)
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9.4 Nutritive Value of Pulses and Protein Dependence 

Pulses are a good source of protein for most of the population in India. Protein 
malnutrition is prevalent among men, women, and children in India. Pulses account 
for 11% of the total protein intake in India (Reddy and Reddy 2010). In India, the 
frequency of consumption of pulses is much higher than that of any other source of 
protein, which indicates the importance of pulses in their daily food habits. About 
89% of people consume pulses at least once a week, while only 35.4% consume fish 
or chicken/meat at least once a week. Pulses are consumed by the rich and the poor in 
almost the same frequency. The consumption of pulses increased from 
0.15 kg month-1 in 1973–1974 to 0.45 kg month-1 in 2010–2020 in rural areas, 
which were very poor. It is necessary to increase the production of pulses to increase 
the balanced diet among the socially and economically backward classes while 
keeping it the cheapest source of protein. In addition, pulses provide healthy 
proteins, which are slow-digesting carbohydrates, and high in fibre compared to 
other protein-rich sources such as meat and meat products. In recent years, interest in 
pulses as a sustainable food source have grown notably for various reasons. They are 
low in fat, packed with nutrients, and rich sources of proteins and soluble fibre. The 
lack of gluten in pulses makes them suitable for gluten-free diets for individuals with 
celiac disease and gluten intolerance. During the Great Depression in the USA, 
beans were called poor man’s meat and saved many lives thanks to their nutritional 
value and low price. The high nutritional value of pulses makes them ideal foods, 
specifically in regions where access to meat and dairy products are challenging for 
economic, distribution and marketing-related obstacles (Table 9.1). 

9.5 The Impact of the Green Revolution on Pulses 

The Green Revolution was initiated in India in the 1960s with high-yielding varieties 
of rice and wheat to increase food production and reduce hunger and poverty. As a 
result, the production of wheat and rice doubled after the Green Revolution; how-
ever, the production of other food crops such as pulses declined. The Green 
Revolution has led to the self-sufficiency of food grains in the country. However, 
it also destroyed the diverse gene pool available. The productivity of crops was 
increased by the use of fertilizers, pesticides, and groundwater resources. However,

Table 9.1 Nutritive value of pulses 

Constituents Magnitudes Constituents Magnitudes 

Protein >20% Iron 7–10 mg 100 g-1 

Carbohydrate 55–60% Vitamin C 10–15 mg 100 g-1 

Fat >1.0% Calcium 69–75 mg 100 g-1 

Fibre 3.2% Calorific value 343 

Phosphorus 300–500 mg 100 g-1 Vitamin A 430–489 IU 

Source: Singh et al. (2015)



the land became barren due to mismanagement and overuse of chemical fertilizers, 
pesticides, and lack of crop rotation, and groundwater loss became a common 
occurrence in agricultural areas.

196 K. K. Hazra and P. S. Basu

Several high-yielding varieties (HYVs) were introduced during Green Revolution 
to increase agricultural productivity. These genetically improved varieties of wheat 
and rice were developed by the CIMMYT, Mexico, and IRRI, Philippines respec-
tively. HYVs had 20% more grain than their previous varieties and were more 
responsive to nitrogen fertilizers. The incorporation of multiple traits and specific 
genes for short stature in HYVs. These efforts resulted in doubling of yield potential. 
Incorporation of genes responsible for photosensitivity in rice and wheat is possible 
throughout the year; thus, the Green Revolution included the use of HYVs of wheat 
and rice and the adoption of new agricultural practices involving the use of chemical 
fertilizers, insecticides, tractors, controlled water supply to crops, mechanical 
thresher, and pumps. The combination of these technologies was commonly referred 
to as “High Yielding Variety Technology (HYVT)”. This technique was responsible 
for the growth rate of food grain production from 2.4% per annum before 1965 to 
3.5% after 1965. The number of chemical fertilizers used was quite high after the 
advent of the Green Revolution, and the overuse of chemical fertilizers to achieve 
high yields causes physical and chemical degradation of soils by altering the natural 
microflora and increasing the alkalinity and salinity of the soil. The excessive use of 
groundwater for irrigation has depleted the water level in many parts of the country. 

Beginning in the 1960s, the “Green Revolution” innovations brought major 
benefits to rice and wheat cultivation in India, but the benefits were unevenly 
distributed across regions and had an unintended but generally unintended impact 
on the pulses sector had a negative effect. The Green Revolution benefited rice and 
wheat farmers in irrigated areas in the North-West region of India, but failed to help 
farmers in other regions where farmers have to depend on rainfall. In addition, the 
expansion of rice and wheat cultivation had a detrimental effect on many other crops, 
including pulses, being largely replaced by acreage due to the easy availability of 
new, high-yielding varieties and access to irrigation. As they were displaced from 
their former traditional areas, pulses also experienced many changes, both in 
regional specialization and the adoption of technology. Overall, during the height 
of the Green Revolution (between 1960 and 1961 and 1980–1981), pulses produc-
tion declined from 12.6 to 10.5 million metric T. In 2010 (Fig. 9.3), only 12% of the 
total irrigated area in India was sown under pulses while more than 60% of wheat 
and rice was sown. 

9.6 Developmental Stages of Pulse Production in India 

9.6.1 Pre- and Early Phases of the Green Revolution (1960–1970) 

This decade was a period of stagnation in both the sectors devoted to pulses and their 
total production. There was no major breakthrough in pulses research and no 
government scheme was launched to support pulses production in the country.
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Fig. 9.3 The trend in the 
production of food crops in 
India from 1950 to 2017 
(in million T). The period after 
beginning of Green revolution 
by introducing monohybrid 
crops in India showing 
increased production of rice 
and wheat. However, the 
production of pulses was 
almost stationary 
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9.6.2 Mature Phase of Green Revolution (1971–1990) 

During this period, both the cultivation and production of pulses decreased in the 
northern and eastern regions of the country and increased in the southern and 
western regions. Several pulse development schemes were launched during this 
period, including Pulses Development Plan (Fourth Five Year Plan) (1969–1970 
to 1973–1974); National Pulses Development Project (Seventh Five Year Plan) 
(1985–1986 to 1989–1990); Special food grain Production Program (1988–1989); 
Post-liberalization period (1991–2000). This period saw a further increase in the area 
and production of pulses in the southern and western states. Favourable terms of 
trade were achieved for agriculture relative to the industry, which may have 
influenced cropping patterns. Some short-duration and wilting-resistant varieties 
were developed during this period and Post-trade Spike Period (2001 and onwards). 
This period saw a third increase in the area and production of pulses in the southern 
and western states. The government has launched schemes for pulse development 
which include: Integrated Scheme of Oilseeds, Pulses, Palm Oil and Maize 
(ISOPOM) (2004); National Food Security Mission (NFSM) (2007–2008); Special 
plan to achieve more than 19 million T of pulses production by rainy season pulses 
(2012–2013). 

These efforts may have increased the production of pulses to an extent and 
produced 18 million T in 2014–2015, but the imports of pulses also increased 
after 2001, which means that the increase in the production of pulses was not 
sufficient to meet the demand.
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9.6.3 Comparative Performance: Pulses Versus Cereals 

Table 9.2 summarizes the relative performance of pulses as compared with cereals 
between 1960 and 2010 in terms of area, production, and yields. 

9.6.3.1 First Period: 1960–1970 
During this period, the total pulse crop area in India declined by around 8% and, 
concomitantly, the area and production of both wheat and rice gained momentum. 

9.6.3.2 Second Period: 1971–1990 
Despite the implementation of the government’s Pulses Development Scheme 
during this period (the Fourth Five-Year Plan), the total area, production, and 
yield of pulses increased by only 3.3%, 10.3%, and 6.7%, respectively. In compari-
son, for wheat, the increase in area, production, and yield was 48%, 171%, and 83%, 
respectively. 

9.6.3.3 Third Period: 1991–2000 
During the third period, the total pulse area declined, whereas the area under wheat 
and rice increased by 15% and 9%, respectively. The yields of both wheat and rice 
were also increased (Table 9.2). 

9.6.3.4 Fourth Period: 2001 and Beyond 
After 2001, there was a spike in the trade of pulses, with a 36% increase in imports, 
while at the same time chickpea, pigeon pea, wheat, and rice all showed a rise in 
production and yield. Consequently, there seems to be little evidence to support the 
idea of pulses imports crowding out domestic production. Importantly, during this 
period, for the first time, pulses’ yield increased by more than 11%. The success of 
the Technology Mission on Oilseeds (TMO) induced the government to restructure

Table 9.2 Comparative performances of cereals and pulses, 1960–2010 (% change) 

1. Pre- and initial
phase of Green 
Revolution 
(1960–1970) 

2. Matured
phase of Green 
Revolution 
(1971–1990) 

3. Post 
liberalization 
period 
(1991–2000) 

4. Post–trade 
spike period 
(2001–2010)

Pulses Area -8.02 3.31 -0.93 2.25 

Production -0.87 10.34 2.15 14.08 

Yield 7.97 6.72 3.67 11.23 

Wheat Area 26.11 48.50 15.62 3.18 

Production 95.54 171.50 42.55 12.13 

Yield 55.13 83.00 23.33 8.73 

Paddy/ 
rice 

Area 11.88 10.50 8.72 -1.53 

Production 33.77 70.60 28.55 10.34 

Yield 19.72 54.00 18.54 12.09 

Source: Ministry of Agriculture, Directorate of Economics and Statistics, India 1950–2010



the program in 2004 by adding pulses and maize to create the Integrated Scheme of 
Oilseeds, Pulses, Oil Palm, and Maize (ISOPOM). Under ISOPOM, financial 
assistance was provided for the production and distribution of certified seeds, seed 
mini-kits, sprinkler sets, Rhizobium culture, PSB, gypsum/pyrite, plant protection 
chemicals, and biofertilizers. Demonstrations of integrated pest management (IPM) 
were organized on a large scale through the State Department of Agriculture. To 
address the shortage of quality seeds, a provision of credit to produce pulse seeds 
was also included in the scheme. In addition, in 2008 the Accelerated Pulses 
Production program was launched under the National Food Security Mission and 
implemented in 468 districts in 16 states.
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9.7 Pulse-Growing Areas for Balancing Ecosystem 

Among protein-rich foods, pulses have the lowest carbon and water traces. In 
addition, pulses improve soil health by naturally fixing atmospheric nitrogen in the 
soil; growing pulses reduces the need for the use of nitrogenous fertilizers. Thus, 
pulses provide valuable environmental services (Dudeja and Duhan 2005). The 
pulses are grown throughout the year in the country under diverse agro-climatic 
conditions. The pulses are important for their role in crop rotation and intercropping, 
as they help improve soil fertility by reducing soil pathogens and fixing nitrogen. 
Due to these factors, the yield of the post-pulses crop can increase by 20–40%. The 
low use of fertilizers, pesticides, and irrigation makes pulses an environmentally 
sustainable crop group. A policy option could be to assess the value of environmen-
tal services provided by pulses and to devise mechanisms to reward farmers or pulse-
growing regions for these ecosystem services. 

9.8 Production Trends and Geographical Distribution 

Pulses are grown across the country, with the highest share being Madhya Pradesh 
(24%), Uttar Pradesh (16%), Maharashtra (14%), Andhra Pradesh (10%), Karnataka 
(7%) and followed by Rajasthan (6%) which accounts for about 77% of the total 
pulse production, while the remaining 23% is contributed by Gujarat, Chhattisgarh, 
Bihar, Orissa and Jharkhand. Among pulses, chickpea (45.1%) has a major share, 
followed by pigeon pea (15.7%), green gram (9.9%), blackgram (9.6%), and lentil 
(7.3%), which account for 87% of the total pulse production. The major pulse crops 
grown in India are chickpea, pigeon pea, green gram, black gram, lentils, peas and 
beans. They are important crops in terms of their contribution to the daily diet, 
human nutrition (protein), and their contribution to farmers’ income and employ-
ment. Most importantly, all pulse crops improve soil fertility by stabilizing atmo-
spheric nitrogen in the soil and helping to increase sustainability and soil 
productivity. Pulses are now grown in an area of 25–26 million ha, with an annual 
production of 24 million t. India accounts for 33% of the world’s total area and 22% 
of the world production of pulses. India accounts for about 90% of global pigeon



pea, 65% of chickpea, and 37% of lentils, accounting for 93%, 68%, and 32% of 
global production, respectively (FAOSTAT 2011). The shortage of supply to meet 
the increasing demand due to population growth has led to a steep rise in the prices of 
pulses. The net availability of pulses has come down from 70.1 g day person-1 in 
1951 to 31 g day person-1 (Indian Council of Medical Research 65 g day person-1 ) 
in 2008. Recently, under the National Food Security Mission (NFSM), high priority 
has been given to increase the production of pulses across the country to reduce the 
increasing imports, reduce protein malnutrition, and make pulses accessible to the 
common person. Most of the production of pulses has been gradually shifted from 
summer to winter and now the share of winter pulses has increased to about 61.0% of 
the total pulses production. 
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9.9 Constraints of Pulse Production in India 

9.9.1 Extreme Weather Conditions 

The poor soil and agro-climatic conditions of rainfed pulses reduce the length of the 
growing period and lead to the freezing of the early vegetative stage, which stagnate 
all biological activity for a longer period. The sudden temperature rise thereafter 
induces not only forced maturation but also invites several biotic stresses, such as 
diseases and insect pests (Ali et al. 2012; Reddy 2009; Singh and Singh 2008). 
Traditionally winter pulses sowing was delayed up to the last week of November and 
sometimes under extreme circumstances it goes up to the first fortnight of December. 
However, the optimum-sowing time for chickpeas and lentils is the first fortnight of 
October (Ramakrishna et al. 2000). Few winter legumes including lentils are also 
grown as a paira crop in eastern India, which helps in the timely planting of the crop 
even before, the paddy has been harvested (Singh and Singh 1995). 

9.9.2 Unfavourable Weather Conditions 

There has been a high degree of risk in the production of pulses. Presently more than 
87% area of pulses is dependent on rainfall. The average rainfall of major pulse-
producing states like Madhya Pradesh, Uttar Pradesh, Gujarat, and Maharashtra is 
about 1000 mm and the coefficient of variation of rainfall is 20–25%. Drought stress 
is a major cause of crop failure. Terminal drought and heat stress result in forced 
maturity with low yield levels. Drought stress alone can reduce seed yield by up to 
50% in the tropics. 

A huge jump in productivity can be achieved by implementing life-saving 
irrigation, especially in winter (rabi) pulses grown on residual moisture. The 
irrigated area under pulses has remained almost constant at 13% of the total area. 
The availability of sufficient soil moisture for crop growth depends on rainfall, 
water-holding capacity, and soil depth in rainfed areas. In South India, the water 
holding capacity of the soil often limits the grain yield to 50% under irrigation on



Alfisol. In contrast, on Vertisol soils, growth is reduced by 5–20% due to high water 
holding capacity. High evaporation during the rabi season in South India under 
drought poses a serious constraint to the gram yield. Other major problems are soil 
salinity and alkalinity, which are high in the Indo-Gangetic plains in semi-arid 
tropical and irrigated areas, 
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Grain yield is mainly affected by temperature. Freezing is an abiotic stress that 
limits the grain yield of pulse crops. All warm-weather pulses are sensitive to low 
temperatures but are generally not exposed to low temperatures. On the other hand, 
cold-season pulses (like chickpeas) are often subject to cold temperatures, especially 
in regions of northern India. However, there has not been much improvement in the 
development of chilled and frost-tolerant varieties. 

Poor drainage or stagnation of water during the rainy season causes heavy 
damage to pigeon peas due to low plant conditions and incidence of Phytophthora 
blight disease especially in the states of Uttar Pradesh, Bihar, West Bengal, 
Chhattisgarh, Madhya Pradesh, and Jharkhand. Ridge planting is very effective in 
ensuring optimum plant stand and consequently high yield. Since most pulse crops 
are drought tolerant, much of the research effort has been focused on the genotype 
and associated production technology for dryland conditions. 

There is a lack of germplasm adapted to high rainfall and irrigated conditions. 
Drought, water logging, temperature extremes, wind or hail, alkaline and saline 
soils, acidic soils, and various mineral nutrient deficiencies or toxicity are common 
abiotic stresses limiting pulse production in India. In chickpeas, pigeon peas, green 
gram, lentils, and black gram, drought is the main reason for the reduction in yield as 
they are grown in conditions of residual soil moisture or face soil moisture deficit 
during their breeding phase and end up with terminal drought. 

To overcome such a situation, better management techniques to conserve soil 
moisture and maximize crop transpiration on soil evaporation can help reduce the 
impact of drought in pulses. In some situations, higher soil moisture induces more 
vegetative growth as well as living in chickpeas and lentils, as well as good drought 
resistance and production in lathyrus when sown on drought-prone top soils. Grain 
yields are likely to be highly affected by temperature extremes with recent changes 
in global temperature. Terminal drought stress or high temperature during matura-
tion in chickpeas and lentils results in poor pod filling; Frost injury occurs due to low 
temperature. 

Lathyrus and chickpeas can establish well in waterlogged soil even when sown in 
rice and can grow to maturity in waterlogged soil. Not all other pulses tolerate 
waterlogging conditions. Poor soil and agro-climatic conditions not only force the 
late sowing of legumes, but also reduce the length of the growing period and the 
need to sustain cold sores freezes all biological activities in the early vegetative stage 
that are long-term. A sudden temperature rise induces forced maturation as well as 
invites several biotic stresses, such as diseases and insect pests (Ali et al. 2012). 
Traditionally, the sowing of rabi pulses was delayed till the last week of November 
and sometime in extreme circumstances it goes up to the first fortnight of December, 
apparently due to the reasons already mentioned. However, some winter pulses 
including lentils are also grown as a paira crop. In eastern India, which helps in



the early sowing of the crop, the paddy has been harvested. Not surprisingly, Indian 
farmers are still exposed to the uncertainties of monsoon. Therefore, Indian agricul-
ture needs a fight against the monsoon. 
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9.9.3 Unfavourable Soil Conditions 

In general, the pulse crop prefers neutral soil responses and is very sensitive to 
acidic, saline, and alkaline soils. Indian soils, in particular, the northwestern soils 
that have a high pH, in contrast to the eastern and northeastern parts, are known as 
acidic soils. Micronutrient deficiencies are evident to acute deficiency levels due to 
these soil conditions. Acute deficiency in relation to zinc, iron, boron, and molybde-
num and secondary nutrients such as sulphur was observed in particular in conven-
tional pulse growing (Singh et al. 2013). Most of the pulses in India are grown in low 
fertility, problematic soils, and unpredictable environmental conditions. India has 
experienced unprecedented population growth and India’s population is estimated to 
be 1.69 billion in 2050. The increasing population is largely responsible for the 
fragmentation of land holdings resulting in low productivity of the land. In general, 
leguminous crops prefer neutral soil responses and are very sensitive to acidic, 
saline, and alkaline soil conditions. Sharp deficiencies with respect to secondary 
nutrients such as zinc, iron, boron and molybdenum, and sulphur are particularly 
observed in traditional pulse growing areas. Soil is an important resource and 
nutrient degradation in the soil is a serious problem, leading to the degradation of 
soil health. This is only due to deforestation and mismanaged agricultural practices. 
The increase in salinity and alkalinity is due to mismanagement and intensive use, 
which are other causes of loss of soil fertility. Micronutrient deficiencies also 
adversely affect the production of lentils, chickpeas and other pulses, which become 
more pronounced after the management of biotic stress. Experiments have shown 
that micronutrient deficiencies such as sulphur and zinc are very common in pulse 
growing areas. In traditional pulse-growing areas, Rhizobium spp. is present. There 
is effective nodulation by being present in the soil, but when introduced to new areas 
the host specific Rhizobium also needs to be introduced via inoculation also highly 
unscientific methods of irrigation cause further damage to the fertility level of the 
soil. As per the Agricultural Census 2010–2011, marginal and small land holdings 
(<2 ha) account for 85% of the total operational holdings and 44% of the total 
operated area. Small farm size precludes mechanization. This creates difficulties in 
the adoption of contemporary inputs, scientific land reclamation, water conservation, 
and plant protection measures. 

9.9.4 Agronomic Limitations 

An earlier study showed that the area under pulses is mostly predetermined, but as 
the irrigated area increases, pulses are shifted to rainfed areas and their area is 
replaced by cereals or some cash crops. In India, the irrigated area under pulses



was only 12%, while under wheat and paddy; it was more than 60% of the total area 
(Reddy and Reddy 2010). Improper sowing time, low seed rate, faulty sowing 
method, inadequate irrigation, inadequate intercultural operation, and sowing 
below the utera without proper management is the major agronomic limitation 
(Ramakrishna et al. 2000; Reddy 2009). As a result of late sowing and early 
encounter with severe cold, the growth and development of winter pulses get stunted 
for a considerable period. Plants then have comparatively less time to complete their 
life cycle, which forces overall maturity (Ramakrishna et al. 2000). In eastern India, 
the normal sown lentil is a medium duration (130–150 days) crop, while under late 
sown conditions it is forced to complete its life cycle in 105 ± 5 days (Joshi 1998; 
Ramakrishna et al. 2000; Reddy 2009; Singh and Singh 2008; Singh et al. 2012). 
Generally, late-sown winter pulses chickpeas and lentils go through three distinct 
stages Phenological modifications at initial stages are bound to happen. Finally, 
these crops grow slowly during its early seedling stage due to the energy invested in 
the initial establishment (Singh et al. 2002). However, in the middle stage, very 
negligible growth and development is observed. This is a serious threat to the yield 
potential due to cold injuries. This stage is very important to create a source of 
channelizing energy in a later stage. In the last and most critical stage, pulses suffer 
heat injury, resulting in the onset of the reproductive phase, leading to imbalances in 
resources and inputs, biotic stress and forced maturation (Joshi 1998; Dixit et al. 
2009; Reid et al. 2011; Singh and Bhatt 2013). 
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9.9.5 Huge Crop Loss Due to Insect Pests and Diseases 

Pulses crops are affected by various pests and diseases during the growing stage and 
after the harvest. The estimated losses are in the range of 15–20% or more. Thus, 
India can increase the availability of pulses by 15–20% with appropriate crop 
protection research and development. It is an important way of bridging the gap 
between demand and supply. As a strategy to tackle this situation, there is a need to 
develop varieties with combined resistance to most common and major biotic and 
abiotic stress factors. Recent advances in genomics research have expanded the 
scope for the development of many resistant cultivars, which are to be exploited 
further. 

9.9.6 Biotic Constraints 

9.9.6.1 Occurrence of Insect Pests and Diseases 
Pests, diseases, and weeds are the major biological factors limiting the productivity 
of pulse crops. Insects are one of the major determinants for achieving high produc-
tion in agricultural crops. It was estimated that about 26% of the potential production 
is sheltered by consuming insects. In India, 30% of crop loss is recorded every year 
due to insect pests and diseases. The production deficit has increased over the years. 
Although legume crops are prone to many insect and seed-borne diseases, a major



cause for concern is crop failure if it is not controlled. In addition, legume grains 
suffer heavy damage due to pests during storage. The perception and high incidence 
of disease and pests cause high losses resulting in low production and high protec-
tion costs. Secondly, there is limited availability of resistant/tolerant varieties to the 
farmers. The main reason for this could be a weak seed production programme. 
Incorporating insect resistance genes without compromising yield in field validation 
trials is still commercially viable. Presently, chemical pest control is the only option 
left for the farmers for effective control of pests and diseases. Although many plant 
protection chemicals have been developed over time and methodology, the use of 
pesticides in pulses is still very low. In general, farmers spray the chemical at the 
stage where the damage exceeds the economic threshold. This clearly shows that 
technological stagnation is primarily responsible for the backwardness of pulses 
across the country. More than 250 insect species are reported to affect pulses in 
India. Of these, about a dozen cause heavy damage to the crop. On an average 2–-
2.4 million T of pulses with a monetary value of about INR 6000 crore are lost 
annually due to the destruction of the insect pest complex. Among them, pod borer 
(Helicoverpa armigera) causes the most damage, followed by pod fly, wilting, and 
root rot. For example, pod borer (Helicoverpa armigera), Fusarium wilt, root 
rots, Ascochita blight, and Botrytis graymold are some of the major biological 
barriers to increasing chickpea productivity. Major barriers to productivity in pigeon 
pea are biotic stresses such as pod borer, pod fly, fusarium wilt, and sterility mosaic 
disease. Similarly, the major pests and diseases affecting lentil production in India 
are pod borers, aphids, cutworms, powdery mildew, rust and wilt. The abundance of 
legumes in N and P makes them attractive to pests and diseases. Recently several 
successful trials have been conducted to control pod borer using nuclear polyhedro-
sis virus (NPV), which has been found to be more effective in bringing about high 
and quick mortality. Another important pest affecting pulses are nematodes, of 
which root knot nematodes are important in terms of spread and damage to crop 
yields and have been effectively controlled by bio-agents. Pulses crops are prone to 
many insect and seed-borne diseases, crop destruction is a major cause of concern if 
its incidence is not controlled. Fusarium wilt is widespread in legume-growing 
regions. In addition, legume grains suffer heavy damage due to pests (bruchids) 
during storage. Legumes are a pest-free crop under normal conditions if proper crop 
rotation is followed. Although pod borers, aphids, and wilt are the major pest and 
disease pests (Singh et al. 2013) (Table 9.3). 
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9.9.7 Input Quality and Availability-Related Constraints 

The timely availability of quality chemical fertilizers remains a major problem in 
many pulse-growing areas. The inadequate availability of gypsum or pyrite as a 
cheap source of sulphur continues to be a serious constraint in many states/ 
territories. The nutrient requirement of legumes is much lower than that of cereals, 
primarily due to the level of biological nitrogen fixation, although legume crops 
generally respond favourably to higher doses of fertilizer nutrients than applied or



recommended. The availability of insecticides (including herbicides) has been 
comfortable in most states, but their quality in terms of effectiveness and 
eco-friendliness has been an issue, despite a well-designed regulatory mechanism. 
The sustainable use of fertilizers is one of the important reasons for low productivity 
and declining soil fertility. The average N:P:K ratio over the past two decades has 
been 7:3:1 as against the recommended 4:2:1 (https://silo.tips/download/indian-
agriculture-challenges-and-prospects). 
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Table 9.3 Important diseases and insets pests of major pulses 

Crop Disease Insect pests 

Chickpea Fusarium wilt, Ascochyta blight, Botrytis grey mould and 
stunt virus 

Pod borer and cut 
worm 

Pigeon pea Sterility mosaic virus, Fusarium wilt, Phytophthora stem 
blight Alternaria leaf spot and powdery mildew 

Pod borer and pod 
fly leaf tier 

Blackgram/ 
greengram 

Yellow mosaic virus, Cercosora leaf spot, powdery 
mildew, leaf crinkle virus, and root rot 

White fly, Jassid 
and pod borer 

Lentil Rust, wilt Sclerotinia blight, collar rot Pod borer 

Field pea Powdery mildew, rust, downy mildew, wilt Pod borer, stem 
borer, leaf minor 

Except soybeans, most pulses are on the lowest priority for farmers to use the 
recommended amount of fertilizers. Average use of chemical fertilizers for pulses 
results in lower yields. For the growth and development of root nodules, phosphorus 
is essential and an average application of 40 kg P2O5/ha is recommended. With the 
withdrawal of subsidies on fertilizers, the decline in the use of non-nitrogen 
fertilizers has an adverse effect on yield. Evidence suggests that 100% of the 
nitrogen requirement for activating the nodulation process can be met through 
inoculation of efficient strains of Rhizobium when coupled with sound agricultural 
practices. However, studies show that the adoption of these biofertilizers is negligi-
ble. If this technology were as efficient, it would still have to be “pushed” by 
government agencies, as there would be substantial demand by this time. The 
continued use of Rhizobium inoculants in the long term appears to be difficult. Of 
course, strict quality control standards need to be implemented in the manufacture 
and sale of inoculants. 

9.9.8 Varietal Constraints 

The major constraints to the cultivation of pulses include the availability of desired 
quality and quantity of high-yielding varieties of pulses. Shortage of high-yielding 
varieties, low crop index, high susceptibility to diseases and pests, flower drop, short 
duration varieties, intermediate growth habits, poor response to inputs, and instabil-
ity in performance are some of the varietal constraints which require immediate 
attention. High-yielding varieties need lots of water in addition to the support of 
fertilizers and pesticides, which becomes riskier due to the lack of assured irrigation

https://silo.tips/download/indian-agriculture-challenges-and-prospects
https://silo.tips/download/indian-agriculture-challenges-and-prospects


facilities and erratic monsoon. The efficiency of inputs e.g. fertilizers, pesticides, and 
irrigation are primarily gritty by the quality of the seeds used. It is reported that seed 
quality is 20–25% of the productivity. Thus, the timely availability of quality seeds 
at reasonable prices to the farmers is essential for achieving high productivity and 
production. Several new high-yielding varieties were developed in the last two 
decades, but their performance is limited to a 10–20% higher yield than the local 
varieties. Because of inherited vulnerabilities, these varieties perform poorly at the 
field level, and a modest increase in yield does not appeal to farmers or cause any 
significant change in the national level of production. The need is to develop 
varieties with better yield gains and desirable characteristics, which are best suited 
for semi-arid climates. The ever-decreasing pattern of shrinking land holdings 
discourages farmers from growing medium to long-duration varieties, which occupy 
the land for 240–270 days. Medium and long-duration varieties do not allow farmers 
to grow cereal crops like wheat and paddy, which provide minimum cash income for 
the family and year-round food security. 
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9.9.9 Lack of Quality and Improved Seed Availability 

Since the introduction of the Integrated Pulses Improvement Program in 1967, about 
400 improved varieties of various pulse crops have been released for cultivation. 
However, at present only 124 varieties are being produced. Of these, a dozen are 
popular among farmers. The wide gap between the requirement of certified/quality 
seeds and their distribution in India is a major concern. The seed replacement ratio is 
very low (2–5%) while the required seed replacement ratio is 10% as both public and 
private agencies are not able to meet the quality seed requirement. Under NFSM, the 
responsibility of breeder and foundation seed production is entrusted to IIPR 
(Kanpur), while the production of certified seeds is given to National Seed Corpora-
tion and other state organizations. 

9.9.10 Socio-Economic Constraints 

Even though India is the world’s largest producer of pulses, it still imports large 
quantities of pulses from the rest of the world. Farmers generally have limited access 
to inputs due to low purchasing power and access market to sell surplus produce 
pulses. Due to this situation, farmers give first priority to staple cereals and cash 
crops for input allocation and the second priority is given to pulses. In addition, there 
is a lack of policy support and post-harvest innovations related to pulse crops. The 
availability of quality seeds and other inputs of improved varieties is one of the 
major constraints in increasing the production of pulses. Pulses production is 
characterized by a very high degree of diversity in terms of both the number of 
crops and their spatial distribution under different agro-climatic conditions. Most of 
these crops are region specific in the sense that a state or a group of states is 
responsible for a large part of the area and production of a specific pulse crop.



Pulses like peas, lentils, Lathyrus, and even chickpeas show their regional distribu-
tion pattern. This diversity has many implications. Firstly, it places serious 
limitations on a single national policy for promoting pulses production in the country 
and regional crop-specific strategies for pulse development programmes. However, 
given the meagre resources available for pulse development, this diversified 
approach can mean spreading resources too little and in turn undermining the effort. 
This dilemma may partly explain the absence of any major emphasis on research on 
pulses, which in turn is partly responsible for their stagnation. The structure of pulse 
production is also characterized by the dominance of two crops, viz. chickpea and 
pigeon pea, which together account for more than half of the total pulse area in India. 
Therefore, if both these crops suffer from adverse climatic conditions, it reduces the 
production of pulses significantly. 
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9.9.11 Post-harvest Technology and Infrastructural Constraints 

Post-harvest losses account for more than 10% of total pulses production, with the 
highest loss of 7.5% in storage followed by processing losses to the extent of about 
2% including threshing and transportation. Damage by storage insects (5%) is more 
likely than wheat (2.5%), paddy (2%) and maize (3.5%) (Deshpande and Singh 
2001). There is a need to popularize storage structures like metal storage bins. The 
processing capacity of pulse mills has recently increased from 65–66% in traditional 
pulse mills to 70–75%. Mini pulse mills should be popularized by the formation of 
pulse producer groups and processing unions to reduce post-harvest losses and 
increase rural employment. Rainfall during the maturation of summer and monsoon 
season pulses results in loss of yield and deterioration in the quality of cereals when 
farmers generally do not have a covered threshing floor. There is also a lack of 
awareness and means among farmers for the safe storage of grains/pulses. Many 
areas are accessible only during good weather. Storage facilities are either inade-
quate or inaccessible. 

9.9.12 Credit, Marketing, and Policy Constraints 

The farmers engaged in the cultivation of pulse crops are mostly small and marginal 
(Singh et al. 2015). Most of the farmers are present in areas with poor banking 
infrastructure. They have a poor resource base and lack of risk appetite ability. 
Therefore, they either do not have access to loans or become defaulters. Even the 
delivery of loans to such farmers is not hustle-free. A marketing network is lacking 
in remote areas. Procurement of produce by a dedicated Agency is virtually ineffec-
tive. However, there is a need to make the system of regulating the quality of inputs 
more effective in all states. Need to streamline the delivery of better technology, 
inputs, and credit through appropriate policy interventions. There is a need to give 
the benefit of crop insurance to pulse farmers.
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9.9.12.1 Lack of Cash and Credit 
Cash is a key element to enable small farmers to move from low input-low output to 
high input-high output agriculture (Reddy 2009). Nevertheless, these farmers have 
less access to credit because their asset base is less; the risk is less capacity and high-
risk environments. Moreover, credit facilities for pulse crops from both formal and 
informal sources are limited due to volatile returns. This can be effectively dealt with 
by credit-linked insurance to pulse crops without any collateral security of 
recommended practices. 

9.9.12.2 Marketing 
The pulses markets are thin and fragmented due to scattered production and con-
sumption across the states (Reddy et al. 2013). Farmers/rural traders sell their market 
surplus immediately after harvest, while some big traders/wholesalers trade in major 
markets and hoard pulses to take advantage of speculative profits. Due to this, the 
farmers are not getting the benefit of high price of pulses in the market. In recent 
years, market information and infrastructure have improved, and the gap between 
consumer price and producer price is narrowing, especially during the harvest 
season. Market prices are largely controlled by local buyers, regardless of the 
Minimum Support Price (MSP), and procurement of pulses by government agencies 
is very limited. The government has suggested procurement of pulses at MSP while 
local market trends suggest that the rates offered by local dealers are much lower 
than the MSP. Therefore, pulse growers have doubts about the effect of MSP on the 
actual market prices. There is a need to encourage investment in market infrastruc-
ture, warehouses, and market information systems in both public and private sectors 
through Public-Private Partnership (PPP) model and economic viability gap funding 
model. Presently, GOI has taken an initiative to increase MSP to promote pulse 
production in the country (Fig. 9.4), which has a great influence on farmers’ interests 
in pulses production. 

Fig. 9.4 Increase in 
minimum in support price in 
last 5 years (2017–2018 to 
2021–2022) (Directorate of 
Economics and Statistics 
2021) 
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9.9.12.3 Flaw in Policy Perspectives 
Due to a number of economic and political compulsions, agricultural development 
strategies were concerned with the aim of achieving rapid growth in food production 
by concentrating resources and efforts at the level of better affluent areas and 
cultivators. 

9.9.13 Farm Mechanization 

Mechanization in agriculture is an essential input and increases productivity, and 
reduces human labour and the cost of cultivation. Agricultural electricity availability 
is to increase to 4.0 kW ha-1 by 2022 from the presently available 1.84 kW ha-1 , yet 
there are many parts of the country where agricultural operations are dependent on 
human labour and livestock. Mechanization of agricultural operations is one of the 
reasons for the success of the expansion of the area under chickpea in Andhra 
Pradesh, which needs to be replicated in Bihar. This can be further increased by 
developing suitable varieties for harvesting. There is a need to encourage agricultural 
mechanization activities such as harvesting and threshing in peak season through the 
distribution of subsidized agricultural machinery to tackle labour shortages and high 
wages. Different agro-climatic zones and soil types are suitable for pulses produc-
tion. Mechanization is an essential tool for increasing productivity in many soils, 
which includes the adoption of deep ploughing, ridge making, combined harvesters, 
etc. The mechanization contributes to the timeliness of operations such as planting, 
line sowing, intercultural operations, reducing the cost of production, and improving 
resource (water, energy, and input) use efficiency. Keeping in view the 
smallholdings of farmers, custom hiring of implements or machines is the only 
practice to increase the reach of agricultural mechanization. In India, many pulses 
are harvested by hand, as the available varieties are not suitable for mechanical 
harvesting (Singh et al. 2019). In developed countries like Australia, Canada, and 
America, pulses like gram, lentils, etc. are harvested mechanically. With ever-
increasing labour costs, manual harvesting has become an expensive field operation 
for many crops including pulses in India and farmers are increasingly opting for 
mechanical harvesting where it is possible. The availability of cultivars suitable for 
mechanical harvesting will decrease the cost of production and increase the cost of 
production to the farmers in the cultivation of pulses. The availability of cultivars 
suitable for mechanical harvesting will decrease the cost of production. 

9.9.14 Post-harvest Handling of Grains for Reducing Losses 

There is a need to promote mechanical threshing with the provision of incentives for 
the purchase of threshers. Procurement of pulses by government-authorized 
organizations will significantly reduce the storage requirement at the farmer level. 
Mini pulse mills should be popularized and promoted through various initiatives 
including incentives. The private sector should be involved to encourage the setting



up of pulse mills in rural areas/districts having a large area under pulses on the lines 
of sugar mills. There is a need to involve private companies in the processing, 
packing, and marketing of pulses. Public sector procurement agencies are severely 
handicapped in funding and expertise in this area. 
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9.9.15 Subsistence Nature of Farming 

Indian agriculture is classified based on its subsistence nature, i.e., most of the 
products are directly consumed by the producers, and the surplus, if any, is usually 
less. The reason for this is that most Indian farmers are out of use due to poor 
equipment and technology, and are not able to afford costly inputs. This result in low 
returns and meagre income, which means fewer savings and reinvestment. Indiffer-
ent behaviour towards the adoption of new technologies is also a major limiting 
factor for improving pulse productivity. 

9.9.16 Awareness and Access to New Technology 

Lack of awareness of farmers about improved varieties or availability of quality 
seeds as well as various new technologies is major constraint in the mass production 
of pulses. Television will be the most popular media for raising awareness; Trials 
and farmer fairs/field days would also be helpful. Subsidies need to be given for 
widespread adoption of the identified technology. 

9.9.17 Physiological Limitations 

The pulses being C3 plants inherently suffer from low yield potential and are a 
physically inefficient group of plants compared to cereals (C4 plants) such as 
sorghum and maize. However, the troubling future is that pulses have a lower 
Harvest Index (HI) than cereals. In pulses, it is only 15–20% as compared to 
45–50% in the case of cereals like wheat and rice. Excessive vegetative growth 
results in a low HI but may result in the early splitting of dry matter into seeds and 
promote good growth of C4 plants. Low HI results from excessive vegetative growth 
but can be overcome by an early splitting of dry matter into seeds and by developing 
biotechnological and genomic tools to incorporate the good characteristics of C4 
plants into C3 plants. In general, the rate of flower drop is high in pulses. In pigeon 
pea, more than 80% of the flowers produced in a plant are lost; yield can be increased 
significantly by reducing flower drop. This can be done either by breeding lines that 
maintain a large proportion of flowers that produce pods or through physical 
manipulations, such as the spray of hormones that reduce flower drop. Physiological 
studies at ICRISAT, India including the removal of pigeon pea flowers and young 
pods, have shown that plants compensate for the loss of flowers and young pods by 
setting pods from later formed owners, which otherwise would have dropped. This



compensatory mechanism provides substantial plasticity for adaptation to intermit-
tent adverse conditions such as moisture pressure or insect attack, which are com-
mon in warm rainfall regions of South India. The recent increase in yield levels in 
pigeon pea has been due to the release of longer-duration (annual) varieties, which 
make maximum use of assimilation to fill the available sink of a large number of 
flowers (Wani et al. 2002). 
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9.10 Realizing Potential Productivity 

Indian agriculture is endowed with the second largest arable land area in the world 
with the largest number of different agro-climatic ones, almost round the year bright 
sunshine, 1120 mm of annual rainfall, numerous rivers across the country, 7000 km 
long coastline, exceptional biodiversity, and abundant labour force. Since pulses are 
always subjected to abiotic stresses leading to sub-optimal nutrient absorption, 
farmers use low doses of fertilizer nutrients, which are the major culprit in pulses 
production. In addition, nutrient use is imbalanced and rarely based on soil test 
values. However, the wide spectrum of agro-climatic conditions, favourable thermal 
regime or availability of temperature appropriation, and adequate rainfall almost 
throughout the year for cultivation point to the fact that there is immense untapped 
potential to improve the productivity of pulses and bring the additional area under 
pulses. There is overwhelming scientific evidence suggesting a vast gap between 
farmer’s yield and front-line performance plot yield. There is a need for the promo-
tion of high-yielding varieties along with a selection of suitable varieties for different 
agro-climatic conditions. Further use of disease and pest-resistant varieties is highly 
advocated under the current climate change scenario. Pulses are an important source 
of high-quality protein with cereal protein supplementation for India’s substantial 
vegetarian population. Pulses can be produced with minimal use of resources and 
hence become less expensive than animal protein. Pulses meet their nitrogen 
requirements largely by fixing atmospheric nitrogen in their root nodules. Pulses 
can provide a sustainable solution in a rainfed area that is 67% net sown area 
contributes 44% of food grains and supports 40% of the population. 

There are remarkable achievements in the development of high-yielding cultivars 
and pulse production technologies made by the dedicated efforts of the Indian 
Council of Agricultural Research (ICAR) through the Indian Institute of Pulses 
Research (IIPR) and various All India Coordinated Research Projects (AICRPs) 
on Pulses and a network of partners. Besides, the partnership of ICAR with interna-
tional institutes, particularly International Crop Research for Semi-arid Tropics 
(ICRISAT) in chickpea (desi and kabuli) and pigeon pea; International Center for 
Agricultural Research in the Dry Areas (ICARDA) in lentil, chickpea (kabuli) and 
grass pea; and World Vegetable Center in mungbean and urdbean, have been very 
fruitful. Germplasm and breeding materials supplied by these institutes have 
contributed to the development of several widely grown cultivars across the country.



dentification of districts and promising intercropping systems and establish-
ment of area coverage targets for each agro-climatic zone
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9.10.1 Vertical Approach to Increase Production 

In the vertical approach, possible methods and techniques are used which help in 
getting more production without expanding the crop area, and here the focus 
depends on how to improve the productivity of the crop per unit area. The vertical 
approach can be used efficiently and effectively to increase pulse productivity. 

1. Encourage promotion of sequential cropping, intercropping, and utera cultivation 
There are a good number of promising intercropping systems for pulses devel-
oped by Agricultural Research Stations. Farmers in rainfed states (Gujarat, 
Madhya Pradesh, Chhattisgarh, Maharashtra, Karnataka, and Andhra Pradesh) 
are familiar with some of them as they have been practicing them in 
traditional ways. 

Approaches to be adopted by rainfed states should include: 
(a) I 

(b) Organizing intercropping demonstrations with farmer’s active participation 
and comparing returns with a single cropping system 

(c) Ensuring the availability of seeds of improved pulse varieties recommended 
for intercropping 

(d) Demonstration of seeding equipment (animal-drawn and tractor-pulled) suit-
able for simultaneous planting of main and intercrop components 

(e) Pulses seed minikits can be given only to farmers opting for intercropping 
(f) KVKs at district level should be involved in farmers’ training and field 

demonstration of production technology 

9.10.1.1 Adoption of Promising Agronomic Practices 
Agricultural practices that have a major impact on the productivity of pulses include 
tillage, crop geometry, plant population, planting method and timing, nutrient and 
water (rainwater and irrigation) management, seed treatment (with fungicides) and 
crop-specific bacterial culture, weed management, and plant protection. Crop-
specific recommendations are developed by regional agricultural research stations 
based on applied and adaptive research findings generated in different agro-climatic 
zones (Ghosh et al. 2014). 

9.10.1.2 Balanced Input Supply (Chemical Fertilizer, Bio-Fertilizer, 
and Plant Growth Regulator) 

The widespread deficiency of zinc and sulphur in major pulse-producing states and 
boron deficiency in acidic soils of eastern and northeastern states has necessitated the 
use of sulphur containing fertilizers and zinc sulphate sources of zinc. For 
this, 20–40 kg ha-1 sulphur (through gypsum, SSP) at the time of sowing and zinc 
sulphate @ 25–50 kg ha-1 once in 2 years effectively removes the problem and 
helps in maximizing crop productivity (Singh et al. 2013).
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9.10.2 Nutrient and Water Use Efficiency of Soil pH Improvement 

The use of gypsum is limited in the western states and some parts of the eastern and 
southern states. The N requirement of pulses is much higher than that of cereals. 
However, most of the requirement is met through biological N-fixation. The growth 
and development of pulse crops are extensively controlled by Plant Growth 
Regulators (PGRs). To trigger vegetative growth, auxin plays an important role, 
especially under low ambient temperatures and cold rhizosphere regimes. However, 
the availability of the quality of Rhizobium inoculums is limiting. Phosphorus is 
becoming a limiting macronutrient that will affect the production of pulses. A 
common difficulty in reclaiming P from the soil is that it is not readily available to 
plants because P reacts with aluminium, iron, and calcium in the soil to form 
complexes (Hazra et al. 2018). These nutrients are essentially insoluble resulting 
in very little movement of P into the soil solution, and none of the compounds can be 
taken up directly by the roots. Phosphate solubilizing bacteria (strains from the 
genera of Pseudomonas, Bacillus, and Rhizobium are among the most powerful P 
solubilizers) as inoculants simultaneously increase P uptake by the plant and thus 
crop yields. 

Therefore, fertilizers containing micronutrients readily available to small-holding 
farmers in remote areas will be of great help in increasing the productivity and 
production of pulses. Most pulse growing areas have low to moderate populations of 
native Rhizobium and seed inoculation with biofertilizer (Rhizobium) can increase 
pulse productivity by 10–12%. Lack of quality enhancement is also a major con-
straint in the use of biofertilizers. Vesicular-arbuscularmycorrhiza (VAM) Promises 
to improve the supply of Phosphate and micronutrients such as zinc in pulses. 
Phosphate-soluble bacteria (PSB) are another group of hydrotropic organisms that 
may be applicable in rainfed production systems, especially in soils with poor 
phosphorus availability (Venkatesh et al. 2019a, b). Combined use of cultures 
such as double inoculation of Rhizobium and VAM yields higher yields than 
Rhizobium alone. 

9.10.3 Resource Conservation Technologies for Expansion 
of Irrigation 

Supplemental irrigation with a limited amount of water, if applied to rainfed crops 
during critical stages can result in substantial improvement in yield and water 
productivity. In view of the good response for supplemental irrigation to pulse 
crops, the government should encourage policies to provide supplemental irrigation. 
The use of sprinkler irrigation has immense potential for saving water and expanding 
the area under irrigation. This method has gained popularity in many districts with 
limited water resources. Drip irrigation has also attracted the attention of policy 
makers, administrators, and social activists, as it has assumed social, economic, and 
ecological dimensions. Supplemental irrigation with limited amounts of water, if 
applied to rainfed crops during critical stages, can lead to substantial improvements



in yield and water productivity. Given the good response to supplemental irrigation 
to pulse crops, the government should encourage policies to provide supplemental 
irrigation. 
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9.10.4 Use of Herbicides 

Another production method where the cost of cultivation can be reduced substan-
tially is to promote the use of post-emergence herbicides to control weeds by 
developing herbicide-tolerant varieties (Kumar et al. 2014; Nath et al. 2021). In 
general, pulses are sensitive to herbicides and at present manual weeding is the only 
option for weed control. Management of weeds in pulses is becoming costly and in 
some cases economically unviable due to the high labour cost involved in manual 
weeding. Herbicide-tolerant varieties offer an opportunity to control weeds through 
need-based applications of herbicides. Weed management through herbicides is not 
only economical but also facilitates zero-tillage or minimal tillage methods. 

9.10.5 Seed Replacement/Multiplication Strategy 

It is possible to increase the productivity in pulses by incorporating new HYV to 
achieve maximum yield. The major issue related to the promotion of quality seeds is 
the timely availability of quality seeds and the promotion of promising varieties in 
sufficient quantity to the farmers. The use of good quality/certified seeds in pulses is 
inadequate. Therefore, efforts should be made in this direction through various 
means sponsored by the government. Programs like the National Food Security 
Mission (NFSM), Integrated Scheme of Pulses, Seed Village Program, etc. These 
efforts have been successful to increase the seed replacement rate (SRR) of pulses to 
22.5% by the year 2010–2011. Despite a long list of improved pulse varieties 
released for cultivation, their impact is yet to be fully realized by resource-poor 
farmers in many states in India. Small farmers’ access to quality seeds of improved 
pulse varieties is hampered by both inadequate demand generation and limited 
supply. 

The situation is further compounded by the unfavourable and inadequate policy 
support and regulatory framework, inadequate institutional and organizational setup, 
and deficiencies in production and supply infrastructure and the socio-economic 
status of the farmers. Several constraints limit the performance of seed systems in 
India, including limited access for smallholder farmers to seed-improved varieties; 
limited supply quality (breeder, foundation, and certified) seeds of farmer and 
market preferred varieties; lack of interaction between national seed production 
organizations and policy-making bodies. On the seed supply side, the pulses seed 
business generally does not attract large seed companies because the profit margin is 
low. More than 95% of lentil seeds (the leading global lentil producer) in India come 
from the informal sector (Materne and Reddy 2007). The situation concerning other 
pulses in India is similar. The seed replacement rate in chickpeas varies from 14% in



soybean to 35% in India, thus indicating that most farmers still use their own saved 
seed (Fig. 9.5). 
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Fig. 9.5 Crop-wise distribution of certified/quality seeds of different pulses in India (Directorate of 
Economics and Statistics 2021) 

This situation is due to several factors including low seed multiplication rates of 
legumes and the reuse of grain from the previous crop as seed. Demand for specific 
varieties adapted to the often more narrow agroecology and consumer needs. 
Furthermore, when seed production occurs, it is often in high-potential areas, with 
seed reserves concentrated in areas with high population densities or areas with 
better infrastructure (i.e. remote, not stress-prone areas). As small and medium seed 
companies are emerging and gaining strength, they are also creating effective 
demand for pulses seed. However, their capacities are still limited by inadequate 
and discontinuous access to foundation seed, inadequate capital investment, and lack 
of appropriate marketing strategies including delivery systems targeting remote and 
small-scale farmers. Public and private partnerships would be the best approach to 
increase the availability of foundation seed needed for subsequent seed classes. In 
developing countries such as India, particularly for pulses, the formal seed sector is 
highly subsidized and evolving at different stages of development. 

The informal seed sector is and will remain a major player in legumes. In recent 
times, development partners and researchers have realized the importance and 
importance of quality seeds in agriculture and several projects have been 
implemented or are in progress to improve the seed availability of improved farmer 
preferred varieties to the farmers. The key issue in resolving access to quality seed 
will be a thorough understanding and critical assessment of the existing seed sector 
(both formal and informal), their constraints and comparative advantage and 
complementarities status (Fig. 9.6).
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Fig. 9.6 State-wise distribution of 150 seed hubs for quality seed production in India (Source: 
ICAR-IIPR, https://iipr.icar.gov.in/seed_hub.html) 

9.10.6 Efficient Pest Surveillance, Integrated Insect Pests, 
and Diseases Management 

In the age of climate change, it is important that region-specific advisories be issued 
to guide pulse growers on pest control. There is a need to set up an effective pest 
monitoring mechanism at district level. Naturally, the pulse crop is attacked by more 
than one disease and pest at a time; Hence the need for multiple disease-resistant 
varieties. Recent developments in Integrated Pest Management (IPM) have given 
wide scope for cost-effective control of many pests and diseases. IPM is essentially a 
farmer’s activity of using one or more management options to reduce pest 
populations below economic damage levels while ensuring the productivity and 
profitability of the entire agricultural system. A variety of chemical, biological and 
cultural methods have been found to reduce pest and disease damage. Properly 
planned cropping systems involving crop rotation or intercropping of non-host and 
host crops, different agronomic practices like the use of solar energy by summer 
ploughing preceding summer pulses are cost-effective components of IPM. Since 
IPM is knowledge-intensive, a systems approach involving various disciplines to 
evolve an Integrated Crop Management (ICM) should be the goal in the future.

https://iipr.icar.gov.in/seed_hub.html
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9.10.7 Suitable Extension Approaches for the Adoption of Improved 
Pulse Production Techniques 

Dissemination of better and better pulse production techniques should not only be 
region/agro-climatic region specific but also match with the resource base of the 
farming community. There is a need to look for an institution building, which 
collects the produce of the scattered farmers and connects them with businesses 
for better quality inputs and for efficient marketing of the produce. Similarly, the 
expansion strategy to be adopted should take into account the prevailing socio-
economic condition of the farmers. 

9.10.7.1 Short-Duration, High-Yielding Varieties 
Matching the crop maturity period to the available soil moisture is a key strategy to 
survive drought stress. Therefore, the emphasis should be on crop improvement 
programs. Developing high-yielding, short-duration varieties that survive the ulti-
mate drought is required. These shorter-duration varieties offer opportunities to 
incorporate a crop/variety into cropping systems with a narrow crop window or 
new production space. Introduction to high yield, short duration, Fusarium Wilt 
resistant varieties is a major breakthrough in improving pulse production under 
rainfed areas. Varieties for short seasons and hot climates with high adoption of 
improved varieties and production technologies are most suitable for south India. 
The major factors responsible for the significant increase in the area and production 
of chickpeas in central and southern India are: 

Successful introduction of commercial farming through mechanized field 
operations and effective management of pod borer. Andhra Pradesh was once 
considered to be beyond the limits of chickpea cultivation, due to the hot and low 
season climate, but now has the highest average yield (1.4 T ha-1 ) level in India. In 
Andhra Pradesh, more than 80% of the chickpea area is occupied by short-duration 
improved varieties (JG 11, KAK 2, JAKI 9218, and Vihar) (Gaur et al. 2012). 

9.10.8 Improved Varieties with Drought Tolerance 

Drought-tolerant varieties can provide a cost-effective long-term solution against the 
adverse effects of drought. The return on investment in breeding for drought 
tolerance is likely higher than other drought management strategies. Widespread 
dissemination of drought-tolerant material will provide sustenance to farmers who 
are more vulnerable to the shock of crop failure. Root traits, particularly root depth 
and root biomass, are known to play an important role in avoiding terminal drought 
through more efficient extraction of available soil moisture.
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9.10.9 Horizontal Approach: Crop Diversification Under New Niches 

Pulses have a wide variety of maturity periods, which enables their cultivation in 
multiple locations and in different production systems to increase production. Some 
examples are given below, but many more other crops and niches can be successfully 
exploited (Hazra and Bohra 2021). Efficient utilization of rice fallow lands and 
replacement of low productivity crops with pulses. The fallow land after the summer 
rice harvest that is estimated to be around 11.65 million ha can be potentially utilized 
for winter pulses (Kumar et al. 2020a, b, c). The rice fallow area is predominantly 
rainfed and is present over the states of Bihar, Madhya Pradesh, Chhattisgarh, 
Orissa, East Uttar Pradesh, West Bengal, and Jharkhand. About 25% of this area 
has the potential to support and strengthen post-rice winter pulses depending on soil 
type and depth. Thus, this 3–4 million ha of additional area can be brought under 
winter pulses. Assuming an average productivity of 600 kg ha-1 , this area can 
produce 1.8–2.4 million T of pulses. There is a need to encourage farmers through 
various incentives and area-specific expansion strategy for cultivation of pulses in 
the identified states. The necessary technical backup in terms of suitable short-lived 
varieties, nutritional supplements, and other agronomic practices must come from 
research organizations who has to conduct field demonstration on pulses in paddy 
fallow. 

9.10.9.1 Chickpeas in Rice Fallows 
The Gangetic plains of India, spanning four countries in South Asia, namely 
Bangladesh, India, Nepal, and Pakistan, is one of the most important agriculturally 
in the world. About 14.3 million ha rice area in IGP remains fallow during the winter 
season. These offer a huge potential for expansion of area under paddy fallow winter 
pulses such as chickpea, lentil, and Lathyrus (Kumar et al. 2020a, b). Lack of 
irrigation facilities, faster depletion of residual soil moisture, and poor accessibility 
of quality seeds are the major constraints to taking second crop pulses after rice in 
rainfed rice-fallow ecologies (Ghosh et al. 2016; Kumar et al. 2019a, b). Adoption of 
early maturing pulse crop cultivars and appropriate soil moisture conservation 
practices in rice fallow systems could be the strategic option for the sustainable 
intensification of rice fallows in India (Kumar et al. 2016; Hazra and Bohra 2021). 
Agricultural trials carried out by several state agricultural universities in five states of 
India (Chhattisgarh, Jharkhand, Orissa, West Bengal and East Madhya Pradesh) 
have shown extensively on agriculture that the short duration of gram and lentils 
after the harvest of rice can be grown successfully, and with a reasonably high yield 
level of 1–2.5 ha-1 . 

9.10.9.2 Pigeon Pea in Rice-Wheat Cropping Systems 
The rice-wheat cropping system is popular in the Indo-Gangetic plain of India and 
the system is currently facing several sustainability challenges including soil quality 
degradation, groundwater scarcity, declining factor productivity and environmental 
pollution (methane emission, residue burning etc.) (Dutta et al. 2022). Besides, the 
continued mono cropping of cereals has resulted in decreased soil fertility and



increased incidence of pests and diseases, and posing a serious threat to the stability 
of the entire rice-wheat cropping system. Inclusion of pulses in the rice-wheat 
cropping system will go a long way in restoring soil fertility and reducing other 
related problems (Ghosh et al. 2020a, b; Nath et al. 2019; Hazra et al. 2020). Pigeon 
pea-wheat system could be Concerning the intensive energy, water, and input 
consumption in the rice-wheat production system in the northwestern plain regions, 
pigeon pea-wheat could be a diversification alternative for production sustainability 
(Singh et al. 2018). 
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9.10.9.3 Indo-Gangetic Plains and Rice Fallows 
Pulses have been introduced in Indo-Gangetic plains with the development of short 
duration (150–170 days) varieties of pigeon pea like UPAS-120, Manak, AL-15, 
AL-201, etc. in irrigated areas of Punjab, Haryana, Delhi and western Uttar Pradesh 
under pigeon pea-wheat based cropping system. Similarly, short-duration 
(60–70 days) green gram varieties with synchronous maturity and resistance 
YMVs (PDM-11, PDM-54) offer good scope for their introduction as a catch crop 
in the rice-wheat system (Hazra et al. 2019). Pulse-based cropping systems are 
low-input, requiring less labour, water, pesticides, and fertilizers. The rice-pulse 
cropping system is also better than the rice-wheat cropping system. Overall, the 
pulse-based cropping system is more suitable for resource-poor farmers and water-
scarce areas (Kumar et al. 2018). Therefore, policy options should be developed to 
include at least one pulse crop in the cropping systems to maximize the benefits of 
irrigated farming systems. However, these findings are applicable only under 
irrigated conditions. It should be noted that the scope for the introduction of pulse 
crops in rice-fallow (mostly unirrigated) crops needs to be tapped with supplemen-
tary irrigation, given the high profitability and scope for pulse crops as winter crops 
in cropping systems. The major future expansion of area under pulse crops may be in 
the rice fallow, where there are no other crops to compete with, although there are 
limits to the successful propagation of these crops in this system. Most of the farmers 
in South India, where large areas of paddy fallow are located, are not aware of the 
potential economic benefits of using fallow for the cultivation of pulses. In many 
cases, farmers get not only inadequate but also wrong information about the 
recommended pulse production technology. Governments should provide various 
incentives to increase the area under pulses in rice fallow land and train field workers 
and farmers to participate in demonstrations. About 5 lakh ha of winter pulses can be 
brought from upland rice, 4.5 lakh ha of bajra, and 3 lakh ha under barley, mustard, 
and wheat. Winter pulses like lentils and gram should be replaced by mustard, 
barley, and wheat. If possible, the collected rainwater should be used as life-saving 
irrigation for winter crop establishment. 

9.10.10 Post-harvest Management 

There is a need to promote mechanical threshing for post-harvest management of 
pulses by providing incentives for the purchase of threshers. Authorized



organizations will significantly reduce the need for storage at the farmer level. Small 
pulse mills should be popularized and promoted. The private sector also encourages 
the setting up of ‘Dal Mills’ in rural areas/districts with a large area under pulses on 
the lines of sugar mills. Private companies should be concerned with the processing, 
packing, and marketing of pulses. Public sector procurement agencies are severely 
handicapped in funding and expertise in this area (Singh et al. 2013). 
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9.10.11 Expansion of Irrigation 

Pulses are always grown in conditions of lack of moisture, which reduces the level of 
productivity. Scientific scheduling of irrigation, estimating the amount of water, and 
deployment of water-saving irrigation methods not only result in increased yield but 
also greater use of water and nutrients. The use of sprinkler irrigation has immense 
potential for saving irrigation water and expanding the area under irrigation. This 
method has gained popularity in many districts with limited water resources. Drip 
irrigation is the focus of policymakers, administrators, and social workers as it has 
assumed social, economic, and ecological dimensions. Fertigation holds promise for 
widely spaced crops such as pigeon pea. These devices can increase the irrigation 
area by 30–50% (Singh et al. 2013). Along with an expansion of irrigation facilities 
through ground water, there is scope for expansion of area irrigated under pulse 
crops, especially summer, rabi and spring season crops through canal irrigation 
system, as the yield response is high. In short, to increase the area and production 
of pulse crops, we need crop specific and region specific approach. 

9.10.12 Farm Mechanization and Land Lease Market 

One of the reasons for the success of expansion of the area under chickpeas in 
Andhra Pradesh is the development of varieties suitable for agricultural mechaniza-
tion. Therefore, there is a need to encourage agricultural mechanization in peak-
season activities like harvesting and threshing through the distribution of subsidized 
agricultural machinery to tackle labour shortage and high wage rates. 

9.10.13 Pulse-Based Technologies 

Already ICAR and ICRISAT, with the support of State and Central Governments, 
are involved in the development of short duration, photo-thermos-insensitive 
varieties for different agro-ecologies, development of hybrids in pigeon pea, efficient 
plant architecture in major pulse crops. Development of bio-intensive integrated pest 
management module, design of advanced machines to tackle labour shortage, 
production of breeder seeds of latest released varieties, and conducting frontline 
demonstrations in farmers’ fields. R&D efforts under NFSM-Pulses and NARS need 
to be strengthened with a major emphasis on this.
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• Replace cereal crops with high-yielding pulses in the prevailing rice-wheat 
cropping systems

• To encourage research and development on multi-cropping and additional matu-
ration of pigeon peas for better cropping management

• Development of pigeon pea genotypes suitable for Rabi/Spring and Summer 
seasons

• Induction of short-duration varieties of pulses as catch crop;
• Introduction of spring green gram.
• Utilization of unused land and water in spring/summer season with high returns
• Using genomics and biotechnological tools for the development of multiple 

disease and insect repellents. Varieties to reduce yield loss of standing crop and 
increase yield

• Reducing storage losses and improving market knowledge and infrastructure.
• Technology dissemination and input delivery mechanisms for pulses were very 

weak. Research, extension, and coordination of farmers to encourage farmer-
participatory research.

• Linking MSP to market prices can bridge the gap between demand and supply 

There is a need for a holistic approach rather than a single approach method to 
increase the production and productivity of the pulse crop. Best Agricultural Science 
Practices (BAPs) and their various components have the potential to stand out under 
climate change conditions, all the components of pro-technology need to be adopted 
as a unit, and some of them need not be selected, which help to overcome many 
complications in soil health, poor response to threat and technology. These steps can 
be taken on a priority basis to improve the productivity of pulses, some of them are 
(1) encouraging rapid adoption of existing technology to reduce yield gap (2) seed 
replacement rate and quality production Institutional support for improvement. 
(3) Strengthening of life saving irrigation in pulse growing areas (4) Ensuring 
availability of critical inputs like seed fertilizers, pesticides (5) Gradual automation 
for pulses production (6) Public-private partnership for sustainable chain and to 
reduce post-harvest losses (7) Policy support for value chain of pulses. 

9.11 Major Breakthroughs in Pulses 

9.11.1 Hybrid Pigeon Pea Technology and Genomic Intervention 

To break the yield barrier in pigeon peas, ICRISAT and partners have developed a 
cytoplasmic male-sterility (CMS) based hybrid breeding technique in pigeon peas. 
The CMS-based medium maturity hybrids, ICPH 2671 and ICPH 2740 produced 
30–40% higher grain yield than the popular cultivars in farmers’ fields in India. 
Mapping the genome of pigeon pea is a breakthrough that helps accelerate the 
development of improved varieties that can provide stable and high yield. A major 
breakthrough that helps accelerates the development of improved varieties that can 
provide stable and high yields (Saxena and Nadarajan 2010). Genome sequencing



will be able to identify the structure and function of over 48,000 genes of pigeon pea. 
There are some unique genes that confer drought tolerance to pigeon pea. This 
characteristic can be transferred to identify high yielding varieties. This will also 
help in reducing the time taken for breeding new varieties from 6 to 10 years to about 
3 years. 
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The production of pigeon pea can be increased through (1) wheat under irrigated 
conditions in Uttar Pradesh (UP), Haryana, Punjab, and northern parts in sequence 
with improved crop management (2) replacement of other dry land crops like cotton 
in low water availability states like Gujarat, Karnataka, Andhra Pradesh, 
Maharashtra, and Tamil Nadu, (3) the popularity of rabi pigeon pea in the states of 
Orissa, Gujarat, West Bengal, Bihar, and eastern Uttar Pradesh, and (4) growing area 
through inter-cropping of pigeon pea with soybean in Madhya Pradesh, 
Maharashtra, and Rajasthan; and with cotton, jowar, bajra, and groundnut in the 
states of Andhra Pradesh, Maharashtra, Karnataka, Gujarat, MP and UP, under 
which additional coverage is expected to at least 1 million ha by the end of the 
century, (5) Pest management of pod borer, Fusarium wilt, and sterility mosaic. 

9.11.2 Success Story 

9.11.2.1 Chickpea Revolution in South India 
The introduction of the gram crop in non-traditional areas such as South Indian states 
is an example of technological and institutional success, which has the potential to be 
replicated in other crops. The area under chickpea is shifting from northern states to 
southern states. During the period 1991–1993 to 2006–2008, the highest increase in 
the productivity of gram has been recorded in Andhra Pradesh (124%), followed by 
Karnataka (63%), Maharashtra (52%), and Gujarat (40%), Still, there is scope for 
productivity enhancement in the states to increase production to meet growing 
demand at the national level (IIPR 2012). During the past four decades 
(1979–2019), chickpea production in central and southern India increased by 
445% (from 1.27 to 6.95 million metric T) due to a 177% increase in area 
(2.42–6.71 million ha) and a 97% increase in yield (527–1036 kg/ha), while in the 
rest of the world, chickpea production increased 133% (1.85–4.31 million metric T) 
due to 49% increase in area (2.80–4.17 million ha) and 57% increase in yield 
(659–1033 kg/ha). Expansion of wheat area was crucial for India in ensuring food 
security and, fortunately, expansion in chickpea area in central and southern India 
fully compensated for the loss in chickpea area that occurred in Northern India. 
Several institutional and technological factors contributed to the expansion of the 
region in South India. These include the introduction of gram in black cotton soils, 
availability of rabi fallow land, adoption of short duration and high yielding varieties 
such as KAK-2, a Kabuli type with high market demand; and short duration and wilt-
resistant varieties such as JG-11, stable yields, and prices, and well-developed land 
lease markets, which facilitated large-scale mechanization. This large-scale mecha-
nization facilitated the consolidation of operational holdings, contracting major 
labour-demanding tasks such as harvesting and threshing that helped economies of



scale in procuring inputs as well as production and marketing of output, to address 
the labour shortage. 
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Overall, even though the adoption of technology led to increased investment in 
gram cultivation, it helped reduce the cost of production due to a sharp increase in 
yield and profitability. Wide availability of highly subsidized cold storage godowns 
helped farmers to store chickpeas during the peak harvest season to overcome low 
market prices and to benefit from higher prices during the later period. The impor-
tance of successful government programs such as NFSM, subsidized seed distribu-
tion and mechanization, incentives for cold storage structures, and high MSP helped 
the gram revolution in South India. 

9.11.2.2 Chickpea Revolution in Andhra Pradesh 
The production of gram in Andhra Pradesh increased from 393 to 1375 kg ha-1 from 
1987 to 2008, while the area increased from 52.2 to 542 thousand ha, because of 
which products in the same period increased from 19.9 to 730.7 thousand T. The 
annual compound growth rate of the crop is now 12.41% and the yield is 5.80% and 
has resulted in a massive 18.21% per year increase in production from 1987 to 2008. 

9.12 Geographical Shifting of Pulse Cultivation 

The traditional areas for pulse production have been switching to other crops as 
pulses have moved to non-traditional areas (ICAR-IIPR Vision 2025 2015). The 
pulses moved from northern to southern and from eastern to western zones, with 
central India becoming the hub for pulse farming. Andhra Pradesh, Karnataka, 
Madhya Pradesh, Maharashtra, and Rajasthan are emerging as the most promising 
states in pulse production. Madhya Pradesh dominates in chickpeas, and 
Maharashtra dominates in pigeon peas. Identifying the factors behind this transition 
is an important area for future research. Technology has played a crucial role in the 
shift in areas allocated to pulses from traditional to non-traditional areas. The states 
that do not have any highly commercialized or highly profitable crops seem to be the 
ones where the adoption of pulses has been easiest. For instance, the absence of any 
profitable star crop in the Telangana and Rayalaseema regions of Andhra Pradesh is 
facilitating chickpea cultivation so much, so that they have emerged as the major 
producer of chickpeas in India. In the same way, low-productive cotton in northern 
Karnataka and barley in Madhya Pradesh are being replaced by chickpeas. Reddy 
(2009) presents the case of chickpeas’ rapid expansion in Andhra Pradesh as a 
suitable example to emulate for production growth in other pulse crops. The 
introduction of short-duration varieties of chickpeas, for example, has contributed 
to the increase in its area and production. 

Proper soil and water conservation measures need to be taken to ensure that 
flooding does not occur to pigeon peas. At the same time, water logging could 
certainly play a role in diminishing the area planted, especially in deep black soil. 
Trends of regional specialization and geographic continuity are emerging regarding 
the area and production of pulses, which are visible at the regional and state level.



Pulse-producing states are rainfed conditions, absence of irrigation, and a general 
lack of alternative profitable crops. The pulses being cultivated predominantly in the 
marginal and rainfed regions under resource-starved conditions require a different 
approach to increase their area, production, and productivity. Indeed, research efforts 
have already shifted to develop varieties that can address the challenges of 
non-traditional areas. 
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In addition, research must be undertaken to find the potential of pulse production 
in the rainfed rice fallow systems spread across the states of Bihar, Chhattisgarh, 
Jharkhand, Madhya Pradesh, and Odisha. Post-rainy season fallows might comprise 
both the biggest challenge and the greatest opportunity for increasing pulse produc-
tion. Alternative cropping patterns and the adoption of various technologies, coupled 
with seed availability, could increase pulse production in these marginal areas. Also, 
there is a need for further research to assess the feasibility and risks of policies 
increasing the MSP and expanding procurement in a deficit crop such as pulses. 

9.13 Way Forward 

Agriculture is an important sector of the Indian economy, contributing to about 15% 
of the national GDP and more importantly, almost half of India’s population is 
wholly or significantly dependent on agriculture and allied activities for their 
livelihood. Nevertheless, agriculture in India faces many constraints and challenges, 
especially in the areas of food security, natural resource management, and the 
application of advanced agricultural technology to improve crop yield potential, 
better agricultural profitability, minimum adverse environmental impact, better soil 
Health and food self-confidence. Food security in India has long been a major area of 
concern for agricultural scientists and planners. At present, India produces over 
about 315 million T of food grains every year, an increase of four times since 
independence. However, increased efforts to produce more food have resulted in a 
tremendous shift in cropping systems towards cereal-grain-based cropping systems. 
This has marginalized pulses resulting in quantitative as well as qualitative degrada-
tion of the productive base, land, and agricultural resources. Pulses are a rich source 
of protein, vitamins, and minerals and popularly known as “poor man’s meat” and 
“rich man’s vegetable”, contributing significantly to the nutritional security of the 
country. Pulses provide significant nutritional and health benefits and are known to 
reduce several non-communicable diseases such as colon cancer and heart disease. 
Pulses, supplemented with cereals, provide a perfect blend of vegetarian proteins of 
high biological value. India is the largest producer, importer, and consumer of 
pulses, and accounts for 25% of the global production from 35% of the global area 
under pulses. The productivity of pulses in India is less than half of the productivity 
levels in the USA and Canada, as pulses are mainly grown in rainfed conditions in 
areas of high rainfall variability. Persistent and increasing demand-supply gap is 
putting pressure on prices. The pulses are increasingly out of reach of the poor. 
Pulses production in India is caught in a vicious cycle Low and uncertain yield cycle, 
and poor returns per hectare resulted in the least preference for farmers to grow



pulses. Inadequate adoption of production technology; high price volatility, produc-
tion risk, and low level of irrigation are important factors responsible for stagnation 
in the productivity of these crops. The country will need 39 million T of total pulses 
by 2050, which would require pulses production to grow at an annual rate of 2.2%. 
The country will have to produce enough pulses to meet the growing requirement as 
well as remain competitive to protect domestic production. It is imperative to 
develop and adopt more efficient crop-production technologies with favourable 
policies and market support to encourage farmers to bring more area under pulses. 
To provide nutritional security to the poor population dependent on a vegetarian diet, 
making pulses affordable by promoting the domestic production of pulses is the best 
option. To increase the supply of pulses to the poor masses, the supply through 
Public Distribution System in the present scenario will not only distribute pulses to 
the poor at affordable prices and enhance nutritional security, but through stabilizing 
prices and promoting farmers. Lack of assured market is one of the major issues of 
poor performance of pulses. Government procurement will provide adequate mar-
keting support to the producers. Alternative marketing arrangements through con-
tract farming, a farmer-producer-company model needs to be promoted. Pulses can 
be grown on a wide range of soil and climatic conditions and play an important role 
in crop rotation, mixed and intercropping, Rhizobium bacteria is essentially 
maintaining soil fertility through biological nitrogen fixation (30–150 kg ha-1 ). 
Pulses are a constant source of income and employment for small and marginal 
farmers along with the release of soil-bound phosphorus, and thus the stability of 
agricultural systems, and thus occupy a leading position in world agriculture. The 
United Nations declared 2016 the “International Year of Pulses” intending to 
increase the production and consumption of pulses by 10% by 2020 and to create 
awareness about the benefits of pulses using social media. Pulses are an essential part 
of the Indian diet for nutritional security and environmental sustainability. They are 
important food crops due to their high protein content (20–25%), carbohydrates 
(55–60%), calcium, and iron. Presently, we are in the midst of becoming self-reliant 
in pulses production, as we are the leading country in production, consumption, and 
import as well as in the whole world. By the end of 2050, we will be able to maintain 
our production. From a net exporter of pulses to a net importer if everything goes 
according to plan. 
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Since more than 80% of the area under pulses is in a stressed rainfed environment, 
quality seeds of improved varieties have emerged as one of the most important inputs 
for increasing the production of pulses in India. The per capita per day availability of 
pulses has declined from 61 to 32 g during 1951–2010 with the reduction in 
production; there has been a demand-supply imbalance resulting in rising import 
bills, unpredictable price hikes, and lower net profits than competing crops. The 
demand supply gap and shortfall in pulses have been attributed to several factors; the 
major ones are growing population, rising incomes of people, geographic change, 
sudden climate change, complex disease-pest syndrome, socioeconomic policies and 
input constraints. This coupled with other economic factors such as lack of an 
assured market, ineffective government procurement, lack of minimum support 
prices and trade liberalization make pulse cultivation less profitable than other



crops. Stagnant pulse production in India has led to a steady decline in per capita 
pulse availability. Thus, pulse production in India has fluctuated widely leading to a 
steady decline in per capita availability over the past 20 years. To diversify our 
cropping systems with pulses to enhance pulse productivity and meet the national 
pulse requirement is the primary goal to achieve keeping in view of a high popula-
tion growth rate of 1.44%. However, pulses are still an important component of the 
Indian agricultural economy, second only to cereals and oilseeds in terms of area, 
production, and economic value. India is the largest producer and consumer of 
pulses, accounting for about 25–28% of the global share (IIPR 2011) and 34% of 
food use. Thus, the challenge is for agricultural scientists, extension workers, 
planners, and the farming community to diversify their cropping systems with pulses 
to enhance and sustain pulses productivity and meet the national pulses requirement. 
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In view of this, India has to develop and adopt more efficient crop production 
technologies along with favourable policies to encourage farmers to bring more area 
under pulses. Advances in pulse production technologies have opened up a new 
hope of increasing the production and productivity of pulses in various irrigated and 
rainfed agricultural ecosystems of our country. We have to focus on bridging the 
yield gap in addition to area expansion and diversified production systems equipped 
with suitable pulse production technology already generated by research institutes to 
break the yield plateau through recent technological advancements. India needs 
about 32 million T of pulses by 2030 to feed an estimated population of about 
1.68 billion. Global supply of pulses is limited, as India is the largest producer and 
consumer of pulses. Hence, India needs to produce the required quantity, but at the 
same time, it needs to remain competitive to protect indigenous pulse production. 
However, a concerted effort by farmers, researchers, development agencies, and the 
government is needed to ensure that India becomes self-reliant in pulses production 
in the next 5–10 years. The recent efforts and programs initiated by the Government 
are bearing fruit, and it is hoped that this momentum will continue and strengthen to 
make India self-reliant in pulses. The priority steps that can be taken to improve 
pulses productivity are: To encourage rapid adoption of advanced technologies to 
bridge the yield gap; Institutional support to promote seed replacement rate and 
quality production as well; Determination and strengthening of life-saving irrigation 
in pulse growing areas; To guarantee timely availability of critical inputs like seeds, 
fertilizers, pesticides, etc.; Gradual mechanization for production and storage of 
pulses; Public-private partnership to maintain the value chain and reduce post-
harvest losses; Policy support for value addition and balancing chain for production 
and marketing of pulses. 

In short, to increase the area and production of pulse crops, we need crop-specific 
and area-specific approaches, which should be adopted within the overall framework 
of the systems approach. Major thrust areas addressed are as follows 

1. Use of high-yielding pulse varieties in place of cereal crops in the prevailing rice-
wheat cropping systems 

2. Induction of short-duration varieties of pulses as catch crop 
3. Development of many diseases and pest-resistant varieties
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4. Minimizing storage losses and improving market knowledge and infrastructure 
5. Linking MSP to market prices can bridge the gap between demand and supply 
6. Developing high nitrogen fixation varieties, which will play an important role in 

sustainable agriculture 
7. Research, extension, and coordination of farmers to encourage farmer participa-

tory research. 

Farmers and extension functionaries should understand that there is an urgent 
need to incorporate better and more efficient management practices in intensive 
farming in a balanced manner to achieve higher pulses yield. Better quality earning 
maximum sustainable profitability. Finally, there is a need for a holistic approach to 
increase the production and productivity of the pulse crop rather than a single 
approach method. Majorly Good Agricultural Science Practices (GAP) with their 
various components for excellent production under the changing climate scenario 
require aggregation of all components of technologies. 

The future thrust areas are development of varieties tolerant to drought, moisture 
stress, and high temperature; diversification of cereal-based cropping systems; 
management of pod borer, Fusarium wilt, Ascochyta blight; and emphasis on 
large-seeded kabuli chickpea. 
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Abstract 

Oilseed self-sufficiency achieved during the Yellow Revolution in the early 
1990s could not be maintained for more than a few years. Despite being the 
world’s fifth-greatest producer of oilseed crops, India is also one of the world’s 
largest importers of vegetable oils today. Towards becoming self-sufficient in 
edible oil’, two new missions, i.e. (i) National Mission of Edible Oils–Oilseeds 
(NMEOOS), and (ii) National Mission on Edible Oils-Oil Palm (NMEOOP) have 
been launched by the Government of India with the aim to enhance the edible 
oilseeds production vis-à-vis edible oil availability in the country. Oilseed crops 
except for rapeseed and mustard, are mostly grown under sub-optimal rain-fed 
conditions, and as a result of unpredictable rainfall, the crops experience moisture 
stress at various phases of growth, resulting in low yields. Stringent strategies 
with an emphasis on quality improvement and value addition leveraging 
technologies with a bearing on employment through skill/entrepreneurship
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development will lead to improving the production and productivity of oilseeds. 
Development of next-generation technologies including dwarf and high 
oil-yielding hybrids, aid more productivity, and user-friendly harvesting mecha-
nization will bring revolution in oilseed development in India.
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10.1 Introduction 

Within the section of field crops, oilseed crops are the second most important 
determinant of agricultural economics, trailing only cereals. Oilseed self-sufficiency 
achieved during the Yellow Revolution in the early 1990s could not be maintained 
for more than a few years. Despite being the world’s fifth-greatest producer of 
oilseed crops, India is also one of the world’s largest importers of vegetable oils 
today. In addition, there has been an increase in vegetable oil consumption in recent 
years, both for edible and industrial purposes. Majority of the oilseeds are cultivated 
under a rainfed ecosystem (70%). In general, the area under oilseeds has decreased, 
owing to their poorer profitability compared to competitive crops such as maize, 
cotton, chickpea, and others, in the current crop growing and selling conditions. 

To meet the growing demand, India is importing edible oils of nearly 15 MT 
worth nearly rupees 70,000 crores at the cost of valuable foreign reserves. The per 
capita consumption of edible oils has grown by 2.48% annually with a CAGR of 
2.17% from 15.8 kg/capita/year in 2012–2013 to 18.76 kg/capita/year in 
2019–2020. If the trend continues, the per capita consumption in 2034–2035, with 
CAGR of 2.32%, will be 27.08 kg. The demand for edible oil was 25.63 MT in 
2019–2020 against domestic production of 10.53 MT (7.03 MT from primary 
sources and 3.50 MT from secondary sources) necessitating the import of 15.10 
MT to fill the demand and supply gap. Considering the low productivity of edible 
oilseeds (Groundnut, Soybean, Rapeseed-Mustard, Sesame, Sunflower, Safflower, 
and Niger) and predominantly rainfed cultivation in marginal land by marginal 
farmers in erratic and deficient rainfalls, the task set is abysmally difficult and 
ambitious. The situation is compounded further because of the recent declining 
trend in the area of major and minor edible oilseeds, increase in import of cheaper 
edible oil, non-availability of quality seeds, etc. 

During 2021–2022, area under edible oilseed crops was 28.75 m ha with produc-
tion and productivity of 37.10 MT and 1292 kg/ha, respectively. However, to boost 
domestic production, the anticipated edible oil production in the year 2024–2025 has 
been set to around 18 MT (13.50 MT from primary sources of seven edible crops and 
4.50 million tonnes from secondary sources, viz. Coconut, Palm oil, Rice bran, 
cotton seed, and TBOs). Total demand for edible oil in 2024–2025 is estimated at 
around 28.00 million tonnes with an expected import of 10.00 million tonnes, 
assuming that present per capita consumption of 19.22 kg/year will remain



unchanged. However, at the present rate of increased consumption of edible oil, the 
demand would be around 30.4 MT and there will be a need for import to the tune 
of12.4 MT. 
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Towards becoming ‘self-sufficient in edible oil’, a new mission i.e. National 
Mission on Edible Oils (NMEO) has been proposed to enhance the edible oilseeds 
production vis-à-vis availability in the country. The mission aims to enhance the 
production of seven edible oilseeds and boost edible oil from secondary sources to 
reduce the staggering burden of the import of edible oils. However, meticulous 
planning and concerted efforts of all stakeholders are required to achieve the 
mission. The details of such planning are discussed here in the context of improving 
the productivity of edible oilseeds and the area under cultivation. 

10.2 Trends and Present Situation 

In India, both annual and perennial edible oilseeds are in cultivation. Annual edible 
oilseeds include Groundnut, Rapeseed-Mustard, Soybean, Sunflower, Sesame, 
Niger, and Safflower, and perennials include Oil palm and Coconut. Besides, there 
are minor oil-producing species of forest and tree origin. Moreover, edible oils are 
also produced domestically from secondary sources like rice bran, cotton seed, corn, 
and other Tree Borne Oilseeds (TBOs). Presently, India produces edible oils in 
nearly 40% of its demand and the remaining 60% is imported. As per capita 
consumption of edible oils has grown by 2.48% annually with a CAGR of 2.17% 
from 15.8 kg/capita/year in 2012–2013 to18.76 kg/capita/year in 2019–2020, the 
demand and supply gap has widened over the years. The demand for edible oil was 
25.63 MT in 2019–2020 against domestic production of 10.53 MT, necessitating the 
import of around 15.1 MT (palm oil: about 60%; Soybean oil: 25%; Sunflower: 
12%; and rest others) costing around Rs. 69,000 crores to the national exchequer. 

In 2021–2022, India produced 37.10 MT of edible oilseeds from 28.75 m ha area 
with a productivity of 1292 kg/ha and edible oil production of 11.20 MT. Among the 
edible oilseed crops, Soybean (35.63%), Groundnut (32.09%), Rapeseed-Mustard 
(28.96%) contributed 96.68% of the total edible oilseed production. Sesame, Sun-
flower, Safflower, and Niger contributed 3.32%. Contrary to seed production, the 
major contribution to domestic edible oil kitty comes from Rapeseed-Mustard 
(3.191 MT: 45.39%), Groundnut (1.769 MT: 25.17%), and Soybean (1.754 MT: 
24.95%) amounting to 95.52%. The minor edible oilseeds (Sesame, Sunflower, 
Safflower, and Niger) contributed 4.48% of domestic production of 7.03 MT from 
primary sources during 2019–2020. Around 3.50 MT of edible oils comes from 
secondary sources (cottonseed oil, palm oil, corn oil, rice bran oil, coconut oil, and 
other TBOs). The major oilseed-producing states are Madhya Pradesh, Maharashtra, 
and Rajasthan (Soybean); Gujarat, Andhra Pradesh, Rajasthan, Tamil Nadu, and 
Karnataka (Groundnut); Rajasthan, Madhya Pradesh, Uttar Pradesh, West Bengal, 
and Haryana (Rapeseed-Mustard); Madhya Pradesh, Uttar Pradesh, Rajasthan, and 
Gujarat (Sesame); Karnataka (Sunflower); and Maharashtra and Karnataka 
(Safflower).
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The overall yield gap in oilseeds is 65%. The maximum yield gap is in Sunflower 
(160%) among minor oilseeds and in major oilseeds (Groundnut, Soybean, and 
Rapeseed-Mustard), the yield gap ranged from 37% to 71%. Therefore, the produc-
tion of edible oilseeds in India would substantially enhance the edible oil availability 
in India. There is a need to bridge the yield gap by technological interventions, 
without expanding the area under cultivation. 

Sunflower, safflower, sesame, and niger crops are important edible oilseed crops 
with individual and combined strength to bridge the shortage and increase higher 
self-sufficiency in the edible oil requirement of the country. Though their per se 
contribution in acreage and production is less than 10% of the total oilseeds area and 
production, these crops have unique value and potential as hardy, wide adaptability, 
and high-quality oil, crop diversification, and secondary agriculture. Oil palm is the 
highest edible oil-yielding tree crop with a theoretical potential yield of 18 ton of 
oil/ha/year. It is capable of yielding 4–5 tonnes of palm oil and 0.4–0.5 tonnes of 
palm kernel oil. 

10.3 Groundnut 

Groundnut is an important food legume and oilseed crop of India, cultivated mainly 
by small and marginal farmers predominantly under rainfed conditions with minimal 
or no inputs. In India, the cultivation of groundnut is extended in almost all states and 
most of the districts. As per the latest statistics, it is grown in about 360 districts. The 
crop is grown mainly as a rainfed dry land crop on well-drained sandy soils in low 
(<750 mm) and medium (750–1000 mm) annual rainfall areas, often subject to the 
vagaries of the weather conditions. So far, only 29% of the groundnut area is under 
irrigation. 

10.3.1 Shift in Area, Production, and Productivity 

Between the decades of the 1960s and 1970s, there is practically little difference in 
productivity (700–800 kg ha-1 ) and the increase in production was primarily due to 
the expansion in growing areas. But during the 1980s, particularly in 1988–1989 due 
to favourable seasons and the transfer of improved technologies through Technology 
Mission on Oilseeds, for the first time, the productivity crossed one ton (1132 kg ha-
1 ). However, there was a fluctuating trend and the average yield of the crop in 
1990–2000 was 994 kg ha-1 and increased to1100 kg ha-1 in 2001–2010 and to 
1459 kg ha-1 in 2007–2008 (Fig. 10.1). During the last decade (2010–2020) much 
attention was paid to increasing productivity. As a result, except for a bad season in 
2012–2013, the productivity in India increased to around 9.3 million tonnes in 
2017–2018. It further increased to 10.0 million tonnes of pods from about 4.5 
million-hectare area in 2019–2020. The country is the second largest producer as 
well as consumer of groundnut in the world. Though its area and productivity are 
fluctuating due to abrupt fluctuations in the weather conditions, India has been



producing one of the best quality groundnuts in the world and has a lot of export 
demand due to its well-filled pods and flavour. Though in India groundnut is grown 
in almost all states, Gujarat (32% of total area and 39% of production), Andhra 
Pradesh (19% area and 10% production), Rajasthan (11% area and 14% of produc-
tion), Tamil Nadu (7% area and 11% of production), Karnataka (11% area and 6% 
production), Madhya Pradesh (4% area and 5% of production), and Maharashtra 
(6% area and 4% of production) are the main groundnut growing states (Table 10.1). 
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Fig. 10.1 Area, production, and yield statistics of groundnut in India from 1950 to 2021 

Table 10.1 Major groundnut producing state of India year 2019–2020 

(Area: million ha., Production: million tonne, Yield: kg/ha) 

State Area % to all India Production % to all India Yield 

Gujarat 1.69 34.54 4.64 45.99 2749 

Rajasthan 0.74 15.11 1.62 16.04 2191 

Tamil Nadu 0.35 7.09 0.98 9.74 2840 

A.P. 0.66 13.52 0.85 8.39 1282 

Karnataka 0.57 11.74 0.68 6.71 1180 

Other states 0.88 17.99 1.32 13.06 1500 

All India 4.89 100.00 10.10 100.00 2065 

The data for the last decade reveals that Gujarat, Rajasthan, and Tamil Nadu 
cover about 50% of the area producing about 65% of the groundnut of India and now 
the best belt for commercial production of peanuts. In India, as more than 70% of 
groundnut is grown during the rainy season (June to October), the productivity is 
relatively low and the production becomes rain-dependent. The average productivity 
of the post-rainy season (October to March, known as Rabi crop and February to 
May known as summer crop) is about 2000 kg ha-1 , much higher than rainy season



productivity (1500 kg ha-1 ), indicating more production potential during this sea-
son. In the rainy season, both short (less than 100 days duration) and long duration 
(110–140 days) groundnut varieties are grown based on weather, soil, and distribu-
tion of rainfall. While, in Post rainy season, only short-duration crop is grown. 
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10.3.2 Recently Released High-Yielding Groundnut Varieties 

A total of 117 high-yielding varieties have been developed and recommended for 
commercial cultivation during the last 20 years. Among the varieties recommended 
for cultivation during post rainy season, J87 (4165 kg/ha, Dh86 (4020 kg/ha), 
TGGS341 (4000 kg/ha) and Greeshma (4000 kg/ha) are top recommended varieties 
for different zones. Among the varieties recommended for cultivation during the 
rainy season top five varieties are, Sneha (3820 kg/ha), RARS-T-2 (3734 kg/ha), 
Snigdha (3550 kg/ha), K 1812 (3514 kg/ha), and Pratap Mungphali (3388 kg/ha). 
The availability of quality seeds in peanuts is a major concern. Compared to other 
crops, the breeder seed requirement is very high in peanuts, due to high seed volume. 
Also, seed rate is very high (200 kg pods/ha), and around one million tonnes of 
peanut kernels are required to sow about 5 m ha area in a year. The notable varieties 
having high breeder seed demand are, Kadiri-6, GPBD-4, TG 37 A, Narayani, and 
Dharani over the years. However, in the rainy 2021 season, the highest DAC indent 
for breeder seed production was received for K 1812 (1080 q), GJG 32 (738 q), 
Dharani (611 q) GPBD-4 (450 q), and GJG-22 (310 q). 

10.3.2.1 Rapeseed-Mustard 
India is cultivating nine oilseed crops under the diverse agro-ecosystems, among 
which rapeseed-mustard stands second after soybean in terms of area (24%) and 
production (25%). The major rapeseed-mustard species cultivated in India include; 
Brassica juncea, B. rapa, B. napus and B. carinata (used for edible oil), and 
B. oleracea and B. nigra(for seed condiments). Among these, Indian mustard 
[B. juncea (L.) Czern], holding sizable contribution in terms of area and production 
of oilseeds, and edible oils. In the past, brown mustard (B. rapa var. brown sarson) 
was the dominant oilseed brassica crop in India; however, today, it is dominated by 
Indian mustard (B. juncea) (90% acreage). The different landraces of Brassica 
species have different ecological niches and the varieties were developed as per 
their agro-ecological suitability. Indian mustard (B. juncea) is predominantly 
cultivated in western to central parts of North India and in some non-traditional 
areas of southern India. Yellow mustard (B. rapa var. yellow sarson) and toria 
(B. rapa var. toria) are short-duration crops and cultivated in north-eastern India as 
catch crop. Taramira/rocket salad (Eruca sativa) is a drought-tolerant species grown 
in the drier parts of northwest India. Gobhi mustard (B. napus) and Ethopian 
mustard/Karan rai (B. carinata) are the new emerging oilseed crops having a limited 
area under cultivation in northern India (Jat et al. 2019). Indian mustard oil contains 
low amount of saturated fatty acids (palmitic acid and stearic acid) (8%) and a high 
amount of monounsaturated fatty acids (oleic, eicosenoic, and erucic acids) (70%),



and polyunsaturated fatty acids linoleic and linolenic acids (22%). The mustard oil is 
high in omega-3, free from cholesterol and transfats, and has a very low N-6 to N-3 
ratio compared to other oils. Indian mustard oil is blended with other vegetable oils 
(sunflower, soybean, corn, etc.) to improve its fatty acid profile. However, with the 
increasing awareness about health and wellness, the demand for mustard oil is 
increasing globally to be used for direct consumption and other value-added 
products (Kumar 2015; Jat et al. 2019). 
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10.3.3 Shift in Area, Production, and Productivity 

A quantum jump in production of Rapeseed-mustard was recorded from a mere 0.76 
million tonnes in 1950–1951 to 9.12 million tonnes in 2019–2020 (Fig. 10.2). 
Similarly, productivity levels increased from368 kg/ha in 1950–51 to 1345 kg/ha 
in the year 2019–2020 (Anonymous 2020). The per cent increase in total oilseeds 
area, production, and productivity in the country is +152, +548 and + 157% 
in2019–20, respectively, over the base period of 1950–1951. During the same 
period, the rapeseed-mustard area, production, and productivity increased by 
227%, 1100%, and 265%, respectively. The compound annual growth rate 
(CAGR) in area, production, and yield levels of oilseed brassica is +1.71%, 
+3.61%, and + 1.87% during 2019–2020 over 1950–51, which is higher than total 
oilseeds (+1.33%, +2.7%, and + 1.36%), respectively. Rapeseed-mustard share in 
total oilseeds production is second (27%) after soybean (33%); however, stands first 
(23%)in edible oil production in the country (Fig. 10.3). 

Despite significant progress achieved in oilseeds production in India, the increas-
ing population and changing lifestyle of the people led to an increase in the import of
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Fig. 10.2 Production trend in oilseed and rapeseed-mustard since 1950



vegetable oils up to 11.2% of the total world import, which is worth about 103.2 
million US$ in 2016–2017 (Jat et al. 2019). During the last 20 years, the total 
consumption has increased (+148%) from 9.7million tonnes in 2000–2001 to 24.06 
million tonnes in 2019–2020 (Fig. 10.4). During the same period, the production of 
edible oils from all sources increased (%) from 5.5 million tonnes in2000–2001 to 
11.63 million tonnes in 2019–2020. This gap between consumption and production 
is just met out through import which has increased (+267%) from 4.2 million tonnes 
in 2000–2001 to 13.41 million tonnes in 2019–2020 (Jat et al. 2019; Anonymous 
2020 Agril statistics at a glance, 2019–2020.
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Fig. 10.3 Rapeseed-mustard share in total oilseed production in India (5-year average (2015–2016 
to 2019–2020) 
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Fig. 10.5 Share of states in Rapeseed-mustard production (5-year average, 2015–2016 to 
2019–2020) (Source: Anonymous 2020) 

At present, vegetable oils hold a 50% share (in terms of value) in the country’s 
total imports and drain a significant quantum of revenue to foreign countries. It is 
astern apprehension to the national economy while simultaneously fulfilling the 
domestic edible oils requirement. India mainly imports refined edible oil from 
other countries against the negligible export. The situation will be more challenging 
with rising consumption up to 2030 with the projected population and after that, may 
increase at a decreasing rate with a declining population growth rate. The limited and 
steadily declining natural resources (land and water), and competition from agricul-
ture and nonagricultural sector, jeopardized the scope to increase the acreage under 
oilseeds. In such a situation, an increase in yield levels through translational scien-
tific interventions is a conceivable alternative to increase production and edible oil 
availability. Rapeseed-mustard is grown all over India; however, it dominates in five 
states (Rajasthan, Madhya Pradesh, Haryana, Uttar Pradesh, and West Bengal) 
which contribute 82% area and 87% of production, with a maximum in Rajasthan 
(41% area and 45% production) (Fig. 10.5). Eco-regional variations are mainly 
noted due to biophysical fittingness of the crop. 

10.3.4 Rapeseed-Mustard Growth in India 

It is vital to look back through the CAGR per annum in the production of oilseeds as 
well as rapeseed-mustard during different periods of the pre-green revolution 
(1950–1951 to 1968–1969), green revolution (1969–1970 to 1990–1991) and 
post-green revolution (1991–1992 to 2019–2020). Govt. of India started Technology 
Mission on Oilseeds (TMO) in 1986 to enhance production, reduce imports and



achieve self-sufficiency in edible oils in India. Thus breakthrough in the area, 
production, and yield of oilseeds as well as rapeseed-mustard came after the launch 
of TMO in the year 1986, by the central government to increase the production. 
Therefore, the period of pre-TMO (1966–1967 to 1985–1986), TMO (1986–1987 to 
1995–1996), and post-TMO (1996–1997to 2019–2020)is also important to draw the 
future opportunities, constraints, and strategies. The period of TMO witnessed 
CAGR of 8.25% in oilseeds, and 9.74% in rapeseed-mustard production 
(Fig. 10.6). Similarly, during the green revolution period growth of oilseeds 
(4.27% CAGR) and rapeseed-mustard (5.93% CAGR) production was higher as 
compared to pre/post-green revolution period. 
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Fig. 10.6 CAGR of oilseed and rapeseed-mustard production during different periods 

The growth was achieved mainly due to the development of new varieties, 
technological advancements in production and protection, and policy interventions 
during this period. In the era of globalization, during 1994–1995, the Government of 
India opened free trade under Open General License (OGL) and reduced the import 
duty on edible oils from 65 to 15% which resulted in heavy imports and drained 
money to other countries but also had the cascading effect on domestic oil prices, 
and impacted Indian oilseed industry with a considerable disincentive to the oilseed 
farmers. Though, during the TMO period, there was an effective implementation of 
minimum support price (MSP) that gave confidence to the farmers for minimum 
expected returns. Most of the time, the wholesale prices are much higher (Rs. 7450/ 
q) than MSP (Rs. 5050/q) in 2021–2022. 

10.3.5 Rapeseed-Mustard Breeding in India 

The research work on the improvement of rapeseed mustard started at the beginning 
of the twentieth century at Pusa (Bihar), the then Bengal Presidency, through the



collection and purification of land races. The initial scientific work for the varietal 
improvement of rapeseed-mustard in India started at Lyallpur (now Faisalabad in 
Pakistan), (NRCRM 2000), which led to the development of the Indian mustard 
variety RL 18 (Raya Layallpur 18), in 1937 and yellow sarson variety L1 through 
selection. Indian mustard strain RT 11 from Uttar Pradesh was released in 1936. 
During the course of about two decades (1947–1967), a number of high-yielding 
varieties of mustard (Laha 101, Varuna, Durgamani, Patan Mustard), toria (Abohar, 
BR 23, M 27, T 9, ITSA, T 36, DK 1), brown sarson (BSA, BSG, BSH 1, BS 2, BS 
65, BS 70), yellow sarson (T 151, Patan sarson, YSPb 24, T 42), and taramira (ITSA) 
were developed (NRCRM 2007). The Indian Council of Agricultural Research 
(ICAR) in April 1967 launched the All India Coordinated Research Project on 
Oilseeds (AICORPO), including five major crops namely groundnut, rapeseed-
mustard, sesame, linseed, and castor. However, the Project Coordinator 
(Rapeseed-Mustard) was established on January 28, 1981 at Haryana Agricultural 
University, Hisar, Haryana. In order to provide strong leadership to the country’s 
rapeseed-mustard research activities, the ICAR established National Research Cen-
tre on Rapeseed-Mustard on October 20, 1993 at Bharatpur (Rajasthan), bringing 
under its umbrella the All India Coordinated Research Project on Rapeseed-Mustard 
with 19 research centres across the country. In February 2009, the National Research 
Centre on Rapeseed-Mustard was redesignated as Directorate of Rapeseed-Mustard 
Research (DRMR) (Chauhan et al. 2006; Chauhan et al. 2011). 
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Initially, Exotic germplasm was utilized in the Indian breeding programme to 
develop 21 varieties of rapeseed-mustard, especially for oil and seed meal quality 
characters. Two varieties of brown sarson and 10 varieties of gobhi sarson, 9 of 
Indian mustard and one in karan rai were developed. Until 1970, pure line and mass 
selection were the only breeding methods, employed to develop 26 varieties. Later 
on, hybridization was followed to develop varieties. A total of 221 varieties of 
rapeseed-mustard have been released during 1969–2021. All the varieties developed 
before the inception of AICRPO/ AICRP-R & M were selections from the local 
germplasm (Chauhan et al. 2006; Chauhan et al. 2011; Chauhan et al. 2020). 
Chauhan et al. (2011) reviewed the pedigree of mustard varieties and reported that 
most of the Indian mustard varieties are derived from a few common ancestors and a 
limited number of donors were utilized in the breeding programme, resulting in a 
narrow genetic base. 

The first notified variety was ITSA of toria (B. rapa) in 1973. Bio 902 of Indian 
mustard, a somaclone was released in 1993. The list of trait-specific varieties is 
presented in Table 10.2. Indian mustard oil contains a high amount of erucic acid 
(40–57% of total fatty acids) which is not considered good for human health. Its seed 
meal contains high glucosinolate which is harmful to non-ruminant animals. Hence, 
efforts were made to develop varieties that contain low (<2%) erucic acid (Pusa 
Karishma, Pusa Mustard 21, Pusa Mustard 22, Pusa Mustard 24, RLC 1, RLC 
2, RLC 3, and PM 32) and double low (low erucic acid and low glucosinolate 
30 micro mole/g of defatted seed meal) varieties (PDZ 1 and PDZ 33). The varieties 
released during the last two decades (2001–2021) have been given in Table 10.2. 
The varieties have also been developed for various traits like tolerant to biotic (white



rust, Alternaria blight, powdery mildew) and abiotic stresses (drought, salinity, high 
temperature, and frost), and better quality for specific growing conditions. Various 
novel genetic stocks of oilseed brassica (with low erucic acid and low glucosinolates, 
high oil content, high oleic acid, and low linolenic acid, dwarfness, earliness, long 
main shoot, bold seed, yellow seed, tetra locular siliquae, white rust resistance, 
tolerance to high temperature and salinity, drought, high water use efficiency) 
were also registered with National Bureau of Plant Genetic Resources (NBPGR), 
New Delhi for the use in future breeding programmes. The major emphasis of the 
varietal improvement programme is now on genetic enhancement to widen the 
genetic basis for seed and oil yield with introgressing traits like, early, timely and 
late-sown conditions to cater to the need of diverse agroecological situations of the 
country, improvement of oil (low erucic acid) and seed meal (low glucosinolate), 
high omega oil quality, resistance/tolerance against biotic (white rust, Alternaria 
blight, Sclerotinia rot diseases, and aphid and painted bug insects) and abiotic 
stresses (drought, high temperature, frost, and salinity) (Jat et al. 2019) (Table 10.3). 
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Table 10.2 Indian Mustard varieties recommended for specific conditions/specific traits (Source: 
Updated from Chauhan et al. 2011; Sharma et al. 2022) 

Trait Variety 

White rust resistant Basanti, JM 1, JM 2 

Earliness Kanti, Narendra Ageti Rai 4, Pusa Agranai, Pusa Mahak, Pusa Vijay, PM 
25 (NPJ 112), PM 27 (EJ 17) 

High oil content Narendra Swarana Rai 8, NRCDR 02, Rohini 

High temperature 
tolerant 

Kanti, Pusa Agrani, RGN 13, Urvashi, NRCDR 02, PM 25, PM 27, CS 
58, Pant Rai 18 (PR 2006–1), Pant Rai 19, Pusa Vijay, RH 0119, RH 
406, RGN-229, RGN-236, RGN-298, PM 22 

Intercropping RH 30, RH 781, Vardan 

Late sown Ashirwad, RLM 619, Swarnajyoti, Vardan, Navgold (YRN 6), RGN 
145, NRCHB 101, CS 56, PM 26 (NPJ 113), Radhika (DRMR 2017–15), 
Brijraj (DRMRIC 16–38) 

Non-traditional 
areas 

PusaAgrani, Pusa Jaikisan, Rajat, Gujarat mustard 2. TKM 1, Shatabdi 

Rainfed Geeta, GM 1, PBR 97, Pusa Bahar, Pusa Bold, RH 781, RH 819, RGN 
48, Shivani, TM 2, TM 4, Vaibhav, RB 50, RH 406, RH 725, RGN 
229, RVM 2, Pant Rai-20, RGN 298, Aravali mustard, DRMR 1165–40, 
DRMR 150–35, Birsa Bhabha Mustard 1 (BBM1) 

Salinity tolerant CS 52, CS 54, CS 56, CS 58, CS 60 

Frost tolerant RGN 13, RH 819, Swarnajyoti, RH 781, RGN 48 

Low erucic acid 
(<2%) 

Pusa Karishna, PM 21, PM 22, PM 24, ELM 079 (RLC1), RLC 2, RLC 
3, Pusa mustard 32 (LES 54) 

Double low Pusa double zero mustard 1 (PDZ 1), Pusa double zero mustard 33 (erucic 
acid <2%, low glucosinolate<30 micromole/defatted oil cake) 

Hybrid NRCHB 506a , DMH 1, Coral 432 (PAC 432), Coral 437 (PAC 437), 
Keshri (PRO 5111), RCH 1a 

a Govt. sector hybrid
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Table 10.3 Recently released varieties of rapeseed-mustard developed in India (2011–2021) 
(Source: updated from Sharma et al. 2022) 

Crop Variety 

B. juncea Pusa Mustard 28 (NPJ 124), Coral 437 (PAC 437) (Hybrid), RLC 2 (ELM 
123), RGN-229, RH 0406, Divya 33,Pant Rai-19 (PR 2006–1), PBR 
378, RH 749, Raj Vijay Mustard 2 (JMWR 08–3), RRN-573, RGN-229, 
Pusa Mustard 29 (LET-36), Pusa Mustard 30 (LES-43),Giriraj (DRMRIJ 
31), RGN-298, RGN-236,Gujarat Mustard-3 (GM-3),Albeli-1, Pant 
Rai-20, DRMR150–35, PBR 357, Gujarat Dantiwada Mustard 4, Gujarat 
Dantiwada Mustard 5, Raj Vijay Musatard-1, RLC-3, CS 1100-1-2-2-3 
(CS 58), Pant Rai 21 (PRB2008–15), RH 0725, CS 2800-1-2-3-5-1 
(CS 60), PDZ-1, Keshri (PRO 5111) (Hybrid), DRMR 1165–40, RH 761, 
TBM-204, Pusa Mustard 32 (LES 54), Radhika (DRMR 2017–15), Brijraj 
(DRMRIC 16–38), Azad Mahak [(KMR € 15–2)], RCH 1, Pusa Double 
Zero Mustard 33, TAM 108–1, PHR 126, Birsa Bhabha Mustard 1 
(BBM1), Trombay Him Palam Mustard 1 (THPM-1) 

B. carinata PC 6 (BJC 1) 

B. napus GSC 7 (GSC 101), RSPN-25, ONK-1 

B. rapavar. Toria Sushree, TL17, Raj Vijay Toria 1, Pant Hill toria 1 (PT 2006–4), Pant 
Toria 508 (PTE 20008–2), Tapeshwari, Tripura Toria 1, RSPT-6, Raj 
Vijay Toria 3, (RTM 08–6), Jeuti(JT 90–1), Azad Chetna (TKM 14–2), 
Raj Vijay Toria 2 (RMT 08–2), AAU TS 38 

B. rapavar. Yellow 
sarson 

Pant Sweta (PYS 2007–10), Pant Girija (PYS 2012–6), Sachita (YSWB-
2014/2), Anushka (YSWB-2011-10-1) 

B. rapavar. Brown 
sarson 

Shalimar Sarson 1, Shalimar Sarson-2 (KBS-49), KBS-3, HPBS-1, RSPT-
6 (TCN 13–9), 

Eruca sativa Vallabh Taramira 1(PUT93–11), Vallabh Taramira 2 (PUT 93–1),Jwala 
Tara (RTM 1355), Jobner Tara (RTM 1351) 

10.3.6 Future Projections, Challenges, and Strategies 

At the current trends, 39.2 million tonnes of vegetable oil will be required to meet the 
demand of the 1.68 billion population in India by half of the twenty-first century due 
to changing lifestyle and dietary preferences of humans. Though the production of 
edible oils increased at a CAGR of 2.83% from 1950–1951 to 2019–2020. The 
maximum CAGR was witnessed during the green revolution period (oilseeds: 
4.27%, Rapeseed-mustard: 5.93%) and TMO (oilseeds: 8.25%, Rapeseed-mustard: 
9.74%). To fulfill the oilseed requirement, rapeseed-mustard has to contribute20.5 
million tonnes of production (assuming a contribution of 25% in total oilseeds 
production) by the year 2050 which is a gigantic task for the scientists and policy 
makers. To meet out the projected demand of edible oils; area, production, and 
productivity of oilseed brassica should increase at a faster pace. At the present level 
of contribution of rapeseed-mustard (25%) in total oilseed stock, its area, production 
and yield have to increase to a tune of eight million ha, 20.51 million tons, and 
2563 kg/ha by the year 2050 (Fig. 10.7) (Anonymous 2015; Jat et al. 2019). 

The present level of the area, production and yield are 6.78 million ha, 9.12 
million tonnes and 1345 kg/ha, respectively (2019–2020). To reach the level of



projections in the year 2050, the country has to bring 1.22 million ha additional area 
under cultivation and double the productivity to produce 3-times more rapeseed-
mustard at the present figures. Additional areas under cultivation for rapeseed-
mustard may be explored in the rice-fallow system (North-eastern regions), and 
non-traditional areas (southern regions) provided with suitable technology and 
policy interventions. Under present climatic variability, fast depleting natural 
resources, limitations of food, and nutritional security, the realization of these targets 
will be unimaginable without path-breaking technological interventions (Jat et al. 
2019). However, there is a need to integrate, frontier science research along with 
ongoing programs for yield improvement, resource use efficiency, diversified 
products, and uses, stakeholders involvement, and viable supply chain and market-
ing. Significant improvement has been made genetic enhancement of rapeseed-
mustard, still, there is a need to develop varieties for diverse agro-ecological 
situations in traditional and non-traditional areas, input responsive, climate-resilient, 
tolerant to biotic and abiotic stresses, and of high oil content and quality. The use of 
pre-breeding along with advanced tools like GISH (Genomic In-Situ Hybridization), 
and FISH (Florescence In-Situ Hybridization) to harness the genes from wild and 
weedy relatives of rapeseed-mustard is required. Identification and development of 
high heterotic crosses, and exploitation of exotic germplasm to enhance the level of 
heterosis is the need of the hour. Effective utilization of genomic tools 
(transcriptomics, proteomics, metabolomics), gene editing, genetic engineering, 
maker assisted breeding is very much required for mining, tagging of the novel 
genes (for biotic, abiotic stress, quality traits, earliness, high photoperiodic 
responses), their functions and transfer into the agronomically superior genetic 
background is very much needed to break the yield barriers in rapeseed-mustard. 
Further, there is a need to freely exchange trait-specific germplasm with International 
organizations. 
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Fig. 10.7 Projections for demand, availability, and per caput consumption of edible oils up to year 
2050 (Source: Jat et al. 2019)
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Application of proven technologies such as integrated nutrient management, 
precision agriculture, and resource conservation approaches for specific agro-
ecology. Yield loss due to insect pests, diseases, and parasitic weeds (Orobanche) 
needs to be addressed through the development of resistance/tolerant varieties and 
holistic control measures to reduce the losses. Rapeseed-mustard productivity at the 
national level could be improved by bridging the yield gaps between farmer’s fields 
and experimental plots through Farmer-Institution-Industry linkages. The develop-
ment of double zero varieties has opened new avenues for mustard to be used in the 
development of value-added products. All the risk mitigation options like timely 
availability of inputs (quality seeds, fertilizers) and credit, high MSP and assured 
procurement, crop insurance, and linking farmers to market should be addressed for 
a better oilseed economy of our country. 

10.4 Soybean 

Soybean is one of the major economic crops in the world. The lower and middle 
yellow river of China is supposed to be the main centre of origin for soybean 
(Ruzhen 1989). It is believed that soybean was introduced to India from the north-
eastern region of India and the Himalayan regions, specifically through the areas 
adjoining China (Tiwari 2006). The indigenous, black-seeded land race “Kalitur” 
has been the fountainhead for Indian soybean cultivation. It ruled soybean produc-
tion for years, after which, yellow-seeded introductions, mostly from USDA took the 
lead (Tiwari 2006). Kalitur, for its seed longevity, wider adaptability, and climate-
resilient, has been employed as a parent for hybridization to develop several varieties 
(Tiwari 2006). A systematic soybean breeding program has been started during the 
early 1900s at Pusa Agricultural Research Farm, Bihar. In 1943, selections have 
been made in 239 introductions at Kanpur. Lines such as T-1 and T-49 were 
recommended for plain areas, T-33 was recommended for hilly areas and T-2 was 
recommended for fodder purposes (Singh 2006). In 1947, Punjab Soy No. 1 has 
been developed in Punjab and recommended for its cultivation in Kangra valley. 
Likewise, in 1947, the Indian Agricultural Research Institute identified Monnetta as 
suitable for both grain and fodder purposes. 

During the early years, despite its high protein and oil content, and nutritional 
qualities, several attempts have been made to popularize it in India. However, these 
efforts have been ineffective mainly due to a lack of knowledge on its cultivation, 
high-yielding varieties, market felicities, and awareness of its utility (Singh 2006). 
Owing to the stagnation of pulse production and the prevailing protein malnutrition 
problem, a collaborative effort has been made by GBPUAT, Pantnagar, JNKVV, 
Jabalpur, and the University of Illinois, USA for soybean popularization in India 
(Singh 2006). During 1965–66, soybean varieties from the southern USA have been 
evaluated at Pantnagar, and varieties like Bragg and Hardee have yielded about 
3–4 t/ha with a maturity duration range of 110–130 days. This led to the establish-
ment of AICRP on soybean in 1967, by ICAR (Singh 2006). Based on the multi-
location trials, Bragg was released for its general cultivation across India.
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The development of mega-varieties such as JS 335, JS 95–60, and JS 93–05 has 
been a milestone in boosting Indian soybean production. The variety JS 335 was 
released in 1994 and is known for its higher yield and wider adaptability across 
India. Early maturing varieties fit into existing cropping systems in central India. The 
varieties JS 93–05 and JS 95–60 were released in 2003 and 2006 respectively, and 
are early maturing (~90 days) and hold a major share in central Indian production 
(Agarwal et al. 2010). Few genetic stocks (MACS330, EC 390977, and EC 34101) 
with photoperiod insensitivity and early maturity traits have been registered with the 
Plant Germplasm Registration Committee (PGRC) of ICAR and are being used 
extensively in the development of high-yielding and early maturing varieties. 

Soybean is a photo-sensitive short-day crop. Late sowing due to the delayed onset 
of monsoon will result in a reduction in biomass and yield. Exploitation of the long 
juvenility (LJ) trait aids in delayed flowering and biomass gain under short days. LJ 
trait has been identified in a germplasm accession AGS 25, and an association 
between delayed flowering and a functional allele FT2a has been established 
(Tripathi et al. 2021). Being a rainfed crop, and owing to erratic patterns in climate 
change, soybean has been challenged with several forms of biotic and abiotic 
stresses. A multiple stress tolerant variety, JS 97–52, was released in 2008. This 
has been reported to be resistant/tolerant to several forms of stresses like drought, 
water-logging, charcoal rot, YMV, colour rot, aerial blight, and different insect pests 
(Agarwal et al. 2010). This genotype has been extensively employed as a parent in 
varietal development programmes. 

Varieties like Bragg were found susceptible to YMV and rust and epidemics of 
these diseases have been witnessed (Nene 1972; Singh et al. 1974). YMV has been 
the major diseases in soybean. Through larger-scale germplasm screening, 
genotypes-PI171443 (G. max) and G. soja (wild soybean) have been found to be 
resistant to YMV disease. Six introductions - PI200465, PI200466, PI200477, 
PI200490, PI200492, and PI224268 were found resistant to rust disease. These 
resistant donors have been extensively used as parents to develop high-yielding 
and disease-resistant varieties. YMV-resistant varieties such as Ankur, Alankar, PK 
262, PK 327, PK 308, and PK 416 have been developed using resistant donors 
(Singh 2006). Recently, a YMV tolerant variety NRCSL 1 has been released for its 
cultivation across the eastern zone. Rani et al. 2017 identified a recessive gene 
governing YMV resistance in the donor accession PI171443. The gene was mapped 
on chromosome 6, flanked by two SSR markers GMAC7L and Satt322. Two 
duplicate dominant genes governing YMV resistance have been identified in 
G. soja (PI 393551). Linkage analysis revealed that the genes were tightly linked 
with SSR marker BARCSOYSSR_08_0867 on chromosome 8 and 
BARCSOYSSR_14_1416 and BARCSOYSSR_14_1417 on chromosome 
14 (Rani et al. 2018). 

Rust has been the major disease in the southern zone. Two germplasm lines EC 
241778 and EC 241780 are rust-resistant. Employing these resistance sources, rust-
resistant varieties like DSb 21, DSb 23, DSb 28–3 have been developed for their 
cultivation in the southern zone. In EC 241780, based on the sequence variations and 
functional annotations, three genes Glyma18G51715, Glyma18G51741, and



Glyma18G51765, encoding for NBS-LRR family protein, were identified as the 
most prominent candidate for Rpp1 locus governing rust resistance (Ratnaparkhe 
et al. 2020). Anthracnose disease, especially in central India, has been a major 
economic disease in recent years. Through field screening under hot-spot conditions 
at ICAR-IISR, Indore, two germplasm lines, viz. EC 34372 and EC 457254, be 
anthracnose resistant (Nataraj et al. 2020). Further, genotypes NRC 128 and PS 1611 
are durable resistance sources, when screened at multi-locations (Rajput et al. 2022). 
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Secondary agriculture plays a crucial role in enhancing the farmers’ income 
through food-based industries. Despite being a nutrient high-rich crop, soybean 
carries the anti-nutritional factor-KTI (trypsin inhibitor) and beany flavour due to 
lipoxygenases, limiting its food use. In 2018, the first KTI-free variety- NRC 127 has 
been developed by ICAR-IISR, Indore. NRC 142, an early maturing variety free 
from KTI and Lipoxygenase 2 with multiple resistance to diseases and insect-pests 
was released for the Central and Southern Zone. In 2021, NRC 147 the first variety 
with 42 ± 5% oleic acid content was developed by ICAR-IISR, Indore for eastern 
and central zones. 

A number of germplasm lines with quality traits such as high protein (G288 & 
G688), high oil content (AGS191, NRC7, G76), high oleic (IC210 & NRC106), low 
linolenic acid (VLS 59), Null KTI (NRC 101, 102), and null lipoxygenase (NRC 
105) have been identified and have been registered with Plant Germplasm Registra-
tion Committee (PGRC) of ICAR. 

10.4.1 Role of Soybean in Foreign Exchange 

India ranks fifth in edible oil market in the world; nevertheless, 50% of its edible oil 
demand is met through import (Agarwal et al. 2013). On contrary, India has been the 
key player in the defatted oil cake (DOC) international market. Higher market price 
to the Indian farmers, than the MSP, is due to better Indian DOC price in the global 
market (Agarwal et al. 2013). During 2019, the Indian export share of soybean cake 
was 744,417 USD, with Iran being the leading importer (185,055 USD) followed by 
the USA (180,833 USD) (Table 10.1 and Fig. 10.1). EU28 aggregation accounts for 
about 10.7% (80,106 USD) of total Indian soybean cake export value, France being 
the leading importer (44,140 USD) among the European countries (UN Comtrade 
2019; Directorate General of Commercial Intelligence and Statistics 2019). 

About 80% of soybean grown across the globe is genetically modified and this is 
steadily increasing. Accordingly, the share of GM soybean and its meal is also 
increasing in the international market. On the other hand, compared to the rest of the 
world, demand for non-GM soybean is high in the EU with systematic segregation 
and identity preservation (IP) of non-GM soybean throughout the supply chain for 
non-GM preferring consumers. In 2013, the EU consumed about 28 million tonnes 
of soybean and derived products, of which 95% were imported. Soybean being the 
cheapest protein source has been in high demand in the EU mainly for animal 
feeding purposes, predominantly in the poultry and pork industry. About 11.3% of 
soy meal imported by 14 European countries (representing >90% of total EU



soybean imports) is estimated to be segregated as non-GM. This represents 2.7 MT 
of soy meal with a market value of approximately 1.5 billion Euros. Hence, the 
market potential of non-GM soybean meals can hardly be considered. However, 
countries like Hungary and Sweden produce their compound animal feed almost 
exclusively through non-GM soybean. Germany being the largest producer of 
compound feed in EU is driven by the poultry sector to produce non-GM feed. 
About 50% of poultry feed is non-GM. In countries like the UK, the share of 
non-GM IP soybean in poultry compound feed is around 28%. In the EU, though 
the demand for non-GM IP soy meal is modest, a major concern is its premium 
which is about 20–30% of the non-segregated soy-meal accounting for 180 EUR per 
ton in markets such as the UK. Therefore, the premium for non-GM soy-meal paid 
globally by EU importers would be around hundreds of millions of Euros per annum 
which we cannot rule out. According to the operators in the supply chain, non-GM 
IP soybean will remain stable but this opinion can be withdrawn if the supply of 
non-GM soybean for the EU market becomes difficult. EU is highly dependent on 
Brazil for the supply of non-GM IP soybean and the future of the non-GM soybean 
market in EU depends on Brazil’s ability to supply and the premium prices being 
paid. To combat high premium prices charged by Brazil, the EU has found new 
alternatives such as India where the quality of the production has increased in the last 
years. India as the potential alternative to the EU is mainly due to the harvest of 
soybean during September when Brazilian stocks usually decline resulting in a 
soybean price hike (Source: Tillie and Rodríguez-Cerezo 2015). 
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The USA is a leading GM soybean producer. Scientific reports confirmed that 
most of the soybean imported by Iran from the USA and Argentina was transgenic 
(Sarikhan 2006) and therefore, there is a huge market demand in Iran for safer GM 
soybean (Ghareyazie 2010). Hence, these two countries could be potential markets 
for GM soybean cake and GM soybean could be permitted in India for the same. On 
the other hand, to take the advantage of the premium price being paid by the EU for 
non-GM soybean cake, India may employ stringent non-GM soybean. But simulta-
neous cultivation of both GM and non-GM soybean may not be practically feasible 
since there is 50% of genetic contamination in soybean (Rissler 2004). Therefore, an 
exclusive economic impact analysis of GM and non-GM soybean cultivation in 
India has to be carried out to decide whether or not to allow GM soybean cultivation 
in India. 

10.5 Sunflower 

Sunflower (Helianthus annuus L.) was an addition to the edible oilseeds milieu post-
independence that has established itself as an efficient oilseed crop in the country in 
the last five decades. The favourable features of the crop with short duration, wide 
adaptability to a wide range of seasons and soils, high seed multiplication rate, high-
quality edible oil, suitability for both inter and sequence cropping, catch crop, 
non-branched plants easily adoptable to mechanized farming from seed to seed, 
support to the apiary and ecological farming, thalamus supporting dairy, etc., could



achieve steep growth rate since its inception in seventies to reach 2.6 million ha in 
1993–1994 by replacing the then less remunerative crops like millets and pulses in 
both kharif and rabi seasons. Since 2005–2006, the area has been continually 
declining due to low productivity leading to replacement with higher profitable 
competitive crops (Fig. 10.8). With this situation of the sharp decline in sunflower 
area, the private sector involvement in sunflower R & D has totally reduced and 
currently, the entire sunflower programme rests with public sector institutions. 
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Fig. 10.8 Trends in the growth of sunflowers in India 

During 2019–2020, sunflower was cultivated in 0.243 m ha with a production of 
0.217 m tonnes and productivity of 891 kg/ha. The productivity is low due to the 
majority of rainfed cultivation and sub-optimal crop management. Karnataka 
continues to dominate sunflower cultivation in the country and accounts for more 
than 60% of the area but the productivity is lowest among major states cultivating 
sunflowers. Apart from Karnataka, Andhra Pradesh, and Maharashtra were the other 
major states cultivating sunflowers. There is a clear distinction between the crop 
expansion and productivity in the country from the 1990s, wherein the crop formed a 
promising niche in the north and east Indian states in Ingo-Gangetic Plains (IGP) of 
Punjab, Haryana, Uttar Pradesh, Bihar, West Bengal, and Odisha, cultivated in 
spring/rabi/ summer seasons as against its cultivation largely as rainfed in kharif, 
in marginal lands in the traditional area of the crop in peninsular India. The 
productivity of sunflowers in the spring season in the north and east India in the 
IGP region is the highest at about 2 ton/ha owing to its optimum agro-ecology of 
season, soil, and crop rotation effects. 

From 2009 onwards, a very sharp decline in sunflower area and production 
(Fig. 10.9) is attributed to favourable market-driven profitability from competing 
for crops, viz. maize, cotton, pigeon pea, chickpea, and jowar in the same agro-
ecologies of sunflower causing its replacement and losing area, in addition to adverse 
biotic, abiotic stresses, market, and non-market forces. Besides, sub-optimal nutrient 
management especially of inadequate and imbalanced nutrition, shifting sunflower 
cultivation to marginal lands with low organic manure application, improper soil and



moisture conservation, improper plant population management, continuous cultiva-
tion without regard to rotation as well as non-adherence to recommended sowing 
window in the region, etc. have contributed to low yields and profits despite the 
availability of best management practices indicating a yield gap ranging from 53% to 
120%. The low productivity despite the low acreage is a concern in general and 
especially in Karnataka and Maharashtra, the major states for sunflowers is attributed 
to the pushing of sunflowers to further low productive zones as a replacement to 
competing crops. 
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Fig. 10.9 Compound growth rates for area, production, and yield of sunflower in India 

10.6 Safflower 

Safflower (Carthamus tinctorius L.) is an important commercial oilseed crop. The 
crop is grown in about 60 countries around the world, the primary producers of 
which are India, USA, Mexico, Kazakhstan, Argentina, China, Ethiopia, and 
Australia. It is considered a minor crop with less than one million hectares area 
and around six lakh tonnes of production average in a year. It is a thistle-like herb 
belonging to the family Asteraceae or Compositae. It is one of humanity’s oldest 
crops cultivated in India mainly for oil from the seeds and a reddish dye from the 
flowers. Nonetheless, it has mainly remained a minor crop grown on small plots for 
the growers’ personal use. 

Safflower is an important high-quality edible oilseed crop traditionally grown in 
black soils in rabi season in Maharashtra, Andhra Pradesh, and Karnataka 
contributing >90% of India’s production of safflower. It is a hardy crop adapted 
to post rainy season under receding soil moisture conditions. The spines at the tip of 
leaves serve as natural protection against grazing and are also the deterrent for labour 
working in safflower fields, especially for harvesting and post-harvest operations 
with plants. Besides the main economic part of the seed for high-quality oil, the



flower petals post pollination serve as high-value herbal medicine against many 
human and veterinary ailments. The young seedlings at the thinning stage are used as 
a green leafy vegetables. The de-oiled cake is useful as poultry feed besides the 
protein hydrolysates is providing competitive alternatives to soy protein in the 
poultry industry. 
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Fig. 10.10 Compound growth rates for area, production, and yield of safflower in India 

The low productivity of crops is due to being grown under extreme situations of 
total rain-free conditions from sowing onwards and without any care of better 
management. The productivity of safflower varies directly with the kharif rainfall 
pattern and is decided by the soil profile moisture at sowing. With the availability of 
competing for profitable rabi crops of chickpea and rabi sorghum, the safflower area 
has drastically reduced. The period post-2000 till date witnessed rapid deceleration 
of the crop on the area front affecting production at the national level. Currently, it is 
grown in 40,000 ha with a production of 22,000 tonnes at a productivity of around 
600 kg/ha. Recently the possibility of using a combine harvester of paddy in 
safflower is finding rejuvenation for the crop. The criticality of sowing time in 
October determines the yield. Aphid infestation with late sowing and Alternaria 
leaf spot with early sowing and intermittent rains are key limitations. 

In India, the area under safflower has been steadily declining from about 1.0 M ha 
in 1986–1987 to 0.23 M ha in 2010–2011 to a mere 46,000 ha in 2018–2019 
(Fig. 10.10). It is mostly cultivated in the states of Maharashtra and Karnataka and 
to a lesser extent in other states. In 2018–2019, Maharashtra and Karnataka 
accounted for about 93% of the area and production of safflower in the country. 
Yet, there has been a >50% decline in the area and production in these major states 
over the decade. The productivity of safflower is low at about 60% of the world as 
the crop is grown as rainfed and with poor agronomic management.
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10.6.1 Shifts in Area, Production, and Productivity 

India is the largest producer of safflower in the world producing approximately half 
of the world’s annual safflower production followed by the USA. Safflower acreage 
and production around the world as well as in India is witnessing a steady decline 
and wide fluctuations over the last 2–3 decades. Safflower is cultivated in more than 
20 countries on an average area of 9.55 lakh ha with a production of 8.09 lakh tonne 
and productivity of 846 kg/ha (2012–2013 to 2014–2015). 

India is the largest producer of safflower (2.0 lakh tonnes) in the world with the 
highest acreage (4.3 lakh hectares) but with an average productivity of only 465 kg/ 
ha. Poor crop management under input-starved conditions is the most important 
reason for such low per-hectare yields. It is mainly grown in Maharashtra, 
Karnataka, and parts of Andhra Pradesh, Madhya Pradesh, Orissa, Bihar, etc. 
Maharashtra and Karnataka are the two most important safflower-growing states 
accounting for 72% and 23% of the area and 63% and 35% of production, respec-
tively. The area under safflower cultivation, which was about 787.3 thousand ha in 
1983–1984 declined to about 676 thousand ha in the 1993–1994 and reached its 
minimum at 260.7 thousand ha in 2011–2012. It got further reduced, to 81 thousand 
ha during 2017–2018. The productivity witnessed a decline between 1983–1984 and 
1993–1994 and showed some improvement and increased from 513 kg per ha in the 
early-1990s to 606 kg per ha in 2011–2012 and again declined to 556 kg/ha during 
2017–2018 (DAC 2020). Over the last 11 years, the area under safflower has 
continuously decreased from 287.81 in 2009–2010 to 51.79 thousand hectares in 
2019–2020. The production has been fluctuating from 178.82 million tonnes in the 
year 2009–2010, to the lowest of 24.64 thousand tonnes in the year 2018–2019. It 
improved to 43.67 thousand tonnes in the year 2019–2020. During the same period 
productivity varied from 621 kg/ha in the year 2009–2010 to a maximum of 843 kg/ 
ha in 2019–2020. 

10.7 Sesame 

Sesame (Sesamum indicum L.) is one of the native crops of India and has many 
historical references in Atharva Veda, Ashtadvaiji, Manusmriti, and Puranas as tila 
indicating the presence of sesame in India since the pre-Christian era. It is considered 
the queen of oils for its high quality and wide uses and has equal demand as 
confectionery and food uses. Sesame is cultivated for its seeds which contain 
38–54% oil of very high quality and 18–25% protein. Sesame is widely distributed 
across India in all seasons and soil types, but the varietal performance is specific  to  
the region. India is the major producer of sesame in the world accounting for 27% of 
the world’s area and 22% of its production. In India, sesame is grown in all the states 
and Uttar Pradesh, Madhya Pradesh, Rajasthan, Gujarat, West Bengal, Odisha, 
Maharashtra, Andhra Pradesh, and Tamil Nadu are the major states producing 
sesame.



10 Oilseeds and Oil Palm 253

Fig. 10.11 Compound growth rates for Area, Production, and Yield of sesame in India 

Among oilseeds, India earns a sizeable foreign exchange through the export of 
sesame (about 40% of production; Rs. 5000 crores annually) next only to groundnut. 
The export demand for Indian sesame is decreasing due to SPS restrictions especially 
on pesticide residues, despite being grown under low input conditions. Different 
sesame types especially seed coat colour are available, and so also the demand for 
specific regional preferences for specific sesame types in the country and globally. 
Several sesame varieties are developed especially of seed coat colour variation and 
are being grown widely. During 2019–2020, sesame was cultivated in an area of 
about 1.62 million hectares with a production of 0.75 million tonnes and productiv-
ity of 463 kg/ha (Fig. 10.11). Sesame productivity has increased by only 50% during 
the last 50 years. More than 85% production of sesame comes from West Bengal, 
Madhya Pradesh, Rajasthan, Uttar Pradesh, Gujarat, Andhra Pradesh, and 
Telangana, and West Bengal has the highest productivity of sesame at 951 kg/ha 
being grown as summer sesame. 

Sesame growth rates were highest during 1998–2009 and later the area is 
decreasing (Fig. 10.11) and stabilizing at around 1.5 million ha. Nevertheless, 
huge scope exists for crop expansion across the country with higher productivity 
by bridging the yield gap and adopting best management practices. 

In general, sesame has wider adaptability to different soils and seasons. Besides, 
due to the photo- and thermosensitivity of the crop, several varieties have developed 
that suit a particular region and season with tolerance to abiotic and biotic stresses. 
Among all oilseed crops, the demand for sesame is maintaining steady at around two 
million ha and increasing due to the global demand and utility both for whole seed 
and for high-quality oil. The growing opportunity for sesame as a competing crop 
under paddy fallow situations (residual fertility and moisture) across the country 
demands higher ‘seed’ of suitable varieties.
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10.7.1 Shifts in Area, Production, and Productivity 

In India sesame is grown practically in all the states. However, More than 85% 
production of sesame comes from West Bengal, Madhya Pradesh, Rajasthan, Uttar 
Pradesh, Gujarat, Andhra Pradesh, and Telangana. Sesamum production in India 
during the last decade averaged 17.84 lakh tonnes per year and has grown by about 
19% between 2003–2004 and 2011–2012, while the area has increased by over 23% 
during the same period. The highest production of 8.93 lakh tonnes was recorded 
during 2010–2011, and the lowest was 4.41 lakh tonnes during 2002–2003. During 
the last 5 years highest production of 8.50 lakh hectares was recorded during 
2015–2016, while the lowest 657 in the year 2019–2020. The productivity of sesame 
is low in India because the crop is mainly grown in kharif. It is significant to note that 
since 1965–1966, the productivity of sesame increased by 128% and the production 
increased by 54% despite a reduction of 32% in the area. In 2019–2020 maximum 
area was covered by Uttar Pradesh (356 thousand hectares) followed by Madhya 
Pradesh (315 thousand hectares) and Rajasthan (280 thousand hectares). The maxi-
mum production (134 thousand tonnes) was in West Bengal and the yield (933 kg/ 
ha) was in Meghalaya. Since 1965–1966, the production of sesame increased by 
192% in Madhya Pradesh and 4204% in West Bengal, area increased by 19% in 
Gujarat and 2186% in West Bengal, respectively, and the highest yield increase in 
Rajasthan in 2012–2013. Sesamum output and acreage, on the other hand, began to 
decline in the 1990s, with production fluctuating greatly over the last two decades. 
The area under sesamum witnessed a consistent decline during the last four decades. 
The area fell from 2.36 million ha during 1973–1974 to 2.32 in 1993–1994 and 
reached 1.65 million ha in 2001–2002, increasing marginally to 1.98 million ha in 
2011–2012 and again declining to 1.42 million ha in 2018–2019 and again increased 
to 1.62 million ha in the year 2019–2020. However, production showed an increas-
ing trend from 4.4 lakh tonnes in 1973–1974 to 6.76 lakh tonnes in 1993–1994 and a 
declining trend during the nineties while reaching 5.66 lakh tonnes in 2001–2002 
and even up to 6.89 lakh tonnes in 2018–2019 and 6.57 lakh tonnes in the year 
2019–2020. Despite a consistent decline in the area under sesamum in the country, 
production was increasing primarily due to yield improvements, even though the 
Indian yield is among the lowest in the world. The yield per ha witnessed a steady 
increase during the last four decades from less than 200 kg per ha in early 1970s to 
about 303 kg per ha in the 2010, 485 kg/ha in the year 2018–2019 and 405 kg/ha in 
the year 2019–2020 (Table 10.4). 

10.8 Niger 

Niger [Guizotia abyssinica L. Cass.] is a minor oilseed crop but is important in terms 
of its 32–40% content of quality oil with 18–24% protein in the seed. Niger is 
primarily grown on the denuded soils in the tribal pockets under input-starved 
conditions in India. Further it is the lifeline of tribal agriculture and economy. 
India ranks first in the area, production, and export of niger in the world. It has a
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)

(continued)
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Table 10.4 Characteristic features of some promising varieties/hybrids of sesamum 

Oil
content 
(%) 

Average 
yield 
(kg/ha) 

Recommended states/
regions/situations

TKG-306 Kharif, Madhya Pradesh 49–52 750–800 Duration 86–90 days, white 
seed, seed weight 2.8 g, 
resistant to phytophthora 
blight and moderately 
resistant to Macrophomina, 
Cercospora, powdery 
mildew, Alternaria leaf 
spot 

SWB-32-
10-1 
(Savitri) 

Rabi/summer, West 
Bengal 

48–52 1200–1500 
summer 

Duration 84–88 days, light 
brown seed, tolerant to 
Macrophomina 

Jawahar 
Til-12 
(PKDS-12) 

Summer, Madhya 
Pradesh 

48–52 700–750 Duration 82–85 days, white 
seed, moderately resistant 
to Macrophomina stem/ 
root rot 

Jawahar 
Til-14 
(PKDS-8) 

Summer, Madhya 
Pradesh 

50–53 700–750 Duration 82–85 days 

Gujarat 
Til-3 

Kharif, Saurashtra region 
of Gujarat 

48–52 750–800 Duration 84–88 days, white 
bold seed 

RT-346 Kharif, Rajasthan 
Haryana, Panjab, 
Himachal Pradesh, 
Gujarat, utter Pradesh, 
Maharashtra 

49–51 750–850 Duration 82–86 days, white 
seed, resistant to leaf curl, 
moderately resistant to 
Macrophomina, Alternaria, 
Cercospora 

PKV-NT-
11 

Summer, Vidarbha region 
of Maharashtra 

50–53 800–850 Duration 88–92 days, white 
seed, moderately resistant 
to root rot, bacterial blight 

DSS-9 Zone I & II of Karnataka 48–50 600–650 Duration 85–90 days, white 
bold seed, early maturing 

JLT-408 Assured rainfall zone of 
Khandesh and adjoining 
areas of Vidharba, 
Marathwada zones and 
rainfall zone of Khandesh 
and adjoining areas of 
Vidharba 

51–53 700–800 Duration 80–85 days, white 
seed 

RT-351 Rajasthan, Gujarat, UP, 
Maharashtra, Haryana, 
Punjab, HO, KK & J & K 

48–50 700–800 Resistant to Macrophomia, 
leaf curl, Phillody, 
moderately resistant to 
Cercospora & capsule 
borer 

TKG-308 Madhya Pradesh (kharif 48–50 700–750 Moderately resistant to 
Macrophomia, Cercospora, 
bacteria leaf spot, leaf curl, 
tolerant to capsule borer
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yield potential of 800–1000 kg/ha under optimum growing conditions. The states 
contributing primarily to the niger production of the country are Madhya Pradesh, 
Odisha, Maharashtra, Karnataka, and Chhattisgarh. Besides, the crop is also 
cultivated to some extent in hilly areas of Andhra Pradesh, Bihar/Jharkhand, Gujarat, 
Uttar Pradesh, Rajasthan, Tamil Nadu, West Bengal, Assam and Arunachal Pradesh 
in the North Eastern Hill region. It is a lesser-known edible oilseed crop with 
confined cultivation under hill slopes of Odisha, Andhra Pradesh, and Chhattisgarh 
with tribal communities on eroded shallow and marginal soils of coarse texture and 
low fertility. It is known to have many medicinal values and nutrition, is rich in P and 
fibre. The crop acreage is consistent at about 1.2 lakh ha in the country. The crop has 
export value as bird feed besides oil extraction and meal is high fibre and nutritious. 
On the other hand, despite its minor importance, India earns reasonable revenue 
through the export of niger as bird feed. During 2018–2019, India exported 13,370 
tonnes of niger seed valued at Rs. 95.5 crores. Niger crop supports apiary and a 
source of wild honey of high value. As the crop has restricted cultivation with tribal 
communities, almost all the produce is considered organic and exploited.
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Table 10.4 (continued)

Recommended states/ 
Oil 
content 
(%) 

Average 
yield 
(kg/ha) 

Shubra Odisha (kharif/summer) 48–52 800–900 Golden yellow bold seed, 
delayed shattering, 
synchronous maturity 

Smarak Odisha (kharif/summer) 46–50 800–900 Orisha (kharif, summer) 

Gujarat til-4 Kharif, north Saurashtra 
zone IV of Gujarat 

47–49 750–800 White seed, tolerant to leaf 
spot 

DS-5 Kharif, summer 
Karnataka 

49–51 600–700 White bold seed 

Subhra 
(OSC-2007) 

Odisha 

Smarak 
(OSC 560) 

Odisha 

Source: https://oilseeds.dac.gov.in/Variety/Sesame.aspx 

In India, area under niger was a little less than 0.5 million ha in 1964–1965, 
reached to a high of 0.64 million ha in 1990s and has since then declined. The 
decline in area under niger cultivation in recent years (Fig. 10.12) can be ascribed to 
its lesser dependence for subsistence by tribal farmers for its primary product oil due 
to the ease and cheaper availability of edible oils even at remote hamlets, besides the 
need for embracing market driven remunerative crops. Currently (2019–2020) niger 
was grown in an area of 0.14 million ha with a production of 0.41 million t and 
productivity of 305 kg/ha.

https://oilseeds.dac.gov.in/Variety/Sesame.aspx
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Fig. 10.12 Compound growth rates for area, production and yield of niger in India (Source: 
https://www.sopa.org/india-oilseeds-area-production-and-productivity/) 

10.8.1 Shift in Area Production and Productivity 

On average, the productivity of Niger is low, around 300–350 kg/ha in India. Niger 
production during 2012–2013 has increased by 7% and productivity by 88%, even 
after a reduction of 42% in the area over 1965–1966. Despite the maximum area 
(86.9 thousand hectares) and production (29.8 thousand tonnes) in Madhya Pradesh, 
Andhra Pradesh has the maximum seed yield of 750 kg/ha during 2012–2013. 
During last 11 years, the area under Niger seed has continuously decreased from 
375.49 in 2009–2010 to 136.624 thousand hectare in 2019–2020. However, produc-
tion has been fluctuating being 99.94 million tonnes in the year 2009–2010, to the 
lowest of 41.32 thousand tonnes in the year 2019–2020. During the same period 
productivity varied from 266 kg/ha in the year 2009–2010 to a maximum of 328 kg/ 
ha in the year 2014–2015 and again declined to 303 kg/ha in the year 2019–2020 
(Table 10.5). 

10.9 Oil Palm 

Oil palm (Elaeis guineensis Jacq.) is the highest edible oil-yielding tree crop which 
has a theoretical potential yield of 18 t of oil/ha/year. It is capable of yielding 4–5 
tonnes of palm oil and 0.4–0.5 tonnes of palm kernel oil. Oil palm is a native of West 
Africa and is grown extensively in South-East Asian countries (Indonesia, Malaysia, 
Thailand, and Papua New Guinea), African countries (Cameroon, Ghana, Ivory 
Coast, Liberia, Nigeria, Republic of Congo, Sierra Leone, and Zaire) and South 
American countries (Brazil, British Guyana, Columbia, Costa Rica, Ecuador, Pan-
ama, Peru, and Venezuela). There are 17.00 million hectares planted with oil palm in 
the world with a total production of over 62.00 million tonnes of palm oil (2015),

https://www.sopa.org/india-oilseeds-area-production-and-productivity/
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Import

which is expected to increase substantially due to growth in demand for oil by the 
food industry and use in bio diesel (Table 10.6). Though planted in 5.5% of the total 
world vegetable oil acreage, palm oil accounts for 32% of global supply of oils and 
fats. Malaysia, Indonesia, and Nigeria are the leading producers of palm oil in the 
world. Palm oil is the major source of dietary fat in Latin America, South-East Asia, 
China, parts of West Asia, and Africa. In India too, the highest consumption of 
edible oil is palm oil. This is probably the most economic source of edible fat 
available at present. It is a crop of the future and a source of health and nutrition, 
value addition, waste utilization, environment friendly, cogeneration, import substi-
tution, and sustainability. The crop has the potential to contribute to agricultural 
diversification and economic development of rural communities by creating more 
job opportunities and provision of stable income. There is enormous scope for oil
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Table 10.5 Characteristics features of some promising varieties of Niger 

Oil
content 
(%) 

Average 
yield 
(kg/ha) 

Recommended states/ 
regions/situations

BNS-10 
(Pooja-1) 

36–38 650–700 All Niger growing states Duration 95–100 days, shining 
black seed, resistant to pests, 
diseases. 

KBN-1 Karnataka Moderately resistant to 
Alternaria leaf spot 

IGPN-
2004-1, 
(Phule 
Karala-1) 

39–41 650–700 Kharif season in MS and 
Karnataka (high rainfall 
areas of Maharashtra) 

Duration 95–100 days, shining 
black seed, resistant to 
Alternaria, powdery mildew 

Birsa 
Niger-3 
(BNS-11) 

Jharkhand, Chhattisgarh, 
MP, Odisha, Maharashtra, 
AP, WB, Kerala 

Early maturing variety 
85 days, drought tolerant 

Utkal 
Niger-150 

38–40 650–700 Orissa Duration 105–110 days, black 
seed, tolerant to Alternaria, 
Cercospora, Cuscuta 

DNS-4 39–41 500–600 Kharif, Karnataka Shining black seed, robust 
growth habit 

Source: https://oilseeds.dac.gov.in/Variety/Niger.aspx 

Table 10.6 Current scenario of demand and supply of vegetable oils in India (Qty in LMT) 

Year
(Nov.– 
Oct.) 

% Share 
of 
imports 

Per capita 
consumption 
(kg/yr) 

Domestic
availability

Availability/ 
consumption

% Self-
sufficiency

2015–2016 86.30 148.50 234.80 36.8 63.2 19.00 

2016–2017 100.99 153.17 254.16 39.7 60.3 18.90 

2017–2018 103.80 145.92 249.72 41.6 58.4 19.50 

2018–2019 103.52 155.70 259.22 40.0 60.0 19.80 

2019–2020 106.55 134.16 240.71 44.3 55.7 18.00 

Source: Annual Report 2020–2021, Department of Food and Public Distribution

https://oilseeds.dac.gov.in/Variety/Niger.aspx


palm development in India due to the availability of vast stretches of land under 
diversified agro-climatic conditions and with untapped underground water potential. 
In India oil palm is grown as small holders’ irrigated crop unlike in other countries, 
viz. Malaysia and Indonesia where it is grown in very large areas under rainfed 
conditions (Table 10.7).
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Table 10.7 Import of palm oil vs other edible oils 2019–2020 

Oil Percentage 

RBD Palmolein 3 

Crude palm oil 51 

Sunflower oil 19 

Soybean oil 25 

Rapeseed oil 0.13 

Palm kernel oil 0.51 

Others 1.12 

Source: Annual Report 2020–2021, Department of Food and Public Distribution 

10.10 History of Oil Palm in India 

In India, edible oil consumption has increased substantially over the years and the 
requirement is being met through imports. The quantum of import is likely to go up 
to meet the ever-increasing demand for edible oils, which necessitates increasing the 
production and productivity of vegetable oils in India. The Govt. of India and the 
National Agricultural Research System are giving adequate emphasis on improving 
the productivity of oilseed crops through the release of high-yielding varieties and 
the adoption of technology. During the last two decades, efforts have been made to 
introduce and exploit a number of new oil-bearing crops. However, only oil palm has 
shown promise for commercial cultivation under Indian conditions. Oil palm is the 
highest oil-yielding perennial crop and hence assumes significance for augmenting 
the indigenous availability of vegetable oils. Owing to its high productivity, palm oil 
is also one of the cheapest oils. Oil palm has the potential for production of 20–25 
tonnes fresh fruit bunches per ha from eighth year of planting till almost 30 years, by 
adopting good management practices. 

Oil palm was introduced in India at National Botanical Gardens, Kolkata during 
the year 1886. The Maharashtra Association for Cultivation of Sciences (MACS) 
later introduced African dura palms along canal bunds, home gardens, and, to some 
extent, in forest lands in Pune from 1947 to 1959. Large-scale planting of oil palm 
was launched from 1971 to 1984 in Kerala by Plantation Corporation of Kerala Ltd., 
(subsequently taken over by Oil Palm India Ltd.,) and Andaman Forest and Planta-
tion Development Corporation in Andaman and Nicobar Islands from 1976 to 1985. 
Cultivation of Oil Palm in India by smallholders got initiated in 1986. The Depart-
ment of Biotechnology, Govt. of India in collaboration with the state governments of



Andhra Pradesh, Karnataka and Maharashtra established three demonstration units 
of 1000 ha each during 1990–1991 to demonstrate the feasibility of growing oil palm 
under irrigated conditions to farmers and plantation companies. These plantations 
were raised with ‘tenera’ seeds of which 80% were imported from Costa Rica and the 
remaining 20% obtained from indigenous sources at Palode. In Andhra Pradesh and 
Karnataka, the demonstration was taken up on farmers’ fields, while in Maharashtra 
it was taken up by the Development Corporation of Konkan Ltd. (DCKL) by 
obtaining the land on lease from farmers. 
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10.11 Indian Oil Palm Scenario 

The Government of India has continuously been making efforts to increase the area 
and production of oil palm in order to increase the availability of edible oils in the 
country and to reduce the import burden. A comprehensive centrally sponsored 
scheme i.e. Oil Palm Development Programme (OPDP) was launched during 
1991–1992 to promote oil palm cultivation on a massive scale, and the programme 
was brought under the purview of the Technology Mission on Oilseeds and Pulses 
(TMOP) by Department of Agriculture, Cooperation and farmers welfare (DAC & 
FW) during the VIII and IX five year plans. During the X and XI plans, support for 
oil palm cultivation was provided under the Integrated Scheme of Oilseeds, Pulses, 
Oil Palm and Maize (ISOPOM). A special programme on Oil Palm Area Expansion 
(OPAE) under RKVY was implemented from 2011 to 2012 till March 2014 to boost 
oil palm area expansion. During the XII plan, National Mission on Oilseeds and Oil 
Palm (NMOOP) launched under which Mini Mission-II (MM-II) has been dedicated 
to oil palm area expansion and productivity increases. Now the scheme is being 
implemented under National Mission of Edible Oils—Oil Palm (NMEO-OP). Oil 
palm cultivation and palm oil production in India is a tripartite one involving 
farmers-processors-government. DAC & FW has been implementing these 
programmes through the Department of Agriculture/Horticulture of the respective 
state governments. Under these programmes, financial assistance is being provided 
to the farmers at 85% cost of the planting material and 50% cost of the other 
components like maintenance cost of new plantations for four years, installation of 
drip-irrigation systems, diesel/electric pump-sets, bore-well/water harvesting 
structures/ponds, inputs for inter-cropping in oil palm (during gestation period), 
construction of vermi-compost units and purchasing of machinery and tools, etc. 

The state governments of oil palm growing states have constituted Project 
Management Committee, Price Fixation Committee for looking after the oil palm 
development programme in the State. The present FFB price paid to farmers by the 
industry is based on the CACP recommended formula of 2012. This is regulated 
through the Oil Palm Acts of the State Governments. The States Governments 
further identified private entrepreneurs like M/s Godrej Agrovet Pvt. Ltd., M/s 
Ruchi Soya Industries, etc., for raising oil palm nurseries and establishment of 
processing mills in their respective States. The State Governments have allotted 
areas/ Mandals/Districts to the companies for the development of new plantations.



Accordingly, the companies have established nurseries in their allotted zone for 
developing seedlings of oil palm, which takes about 10–12 months. These 
companies purchase seed sprouts from indigenous seed gardens and also import 
sprouts from major oil palm-growing countries for the development of seedling 
nurseries in their respective States. These companies are also extending technical 
expertise to the farmers for development of oil palm plantation. After development 
of plantation, oil palm mills are also established by these companies and the FFB will 
purchased directly from famers under buy back policy of oil palm Act. Government 
of India has also provided financial support for the establishment of oil palm 
processing mill, especially in NE/LW areas/hilly states/regions. In the country, 
24 oil palm processing mills have been established in different states having a 
capacity of 312 MT/hrs for crushing of oil palm FFB. 
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Oil palm has been established as a successful crop in a number of states in the 
country and productivity levels up to 6–8 tonnes oil per ha could be achieved. The 
fresh fruit bunch (FFB) yields obtained by progressive farmers of Andhra Pradesh 
and Karnataka, under optimum cultural and irrigated conditions, are between 20 and 
25 tonnes of FFB/ha/year, i.e. 4–5 tonnes of oil per ha per annum from the fourth 
year onwards. The highest yield of 30–35 tonnes FFB/ha/year during the seventh 
year was also recorded in many plantations. A farmer could record 53.20 tonnes FFB 
per ha in Karnataka State, which indicates the potential of this crop under Indian 
conditions. 

Though Oil Palm Development Programme in the country is progressing well, 
area coverage is not taking place as per the targets envisaged. The reasons are 
manifold, the most significant being the lack of assured price for FFBs and uncer-
tainty in payment of FFB price since it is linked to the international price of CPO 
which is prone to major fluctuations. Further, there is no support from Govt. of India 
for the FFB price to farmers. However, the accelerated pace of oil palm cultivation is 
recorded when the support price and additional promotional activities were 
undertaken. As of 2020, various Expert Committees constituted by the Ministry of 
Agriculture, Government of India have identified a total of 27.99 lakh hectares in 
22 states of the country as suitable for oil palm cultivation. So far, an area of 3.70 
lakh ha has been covered under oil palm. In the areas where Oil Palm is grown, 
livelihood and social security have certainly improved. In India, oil palm is being 
grown in different agro-climatic regions deviating from the conventional 
requirements like temperature, rainfall, humidity, soil type, etc. Oil palm cultivation 
is being taken up in the agricultural land owned by farmers as irrigated (and rainfed 
in a few states) small holders’ crop. Corporate plantations could not achieve desired 
results due to various reasons. 

10.12 Oil Palm Research in India 

With the present level of rapid increase in the per capita consumption of vegetable 
oils in the country, it is expected that the estimated population of 1620 million in 
2050 may need 40.5 million tonnes of vegetable oils at the estimated per capita



consumption of 25.00 kg. By 2050, if an area of 20 lakh ha is covered under oil 
palm, the country must be able to produce about 14 million tonnes of oil from oil 
palm. In order to tap the huge potential of this crop, Indian Council of Agricultural 
Research established ICAR-Indian Institute of Oil Palm Research (ICAR-IIOPR) at 
Pedavegi, Andhra Pradesh, India in 1995 with an aim to develop innovations and 
technologies for improving oil palm productivity and sustainability to address the 
challenges of producing more vegetable oil for the growing population. Since 1995, 
systematic efforts are being made at this Institute to cater to the research needs of the 
oil palm community in India and to increase the production and productivity of the 
crop. Though the present yield levels in plantations of progressive farmers are about 
20–25 tonnes FFB/ha (on par with Indonesia and Malaysia), many plantations 
continue to record productivity levels of less than 10 tonnes per hectare. Thus, 
productivity improvement through better planting materials and efficient manage-
ment of water, nutrients, and labour would be of crucial importance for achieving the 
targets. The salient research achievements of the Institute include Development of 
three oil palm hybrids with desirable characters (high FFB yield, high oil yield, and 
high sex ratio); Oil palm germplasm exchange under international collaboration with 
Malaysia; Development and supply of advanced parent materials to Karnataka, 
Mizoram and Andhra Pradesh for establishment of five new oil palm seed gardens 
in the country; Standardization of technology for oil palm hybrid seed production 
which was adopted at national level by public and private sector seed gardens; 
Standardization of best management practices for oil palm cultivation under irrigated 
conditions, first of its kind in the world; Development of oil palm cropping system 
models for doubling of farmers income; Conducting feasibility studies for identifi-
cation of potential areas for oil palm cultivation in the country; Organizing training 
programmes on oil palm cultivation to officers and farmers from Oil Palm Develop-
ment Programme implementing states. 
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10.13 Conclusions and Future Strategies 

Oilseed crops are grown all over the world and are important crops because of their 
economic value. Oilseed crops are planted primarily for the production of edible oil. 
Oilseeds have recently gotten a lot of attention because of the growing demand for 
healthful vegetable oils, livestock feeds, medicines, biofuels, and other oleochemical 
industrial purposes. For the annual oilseeds and for oil palm in the country, solutions 
for increasing the productivity (and profitability) of oilseed-based production 
systems are being developed. As a result, to meet rising global demand, traditional 
breeding efforts must be combined with biotechnological technologies to increase oil 
yield per unit area. Another option for meeting this increased need is to expand the 
area where oilseeds are grown. Oilseed crops are mostly grown in rain-fed 
circumstances, and as a result of unpredictable rainfall, the crops experience mois-
ture stress at various phases of growth, resulting in low yields. By extending 
irrigation facilities to oilseed, the yield of oilseed can be stabilized and greatly 
boosted. The oilseed interventions/strategies offered have been time-tested and are



scale neutral, so they can be used to increase the productivity of oilseed-based 
agriculture systems with the requisite institutional support/handholding. The pro-
posed strategies are categorized under three situations as follows:
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• More seed production and distribution of newly released varieties.
• Developing low-cost technologies with a high impact on productivity resulting in 

higher income.
• Developing technologies with high impact that involve reasonable investment 

with a high return on investment (ROI), with emphasis on eco-friendliness, high 
input use efficiency, and.

• Strategies emphasizing quality improvement combined with value addition 
leveraging technologies, with a bearing on employment through skill/entre-
preneurship development.

• Development of clonal seed gardens through mass multiplication of high-yielding 
elite palms.

• Development of oil palm seed gardens to meet the indigenous planting material 
requirement.

• Development of next-generation dwarf and high oil-yielding hybrids for improv-
ing productivity and ease in harvesting.

• Influence of climate change on regulatory processes involved in oil synthesis of 
oil palm mesocarp.

• Development of cropping system modules with medicinal and aromatic plants.
• Enhancing resource use efficiency through sensor based IOT applications in 

irrigation and fertigation.
• Development of suitable post-harvest technologies and value added products.
• Design and development of machineries for to reduce drudgery.
• Capacity building programmes for stakeholders on oilseed production 

technologies. 
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Abstract 

The horticulture sector comprises several crops viz., fruits, vegetables, spices and 
medicinal crops, plantation crops, ornamental crops, mushrooms, tuber crops, etc. 
From pre-independence era till eighth 5-year plan no much importance was given 
to this sector as food security and poverty alleviation was the major issue. 
However, over the years the horticulture sector has emerged as one of the 
inseparable parts of agriculture providing a wide range of crop diversification to 
the farmers. Today, India has surpassed in the production of horticulture crops 
and agriculture crops. This sector also provides a lot of employment opportunities 
for sustaining many agro-industries which in-turn generates employment 
opportunities substantially. With an increase in the purchasing power of people, 
the cereal and pulses-based dietary style is switching towards vegetable and fruit-
based dietary styles as horticultural crops provide nutritional security. To reach 
this stage of becoming the second largest producer of fruits and vegetables, the 
horticulture sector has faced several challenges and constraints. With the constant 
effort of government assistance by allocating funds to horticultural research 
in-terms of establishing horticultural research institutes and universities several 
new varieties and improved production practices have been developed which 
helped in achieving higher production of horticultural crops. In addition, horti-
culture is not only restricted to fruit and vegetable cultivation in rural areas but 
has stretched its wings to urban and semi-urban areas. The new modern concepts 
for landscape development are keen on using any kind of concrete or glass, 
turning them into real vertical gardens, being possible to overcome the

J. Satisha (✉) 
Division of Fruit Crops, ICAR-Indian Institute of Horticultural Research, Bengaluru, Karnataka, 
India 
e-mail: Satisha.j@icar.gov.in 

# The Author(s), under exclusive license to Springer Nature Singapore Pte 
Ltd. 2023 
P. K. Ghosh et al. (eds.), Trajectory of 75 years of Indian Agriculture after 
Independence, https://doi.org/10.1007/978-981-19-7997-2_11

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-7997-2_11&domain=pdf
mailto:Satisha.j@icar.gov.in
https://doi.org/10.1007/978-981-19-7997-2_11#DOI


development of the urban areas making a smooth transition for a healthy green 
urban environment. Because of the strong impetus for the development of the 
horticulture sector, there is tremendous scope for enhancing the productivity of 
Indian horticulture which is imperative to cater to the country’s estimated demand 
of 650 million MT of fruits and vegetables by the year 2050.
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11.1 Introduction 

Horticulture is one of the important sectors of agriculture in India, considering its 
potential with respect to increased income to farmers, providing both livelihood and 
nutritional security, and also its contribution towards a greater portion of foreign 
exchange to the country. Though at present the production of horticultural crops is 
surpassing the total agricultural crop production from the past several years, the 
importance or recognition given to horticultural crops is only from the seventh or 
eighth 5-year plan. This sunrise sector comprises a wide range of crops, viz., fruit 
crops, vegetable crops, tuber crops, flower crops, medicinal and plantation crops, 
mushrooms, potatoes, etc. Recent statistics from National Horticultural Board indi-
cate that India is the second-largest producer of fruits and vegetables next to China. 
India contributes about 13% of global fruit production and about 21% of global 
vegetable production. The growth pattern of Horticulture is distinctly different from 
the agricultural sector. Though during the first few 5-year plans, the main focus was 
to achieve self-sufficiency in the production of food grains, over the years, horticul-
ture was given more importance and has emerged as inevitable part of agriculture, 
offering varied choices to growers for diversification. Horticulture also provides 
greater scope for sustaining many agri-based industries that generate a lot of 
employment opportunities. Horticultural crops contribute to about 24.5% of the 
GDP from the total area of just 8% of the cultivable land in the country. The growth 
of horticulture sector in India from pre independence era passing through green 
revolution era till present is briefly discussed in this chapter. 

11.2 Horticulture During the Pre-Independence Era 

Before Independence, horticulture was just subsistence farming where it was either 
restricted to homestead or backyard gardens as for as fruits and vegetables were 
concerned. After practicing horticulture by Mughal emperors in the country, one of 
the English Baptist Missionary, Rev. William Carey founded Agri-Horticultural 
Society in India in 1820 with the objective of the promotion and development of 
agriculture in the country. Because of its establishment, a large variety of vegetables



and fruits were introduced into the market to which Indian society was completely 
ignorant. Before the formation of society, the production of good quality vegetables 
was very scarce. Consequently, many new vegetables, herbs, fruits, etc. became 
easily procurable in the market. After the establishment of the society, Carey 
prepared an essay depicting the reasons for the establishment of an Agricultural 
Society in India. Some of the objectives proposed in the essay on supporting the 
formation of an agricultural and horticultural society in India are:
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• Encouraging a better mode of cultivation for the improvement of the land.
• Evolving and using the best methods of crop rotation and land-cropping.
• Introduction of useful and new types of plants.
• Improvement in the implementation of husbandry practices.
• Improvement in animal husbandry.
• Inclusion of wastelands into a state of cultivation. 

This society continued to help in introducing several better strains of vegetables, 
fruit trees, and flower crops. But, British rule had a very long impact on Indian 
gardens. They transformed the traditional Hindu and Mughal-style gardens into 
informal gardens. In addition, they also introduced a lot of fragrant trees, shrubs 
and bulbs. They also gave a lot of importance to colourful flowering annuals like 
asters, carnations, nasturtium, pansies, etc. which were introduced by the British. 
British also made a lot of ornamental and pleasure gardens in the form of parks and 
gardens around forts and monuments. 

11.2.1 Post-Independence Era 

The separation of horticulture from agriculture as a distinct activity is usually dated 
from the middle ages in Europe and most of the developed countries. But, in India, 
until the last two to three decades, horticulture was considered a part of agriculture. 
Despite that, the horticulture sector has made appreciable progress in the country 
with integrated efforts of researchers, farmers, decision-makers and other 
stakeholders. Development of horticulture was at a very low profile until the third 
5-year plan and very little attention was received then onwards too. But, it is only 
after the eighth 5-year plan, investment in horticulture increased steadily resulting in 
the considerable strengthening of several horticultural development programmes in 
the country. As more than 30% of the population suffers from malnutrition, it was 
necessary for the country not only to provide food security but also access to a 
balanced nutritious diet. In this direction, horticultural crops like fruits, vegetables, 
medicinal plants and plantation crops play an important role, thereby enhancing 
access to quality food and opportunities for increased farm returns. The growth trend 
of horticulture is entirely different from that of the agriculture sector as a whole. 
During the 1960s when the country attained the green revolution, the main focus was 
to provide food security to growing population. Hence, the government policies 
concerning seeds, fertilizers, production technologies with respect to irrigation,



Year Area (‘000 Ha) Production (‘000 MT)

–

–

–

public investment, price supports and inputs facilitated India to achieve self- suffi-
ciency. The government strategies focused on the development of high-yielding 
varieties, emphasized more on research and extension, irrigation and institutional 
credit, etc. These successful strategies in the 1970s made India not only self-
sufficient in food grains but also emerged as a major exporter of food grains (rice 
and wheat). But this growth could not be sustained in the post-liberalization period, 
and as a result, the agriculture GDP growth declined from 3.3% in 1980–1995 to 2% 
in 1995–2002. The crop sub-sector growth rate declined from 3.3% in 1990–1991 to 
0.61% 1996–1997 to 0.61% and further declined till 2003–2004 (Planning Com-
mission XI Report). This stagnating/declining growth in the agriculture sector made 
a strong impetus to policy makers to search for an alternative mechanism to boost the 
growth of the agriculture sector. In this background, the diversification towards high-
value crops was identified as one of the important components for the growth of the 
Indian agriculture sector (Chand 1999; Joshi et al. 2006). 
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Table 11.1 Area and production of fruit crops 

Increase over 1991–1992 
(in percentage) 

Area Production 

Fruit crop 
1991–1992 2870 28,630 –  

1998–1999 5140 58,530 79.09 104.44 

2005–2006 5509.6 58,740.3 91.97 105.17 

Vegetable crops 
1991–1992 3729 44,042 –  

1998–1999 5870 87,530 57.41 98.74 

2005–2006 7164 109,050 92.12 147.60 

Spices 
1991–1992 1618 1211 –  

1998–1999 1751 1884 8.22 55.57 

2005–2006 1731 2225 6.98 83.73 

Database of National Horticulture Board (http://nhb.gov.in/); www.agricoop.nic.in; CMIE 2005 

Once, the country attained self-sufficiency with respect to food grains, the focus 
was to diversify agriculture towards other crops, viz. oil seeds, commercial crops 
like cotton, sugarcane and horticultural crops. Economic policies and reforms in the 
early 1990s further enhanced the speed of diversification in favour of horticultural 
crops. Once considerable growth was witnessed in horticulture crops mainly fruits 
and vegetables, more focus was again on diversification in the horticulture sector, 
viz. floriculture, medicinal and aromatic crops, mushrooms, post-harvest handling 
and processing, etc. (Jha et al. 2018). The area and production of horticulture during 
1991–1992 to 2006–2007 is shown in Table 11.1. Thus, the diversification towards 
horticulture crops has made a strong impact to increase not only overall agricultural 
growth but also generated a lot of employment opportunities and increased farm 
income.

http://nhb.gov.in/
http://www.agricoop.nic.in


Plan period
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11.2.2 Development of Horticulture Sector—Plan Allocation 

Due to the reasons mentioned in the above paragraphs about main focus of the 
country towards self-sufficiency in food grains, the budget allocation to the horticul-
ture sector was very negligible in the post-independence era. The separate funding 
for horticulture has not been mentioned till fourth 5-year plans. In the fourth 5-year 
plan, the allocation was just 2.05 crores for the development of horticulture which is 
just 0.89% of the total plan allocation towards agriculture and allied sectors. The 
plan allocation for horticulture and allied activities is given in the Table 11.2. 

There was a major boost in plan allocation for the development of the horticulture 
industry during the VIII plan. The allocation increased several times to 1000 crores 
during the VIII plan compared to mere 25 crore allocations during the VII plan 
which is in proportion terms from 0.23% to 4.45% of the total allocation for 
agriculture and allied sectors. Since then there were continuous increases in the 
percent allocation to Horticulture. The cabinet committee on economic affairs 
approved a centrally sponsored scheme for integrated development of horticulture 
for implementation during the XII plan with an outlay of INR 16840 crores, out of 
which INR 866 crores were contributed by state governments where the scheme was 
implemented. 

First time in history, the horticulture section was established in the Division of 
Botany at IARI in 1954, and the focus on horticulture and research development was 
started from the IV plan onwards. During this period 2.05 crores were allocated for

Table 11.2 Plan allocation for agriculture and allied sectors and horticulture (in crores) 

Allocation for agriculture
and allied sectors

Allocation for
horticulture

Percentage of 
horticulture to agriculture 

IV (1969–1974) 2320 2.05 0.85 

V (1974–1979) 4865 7.62 0.16 

VI (1980–1985) 5695 14.64 0.26 

VII 
(1985–1990) 

10,525 25 0.23 

VIII 
(1992–1997) 

22,467 1000 4.45 

IX (1997–2002) 37,546 1453 3.87 

X (2002–2007) 58,933 5025 8.53 

XI (2007–2012) 136,381 15,800 11.59 

XII 
(2012–2017) 

363,273 16,840 4.63 

Annual Plan 
(2012–13) 

54,748 3062 5.60 

Annual Plan 
(2013–2014) 

18,781 4128 21.99 

Annual Plan 
(2014–2015) 

11,531 2922 25.34 

Working Group on Horticulture, Plantation Crops and Organic Farming XI; Agricultural Statistics 
at a Glance 2013 and 2014, DES; Horticultural Statistics at a Glance 2015-(MIDH), DAC & FW



the establishment of the Indian Institute of Horticultural Research at Hesaraghatta, 
Bangalore. Similarly, during the IX plan, a separate Division of Horticulture was 
created from the crops division of the Department of Agriculture and Cooperation of 
Ministry of Agriculture in 1981. The Horticulture Division was supported by 
National Horticulture Board, Coconut Development Board and National Bee 
Board to look after the overall development of Horticulture in India. The Department 
of Agriculture, Cooperation and Farmers Welfare (DAC & FW) of the Ministry of 
Agriculture and Farmers Welfare (MoA & FW) created a separate position of 
Horticulture Commissioner in 1985. Horticulture Development received major 
boost in the X plan where several schemes were launched for the development of 
horticulture. During this plan, several initiatives like Technological Mission for 
Integrated Development of Horticulture in North East Region, National Horticulture 
Mission, Micro-irrigation Mission Technology, Mission for Integrated Development 
of Horticulture in North East Region & Himalayan States, The Technology Mission 
for Integrated Development of Horticulture was launched in eight states of the north-
east region in 2001–2002 to harness the potential of horticulture development.
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11.2.3 Institutions and Policy Developments for Horticulture 
Development 

To support the horticultural programs to increase production, organizational support 
is available from both Agriculture and Commerce ministries at the National level. 
Similarly at the state level, both Agriculture/Horticulture departments provide the 
necessary infrastructure. Many number of Directorates, Boards, Councils, 
Foundations and Authorities have been established under Central and State 
ministries to promote horticultural production for the both domestic and export 
market. Some of the infrastructures established for the holistic development of 
horticulture are listed in Table 11.3. 

The Horticulture Division of IARI, New Delhi, State Agricultural Universities, 
National Institute of Postharvest Technology, National Institute of Agricultural 
Marketing, National Bank of Agriculture and Rural Development, etc. were focused 
to strengthen education, research development, marketing facilities, financial assis-
tance, etc. Under the Indian Council of Agricultural Research, New Delhi a separate 
Division of Horticulture was established and vested with the responsibility of 
overseeing the overall accelerated development of horticulture from national per-
spective for improving nutritional, ecological and livelihood security. Under the 
Division of Horticultural Sciences, 10 Central Institutes, 6 Directorates, 7 NRCs, 
13 AICRPs and 6 Network Projects/Outreach programmes are operating to cater to 
the needs of horticulture research, education and also extension services. 

The National Horticulture Mission was established in 2004 with aim to double the 
production of horticultural crops, establishing convergence and synergy among 
various on-going and planned programs in the field of horticultural development 
and promoting the development and dissemination of technologies by blending 
traditional knowledge and new frontier knowledge.



Sl. No Name Purpose

(continued)
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Table 11.3 Institutes developed for holistic development of horticulture 

Year of 
establishment 

Ministry of Agriculture 
1 Horticulture Division 1980 Support and formulate policies 

aimed at accelerated growth of 
horticulture 

2 National Horticulture Board, 
Gurgaon 

1984 To promote integrated 
development of horticulture 

3 Coconut Development Board 1981 Integrated development of 
coconut industry in the country 
through promoting production, 
processing, marketing and 
product diversification of 
coconut 

4 Directorate of Cashewnut & 
Cocoa Development, Kochi 

1966 Promotion of cashew & cocoa 
development by adoption of 
improved technology for 
production and making available 
quality planting material 

5 Directorate of Arecanut & Spices 
Development, Calicut 

1966 Yo formulate appropriate 
development schemes on spices, 
medicinal & aromatic plants and 
arecanut at the national level 

6 National Committee on Use of 
Plastics in Agriculture (NCPA), 
New Delhi 

1993 To implement and monitor the 
Centrally Sponsored Scheme on 
“Development of Horticulture 
through Plasticulture” 

7 National Horticultural Research 
and Development Foundation, 
Nasik 

1993 To cater to applied research and 
development of onion and garlic 
for promoting export 

Ministry of Commerce 
8 Agricultural and Processed Food 

Products Export Development 
Authority (APEDA), New Delhi 

1985 Export promotion and 
development of fruits and 
vegetables, processed products, 
etc. 

9 Spices Board, Kochi 1987 It is an apex body for the export 
promotion of Indian spices and 
spice products 

10 Tea Board, Kolkata 1954 Ensuring overall development of 
the Tea industry and trade 

11 Coffee Board, Bangalore 1942 To facilitate the co-ordination of 
different segments viz: growers, 
processors, exporters, domestic 
traders, consumers and various 
associations representing the 
industry
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Table 11.3 (continued)

Year of 
establishment 

12 Rubber Board, Kottayam 1947 Promoting the development of 
rubber industry, advise the 
Government of India on all 
matters related to rubber industry 
including the import and export 
of rubber 

13 Cashew Export Promotion 
Council, Kochi 

1955 Promotional activities related to 
exports 

11.2.4 Horticultural Education 

With increased awareness about horticulture, there was a need for specialized human 
resources in horticultural sciences. Accordingly, the first College of Horticulture was 
established in the year 1972 at Kerala Agricultural University (KAU), Kerala, to 
strengthen research, education and extension activities in horticulture. After that, 
faculties of horticulture were added to the majority of agricultural universities. 
Dr. Y.S. Parmar University of Horticulture and Forestry, Solan, Himachal Pradesh, 
was the first horticultural university, established in the country in 1985, which got 
great recognition not only in the country but in the whole of Asia for its mandate of 
imparting teaching, research and extension exclusively in horticulture and forestry 
sciences. At present, there are seven horticultural Universities exclusively for horti-
cultural education in the country. 

11.3 Horticulture Growth in the Last Two Decades (2001–2020) 

The most significant change in the last two decades has been the use of technologies 
and private sector investment for production system management. The increase in 
area and production over the years from 2001 onwards till 2021 is shown in 
Table 11.4. The total production of horticultural crops during 2020–2021 is 326.5 
million tonnes (mt), which was about 1.6% higher than the previous year and 8% 
higher than the previous 5 years’ average (Anonymous 2017a, b). Within horticul-
ture, production of vegetables was estimated at 181 mt in 2017–2018, about 1% 
higher than the year before, while that of fruits was estimated at 95 mt, 2% higher 
than the previous year with steady increase in area and production of both fruits and 
vegetables (Figs. 11.1 and 11.2). 

However, the challenge before us is to reach the production of horticultural crops 
to 500 mt by 2050 to meet the rising demand for these crops due to changing 
lifestyles, enhanced purchase power, urbanization, food habits, awareness about 
medicinal plants, etc. under conditions of deteriorating production environment. 
Though there is an increase in per capita availability of fruits and vegetables, it is 
still below the recommended levels, and hence, nutritional and health security can be 
achieved through enhanced productivity. The impact of change in technologies like
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Table 11.4 Area, production and productivity of horticulture crops in last two decades 

Year Area (′000 ha) Production (′000 MT) Productivity (MT/ha) 

2001–2002 16,592 145,785 8.79 

2002–2003 16,270 144,380 8.87 

2003–2004 19,308 153,302 7.98 

2004–2005 18,445 166,639 9.05 

2005–2006 18,707 182,816 9.77 

2006–2007 19,389 191,813 9.89 

2007–2008 20,207 211,235 10.45 

2008–2009 20,662 214,716 10.39 

2009–2010 20,876 223,089 10.69 

2010–2011 21,825 240,531 11.02 

2011–2012 23,243 257,277 11.07 

2012–2013 23,694 268,845 11.35 

2013–2014 24,198 277,352 11.46 

2014–2005 23,417 283,468 12.11 

2016–2017 24,472 286,188 11.69 

2017–2018 25,431 311,714 12.25 

2018–2019 25,743 311,057 12.04 

2019–2020 26,465 320,078 12.09 

2020–2021 27,175 326,582 12.09 

% Increase over 2001–2002 61.06 44.63 7.27 

Horticultural Statistics at a glance 2017 and authors’ personal compilation 
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Fig. 11.1 (a) Trends in area and production of fruit crops from 2010–2011 to 2020–2021



new cultivars, use of micro irrigation, improved quality seeds and plants and 
production system management is visible in increased production productivity, 
availability and export. Undoubtedly, the horticulture sector has moved dynamically 
despite numerous challenges and shortcomings and is in a crucial phase of develop-
ment, needing initiatives for sustainable development. To achieve the targeted 
production of 451 million in the year 2022–2023, stipulated vertical growth will 
be required through the use of new cultivars, efficient water and nutrient manage-
ment, effective plant health management coupled with strategies for reduced post-
harvest losses and empowered human resources. This will require appropriate 
innovations and investment. Protected cultivation has shown yield enhancement 
up to 4 times, which is a potential technology to achieve vertical growth but 
would need investment and technological up gradation. Plant architectural engineer-
ing and management can mitigate the problem associated with seasonality in many 
crops, and the enhanced efficiency in water management, utilizing modern 
techniques, shall reduce water stress. Since horticulture provides variability and 
has the potential to adjust in different agro-climatic situation; technology-led devel-
opment is inevitable, where in horticulture education to empower the youth with new 
knowledge becomes essential. Thus, it is essential to evolve technologies for 
enhancing productivity in horticultural crops through constant efforts in research, 
development and extension.
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Fig. 11.2 (a) Trends in area and production of vegetable crops from 2010–2011 to 2020–2021 

11.3.1 Recent Advances in Horticulture 

Aiming to boost horticulture along with Indian agriculture, the government of India 
set a goal to double the farmers’ income by 2022 as horticulture is a very important



sector in Integrated Farming System in the country (Saikia and Bordoli 2014). The 
rise of farmers’ income can be increased when risk is reduced, productivity goes up, 
cost of production comes down, post-harvest loss is minimized, and commodities are 
produced to get a remunerative price. Doubling farmers’ income became a slogan for 
every agricultural institution and is formulated by bridging productivity gaps, 
employing the latest production technologies, processing technologies and market-
ing. Some of the advanced technologies in horticulture include high-density plant-
ing, urban and periubran horticulture, vertical gardening, micro greens, use of solar 
energy in horticulture, vegetable grafting, farm mechanization, etc. The goal set to 
double farmers’ income by 2022–2023 is central to promoting farmers’ welfare, 
reducing agrarian distress and bringing parity between the income of farmers and 
those working in non-agricultural professions. This can also be achieved through the 
use of the above-listed advanced technologies. Though India is the second largest 
producer of fruits and vegetables and with a steady increase in horticultural produc-
tion over the years, it is still facing several constraints/challenges which need to be 
handled effectively (Prabhakar et al. 2014). 
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Fig. 11.3 India’s export of fruits and vegetables (Source: UN Comtrade, figures in US$billion) 

Despite leading in the production of fruits and vegetables, there is a minimum 
success with respect to their export. During 2010–2020, there has been an increase of 
US$2.8 million in the export of Indian horticultural products, with an export value of 
US$3.19 billion in 2020. The major export destinations are UAE, Netherlands, USA 
and Saudi Arabia. The export trend of fruits and vegetables is shown in Fig. 11.3 

Some of the products which have outperformed the export performance of 
horticultural crops include onions, potatoes, chillies and fresh vegetables, grapes, 
etc. Various factors have been attributed to the export growth of these products like 
the initiative of Agri-export Zones (AEZs) and Grapenet, etc. Similarly, in fresh 
potatoes, exports increased from US$26.9 million in 2010 to US$ 70.7 million in 
2020. Continuous efforts are being made to promote the export of agricultural



Table 11.5 Productivity
of important fruits and
vegetables in India vis-a vis
world

products. With the help of APEDA, different certified agricultural products are being 
exported to other countries. In 2021, many fruits like chikoo, jackfruit, mango, litchi, 
jamun, grapes and dragon fruit have been exported, which has benefited the farmers. 
Now a special variety of bananas from the Jalgaon district of Maharashtra has been 
exported to Dubai with the help of APEDA. More recently, a GI certified mango 
from Malda district of West Bengal has been sent to Bahrain. Mangoes are processed 
by APEDA registered packhouse facility and then exported to various regions and 
countries including Middle East, European Union, Japan and South Korea. Indian 
floriculture industry comprises flowers such as roses, tuberose, gladiolus, anthurium, 
carnations, marigold, etc. The Indian floriculture market was worth INR 157 billion 
in 2018. The market is further projected to reach INR 472 billion by 2024, growing 
at a CAGR of 20.1% during 2019–2024. India’s total export of floriculture was R 
571.38 crore/81.94 USD million in 2018–2019. The major importing countries were 
USA, the Netherlands, the United Kingdom, Germany and United Arab Emirates. 
Though India’s share in the global market is still 1% only, there is increasing 
acceptance of horticulture produce from the country. This has occurred due to 
concurrent developments in the areas of state-of-the-art cold chain infrastructure and 
quality assurance measures. Apart from large investments pumped in by the private 
sector, the public sector has also taken initiatives and with APEDA’s assistance, 
several centres for perishable cargo and integrated post-handling facilities have been 
set up in the country. Capacity-building initiatives at the farmers, processors, and 
exporter’s levels has also contributed towards this effort. 
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11.3.2 Challenges Faced by Indian Horticulture 

11.3.2.1 Low Productivity and Non-availability of Quality Planting 
Material 

One of the dissatisfaction facts of Indian horticulture sector is lower productivity of 
fruits, vegetables, ornamentals and medicinal plants though the productivity of few 
fruits and vegetable crops is highest in the world (Table 11.5). The prime reason for

Crop India (t/ha) World (t/ha) 

Banana 36 18.65 

Grapes 26 8.83 

Mango 6 7.23 

Papaya 33 23.99 

Pineapple 15 19.77 

Brinjal 17.5 25 

Cabbage 21.5 27.7 

Cauliflower and broccoli 18.3 16.9 

Okra 11.61 6.9 

Onion 16.81 18.8 

Potato 22.7 17.7 

Tomato 19.1 32.8



low productivity are the non-availability of quality planting materials, dwindling 
natural resources, poor farmers, non-adoption of modern research findings etc. The 
challenge is to enhance productivity by increasing the factor productivity of all the 
production inputs and at the same time sustaining it by the adoption of good 
agricultural practices and precision farming principles.
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11.3.2.2 Depleted and Degraded Production Environment 
Most of the landholdings in Indian agriculture (>82%) are small to medium, and the 
contribution to GDP has declined drastically over the years. An estimate says that the 
average size of land holding by 2050 would be a meagre 0.30 ha. This will be further 
compounded by increasing urbanization, industrialization and other uses than farm-
ing. In this direction majority of the land held in horticulture is marginal and 
degraded lands which are unfit for production. Moisture, salinity and acidity stress, 
poor soil fertility, etc. are the characteristics of such marginal lands. In such lands, 
some of the challenges to be addressed are depleting organic matter and nutrients, 
erratic monsoon, depletion of groundwater resources, deteriorating water quality, 
etc. are major challenges to be addressed in the future. 

11.3.2.3 Plant Health Management and Bio-Security Concerns 
Plant health management by combating the effect of pests, diseases and weeds are 
the real challenge in improving the productivity of horticultural crops. In recent 
years, the advent of new pests and diseases with changing climate scenarios is 
emerging as major threat. The aftermath of indiscriminate and injudicious use of 
plant protection chemicals is the development of resistance to pests and diseases in 
addition to environmental pollution. The lack of foolproof quarantine measures also 
aggravates the introduction of new pests and diseases. 

11.3.2.4 Post-Harvest Utilization 
Substantiate proportion of the horticultural produce (from 5 to 39%) goes waste as 
post-harvest loss which is the main reason for not meeting the demand of fruits and 
vegetables. The overall loss for major fruits ranged from 6.7% to 15.88%. The 
overall loss was as high as 15.88% in guava, 10.39% in apple and 9.73% in fruit 
crops. For vegetables, the losses ranged from 4.58% to 12.44%. These losses occur 
at different stages of handling, transport, storage, processing and distribution. The 
biggest challenge in such situations is to find out the means to reduce the post-
harvest losses of fruits and vegetables in addition to maintaining their quality during 
distribution and ensure their safety for consumption. 

11.3.2.5 Changing Quality Consciousness and Global Competition 
As socio-economic status of the countrymen is increasing so is their purchasing 
power of them. In recent years consumers are becoming more health and quality 
conscious, it is necessary to produce quality and safer horticultural produce. In 
addition, with the changing scenario of world trade, there is a requirement to produce 
horticultural commodities of international standards.
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11.3.2.6 Climate Change and Horticulture 
Global warming and climate change is the greatest concern of mankind in the 
twenty-first century. The established commercial varieties of fruits, vegetables and 
flowers will perform poorly in an unpredictable manner due to the aberration of 
climate. Commercial production of horticultural plants particularly grown under 
open field conditions will be severely affected. Due to high temperatures, the 
physiological disorders of horticultural crops will be more pronounced. Air pollution 
also significantly decreases the yield of several horticultural crops and increases the 
intensity of certain physiological disorders like black tip of mango. Hence there is a 
need to protect these valuable crops for sustainability against the climate change 
scenario. It was also revealed that changes in rainfall patterns can affect year-to-year 
differences in flowering, quality and productivity in tropical fruits. (Datta, 2013). 

11.3.2.7 Inadequate Market Intelligence and Price Fluctuation 
Lack of market infrastructure facilities for obtaining information on price fluctuation 
is one of the major constraints for realizing better prices for horticultural producers. 
As most of the horticulture farms are not well connected to the road as they are 
located on interior side, the producer cannot go to wholesale markets or long distant 
markets and has to depend on intermediaries to sell his produce. Therefore in the 
marketing of horticultural produce costs are involved for grading, packing, transport, 
loading and unloading, etc. In addition, middlemen also take some margins for them. 
These costs and margins determine the final price to be paid to the consumers. 
Hence, there is a need to develop good market intelligence to realize better prices for 
the growers. 

These challenges demand a paradigm shift in research approach to harness the 
potential of modern science, innovative technology generation and its effective 
dissemination, enabling policy and investment support. Some of the critical areas 
which need to be looked at are genomics and molecular breeding, improved produc-
tion technologies, diagnostic and vaccines, nanotechnology, secondary agriculture, 
farm mechanization, agri-incubators, technology dissemination and urban and peri-
urban horticulture, etc. Multi-disciplinary and multi-institutional research should be 
of paramount importance. 

11.4 Opportunities to Improve Production and Productivity 
in Horticultural Crops 

11.4.1 Development of New Varieties by Integrating Conventional 
and Modern Breeding Techniques 

From the perspective of evolving new varieties in horticultural crops, it is necessary 
to integrate both traditional and modern plant breeding techniques (Kumar, 2015). 
Fruit breeding comprises two parts, scion and rootstocks. The scion breeding 
objectives mostly include improving quality with respect to attractive colour and 
high yield, dwarfing for adoption to high-density planting, precocity and regular



bearing, seedlessness, soft seeds, improved nutraceutical properties, etc. However, 
the rootstocks are to be bred for imparting dwarfness to scions, effective uptake of 
nutrients, drought and salt tolerance, resistance to soil-borne pathogens, etc. Some of 
the trait-specific varieties released in various horticultural crops are shown in 
Table 11.6. Rootstock breeding is more difficult and time taking compared to 
scion breeding. Evaluation of rootstocks for desirable traits and stionic influence 
also requires more time. 
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Table 11.6 Varieties released for specific traits in some important horticultural crops 

Crop Traits Varieties 

Mango Arka Udaya, Arka Suprabhath High TSS 

Guava Arka Kiran High lycopene 

Papaya Arka Prabhath High carotene and TSS 

Cauliflower Pusa Betakesari Beta carotene 

Lemon Pusa sarda High TSS 

Musk melon Pusa madurima High TSS 

Carrot Pusa Asita, Pusa Rudhira Anthocyanin and lycopene 

Radish Pusa Jamuni and Pusa gulabi Anthocyanin and lycopene 

Red cabbage Red Acre Anthocyanin 

Bitter Gourd Pusa Aushadhi 
Pusa Vishesh 

β carotene 
Ca and Fe 

Tomato Pusa upahar, Arka Vishesh Vitamin C and Lycopene 

Potato Bhu Sona β carotene 

Black pepper IISR Malabar Excel, Panniyur 2, Panniyur 9 >5% piperine 

Turmeric Sudarshana, Suvarna High essential oil 

Exploitation of wild species and incorporation of genes from wild species is one 
of the ways to improve the cultivated species. The main concern in this approach is 
most of these wild species of major fruit crops are in danger of extinction or some are 
grown as wild even today. However, it is very difficult to transfer these qualitative 
traits. Even if it is successful, the resultant hybrids may be sterile with low yield and 
of poor quality. Further mechanical isolation, chromosomal aberration and genetic 
and or cytoplasmic incompatibilities hinder hybridization between wild and 
cultivated species. In spite of these, wild species have been extensively used for 
breeding scions and rootstocks in citrus, banana, grape, papaya, blueberries and 
raspberries in other countries. Hence, such wild species of different crops are to be 
introduced or exploited and used in breeding programmes to incorporate some of the 
genes of interest (Chadha 2014). Some of the wild species used for incorporating 
some important traits in various horticultural crops are shown in Table 11.7 

With the limitations in traditional breeding method, in the last two decades, the 
availability of many genomic resources like genome sequences, high-throughput 
analysis of gene expression, sufficient numbers of molecular markers, express 
sequence tags (ESTs) and high-density genetic maps has paved the way to the 
genetic engineering and molecular breeding of horticultural crops for improvement. 
The application of these modern biotechnological techniques can contribute



efficiently to solving or reducing the problems faced by the horticulture industry. In 
the last decade, the emphasis on crop improvement using novel genomic tools have 
shifted toward the identification and functional analysis of miRNAs, one of the 
hottest research fields in plant sciences. Immediately after the publication of the first 
genome sequence of Arabidopsis, significant advancement was made in DNA 
sequencing technology in many horticultural crops. Among the fruit crops, the 
grapevine was the first crop to be sequenced. This was followed by other crops 
like apple, pear, papaya, strawberry, sweet orange, peach, eggplant, tomato, melons, 
cucumber, French beans and cassava and genome sequencing work is in progress in 
many other horticultural crops. Gene pyramiding in vegetable crops has paved the 
way for the development of many resistant varieties in different crops like tomatoes, 
peas, potatoes, beans, etc. Gene pyramiding entails the stacking of multiple genes 
thus leading to the simultaneous expression of more than one gene in a variety to 
develop desirable resistance expression. It is gaining importance as it improves the 
efficiency of plant breeding leading to the development of genetic stocks and the 
precise development of broad-spectrum resistance capabilities (Bhutia and Bhutia, 
2017). Identification of major genes in a gene pool is through association genetics or 
association mapping. It involves searching for significant associations between 
changes in DNA sequence and changes in the phenotype of a trait in a large panel 
of unrelated species (Bharadwaj et al. 2014). 
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Table 11.7 Use of wild species in the improvement of horticultural crops 

Crop Species Traits 

Papaya Vasconcella cauliflora Papaya Ring Spot Virus tolerance 

Strawberry Fragaria nilgirensis Peach aroma 

Citrus Citropsis Less number of seeds 

Mango Mangifera zeylanica 
Mangifera odorata 

Salt tolerance 

Grapes Vitis rupestris Drought and Sodicity tolerance 

Tomato Solanum hirsutum Whitefly and Fusarium wilt resistance 

Brinjal Solanum stenotomum 
Solanum incanum 

Bacterial wilt resistance 
Shoot and fruit borer resistance 

Okra Abelomoschus caillei 
Abelomoschus manihot 

YVMV resistance 
Fruit and Shoot borer resistance 

Cucurbits Cucunis trigonus 
Cucumis hystrix 

Fruit fly resistance 
Downy mildew 

Potato Solanum demissum 
Solanum vernei 

Late blight and leaf roll resistance 
Nematode resistance 

Chilli Capsicum frutescence 
Capsicum chinense 

High Capsaicin 
Fruit rot resistance 

Black pepper Piper calubrinum Phytophthora fruit rot 

Rose Rosa damascene High flavour
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11.4.2 Improved Production Practices 

One of the prime reasons for reduced productivity of horticultural crops in the 
country accounts for the non-adoption of advanced production technology practices. 
Some of the important practices to improve the productivity of horticultural crops are 
discussed below. 

11.4.2.1 Production of Quality Seeds and Planting Material 
As most of the horticultural crops especially fruit crops are propagated by vegetative 
means, they are produced in nurseries and sold to growers. Since they have a long 
gestation period, their full characteristics are shown after a long period. It is therefore 
essential to ensure that planting materials produced and supplied by the nurseries are 
of good quality, true to the type of said variety. State Governments ensure the supply 
of quality planting materials for fruit crops by enactment of the Fruit Plant Nursery 
(Regulation) Act and enforcement of its provisions through licensing of horticulture 
nurseries. However, all the States have not enacted Horticulture Nursery Acts. As 
per the information available in the report of the working group on Horticulture for 
the XI 5-year plan, at present only eight states have adopted Nursery Act and in nine 
states some system of registration/ monitoring exists for nurseries whereas in 
13 states there is no nursery act at present. Though some states have enacted the 
Nursery Registration Act, the quality aspect of such vegetatively propagated plant-
ing materials is not ensured. Similarly, no mechanisms are available for ensuring the 
quality of tissue-cultured plants. Hence, there is a need to develop a mechanism to 
assure the quality of planting material. Recently, the Ministry of Agriculture & 
Farmers’ Welfare finalized the draft Seed Bill 2019. The Bill aims to regulate the 
quality of seeds sold and facilitate the production and supply of these seeds to 
farmers. It aims to foster competition by amending the Seed Act, 1966 and Seed 
Rules, 1968. This bill also includes certification of horticultural nurseries for the 
supply of genuine planting material, guidelines for maintenance of nurseries and 
quality control to maintain true to the type of variety to be multiplied. National 
Horticulture Board, Gurgaon has launched the National Nursery Portal, which is a 
digital platform in the form of a Web Portal and a Mobile Application, which intends 
to create an online marketplace where Nurseries and Buyers can interact and sell or 
buy planting material. This portal facilitates availability of quality planting material 
and helps the buyers in procuring the planting material of different crops in nearby 
locations and to encourage nurseries to upgrade their infrastructure to get accredita-
tion and expand their business. 

11.4.2.2 Seed Village Concept for the Production of Hybrid Seeds 
in Vegetables 

The seed village concept for the production of vegetable seeds is one of the 
paradigms in the horticulture production system. This not only helps in increasing 
the income of farmers but also helps in catering to the demand for seeds by the 
industry. One of the success stories in this concept has been documented at ICAR-
IIHR, Bengaluru. Seeds of ICAR-IIHR bred hybrids and OP varieties of tomato,



chilli, brinjal, onion, French bean and okra were produced under the seed village 
concept. Before the adoption of the Seed Village concept the average income 
generated by the cultivation of vegetables was INR 44,000 per acre. The intervention 
of the Seed Village Concept in these farmers’ fields has resulted in an average net 
income of INR 85,000 per acre which amounts to a 94% increase as compared to 
commercial vegetable production. This concept might be one of the strategies for 
doubling the farmers’ income. 
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11.4.2.3 High-Density Planting 
The simple way of increasing the productivity of horticultural crops is to practice 
high-density planting. As it accommodates more plants per unit area, it ensures 
doubling the yield with good quality produce. High-density planting has been 
standardized for most the fruit crops like banana, pineapple, citrus, guava, apricot, 
peach, plum, mango, etc. Ultra-high-density planting and meadow orchards in guava 
are gaining popularity in recent years. In high-density orchards, tree size is regulated 
by employing dwarfing rootstocks or by use of growth retardants. 

11.4.2.4 Use of Rootstocks 
Employing rootstocks in most horticultural crops is an alternative strategy to combat 
major abiotic stresses and some soil-borne pests and diseases. It is an environmen-
tally friendly and economically feasible approach to overcome some of the 
constraints related to abiotic and biotic stresses. A major breakthrough in the use 
of rootstocks in grapes has been achieved where the use of Dogridge rootstock could 
overcome the problems associated with soil salinity and water scarcity in addition to 
its effect on increasing the yield of most of the seedless grape varieties. In other crops 
also rootstocks have shown good potential in either increasing yield, altering the 
vigour of scion varieties or overcoming abiotic and stress tolerance. Some of the 
examples are Rangpur lime and Alemow in citrus for improving yield and resistance 
to phytophthora root rot, Malling and Malling Morton series for dwarfing and 
precocity in apple, Psidium friedrichsthalianum for wilt resistance in guava, 
Vellainkolumban, Nekkere, Olur, Kurukkan, and 13–1 in mango for dwarfing, salt 
tolerance, etc.; Piper colubrinum for quick wilt tolerance in pepper, Rosa 
domesciana in the rose; wild species of Solanum for wilt, nematode and flood 
tolerance in solanaceous vegetables, etc. Bacterial wilt disease caused by Ralstonia 
solanacearum is one of the most destructive diseases of economically important 
crops in Solanaceous vegetables which are a soil-borne pathogen. Grafting disease-
resistant scions onto rootstocks with complementary disease resistance boosted the 
overall disease resistance compared to that possible with a single variety. Similarly, 
use of wild species of brinjal and cucurbits have been fully exploited for their 
tolerance to some of the biotic and abiotic stresses. 

11.4.2.5 Integrated Soil, Nutrient and Water Management 
Mulching, preparation of terraces, contour bunds, planting of a double row of 
herbaceous fruits crops across the slope and fruit trees on the contour line, use of 
drip irrigation system for high-value fruit crops and construction of water storage



Crop % save in water % increase in yield

tank (farm ponds) for life-saving irrigation have been observed as proven 
technologies for soil and water management. Good Nutrient Management is an 
important method of growing crops without harming the environment or health. 
Integrated nutrient management considers nutrients from all sources and they should 
balance, but not exceed/fall short of the crop requirements. There are many agro-
nomic practices that can influence and maximize the supply of nutrients and 
the grower should be aware of these and their potential to save money and replace 
the use of inorganic fertilizers. The application of inorganic fertilizers is one of the 
expensive inputs in horticulture. Indiscriminate use in horticultural crops like 
banana, grape, mango, papaya, cabbage, cauliflower, tomato, and ornamental 
crops has made the soil sick, polluted the groundwater and made it unsuitable for 
cultivation and consumption. Many of the nutrient mixtures to enhance fertilizer use 
efficiency have been developed by several institutes. Under the circumstances of 
indiscriminate use of inorganic fertilizers, the use of cost-effective and eco-friendly 
bio-fertilizers with suitable integration of organic manure will restore the soil health 
and keep the soil productive and sustainable. They are less expensive, eco-friendly 
and sustainable. The beneficial microbes in the soil, which are of greater significance 
to horticultural situations, are the biological nitrogen fixers, phosphate solubilizers 
and the mycorrhiza fungi. Many microbial formulations have been developed by 
several institutes which are used in integrated nutrient management programmes 
which improve nutrient availability to plants when applied to the soil. Efficient 
utilization of water through modern irrigation practices like drip irrigation, sprinkler 
irrigation and need-based irrigation based on the plant’s physiological indices can 
save the irrigation water thereby increasing water use efficiency. Very clearly water 
use and increase in yield in some of the major fruits and vegetable crops have been 
demonstrated by following drip irrigation system (Table 11.8) Partial root drying 
technique and deficit irrigation technique are two important means of irrigation 
within drip irrigation which can double the water use efficiency. Great success has 
been achieved in many of the horticultural crops like grapes, papaya, and some 
vegetable growers are already practicing partial root drying techniques of irrigation. 
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Table 11.8 Comparison of traditional and drip irrigation in water saving and yield increase 

Traditional Irrigation

Water Yield

Drip irrigation 

Water Yield 

Banana 1760 575 970 875 45 52 

Grapes 532 264 278 32.5 48 23 

Citrus 1660 100 640 150 61 50 

Tomato 300 32 180 48 39 50 

Brinjal 90 28 42 32 53 14 

Chilli 100 42 42 3.1 62 44 

Horticulture Science at Glance 2018
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11.4.2.6 Precision Farming 
One of the principal features of post-green revolution agriculture is the site-specific 
management techniques that are beginning to be used for different production 
resources and the greater precision employed in research processes. Precision 
agriculture is gaining importance all over the world. This growth is being driven 
by the increased and intensified use of the many more sophisticated tools provided 
by information and communication technologies (Barrera 2011). Automated irriga-
tion systems, sensor-based spraying technology, need-based application of irrigation 
based on the soil and plant sensors, mechanization of some farm operations, etc. are 
integrated into the component of precision farming and some encouraging results are 
observed in many crops. Thus precision farming is also can be one of the tools to 
maximize the input efficiency in terms of water, nutrients, labours, plant protection 
chemicals and maximizing the farmer’s income. Precision Farming Development 
Centres (PFDC) have been established in 17 locations in the country which are 
mostly located in SAUs, ICAR institutes and IIT, Kharagpur. The PFDCs will be 
equipped further with the necessary hardware and software needed for generating 
information on precision farming techniques in the farmers’ field. Recently the bid to 
promote precision farming in India got a major boost after the Union Ministry of 
Agricutlure and Farmer’s Welfare issued guidelines to make drones more accessible 
to farmers and stakeholders in agricultural sectors. Indian precision agriculture 
market was valued at over $57 million in 2016 and is expected to grow at CAGR 
of over 10% to reach $99 million on account of increasing awareness related to the 
applications and precision agriculture and surging needs to ensure maximum yield 
from limited-sized farms. 

11.4.2.7 Development of Horticulture-Based Cropping System 
Suitable land use systems such as Agrihorti, Agri-horti-silvipastoral, mixed horti, 
horti-silvi-pastoral and multitierhorticulture system should be developed based on 
agroclimate zones, crop priority, topography and socio-economic factors. 
Production-related technologies can bring quick improvement in production and 
productivity of different regions. Short or medium-range programme on 
horticulture-based cropping systems; water management including micro-irrigation 
and fertigation, greenhouse cultivation of vegetables and flowers, integrated nutrient 
and pest management, environment pollution and pesticide residue problems have 
already received research attention. Further refinement of the technologies and their 
transfer will bring perceptible change/improvement in the production of different 
crop commodities. 

11.4.2.8 Integrated Pest Management 
In well-managed farming systems, crop losses to insects can often be kept to an 
acceptable minimum by utilizing resistant varieties, conserving natural enemies and 
managing crop nutrient levels to reduce insect reproduction. Recommended 
measures against diseases include the use of clean planting material, crop rotations 
to suppress pathogens, and eliminating infected host plants. Effective weed manage-
ment entails timely manual weeding, minimized tillage and the use of surface



residues. When necessary, lower-risk synthetic pesticides should be used for targeted 
control, in the right quantity and at the right time. Integrated pest management can be 
promoted through farmer field schools, local production of bio-control agents, strict 
pesticide regulations, and removal of pesticide subsidies. 
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11.4.3 Bio-Control Agents, Diagnostic Kits and Semiochemicals 

Agrochemicals were used extensively to increase food production during the green 
revolution. The impact of such extensive use of agrochemicals resulted in environ-
mental pollution, contamination of food and water and the development of resistance 
to chemical pesticides by several pest species. Minimizing the use of chemical 
pesticides and alternately use of bio-control agents (parasites, predators, etc.), 
vaccines and the development of diagnostic kits will help to counter the effect of 
the green revolution on the environment. Thus several research institutes in the 
country started to develop eco-friendly biological control methods for effective pest 
management. Efficient methods of mass multiplication of parasitoids, predators and 
pathogens against insect pests and antagonists against plant pathogens and plant 
parasitic nematodes have been developed. Similarly, BioControl technologies with 
pests and pathogens for bio Control of weeds have been developed. Spectacular 
results have also been obtained in the management of plant diseases using biocontrol 
agents by minimizing pesticide usage. 

Some of the success stories in the use of biocontrol agents include mealy bug 
management in grapes and papaya using predators and parasitoids; pheromone trap 
for control of mango fruit flies and cue lure trap for cucumber fruit flies, etc. 

Some of the alternate methods to control insect pests and nematodes were found 
to be more effective like the use of pheromone traps to control fruit flies in many 
fruits and vegetables, the use of entamophagus nematodes to control several pests. 
Some of the components in biopesticides include neem soap and pellets, pongamia 
soap, sealer cum healer (to control stem borers), Beauveriabassiana and 
Metarrhizumanisopilae, etc. Many of the bio-pesticide formulations have been 
commercialized which include Paecilomyceslilacinus—1% W. P.; 
Verticilliumchlamydosporia—1% W. P.; Trichodermaharzianum—1% W. P; Pseu-
domonas fluorescens—1% W. P.; Trichodermaviride—1.5% W. P., etc. These 
formulations are effective against many soil-borne pathogens and nematodes. Liquid 
and talc-based formulation of Bacillus subtilis for control of nematodes is also 
effective against nematodes in many horticultural crops. 

Bacteria, viruses and MLOs are major diseases in many of the horticultural crops 
like papaya, grape, cucumber, chilli, tomato, beans, aster, etc. Identification of such 
organisms is the key step in controlling such diseases. Several diagnostic kits have 
been developed which not only help in identifying the viruses but also help in plant 
quarantine when any plant consignment reaches the country. In this context, many of 
the institutes are working in this direction to develop diagnostic kits. Some 
PCR-based kits for the identification of many plant viruses have also been developed 
and are being used in many horticultural crops.
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Semiochemicals (behaviour modifying chemicals) are used by insects to interact 
with their environment for survival and reproduction. In other words, insects use 
chemical cues for identifying suitable mates (=pheromones) and host plants (= 
kairomones). This insect’s reliance on chemical cues offers a number of 
opportunities for its management. In particular, insect pests of horticultural impor-
tance are evolving rapidly with changing climatic conditions, monocropping and 
constant selection pressure that is being exerted by intensive insecticidal 
applications. Recently, semiochemicals are increasingly being used as important 
components of integrated pest management (IPM) strategies for a number of insect 
pests worldwide. Push–pull strategies or stimuli-deterrent diversionary strategies 
(SDDS) (= behavioural manipulation methods) uses repellent/deterrent (push) and 
attractant/stimulant (pull) stimuli to direct the movement of pest or beneficial insects 
for sustainable pest management. However, their potential is less exploited in 
horticulture. This may be mainly due to a lack of thorough understanding of 
chemical-mediated processes of the intended pests. Therefore, the development of 
reliable, robust, and sustainable push–pull strategies requires a clear scientific 
understanding of behavioural and chemical ecology of pests, its interactions with 
hosts and non-specific and natural enemies in order to underpin key processes that 
can be exploited as weak links. The impetus to identify chemical cues that are 
involved in host location, oviposition site selection and mate location across the 
pests and host plants will help us to bring out viable behavioural cues that will aid in 
the formulation of end-to-end pest management programmes. Thus, to understand/ 
manipulate various semiochemicals (pheromones, allelochemicals-kairomones, 
allomones and synnomones) and maximize their usefulness in IPM, collaborations 
between entomologists and chemists are essential (Anonymous 2017a, b). 

11.4.4 Secondary Agriculture 

Secondary agriculture is a ray of hope for the Indian economy because of its 
immense untapped potential. This has a large scope in horticulture compared to 
agriculture as there is wide scope for the development of value-added products from 
fruits, vegetables, flowers and medicinal crops (Chengappa 2013). The impetus for 
the development of secondary agriculture has been firstly due to consumers’ demand 
for value-added goods like ready-to-eat, ready-to-serve, convenience food, func-
tional food, and nutraceuticals in both domestic and international markets. 

In the current scenario of Indian agricultural production and post-production, 
secondary agriculture is a more appropriate action for minimizing post-harvest 
losses, increasing the income of farmers and generating employment and export 
growth by encouraging processing and value addition. The opportunities for pro-
moting secondary agriculture would be increased demand for the processed 
products, assured remunerative prices for the processed products coupled with the 
constant availability of raw materials and workforce. But the limitations of second-
ary agriculture include inadequate infrastructure, high upfront capital investment, 
poor marketing linkages, lack of electricity supply, maintenance of quality



standards, etc. Processing activity not only increases the value of raw material by 
several times but also brings about desirable socio-economic benefits such as 
increased employment opportunities and improvement in income and lifestyle. 

11 Horticultural Crops 287

Thus looking into the opportunities and limitations for secondary agriculture, to 
promote secondary agriculture in India, there is a need for the establishment of agri 
incubation centres, encouraging cooperative and contract farming, development and 
dissemination of cost-effective processing technologies, integration technologies for 
different products to operate the enterprises for a substantial period, establishing 
synergy between departments and convergence of institutional support and develop-
ment of integrated cold chain infrastructure and not but least educating or creating 
awareness among farmers about secondary agriculture. 

Value-added process products, especially fruits and vegetables improve the 
national economy by reducing post-harvest losses at one end and on the other end, 
provide quality nourishment to millions of consumers at affordable costs. Present-
day processed value-added innovative horticultural products include pre-cut mini-
mally processed vegetables, fruit juice concentrates, semi-concentrates, improved 
dehydrated fruits and vegetables, freeze-dried fruits and vegetables. Many of the 
institutes working on horticultural crops have standardized the technology to extend 
the shelf life of such crops and standardized the protocol for storage such as modified 
atmosphere storage, control atmosphere storage, shrink wrapping, etc. Value addi-
tion through product development is one of the main mandate in most of the 
institutes in which hundreds of processed products like osmo-dehydrated products, 
fruit-based beverages, squashes, culinary pastes and purees, lactic acid fermentation 
of vegetables and protocols for minimally processed foods has been standardized. 
India, being a leading producer of fruits and vegetables, must play to its strength and 
leverage this agricultural bounty by adding value to its produce. While the govern-
ment has taken some positive steps like priority sector lending to food processing 
companies, FDI in the food processing sector and establishing mega food parks, 
there is still room for improvement. Value addition to horticultural products has 
numerous advantages for all stakeholders. Besides enhancing the shelf life of the 
product & reducing food wastage, value addition leads to higher monetary returns 
for the food & beverage industry. This will also mean higher incomes for farmers as 
exports and profits in the sector increase. The current level of processing in the 
horticulture sector stands at a mere 2% of the total output produced, but the sector 
presents an immense opportunity to increase the processing levels and boost invest-
ment. While food wastage at farm-gate and various supply chain stages was reported 
at about INR 630 billion in 2018–2019, the food processing sector is reported to 
grow at an Average Annual Growth rate of about 7.4% between the year 2014 and 
2018. The sector constitutes 8.83% and 10.66% of gross value added in the 
manufacturing and agriculture sector, respectively. As per the latest Annual Survey 
of Industries (2016–2017), the horticulture sector, especially food processing has 
accounted for 15.95% of the total number of factories, employment to 11.36% of the 
total workforce, 14.09% of the output, and 16.78% of the operational factories. 
However, India has less than a 1% share in the global market in the export of value 
added. During 2018, there were about 427 registered food processing units in India

https://www.internationalconference.in/XVI_AIC/TS5B-PDF/15NagaLaxmi_M._Raman%20(1).pdf
http://www.businessworld.in/article/-Food-Processing-Can-Help-Farmers-Double-Their-Income-/09-10-2017-127925/


and about 7917 cold storage facilities for storing agricultural produce. NHM/MIDH 
has sanctioned about 1507 cold storage projects with a capacity of 6,815,383 MT. 
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11.5 Farm Mechanization 

According to the 2011 census, 263 million people (54.6%) are engaged in the 
agriculture sector, which is likely to decline to 190 million (33%) by 2020 (Agricul-
tural Situation in India 2017). These figures show that during important seasons such 
as sowing and harvesting there will be a decrease in the workforce and it will harm 
production. Thus, the additional demand for energy for various agricultural works 
needs to be completed through the medium and for this, the agricultural mechaniza-
tion sector needs to grow rapidly. Farm mechanization is one of the prime aspects for 
the development of the agricultural sector in a sustainable mode which helps in 
increasing production through agricultural works, reducing the deficit, reducing the 
cost of various farm operations through better management of costly inputs, increas-
ing the productivity of natural resources and it also helps in reducing the constraints 
related to various agricultural activities. Agricultural mechanization is an important 
input to agriculture for performing timely farm operations; reducing the cost of 
operation; maximizing the utilization efficiency of costly inputs (seeds, fertilizer, 
plant protection chemicals, water and agricultural machinery); improving the quality 
of produce; reducing drudgery in farm operations; improving the productivity of 
land and labour and for improving the dignity of labour. The strategy for mechani-
zation in different regions will be different depending on the conditions and 
resources of that region. 

Agriculture engineering division in most of the research institutes is involved in 
developing many farm machineries to mechanize most of the farm activities. In 
horticulture sector, machines related to nursery are needs of the day as nursery 
involves major manpower in terms of potting mixture preparation and pot filling, 
seed sowing, etc. In this direction many of the machines have been developed and 
commercialized which include media, mixing, portray filling, seed drilling, etc. for 
raising flower and vegetable seedlings. Similarly, motorized pot-filling machines 
have been developed for filling polythene bags in fruit nurseries. Power and 
computer-operated mist chamber and poly houses have been established which 
increases the efficiency of inputs and reduces the requirement of a manual labour 
force. Complete mechanization has been achieved in some of the crops like onion 
right from seed sowing, raised bund formers, transplanters, inter-row cultivators, 
harvesters, de-toppers, dryers and graders. Management of pests and diseases is a 
very labour-intensive aspect of horticulture crops. Tractor-operated hydraulic plat-
form for spraying, electrostatic sprayers are being used by many fruit growers 
reducing manual labour with increased spray efficiency. Harvesting machines for 
some of the fruit crops like mango, guava, sapota, lime, apple and other temperate 
fruits have been developed.
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11.6 Agri Incubators 

Agricultural entrepreneurship is one of the important aspects which play a critical 
role in the development pathway as it creates jobs, drives shapes and innovation and 
brings competition which ultimately improves productivity. It acts as a catalyst for 
economic growth and national competitiveness. The growth of entrepreneurship in 
the horticulture sector is very much the need of the hour. However, there is a need for 
a mechanism that can facilitate agribusiness ventures. Business incubators have 
shown that they can be an effective model that can be considered not only for 
technology transfer and commercialization but also for achieving growth of the 
venture by offering the required business environment. Agribusiness incubators 
are relatively new to the arena but have seen considerable success, which can be a 
compelling reason to be viewed as an alternate and effective extension model for the 
growth and prosperity of the agricultural sector and rural sector (Sharma et al. 2014). 

The initiatives proposed by the ICAR in the Plan period such as National 
Agricultural Entrepreneurship Project, Student Rural Entrepreneurship and Aware-
ness Development Yojana (Student READY), Attracting Rural Youth in Agriculture 
(ARYA), and Farmer FIRST, all focus on the grassroots level and in promoting 
entrepreneurship and technology development. While technology 
commercialization is important, the incubators bring in the much-needed perspective 
of market-oriented research to the research institutions. The incubators will provide 
an opportunity for farmers and rural youth to proceed beyond just farming and 
engage in more meaningful mechanisms of economic contribution through the 
creation of ventures and employment opportunities (Philroy et al. 2014). 

National Agriculture Innovative Project (NAIP) has funded to establish Business 
Planning and Development (BPD) units in several ICAR research institutes and 
agricultural universities across the country. This helped in promoting numerous 
technologies from these institutes, most of which were kept on the shelf, and starting 
up ventures based on these technologies. This has helped in commercializing 
331 technologies among 518 licensees through the BPD units, which has brought 
in additional revenue to the NARS and much higher revenue than before BPD units 
were conceptualized. 

11.7 Technology Dissemination 

Innovation of new technologies and their effective dissemination are the key drivers 
in attaining food security in the country in addition to providing farmers a competi-
tive edge over the traditional method of farming which will improve their standard of 
living. To achieve this, farmers should have easy access to state of art technologies, 
their methods of production, marketing, etc. This can be possible only when 
extension workers go beyond technology dissemination by facilitating broader 
changes supportive of evolving rural livelihoods. KVK under the umbrella of the 
National Agricultural Research and Education System are the true carriers of such 
frontline technologies and impart knowledge and critical input support for the 
farmers (Anonymous 2015).
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Dissemination of technologies through a group of farmers is an effective means as 
it can reach more farmers in a single shot. In this direction, the initiative started as the 
collectivization of producers, especially small and marginal farmers, into farmers’ 
producer organizations (FPO) has emerged as one of the most effective pathways to 
address the many challenges of agriculture but most importantly, improved access to 
investments, technology and inputs and markets. Department of Agriculture and 
Cooperation, Ministry of Agriculture, Govt. of India identified farmer producer 
organization registered under the special provisions of the Companies Act, 1956 
as the most appropriate institutional form (NABARD 2015). These organizations 
mobilize farmers and build their capacity to collectively leverage their production 
and marketing strength. There are FPOs formulated for different crops which can 
help in the dissemination of the latest technologies related to that crop right from 
sowing to harvesting, processing and marketing. Many of the states in the country 
documented many success stories with respect to FPOs. Some of the success stories 
through FPOs in the country include the establishment of coconut drying unit, 
production of dehydrated tomato powder, banana fibre extraction, grading and 
marketing of grapes, marketing of vegetable crops, mushroom production 
technology, etc. 

Information and communication technologies (ICT) are the most natural allies to 
facilitate the outreach of the Agricultural Extension System in the country (Singh 
et al. 2015). Despite large, well-educated, well-trained and well-organized agricul-
tural extension manpower, around 60% of farmers in the country still remain 
un-reached, not served by any extension agency or functionary. Of the 40%, who 
have some access to Agricultural Information, the major sources of this information 
are Radio and Television. The telephone has just started to make its presence felt in 
this scenario. Internet supporting Information-Kiosks are also serving the farming 
community, in many parts of the country. Hence ICTs are highly relevant for 
Agricultural Extension scientists, researchers, functionaries and organizations. 

Through the use of ICT in agriculture many success stories have been 
documented. Some success stories in this context are the management of grape 
diseases through weather-based forecasting system, disease monitoring and man-
agement of apple scab through weather forecasting, e-auction of flowers, use of 
Krishi portals for effective technology dissemination, development of Decision 
Support System, mobile-based apps, etc. 

11.8 Urban and Peri-Urban Horticulture 

More than 40% of the Indian population live in urban areas by 2030, and this may 
grow up to 65% by 2050. Hence, horticulture in urban and peri-urban areas becomes 
most important to meet the need for fruits, vegetables, flowers and other components 
of horticulture (Sumangla et al. 2013). Looking into this, the Government of India 
emphasized vegetable and flower production in such areas and many working groups 
have been constituted. As an outcome of many deliberations, it has been advocated 
to give attention not only to fruit and vegetable production but also to environmental



services and health care. Roof and terrace gardening is finding now a place to get 
fresh fruits, vegetables and flowers, and also for environmental services. Vegetable 
production has expanded in and around cities as an informal activity practiced by 
poor and landless city dwellers. The broad diversity of horticultural crop species 
allows year-round production, improved employment and income. Growers have 
realized that intensive horticulture can be practiced on small plots, making efficient 
use of limited water and land resources. In addition, due to their short cycle 
vegetables provide quick to emergency needs for food. Leafy vegetables provide a 
quick return to meet a family’s daily cash requirements for purchasing food. Because 
they are produced in close vicinity of consumers post-harvest losses can be reduced 
significantly. Mushroom production is one of the promising activities in urban and 
peri-urban areas. Appropriate management of water, land, air and city wastes helps 
in improving hydrological functioning through soil and water conservations and 
microclimate and avoids costs of disposal of recycled urban wastes. Identifying 
suitable avenue trees and planting them in urban areas can reduce the air pollution 
level. 
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The lack of vegetation in urbanized areas, as a result of human establishments, 
directly affects the quality of life, from a physical and aesthetical point of view. The 
construction of vertical gardens is recommended both in interiors and especially in 
the exterior of buildings. By applying these technologies, any kind of area can be 
used at its maximum capacity. Even if the price of constructing and maintaining 
vertical gardens is higher than a classical landscape it’s compensated by the envi-
ronmental benefits, raising the vegetation surfaces, with an impact on reducing the 
pollution effect. The new modern concepts for landscape development are keen on 
using any kind of concrete or glass, turning them into real vertical gardens, being 
possible to overcome the development of the urban areas making a smooth transition 
for a healthy green urban environment. Vertical Gardening is a special kind of urban 
gardening suitable for small spaces, particularly for decorating walls and roofs in 
various styles. This is an alternative method for gardening by expanding the scope of 
growing plants in a vertical space. Intensive urbanization has left hardly any 
horizontal space for outdoor gardens. Green walls are not only spectacularly beauti-
ful but also helpful in enlivening the ambiance. Green walls can absorb heated gas in 
the air and lower both indoor and outdoor temperatures, providing healthier indoor 
air quality as well as a more beautiful space. 

11.9 Conclusions and Way Forward 

Horticulture in India was a subsistence farming prior to independence and has 
emerged today as one of the important components in Indian agriculture contributing 
about 30% of India’s GDP and providing about 37.1% of the total export of 
agricultural commodities. The historical growth rate of horticultural crop production 
accounts for 2.7% per year which may be attributed to improved production 
technologies, favouring government policies to encourage horticultural growth in 
terms of establishment of research infrastructures, increased budget allocation to the



horticultural sector, establishment of processing and package industries, cold stor-
age, etc. Still, several constraints are being faced by the horticulture industry with 
respect to global climate change, post-harvest losses, insufficient trained manpower, 
etc. Hence, there is a strong need to strengthen the research on horticultural crops to 
develop demand-driven technology by improved variety, pest management, etc., in 
both public and private sector institutes. But with constant efforts, this sector can be 
developed as an organizational industry and has to be managed by stakeholders with 
farmers as entrepreneurs. Keeping in view the great potential of horticulture in 
doubling farmer’s income, the Government of India has allocated INR 2250 crores 
for horticulture development for 2021–2022 for ‘Mission for Integrated Develop-
ment of Horticulture’ (MIDH), a centrally sponsored scheme. The Ministry is 
implementing MIDH with effect from 2014–2015, for realizing the potential of the 
horticulture sector covering fruits, vegetables, root and tuber crops, mushrooms, 
spices, flowers, aromatic plants, coconut, cashew and cocoa. Government interven-
tion in the horticulture sector has led to a situation wherein horticulture production 
has surpassed agriculture production in the country. During the year 2019–2020, the 
country recorded its highest-ever horticulture production of 320.77 million tonnes 
from an area of 25.66 million hectares. As per the first Advance Estimates for 
2020–2021 the total horticulture production in the country is 326.58 lakh MT 
from an area of 27.17 lakh ha. 
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In spite of achieving higher production over agricultural production, this sector is 
still facing several challenges with respect to huge post-harvest losses and gaps in 
post-harvest management and supply chain infrastructure. There is tremendous 
scope for enhancing the productivity of Indian horticulture which is imperative to 
cater to the country’s estimated demand of 650 million MT of fruits and vegetables 
by the year 2050. Some of the new initiatives like focus on planting material 
production, cluster development programme, credit push through Agri Infra Fund 
and formation and promotion of FPOs are the right steps in this direction. Thus, there 
are options of opportunities and challenges, which will need attention. The issues to 
be addressed are: Innovations in technologies through institutional support as well as 
the import of knowledge and technology backed by the development through skills. 
Development strategies should be for cluster approach linked with post-harvest 
management and marketing, quality seeds and planting material, precision farming 
and smart horticulture, environmentally controlled horticulture, efficient manage-
ment of nutrients and water, and enhanced ICT use to add efficiency to input 
management including use of Block Chain Technology and artificial intelligence 
and knowledge transfer. 
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Abstract 

Livestock is an integral part of the socio-economic fabric of rural India since 
ancient times, being a source of livelihood and a provider of draft power, manure 
and fuel. Sustained increases in income and urbanization have led to rapid growth 
in demand for animal food products, and now the livestock sector is under 
pressure to produce more and more. Over the last few decades, livestock produc-
tion sector grew faster than crop sector as a whole and made a significant 
contribution to overall agricultural growth, which is considered to be a vital 
factor in poverty reduction in most developing countries including India. 
India’s livestock sector is one of the leading in the world with a holding of 
11.6% of the world livestock population as per the nineteenth livestock census 
report, and performing well with respect to production, value addition and export 
of milk, meat and other products. The gross value added (GVA) of livestock 
sector was about INR 962,682 crore at current prices during the financial year 
2019–2020, which was about 28.36% of agricultural and allied sector GVA and 
5.21% of total GVA. This chapter deals with the historical progression of Indian 
livestock development, programmes/activities initiated under three major eras, 
pre-independence and independence era, green revolution era and post-green 
revolution era, and issues that need to be resolved in the future for improved 
livestock production. 
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Livestock rearing along with crop farming is an integral part of human life since the 
beginning of civilization. It has enormously contributed to the food basket and draft 
animal power, besides maintaining ecological balance. Due to the conducive climate 
and topography, livestock rearing has played a prominent socio-economic role in 
India. It has a significant role in generating gainful employment in the rural sector, 
particularly among the resource-poor farmers and women, besides supplying 
low-cost and quality food to millions of people. Indeed, livestock production and 
crop farming are inherently linked, each being dependent on the other, and both are 
vital for overall food security. It supports crop farming in the form of critical inputs, 
contributes to the health and nutrition of the household, supplements incomes, offers 
employment opportunities, and acts as a dependable ‘bank on hooves’ in times of 
need. Thus it acts as a supplementary and complementary activity to crop farming in 
India (Anonymous 2019). 

To know the dynamics of the process of development inherent in a given socio-
economic scenario, it is necessary to place the present situation in the appropriate 
historical context. A historical progression of livestock rearing in India is expected to 
help us understand the process of development through which the present situation 
has emerged. The historical progression can be divided broadly into three major eras, 
namely the pre-independence and independence era, the green revolution era and 
post-green revolution era. 

12.1 Pre-Independence and Independence Era 

A reasonably stable structure of livestock and crop farming in India was destroyed 
by the colonial exploitation during the imperial British rule during the eighteenth and 
nineteenth century. In the nineteenth century, the twin processes led to the destruc-
tion of important Indian hand industries, mainly textiles, and the conversion of the 
Indian agrarian economy into a source of raw materials for the workshops in Britain. 
This general phenomenon also resulted in destruction of traditional communal 
grazing lands and adversely affected the Indian milk economy. Indeed, Britishers 
changed the use of land which was traditionally meant for the cultivation of grains 
and fodder crops. Hundreds of acres of land were used for cash crops such as cotton 
and jute for the workshops in Britain. During this period, there was a proportionate 
increase in the acreage devoted to cash crops at the expense of food grains (Habib 
1963). Division of lands with the division of households also started. Dependence on 
agriculture and on smaller and smaller pieces of divided land kept increasing. 
Intensive cropping for grains essential for living increased. Gradually by the begin-
ning of twentieth century, the situation was such that most of the villages lacked



suitable grazing areas and even there were no forest grazing grounds for livestock. 
Fodder crops represented only 4% of the cropped area. 
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The change in the scenario of livestock farming in India was started primarily as a 
consequence of the demands of British military troops. Voelkar (1893) a consulting 
chemist to the Royal Agricultural Society of England recommended the establish-
ment of dairy farms for the supply of milk to troops and government institutions in 
1893. An imperial dairy expert was appointed in 1920, whose responsibilities 
included evaluating the status of the sector and outlining feasible growth plans for 
the dairy industry. Gradually the move of commercializing dairy industry in India 
caught speed and various reports from the Royal Commission on Agriculture, 
Colonel Olver, an animal husbandry expert of the Imperial Council of Agriculture 
and the Wright Report were placed in this direction. 

12.1.1 Recognition of Milk as a Marketable Commodity 

Finally at the beginning of twentieth century, milk recognized as marketable com-
modity. Otherwise, milk was traditionally produced and consumed for immediate 
needs. The primary impetus for this change came from two distinct demand centres, 
viz., the British troops stationed in India and the growing urban centres like Bombay. 
Reports available on the existing conditions revealed that despite the fact that 90% of 
the human population and 95% of the bovine population lived in rural areas, 
practically no milk was assembled there for sale. Milk is a perishable commodity 
and requires quick, regular and special transport. A lack of adequate facilities for 
such a means of transport that milk produced in the interior could not be economi-
cally used for meeting urban demand. Even though fluid milk fetched a higher price 
in the market, rural producers were forced to convert it into less perishable, but also 
less profitable products. In the 1930s only 31.2% of the total milk produced was used 
as liquid milk and 68.8% was converted into various products (Wright 1937). The 
first systematic attempts to link rural production with the urban market were made in 
the 1940s, primarily by establishing collection centres, transport facilities and 
distribution link between consumers in Bombay and producers in rural areas north 
of Bombay. 

The military farms gave requisition for land, bought the best young stocks and 
obtained abundant fodder supplies from adjacent villages. According to Pepperall 
Report, the prices they paid for the fodder frequently induced the villagers to sell a 
major proportion of their fodder crops and thereby deprived their own stock (Anon-
ymous 1946). Thus the fodder economy started to be commercialized. The area 
under fodder crops increased by 51% from 1915 to 1937 (Table 12.1). However, the 
situation was markedly different in the case of fodder crops as the area under other 
crops such as sorghum and gram declined by 6% and 12%, respectively. However, 
this increase in the acreage under fodder, grown mainly as a commercial crop, was 
not able to compensate for the destruction of communal grazing lands, since an 
increasing fodder shortage was observed in this period. By 1944–1945, the fodder 
shortage became an acute problem (Table 12.2). This problem was further



Table 12.1 Area (million
acres) under fodder cropsa

in India (1915–1942)
(Burns )1944

Table 12.2 Demand and
supply (million tons) of
feedstuffs in the year
1944–1945 (Anonymous

)1945

aggravated by the export of oilseeds and oilcakes. As a result, the price of milk was 
increased sharply. From 1939 to 1942, the average increase in the prices of milk was 
50% and in 1947, the prices further increased by 230% compared to that in 1939, in 
the major cities (Anonymous 1949). 

298 S. K. Mahanta and S. Kerketta

Year Area 

1915–1916 7.0 

1918–1919 7.0 

1936–1937 10.6 

Average (1915–1942) 9.1 
a Fodder crops included oats, fodder sorghum, lucerne, guinea grass, 
etc. 

Feedstuffs Demand Supply 

Green fodder 226.50 78.10 

Straw 127.88 87.20 

Oil seed cakes and seeds 30.87 3.40 

Cereal by-products 20.85 1.47 

12.1.2 Initiation of Crossbreeding in Cows 

In 1935 out of the total of 24,596,116 adult cattle, 49% were cows and out of total 
5,709,614 adult buffaloes, 82% were females. The all-India average lactation yield 
of cows was 188 kg in 1937, whereas in the case of buffaloes it was 500 kg. 
However, buffaloes’ contribution to the total milk produced was 54.4%. But the 
number of buffaloes was much smaller than that of cows. Thus buffaloes were more 
important than cows as milch animals during this period. Despite this predominance 
of buffalo as the milch animals in India, the first half of twentieth century was an era 
in which efforts to improve indigenous cows through crossbreeding were started. 
Since the Britishers were used to cow’s milk and products, made from cow’s milk 
such as cheese. Some degree of mechanization in agriculture was also started by the 
second quarter of the twentieth century. The use of oil engines, mechanized trans-
port, power-driven oil mills, had slowly started replacing bullock as a source of draft 
power. As a result, the milch values of indigenous cows became comparatively more 
important than the draft power of indigenous bullocks. Moreover, it was also 
technologically possible to improve cows by cross-breeding because good 
European milch breeds of cows were available, while good buffalo breeds were 
not available. 

The Imperial Department of Agriculture and Provincial Agricultural Department 
attempted cross-breeding Indian cattle with European breeds before the First World 
War. The experiment was found successful in raising the milk yield of indigenous 
cows but it was observed that the susceptibility of the crossbreds to diseases 
prevalent In India increased as compared to the pure Indian breed. Cross-breeding



became an accepted practice in military dairy farms. The military farms established a 
technological base from which further activities related to cross-breeding by artificial 
insemination (AI) came up. However, a systematic and thorough study of AI with 
reference to Indian conditions started at the Imperial Veterinary Research Institute 
via an Indian Council of Agricultural Research–sponsored scheme only in 1942. 
This detailed study on the collection, preservation and transport of semen to rural 
areas and the technique of AI revealed that it was possible to introduce AI in India, 
Consequently, after the establishment of major institutes at Calcutta, Patna, 
Bangalore, etc. in 1945, it was recommended that State Governments may set up 
AI centres in selected areas having high cattle density and adequate transport 
facilities. 
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12.1.3 Planned Livestock Development 

The Government played a crucial role in the planned development of agriculture in 
general and livestock/dairy development in particular, since independence. On the 
one hand, it ensured the cheap and easy availability of essential- commodities for the 
consumers at large; on the other hand, it also managed that the producers get their 
fair returns for milk and other agricultural products. Accordingly, the supportive 
prices were declared by the government so that no one is a loser. Indeed, in the first 
post-independence phase of planned livestock development, the major importance 
was firstly given to improving the indigenous breeds through selective breeding and 
secondly to organize the milch herds located in metropolitan towns on more hygienic 
and scientific lines. During the early 1950s, the Government adopted a policy of 
discouraging cross-breeding of cows and encouraging selective breeding of indige-
nous milch breeds. Various military and Government farms were instructed to 
discontinue cross-breeding of cows. Simultaneously, programmes to maintain qual-
ity bulls and castration of ‘undesirable sire stocks’ were launched under the Key 
Village Centre Schemes. This was just opposite to cross-breeding of cows in the 
immediate post-independence era and perhaps due to the close linkage between 
cross-breeding and the needs of British troops during the last phase of colonial rule. 

12.2 Green Revolution Era 

When the British left India in 1947, India continued to be haunted by memories of 
the Bengal Famine, the world’s worst recorded food disaster that occurred in 1943 
under British rule. It was, therefore, natural that food security was one of the main 
items on free India’s agenda. This awareness led, on one hand, to the Green 
Revolution (GR) in India, and on the other, legislative measures to ensure that 
businessmen will never again be able to hoard food for reasons of profit. The GR, 
spreading over the period from 1967–1968 to 1977–1978, changed India’s status 
from a food-deficient country to one of the world’s leading agricultural nations. Until 
1967 the government mainly gave attention to expanding the farming areas. But the



growth of the population was much faster than food production. This called for 
immediate and drastic action to increase production. The action came in the form of 
the GR. The GR resulted in a record grain output of 131 million tonnes in 
1978–1979. Yield per unit of farmland enhanced by more than 30% between 1947 
(when India gained political independence) and 1979. The crop area under high-
yielding varieties of wheat and rice increased considerably. It also created plenty of 
jobs not only for agricultural workers but also for industrial workers through the 
creation of related facilities such as factories and power stations. 
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During the GR era, the growth and development of the livestock sector were also 
unique. By mid-1960s it became clear that the strategy of encouraging selective 
breeding of indigenous milch breeds was not yielding the desired results and per 
capita availability of milk was continuously declining. By this time, the Anand 
experiment showed that it was feasible to link rural producers to urban markets. 
The cross-breeding technology was then possible to be taken to the doorsteps of milk 
producers because of the developments, in the field of cryogenics, particularly the 
manufacture and transport of liquid nitrogen. Another event of crucial importance 
was the excess milk production in the European Economic Community (EEC) 
countries and consequently their anxious search for markets for milk, milk products 
and dairy equipments. As a result of all these factors, a new strategy was adopted in 
the early 1970s. This strategy had two major elements- (a) linking the rural producers 
with urban consumers by creating an integrated infrastructure for the collection, 
storage, processing, transport and distribution of milk, and (b) importing the semen 
of proven western dairy breeds and establishing a delivery system for carrying out 
artificial insemination in the villages, A major investment component for this 
strategy was to be financed by loans and donations from the EEC countries in 
form of milk powder. Besides this, the increase in livestock production was also 
governed by several schemes run during this period as described below. 

12.2.1 Operation Flood 

One of the world’s largest rural development programme, operation flood was 
launched in 1970. It helped dairy farmers direct their own development, placing 
control of the resources they create in their own hands. A national milk grid linked 
milk producers throughout the country with consumers in over 700 towns and cities, 
reducing seasonal and regional price variations while ensuring that the producer gets 
fair prices in a transparent way on a regular basis. The main foundation of operation 
flood was village milk producers’ cooperatives, which procured milk and provided 
inputs and services, making modern management and technology available to 
members. Operation flood’s main goals were increase in milk production (a flood 
of milk), augmenting rural incomes and providing reasonable prices for consumers. 
Indeed from the outset, operation flood was conceived and implemented as much 
more than a dairy programme. Rather, dairying was seen as an instrument of 
development, generating employment and regular incomes for millions of rural 
people. It was implemented in three phases.
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In phase I (1970–1980), it was financed by the sale of skimmed milk powder and 
butter oil gifted by the European Union then EEC through the World Food 
Programme. NDDB planned the programme and negotiated the details of EEC 
assistance. During its first phase, it linked 18 of India’s premier milk sheds with 
consumers in India’s four major metropolitan cities namely Delhi, Mumbai, Kolkata 
and Chennai. In later phases, the number of milk sheds increased from 18 to 136 and 
290 urban markets expanded the outlets for milk. Thus a self-sustaining system of 
43,000 village cooperatives covering 4.25 million milk producers came 
up. Domestic milk powder production increased from 22,000 tonnes in the 
pre-project year to 140,000 tonnes, In this way EEC gifts and World Bank loans 
helped to promote self-reliance. Direct marketing of milk by producers’ cooperatives 
was increased by several million litres a day. Later dairy cooperatives were again 
expanded and strengthened with the infrastructure required to procure and market 
increasing volumes of milk. Veterinary first-aid health care services, feed and artificial 
insemination services for cooperative members were extended, along with intensified 
member education.Milksheds even reached 173 with the numbers of womenmembers 
and Women’s Dairy Cooperative Societies increasing significantly. 

12.2.2 All India Coordinated Research Project (AICRP) on Cattle 

This project was initiated in 1968 with the aim to improve the production perfor-
mance of cattle maintained under farm and field conditions. Under this project, Field 
Progeny Testing (FPT) was initiated to bring about genetic improvement in cross-
bred cattle at farmers’ herds in collaboration with the SAUs, State Government, and 
Non-Government organizations. This project contributed a lot in enhancing the 
productive capacity of milch cattle in the country and presented a remarkable 
share of the cattle population too. 

12.2.3 All India Coordinated Research Project (AICRP) on Buffalo 

This project started in 1970 with the objective to improve the production potential of 
buffaloes through the assessment of genetic merit of sires. It was initiated with the 
selection of bull based on progeny selection and its distribution in the field to 
evaluate the performance at several State and Central Government farms. The 
project at various institutes contributed in increasing the elite buffalo breeds and 
their production performance. 

12.2.4 All India Coordinated Research Project (AICRP) on Sheep 
and Goat 

This programme was initiated in the year 1971, which led to steady growth of wool 
and hair by around 2% during the 1970s and 4% in the 1980s and 1990s. But in the



later phase growth rate showed a decreasing trend that remained below 1% which 
could be due to liberalization of the import of wool at a low rate of 15% of duty 
leading to an adverse impact on domestic output. 
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12.2.5 Special Livestock Breeding Programme 

The programme was launched in 1975–1976 with an objective to enhance the 
production of various livestock products like milk, eggs, wool, etc. and to provide 
employment opportunities and supplement income to the weaker sections of the rural 
poor. The programme includes crossbred heifer rearing along with the setting up of 
other livestock production units. Simultaneously the scheme also aimed at 
supporting the landless agricultural labourers and marginal and small farmers in 
improving the quality of crossbred heifer calves. Thus the programme assisted in 
improving the performance of female calves from a young age to fully exploit their 
utility when matured. 

12.2.6 Programme on Fattening of Male Buffalo Calves 

Meat production showed tremendous growth during the 1960s as compared to 
1950s. However, its growth remained passive during the 1970s, when total livestock 
output witnessed a substantial acceleration in growth. Increment in meat production 
growth was observed around 1980–1981 as a result of a phenomenal increase in 
buffalo meat which was supported through this programme and taken up under the 
aegis of Hind Agro Industries Limited. 

12.3 Post-Green Revolution Era 

The green revolution had a massive impact on the social and economic development 
of people whose consequence was observed during post green revolution era. The 
modification of agriculture practices such as intensification over the years led to 
overall disturbance in delicate agro-ecosystem. Although it resulted in three times 
more production of cereal crops with a slight increase in cultivated land (30%). 
Additionally, there were significant impacts on poverty reduction and lower food 
prices. But the combination of high production cost with low economic returns from 
agricultural practices are directly affecting the livelihood of farmers. The green 
revolution made India a country of self-sufficiency in cereal grains, thereby storing 
surplus unused grains as livestock feed. It has also a huge impact on the feeding 
behaviour of humans, as millets once cultivated as a major cereal crop to alleviate 
malnutrition now is replaced by rice as a staple food, making millets as a fodder crop. 
The Food and Agriculture Organization (FAO) has recorded that over the years 
1961–2017, there are a decrease in the production of millet and an increase in the 
production of rice; thus, rice became the staple diet of the country. Ultimately the GR



increased the availability of fodders and grains for sustaining more livestock and 
enhanced their productivity. 
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12.3.1 Growth Trend in Livestock Population 

Over the years, the need for livestock products has increased significantly being 
attributed to rapid urbanization, changing lifestyles, rising income levels, increased 
nutritional awareness among people, etc. Fortunately with the ever-increasing food 
needs of a growing human population, there is also an increase in almost all the 
livestock species across the world including India to satisfy the growing demands. 
As per the nineteenth Livestock Census (BAHS 2014) India’s livestock sector is one 
of the largest in the world with a holding of 11.6% of the world livestock population 
which consists of buffaloes (57.83%), cattle (15.06%), sheep (7.14%), goats 
(17.93%), camel (2.18%), equine (1.3%) and pigs (1.2%). Indeed, India’s position 
in the world in terms of livestock population is quite impressive, being first in the 
case of cattle and buffalo, second for goats and third for sheep, and tenth in the case 
of camel population. 

There was a remarkable growth in livestock population (million heads) from 1951 
(292.80) to 2019 (535.82). The twentieth livestock census released by the Depart-
ment of Animal Husbandry and Dairying, Government of India showed that the 
livestock population increased by 4.6%, from 512.06 million in 2012 to 535.82 
million in 2019 with an annual growth rate of 0.66%. This increment was led by a 
sharp increase in a number of small ruminants like sheep and goats, which was 
nearly 95% of the total livestock increase. Based on the species-wise livestock 
population during this period (Table 12.3), it was observed that the number of cattle 
gradually increased from 1951 (155.30 million) to 1992 (204.58 million), but it 
significantly decreased to 190.90 million in 2012. But the notable fact was that 
number of cattle increased in 2019 with an annual percentage growth rate of 0.12%. 
Among cattle, there was a marked change from indigenous cattle to crossbreds. 
Crossbred cows had grown at a much faster rate than indigenous stock. According to 
the livestock census 2019, there was a 6% decline in a total number of indigenous 
cattle over the previous census despite the launch of government schemes like the 
Gokul Mission for the improvement of indigenous breeds. However, the pace of 
decline of the indigenous cattle population during 2012–2019 was much lesser as 
compared to 2007–2012 which was about 9%. On the contrary, the population of 
total exotic or crossbreed cattle increased by 26.9% in 2019 as compared to the 
previous census of 2012. The decline in numbers was due to people’s abandoning 
indigenous cattle. The population of buffalo increased from 43.40 million in 1951 to 
109.85 million in 2019. This trend clearly showed that now-a-days people are 
rearing more buffaloes than cattle and other livestock due to globalization. For 
meat purposes, buffaloes have more commercial value than others in world trade. 
The annual percentage growth rate of buffalo significantly declined to 0.15 from 
2012 to 2019 which was 1.45 from 1992 to 2012. A striking feature of the Indian 
livestock sector was that number of sheep and goats consistently increased.
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According to the latest livestock census of 2019, sheep and goats accounted for 
13.87 and 27.80% of total livestock in the country. During the last inter-census 
period number of sheep increased from 65.07 million in 2012 to 74.26 million in 
2019 with a sharp annual percentage growth rate of 2.02%. While during the same 
time frame the number of goats increased from 135.17 to 148.88 million at a 1.48% 
annual percentage growth rate which was quite significant. On the contrary, the 
numbers of other livestock like donkeys, camels, pigs, horses and mules declined 
during this period.
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12.3.2 Growth Trend in Milk and Meat Production 

Presently livestock is one of the fastest-growing agricultural subsectors in develop-
ing countries including India. The global market for milk and meat is growing fast 
which is driven by population growth, rapid urbanization and increasing incomes in 
developing countries. This is an opportunity for India to improve its participation in 
the global market. India is the world’s top milk-producing nation since 1998 and it 
accounts for 22% of the world’s total milk production according to the UN’s Food 
and Agriculture Organization (FAO). The country improved its milk production 
from 17 million tons only in 1951 to 187.7 million tons in 2019 (Table 12.4). The 
growth in milk production remained sluggish for more than two decades after 
independence (around 1% per annum) whereas the growth of the population was 
closer to 2% (BAHS 2014). The substantial improvement in milk production was 
achieved with the launch of a nationwide dairy development programme (operation 
flood) in the year 1970. During the last inter-census period, the production of milk 
increased from 127.9 million tonnes in 2012 to 187.7 million tons in 2019 at a 5.63% 
compound annual growth rate which was quite impressive. 

Unlike milk, meat production in India mainly falls under the unorganized sector. 
India is the sixth largest producer of meat in the world. According to the livestock 
census report, the growth rate of meat production was sluggish up to 2001–2002 in 
India. But in 2002–2003, first time it increased significantly from 1.9 million tonnes 
to 2.1 million tonnes. But the highest compound annual growth appeared during 
2007–2008 which was 73.91%. But it failed to maintain its growth rate afterwards.

Table 12.4 Trends in production (million tonnes) and growth of milk and meat from 1951 to 2019 
(Mondal and Mishra 2019) 

Milk Meat 

Production CAGR (%) Production CAGR (%) 

1951 17.0 

1972 23.2 1.49 

1992 55.7 4.48 

2012 127.9 4.24 5.5 – 

2019 187.7 5.63 8.1 5.69 

CAGR compound annual growth rate



However, it was noticeable that the production of meat increased in our country from 
5.5 million tons in 2012 to 8.1 million tons in 2019 with a 5.69% compound annual 
growth rate. During the year 2020, it further increased to 8.60 million tons with a 
positive growth rate of 5.98%. Meat from Indian animals contains less fat, and while 
the present international trend favours low-fat meat, thus Indian meat industry has a 
promising future in the global market.
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Besides continuation of earlier programmes on livestock development, several 
new measures/schemes (Anonymous 2021a) were initiated during post green revo-
lution era by the Government to increase the productivity of livestock, which led to 
increase in milk production significantly to 198.40 million tons with an annual 
growth rate of 5.68% in 2020 and India continued to be the largest producer of 
milk in the world. The gross value added (GVA) of the livestock sector reached 
about INR 962,682 crore at current prices during the financial year 2019–2020, 
which was about 28.36% of agricultural and allied sector GVA and 5.21% of total 
GVA (Anonymous 2021b). 

12.3.3 National Livestock Mission (NLM) 

This scheme was started in the financial year 2014–2015 and revised from time to 
time. It aims towards employment generation, entrepreneurship development, 
increase in per-animal productivity and thus targeting increased production of 
meat, milk, and wool under the umbrella scheme development programme. The 
surplus production will assist in the export earnings after meeting the domestic 
demands. National livestock mission plans to develop entrepreneurs to create for-
ward and backward linkage for the produce available at the unorganized sector and 
to link with the organized sector. It has three sub-missions. Sub-mission on breed 
development of livestock aims at entrepreneurship development and breed improve-
ment in sheep, goat and piggery by providing the incentivization to the individual, 
FPOs, FCOs JLGs, SHGs, etc. for entrepreneurship development and also to the 
state government for breed improvement infrastructure. While sub-mission on feed 
and fodder development aims towards strengthening of fodder seed chain to improve 
the availability of certified fodder seed required for fodder production and encour-
aging entrepreneurs to establish units of fodder block/hay bailing/silage making 
through incentivization. The last sub-mission on innovation and extension aims to 
incentivize the institutes, universities and organizations carrying out research and 
development related to sheep, goat, pig and feed and fodder sector, extension 
activities, livestock insurance and innovation. 

12.3.4 Rashtriya Gokul Mission (RGM) 

It was implemented for the development and conservation of indigenous bovine 
breeds in December 2014. This mission is very important for the betterment of 
resource-poor as more than 80% low producing indigenous animals are with small



and marginal farmers and landless labourers. It is important for enhancing milk 
production and productivity of bovines to meet the growing demand for milk and 
making dairying more remunerative to the rural farmers of the country. It is leading 
to the multiplication of elite animals of indigenous breeds and increased availability 
of indigenous stock. It is proposed to be continued under the umbrella scheme 
Rashtriya Pashudhan Vikas Yojna. The RGM is expected to enhance productivity 
and benefit the programme, percolating to all cattle and buffaloes of India, especially 
with small and marginal farmers. It will also benefit women in particular since over 
70% of the work involved in livestock farming is performed by women. 
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12.3.5 Promoting Sex-Sorted Semen 

With the mechanization of crop farming, the utility of male cattle and buffaloes has 
been reduced. Livestock farmers are not willing to maintain bullocks/male buffaloes 
for agriculture or any other draft work. Hence, male calves born at farmer’s houses 
have become a liability. Farmers often let the male calves loose which are resulting 
into increase in the stray animal population. Only female calves can be produced 
(with more than 90% accuracy) by use of technology like sex-sorted semen in an 
artificial insemination programme. Extensive use of this technology is also expected 
to increase the number of female animals, thereby improving the income of farmers 
through the sale of female animals or by the sale of milk. 

12.3.6 Implementing National Digital Livestock Mission (Livestock) 

Livestock-related activities and transactions including health and breeding services, 
sale and purchase, etc. should take place in entirely digital mode based on unique 
animal ID Pashu Aadhaar which is currently being assigned through ear tagging to 
all large and small animals throughout the country. A complete open-source tech 
stack is expected to enable inputs of all reporting including disease and outbreak 
reporting by veterinarians and field-level workers and service providers through a 
user-end digital interface. Farmers can access their own data, make service requests, 
and access the latest technical and business information through an updated version 
of the farmer-facing app e-GOPALA or through a connected national level four-digit 
call centre number. Since all farmers will be linked, direct benefit transfers from all 
central or state-level schemes, and e-vouchers giving the power to choose a service 
provider, will also be possible through this mechanism. Even dairy processors, other 
private companies, app developers, and researchers can access the database through 
established data-sharing standards, and product traceability regulations can be 
designed and enforced on the basis of this database. Indeed, not only the ease of 
working and accountability of service providers is increased manifold, and farmers 
are fully empowered, but also the entire economy around livestock is multiplied 
through this database.
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12.3.7 National Animal Disease Control Programme (NCDP) 

India’s livestock wealth is quite impressive, but the prevalence of animal diseases is 
a serious impediment to the growth of the livestock sector. Losses are humongous 
and often beyond estimation due to diseases like foot and mouth disease (FMD), 
brucellosi, etc. It is because of FMD that there is not only a reduction in milk 
production and trade in livestock products but also there is infertility and a reduction 
in the quality of hides and skins of the animals, including their draught power. Thus 
FMD has a direct negative impact on the trade of milk and other livestock products. 
Similarly, brucellosis is another important disease of livestock resulting in huge 
financial losses and has an adverse impact on human health, as it has zoonotic 
potential. Farm workers and livestock owners are always at risk of contracting as 
well as spreading this disease. Hence, control of Brucellosis will have a double 
impact, both in human and livestock health, besides rich economic gains to the 
animal owners/farmers. Hence, it is crucial to control FMD by vaccination of all 
cattle, buffaloes, goats, sheep and pigs and brucellosis by vaccination of all female 
bovine calves (4–8 months old) in the country. This will not only make animals 
healthy but will also result in better productivity and acceptability of our animal 
products the world over. Besides, efforts in this direction will lead to contribute 
towards improving farmers’ income. 

12.3.8 Livestock Health and Disease Control Scheme 

This scheme aims to improve the animal health sector by way of the implementation 
of prophylactic vaccination programmes against various diseases of livestock, 
capacity building, disease surveillance and strengthening of veterinary infrastruc-
ture. It is visualized that implementation of the scheme will ultimately lead to 
prevention and control, subsequently eradicating diseases, increased access to veter-
inary services, higher productivity from animals, boosting up of trade in livestock, in 
livestock products and improving the socio-economic status of livestock farmers. 

12.4 Future Projections and Needs 

Earlier smallholder livestock production was widespread in the country, but recently 
it has witnessed a gradual transformation to a semi-commercial or commercial mode. 
However, the requirements for age-old traditional production system and the current 
as well as future production systems are not similar and the country needs to be 
equipped with effective technological backstopping and efficient input delivery 
systems besides facilitating favourable market and marketing networks. Indeed, 
there are number of critical gaps, which needs to be bridged for improved livestock 
production, like resource-driven livestock production than demand-driven, mindset 
of people to manage animals under a low/negligible input system, the presence of 
huge non-descript livestock population, low genetic improvement in organized and



unorganized rural herds, poor productivity of native animals, inadequate availability 
of superior germplasm, inadequate feed and fodder supply, indiscriminate breeding 
of animals in field conditions, inadequate availability of vaccines, cold-chain and 
other health measures, unorganized marketing of animal products and problems 
associated with the diffusion of new technologies. So we need to put our concerted 
efforts on following issues (Srivastava 2018). 
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12.4.1 Recording Performances of Animals 

At present we do not have an effective mechanism to identify the animals and 
performance recording, although small-scale level progeny testing programs are in 
use at a few places. The elite germplasm of all breeds needs to be identified and 
subjected to performance recording under systematic breeding programmes so that 
more numbers of elite germplasm become available and male offspring from these 
elite females can be exploited for future artificial breeding purposes. 

12.4.2 Working on Indigenous/Native Animals 

In our country, we have a huge number of indigenous animals who are capable of 
sustaining productivity under even very low inputs and also known for their drought 
tolerance and disease resistance. But there has been a change in the utilization pattern 
of these genetic resources, now they are facing stiffer competition for their survival, 
which warrants urgent measures to be taken for their conservation. Indigenous 
breeds like Gir, Sahiwal, Tharparkar, Red Sindhi, etc. are potential milk yielders, 
producing 1200–3000 L or even more milk per lactation. These breeds need to be 
promoted and used for the grading-up of non-descript cattle in different regions of 
the country for improving their milk productivity. Besides the regular programs for 
conservation and improvement such as indigenous cattle, we have several gaushalas 
which need to be considered for the development and conservation of indigenous 
breeds in their respective regions. Similarly, we have other species of indigenous 
animals like buffalo, sheep, goat, pig, etc. which are highly suitable and adapted to 
Indian conditions also need to be considered for conservation and genetic 
improvement. 

12.4.3 Augmenting Availability of Quality Feed Resources 

We need to have an effective plan for augmenting the availability of quality feed 
resources in the country, as there is a shortage of feeds and fodders for livestock, 
leading to an inadequate supply of nutrients especially protein, energy and minerals. 
The regional and seasonal deficits of fodders and feeds are more important than the 
national deficit as it is not economical to transport them over long distances. In order 
to meet the nutritional requirements of animals, there is a need to increase the



bioavailability of nutrients from feeds and fodders using chemical, biological and 
biotechnological techniques. Indeed, it is required to improve the productivity of the 
land and also to meet the feed and fodder requirements from the limited area 
available for this purpose. We also need to look at newer feed resources and evaluate 
them for livestock feeding and find out how much these can be exploited in bridging 
the gap between supply and demand of the nutrients. 
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12.4.4 Prevention and Control of Animal Diseases 

It is an important issue that needs cooperation from many stakeholders in the 
livestock production chain. Particularly at the farm level, better prevention and 
control of diseases lead to much higher output. We need to develop a strong and 
reliable epidemiological status of economically and zoonotically important diseases 
in different regions of the country to identify high, moderate and low prevalence 
areas and to formulate control or eradication strategies. It is true that vaccination is 
the most capable way to control many diseases, but it is not 100% effective in 
preventing the diseases like brucellosis. Thus, vaccination coupled with good hus-
bandry practices is essentially needed to control the disease. Exact diagnosis of 
diseases is not possible under field conditions due to the inadequate availability of 
veterinary laboratories/health centres. Thus the diagnosis is very often made based 
on the symptoms only. We need to keep pace with the contemporary developments 
in the technical improvements of the conventional vaccines to make them more 
useful and also continue with research and development efforts for newer generation 
vaccines in the long term. 

12.4.5 Creation of Special Animal Product Zones (SAPZ) 

Zone-specific planning is the need of the hour for any livestock development 
program. Intensive livestock development programs requiring germplasm improve-
ment through selection and upgrading need to be put in place along with region-
specific production packages. In order to promote the export of livestock products, 
we need to set-up Special Animal Product Zones (SAPZs). SAPZs should be 
identified keeping in view the basic infrastructure and other requirements including 
the availability of land and irrigation facilities for the production of fodders, 
healthcare and marketing facilities in the region. These SAPZs need to be linked 
with an export-based processing plants, the compound feed industry, regulated 
animal market, veterinary polyclinics, semen bank, etc. in the cooperative or private 
sector. The farmers in SAPZs need to be offered incentives to set-up medium scale 
(20–100 animals) or large-scale (more than 100 animals) commercial livestock farms 
depending upon the purpose (milk, meat, etc). The farmers also need to be assured of 
the minimum price for animal products and an added premium for quality.
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12.4.6 Policy Issues 

We have a huge population of non-descript livestock that need to be characterized 
and the homogenous populations deserve the status of breeds to be recognized as a 
new breed. Once they are recognized properly, suitable policies need to be evolved 
to improve their productivity while restricting the growth of low producing popula-
tion. Exclusively by facilitating the large-scale commercial livestock production, it 
may not be possible to obtain inclusive growth, however, boosting the smallholder 
farmers as a whole and commercial livestock production in identified areas will put 
livestock as an instrument of inclusive economic development. To achieve this, we 
need to have a stringent mechanism/legislation in place that protects the interests of 
the large smallholder population, while facilitating scaling up commercial livestock 
production. Livestock producers also need to be brought under an organized 
umbrella by establishing livestock cooperatives/groups/breed societies etc. to 
encourage the concept of ‘quality assured production’ and incentivizing in the 
form of better prices for the quality producers. Although it requires establishing 
quality test centres at various levels. Indeed, a check system needs to be established 
for tracing ‘from table to farm’ for the prevention of the sale of substandard livestock 
products as it is expected affects adversely the consumer health. 

12.5 Conclusions 

Livestock has been an important source of livelihood for resource-poor farmers over 
the years. The gross value added (GVA) of the livestock sector was about 28.36% of 
agricultural and allied sector GVA and 5.21% of total GVA during the financial year 
2019–2020. Among the different livestock components, a major share of value 
comes from milk followed by meat. It has been observed that in India the total 
number of livestock is increasing day by day at a steady rate. However, this 
increment is largely driven by a sharp increase in the number of sheep and goats, 
which is nearly 95% of the total livestock increase. Among the livestock, there has 
been a marked shift from indigenous cattle to crossbreds. Based on the livestock 
census in 2019, there was a 6% decline in the total number of indigenous cattle and a 
26.9% rise in total exotic or crossbred cattle over the previous census. Similarly, 
there was also a decline in number of other livestock like donkeys, camels, pigs, 
horses and mules. India possesses huge livestock wealth, but the productivity of 
livestock is pretty low due to many constraints like the dominance of animal 
population with local low-yielding breeds, shortage of feed and fodder, inappropri-
ate management and disease control measures, etc. Proper attention need to be given 
to the above-mentioned constraints along with policy/input support from the gov-
ernment and other stakeholders. The poor productivity of Indian livestock can be 
improved by adopting suitable breeding strategies like cross-breeding, upgrading 
and selection based on the agro-climatic conditions, farmers’ resource availability 
and preferences. Similarly, the necessary supporting infrastructure with effective



input delivery systems and viable processing enterprises need to be encouraged for 
the better contribution of livestock in the Indian economy in years to come. 
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Abstract 

India, a country with rich aquatic diversity endowed with vast aquatic resources 
has made tremendous progress in the field of fisheries and aquaculture. At the 
national level, the GDP contribution of Fisheries to Agriculture is 7.28%. At the 
global level, India holds the second rank in aquaculture. But looking back there 
are many Individual, Institutional and Governmental efforts in achieving present 
day’s success. At the individual level, the contribution of Dr. Hiralal Chaudhuri 
for the development of artificial spawning is a major landmark. Development of 
induced breeding followed by composite fish culture during the 1980s 
revolutionized the sector, today which we term as Blue Revolution. At Institu-
tional Level various research Institutes were established like Central Inland
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Fisheries Research Institute (CIFRI), Central Marine Fisheries Research Institute 
(CMFRI), Central Institute of Freshwater Aquaculture (CIFA), Central Institute 
of Brackishwater Aquaculture (CIBA), Central Institute of Fisheries Education 
(CIFE), Central Institute of Fisheries Technology (CIFT), Directorate of 
Coldwater Fisheries Research (DCFR), National Bureau of Fish Genetic 
Research (NBFGR) to develop cutting edge aquaculture technologies. Noticeable 
technologies that need to be highlighted are Captive breeding of high-value 
freshwater, brackishwater and marine species, Development of improved variety 
of fish species, Enclosure culture, Disease management, Feed Management, 
Cataloguing and conservation of novel species, etc. A lot has been achieved, 
but there are several challenges that also need to be addressed like climate change, 
the emergence of new aquatic diseases, fulfilling the feeding requirement, the 
establishment of value chains and domestic market linkages, development of 
motivated entrepreneurs. Besides, there is also a need for the development of 
information and communication technology and precision farming in this field. 
The whole idea in developing this sector further will be sustainable development 
of fishers and fisheries for a better tomorrow in the form of economic growth, 
nutritional fulfilment with a healthy environment.
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13.1 Introduction 

India, a blessed country with rich and diverse natural resources, is endowed with a 
wide plethora of aquatic and fisheries resources ranging from deep seas to lakes, 
ponds, and rivers more than 10% of the global biodiversity in terms of fish and 
shellfish species. India is bested with marine fisheries resources that are spread along 
the country’s vast coastline with Exclusive Economic Zone (EEZ) of 2.02 million 
square km and a continental shelf of 0.53 million sq. km. The inland resources are in 
the form of reservoirs (31.5 lakh hectares), floodplain lakes (8.12 lakh hectares), 
brackish water (12.4 lakh hectares), rivers and canals (1.95 lakh km), ponds and 
tanks (24.1 lakh hectares), saline/alkaline affected areas (12 lakh hectares), etc. Fish 
production in India has shown tremendous growth that can be understood by the 
increase of production from 0.75 million MT during 1950–1951 to the current 
production of 14.1 million MT (Figs. 13.1 and 13.2). Apart from this, Fisheries 
and aquaculture-based activities serve the livelihood of 15 million people. On 
average around 50 different types of Fish and shellfish are being exported to 
70 nations. In terms of quantity fish and processed products contribute to 14 lakh 
tonnes and in terms of value, they contribute INR 46,000 crores to agricultural 
export of the nation. Fisheries sector contributed around Rs. 2100 billion to the 
country’s GVA. This accounted for 7% of the agricultural GVA and 1.25% of the



total GVA in the year 2018–2019. This sector with a growth rate of 10% recorded 
the highest among the other agricultural sectors. 
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Fig. 13.1 Fish production scenario of India. (Handbook on Fisheries Statistics 2000, GOI) 
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Fig. 13.2 Decadal growth rate in fisheries production. (Data from Handbook on Fisheries Statistics 
2014, GOI) 

Fisheries and aquaculture are sunshine sectors because of their faster growth than 
the crop and livestock sectors (Kumar et al. 2006). But everything was not as rosy as 
it appears now. Indian Fisheries and Aquaculture have continuously evolved and 
developed with many stakeholders and professionals’ continuous and untiring 
efforts. To know it, we must travel to the past and dig out some of the significant 
contributions of the sector.
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13.2 Status of Fisheries in Pre-Independence 
and Independence Era 

The recorded observation of fish occurrence in India can be traced back to 3 millen-
nium BC. Evidence of fish imprints being used for human consumption has been 
found in Mohenjodaro and Harappa of Indus Valley Civilizations (2500 BC– 
1500 BC). In a book compiled by Mansoltara in 1127 AD, King Someswara and 
King Vikramaditya VI were the first to record the common sport fishes of India and 
they had further classified them into freshwater and marine fishes. 

The foundation for modern scientific research in fisheries dates back to the British 
era when various Naturalists, Taxonomists, Zoologists and Botanists recorded the 
fishes and other aquatic organisms from India and catalogued them. A veterinary 
surgeon by profession Sir Francis Day contributed significantly to catalogue of the 
fishes of India through his research articles and monographs. Indian Fisheries Act is 
a stepping stone in our history that conferred upon the rights of developing fisheries 
to the different provinces in their respective states. 

Traditionally aquaculture has been in practice for self-consumption and local 
trade in the eastern part of the country in small homestead ponds. During the 
nineteenth century, advances were made over the traditional homestead aquaculture 
with the breeding of carps in controlled conditions with the simulation of river-like 
conditions. Pisciculture was popularized in the state of Tamil Nadu followed by 
other states like Uttar Pradesh, West Bengal, etc. with the establishment of Fisheries 
Departments. The Indian fisheries sector was characterized as primitive, ignorant, 
unorganized, ill-equipped and caste-based by the National Planning Committee in 
1946 (Kurien 1985), suggesting a social rigidity that would prevent economic 
efficiency (Karnad 2017). 

Owing to this status, much attention was paid to the planned development of this 
sector through 5-year plans and the establishment of technical research 
organizations. As a result of this, in 1947, two major research stations were set up 
under the Ministry of Food and agriculture: The Central Inland Fisheries Research 
stations (CIFRS) in Kolkata, West Bengal and Central Marine Fisheries Research 
Stations (CMFRS) in Mandapam, Tamil Nadu (Silas 2003). 

Traditionally spawns were collected from rivers during the breeding season 
(Fig. 13.3). The artificial spawning of minnow Esomus danricus through pituitary 
injection was a remarkable achievement by Prof. Hiralal Choudhuri in the year 1955. 
This was followed by the captive spawning of other culturable species like Rohu, 
Bata, Mrigal and many other cultivable species during 1957 (Chaudhuri and 
Alikunhi 1957). This was the first-ever aquaculture breakthrough, which impeded 
the subsequent Blue Revolution. The Indians were the first to develop 
hypophysation technique for artificial captive breeding of Indian Major Carps, 
way ahead of the Chinese, who created the same method for Chinese carps in 1958. 

Subsequently, after mastering the art of captive breeding of fish, another signifi-
cant achievement was using synthetic artificial inducers in fish breeding. During the 
1970s and 1980s, due to the paucity of carp pituitary extracts, research was targeted 
to use Human Chorionic Gonadotropin (HCG) for breeding. Various synthetic



hormones are available in the market with different combinations and trade names 
like ovaprim, ovatide, Wova-FH, etc. Because of these artificial hormones, fish seed 
production was boosted by from 63,000 lakh fry in the 1980s to over 5 lakh fry in the 
present day (Fig. 13.4). Subsequently, because of these technological advancements, 
riverine seed collection and bundh breeding became obsolete. 
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Fig. 13.3 Collection of riverine fish seed using a gamcha, a rectangular mosquito netting cloth. 
(Pic. Courtesy: CIFRI, Barrackpore from web) 
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Fig. 13.4 Fish seed production scenario of the country. (Data from Handbook on Fisheries 
Statistics 2020, GOI) 

Scientific carp farming was established in India with the launch of an All India 
Coordinated Research Project (AICRP) on ‘Composite Culture of Indian and Exotic 
Fishes’ by the CIFRI in 1971 where as demonstrations as high as 8–10 tonnes/ha/ 
year was obtained. This AICRP was operated in 12 centres across the country until 
1984. It was followed by the launch of three more AICRPs on ‘Spawn Prospecting’,



‘Air-breathing Fish Culture’ and ‘Brackish water Fish Culture’ (FAO 2003). 
Because of all these efforts, farmers were convinced to take up carp seed production 
and culture as a business enterprise in different parts of the country like Andhra 
Pradesh, Punjab, Haryana, Maharashtra, etc. leading to a blue revolution in the 
country. Govt launched the formal Blue Revolution in India during the seventh 
5-Year Plan (1985–1990) on the occasion of the Fish Farmers Development Agency 
(FFDA) sponsorship. 
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13.3 The Blue Revolution Era 

13.3.1 Technologies in Freshwater Aquaculture 

13.3.1.1 Composite Fish Culture 
Hypophysation and Captive breeding laid the foundation of modern scientific 
aquaculture in the country, The third significant breakthrough in bringing about 
the blue revolution in the country was composite fish culture, i.e. the culture of 
compatible combinations of Indian and Chinese carps, i.e. culturing of fish based on 
their biology, habitat, feeding and compatibility (Alikunhi et al. 1971). From a 
meagre production of 600 kg/ha/year traditionally, it has been made possible to 
obtain a show of 15,000 tonnes/ha/year through composite fish culture with scien-
tific management practices. 

Till 2000, marine fish production dominated India’s total fish production. How-
ever, due to improved management practices adopted through scientific backing, 
inland fisheries and aquaculture have taken a U-turn and presently contribute almost 
90% of total fish production from a contribution of 46% in the 1980s. 

India holds the second rank in aquaculture at the global level. Freshwater 
aquaculture production registered a 10 times growth from 0.37 million tonnes in 
1980 to 9.0 million tonnes in the present time. Currently, the growth rate is hovering 
over 6% and contributing to more than 95% of the total aquaculture production. The 
main species in freshwater aquaculture are Labeo rohita, Catla and Cirrhinus 
mrigal. They are contributing to around 75% of the total production. The rest 25% 
is coming from Chinese carp and catfish. 

It is estimated that only about 40% of the available area of 2.36 million hectares of 
ponds and tanks has been put to use and immense scope for expansion of the area 
exists under freshwater aquaculture (Handbook of Fisheries and Aquaculture 2013). 
Due to different schemes under the blue revolution, the national average productivity 
has risen from 600 kg/ha/year to 3000 kg/ha/year in a span from 1974 to the present 
times. 

Technology of Intensive carp culture developed by ICAR-CIFA has the capacity 
to produce 10–15 tonnes/ha/year with supplementary feeding, aeration and 
biofertilization with Azolla (Tripathi et al. 2000). There are many progressive fish 
farmers who are achieving a higher production from 8 to 12 tonnes/ha/year (Hand-
book of Fisheries and Aquaculture 2013).
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Technologies of induced carp breeding and composite fish culture in captive 
conditions converted the otherwise traditional sector into a lucrative, viable com-
mercial enterprise. Breeding technology has been standardized for around 50 species 
of food and ornamental category (Raizada et al. 2019). Another technology devel-
oped by ICAR-CIFA called Multiple Spawning has the potential to produce 2–3 
times more spawn compared to traditional breeding practices (Gupta et al. 1995). 
Much advancement was made in modernizing the traditional hatchery system. The 
eco-hatchery and FRP carp Hatchery could provide an impetus to fish seed produc-
tion in the country. 

13.3.1.2 Freshwater Prawn Culture 
Macrobrachium rosenbergii, M. malcolmsonii and M. gangeticum are three fresh-
water prawn species brought into the culture system because of high consumer 
demand. The production of freshwater prawns is 10,000 tonnes during the present 
time. But it was 35,000 tonnes during 2002–2003. Andhra Pradesh was the chief 
contributor to the sector with a 73% contribution from an area of 38,820 ha 
(MPEDA). Because of the introduction of exotic Vannamei, production has declined 
in present times. But this scenario can be improved through popularization in 
landlocked parts of the country with standardization of seed production in artificial 
seawater. 

13.3.1.3 Cold Water Aquaculture 
Recognizing the necessity of cold water fisheries, ICAR-CIFRI started a cold water 
unit in 1963 to assess and utilize the fisheries resources available in this sector. 
Subsequently, it was given the status of NRC on Coldwater Fisheries in 1987 and 
further upgraded to the status of Directorate on Coldwater Fisheries Research in 
2008. The institute has mapped and documented 258 species, 76 genera and 
21 families of the Coldwater fish resource. This resource accounts for 17% of the 
total fish fauna of the country. Out of these, 203 species have been recorded from the 
Himalayas and 91 from the Deccan Plateau Total fish production from hill states is 
only 75,000 MT, accounting for 1.5% of the country’s inland production. Food 
fishes of cold waters are mahaseer and schizothoracids belonging to the indigenous 
species and trouts among the exotic varieties. Schizothoracids and Mahseers support 
capture and sport fisheries, whereas aquaculture is limited mainly to carp culture in 
mid-hill cold waters and rainbow trout in higher altitudes. 

13.3.1.4 Flood Plains and Wetlands 
There are around 31.5 lakh hectares of small, big and medium reservoirs in the 
country. ICAR-CIFRI has developed various technologies for improving the pro-
ductivity of these reservoirs. Notable among these are fish seed ranching and cage 
culture. Due to these technologies, productivity could be increased to 500, 200 and 
100 kg/ha/year from the small, medium and large reservoirs, respectively. 
Floodplains/wetlands are productive ecosystems that can be effectively utilized for 
aquaculture. Enclosure fisheries like cage and pen culture developed by ICAR-
CIFRI has resulted in increasing the productivity from 200 to 400 kg/ha/year.



320 L. Sahoo et al.

13.3.1.5 Scientific Interventions in Culture Practices 
Diversification is an essential practice for the long-term sustainability of the sector. It 
was also realized in due course of time, that aquaculture is being dominated by a few 
Indian major carps and Chinese carps. To address this and to make the whole system 
more sustainable, species diversification with various endemic species with local and 
regional demand like L. gonius, L. bata, Cirrihinus cirrhosa, Puntius sarana, 
L. dussumieri, P. jerdoni, Labeo calbasu, C. reba, L. fimbriatus were also introduced 
into composite fish culture system (Jena et al. 2020). 

Catfish breeding and culture were considered a national priority. Under that, 
ICAR-CIFA standardized several catfish species’ breeding and culture techniques 
like Magur (Clarias batrachus), Singhi (Heteropneustes fossilis), Murrels and 
Anabas testudineus, etc. A production of 3–5 tonnes of Magur could be 
demonstrated in small shallow ponds in a duration of 6 months. 

Monoculture and Polyculture of Pabda has been standardized and popularized in 
eastern and North eastern parts of the country. 

Many exotic species were introduced to the country because of their fast growth. 
Notable among them are Pangassius, Pangassius sutchi. Pangasius sutchi, was 
introduced to India in 1995–1996 from Thailand to the state of West Bengal. This 
fish has the potential to grow up to 1.5 kg in a year with a production capacity of 
20 tonnes/ha/year (Belton et al. 2017). The Government of India has stipulated strict 
guidelines for regulating the introduction of P. sutchi in the country. The guidelines 
suggested keeping the upper limit of production to 20 tonnes/ha/year. 

Another exotic fish that Govt has permitted is Oreochromis niloticus in 2012 with 
a prescribed set of guidelines for the propagation of the species. As per the 
guidelines, farming of monosex male/sterile is permitted. 

The scientific basis of culture techniques were standardized for nursery, rearing 
and grow out ponds for spawn, fry and fingerling rearing respectively. Of the total 
farmers in the country 90% are small and marginal. Besides, there are farmers with 
high investment capacities. So technologies for all categories of farmers were 
developed and classified as Low, Medium and High input Technologies. In high 
input technology, also called high-tech aquaculture, there are two primary 
components that lead to higher production: Water exchange and aeration. Production 
levels of over 10–15 tonnes/ha/year have been possible through this system. 

Then again, based on the production cycle, composite fish culture technology was 
classified into single stocking, single harvesting and multiple stocking multiple 
harvesting. In this system, marketable size fishes are harvested from ponds at regular 
intervals with periodical restocking. 

Many scientific interventions have been done in Integrated fish farming. This 
integration has been most successful with livestock and horticulture with fish 
production of 3–55 tonnes/ha (Ayyappan and Jena 2003). This system is a very 
sustainable system as the by-products/wastes are utilized as principal inputs thereby 
making the farming practice highly remunerative and farmers friendly. 

Traditional practices of Paddy and Fish culture were improvised based on 
location. Production of 500 kg fish and around 3 tonnes of paddy can be achieved 
from a hectare of land.
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In the high altitude raceway culture has been standardized for commercially 
important species like rainbow Trout by ICAR-DCFR. 

13.3.1.6 Technologies in Genetics, Nutrition and Health Management 
Developing improved rohu (Jayanti) through selective breeding with a record of 
17% higher growth response per generation after 11 generations is a significant 
achievement from ICAR-CIFA. Jayanti Rohu has recorded a 55% higher growth in 
farmers’ fields in various parts of the country. Similarly improved Catla and fresh-
water prawn have recorded 2% and 10% higher growth, respectively. 

Various types of fish feed like CIFABROOD™, CIFRI CageGrow, Vanamiplus, 
Varsha, Varna have been developed for freshwater, brackish water and marine water 
species. Private entrepreneurs have played a major role in the popularization of these 
feeds. 

In the 1980s, Epizootic ulcerative syndrome, a transboundary disease caused 
huge economic losses to the farmers of the country. CIFAX™ as a prophylactic and 
therapeutic measure was developed by ICAR-CIFA to EUS. A National Surveillance 
Program for Aquatic Animal disease initiated through research Institutions along 
with NBFGR and NFDB is in place for aquaculture disease monitoring in India. 

India is home to 10% of the global ichthyofaunal biodiversity. The database of 
ICAR-NBFGR records around 2650 fin fishes, which includes around 290 exotic 
species. (NBFGR). Out of around 2300 indigenous species, 880 fishes are found in 
freshwaters, 115 in brackish waters and 1350 fishes are found in marine waters, 
belonging to 39 orders, 225 families and 852 genera. The biodiversity-rich areas 
such as North East India and Western Ghats have been explored through various 
network programmes. The recent discovery of more than 39 new species warrants 
more intensive exploratory surveys to map further unknown resources (NBFGR). 

13.3.1.7 Technologies in Brackishwater Aquaculture and Mariculture 
Brackishwater farming in India is an age-old traditional system confined mainly to 
bheries (artificial impoundments in coastal wetlands) of West Bengal and Pokkali 
(Salt Resistant deep water paddy) fields along the Kerala coast. The fisheries in these 
systems involved trapping the seeds of fish and shrimps and culturing them without 
providing any external input. The first scientific attempt at developing various 
mariculture technologies in India was during the 1960s by ICAR-CMFRI 
(CMFRI). Initially, the focus was on marine molluscan species like Oyster, mussel, 
clam, etc., and the main species that were brought to culture practices were Pinctada 
fucata, Pinctada maragaritifera and Crassostrea madrasensis (Mojada et al. 2021). 

In the early 1970s, the major was focused on the development of coastal aqua-
culture and mariculture mainly because of dwindling capture fisheries resources and 
export pressure. Consequently, important Penaeid species were bred in captivity at 
Narakkal farm of CMFRI like Penaeus monodon, P. japonicus, P. semisulcatus, etc. 
(Ponnaiah 2011). 

As such the production was of subsistence level. ICAR launched AICRP on 
“Brackishwater Fish farming” in 1973 (CIBA). Under this project, several 
technologies of fish and shrimp farming were developed. The brackishwater



aquaculture in India got its fillip with the demonstration by the DBT-sponsored 
project on semi-intensive shrimp farming at Nellore, Andhra Pradesh, by 
TASPARC, during 1989–1993 (CIBA). To provide further impetus to brackishwater 
aquaculture, ICAR-CIBA, a part of CIFRI, was established as a separate institute 
in 1985. 
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In the year 1997, ICAR-CIBA developed the technology for the breeding of Lates 
calcarifer throughout the year (Arasu et al. 2009). Then in the year 2015, the same 
institute developed the captive breeding technology of Chanos followed by the 
successful artificial breeding of Mugil cephalus in 2016. The culture technologies 
were also standardized for the above 3 species. Besides captive breeding of Etroplus 
suratensis, Lutjanus argentomaculatus and Tenuilosa ilisha were also standardised. 

Another significant achievement is the promotion of Saline water aquaculture to 
transform wasteland into wetlands. Under this 13,000 ha have been covered with a 
production of 4331 tonnes with a productivity of 6 tonnes/ha. Many potential 
candidate species like Etroplus, Chanos, etc. have proven to be commercially 
suitable in inland saline areas. Production potential ranging from 0.5 to 3 tonnes/ 
ha/year has been demonstrated from such waters (Handbook of Fisheries and 
Aquaculture 2013). 

ICAR-CMFRI developed seed production and culture techniques for oysters and 
mussels in 1970s. Besides it has also developed induced breeding technology for 
Cobia and Silver pompano in 2010 and 2011 followed by seed production technol-
ogy for Epinephelus coioides in 2013. Simultaneously culture practices of various 
fin fish species like Pompano, Cobia, Grouper etc. were standardized. Apart from 
this culture of crustaceans, oysters, mussels, clams, and seaweed culture was also 
practised. In the year 1972, CMFRI initiated a pearl culture program and success-
fully developed the technology for pearl production in Indian pearl oysters. The 
Mandapam Research Centre of CMFRI has developed the technology for the culture 
of agar-yielding algae Gracillaria and Gelidiella that led to a rise of entrepreneurship 
for producing agar in various areas of Tamil Nadu. 

Biofloc Technology that operates on Zero water Wastage Concept has been in 
vogue in the present days. In a technology developed by ICAR-CIBA, 40–60 kg of 
finfish like Tilapia and 5 kg of shellfish like shrimp can be produced from a biofloc 
unit of 1 tonne capacity. 

Integrated Multitrophic aquaculture or IMTA is a technology that utilizes differ-
ent species at various trophic levels so that nutrient loads of fed species can be used 
as input for extractive species. ICAR-CMFRI has developed IMTA for Cobia with 
sea weed Kappaphycus alvarezzi. 

The current mariculture production is to the tune of 0.01 million tonnes. For the 
first time in the country, Open Sea aquaculture was initiated by ICAR-CMFRI in 
2005 by establishing the open sea floating cage in Vishakapattanam. Further refining 
technologies and adoption have led to the rapid spread of cage mariculture. 

As a result of all these concerted efforts, brackishwater and mariculture gained 
momentum in our country. With only 13% of the area utilized under brackishwater 
aquaculture, the production is 0.7 million MT with a productivity of 4 tonnes/ha. In 
1990s, MPEDA established shrimp hatcheries in Andhra Pradesh and Odisha that



led to immense growth in the production. The most significant contribution was from 
Tiger shrimp P. monodon. A major havoc in the rapid growth of the shrimp hatchery 
was the white spot syndrome virus (WSSV) in 1994 when the industry experienced 
heavy losses. The time was to bring in alternate species to keep the industry running. 
L. vannamei, an exotic shrimp species fitted to the void with Government’s strict 
control and monitoring measures. This species has the potential of 10–12 tonnes/ha 
in 3–4 months duration. The total shrimp production of the country is 8 lakh tonnes 
from an area of 1.7 lakh hectare. Ninety percent of the contribution comes from 
Vannamei. CIBA has played a crucial role in developing diagnostic kits for white– 
spot syndrome virus (WSSV), the first of its kind in India, and supported the 
formulation of best management practices (BMPs) for Indian shrimp culture to 
motivate and support the farmers to continue the production of Tiger shrimp along 
with vannamei production. 
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Table 13.1 Technologies in freshwater aquaculture 

Sl. no Technology Year 

1 Induced breeding of Esomus danricus using pituitary gland extract 1955 

2 Induced breeding of Cirrhinus reba, followed by three Indian major carps 1957 

3 Induced breeding of Chinese carps 1962 

4 Development of composite fish culture technology 1970 

5 Breeding of Magur 1982 

6 Intensive culture technology 1994 

7 Selectively bred Jayanti Rohu was released 1996 

8 CIFAX developed against EUS 1998 

9 Diversified species were promoted, different culture techniques were 
developed 

1999–2009 

10 CIFABROOD™, a diet for broodstock was developed 2009 

Shrimp export was the main reason for boost in India’s export growth. Farmed 
shrimp production grew from 20 MT in 1947 to 7.47 lakh MT in 2020, thereby 
contributing to the major export share of INR 46,662 crores fisheries export 
earnings. 

The major technological advancements that lead to blue revolution in the country 
have been summarized in Tables 13.1 and 13.2. 

13.3.1.8 Major Schemes by the Government for the Promotion 
of the Sector 

The first Blue Revolution was launched during the seventh 5-Year Plan (1985–1990) 
under the sponsorship of the Fish Farmers Development Agency (FFDA). Later 
during the eighth 5-year plan (1992–1997), the intensive Marine Fisheries Program 
was launched. Subsequently, it was decided by the Ministry of Agriculture and 
Farmers Welfare along with the Department of Animal Husbandry, Dairying and 
Fisheries to restructure this scheme along with all other ongoing plans under a single 
umbrella “Blue Revolution”. The Blue Revolution in India and the Fish Farmers



Development Agency (FFDA) improved the aquaculture and fisheries sector with 
the introduction of new techniques of rearing, marketing, exporting, and breeding. 
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Table 13.2 Technologies in brackishwater and mariculture 

Sl. no Technology Year 

1 Pearl culture programme initiated 1972 

2 Culture techniques of agar yielding seaweed Gracillaria and Gelideiella was 
standardized 

1974 

3 Captive breeding and larval rearing of Penaeid species 1975 

4 Culture techniques of mussel and oyster 1977 

5 AICRP on brackishwater aquaculture 1987 

6 Seed production techniques of Lates calcarifer 1997 

7 Open sea aquaculture through cages 2005 

8 Seed production of cobia 2010 

9 Seed production of silver pompano 2011 

10 Seed production of Epinephelus cooides 2013 

11 Seed production and culture of Chanos chanos 2015 

12 Seed production and culture of Mugil cephalus 2016 

13 Biofloc technology for shrimp 2016 

14 Integrated multitrophic aquaculture with fed and extractive species 2018 

Some of the significant outcomes of the first Blue Revolution in India are 
mentioned below: 

1. From a meagre production of 60 thousand tonnes, Fisheries production reached 
4.7 MT that included 1.6 Mt. from freshwater. India was recorded to achieve an 
average annual growth of 14.8% as compared to the global average percentage of 
7.5 in the production of fish and fish products. 

2. In the export scenario, the Fishery sector recorded a growth rate of 6–10%, 
thereby becoming the largest contributor amongst other agriculture sectors. 

3. India became the world’s second-largest producer of fish with exports worth more 
than INR 47,000 crores. 

4. Globally India ranked second in aquaculture. 
5. The fisheries and aquaculture production contributed 1% and 5% to India’s GDP 

and Agricultural GDP, respectively. 

13.3.1.9 Blue Revolution 2.0/Neel Kranti Mission 
The focus of the Blue Revolution 2.0 is on development and management of 
fisheries. This covers inland fisheries, aquaculture, marine fisheries, including deep 
sea fishing, mariculture and all activities undertaken by the National Fisheries 
Development Board. The Government of India in December 2014 launched “Blue 
Revolution” Mission with a central outlay of INR 3000 crores. Under this scheme, it 
was aimed for a sustained annual growth rate of 6–8% in fish production. In these 
5 years, main focus was on private investment and entrepreneurship development



with capacity building and development of the value chain. The scheme was 
implemented from 2015–2016 to 2019–2020. The government under the 
MGNREGA started to develop the farm ponds, where pisciculture would take place. 

13 Fisheries and Aquaculture 325

The salient features of BR scheme and achievements made are given below:

• Different GOI projects to be converged and linked with Sagarmala project like 
MNREGA scheme, NRLM and RKVY. Increasing the yield as well as produc-
tivity in culture and capture fisheries from both inland and marine waters.

• Motivating the socially and economically backward sections particularly sched-
ule castes and tribes to take up fishing-based activities. The Blue Revolution 
Scheme also encourages entrepreneurship development, private investment, 
Public-Private Partnership (PPP), and better leveraging of institutional finance. 

13.3.1.10 Pradhan Mantri Matsya Sampada Yojana 
Government of India launched its flagship scheme “Pradhan Mantri Matsya 
Sampada Yojana” as a COVID-19 relief package under Self Reliant India on 
10 September 2020. The main focus was to bring about Blue Revolution in the 
country through responsible and sustainable development in Fisheries Sector. The 
total outlay of this scheme is INR 20,050.00 crores. The main features of this scheme 
are as follows:

• Enhancement of Production and Productivity.
• Infrastructure and Post-harvest management.
• Fisheries Management and Regulatory Framework. 

The goals of PMMSY is additional fish production by 70 lakh metric tonnes, 
enhancing productivity to 5 tonnes/ha, increasing the export value to 1 lakh crores 
from 46 thousand crores and generating 55 lakh additional employment with an 
objective of doubling farmers income by the financial year 2025. 

13.3.1.11 The Way Forward 
The number of undernourished people in India is expected to rise to 70 million by 
2050. To suffice the need for food and nutritional security of the underprivileged and 
to cater to the needs of individuals with increased living standards, fish and fishery 
products are going to play a vital role. With increased anthropogenic pressure and an 
ever-developing and expanding economy, resources like land, water, energy, labour, 
etc. are likely to deplete and diminish in the coming days. The average size of 
operational holdings has declined progressively from 2.28 ha in 1970–1971 to 
1.55 ha in 1990–1991 and 1.23 ha in 2005–2006. Compared to the present situation, 
the per capita land holdings will be much smaller by 2050 (ICAR-CIFA). To meet 
the demand of the country, a contribution of 17.5 million metric tonnes/year needs to 
be contributed from fisheries. The per capita water availability was 5500 cubic 
metres in 1955, and it has reduced to 1850 cubic meters in 2008 and would be 
further reduced to 1250 cubic meters by 2050. This warrants an urgent need to make 
aquaculture activity sustainable on a long-term basis. Hence utilization of diverse



water resources like seasonal ponds, irrigation water, open wells, etc. and reusing 
and recycling waste through recirculation, utilization of rainwater, etc. will be both a 
challenge and an opportunity. Also, value addition and processing need to be 
addressed in a larger dimension. The idea is to increase productivity by obtaining 
more values per unit of water used. 
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Aquaculture through feeding constitutes about 20% of total aquaculture produc-
tion, and to increase the production three times by 2050, the fed fish culture practices 
are to be raised at least four times the present level and that is going to pose a major 
challenge. Since 1995, aquafeed production has grown globally at an average rate of 
about 10.7%/year. The output of formulated feed increased from 7.7 million metric 
tonnes in 1995 to over 35 million metric tonnes in 2010, and it is expected to reach 
around 70 million metric tonnes in 2020. The total volume of feed sold in 2010 was 
60,000 tonnes of pelleted feed and 3,72,000 tonnes of extruded floating feed. 
Currently, the aquaculture sector uses nearly 20% of total available concentrated 
feed and by 2050, about 23 million metric tonnes of feed would be required 
considering the three-fold increase in aquaculture production (CIFA). The fish 
feed resources have multiple competitors like the dairy and poultry industries. The 
feed resources used are generally the by-products of agro-processing industries. The 
availability of these products depends on agriculture which is heavily dependent on 
different climatic variables like rainfall, temperature, etc. The last decade witnessed 
a 3–4 times increase in the price of fish feed ingredients. Therefore, the future will 
need to identify, analyse and utilize alternate ingredients in fish feed. 

The disease will continue to be a menace in the growth of aquaculture in the 
country owing to increased globalization and trade, Intensification of framing 
practices, transboundary and continental movement of different stages of fish, the 
introduction of novel species, etc. Diseases account for 10–15% losses in aquacul-
ture, which will continue to rise in the coming future. For disease management, 
Better Management Practices (BMPs) and Regulatory framework needs to be in 
place for both existing and emerging pathogens. In the shrimp industry, the devel-
opment of specific-pathogen-free (SPF) broodstock and strict biosecurity protocols 
need to be strengthened. There are various novel biotechnological tools like Loop-
Mediated Isothermal Amplification (LAMP), Bead Array, Microarray, Multiplex 
test, etc. for the exclusion of pathogens in aquaculture, which needs to be further 
refined and standardised. Bacteriophage therapies are already under and have proved 
useful in the prophylaxis and treatment of bacterial infections in aquaculture. 
Immunostimulants like lipopolysaccharide and vitamin C have proved effective in 
controlling diseases (Sahoo et al. 2016, 2017, 2020). Bioactive compounds from sea 
and plants could be explored to find novel molecules to treat diseases. The focus 
must be on making available low-cost, readily available farmer-friendly diagnostics, 
eco-friendly therapeutics, common cost vaccines, etc. 

In India, there are basically two categories of farmers: Farmers with more 
extensive land holdings and farmers with small land holdings of less than 2 ha. 
This is again less in NE India where the average land holding is 0.54 ha. These 
farmers constitute 90% of the total farmers. Hence Research Organizations will have 
to develop technologies which should be feasible enough for upscaling and



downscaling as per the need. These farmers will also need assistance in a package of 
practice for input use efficiency, value and marketing channels, etc. 
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East India is a hot spot of biodiversity, but even then, the significant species 
cultured are the Indian Major carps and Chinese carps. Diversification is essential for 
sustainability in future aquaculture practices. Osteobrama belangeri is a high-
demand fish in Manipur, whose breeding and culture are practiced, but productivity 
enhancement can be taken up. Similarly, Ompak bimaculatus is preferred in Tripura 
and Assam. The of an economically viable and sustainable package of practice for 
the species in mono and polyculture systems is much more essential. There are a few 
cultivable species in the cold water region; Labeo dyocheilus, L. dero, 
Neolissocheilus hexagonolepis, etc. whose breeding, feed, culture practice need to 
be refined to introduce into the culture system. Bangana devdevi, a minor carp, has 
good potential as food fish. The composite culture of Bangana devdevi (locally 
known as Khabak in Manipur) and Osteobrama belangeri (Pengba) can be 
standardized in Manipur. 

Other minor endemic carps such as Semiplotus semiplotus for the state of 
Arunachal Pradesh, Assam and Sikkim have more significant potential. The breed-
ing and culture practice for the species can be taken up. Genetic selection of 
Neolissocheilus hexagonolepis, Ompak bimaculatus, Osteobrama belangeri and 
other minor carp species having demand and culture potential can be taken up. 

The disease component may be a part of the selection programme. Since the 
genetic characterization of chocolate mahseer populations has already been done, 
selection should be the next step. 

Integration with agriculture and horticulture is within reach of farmers as these 
traditional crops do not require much expertise, but the focus should be on the use of 
improved varieties. The same is with the rice cum paddy culture system, i.e. in 
Apatani (Arunachal) and Manipur where a rich resource such as water is available in 
plenty. The presently available fish stock for this purpose has lower productivity 
may be due to low genetic worth. 

Total fish production from hill states accounts for 1.5% of the total production. 
But there is tremendous potential for hill aquaculture. Rainbow trout, a high-value 
species whose current production is just 700 tonnes, can be increased to ten times 
through technological improvement, commercialization and popularization. 

Brackishwater aquaculture currently utilizes only 14% of the available resources, 
pointing out that it can significantly increase aquaculture production. Policymakers 
worldwide are of the consensus that in comparison to other sectors, growth 
originating in food production sectors can improve the livelihoods of small and 
marginal farmers. In this way, the Indian brackishwater aquaculture sector has 
tremendous potential and a prominent role to play with 857 million rural populations 
with access to brackishwater resources. Engaging them for the transition towards 
blue socio-economic growth, commonly called “Blue Growth”, is envisaged for 
2050 (ICAR-CIBA). 

India has enormous mariculture potential with 2.2 million sq. km of Exclusive 
Economic Zone (EEZ), 0.5 million sq. km of the continental shelf, 8129 km of 
coastline, and 1.2 million ha of brackishwater and 20 million ha for marine farming.



The country is still nascent in world marine and coastal fish production, with just 
about 3.08% contribution in 2018 (FAO 2020). 
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India needs to produce about 18 million tonnes of fish by 2030 as compared to 
14.1 million tonnes produced through capture and culture. The additional fish 
production has to come through aquaculture. As stated in the National Policy on 
Marine Fisheries, 2017 (NMF), an assessment of the exploited fish stocks in EEZ 
indicated overcapacity in the territorial waters and noted that further increase in 
capture fisheries has limited scope. Hence steps for the promotion and further 
development in the mariculture sector are the only options for meeting the fish 
demand in the coming years. This is attainable, as the projected mariculture produc-
tion based on the area available is four to eight million tonnes against the current 
output of fewer than 0.01 million tonnes. 

Aquaculture and conservation can go hand in hand, as in the case of endangered 
white sturgeon, which has been successfully conserved through aquaculture. Hence 
the development of region-specific aquaculture and conservation practices can 
benefit aquaculture diversification and play a crucial essential role in the conserva-
tion of that species. Hence Research should be targeted to focus on conservation 
through aquaculture. 

India has rich and diverse ichthyo-faunal biodiversity. The current genetic 
research in India is limited to only a few species. Hence capacity and infrastructure 
to undertake -scale genomic analysis is the need of the hour, focusing on compara-
tive genomics and phylogeny study. Traits are essential for launching any breeding 
programme. But traits are not easy to manifest in phenotyping as they change 
according to environmental conditions. Tagging the polymorphism at the gene 
level and using them to map the QTLs through marker-assisted selection (MAS) 
can be done. This will enable efficient and precision breeding for improved and 
desired traits. Through this, genetic progress in breeding could increase by more 
than 50%. 

Precision farming is another important aspect that needs to be focussed to 
optimize field-level requirements and management regarding farming practices, 
input requirements, environmental protection, and saving labour and energy to 
derive maximum outputs. Mechanizations and other work need to be further scaled 
up. Climate resilient Aquaculture technologies need to be popularized like Integrated 
Multitrophic Aquaculture (IMTA), Recirculating Aquaculture Systems (RAS), 
Raceways, Floating cages, Penculture, etc. Popularization of ICT-based innovative 
tools like sensors, automated solutions for water quality, feeders, aerators, etc. can be 
improvised and popularized for further improvement in the aquaculture sector. 

As the purchasing capacity of the domestic consumer is increasing each day, 
supply chains should be strengthened to cater to the need of the domestic consumer 
instead of relying heavily on global markets. This is particularly relevant to shrimp, 
prawns and other highly valued fishes. Supply chain systems to collect farm produce 
and deliver it to human consumption are in high demand. Developing domestic fish 
markets with these networks will be an excellent opportunity to generate employ-
ment and business.
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13.4 Conclusions 

Fish production in India has registered an annual growth rate of more than 7%. 
India’s total estimated fisheries potential is 22.31 million metric tonnes, out of which 
the marine fisheries potential is 5.31 million metric tonnes and inland fisheries 
potential is 17 million metric tonnes. It is also important to mention that 71% of 
marine fisheries potential and 58% of inland fisheries potential has been harnessed 
(2017–2018). The three Indian Major carps Labeo rohita, Catla catla and Cirrhinus 
mrigala, with a production of more than 1.8 million tonnes, contribute the significant 
chunk of production, followed by the Chinese carps: silver carp, grass carp and 
common carp (FAO 2003). Somewhere, in 2014 the culture fisheries surpassed 
capture fisheries globally as a source of seafood for human consumption (Tacon 
and Metian 2018). Fish production in the country has shown continuous and 
sustained increments since independence. Only after the Indian independence, has 
fisheries and agriculture, been recognized as an essential sector. There are lots that 
have been achieved, but there are several challenges that also need to be addressed 
like climate change, emergence of new aquatic diseases, fulfilling the feed require-
ment, establishment of value chains and domestic market linkages, development of 
motivated entrepreneurs. Besides there is also need for development of information 
and communication technology, precision farming in this field. The whole idea in 
developing this sector further will be sustainable development of fishers and fisheries 
for a better tomorrow in the form of economic growth, nutritional fulfilment with a 
healthy environment. 
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Abstract 

Jute, cotton and sugarcane are the principal commercial crops in India 
contributing. While India is the largest producer of jute and cotton; but is the 
second-largest producer of sugarcane in the world. Research on jute, cotton and 
sugarcane has long history of research in pre independence era, but more empha-
sis was given after post-independence period coinciding with the green revolution 
of India during 1960–1970s. There was a total shift from white jute (Corchorus 
capsularis) to tossa (C. olitorius) in jute; from the desi (G. herbaceum) to the 
American cotton (G. hirsutum) in cotton and hybrid varieties in sugarcane in this 
period due to high yield and better fibre quality in jute and cotton and higher sugar 
content and disease resistance in sugarcane. Major path-breaking achievements in 
jute consist of the introduction of resistance to premature flowering was a tossa 
jute, the development of microbial retting consortium “CRIJAF SONA” com-
prising pectinolytic bacteria and genome sequencing, while in cotton it was the 
development of the inter-specific and intraspecific hybrids and the Bt cotton 
hybrids and varieties. Interspecific hybridization through nobilization and 
improved methods of planting were major achievements in sugarcane. With 
technological advancement, jute productivity increased from 1.04 to 2.56 t/ha
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since independence to now. India could take the credit for developing the world’s 
first cotton hybrid (H-4) in 1970. In cotton, productivity which was stagnant at 
about 300 kg/ha prior to the introduction of Bt cotton, now jumped to more than 
500 kg/ha. Sugarcane yield also almost doubled from 3.21 to 7.65 t/ha during the 
corresponding period. There is huge scope in all three commercial crops like 
diversified use of jute and cotton and alternative source of energy like biofuel or 
bioenergy from jute and sugarcane. Proper exploration of the untapped potential 
of this group of crops can not only increase farmers’ income but also contribute to 
the environment and ecology of intensive cropping system.

332 G. Kar et al.

Keywords 

Commercial crops · Fibre crops · Bt cotton · Sugar crops · Breeding program · 
Cropping systems · Mechanization · Processing · Value addition · Breakthrough 
research 

14.1 Introduction 

Jute is the second most important natural fibre crop of India after cotton and the 
principal jute species cultivated are tossa (Corchorus olitorius), covering 94% area, 
and white jute (Corchorus capsularis) which is restricted to 6% area. India is also the 
largest producer of raw jute and jute products in the world. India with a production of 
2.1 million tonnes and Bangladesh with 1.6 million tonnes together contribute 93% 
share of global jute production. Presently, jute is cultivated in around 7.0 lakh ha 
with national average productivity of around 2.50 t/ha. The jute sector also supports 
the livelihood of around four million farm families, provides direct employment to 
3.7 lakh workers, and generates employment of ten million man-days/annum. 

Cotton plays a significant role in the Indian economy as the textile industry is 
based on cotton. India is now the largest producer of cotton and is one of the leading 
exporters of cotton yarn around the world. The Indian textile industry contributes 
around 5% to the country’s gross domestic product (GDP), 14% to industrial 
production, and 11% to total export earnings (Directorate General of Commercial 
Intelligence and Statistics). Cotton is cultivated on ~13.0 M ha area in the country 
producing ~37 million bales with a share of about 36–38% of the total global cotton 
acreage and a quarter of the World’s cotton production. 

Sugarcane (Saccharum officinarum L.) is the most important sugar-producing 
crop in the world contributing about 80% to total sugar production. It contributes 
about 0.69% to the national GDP of India and supports 7.5 million livelihoods of 
farm families and is the only source of raw material for all 533 sugar mills. The 
annual sugar production of the sugar industry is 30 million tonnes and India is the 
second-largest producer of sugarcane and sugar in the World after Brazil, 
contributing about 20 and 16.66% of total annual global sugarcane (1900 million 
tonnes) and sugar production (180 million tonnes).
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In this chapter, we have covered the domestication and production of jute, cotton 
and sugarcane in three different phases, (1) Pre-independence era, (2) Post-
independence era, (3) Green Revolution era and (4) Post-Green Revolution era. 

14.2 Pre-Independence Era 

14.2.1 Jute 

British East India Company, which first exported 100 tonnes jute consignment in 
1793, was the first jute trader, mainly during the start of the twentieth century to trade 
with Dundee’s Jute Industry in Scotland and enjoyed a monopoly in this trade. The 
modified power-driven flax spinner by Dundee spinners during the 1830s played 
important role in increasing the production and export of raw jute from India. The 
first jute mill was established at Rishra in 1855 on the River Hooghly near Calcutta 
and subsequently shifted to power-driven weaving machinery and continued for the 
next three decades. Coarse bags were the earliest goods woven of jute in Dundee and 
after experience gained finer fabrics called burlap, or hessian (in India) were 
produced. 

14.2.2 Cotton 

The varietal improvement programme in cotton started as early as 1904 and was 
further strengthened in 1923 with the constitution of the Indian Central Cotton 
Committee (ICCC). India produced nearly 5.9 million bales from an 8.1 million 
hectares area during1938–1939 (Fig. 14.1). The production received a setback from 
1945 to 1946 because of the greater focus given to food production during the 
Second World War (Agarwal 2007). Further setback to production was following the 
division of India during the partition of India and Pakistan. 

Fig. 14.1 Cotton production 
(million bales) in India during 
the pre-independence and at 
the time of partition following 
independence 
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14.2.3 Sugarcane 

The cultivation of sugarcane in India finds a mention in Vedic literature and is 
considered to be in vogue since 800–1000 BC. Initial varieties were low in sugar as 
well as juice because of their higher fibre content. For the development of high-
yielding and high-sugar varieties of sugarcane the ICAR—Sugarcane Breeding 
Institute, Coimbatore, was established as early as 1912. The imposition of tariffs 
on imported sugar in the year 1932 brought a major revolution to sugarcane 
cultivation which established India as one of the important sugar-producing 
countries and the area under the crop began to expand with an increasing trend. 
Consequently, a Central Sugarcane Committee was formed in the year 1944 under 
the ministry of agriculture to solve problems associated with sugarcane cultivation. 
Sugarcane research and development in eastern India comprising eastern UP, Bihar, 
Odisha, West Bengal and Assam holds a special significance as the region witnessed 
the very beginning of the modern sugar industry in the nation. The first ever modern 
sugar factory was established on the banks of the Hugli River in West Bengal in the 
early eighteenth century. The cultivation of sugarcane in its modern form in 
sub-tropical India emanates from the replacement of indigo cultivation with sugar-
cane farming during the famous ‘Champaran movement’ of Mahatma Gandhi. 

14.3 Independence and Post-Independence Era (1947–1967) 

14.3.1 Jute 

During the post-independence era, most of the jute-growing areas went to Pakistan 
(Now Bangladesh) and only 0.57 million ha areas remained in the country with 
merely a total production of 3.31 million bales (1 bale = 180 kg) and productivity of 
1.04 t/ha which was insufficient to cater the need of the jute industries in the country. 
Consequently, the increasing demand for jute fibre as raw material by the jute mills 
was satisfied mainly through an increase in the acreage of the crop (from 0.57 to 1.08 
million ha) and a relatively less increase in productivity (1.04–1.13 t/ha) till the 
1980s. Thereafter, the area of raw jute declined from 1.02 to 0.68 million ha though 
the productivity was more than double (2.54 t/ha). The trend in the area, production, 
and productivity of raw jute on a decadal basis is depicted in Table 14.1. 

Two very popular white jute varieties (JRC 212 and JRC 321) and one tossa jute 
variety JRO 632 with high yield and early maturity were developed through selec-
tion and released in 1954 for growing in low-lying areas. From 1961–1962, till 1968, 
India surpassed the production of 50 lakh bales mark (0.9 million tonnes) which was 
more than sufficient for the requirement of the mills. Although there was consider-
able fluctuation in productivity during this period, in the latter part (i.e., 1968) it 
touched nearly 1.4 t/ha.



Year
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Table 14.1 Area, production and yield of raw jute in India since 1950 

Area
(million ha)

Production
(million bales)

Yield 
(t/ha) 

1950–1951 0.57 3.31 1.04 

1960–1961 0.90 5.26 1.05 

1970–1971 1.08 6.19 1.03 

1980–1981 1.30 8.16 1.13 

1990–1991 1.02 9.23 1.63 

2000–2001 1.02 10.56 1.87 

2010–2011 0.77 10.00 2.33 

2019–2020a 0.68a 9.50a 2.53a 

Note: 1 bale = 180 kg 
Source: Directorate of Economics and Statistics, DAC, Govt. of India 
a First advance estimates; Source: DES, MoA & FW 

14.3.2 Cotton 

The partition in August 1947, affected the cotton industry severely because the bulk 
of the irrigated area (approx. 40% of the total area) under cotton was ceded to 
Pakistan. On the other hand, most of the cotton mills remained in India. Therefore, 
the production in India plummeted to 2.3 million bales in 1948 (Fig. 14.1). Most of 
the cotton produced was of short and medium staple fibre length. During the early 
part of the twentieth century, the country had to import huge quantities of cotton in 
the range of 0.8–0.9 million bales (1 bale = 170 kg lint) per annum (https://cotcorp. 
org.in/). However, with concerted efforts initiated by the Government under the 
aegis of the Indian Central Cotton Committee (ICCC), the area and production of 
cotton increased to 7.8 M ha and 5.3 million bales, respectively by 1966–1967 
(Barik and Gautam 2009). 

14.3.3 Sugarcane 

Sugarcane is an asexually propagated crop but for breeding, true seeds provide the 
basic material. The fertility of sugarcane seed was first reported in Barbados by 
J.W. Parris in 1858. Interspecific hybridization and sugarcane breeding work in India 
started in 1912 with the establishment of the Sugarcane Breeding Station at 
Coimbatore. Co 205 hybrid developed by crossing noble cane (Vellai) with 
S. spontaneum, was released in 1918. It became very successful in the major 
sugarcane-growing tract of subtropical north India. The introduction of POJ varieties 
in the breeding programme resulted in the development of many good sugarcane 
varieties like Co 213, Co 244, Co 312, and Co 313 which were very successful from 
1920 to 1940. For tropical India, another Java variety POJ 2878 was used as a parent 
for the development of wonder variety Co 419 with very good yield and sugar 
content (Nair 2011). The trend of area, production and yield in sugarcane during the 
last 70 years has been depicted in Fig. 14.2.

https://cotcorp.org.in/
https://cotcorp.org.in/
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Fig. 14.2 A trend of area, production and cane yield during the last 70 years 

Presently the main aim of sugarcane breeding is to develop varieties having high 
cane yield and sugar content accompanied by traits like resistance to red rot, wilt and 
smut diseases. Other significant attributes are resistance to abiotic stresses like 
waterlogging, soil salinity, and extreme high and low temperatures. Good ratooning 
ability is also a required characteristic for a variety to be released. 

14.4 Green Revolution (GR) Era 

14.4.1 Position of Jute, Cotton and Sugarcane in GR Era 

14.4.1.1 Jute 
As a result of stiff competition from cheaper synthetic fibre, export markets of jute 
goods started shrinking during the late sixties and early seventies which resulted in 
shrinkage of jute area and production. This ultimately reduced the area to 5 lakh ha 
and production of 29 lakh bales in 1969. All India Coordinated Research Project on 
Jute and Allied Fibres (AICRP on JAF) was established in 1967 with its headquar-
ters at JARI, Barrackpore, West Bengal. The AICRPJAF project was modified to the 
All India Network Project on Jute and Allied Fibres (AINPJAF) in the year 2004. 
Initially (1969–1970) AINPJAF started with five centres, which has presently 
expanded to nine (09) regular centres. The production of jute has remained stable 
in the range of 10–12 million bales during the last decade. Although an area under 
cultivation has witnessed a decline of 15.5%, the productivity has increased during 
the same period. 

14.4.1.2 Cotton 
After independence, cotton breeders concentrated their efforts on developing 
improved cotton varieties of the Upland cotton or ‘American’ cotton ‘tetraploids’ 
(2n = 52) to replace diploid desi cotton (2n = 26). Varietal improvement got 
momentum with the inception of the All India Coordinated Cotton Improvement



Project (AICCIP), at Coimbatore in April 1967. Indian cotton breeders utilized wild 
species of cotton as novel gene sources to introgress traits like fibre quality, and 
tolerance to biotic and abiotic stresses into cultivated species. Since the inception of 
AICCIP, more than 375 non-Bt cotton varieties and hybrids have been released so 
far in different states of India (Singh and Kairon 2001). This resulted in great 
improvements in production and productivity (Fig. 14.3). 
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During this period, cotton area increased from 48 lakh ha to 76 lakh ha with an 
annual growth rate of 0.89% per annum. But the yield showed a higher growth rate 
of 1.26% per annum due to which production increased to 45 lakh bales with an 
annual growth of 2.15% (Table 14.2). 

Within decades, there was a total shift from the desi to the American cotton 
(Table 14.3). By the end of the twentieth century, much more rapid changes were 
witnessed in the species composition. At the time of Independence, more than 97% 
of the area was under desi cotton. 

Fig. 14.3 Area production and productivity of cotton in India over the years 

Table 14.2 Compound growth rate (percent per annum) of cotton area, production and yield 
during different periods 

Period Area Production Yield 

Varietal era (1947–1970) 0.89 2.15 1.26 

Hybrid era (1970–2002) 0.43 3.73 3.28 

Bt-cotton era (2002–2020) 3.06 3.96 0.87 

2002–2010 4.45 10.24 5.54 

2010–2021 1.22 -0.12 -1.35
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Table 14.3 Change in cotton species composition in India 

% of total cotton area 

1947 1970 1980 1990 2000 2007 2020 

G. arboretum 65 30 20 30 17 4 ~2 

G. hirsutum 97  

G. herbaceum 32 17 14 12 11 5 Negligible 

G. barbadense 11 10 3 1 0.9 

100 100 100 100 100 100 100 

The area under desi cotton (G. herbaceum) is now restricted to the “Wagad” area 
in Gujarat. The Indian desi cotton lacked parameters like high strength and length, a 
high spinning ability which made the pressing need of growing the American cotton 
all over the country. 

During this period, two major changes in agronomy were noticed (1) line sowing 
replacing the broadcast method of sowing and (2) application of fertilizers. Gradu-
ally with increasing cases of pest incidence, there was an increase in the usage of 
pesticides. 

14.4.1.3 Sugarcane 
The breeding strategy was oriented towards inter-varietal crosses among popular and 
promising varieties. This helped in the identification and release of many promising 
varieties in the early 1950s and 1960s. Identification of distinct sugarcane cultivation 
zones has been done under AICRP on Sugarcane and varieties are identified and 
released for specific zones. Thus, the concept of in situ selection was introduced. In 
order to facilitate sugarcane breeding and selection in different parts of the country, a 
“National Hybridization Garden” for sugarcane was established by the Indian 
Council of Agricultural Research at SBI, Coimbatore in 1971 (Sinha et al. 2016) 
(Table 14.4). 

14.4.2 Biodiversity, Varietal Development and Breeding Programme 

14.4.2.1 Jute 
Sudan Green (SG), exotic germplasm from Sudan, Africa, having premature 
flowering resistance was identified and hybridized with JRO 632 and JRO 620 and 
pedigree selection, which resulted into varieties like JRO 524, JRO 7835 and JRO 
878. JRO 524 (Navin) replaced 90% capsularis jute rapidly due to its early maturity 
(120 days) and high yield (34–36 q fibre/ha). Like Sudan Green, Tanganyika-1, an 
exotic strain was utilized in the hybridization programme and JRO 8432 (Shakti) 
(IC 15901 × Tanganyika-1) was developed and released in 1999. In 2002, JRO 
128 (Surya) was released for quality fibre (fineness 2.7 tex) with a yield potential of 
35–4.0 t/ha. S 19 (Subala) was released in 2005 with a high yield (3.5–4.0 t/ha) and 
better-quality fibre (fineness 2.7 tex, strength 25.95 g/tex with less lignin content) 
along with fine fibre capsularis variety JRC 80, having potential for textile blending.
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Another variety, JRO 204 (Suren) was released in 2007 which outperformed both 
JRO 524 and JRO 8432 with a yield potential of 36–40 q fibre/ha. JBO 
1 (Sudhangshu), JRO-2407 (2.30 tex) and JROM-1 (2.57 tex) were found to have 
better fibre fineness. Capsularis variety JRC 532 was released which covered 90% of 
the capsularis area. CO 58 and JBO 1 were released in 2010 for late sown condition. 
JBC 5 (1.45 tex), JRCM 2 (1.25 tex) and olitorius variety JROM 1 (2.57 tex) were 
released in 2013, having better fibre fineness, and being more suitable for numerous 
textile and non-textile diversified applications. JRO 2407 (2.30 tex), JRC 9057 (1.31 
tex) and KJC 7 (1.30 tex) with better quality and suitable for lowland situations were 
released in 2016. An olitorius variety JROB 2, having high biomass-yielding 
potential (>60 t/ha) was released in 2021. 
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Table 14.4 Sugarcane growing agro-climatic zones of India 

Sl. 
no. 

Name of 
zone 

Subtropical 

1. North 
western 
zone 

Uttar Pradesh (western and central), 
Punjab, Haryana, and parts of 
Rajasthan 

Extreme moisture deficit during 
summer. Short elongation phase and 
less growth due to low winter 
temperature 

2. North 
central 
zone 

Eastern U.P., Bihar and West Bengal Flood results in inundated crops for 
long periods 

3. North 
eastern 
zone 

Assam and other northeastern states Sugarcane grown in patches and area 
under cultivation is very less 

Tropical 

4. East coast 
zone 

Coastal Odisha, Coastal Andhra 
Pradesh, Coastal Tamil Nadu 

Very high productivity, most 
suitable climatic conditions for 
sugarcane growth 

5. Peninsular 
zone 

Maharashtra, Gujarat, Karnataka, 
Kerala, Madhya Pradesh and parts of 
Andhra Pradesh and Tamil Nadu 

Longer duration. (Adsali crop of 
18 months), most favourable for 
sugar accumulation and long 
sun-shine hours, low temperature at 
night adds to high sugar recovery 

Source: Project coordinator (sugarcane), AICRP, Lucknow 

14.4.2.2 Cotton 
The world’s first cotton hybrid (H-4) was developed in 1970 by Dr. C T Patel and 
became popular and was cultivated on a large scale by farmers. The release of the 
first inter-specific hybrid Varalaxmi by the UAS, Dharwad followed. The success of 
these two hybrids resulted in the development of several hybrids by the different 
state agricultural universities and the prominent ones are listed in Table 14.5. 

The cotton area did not show a significant increase during this period. Cotton 
productivity during this period increased to 301 kg lint/ha from 101 kg/ha with an 
annual growth of 3.28% while production registered a growth of 3.73% per annum



Tetraploid cotton Diploid cotton

by increasing from 4.5 million bales in the previous period to 13.6 million bales by 
the end of this period (Table 14.2). 
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Table 14.5 Popular hybrids in India 

Name of 
State 

North Zone 

Punjab FHH 209, LHH 144 DDH 11, Moti, FMDH 
3, FMDH 8, FMDH 9 

Haryana Dhanlaxmi, Om shankar AAH 1, CICR 2, AAH 32 

Rajasthan Maru vikas RAJDH 9 

Central Zone 

Madhya 
Pradesh 

JKHy 1, JKHy 2, JKHY 11 – 

Gujarat H 4, H 6, H 8, H 10 DH 7, DH9, 

Maharashtra PKV Hy 2, NHH 44, NHH 250, Savithri, RHH 
195, NHH 302, CICR HH 1 

AKDH 7, AKDH 5, PhA 46 

South Zone 

Andhra 
Pradesh 

LAHH 1, LAHH 4, NHB 80, Bunny, Mallika – 

Telangana LAHH 1, LAHH 4, NHB 80, Bunny, Mallika – 

Karnataka Varalaxmi, DCH 32, DHB 105, DHH 
11, RAHH 455, Bunny, Mallika 

DDH 2 

Tamil Nadu Savita, TCHB 213, Surya, Shruthi, TSHH 0629, 
Suguna, Bunny, Mallika 

– 

14.4.2.3 Sugarcane 
Sugarcane is an asexually propagated crop for cultivation, however, for breeding 
purposes, true seeds provide the basic material. In general, six different approaches 
have been recognized as far as sugarcane breeding is concerned. This includes poly 
cross-breeding, nobilization breeding, wide crossing, close breeding, and 
inbreeding. The sugarcane varieties at present in commercial cultivation are the 
results of spectacular advances in breeding by interspecific hybridization and they 
continue to provide varietal improvement. 

Interspecific hybridization and sugarcane breeding work in India started in 1912 
with the establishment of the Sugarcane Breeding Station at Coimbatore. Barber 
crossed noble cane (Vellai)  with  S. spontaneum. The resulting F1 hybrid was named 
Co 205 and it was released in 1918. With the success of interspecific hybridization, 
tri-specific hybridization was tried using clones of Saretha, Kansar, etc. The intro-
duction of POJ varieties in the breeding programme resulted in the development of 
many good sugarcane varieties like Co 213, Co 244, Co 312, and Co 313 which were 
very successful from 1920 to 1940. For tropical India, another Java variety POJ 2878 
played an important role as a parent for the development of the wonderful variety Co 
419 with very good yield and sugar content.
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Presently the main aim of sugarcane breeding is to develop varieties having high 
cane yield and sugar content accompanied by traits like resistance to red rot, wilt, 
and smut diseases. Other significant attributes are resistance to abiotic stresses like 
waterlogging, soil salinity, and extreme high and low temperatures. Good ratooning 
ability is also a required characteristic for a variety to be released. 

14.5 Post-Green Revolution Era 

14.5.1 Biotechnological Approach 

14.5.1.1 Jute 
The development of molecular markers and genomics technologies during the 
twenty-first century has triggered the augmentation of these technologies in tradi-
tional plant breeding. Though a number of molecular markers, particularly SSRs 
have been developed in jute, the application of these technologies is limited due to 
several bottlenecks, such as delayed developments in marker and genomics 
technologies, low genetic diversity, incomplete genetic maps, low marker coverage 
in genetic maps, difficulty in trait-marker linkage establishment, low power of QTL 
detection and preponderance of dominance variation for the quantitative traits 
related to fibre yield and component characters. Despite these biological and devel-
opmental roadblocks, significant achievement has been made in marker discovery 
and genetic map construction. 

Genome size has been determined by various authors, e.g., C. capsularis and 
C. olitorius are � 280 Mb and � 324 Mb, respectively (Sarkar et al. 2011), 
C. capsularis ~ 274 Mb (Akashi et al. 2012); C. capsularis and C. olitorius ~ 336 Mb 
and 361 Mb (Zhang et al. 2021), respectively. In general, C. capsularis contains a 
smaller genome compared to C. olitorius. 

A preliminary genetic map of C. olitorius was developed by Das et al. (2012) and 
Topdar et al. (2013) using SSR markers but a map of C. capsularis was developed 
using RAPD, ISSR and SRAP markers (Chen et al. 2014). Subsequently, high-
density genetic map of C. olitorius and C. capsularis was developed (Kundu et al. 
2015; Tao et al. 2017). Yang et al. (2019) developed a C. olitorius map containing 
4839 SNP markers over a length of 1375.41 cM. A few QTLs for fibre yield and 
component characters have been mapped on these maps, such as QTLs for plant 
height, stem diameter, node number, fibre yield, wood yield, green biomass and root 
weight (Sarkar et al. 2016). Three fibre quality-associated traits, namely fibre 
strength, fibre fineness and histological fibre content were also mapped by Kundu 
et al. (2015). A total of 16 QTLs for salt tolerance were identified in C. olitorius 
(Yang et al. 2019). In addition, a number of mapping populations using multiple 
parents are being developed to reduce linkage drag. A multi-parent advanced 
generation inter-cross (MAGIC) population involving 20 parental lines of diverse 
geographical origin has been developed (Sarkar et al. 2016), which shows significant 
variability for fibre yield, plant height, base diameter and green biomass. While the 
genetic markers developed in jute have shown good potential for population



structure and diversity analyses, jute breeding is yet to gain the benefits of genomic 
selection approaches. 
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14.5.1.2 Cotton 
Cotton is the first genetically engineered crop that was approved for commercial 
cultivation in the country in 2002. The crop was genetically modified in order to 
overcome the problem of serious pest infestation, especially the American bollworm 
(Helicoverpa armigera). Of the six events which are being commercialized in India, 
only Mon531 and Mon15985 events that harbour full-length Cry toxin was able to 
capture the cotton seed market. Modified cry1Ac gene developed and used in India is 
a truncated version of Cry toxins having three domains of activated toxins. The 
transgenic developed with the truncated cry1Ac gene has resulted in 2–2.5 fold 
higher protein expression than Mon531 event containing full-length Cry toxin. It 
also posed 100% mortality to the American bollworm (Singh et al. 2016). However, 
work of exploring new Cry protein/toxins for the pink bollworm has not been 
exercised much in India. 

Domain swapping strategy is another recent expansion to transgenics develop-
ment, which has been used to generate Cry1AcF, wherein Domains I and II of 
Cry1Ac have been swapped with domain III of Cry1F. Cry1AcF efficacy has been 
validated through transgenic development in crops such as chickpea, castor, ground-
nut and pigeonpea against lepidopteran insects (Rathinam et al. 2019). Further, the 
deletion of few amino acids of N-terminal end of Cry2A with replacement and 
introduction of Lysine and Proline has shown increased toxicity up to 6.6-fold 
against three lepidopteron insect pests. Transgenic events of cotton generated by 
transformation of chimeric cry2AX1 gene, a synthetic codon optimized gene 
designed from cry2Aa and cry2Ac genes of Bacillus thuringiensis exhibited 
43.33–86.66% mortality of H. armigera (Dhivya et al. 2015, 2016). 

14.5.2 Multiple Stress-Tolerant Varieties 

14.5.2.1 Biotic Stress-Resistant Varieties 
Over 40 insect-pest species infect jute (~30% loss from stem rot diseases 
Macrophomina phaseolina). However, only a few of them are major insect-pests 
of jute, namely, yellow mite (Polyphagotersonemus latus), hairy caterpillar 
(Spilosoma obliqua), stem weevil (Apion corchori), indigo caterpillar (Spodoptera 
exiqua) and jute semilooper (Anomis sabulifera). Most of the resistance sources have 
come from the indigenous and exotic germplasm of jute. The cultivar ‘JRO-204’ 
exhibits moderate resistance to the yellow mite and stem rot. The pathogens are in 
soil-borne/seed borne/airborne and infect over 150 species. Despite many attempts, 
the genetics of resistance to stem rot is not well understood. Among, wild species C. 
aestuans, exhibits good resistance against hairy caterpillars and ‘WCIN-136-1’ 
(INGR21036) exhibits high resistance against stem rot. Interspecific hybridization 
between C. olitorius and C. aestuans has resulted in the development of advanced



breeding lines showing resistance to stem rot (Mandal et al. 2021). Another wild 
species, C. fascicularis has resistance against indigo caterpillars. 
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14.5.2.2 Abiotic Stress-Resistant Varieties 
Jute yields are seriously impacted by abiotic stresses (such as waterlogging, drought 
and salinity). Among two cultivated species, C. capsularis L. is a drought-sensitive 
species, and C. olitorius L. is a drought-tolerant species. The jute crop faces drought 
stress in the early growth phase and waterlogging stress during the later growth 
stage. Early flowering of jute specifically in C. olitorius jute is the abiotic stress-
induced trait. Low night temperatures, cloudy sky and short day length coupled with 
drought often induce early flowering in jute, which is detrimental to fibre quality. 
Early flowering of jute is always followed by stem bifurcation at the top and 
branching which impact fibre grade. Therefore, it is necessary to develop jute 
varieties that are tolerant to changing environmental conditions via molecular 
breeding strategies. Gene and QTL mapping involved in jute drought stress is not 
reported to date. Drought tolerance in jute plants is carried out mainly on the 
evaluation of drought-resistance germplasm and morphological, physiological, and 
biochemical changes during drought response and transcriptome sequencing (Yang 
et al. 2017; Kabir et al. 2021). 

14.6 Improved Management Practices 

14.6.1 Production Technologies 

14.6.1.1 Jute 

Cropping Systems 
The promising location-specific jute and allied fibre-based crop sequences for both 
rainfed and irrigated conditions have been identified which had certainly strength-
ened the stability of production systems. Under rainfed conditions some 
recommended jute-based crop sequences are—jute-lentil, jute-blackgram, jute-
toria for north and south Bengal; jute-blackgram-toria, jute-blackgram-wheat, jute-
toria, jute-rice-toria for Assam; jute-mustard-cowpea for Orissa, Bihar and Uttar 
Pradesh, respectively. Under irrigated conditions, the recommended sequences are 
jute-rice-potato, jute-rice-vegetables, and jute-rice-mustard for north and south 
Bengal; jute-rice-potato/wheat/pea for Assam; jute-rice-lentil, jute-rice-wheat for 
Bihar, Orissa and West Bengal, respectively (Mitra et al. 2006). 

Resource Use Efficiency 
Resource use efficiency in terms of land use efficiency (LUE), water use efficiency 
(WUE), energy use efficiency (EUE), production efficiency (PE) and economic 
efficiency (EE) were varied in different cropping systems under nutrient and crop 
residue management practices (Kumar et al. 2016). Jute-rice-baby corn-jute (leafy 
vegetable) cropping system recorded the highest system productivity (19.24 t/ha)



q

followed by jute-rice-garden pea (8.86 t/ha), water use efficiency (34.86 kg/m3 ), 
production efficiency (65.9 kg/ha/day), and economic efficiency (Rs. 724/ha/day) 
followed by jute-rice-garden pea recorded those parameters were (8.94 t/ha), 
27.01 kg/m3 , 30.31 kg/ha/day, and Rs.346/ha/day, respectively. Assuming jute 
fibre yields 3.0 t/ha and water consumed per ha of jute 5371 cum, to produce 1 kg 
jute fibre, about 1.98 cum or 1980 L water is used. 
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Intercropping 
Large-scale adoption of jute and green gram/mung intercropping (1:1) resulted in a 
higher total return from the intercropping system (27–33 q jute fibre and 5–6  
mung/ha) and also adds 2 ton/ha of pulse threshing waste (nitrogen 2.35%) which is 
the source of organic matter for improving soil health. Jute-green gram intercropping 
smothers dicot weeds and Cyperus rotundus by 54% reducing 95% sunlight light 
entry below the canopy and eliminating second weeding (30 man-days/ha) in jute 
crop (Ghorai et al. 2010). Suitable early jute varieties resistant to pre-mature 
flowering, short-duration green gram varieties (‘TMB -37’, ‘Virat’, ‘Pant mung 5’, 
maturity in 52–60 days, resistant to Mung bean Yellow Mosaic Virus) made this 
system successful. 

Integrated Nutrient Management (INM) 
The results of long-term fertilizer trials at ICAR-CRIJAF had revealed that fibre crop 
of jute on average, adds 3.80 t/ha of organic C along with an adequate amount of 
macro and micronutrients to the soil thereby, enriching the fertility status and 
reducing the requirement of the inorganic fertilizer of the cropping system, in the 
long run. The nutrient requirement of jute was estimated at 2.06–3.14 kg N, 
1.50–1.66 kg P2O5, 5.18–7.97 kg K2O, 4.70–4.99 kg CaO, 1.04–2.15 kg MgO, 
36.7–78.4 g Fe, 11.2–25.1 g Mn, 1.8–2.6 g Cu and 13.9–21.4 g Zn for each quintal 
of dry fibre production. The average removal of nutrients by a jute crop yielding 
20–25 q fibre/ha has been estimated at 84–111 kg N, 37–64 kg P2O5 and 177–197 kg 
K2O, 84–124 kg Ca, 25–29 kg Mg and 9–13 kg S/ha. Research have shown that the 
average requirement of N and K per quintal of fibre production is relatively lower for 
olitorius than for capsularis variety as olitorius is more efficient in utilizing nutrients 
from soil and fertilizer. 

Water Management 
Jute, commonly grown as a rainfed crop, requires about 500 mm of water for its 
growth and development but is also grown under irrigation on a small scale in some 
parts of Bihar, Uttar Pradesh and coastal Andhra Pradesh. Irrigation application has 
recorded an increase of 20.8% fibre yield of jute over no irrigation. With the onset 
and peak of the monsoon, excess rainfall may cause waterlogging in the soil. 
Olitorius jute cannot thrive in standing water. It is more drought-resistant and is 
therefore grown on lighter soils. Capsularis jute, on the contrary, can grow even in 
standing water, especially towards the later part of its growth. Studies indicate that 
the application of irrigations at 50% soil water availability at 60 cm soil depth is 
beneficial to the crop and involves three irrigations during the pre-monsoon season



for both capsularis and olitorius jute. The fibre yield was found to be the best when 
the available soil water regime was maintained at a 100–50% level. This required 
three irrigations and water use was 528 mm (rainfall received was 295 mm). 

14 Commercial Crops (Jute, Cotton and Sugarcane) 345

Conservation Agriculture (CA) 
Jute has a much higher CO2 absorption rate which is creating new avenues in the era 
of ecological concern. Jute can sequester a significant amount of carbon in its 
vegetative stage and reports confirm that 1 ha of jute plant can absorb about 15 tonnes 
of CO2 from the atmosphere and liberate about 11 MT of O2 in 120 days (IJSG 
2013). Field experiments conducted at ICAR-Central Research Institute for Jute and 
Allied Fibres, Kolkata, with zero tillage (ZT), zero tillage + residue (ZT + R) along 
with conventional tillage (CT) (control) under the most predominant cropping 
systems, i.e. jute–rice–wheat/lentil/mustard systems revealed that minimum soil 
disturbances coupled with residue retention optimized soil properties and provided 
better soil environment for plant growth. Soil organic carbon (SOC) was positively 
correlated with mean weight diameter (MWD) (0.83) and available N (0.68) but 
negatively correlated with BD (-0.74). Evaluation of soil quality index (SQI) 
showed better values in jute–rice–lentil (range 0.42–0.62) under zero tillage with 
residue (range 0.45–0.62) compared to other systems, depicting significant cumula-
tive effect of lentil crop along with zero tillage (ZT) and residue incorporation on soil 
quality. 

Mechanization 
Due to poor farm mechanization in inter-culture operations, fibre extraction and 
retting of jute, the cost of cultivation in raw jute is quite high. In 2007, ICAR-
CRIJAF developed two portable farm implements “CRIJAF Nail Weeder” and 
“CRIJAF Multi Row Seed Drill” to promote farm mechanization in jute agriculture. 
CRIJAF Herbicide Applicator was developed and commercialized in 2008. The 
development of the “CRIJAF Multi Row Seed Drill” and its improved type “Jute 
Seeder” had significantly contributed to replacing broadcasting by line-sowing to a 
large extent. Both the implements reduce seed rate by 50%, reduce labour require-
ment for manual weeding and thinning by 55–60 man-days/ha compared to broad-
casted jute (110–115 man-days/ha), and increase fibre yield by 15–20%. The 
low-cost and lightweight manual weeders “CRIJAF Nail Weeder” and “Single 
Wheel Jute Weeder” developed by ICAR-CRIJAF give effective control of the 
composite weed flora (80–85%) at the very early stage (5 days after emergence) in 
jute and other upland crops. 

Improved Retting 
ICAR-CRIJAF had made a landmark achievement of developing a microbial retting 
consortium “CRIJAF SONA” comprising three pectinolytic bacterial strains of 
B. pumilus (Bacillus pumilus IMAU80221; Bacillus pumilus GVC 11 and Bacillus 
pumilus SYBC-W) having xylanase activity without any cellulase activity which 
facilitates the jute retting process by reducing the retting time by 6–7 days than 
traditional retting (14–19 days), increases fibre productivity by 8–10% and



improving fibre quality, particularly in stagnant water retting by 1–2 grades with an 
additional net income of INR 12,000–15,000/ha over conventional retting. The use 
of “CRIJAF SONA” had also reduced the retting water requirement of jute by 75%. 
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Energy and Economics 
The energy consumption calculation showed that total energy consumption was 
10,904 MJ/ha in jute (Singh et al. 2018). The total cost of cultivation for 1-ha jute 
crop excluding land rent has been worked out during 2020–2021 to be INR 1.12 
lakh. With an average fibre yield of 28.5q the gross return is INR 1.56 lakh per ha 
with the sale price of jute fibre at INR 5100/q and jute stick at INR 200/q which 
results in net return of INR 4400 per ha. 

14.6.1.2 Cotton 

Conservation Tillage 
Deep ploughing followed by land levelling and planting was the common practice in 
the irrigated north as well as in the rainfed tracts of central India. With the develop-
ment of planters, farmers in north India began to adopt rotary tillage with relatively 
minimum soil disturbance and planting with cup-type seed drills. But better plant 
stand was obtained using inclined plate planters and facilitated timely planting on a 
large-scale opening with the possibility of high-density planting (Venugopalan et al. 
2013). 

Cropping Systems 
In north India, a single crop of long-duration cotton was the common practice. But 
with the development of the short-duration cultivars, it was transformed into a 
double-crop. Timely sowing of wheat after cotton became possible with irrigation 
facilities and conservation practices. In central India, strip cropping of cot-
ton + pigeonpea was the most common practice (Blaise et al. 2005). The adoption 
of high-density planting systems in the American and desi cotton varieties improved 
cotton productivity (Blaise et al. 2021a). 

Weed Control 
Until the hybrid era, farmers used animal power and manual weeding with traditional 
implements but significant changes in weed control methodology happened due to 
the availability of effective selective herbicides (Blaise 2011) and the use of high 
clearance tractors (Punjab and Haryana). In central and south India, bullock-operated 
blade hoes are still a popular method. Alternative methods such as the use of cover 
crops with allelopathic effects (Blaise et al. 2020), stale seed-bed technique, and use 
of mulch (Nalayini et al. 2009; Blaise et al. 2020) were also identified. 

Fertilizer Use 
Soil fertility depletion is now a major cause of concern for cotton farming. On 
average, fertilizer use was 93 kg/ha in 2000–2001 which increased to more than 
240 kg/ha in 2017–2018. Soil fertility issues became a growing concern for want of



application of organic manures and increasing micronutrient deficiencies (Srinivasa 
Rao et al. 2012). Bioconversion of cotton stalks into valuable bio-enriched compost 
at the on-farm level can bring down the dependency on inorganic fertilizers for 
sustainable cotton production apart from the safe disposal of cotton wastes thus 
protecting the environment (Velmourougane et al. 2022). Physical and biological 
soil health can be improved by integrating legumes into cotton-based cropping 
systems (Blaise et al. 2021b, c). 
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Irrigation 
Water application efficiencies are as low as 70% in surface-flood irrigation when 
compared to 90% with the pressurized irrigation system. Furthermore, fertigation 
through drip has now become popular and the farmers are invariably using the 
fertigation technique wherever the drip system is being operated. 

14.6.1.3 Sugarcane 

Germination 
Soaking of setts in water for 6 h before planting enhanced germination and also 
resulted in higher cane yield. Horizontal placement of setts is better than vertical 
placement and continuous laying of setts along the furrow requires about 40,000 
three-bud setts/ha ensuring optimum growth and yield. The adverse effect of low 
temperature on germination was also made to overcome using growth regulators like 
gibberalic acid, inter cropping and inoculation of sugarcane setts with 
Gluconacetobacter diazotrophicus. 

Seed-Cane, Planting and Tillering 
Sugarcane is asexually propagated through pieces of its stalk called setts. The use of 
stalk pieces with two or three buds instead of whole cane as planting material 
resulted in a higher yield in comparison with one bud or whole cane. To upgrade 
seed multiplication ratio of 1:10 with these three bud setts, Spaced Transplanting 
(STP) technique was devised and was found to be successful in increasing the seed 
multiplication ratio to 1:40. Inter-row spacing was found crucial in determining the 
number of millable cane and row spacing of 90, 75 and 60 cm for autumn, spring, 
and late planting of sugarcane was found better to ensure ample and early synchro-
nous tillering. Tillers in sugarcane are considered the base for the final commercial 
yield. The number of millable canes directly contributes to 40% of the yield followed 
by length (27%), girth (3%) and weight (30%) of the cane stalk in subtropics (Yadav 
1993). Row spacing using double, triple and paired row (staggering the rows at 70: 
20, 150:30 and 120:30 cm) were also studied for significant yield advantage. Wider 
planting (<120 cm row distance) is being advocated for mechanized cultivation, but 
for small farmers spacing up to 90 cm is optimum. The trench method of planting is 
better than the flat method of planting. Vertical Planting of sprouted three-bud setts 
in 45 cm deep and 20 cm wide trench gave 30 t/ha more cane yield than the flat 
method. The ring pit (90 cm diameter and 30 cm depth) method and its modification



(75 cm × 30 cm) of planting was another breakthrough to give 100% more yield as 
compared to the conventional flat planting. 
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Intercropping 
In the initial stage (130–135 days) of sugarcane growth, short-duration pulses, 
oilseeds, vegetables or cereals are advocated. In spring planted sugarcane; green 
gram, cowpea, black gram, soybean, dhaincha, and in the autumn-planted cane 
Gram, lentil, potato, and peas mustard are suitable for intercropping. In the spring, 
ratoon cane, guar and green gram can be intercropped while in the autumn ratoon, 
berseem, peas and gram are suitable. Sugarcane + green gram intercropping system 
recorded the highest cane and cane equivalent yields. An innovative wheat-
sugarcane intercropping system under Furrow Irrigated Raised Bed (FIRB) was 
developed for sandy loam and loamy soil, by sowing wheat in November on raised 
beds and sugarcane in the furrows in February, resulting in 35–40% more yield. 
Potato companion cropping with wheat after every four rows have also been 
suggested. Intercropping cowpea, green gram, and black gram in the spring crop 
during the early growth stage (60 days after planting) reduces harmful weed effects. 
Intercropping of high-density early bulking forage crops (Egyptian clover/Indian 
clover) was found to increase bud sprouting of stubbles. Intercropping potato with 
sugarcane ratoon crop has also been reported for a favourable increase in sprouting 
and thus the number of tillers and yield. 

Nutrient Management 
Sugarcane as a long-duration crop removes a substantial amount of essential 
nutrients from the soil. As nitrogen is more crucial for sugarcane tillering and 
yield, the blanket recommendation is 112–300 kg N/ha based on the soil, climate, 
and duration of the crop. Sugarcane roots absorb both the nitrate and ammonium 
ions alike and various fertilizer sources of nitrogen were found to have similar 
effects. Trash mulching is also reported for its importance in increasing N uptake 
and apparent recovery of N. Sugarcane is less responsive to phosphorus and potas-
sium application. Among macro and micronutrients, Sulphur (S) was reported 
critical, especially in coarse-textured low organic matter soils, and application of 
20–40 kg S/ha is recommended. Crop residues and sugar factory by-products were 
used and the application of sulphitation press mud along with Gluconacetobacter 
diazotrophicus was compared to that the recommended dose of fertilizer (150: 
60:60 kg/ha NPK) in a plant-ratoon system. The use of sugarcane trash (3.5 t/ha) 
as mulch, was found important in sequestrating carbon in the soil and hence 
balancing CO2 emission. A package of practices for organic sugarcane cultivation 
was perfected in the Institute as nutrient management for organic sugarcane cultiva-
tion under different crop rotations evinced profitable cane yield with sulphitation 
press mud or FYM at 20 t/ha. 

Water Management 
Sugarcane being a long-duration crop requires 20 ML of irrigation water/ha for its 
cultivation. Plants and ratoon differ in their efficiency to use water. The sugarcane



yield is higher when more water is made available to the crop during the tillering 
phase. Irrigation during the first, second and third orders of tillering ensured the 
highest cane yield. The furrow method of irrigation was found better in comparison 
to the flood method. Skipping of alternate furrows would save 36% of irrigation 
water and enhance water use efficiency by 64% along with improved yield. Sched-
uling irrigation using IW/CPE ratio is a better approach to realizing higher cane yield 
with limited use of water. Among current high wastewater-efficient ligation methods 
like sprinkler and drip reported, a yield of 158 t/ha using the drip method of 
irrigation. To combat waterlogging conditions, early planting, trench and raised 
bed method of planting, enhancing seed rate to compensate the tiller mortality, 
spray application of urea, propping with earthing up, etc. have proved efficient. 
Drought or moisture stress particularly during the initial stages causes a 30–70% loss 
in sugarcane yield. Soaking of setts in saturated limewater, application of FYM, 
foliar spray of KCl and urea (2.5% each during the stress period), trash mulching and 
pitplanting proved effective. 
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Ratoon Management 
Ratooning reduces cost and also ensures high sugar recovery at the beginning of the 
crushing season. In India sugarcane is ratooned at least once after the plant crop. 
Ratooning results in substantially reduced yield compared to that of plant crops. 
Application of K (66 kg/ha) along with irrigation water, 1 month before harvesting 
of sugarcane plant crop increased sprouting, number of millable canes, and cane 
yield of subsequent ratoon. Besides this, the application of CCC at 8 kg/ha and 
Ethrel at 500 ppm have been found useful for stubble sprouting. Agro-techniques for 
multi-ratooning viz., trash mulching, gap filling, phorate application (15 kg/ha), 
stubble shaving, and 20% extra seed in the plant crop enhanced ratoon yield to the 
tune of 34, 38, 43 and 77% over the control in the first, second, third and fourth 
ratoons, respectively. Inoculation of Trichoderma with trash mulch increased the 
cane yield by 12.8% over no trash removal and no Trichoderma application. Trash 
mulching and gap-filling contributed 21–28 and 10–29% increases in yield, respec-
tively. Ratoon Management Device (RMD) which involves earthing up from both 
sides of the cane stubbles leading to protection of subterranean buds from cold injury 
has been reported to enhance the survival and sprouting of ratoon buds by providing 
a congenial rhizospheric environment. 

14.6.2 Integrated Pest Management (IPM) 

14.6.2.1 Jute 
Climate change is affecting the weed infestation in jute and influencing the dynamics 
of crop–weed competition. The weed survey conducted in jute growing states 
revealed that during the last few years, several weeds like Trianthema sp., Portulaca 
sp., Portulaca microphylla, Euphorbia microphylla, Digera arvensis, Alternanthera 
sessilis has become invasive in jute causing considerable yield loss of the crop. Jute 
crop suffers from heavy weed infestation during the early stage of their growth,



which significantly reduces the fibre yield and increases cultivation cost. The 
magnitude of yield loss ranged between 52 and 55% in C. capsularis and 59–75% 
in C. olitorius (Sarkar et al. 2005). The growth of weeds in the jute field showed a 
sigmoidal pattern and maximum dry biomass weight of grassy weeds was observed 
at 87 days in C. olitorius and 112 days in C. capsularis jute (Sarkar and Bhattacharya 
2005). The critical period of crop-weed competition in jute was found to be between 
15 and 60 days after sowing (Gogoi and Kalita 1992). Manual weeding in jute is 
costly incurring around 35% of the total cost of cultivation (Saraswat 1980) and the 
energy requirement for weeding is quite high (543 MJ/ha) (Borkar et al. 1999). 
Maximum control of weeds was achieved with two manual weeding at 3 and 
5 weeks after sowing (Guha 1999) or with hoeing at 15 DAS and two hand weeding 
at 3 and 5 weeks after sowing(Prusty et al. 1988). Mixed cropping with Red 
amaranth (seeding at 10–30 kg/ha) resulted in 22–25% more weed suppression 
than two hand weedings (Ghorai 2007). Butachlor 50 EC or 5 g at 1–1.5 kg a.i./ha 
(rainfed or irrigation) or Pretilachlor 50 EC at 0.5–0.9 kg a.i./ha (45–48 h after 
sowing with irrigation) were found to be effective pre-emergence herbicide for weed 
control in jute. Post-emergence spray of quizalofop ethyl 5% EC (40–50 g a.i./ 
ha) + adjuvant at 1 mL/L of water at 15–21 days after emergence (DAE) controlled 
the grassy weeds very effectively (Ghorai et al. 2004). 
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Similarly, pest and disease incidence are getting significantly influenced by a 
change in climate, viz. elevated temperature, high humidity and erratic rainfall and 
also with changes in input use patterns (Satpathy et al. 2016). Lepidopteran insects 
including semi looper (Anomis sabulifera Guenee) and hairy caterpillar (Spilarctia 
obliqua Walker), are the major ones resulting 20–48.5% fibre losses in jute. In the 
last decade, the indigo caterpillar (Spodoptera exigua Hubner.) has become an 
important pest in jute. The reports of gram pod borer (Helicoverpa armigera), 
bacterial leaf spot, little leaf and bunchy top in jute also indicate the emergence of 
new pests and diseases in jute with changing climatic conditions. Stem rot caused by 
Macrophomina phaseolina is the major disease in jute and spread of the disease is 
increasing with increased rainfall and humidity particularly in the jute growing areas 
suffering from impeded drainage condition. 

14.6.2.2 Cotton 
In the pre-Bt era, bollworms (spotted bollworm—Earias vitella and E. insulana; 
pink bollworm—Pectinophora gossypiella) were the main constraints in the cotton 
crop. After the introduction of Bt cotton, sucking pests like aphids, leafhoppers, 
thrips and whiteflies (virus vectors causing leaf curl) became a threat. The most 
important strategies are the growing of tolerant Bt hybrids, timely sowing, and 
avoiding crop extension. However, reports on resistance breakdown to cry toxins 
in pink bollworm and its recent outbreaks in the last decade have resulted in serious 
loss to cotton growers in India. 

The Bollgard II (BGII) hybrids offered effective control against the American 
cotton bollworm and the spotted bollworm (Kranthi et al. 2005). Pink bollworm has 
now evolved resistance to Cry1Ac + Cry2Ab in BGII (Kranthi 2015). A spray of any 
synthetic pyrethroid such as cypermethrin, fenvalerate or organophosphates such as



quinalphos or profenophos, is now recommended for controlling the pink bollworm 
whenever the economic threshold level (ETL) level is exceeded. Excessive use of 
insecticides for the control of sucking pests and bollworms has led to a situation 
where some minor pests are being reported to emerge as important pests (Blaise and 
Kranthi 2019). 
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14.6.2.3 Sugarcane 
The extent of loss to cane yield due to weeds varies from 10% to total failure 
depending on the composition and diversity of weed flora. Manual hoeing performed 
at 30, 60 and 90 days after planting suppressed the weed population and dry matter 
accumulation most effectively and resulted in the highest number of millable canes 
and cane yield. Pre-emergence spray of sulfentrazone at 720 g/ha has been found 
effective in controlling C. rotundus. Pre-emergence application of atrazine at 2 kg/ha 
followed by 2,4-D spray at 1.0 kg/ha 60 days after planting is found to be most 
effective in controlling the weeds below the economic threshold level. For integrated 
weed management (IWM), the best treatment for controlling weeds in sugarcane was 
atrazine (2.0 kg/ha) applied immediately after planting + manual hoeing 45 days 
after planting. Periodical hoeing (30, 60, 90 DAP) or hoeing with herbicides gives 
the best weed control and thereby increases cane and sugar yields. 

Sugarcane is vulnerable to several insects-pests and diseases and these problems 
are more serious in sub-tropics. The major sugarcane insect-pests are moths, borers, 
scales, white-grubs, termites, white-flies, black bugs and mealy bugs. The mechani-
cal (removal of egg masses or adults, and their destruction and rogueing of infested 
plants), cultural (light earthing-up, avoiding late planting, de-trashing of cane stalks) 
and biological methods, as well as the use of resistant varieties, are some of the 
means of controlling pests. Pesticide formulations of chlorinated hydrocarbons, 
organo-phosphates and carbamates have effectively been used in reducing damage 
to the crop caused by a variety of insect-pests. But the moths, borers and scale insect 
have defied chemical control. Red rot, smut, rust (fungi), grassy-shoot disease 
(mycoplasma), and ratoon-stunting disease (bacteria) are the important diseases of 
sugarcane, transmitted through seed-cuttings (seed cane). They are, to a great extent, 
responsible for lowering cane yield, its quality or both. The raising of seed nurseries 
from heat-treated canes offers the best scope for eliminating primary disease infec-
tion of ratoon stunting and grassy shoot diseases. 

14.6.3 Drivers Affecting Productivity 

14.6.3.1 Jute 
The major factor affecting the productivity of jute and allied fibres are: (1) Improved 
high-yielding variety, (2) Effective weed management technology, (3) Mechaniza-
tion of intercultural operations, (4) IPM and INP protocols and (5) Efficient 
harvesting and retting technology.
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14.6.3.2 Cotton 
The ‘telephone method’ used to lend support to the branches by farmers using 
telephone wires and shift from the broadcast method of sowing to the square or 
rectangular method recorded. In the irrigated regions, a shift in the planting on the 
furrow irrigated raised bed system became popular and was gradually replacing the 
flatbed method. Hybrids were found to be more responsive to fertilizer application 
and the adoption of phosphate and potash fertilizers was popularised (Kairon and 
Venugopalan 1999). With the decontrol of fertilizers, the phosphate and potash 
fertilizers increased resulting in an imbalanced fertilizer supply, lopsided in favour 
of nitrogenous fertilizers. The shift in the cotton species from the desi to the 
American cotton; gradually lead to an increase in productivity and ultimately 
production. 

14.6.3.3 Sugarcane 
Ratoon Management Device (RMD) which involves earthing up from both sides of 
the cane stubbles leading to protection of subterranean buds from cold injury have 
reported to enhance the survival and sprouting of ratoon buds by providing a 
congenial rhizospheric environment. 

14.6.4 Value Addition 

14.6.4.1 Jute 
Apart from traditional uses of hessian and sacks, jute has tremendous potential for 
diversified uses like paper pulp, biofuel, jute as a leafy vegetable, blended textiles 
and technical textiles. 

Paper Pulp: Jute can serve as an excellent alternate natural source for paper pulp. 
The average biomass production of C. capsularis and C. olitorius ranges between 
48 and 55 t/ha. ICAR-CRIJAF has developed a tossa jute variety ‘JROB-2’ for this 
purpose. 

Biofuel: At present, only 5.5–6% of the green biomass of jute is extracted as 
commercial fibre, the remaining huge amount of biomass (55–60 t/ha) can be 
successfully converted to bioenergy, particularly to biofuel due to less lignin content 
(Satya and Maiti 2013). 

Vegetable Crop: Traditionally consumed as a vegetable in India and South East 
Asia for their nutritional values, jute leaves contain a high amount of antioxidants. 

Technical Textile and Composites: Jute fibre is being used for many “technical 
textiles” like Agrotech, Buildtech, Clothtec, Geotec, etc. which are extensively used 
for manufacturing of soil savers, wall hangings, soft luggage fabrics, etc. Fibre 
composite is an important area where jute fibre is used in combination with synthetic 
or other natural fibres. Some of the commercial uses of these composites are false 
ceilings, panels, doors, automobile interiors and many other innovative products.
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14.6.4.2 Cotton 
Coloured Cotton: Naturally coloured cotton has a history of more than 5000 years in 
India. The colour of the natural cotton fibre varies widely from dark tan, brown, 
khaki, grey and green. The coloured cotton fibres are not suitable for machine 
spinning due to their short-staple and low strength, thus their future dwindled in 
comparison with the white cotton. Moreover, the neglect of the coloured cotton 
stocks owing to the shrink in demand, remained the poor yielders. However, the 
short supply of chemical dyes during the Second World War spurred the interest in 
naturally coloured cotton (Kranthi 2016). Gradually, India reinitiated the efforts to 
explore the potential of cultivating the coloured cotton. These efforts resulted in the 
development of improved varieties with three basic colours in naturally coloured 
cotton brown, grey and green in G. arboreum and G. hirsutum background. Some of 
the recent naturally coloured varieties of G. hirsutum are; MSH-53 (Vaidehi 95) 
Dark brown, JCC 1 (KC 94–2)- Bright Almond brown coloured cotton, NDLH 
1, HC 2, DDB 12: Dharwad dark brown, DMB 225-Dharwad Medium Brown and 
DGC 78 Dharwad green, whereas AC 2 Brown, DDCC 1-Brown and DGC 78 Green 
lint belonged to G. arboreum. 

Surgical Cotton: It is a specialty product that is used for medical purposes. The 
best cotton cultivars are those that have very short fibre lengths and high absorbency 
with low wax content (Blaise et al. 2021a, 2022). At present, the combernoil waste 
that remains in the textile and ginning industry is commonly used because of its low 
price. Further, the linters (small fibres attached to the seed) that remain after ginning 
had high-end uses such as the making currency notes and high-quality paper. 

The cottonseed that is left after the seed cotton is ginned has multiple uses such as 
(1) extraction of vegetable oil (Prasad and Blaise 2020); (2) cotton seed meal left 
after oil extraction is used as animal feed and (3) protein-rich cotton seed can be used 
as a protein supplement just like the soybean. 

14.6.4.3 Sugarcane 
Sugarcane, a C4 photosynthetic large stature perennial grass, has one of the most 
efficient photosynthetic mechanisms among commercial crops since it allows it to fix 
almost 2–3% of radiant solar energy and transforms it into chemical energy that is 
usable as a food and fuel source. The high photosynthetic capability also allows it to 
show a high coefficient of CO2 fixation, comparable to the moderate climate zone 
woods thus contributing to the decrease of the greenhouse effect. A hectare of 
sugarcane produces about 100 tonnes of green matter every year, which is more 
than twice the agricultural yield of most other commercial crops. A crop of 
100 tonnes leaves around 60–65 tonnes of dry matter (8–10 tonnes of trash (dry 
leaves) in the field), while after extraction of sucrose, nearly 50–60 tonnes of bagasse 
is generated in sugar factory zones. This dry matter when burned has the potential of 
producing 4000 kcal/kg (7200 Btu/lbs). The total dry matter content thus has a fuel 
equivalent of about 10–20 tonnes of oil and efficient use of the energy potential of 
sugar cane can result in approximately 1 tonne of oil equivalent for every tonne of 
sugar produced. Bagasse is generally used as a raw material for heat energy to run 
the sugar mills and also for co-generating electricity, whereas trash except for its use



as mulch is yet to be exploited for its fuel potential. As a metabolic energy carrier for 
animal feeding, each cultivated hectare delivers 75,000 million calories each year, 
equivalent to more than eight times the yield of other fodder (60–120 kWh of electric 
power per tonne of cane). 
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From cane harvest and processing, it is possible to obtain more than eight 
products and by-products, which are potential raw materials for the extractive, 
chemical, biochemical and fuel industries, leading to the production of more than 
50 commercial products. Practically all products and by-products obtained from 
sugar cane have the potential to serve as substrates for liquid or solid-state fermen-
tation processes and via the usage of the available second- and third-generation 
technologies, a significant number of production processes and products could be 
developed. Sugar cane thus has a significant advantage as a renewable raw material, 
in the production of basic chemicals, with a yield not equalled by any other plant. 
Since the energy-delivering capacity of sugarcane is equivalent to five times that 
used by the crop, the energy produced by cane plants and variations among different 
varieties or germplasm make it an extremely important renewable and sustainable 
energy bio-resource. All the above factors taken together and the possibilities offered 
by further genetic improvement turns sugar cane into an ideal energy crop for the 
next century. Along with annual sugar production of 35 million tonnes the sugar 
industry produces 333 crore litres of ethanol used for blending with petrol to run the 
automobiles. Using sugarcane bagasse as fuel the industry also generates 8000 MW 
of electricity of which 6500 MW is supplied to the grid as surplus. Considering the 
targeted 20% ethanol blending of petrol by 2030 AD under enhanced emphasis on 
the utilization of renewable sources of energy and its ever-increasing demand, there 
exists vast scope for transformation of sugarcane into energy cane. 

Export-Import of Jute, Cotton and Sugarcane 
The export of jute goods fetches a significant amount of foreign exchange and the 
total export of jute goods had increased from INR 2092 crores INR in 2010–2011 to 
INR 2427.6 crore INR in 2019–2020 (Source: IJMA, Directorate General of Com-
mercial Intelligence and Statistics, Kolkata). India has exported 46.05 lakh bales 
(0.85 million metric tons) of cotton valued INR 6123 crores during 2018–2019 
(DGCIS, Kolkata). Exports of sugar in 2020–2021 stood at seven million tonnes and 
5.96 million tonnes in 2019–2020 respectively. India’s sugar exports increased to 
$4.6 billion (about INR 35,000 crore) in 2021–2022 from $1.17 billion (about Rs 
9000 crore) in 2013–2014. 

14.6.5 Breakthrough Research 

14.6.5.1 Jute 

Early Flowering Resistance 
Introduction of resistance to premature flowering was a path-breaking achievement 
in tossa jute. Although tossa jute had higher productivity, it did not fit well into the



cropping system as farmers had to sow the crop almost 1 month later than white jute. 
Still, during the 1970s the area under jute cultivation was dominated by capsularis 
varieties (capsularis: olitorius = 75: 25). ‘Sudan Green’ (SG), exotic germplasm 
from Sudan, Africa, having premature flowering resistance was identified and 
hybridized with ‘JRO-632’ and ‘JRO-620’ followed by pedigree selection, which 
resulted into varieties like ‘JRO-524’, ‘JRO-7835’ and ‘JRO-878’ during the 1970s 
at ICAR-CRIJAF, Barrackpore. Among these ‘JRO-524’ (Navin), began to replace 
capsularis varieties rapidly. Being released in 1977, it became popular among 
farmers during the early 1990s, and still maintains dominance. 
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Genomics 
ICAR-CRIJAF has recently measured and reported that two Corchorus species’ 
genome sizes are about 300% smaller than that of their reported estimates and for 
C. capsularis and C. olitorius are�280 Mb and�324 Mb, respectively (Sarkar et al. 
2011). Scientists from ICAR- CRIJAF in collaboration with ICAR-National 
Research Centre on Plant Biotechnology (NRCPB) successfully accomplished 
whole genome sequencing of C. olitorious cv. ‘JRO-524’ (Navin) with a draft 
genome size of 377.3 Mbp. 

Microbial Retting Consortium 
ICAR-CRIJAF had made a landmark achievement of developing a microbial retting 
consortium “CRIJAF SONA” comprising of three pectinolytic bacterial strains of 
B. pumilus (Bacillus pumilus IMAU80221; Bacillus pumilus GVC 11 and Bacillus 
pumilus SYBC-W) having xylanase activity without any cellulase activity which 
facilitates the jute retting process by reducing the retting time by 6–7 days than 
traditional retting (14–19 days), increases fibre productivity by 8–10% and improv-
ing fibre quality, particularly in stagnant water retting by 1–2 grades with an 
additional net income of INR 12,000–15,000/ha over conventional retting. 

14.6.5.2 Cotton 
First among the technological changes that swept cotton farming over the past 
20 years was the development of the Bt cotton hybrids. Improved agronomic 
management practices such as high-density planting, water management, new selec-
tive herbicides and insecticides, and partial mechanization, brought in major changes 
in production technologies. 

Bt Cotton 
Genetically modified cotton, popularly known as ‘Bt cotton’ in India was first 
developed by US multinational company Monsanto in 1996 and later by several 
companies including JK Seeds, Metahelix in our country (Table 14.6). 

The adoption of Bt cotton in 2002 brought about drastic changes in cotton 
cultivation in the country. Bt cotton has replaced the area under varieties of desi 
and upland cotton and also non-Bt hybrids. The area under Bt hybrids increased to an 
extent of 94% in 2020 (Fig. 14.4).
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Table 14.6 Transgenic cotton events approved for commercial cultivation in India 

S. no. Event Developer Year of approval Name of the gene 

1 MON 531 Mahyco/monsanto 2002 Cry 1 Ac 

2 MON 15985 Mahyco/monsanto 2006 Cry 1 Ac + cry2AB 

3 Event-1 JK agri genetics 2006 Cry 1Ac 

4 GFM event Nath seeds 2006 Cry 1Ab + cry1Ac 

5 BNLA 
106 Dharwad event 

ICAR-CICR, UAS, 
Dharwad 

2008 Cry1ac 

6 Event 9124 Metahelix 2009 Cry 1 C 

Source: Karihaloo and Kumar (2009) 
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Fig. 14.4 Area under non-Bt cotton and Bt cotton hybrids after the introduction of Bt cotton 
in 2002 

To date more than 2000 Bt cotton hybrids containing various approved events 
have been approved for commercial cultivation in India. Twelve Bt cotton varieties 
containing Cry 1Ac gene have been released commercially for cultivation in India by 
the public sector institutions (Table 14.7). 

The lint yield per hectare which was stagnant at about 300 kg/ha prior to the 
introduction of Bt cotton, jumped to 472 kg in the year 2005–2006 and reached 
566 kg/ha in 2013–2014 (Fig. 14.4). The growth of the cotton area, production and 
productivity was spectacular during this period, especially the first half of this 
period. Cotton production reached 39.8 million bales in 2013–2014. Similarly, the 
cotton area reached 12.8 M ha during 2014–2015. However, after 2013–2014, the 
lint yield is stagnant at around 500 kg lint/ha. Further, the Bt hybrids were found to 
be susceptible to most of the sucking pests. Consequently, there is an interest in desi 
varieties having superior fibre quality and high yield potential. Probably, this may 
prove as the turning point for the stronger comeback of desi varieties. However, with 
the Bt hybrids ruling the roost, the species composition is totally lopsided with more 
than 97% area under the American cotton and the rest under the Extra Long Staple 
and desi cotton. This has created a short fall in the short-staple category of cotton.
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Table 14.7 List of Bt cotton varieties released for commercial cultivation in India 

S. no. Name of the Bt variety Developer Year Zone/state Condition 

1. ICAR-CICR Bt 6 (RS2013) ICAR-CICR 2017 Haryana Irrigated 

2. ICAR-CICR Bt 14 (CPT2) ICAR-CICR 2017 Maharashtra Rainfed 

3. ICAR-CICR Bt 9 (SRI1) ICAR-CICR 2017 Maharashtra Rainfed 

4. ICAR-CICR GJHV 374 Bt ICAR-CICR 2017 Maharashtra Rainfed 

5. ICAR-CICR PKV 081 Bt ICAR-CICR 2017 Maharashtra Rainfed 

6. ICAR-CICR Rajat Bt ICAR-CICR 2017 Maharashtra Rainfed 

7. ICAR-CICR Suraj Bt ICAR-CICR 2017 Maharashtra Rainfed 

8. ICAR-CICR 16 Bt ICAR-CICR 2020 Central zone Irrigated 

9. ICAR-CICR 23 Bt ICAR-CICR 2020 South zone Rainfed 

10. ICAR-CICR 21 Bt ICAR-CICR 2021 Central zone Rainfed 

11. ICAR-CICR 25 Bt ICAR-CICR 2021 South zone Rainfed 

12. PAU Bt 3 PAU 2020 North Irrigated 

Source: Singh et al. (2021) 

14.6.5.3 Sugarcane 
Interspecific hybridization through mobilization and improved method of planting 
(trench method of planting) to be better over the flat method of planting. A new 
method of planting, IISR 8626 was found superior over others. Vertical Planting of 
sprouted 3 bud setts in a 45 cm deep and 20 cm wide trench gave 30 t/ha more cane 
yield than the flat method. The ring pit method of planting was another breakthrough 
in the list of planting methods. This planting method produced cane with 0.1 unit 
higher pol percent than flat planting mainly due to uniformly grown mother shoots at 
harvest. The system has also been reported to give 100% more yield as compared to 
the conventional flat planting in the subtropics. 

14.6.6 Future Strategies 

14.6.6.1 Jute and Allied Fibre Crops 
The challenges in scientific development are very complex and diverse for jute and 
allied fibre crops. The narrow genetic base of cultivated jute and allied fibre crops, 
less harvest index, high cost of cultivation, unavailability of low-cost mechanization, 
lack of simple and economical retting technology and vulnerability to biotic and 
abiotic stresses are the major constraints for jute farmers. Development of varieties 
and plant types for multiple stresses and diversified use are the challenges that need 
to be addressed. However, there are tremendous opportunities that may be exploited 
through advanced scientific concepts, and trained manpower with adequate infra-
structural backup.

• Improvement of jute and allied fibre crops to suit the changing environment/ 
requirement.

• Value addition for diversified use and increasing profitability.
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• Application of biotechnology/genetic engineering tools for improvement of jute 
and allied fibre crops.

• Controlling increased incidence of diseases and pests in jute and allied fibre crops.
• Integrated weed control measures in jute and allied fibres.
• Mechanization of jute and allied fibre crops cultivation in view of shortageof 

labour and cost-effectiveness.
• Retting of jute and allied fibres with low volume of water and/or with waste water.
• Effective dissemination of jute and allied fibre production technologies. 

14.6.6.2 Cotton 
The National Gene Bank of the Central Institute for Cotton Research, Nagpur has 
more than 50 genetic stocks of coloured cotton which were indigenously collected or 
were imported from Mexico, Egypt, Peru, Israel, the Soviet and USA. The future of 
naturally coloured cotton is vibrant as it is a pollution-free, eco-friendly, energy-
efficient, cost-effective, nontoxic, novel viable textile material that in the near future 
has the potential to be explored for a wide range of colours with different shades, 
uniformity and stability. Presently, the country has approximately one-third share in 
the global cotton area and one-fourth in cotton production. A stable and good price is 
one major reason for the increase in the cotton area. During the past few years, cotton 
is commanding remunerative prices in the market. Further, a favourable Minimum 
Support Price and effective procurement policy encouraged farmers to prefer cotton 
to other crops which was evidenced by the increase in cotton area. During the last 
two seasons (2019–2020 and 2020–2021), though there was COVID-19 pandemic, 
cotton farmers were able to market their products due to the MSP operations by the 
Cotton Corporation of India (Mayee et al. 2020). During the current season 
(2021–2022) cotton prices touched a new height of INR 10,000/quintal. There is 
an apprehension that the cotton area further increases by 15–20% during the next 
season. 

14.6.6.3 Sugarcane
• Precision application technology of all inputs for enhancing resource use effi-

ciency in sugarcane agriculture.
• Techniques for high-density shoot management during the initial stages of crop 

growth to promote healthy tillers are needed.
• Concerted efforts to reduce excessive tiller mortality during the grand growth 

phase are desirable.
• The yield gap in ratoon is still a concern; hence research on rhizosphere modula-

tion and population management is required.
• Studies on the effects of climate change on sugarcane productivity and adaptation 

strategies are requisite.
• Green House Gas (GHG) emission quantification and balancing under the sugar-

cane system is the need of the hour.
• Addressing labour scarcity through viable mechanization and befitting agronomy 

needs to be devised.



14 Commercial Crops (Jute, Cotton and Sugarcane) 359

14.7 Conclusions 

Jute occupies a unique position in the national economy in terms of its contribution 
to employment (about five million) in agriculture and industry. It is a natural bast 
fibre-yielding crop with considerable commercial, environmental and socio-
economic importance having diversified end-users and is mostly grown in tropical 
and south-east Asian countries. India is the major producer of jute goods in the 
world, contributing about 60% of global production. Compared to the Fifties, 
productivity has been enhanced by almost 3 times which is presently 2.68 t/ha. 
Although the area under jute is declining or constant (~8 lakh ha) since the nineties, 
the production is stable over decades due to improved varieties and a package of 
practices. Apart from traditional uses such as hessian and sacking, various value-
added diversified products opened up the export market which gained to earn more 
than INR 2500 crores per annum. The demand for natural geo-textiles is increasing 
day-by-day. The jute sector needs radical changes in many other aspects beyond the 
traditional use of fibre, i.e. pharmaceutical, nutraceutical, diversified commercial 
uses and exploiting the environmental benefit as an effective carbon sequester in the 
backdrop of climate change and environmental stresses created by the industrializa-
tion and urbanization. 

Cotton is the most important fibre crop and sustains the livelihood of more than 
6 million farm households and contributes to more than a fourth of the global 
production. The introduction of the Upland cotton varieties into the country resulted 
in a significant increase in production in the late 1960s and early 1970s. The major 
breakthrough occurred when the world’s first hybrid was developed in 1970 that lead 
to other major changes in the production technology such as square planting, 
telephone method, etc. and consequently yield levels of 300 kg lint/ha were 
achieved. The development of the Bt hybrids and its approval for commercial 
cultivation in 2002 brought about nearly a doubling in the yield as well as a 
significant decrease in the usage of pesticides. Cotton is a multipurpose crop, 
(1) which caters to the oil pool in the country and is presently the third major 
vegetable oil after rapeseed/mustard and soybean, (2) is important in surgical cotton 
manufacture, (3) cotton seed meal can be used as an animal feed and (4) in the 
making of currency notes and high-quality paper. Major changes are needed to meet 
future requirements in light of climate change such as the development of short-
duration compact varieties that are amenable to machine harvest. 

Sugarcane is the most important sweetener-producing crop and is grown world-
wide under tropical and sub-tropical climatic conditions. Besides sugar, it is used as 
raw material for the production of jaggery (gur), khandsari, bio-ethanol and various 
other distillery products. Indian farmers grow sugarcane as a cash crop which grows 
well in medium to deep soils with adequate irrigation and drainage. Cultivars 
developed in India as inter-specific hybrids by crossing S. officinarum with 
S. barberi and S. spontaneum respond positively to agronomic management and 
high input levels. Besides sugar, the crop holds great scope as an ‘energy crop’ by 
providing raw material for electricity and bio-fuel generation that entails the further 
expansion of the area under the crop and the need for the development of varieties



with suitable production and protection technologies for its altered utilization. The 
increasing cost of production and growing scarcity of labour makes the mechaniza-
tion driven sugarcane cultivation an immediate necessity. 
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Abstract 

The green revolution which was particularly the interplay of high-yield varieties, 
irrigation facilities, high inputs of fertilizers, energy, etc. especially in wheat and 
rice crops had led to a dramatic increase in food grain production in the country. 
India achieves self-sufficiency in total food grain production. That was no doubt 
warranted as the condition in the country was precarious before the green 
revolution and also just after independence, with lots of imports from the western 
world. However, agricultural intensification over the years added to the degrada-
tion of our fragile ecosystems. Loss of fertility of the soil, soil alkalinity, acidity, 
salinization, water logging, erosion, water pollution, air pollution, heavy metal 
loading in agricultural fields, a decline in the water table, micronutrient defi-
ciency, incidence of diseases, climate change, etc. is few of the challenges which 
the present day agriculture is facing in the aftermaths of the green revolution. 
Fertilizers and pesticides have been used indiscriminately which led to the 
pollution of soil, air and water. Even indigenous cultivars are slowly being lost 
in tandem with mono-cropping systems. Several resource conservation tools and 
innovative resource conservation management strategies have been developed 
that may serve very beneficial in terms of improving soil fertility, and grain
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production and also taking care of environmental concerns. It is high time that we 
should adopt and promote those strategies among the farmers and other 
stakeholders to have a win-win situation under the present scenario.
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15.1 Introduction 

India stands second globally, for having the largest agricultural land, covering 
20 agro-ecological regions and (159.7 M ha) of arable land. Rural households’ 
dependency on agriculture is around 60%. In order to examine and report the 
situation of Indian agriculture and its rural economy, the Royal Commission of 
Agriculture was set up in 1926. The Commission made elaborate recommendations 
for the improvement of Indian agriculture and in 1928, submitted its report. It 
evaluated agriculture in erstwhile British India encompassing Pakistan, Myanmar 
and Bangladesh. The country was having (91.85 M ha) of a net sown area with a 
151 million of cattle population. The cereals and pulses were cultivated in about 75% 
of the area. Fruits and vegetables occupy around 2.5% of the area and non-food 
crops and oil seeds cover 20% (Report of Committee on Doubling Farmers’ Income 
2018). Agricultural production increased from 50 to 308 Mt during the last seven 
decades. After the partition of Myanmar in 1937 accompanied by Indian indepen-
dence, India became food deficient and the situation was very precarious, with the 
import of food from western countries and thus rises in food prices along with the 
increasing population. It was indeed difficult to feed the mammoth population. 

Post-colonial period was associated with a higher level of agricultural production 
than during colonial period. The agricultural output increased by 2.7% annually 
between 1949–1950 and 1973–1974. This figure was marginally higher than the 
population growth rate during that time. However, in the first half of the century, the 
agricultural growth rate was just 0.8% per annum (Bhalla 1979; Dantwala 1986). 
Among the total food grain production, the contribution of rice was nearly 50% 
which has declined by 0.09% annually, while the increase in population was 0.67% 
annually. Between 1911 and 1941, the decline in per capita food grain availability 
was 26% (Dantwala 1979). 

Prior to green revolution the major crops grown were millet, rice, sorghum, 
wheat, maize and barley (Hall 1964; USDA 1963), and production of millet and 
rice were even higher than maize, wheat and barley production combined. Mean-
while, millet production has gone down and the commonly consumed and known 
crops in every household soon became fodder crops in a few decades following the 
green revolution. Further, we have nearly lost 1 lakh indigenous varieties of rice after 
the 1970s which took thousands of years to evolve and the traditionally grown rice 
varieties which were consumed before the green revolution shortly become nonex-
istent (The Hindu 2012). The loss of traditional varieties was mainly owed to the 
adoption of subsidized high-yielding varieties and due emphasis on monoculture.
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Fig. 15.1 Fertilizer consumption post-green revolution period (Source: DoF and DAC & FW 2017) 

With an increase in the production of food grains, fertilizer consumption also 
increased over the years and mainly consumption of nitrogenous fertilizers escalated 
during post nutrient-based subsidy scheme in 2010 that led to skewed consumption 
of fertilizers (Fig. 15.1). The number of essential nutrients also got deficient in our 
soils with time, starting from N in the 1950s to nine nutrients (N, P, K, B, S, Zn, Cu, 
Mn and Fe) in 2005–2006. Widespread deficiency of micronutrients not alone but 
multiple nutrient deficiencies led to a risk of deficiency in humans as well due to the 
intricately linked food chain. Approximately, 20 Mt of three major nutrients are 
removed by growing crops annually (Tandon 1992), but the subsequent addition of 
nutrients through both inorganic and organic fertilizers falls short of this harvest. 
Further, as per an estimate, the gap that exists among removal and additions of 
nutrients is around 8–10 Mt of N, P2O5 and K2O every year for the last 5 decades 
(Tandon 2004). 

In the early 1960s, the severity was due mainly to a shortage of food grain and 
low productivity so there was a risk of famine. However, in present times, we are 
struggling for attaining sustainability, concerns with green issues, climate 
change, etc. 

15.1.1 Pre-independence and Independence Era 

Research on soils and soil properties started in India way back in 1806 during the 
British colonial period by Buchanan, who coined the term ‘Laterite’ (a local termi-
nology resembling brick making) for the red-coloured and honey-combed like 
structure in earth surface lying in Malabar coast of India. Much later, in the year 
1892, J.W. Leather started the research on soil science and is often popularly known 
as the ‘Father of Indian Soil Science and Agricultural Chemistry’. He initiated 
research in the field of soil science at Pusa (Bihar), which was later transformed 
into Rajendra Agricultural University in 1970. With Dr. Leather’s effort, the first 
long-term manure experiment for studying soil productivity was started in India;



firstly, in Kanpur (Uttar Pradesh) in 1885; thereafter at Pusa (Bihar) in 1905, and 
Coimbatore (Tamil Nadu) in 1908 following the Rothamsted model. Dr. Leather 
also demarcated four major groups of soils in India: Alluvial soils (across the Indo-
Gangetic plain), black cotton soils (Deccan plateau) and red and lateritic soils 
(Peninsular and eastern India) (Abrol and Nambiar 1997). 
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With the establishment of the Royal commission (1929), the scenario of manage-
ment and productivity of Indian soils changed and it helped to make subsequent 
efforts to improve the fertility levels of different soils in India. The commission 
reported that red and black soils were deficient in nitrogen, phosphorus and humus, 
but potash and lime were sufficient. 

In India, soil research in the 1930s focused mainly on soil colloids and led to the 
concept of determining the role of Al3+ in the availability of nutrients and mainly 
phosphates. The physical chemists got involved in studying soil colloids’ relation-
ship to soil fertility. During this time, soil fertility research was initiated by using 
organic manures and fertilizers. Much emphasis was given to the use of manure, 
composting, and green manure and composting by Bangalore method was also 
developed during that phase (Randhawa 1979). Three permanent manorial trials 
were initiated at Jalandhar (1934), Shahajanpur (1935) and Padegaon (1939) in the 
subsequent years. 

After World War II, the insufficiency of food grains was a major challenge and 
during that time FAO (Food and Agricultural Organization) was established consid-
ering the urgency. Indian agriculture was at a bad phase when we got Independence. 
India had just passed through the major Bengal famine (during 1942–1943) and was 
struggling with dangerously very low per capita food availability of 417 grams per 
day during 1946. Priority to agriculture was thus realized at that time and reflected in 
various agricultural transformations, like land reform, irrigation facilities, production 
of major inputs, particularly seeds and fertilizers emphasized and greater support for 
research and extension was given (Swaminathan 2006). 

Across the diverse agro-climatic zones of the country, Indian agriculture was 
predominantly dependent on the monsoon. Due to the lack of adequate artificial 
irrigation, rainfall represented the most determinant factor in tropical agriculture. 
From the published literature of the pre-independence and independence era, it can 
be found that India’s farming was backward and most of the farmers were resource-
poor. Most of the farmers practised subsistence farming and cultivated crops with 
limited land and financial capacity. Lack of technical knowledge and financial ability 
restricted the farmers from using costly agricultural inputs and relevant agricultural 
machinery. Soil fertility was maintained by most of the farmers either by fallowing 
the fields regularly or through the application of refuse from household and animal 
sources as manures (Saha 2013). 

International Rice Research Institute, Philippines and Rockfellar foundation 
surveyed Indian soil types during this era and concluded that improvement of soil 
management is essentially required to bridge the yield gap of major cereals like rice, 
wheat and maize. Both teams recommended that appropriate fertilizer application for 
the particular soil type is required. Based on this recommendation, the Indian 
government signed an agreement with the US government that allowed the export



of fertilizers. That was the time when the very first project started in India, which 
leads to the initiation of the largest fertilizer demonstration program in the world to 
popularize the usefulness of commercial fertilizers and farmers were supplied with 
free fertilizers. Indian scientists were also involved in the collection of fertilizer use 
statistics data under various soil and climatic conditions in India. Extensive research 
by researchers on soil fertility and fertilizers during 1954–1956 was undertaken and 
emphasized to conduct national-level soil surveys and prepare soil maps. Twenty-
four soil-testing service centres throughout India were also opened during that phase, 
with the purpose to get soil samples from farmers for testing and giving specific 
recommendations regarding the type and dose of fertilizers to be used by the farmers 
on different crops. 
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Proceedings of the eleventh meeting of the crops and soils wing of the board of 
agriculture and animal husbandry in India give us an idea about various soil research 
conducted before and during the 1950s. The use of radio-active isotopes in soil 
science had already started. The utility of both organic manures and chemical 
fertilizers was realized for the improvement of soil fertility and crop productivity. 
Recommendations were made for importing and subsidizing chemical fertilizer. The 
importance of rapid soil testing for evaluating soil fertility status was realized. 
Experimentation on the reclamation of saline and alkaline soils with various soil 
amendments was initiated. The use of shelter belts and wind breaks for controlling 
soil erosion was emphasized. Ghosh and Dutta (1960) initiated preliminary studies 
on soil fungi isolation from five localities of Cuttack and Orissa. Nitrogen fixation by 
blue-green algae in Indian rice was exhaustively studied by De (1939). Regur soils or 
black cotton soils of India were characterized and studied by Simonson (1954). Clay 
mineral identification of the black and red soil of Hyderabad was done by 
Nagelschmidt et al. (1940) and it was concluded that both the soils are derived 
from the same or very similar parent rock, a coarsely crystalline granite or gneiss. 
Most of the fertilizer experiments mainly focused on the response of nitrogenous and 
phosphatic fertilizers (Abichandani 1959). By that time, the yield response from 
nitrogenous fertilizer was found overwhelming and the need for phosphatic fertilizer 
was also realized at some localities; however, the response from potassic fertilizer 
was not much encouraging. 

The fertilizer association of India (FAI) was established in 1955 the goal to 
promote the best use of balanced fertilizers for enhancing production and productiv-
ity, and ensuring the availability of adequate domestic supply of fertilizers with a 
liaison to industry. The FAI maintained a connection with different state 
governments, government of India, and other relevant research bodies and played 
a prominent role in serving Indian agriculture. 

15.1.2 Post-green Revolution Era 

The pre-green revolution period is roughly considered from 1949–1950 and 
1964–1965, and the post-green revolution period from 1967–1968 and 
1977–1978. Pre-green revolution era of agriculture production was dependent on



area expansion. But for achieving self-sufficiency in food grain production, a new 
agricultural revolution known as the “green revolution” started during the 
mid-1960s. High-yielding varieties, chemical fertilizers, pesticides, improved mech-
anization and irrigation brought about the much-aspired green revolution that 
brought a significant shift in Indian agriculture. But several criticisms of the green 
revolution at different forums and reports had happened, mostly by 
environmentalists and critics of globalization. The intensification of agriculture 
caused massive environmental concerns, viz. desertification, soil degradation in 
terms of salinity, alkalinity, sodicity, erosion, waterlogging, heavy metal pollution, 
a decline in the water table, eutrophication, etc. that became evident in the 1980s. 
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The green revolution is also partially blamed for deteriorating soil health. Soil 
health is an attribute of chemical, physical and biological processes constantly 
declining and is often cited as one of the prime reasons for stagnating or declining 
crop yields and low input use efficiency. Imbalanced fertilization caused the multi-
nutrient deficiency. The abuse of nitrogenous fertilizers, in part, contributed by 
government policies in fertilizer pricing and subsidization, and indiscriminate use 
of pesticides has caused major problems of pollution in rural India. Intensification of 
crop production, especially cereals, has eroded agricultural biodiversity not only of 
plants but also animals, insects and soil bacteria. Faulty irrigation also resulted in soil 
salinity and alkalinity. 

During past decades, interest in soil fertility improvement and its maintenance 
had increased visibly due to mounting pressures on our natural resources. Increasing 
population, conversion of arable land into non-agricultural use, and land degradation 
coupled with climate change had saddened the situation. The challenge is very big 
for India which supports 18% of the population globally on 2.4% of the land 
resource, because per capita land availability is continuously decreasing from 
0.34 ha (1951–1952) to 0.12 ha (2018). Further, the total food grain production 
which was 50 (Mt) in 1950–1951 had increased to 308 Mt during 2020–2021. The 
fertilizer use intensity had jumped from mere 70,000 tonnes during 1950–1951 to 
133.44 kg ha-1 during 2019–2020. Similarly, the net area that is under irrigation 
increased from 21 M ha (1951–1952) to 68.4 M ha (2019–2020). 

15.2 Dwindling Resource Base in Post-green Revolution Era 

The green revolution of the mid-1960s no doubt brought about the country’s food 
security and transformed the image of our nation from ship-to-mouth to self-
sufficiency and further to food exporting nation. However, misuse of agricultural 
technologies and the greed for obtaining more led to what we called second-
generation problems in the aftermath of the green revolution. The dwindling natural 
resource base had challenged the long-term sustainability of agriculture. The major 
effects in the recent past on soil health concerning different aspects is as follows:
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15.2.1 Soil Organic Matter 

The soil organic matter (SOM) stands as the focal point of soil health management. 
As SOM is the source of all the essential nutrients, a storehouse of microorganisms 
and captures carbon, thus improving the health of soils. Thus the restoration of soil 
organic carbon (SOC) is very crucial in tropical soils. SOC is a sensitive indicator 
that alters due to the impact of land use change, biomass alteration, global warming, 
pollution, deforestation, etc. From terrestrial ecosystems to the atmosphere, transfer 
of 1–2 Pg  C  yr-1 takes place due to land use change of which only the decomposi-
tion of SOC contributed 15–17% of carbon to this (Houghton and Hackler 1994). It 
is estimated that Indian soils have a total SOC pool of 21 Pg to 30 cm depth and 
about 63 Pg to 150 cm depth, respectively. The SOC pool contributes 2.2% of the 
world pool in 1 m depth and 2.6% to 2 m depth in Indian soils (Lal 2004). But the 
soils mainly of arid and semi-arid regions extended mostly to central and southern 
Indian states need immediate attention. The level of carbon is continuously declining 
in our soils. Proper management of soils is crucial for maintaining and or increasing 
the soil’s carbon content. The SOC and SIC have an inverse relationship with depth. 
The role of SIC is immense in dry climates for controlling soil carbon dynamics 
(Bhattacharyya et al. 2000). The climatic adversity plays important role in low 
rainfall and high-temperature regions for accumulation of carbon as carbonates in 
soils, which drastically reduce the water infiltration, increase the soil pH, sodicity, 
etc. that in turn hampers the successful establishment of crops. Thus, SOM manage-
ment through appropriate technological interventions and practices is the need of 
the hour. 

15.2.2 Soil Degradation 

Prior to the green revolution, the increase in food grain production was achieved 
through the expansion of the cultivated area. But after the green revolution, in order 
to achieve food grain sufficiency, the introduction of high-yielding varieties, use of 
chemicals and fertilizers, irrigation, improvement in farm implementation, etc. were 
done. India has succeeded in attaining food sufficiency, but in the aftermath, it 
created problems related to desertification, salinization, alkalization, water logging, 
deforestation, increase in the ground water table, etc. By the 1980s, these environ-
mental problems became quite crucial and increasingly becoming prominent through 
time (Kumar and Pasricha 1999; Singh 1997). Around 147 M ha of land is suffering 
from some or other kind of degradation in India. Inappropriate agricultural practices 
led to widespread land degradation problems in the country, which hampers directly 
the food, nutritional and livelihood security of the farmers, especially small 
landholders. Erosion is the main contributor towards soil erosion either through 
water or wind that results in loss of top soil or often leads to water logging that 
creates soil salinization. The most severe form of erosion is water erosion which 
results in topsoil loss or terrain deformation. Based on soil loss data, (Dhruvanarayan 
and Ram 1983) in their first approximation, computed that annual total soil loss



occurs @ 5.3 billion tonnes throughout the country which leads to mean soil erosion 
of 16.4 t ha-1 yr-1 . Of the total soil erosion, 61% got transferred from one place to 
another, 29% of the eroded soil was lost permanently to the sea and the rest 10% was 
deposited in reservoirs. The water-borne soil erosion leads to annual crop loss of 
cereals (13.4 Mt), pulses and oilseeds equal to 162 billion US $ (Sharda et al. 2010). 
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Thus, in order to combat land degradation, work on innovative soil and water 
conservation technologies should be adopted. Emphasis on watershed-based devel-
opment, reclamation of problem soils, vegetative barriers to arrest soil loss, grass-
land and agroforestry development and promotion, etc. should be needed. 

15.2.3 Micronutrients 

The nutrient deficiency in soil reflects in the nutrient content of crops, which in turn 
affects the deficiency in humans and animals. Due to excessive use of high-analysis 
fertilizers, neglect of micronutrient application, exhaustive cropping systems, high-
yielding varieties, little use of organic manures, and advancement in technological 
interventions for analysis, not only single but multiple micronutrients got deficient in 
our soils. The study undertaken by the All India Coordinated Research Project on 
Micro and Secondary Nutrients and Pollutant Elements in Soils and Plants showed 
that in 615 districts of 28 states, it was observed that widespread and variable 
deficiency of sulphur and micronutrients observed in soils of different states. More 
than 50% of soils in 86, 101, and 131 districts were found to be deficient in 
available B, S, and Zn out of 615 studied districts. More than 25% of soils in 
41, 83, and 5 districts face deficiencies of available Mn, Fe, and Cu (Shukla et al. 
2021a). The deficiency of micronutrients became a restriction to the stability, 
productivity, and sustainability of soils (Bell and Dell 2008). At both regional and 
global levels, the micronutrient deficiency affects more than two billion people 
(De-Regil et al. 2013; FAO 2015; Bailey et al. 2015). Meanwhile, the availability 
of the micronutrients in soils and their plant uptake depends upon several factors, 
such as soil pH, the content of organic matter, soil type, clay fractions, chelation, 
rhizosphere environment, external application, micronutrient efficient genotypes, 
root activity, etc. Thus, the fluctuation of micronutrients in the soil is a global 
phenomenon. Continuous application of high-analysis fertilizers in mono-cropping 
systems led to over-exploitation of micronutrients. Thus utmost care should be given 
to improving the micronutrient status of soils, which otherwise improves the nutri-
tion of the human and animal continuum. 

15.2.4 Low Nutrient and Water Use Efficiency 

During 2018–2019, the total consumption of NPK fertilizer was 27.23 Mt which is 
likely to touch 48.0 Mt by 2050. Continuous soil fertility decline, low factor 
productivity, very less nutrient use efficiency (NUE), and poor environmental 
quality is a matter of serious concern that is creating obstacles to attaining



sustainability in Indian agriculture. The use efficiency of nutrients is low in the soils 
of India. It varies from 30–50% relative to nitrogen (N), 15–20% for phosphorus 
(P) and 60–70% for potassium (K), 8–10% for sulphur (S) and 1–2% in case of 
micronutrients. The N that is not utilized by plants goes easily for polluting the 
ground water by way of leaching, to nearby rivers, volatilization, denitrification, etc. 
A considerable amount of P and K also got lost due to fixation, or loss due to erosion. 
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Water and nutrients are two very important resources for plants and animals that 
are needed for proper function and wellbeing. As per an estimate, around 83% of 
total freshwater is consumed in agriculture followed by 12% in the industrial sector 
and 5% in domestic use. Although the share of the latter two sectors is likely to shoot 
in near future owing to an increase in demand, population, economic growth, 
urbanization, income, etc. Fossil fuels are fast declining in the world, thus the prices 
of fertilizers are expected to increase in the future. Therefore, instead of increasing 
the production of fertilizers, the focus should be on increasing their use efficiency. 
With time, the consumption of fertilizers mainly the primary one had increased 
exponentially, but the use efficiency of nutrients was remarkably low due to their 
various losses on application or conversion to or cycling to some recalcitrant pools in 
the soil. It was estimated that if not properly managed 70–80% of N addition may be 
lost from rain-fed agro-ecosystems and 60–70% from irrigated agro-ecosystems 
(Roberts 2008; Ladha et al. 2005). The use efficiency of N in Indian conditions is 
day by day declining as depicted in Table 15.1. The decline in per capita water 
availability, water quality deterioration, and others, will surely affect the water 
resources to be used sustainably that make it quite difficult for attaining the target 
of 345 Mt of food grain production by 2030 and 494 Mt by 2050. However, this can 
be achieved by improving crop productivity under irrigated conditions from the 
current 2.3 t ha-1 to 4.0 t ha-1 and in the rainfed area from 1.0 t ha-1 to 1.5 t ha-1 

(Rattan et al. 2014). This can only be achieved provided water use efficiency (WUE) 
and NUE are enhanced. Unregulated irrigation practices lead to the loss of about 
70% of applied water as runoff, leaching, and other avoidable losses that in turn 
increase the cost and drastically reduces the WUE and NUE. Thus, these losses need 
to be checked and if possible avoided (Thompson 2012). 

Table 15.1 Nitrogen use efficiency and its time trend in different countries 

Country Year Nitrogen use efficiency (kg grain kg-1 N) Change (%) 

USA 1980 42 – 

2000 57 +36 

UK 1981–1985 26 – 

2001–2002 4 +23 

Japan 1985 57 – 

2001 75 +32 

India 1970 60 – 

2004 20 -60 

Source: Patil (2009)
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15.2.5 Biodiversity Loss 

In relation to crops, India is one of the 12 mega-diversity centres of the globe. Before 
the green revolution in 1960s, India harbours more than 100,000 rice varieties 
(Prasad 2016), comprising a stunning diversity w.r.t. nutrition, taste, pest and disease 
resistance, and adaptability to a range of conditions in the age of climate change. The 
quest for the adoption of high-yield varieties (HYVs) and hybrids led to a loss of 
much of the needed biodiversity. The genetic bases of HYVs were very narrow and 
the farmers were left with no other options rather to sown one type of seed every 
year. All this resulted in a loss of several thousand of indigenous species that were 
grown locally and the systems in agriculture that have evolved owing to the basis of 
the accumulated wealth of knowledge over centuries (Vandana 1993). The native 
oilseed crops like mustard, sesame, etc. and the pulse crops like moong, tur, etc. were 
not cultivated further in large areas as was done earlier. The traditional grown and 
consumed crops like millets and other coarse grains were very well adapted to grow 
in arid and semi-arid regions with minimum water requirements. However, farmers 
were obliged to move to only rice and wheat owing to the unavailability of high-
yielding seeds of millets (Srivastava et al. 2020). The old system that considers 
farmers mere recipients of the technology not as a participant-led to increased 
dependency on relatively few plant varieties. Further, increased industrialization 
and similar trend become the key players of what we called “genetic erosion”. 

15.2.6 Heavy Metal Pollution 

The persistent use of agrochemicals together with waste water for irrigation purposes 
resulted in soil quality deterioration due mainly to heavy metal accumulation which 
is non-degradable and thus persists for longer periods. The metal contamination of 
soils not only negatively impacted the growth and yield of plants but also leads to 
food chain bioaccumulation and hampers the soil’s biological activity. Due to the 
direct consumption of food crops grown on contaminated soils, heavy metal soil 
pollution becomes a great concern for human health (Ling et al. 2007; McLaughlin 
et al. 2000). Agricultural activities also lead to the potential level of toxic metal 
addition in soil and different activities from irrigation through waste water in peri-
urban areas to fertilizer and pesticides application causes heavy metal load 
(Table 15.2). 

Continuous application of large quantities of inorganic fertilizers leads to heavy 
metal accumulation in intensively cultivated agricultural soils (Khan et al. 2008) and 
thus alters soil health. For example, phosphatic fertilizers add cadmium, mercury, 
arsenic, lead, and other potentially toxic elements to the soil that are considered to be 
carcinogenic (Pierzynski et al. 2000). Nearly 20% of the pesticide spray goes waste 
as runoff in the soil that either leaches down and pollutes the ground water or surface 
water or vaporizes along with the soil water (McLaughlin et al. 2000). The applica-
tion of waste water for irrigation on long term basis often leads to heavy metal 
accumulation in soils. Singh et al. (2010) assessed the impact of heavy metals like



Element Manures Pesticides

Cd, Pb, Ni Cu, Zn, and Cr on human health through the consumption of vegetables 
and cereals grown locally and observed that the level of Pb, Cd, and Ni 
concentrations were quite higher than the permissible limits of WHO/FAO standards 
in all the studied crops. Such sort of heavy metal load leads to soil health degradation 
and contaminates the vegetables grown on that soil through the food chain (Rattan 
et al. 2002). Solid sludge application for improving soil fertility and the use of 
sewage water for irrigation has become a common phenomenon in majority of the 
developing countries (Hashimoto et al. 2009). 
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Table 15.2 Heavy metal contamination of soils due to agricultural sources (mg kg-1 ) 

Nitrogenous
fertilizers

Phosphate
fertilizers

Sewage 
sludge 

Arsenic 2–120 2–1200 3–150 22–60 2–26 

Copper 1–15 1–300 2–60 12–50 50–3300 

Chromium 3–19 66–245 5.2–55 – 20–40,600 

Cadmium 0.05–8.5 0.1–170 0.3–0.8 – 2–1500 

Nickel 7–38 7–38 7.8–30 – 16–5300 

Lead 2–1450 7–225 6.6–15 60 50–3000 

Mercury 0.3–3 0.01–1.2 0.09–26 0.8–42 0.1–55 

Zinc 1–42 50–1450 15–250 1.3–25 700–49,000 

Source: Pendias and Pendias (2000) 

Sewage-sludge also contains heavy metals like Cu, Pb, Cr, Hg, Ni, Cd, and Zn in 
toxic levels. In suburban areas, farmers use untreated sewage to grow crops owing to 
its higher nutrient concentration, but its long-term use is a matter of serious concern 
(Saha et al. 2010). The heavy metal contamination of soil not only alters the soil pH, 
porosity, colour, and biological properties but also impacts the surface and ground-
water leading to the deterioration of soil and water quality (Musilova et al. 2016). 
Heavy metal accumulation in soil on a long-term basis leads to its translocation to 
vegetables and crops through root uptake. Soil fertility can be reduced with toxic 
metal concentration and leads to the accumulation of these metals in food stuff that 
cause potential health hazards to consumers (Khan et al. 2008). One of the reasons 
for increased neurological disorders nowadays is due to consumption of heavy 
metal-contaminated food and vegetables (Duruibe et al. 2007). 

15.2.7 Ground Water Contamination 

In India, the success of the green revolution has also been attributed due to the 
assured groundwater supply. But, unabated pumping of water associated with 
climatic variability, had drastically reduced the recharge of groundwater. It created 
the problem of salinization, water logging, pollution, the decline in the water table, 
etc. Intensive extraction of ground water during the last four decades in order to fulfil 
the agricultural demand led to a dramatic decline in the level of groundwater in 
north-west India so much so that, the region is referred as the largest hotspot of



groundwater depletion in the world (Long et al. 2016). Often excess fertilization 
causes soil, water, and air pollution. In coarse-textured soils, the situation becomes 
very pathetic, whereby excessive use of N fertilizer is generally recommended 25% 
higher than the loamy soils. High nitrate level in groundwater in intensively 
cultivated rice-wheat crop rotation was reported by Bajwa (1993). Improvement in 
water use efficiency, best-suited crops as per the water requirement, and strict 
regulations could arrest the over-exploitation of groundwater. 
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15.2.8 Greenhouse Gas Emissions 

The agriculture sector is often cited as a major source of Greenhouse Gases (GHGs) 
and contributes around 24% of total global anthropogenic GHGs emissions (IPCC 
2014). Mineral fertilizers as a major production input have contributed as a potent 
greenhouse gas emitter in Indian agriculture. In India, agricultural production 
accounts for 18% of total GHG emissions thus being a significant emitter of 
GHGs (INCCA 2010). Livestock and the rice cultivation are considered as the 
major contributor of total GHGs emissions with national average of 45.54 kg 
CO2-e kg-1 mutton meat, 2.4 kg CO2-e kg-1 milk, and 5.65 kg CO2-e kg-1 rice. 
While, the production of non-rice cereals, fruits, and vegetables together contributes 
less GHGs <1 kg CO2-e kg

-1 product. This suggests that a shift in the dietary pattern 
towards the consumption of animal-based protein could increase greatly the GHGs 
emissions from Indian agriculture (Vetter et al. 2017). The Government of India had 
not committed to reducing GHGs emissions by any fixed proportion but had 
announced voluntarily that by 2005 to 2020, it would reduce its GHGs by 
20–25% of gross domestic product (Pahuja et al. 2014; MoEF 2010). In the recently 
held UN climate conference (COP26) in November 2021, India committed to 
become a “carbon neutral” country through a net zero goal by 2070 and appealing 
to world leaders to make “lifestyle change”. 

Efficient management of input fertilizer applications and their subsequent uptake 
by crops would remarkably reduce the loss. Efficient management of N leads to the 
reduction of N2O emission (Bhatia et al. 2012) and also through the use of nitrifica-
tion inhibitors. Several nitrification inhibitors found as very effective and efficient in 
reducing the emission of N2O, meanwhile, the costs are a little bit high. Thus, the use 
of natural nitrifications inhibitor and slow-release N fertilizers like neem-coated urea 
can serve as an environment-friendly technology. The lower rate of nitrification in 
zero-tilled soils over conventionally-tilled soils from semi-arid climates led to lower 
N2O emissions (Rochette 2008). Further, the direct-seeded rice (DSR) does not 
require puddling and seeds could be sown easily in tilled or non-tilled soils which 
can save water and labour and result in the reduction of CH4 emissions (Pathak et al. 
2012). However, few natural inhibitors or slow-release fertilizer materials like neem 
oil-coated urea (NOCU) are cost-effective and environment-friendly technology. 
Puddling of rice contributes 24% of total agricultural emissions (3.37 Mt) in India, 
while, about (0.14 Mt) N2O is emitted from nitrogenous fertilizer application in 
wheat, rice, and other crops (Bhatia et al. 2013). Thus the resource conservation



strategy like conservation agriculture, smart farming, precision agriculture, zero 
tillage, DSR, and others may be promoted and adopted for reducing emissions 
from soil and side by side improving the SOC status of soils. 
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15.2.9 Imbalance Fertilization 

The imbalance ratio of N:P:K is a major concern for Indian agriculture. While the 
general recommended ratio for cereals is 4:2:1 but is around 6.8:2.7:1 (2018–2019). 
Excessive nitrogenous fertilizers induce initial vegetative growth, which makes the 
crops susceptible to pests, diseases, lodging, and poor floral induction finally 
delaying maturity thereby leading to a reduction in yield. The consumption of 
fertilizers has grown almost 245 times in the last five decades. During 1950, the 
fertilizer use per hectare was 0.55 kg ha-1 but in 2017–2018, this changed to 
134.07 kg ha-1 in India. The green revolution of the early 1960s and the increased 
intensification of agriculture are considered the major causes behind this growth 
determinant. Further, another estimate by Tandon (2004) suggested that since the 
past 50 years still the gap between total nutrients applied and removal is about 
(8–10 Mt) of N + P2O5 + K2O per year. In reality, 20–80% of the nutrients in the 
fertilizer materials are susceptible to loss which contaminates the environment in 
different forms or temporarily accumulates in the soil about different complex 
reactions that hamper the immediate availability. Thus, this disparity can only be 
minimized by the efficient use of fertilizers. 

15.2.10 Declining Factor Productivity 

At the country level, the partial factor productivity, i.e., the ratio of grain yield and 
per unit of particular nutrient input is fast declining over the years. The response of 
cereal crops has declined considerably i.e., from 13.4 in 1970 to 3.7 kg grain kg-1 

applied nutrient in 2005. This has really become a matter of serious concern and an 
issue that needs to be addressed on priority (Tewatia 2012). The probable reasons for 
the declining factor productivity in the country might be due to excessive fertilizer 
application, injudicious or imbalance of fertilization, a decline in soil fertility, soil 
degradation, inappropriate timing and rate of fertilizer application, intensive 
monocropping, antagonistic reactions between some plant nutrients, lack of soil 
testing facilities, unawareness among the farmers regarding balanced nutrition, 
fertilizer subsidy, environmental degradation, low water efficiency, etc. 

15.3 Lack of Awareness and Linkages 

Agricultural growth and development should not be done at the environmental cost 
and human health degradation. In order to eradicate malnutrition and starvation, food 
access in both quantity and quality terms, its accessibility and approachability at



all-time should be done. Apart from the major cereal crops, production and access of 
fruits, vegetables, millets, pulses and oilseeds needs attention. Promotion of nutrient 
rich crops, diversification of cropping systems, and securing the indigenous varieties 
of crops are the need of the hour. The focus should be given towards small and 
marginal farmers, with livelihood security through making agriculture remunerative. 
Farmers have to be given adequate space in decision-making as a participant in the 
process rather than just a recipient of agricultural innovation. There is an urgent need 
for different agencies to come along and chalk out strategies for achieving sustain-
able food production, which is accessible to everyone, affordable, nutritious, and 
also environmentally sustainable. 
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15.4 Technologies for Sustainable Soil Health Management 

Detailed retrospection of green revolution-style farming questioned the 
sustainability of soil health. So, the lessons learnt from this were thoroughly 
analysed and researches were conducted to decipher appropriate management 
practices to maintain or restore soil health. The technologies developed after the 
green revolution era are briefly discussed below: 

15.4.1 Integrated Nutrient Management (INM) 

The INM involves the integration of both inorganic fertilizers and organic manures 
in order to improve and maintain the fertility of soil or health and to sustain crop 
productivity. Incorporation of organic sources, i.e. farmyard manure (FYM), 
vermicompost, poultry manure, enriched compost, press mud, biofertilizers, phos-
phate solubilizing bacteria (PSB), vesicular arbuscular mycorrhiza (VAM), and 
azotobacter along with chemical fertilizers can effectively increase the nutrient 
availability in soil, improves physical condition and its organic carbon status. A 
proper balance of inorganic fertilizer and organic manures is important not only for 
increasing yield but also for sustaining soil health. 

15.4.2 Micronutrient 

Indian soils are poor in micronutrient content as the soils are under continuous 
mining due to intensive agriculture for a long time without micronutrient fertilizer 
application. Increased micronutrients demand by high-yielding cultivars along with 
the adoption of intensive cropping, use of low micronutrient content high-analysis 
fertilizers, a decline in the use of organic manures and residues of crops, crop 
cultivation on soils deficient in micronutrient reserves and other factors like natural 
and anthropogenic affects adversely the micronutrients phytoavailability and thus 
aggravated the situation (Takkar and Shukla 2015). On average 36.5, 12.8, 7.1, 4.2



and 23.2% of soils are deficient in Zn, Fe, Mn, Cu and B, respectively (Shukla et al. 
2021b). 
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Micronutrient management should be based on the demand and supply of 
micronutrients in soil-plant system, which differs with crops, soil types, severity of 
deficiency, source, method, time, rates and frequency of application. Results 
emanating from a large number of field studies indicated that 2.5–10 kg Zn ha-1 

as ZnSO4.7H2O proved most effective in mitigating its deficiency and sustaining 
high soil productivity in the majority of crops grown on diverse Zn-deficient soils. 
As compared to top dressing, Zn application through broadcast or its band placement 
proved to be superior. Similarly, other Zn application methods like foliar application 
with 0.5% to 2.0% ZnSO4.7H2O solution, side dressing, or soaking and coating of 
seeds with Zn solution, etc. In upland crops, Fe chlorosis is observed mainly in 
sorghum, rice, sugarcane, groundnut and chickpea under highly calcareous soils, or 
soils with limited aeration, having high P and bicarbonate content and low 
Fe. Ferrous sulphate (19–20.5% Fe) is the major source used for managing Fe 
deficiency in the country. However, Fe-EDDHA (10.0% Fe), Fe-EDTA (9–12% 
Fe), biotite, pyrite and organic manures (FYM 0.15% Fe), poultry and pig manure 
(0.16% Fe), sewage sludge also been used as Fe source to correct its deficiency in 
crops. By and large foliar application of FeSO4 at 10–12 kg ha

-1 or 50–150 kg ha-1 

soil application alleviated Fe deficiency in the majority of crops (Takkar et al. 1989). 
Severe Mn deficiency is difficult to manage with soil application due to soil-

applied Mn oxidation, especially in high-pH soils. Foliar application of MnSO4.H2O 
is an immediate measure to overcome Mn deficiency in wheat though it needs annual 
application. Copper deficiency in Indian soils is very less. Boron (B) deficiency is an 
important nutritional problem limiting crop production in acid and calcareous soils. 
To correct the deficiency of B, soil application of borax (Na2B4O7.10H2O, fertilizer 
grade, 10.5% B) is commonly employed. Boric acid (17% B), solubor (19% B) are 
mostly used as foliar sprays. 

15.4.3 Biofertilizer and Its Application 

Biofertilizers, referred to as microbial inoculants, are a group of microbial cultures 
which are artificially multiplied and can improve the fertility of soil as well as crop 
productivity. Biofertilizers supplement chemical fertilizers and 20–180 kg N ha-1 in 
soil. Bio-fertilizers improve soil fertility, physical characteristics of soil, tilth, and 
crop productivity. They also suppress various disease-causing pathogens in soil 
besides promoting plant growth by releasing growth-stimulating substances. Differ-
ent groups of biofertilizers are enlisted in Table 15.3. 

Plant growth-promoting bacteria colonize the rhizosphere of plants and facilitate 
the growth of plants, through various mechanisms, e.g., by altering the selectivity for 
Na+ ,  K+ ,  Ca2+ resulting in higher K+ /Na+ ratios, production of osmolytes, IAA aided 
root surface enhancement, increased ACC deaminase activity resulting in reducing 
stress ethylene level. Different PGPRs that promote salt tolerance in various crops 
(Singh et al. 2017) have been presented in Table 15.4.
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Table 15.3 Different groups of biofertilizers 

S. No. Groups Examples 

N fixing biofertilizers 

1. Free-living Azotobacter, Clostridium, Anabaena, Nostoc 

2. Symbiotic Rhizobium, Anabaena azollae, Frankia 

3. Associative symbiotic Azospirillum 

P solubilizing biofertilizers 

1. Bacteria Bacillus megaterium var. phosphaticum 

Bacillus circulans, Pseudomonas striata 

2. Fungi Penicillium sp., Aspergillus awamori 

P mobilizing biofertilizers 

1. Arbuscular mycorrhiza Glomus sp., Acaulospora sp., Gigaspora sp. 

Sclerocystis sp. and Scutellospora sp. 

2. Ectomycorrhiza Laccaria sp., Boletus sp., Pisolithus sp., Amanita sp. 

3. Orchid mycorrhiza Rhizoctonia solani 

Biofertilizers for micronutrients 

1. Silicate and Zinc solubilizers Bacillus sp. 

Plant-growth-promoting rhizobacteria 

1. Pseudomonas Pseudomonas fluorescens 

Table 15.4 PGPR-induced salt tolerance in crops 

Salt-tolerant PGPR Crop species Reference 

Azospirillum brasilense Pea (Pisum sativum) Dardanelli et al. (2008) 

Pseudomonas syringae, Enterobacter 
aerogenes, Pseudomonas fluorescens, 

Maize (Zea mays) Nadeem et al. (2007) 

Pseudomonas fluorescens Ground nut (Arachis 
hypogaea) 

Saravanakumar and 
Samiyappan (2007) 

Azospirrilum Lettuce (Lactuca 
sativa) 

Barassi et al. (2006) 

Achromobacter piechaudii Tomato 
(Lycopersicon 
esculentum) 

Mayak et al. (2004) 

Source: Singh et al. (2017) 

Broadly, there are three methods of biofertilizer application. Seed treatment is the 
most general mode of application where the seed is first coated with Rhizobium or 
Azotobacter, followed by inoculating with P solubilising biofertilizer. Root dipping 
method of biofertilizer application is basically applicable for Azospirillum where 
paddy or vegetable plant roots were dipped in Azospirillum mixture half an hour 
before sowing. Soil application of biofertilizer is also done. Phosphate solubilizing 
bacteria (PSB) is applied in soil. Rock phosphate, cow dung, and PSB mixture are 
used in between rows or during levelling of the field through soil application. 

However, there are various constraints which limit the applicability of 
biofertilizers in agriculture. Lack of good quality strain, non-availability of storage



facility, field conditions like extremely high or low pH, temperature, nutrients 
deficiency not only influence the response of inoculants but also limit their benefits. 
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15.4.4 Customized Fertilizer 

Customized fertilizers are one kind of multi-nutrient carrier that were manufactured 
through a specific process of granulation, being site-specific, can satisfy the crop 
needs in a particular situation, and are comprised of macro and micro nutrients 
through both inorganic and organic sources. Through customized fertilizer produc-
tion, site-specific nutrient management is being focussed to maximize fertilizer use 
efficiency in an effective manner. It is a combination of nutrients as per crop 
requirement and soil testing and may be a formulation of primary, secondary as 
well as micro-nutrients. 

15.4.5 Enhancing Fertilizer Use Efficiency 

Application of fertilizer in the soil is associated with several forms of losses, thus not 
all of the nutrients were absorbed by the plants. Thus, only a fraction of the nutrient 
(s) is utilized by the crops. Fertilizer use was directly linked with increasing 
agricultural productivity during and post green revolution era. But, incomplete use 
of applied fertilizer by crops due to low fertilizer use efficiency caused leaching or 
runoff loss of nutrients, especially nitrogen (N) and phosphorous (P) thereby raising 
environmental concerns. So, the challenge is to keep agricultural productivity 
increasing with the least harm to the environment because of fertilizer. Fertilizer 
use efficiency may be improved by integrated application of inorganic fertilizer with 
organic amendments, site-specific nutrient management, split application of nitroge-
nous fertilizer, choosing the correct source of fertilizer and applying the right amount 
at right time using the right methodology, application of fertilizer based on soil test 
as well as crop response, by adopting appropriate agronomic management practices, 
making nano-based formulations of fertilizers, inoculating microorganisms to solu-
bilize native soil nutrients, etc. 

15.4.6 Fertigation 

Along with fertilizer, water was also considered one of the most crucial resources for 
increasing productivity. Post-green revolution, irrational use of water incurred in the 
past that resulted in numerous problems including water scarcity, soil salinity, and 
alkalinity were realized and alternate water management strategies were explored. 
Among those, micro irrigation using a drip system emerged as the most efficient 
water management strategy, where fertilizer mixing along with the water was also a 
convenient and effective way of fertilizer application. Fertigation is a process of 
fertilizer application along with irrigation. In order to maximize yield, and improve



water and nutrient use efficiency, fertigation is the answer whereby both the water 
and nutrients were delivered to crops through a drip irrigation system. The 
fertigation provides essential elements to the active root zone directly, thereby 
minimizing the loss of expensive nutrients, which in turn improves the quality of 
produce and productivity of crops. It makes economical use of water thus saving 
time as well as money. Thus through fertigation, the idea of uniform application of 
water and nutrients, saving of resources, yield enhancement, quality of food and 
environmental gains may be achieved. 
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15.4.7 Soil Health Card (SHC) 

Management of soils through Soil health card (SHC) based recommendations is 
needed to have management of resources in an efficient manner and for sustainable 
crop productivity (Bhaduri et al. 2020). Soil health index (SHI) developed by 
integrating sensitive chemical, physical and biological parameters of soil could 
serve as a yardstick for assessing the overall health of the soil. The soil health card 
thus developed had information about the farmer, the land (altitude, longitude, and 
latitude), soil type, and various soil health indicators, along with soil health index 
and appropriate recommendation practices on fertilizers, manures, and reclamation 
measures like gypsum application, leaching of salts for salt-affected soils (Fig. 15.2) 
(Purakayastha et al. 2019). Online assessment of soil health is also an important area 
of research and development. In this direction, Purakayastha et al. (2016) developed 
an online conceptual framework-based decision support system (DSS) for soil health 
assessment for alluvial and hill soils of India (Fig. 15.3) (http://ssacdss.iari.res.in/ 
home.php). The DSS has 10–11 chemical, 2–4 physical, and 3–5 biological 
parameters for the above two soils. By inserting the values of analysed data in 
respective listed soil health indicator parameters, the in-built software computes the 
SHI value. This type of DSS may be useful for researchers, soil testing laboratories, 
farmers, agricultural departments, policy makers, etc. for judging health. The major 
challenge is to integrate this DSS with fertilizer and manure recommendations and 
amelioration measures if any are required. 

Meanwhile, several other constraints need to be addressed on priority to reap the 
benefits of SHC as mentioned below:

• The campaigns on explaining the content of SHC to the farmers, how to use 
recommended doses, benefits of SHC for reducing the cost on excess fertilizers 
and enhancing profitability need to be done on regular basis.

• SHC extension services to be strengthened for better advisories.
• Sampling should be practised as per the field variability and in a grid fashion in 

front of the farmers to build confidence. The general grid size for the irrigated 
system is 10 ha and the rainfed is 2.5 ha, but it may be changed depending on the 
site variability.

http://ssacdss.iari.res.in/home.php
http://ssacdss.iari.res.in/home.php
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Soil Health Card 
Name Mr. Tulsi Ram 

Address    Village Mumtajpur 

Block Patuadi 

District Gurgaon 

Haryana 

Location    E 76o 46'54.7" 

N 28o 17'2.5" 

Altitude 228 m 

Soil type    Alluvial soil 

(Inceptisol) 

Sandy loam texture 

Crop Rice, wheat 

Soil health: Alkaline with 

moderate salinity and good 

biological and physical properties 

and moderate soil health 

Amelioration: Gypsum 

application (5t ha-1 ) followed by 

leaching. 

Manure application:  
5 ton FYM ha-1 yr-1 

Fertilizer application:  
Rice: 120 kg N, 60 kg P2O5 and 

45 kg K2O ha-1 

Wheat: 120 kg N, 60 kg P2O5 and 

45 kg K2O ha-1 

Soil health indicator Value Rating 
Chemical indicator 
pH 9.3 High 

Electrical conductivity (dS m-1 ) 0.7 Medium 

Soil organic carbon (g kg-1 ) 7.0 Medium 

Labile carbon  (mg kg-1 ) 363 Medium 

Available nitrogen (mg kg-1 ) 158 Medium 

Available phosphorus (mg kg-1 ) 6.2 Medium 

Available potassium (mg kg-1 ) 160 High 

Available iron (mg kg-1 ) 8.7 Medium 

Available manganese (mg kg-1 ) 2.8 Medium 

Available zinc (mg kg-1 ) 1.4 Medium 

Available copper (mg kg-1 ) 1.3 Medium 

Physical indicator                       
Bulk density (Mg m-3 ) 1.3 Medium 

Water holding capacity (%) 22 Medium 

Soil aggregate stability (%) 72 High 

Mean weight diameter 1.5 High 

Biological indicator 
Microbial biomass carbon 

(mg kg-1 ) 

342 High 

Dehydrogenase activity 

(ug TPF g-1 24 h-1 ) 

122 Medium 

Potentially mineralizable 

nitrogen (mg kg-1 ) 

74 High 

Soil health index 0.7/1.0 Medium 

Fig. 15.2 Sample of soil health card developed for farmers (Purakayastha et al. 2019)

• Soil testing facilities should be made better and the results should be given 
expediously.

• Human resources should be developed for sampling, testing, analysis, and prepa-
ration of results to improve the quality of services.

• Results should be given before the sowing of crops so that the farmers can 
practice as per the recommendations.

• Generation of soil fertility maps and display in villages/blocks for wider publica-
tion and awareness of soil health issues.

• Government agencies should make available organic amendments and fertilizers 
at reasonable prices in villages.
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Fig. 15.3 IARI web portal developed for on-line assessment of soil health (http://ssacdss.iari.res. 
in/home.php) 

Government of India has taken a big leap in initiating a new program called Soil 
Health Card (SHC) Scheme in February 2015 to promote balanced fertilization to 
protect soil health and for sustainable agriculture. The SHC is a soil fertility status 
report of a specific field and integrates important soil properties that affect the crop 
productivity. It is just like a physician’s prescription where the health status of soil is 
reflected and recommendation is provided to the grower accordingly. Details in a 
SHC (Fig. 15.4) includes 12 important parameters such as pH, EC, organic carbon, 
macronutrients like N, P and K, secondary nutrients like sulphur and micro-nutrients 
such as zinc, iron, manganese, copper and boron. After proper examination of soil, 
the SHC is provided to the farmers once in 3 years, based on which farmers decide 
the type of crops to be taken and management practices to be followed for enhanced 
income.

http://ssacdss.iari.res.in/home.php
http://ssacdss.iari.res.in/home.php
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Fig. 15.4 Format of a typical soil health card 

15.4.8 Soil Test Crop Response (STCR) 

Soil test involves chemical analysis, interpretation, evaluation and further 
recommendations based on the test results and other considerations. STCR studies 
take into consideration the targeted yield in order to develop relationship between 
crop yields and soil test estimates and inputs of fertilizers. Thus the concept of target 
yield strikes a balance among fertilization of soils and crops. At present times, with 
increasing prices, demand of fertilizer consumption is increasing alarmingly, besides 
depletion of soil fertility status thus necessitates adoption of integrated application of 
inorganic and organic sources of nutrients for sustaining soil health and crop 
production. STCR developed algorithms of leaf colour chart, SPAD and fields 
count CM 1000 meter values at three critical crop growth stages in rice-wheat 
system with yield; also developed prescription equation for fertilizer for even 
secondary nutrient like (sulphur). For organic farming system, soil testing protocols 
including microbiologically exploited organic phosphorus-pools characterization 
and quantification also been developed. 

Methods of STCR involve (a) gradient experiment and (b) test crop experiment. 
However, the conditions for targeted yield equations are: (1) used for similar soils of 
particular agro-eco region (2) for particular crop in an area, the maximum yield may 
not exceed 75–80% of highest yield achieved. (3) N recommendations through 
fertilizer should be similar as the general recommended dose of the crop in that area.



386 T. J. Purakayastha et al.

15.4.9 Diagnosis and Recommendation Integrated System (DRIS) 

The concept of DRIS interprets leaf or plant analysis which was developed first by 
Beaufils (1973). This comprehensive system identifies all the nutritional factors that 
limits crop production and thus increases the probability of getting higher crop yields 
by improved fertilizer recommendations. For interpretation of tissue analysis, DRIS 
considers nutrient ratios rather than individual or absolute concentration of nutrients. 
There are already a set of optimum nutrient ratios of the essential nutrients like (N/P 
or N/K or K/P) within a plant that takes cares of its proper growth and development. 
The nutrient ratios were used for obtaining nutrient indexes or Beaufills nutrient 
Indexes (BNI). DRIS utilizes the nutrient balancing concept for detection of any 
nutrients deficiency or toxicity. 

The BNI may be positive or negative in a plant and the concentration of any 
nutrients may affect the index of other nutrients, thereby making either the nutrient to 
be deficient or in excess. It is a mathematical technique that applies nutrient 
concentration in plants as a tool for detecting the most limiting nutrient in the 
production system. The comparison of relative balance of nutrients with the 
established norms for that crop in high yield situations was done for evaluation of 
nutrient status. In order to develop DRIS for a crop or plant, the given requirements 
should be met if possible. 

1. The factors that certainly affects the crop yield must be well defined. 
2. The yield and these factors relationship must be explained. 
3. The norms for calibration must be established. 

For particular conditions the recommendations based on accurate and judicious 
use of norms must be refined continually. 

15.4.10 Nutrient Cycling 

Nutrient cycling refers to their movement within and in between different biotic or 
abiotic entities in which the nutrients occur in global environment. These nutrients 
can either be mined from geogenic sources, converted from organic sources to 
available forms or taken up from the atmosphere through different mechanisms, 
thereby being taken up by the plants and again their return to soil or the atmospheric 
continuum. Soil microbial diversity plays an important role for nutrient cycling 
through release of many compounds, solubilisation, change of structures, other 
mechanisms that regulates the fluxes of nutrients. The distribution of nutrients in 
various living or dead pools, their abundance in different compartments is specific to  
a particular ecosystem. For example, in terrestrial ecosystems, either nutrients 
greatly confined in living biomass (tropical rainforests) or found in SOM or humus 
(tundra ecosystems) (Lavell and Spain 2001). 

Nutrient cycling happens in all ecosystems that dictate the proper functioning of 
the system though with different rates. The largest flux of nutrients takes place



through conversion or decomposition of organic matter, and is very difficult to 
monitor as major portion immediately incorporated in the biomass of microbes. In 
intensively cultivated system, the nutrient fluxes greatly been affected due to man-
agement practices like tillage, application of external inputs like nutrients, water, 
amendments, nitrogen fixing crops etc. and the inherent fertility of soil greatly 
supplemented through external inputs. In aquatic ecosystems, eutrophication occurs 
due to non-deliberate release or leaching of nutrient applied to nearby agricultural 
fields or industrial release. The soil fertility can also be altered and severely affected 
due to anthropogenic activities like mining of nutrients through intensive cultivation, 
acidification due to fertilizer application, heavy metal pollution due to waste water 
and sewage application, waterlogging, salinization, soil erosion, crop residue 
burning etc. 

15 Soil and Plant Nutrition 387

The ecosystem maintains a stoichiometry, where there exists a balance between 
nutrients. Living organisms tend to contain a relatively constant proportion of 
elements, especially C, N, and P. In the freshwater microalgae, the contents of the 
elements expressed as molar stoichiometric ratios are C (125), N (19), and P 
(1) (Reynolds 1990); the same order of magnitude as the Redfield ratio (106:16:1) 
proposed for suspended particulate matter in oceans (Redfield 1958). For land 
plants, the mean proportion is about 200:13:1 (although quite higher for woody 
plants) because the C content is derived by the need for structural tissue. If the 
nutrients get imbalanced then the organisms have different mechanisms to drive out 
excess nutrients or capture nutrients if found limiting. However, any change in 
nutrient cycling includes situations of excess nutrients, through eutrophication or 
deficiency of nutrients or some specific situations in oceans. 

15.4.11 Composting Processes and Techniques 

Composting refers to decomposition or rotting of organic materials by microbes 
through natural process in a controlled situation. Besides being a source of plant 
nutrients, compost improves the overall health of soil. Due to the above benefits of 
compost, soil becomes (1) resilient against any type of stress like drought, salinity, 
sodicity, toxicity diseases etc., (2) it helps the crops to take up nutrients in right 
proportion, (3) active nutrient cycling in soil due to their vigorous microbial activity. 

Types of Composting Composting is basically of aerobic and anaerobic types. 
Anaerobic composting involves anaerobic microbes for organic matter decomposi-
tion into intermediate products like methane, hydrogen sulphide, organic acids and 
other compounds. It takes place under absence or limited supply of oxygen. The 
anaerobic composting is a low temperature technique of composting, thus the 
pathogens and weed seeds remain intact. Moreover, this process takes more time 
than aerobic method. The merits of anaerobic composting like less work involves 
less nutrients lost often being offset by the limitations. Aerobic composting occurs 
under ample supply of oxygen, and the aerobic microorganisms’ breaks down 
organic materials into CO2, ammonia, water, heat, stable organic end products and



humus etc. Though, more nutrients get lost in aerobic method of composting, but it is 
considered as more efficient and useful for agricultural production. Salient features 
of few selective aerobic techniques of small scale are given below (Table 15.5). 
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15.4.12 Organic Manure 

Manures are generally animal or plant-origin wastes that are used as a prime source 
of nutrients for plants. On decomposition, the manures release nutrients, often 
composed of almost all essential nutrients but in limited amounts. They are basically 
of two types, bulky and concentrated organic manure based on nutrient concentra-
tion. Manures improve the overall condition of the soil that in turn helps in the proper 
growth and development of plants. It often acts as mulch that maintains the soil 
temperature and checks the evaporation loss of moisture. Due to the good extent of 
microbial activity, the nutrients at lower depths were made available to the plants. 

Apart from several factors, a decline in the SOC status of the Indian soils is an 
important cause of declining soil health and crop productivity (FAO 2005). Manures 
generally provide nutrients very slowly and thus make them available for longer 
periods for optimum growth and development of crops. If soil health is improved, 
then the response of the crops against the added nutrient also gets improved. The 
most commonly used manure is farm yard manure (FYM) which is comprised of 
nearly all of the essential nutrients required by crops. Similarly, green manures have 
got a lot of potential for the addition of organic matter in soil apart from its source as 
an N fixer. They have fast decomposability and 40–45 days grown green manure 
crop may supply an estimated 100–125 kg of N which is equivalent to the N 
requirement of any cereal crop. Several management practices of crops (viz. cover 
crops, inter-cropping with legumes and residue retention, appropriate crop produc-
tion systems/cropping systems, tree-based green leaf manuring, biofertilizers use, 
integrated nutrient management), etc. were considered as effective for improvement 
of organic matter status in soils that leads to soil health improvement and crop yield 
sustainability (Indoria et al. 2016, 2017; Srinivasarao et al. 2017). Further, the 
inclusion of energy crops, dung, and crop residues as agricultural feed stocks 
could reduce GHGs emissions provided substitution of fossil fuels is done by 
these stocks (Smith et al. 2008). 

Indian organic source contributes annually about 5 Mt of available N, P and K 
and is further expected to reach 7.75 Mt by 2025 (FAO 2005). Use of crop residues, 
green manures, legumes, off-farm organic waste, and management practices that 
improve soil and crop found to help in C sequestration through various ways 
(Lampkin 1999). 

The increasing interest for use of organic sources of nutrients and soil 
amendments is because they serve as a source of C which helps in better soil health 
and mitigates climate change. Some of the potential alternative organic sources 
availability in our country are presented in (Table 15.6). However, due to the 
non-availability of organic amendments (FYM), lower nutrient use efficiency, 
declining soil fertility, and factor productivity, amendments/relevant organic sources
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Alternative organic sources References

are quite necessary for soil fertility enhancement and productivity, the food produc-
tion should not be hampered for increasing population on a sustainable basis.
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Table 15.6 Potential alternative organic sources availability in India 

Total availability/ 
yr 

Crop residues 500–550 million 
tonnes (Mt) 

NAAS (2012) 

Municipal biosolid 48 Mt Pappu et al. (2007) 

Rice husk 20 Mt Sengupta (2002) 

Sugarcane bagasse 90 Mt Sengupta (2002) 

Groundnut shell 11 Mt Sengupta (2002) 

Sugarcane press mud 9.0 Mt Chanakya et al. (2006) 

Poultry manure 6.25–8 Mt The Hindu (2009) 

Coir pith 7.5 Mt Vijaya et al. (2008) 

Food/fruit processing industries 4.5 Mt Chanakya et al. (2006) 

Distillation waste of plant material after the 
essential oil extraction 

2–3 t Singh et al. (2013) 

Seri waste 5000 tonne Gunathilagaraj and 
Ravignanam (1996) 

Willow dust 30,000 tonnes Chanakya et al. (2006) 

Area under green manuring crop About 7 M ha FAO (2005) 

Source: Indoria et al. (2018) 

15.4.13 Green Manures 

Green manure is composed of un-decomposed green plant material that is obtained 
either through in-situ green manure by growing green manure crops or by collecting 
the leaves and twigs of manure crops and then application in the field. The green 
manure crops that were grown in the field belong to the leguminous family; their 
growth could be enhanced by the application of phosphatic fertilizers. After attaining 
sufficient growth they were applied to the fields. The most common green manure 
crops are Dhaincha (Sesbania aculeata), Sunhemp (Crotalaria juncea), Cluster 
beans (Cyamopsis tetragonoloba), Sesbania rostrata and Pillipesara (Phaseolus 
trilobus). Apart from green manuring crops grown in agricultural fields, the forest 
plantations’ leaves, twigs, and green manure crops grown on bunds, wastelands, etc. 
were also utilized for the purpose. Important species used for green leaf manuring are 
Glyricidia (Glyricidia sepium, Glyricidia aculata), Subabul (Leucaena 
leucocephala), Neem (Azadirachta indica), Calotropis (Calotropis gigantean), 
Wild Indigo (Baptisia australis), Mahua (Madhuca longifolia), Karanj (Millettia 
pinnata), Avise (Linum usitatissimum), and other herbs or shrubs.
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15.4.14 Conservation Agriculture 

The practice of conservation agriculture (CA) technology worked on the basic 
principle of soil disturbance at a minimum level, crop diversification or rotation, 
and surface crop residue retention. Crop residue retention and tillage greatly affects 
soil health and aids in enhancing/improving soil organic carbon stock. Reduction in 
labour and fuel cost, retention of soil moisture is considered basic factors behind the 
adoption of CA (Thomas et al. 2007; Llewellyn et al. 2012). The adoption of CA in 
India is underway with efforts to refine and develop for different suited conditions, 
although there remain several constraints along its adoption in a full way. It includes 
lack of suitable seeders, especially for small farmers, crop residue diversion for other 
purposes, technical know-how, mindset of the growers about the tillage practices, 
etc. There are more payoffs than tradeoffs in CA technology that needs to be 
understood by both growers and promoters. CA improves the soil’s biological 
activity, better soil aggregation, water movement, and a high level of protection of 
soil against physical alteration. The soil erosion reduced drastically, and with 
improved agricultural inputs movements, the biodegradation of pesticides enhanced. 
The CA adoption has been done extensively in the irrigated belts of Western Indo-
Gangetic plains. The major input in CA is no-till seed cum fertilizer drill and 
interventions include alternate crops than rice-wheat rotation, raised bed plantings, 
laser levelling, crop residue management, etc. The underground, as well as surface 
water pollution, also gets less hampered through CA along with the check on GHGs 
emissions. At different locations of Indo-Gangetic plains, zero tillage led to saving of 
land preparation costs by INR 2500 (41.7$) ha-1 and diesel consumption reduction 
by 50–60 L ha-1 (Sharma et al. 2005a). Zero tillage under wheat allows timely 
sowing of seeds, nutrient use efficiency improvement, saving of water, uniform 
drilling, and increases by about 20% of yield. 

15.4.15 Biochar 

Biochar is a pyrolysis product of plant biomass, dark in colour, and recalcitrant in 
nature which helps to enrich the carbon stock and nutrient balance in soil (Lehmann 
et al. 2006, 2008; Majumder et al. 2019). It is composed of oxygen-containing 
aromatic and functional groups and is a plant and animal residue product from 
biomass (Tan et al. 2015). The proper use of biomass residues for the preparation 
of amendments or nutrients is a noble way to manage soil fertility and improve soil 
health. Biochar is having negative charges on the internal surface that help to 
enhance the cation exchange capacity to attract metal ions from the soil solution. 

(Mukherjee et al. 2011) and also reduce the metals and organic contaminants in 
soil effectively (Beesley et al. 2010). Its use in agricultural soils has the capacity to 
enhance carbon sequestration rates, reduce farm waste and enhance soil quality. It 
serves as a slow-release source of carbon and or nutrients (Crombie et al. 2013; 
Spokas et al. 2010) due to its recalcitrance nature. The mineralization of carbon to 
CO2 occurs slowly thereby improving the soil organic matter (SOM) (Cheng et al.



2006; Masiello 2004). For sustainable management of agriculture, biochar may 
serve as a potential source for overall soil quality improvement (Fig. 15.5). 
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Fig. 15.5 Sustainable management of the agriculture sector through Biochar as a potential 
component. (Source: Jatav et al. 2021) 

Biochar when added to soil it alters soil health (Paz-Ferreiro and Fu 2013). In 
recent times, a lot of interest arises in biochar application in soils as a means of C 
sequestration while improving soil health simultaneously (Laird 2008; Lehmann 
et al. 2006). Biochar research in India is very new and very limited literature is 
available on this aspect. Purakayastha et al. (2015) reported that the physical, 
chemical, morphological, and spectral properties of kiln-produced biochar are 
greatly influenced by the type of feedstock. Maize stover biochar was reported to 
have a higher content of N and P and thus had good potential to enhance soil fertility 
if used as amendments. Meanwhile, the maize stover biochar is inherently alkaline in 
nature and can act as liming material for the reclamation of acid soil. Besides this, 
biochar having high structural stability due to the presence of aromatic C=C 
stretching and other surface functional groups, might possess greater potential for 
long-term C sequestration. However, rice straw biochar has more labile C, thus its 
addition led to a sudden increase in biological characteristics of the soil and thus may 
be beneficial from a soil health point of view. The wheat straw was found to have a 
higher content of K and thus can be used in K-deficient soils or crops requiring high 
K. At Tirunelveli, Tamil Nadu, India, a plot scale biochar application on agricultural 
soils was evaluated to investigate biochar potential for improvement in fertility and 
moisture status of soil (Mankasingh et al. 2011). The feedstock for biochar should be 
used sustainably from all the available sources like cassia stems, palm leaves, rice



husk, saw dust, etc. Different biomass feedstock of biochar was found to have a C 
content of more than 20% and comprise both macro and micronutrients. Results 
suggested cassia biochar @ 6.6 metric t ha-1 was enough to initiate the process of C 
sequestration that is being shown by a decrease in bulk density and an increase in 
OM status of the soil. Additionally, biochar enhances SOC, organic matter, pH, EC, 
cation exchange capacity, and water holding capacity. Biochar can act as a potential 
site for microorganisms to act and survive. The porous structure of biochar creates 
new habitat for soil microorganisms (Egamberdieva et al. 2018; Gorovtsov et al. 
2020), larger pores colonized rapidly but do not provide shelter to soil micro fauna 
(Noyce et al. 2016). It markedly influences the enzymatic activities by adsorption of 
microbes on its particles (Foster et al. 2018). The applications of biochar improve 
soil fertility and may address the issue of climate change. 
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15.4.16 Soil Amendments 

Soil amendments include both inorganic and organic matter that has been added to 
the soil for improvement in soil texture, aeration, drainage or water retention, etc. 
Clay soil requires amendments for the improvement of texture, aeration, and drain-
age, while sandy or rocky soils also improve textural characters and water retention 
characteristics on the application of amendments. Soil amendments are from various 
sources. The inorganic and organic amendments are listed in Table 15.7. 

15.4.17 Precision Agriculture 

Precision agriculture is an information and technology-based agricultural manage-
ment system that in turn analyses and takes care of variability in the field in order to 
conduct experimentation through the right time, right place, and right way for 
gaining optimum sustainability, profitability, and taking care of resources. Nowa-
day’s sensor-based technologies are in the way of the improvement of water as well 
as nutrient use efficiency in a timely and precisely applying them when the crop 
needs it. It saves a lot of money, time, and electricity and enhances profitability. The 
drip and sprinkler systems were reported to enhance the application rate effectively 
in comparison to the surface irrigation system. The site-specific management of the 
4 R approach for having the application of inputs at right time, the right amount, the 
right source, the right place allows for fine-tuning crop management systems. 
Precision agriculture works in tandem with proper consideration of the environmen-
tal situation. The farmers can prepare themselves accordingly for any sort of farm 
management practices. It drastically reduces the labour cost, improves fertility, uses 
the efficacy of inputs, saves precious resources, reduces environmental damage, 
enhances livelihood and skilled manpower generation, etc. If properly managed and 
implemented, it can fully revolutionize modern farm management practices. How-
ever, still, large-scale precision farming adoption is at its nascent stage owing to a 
lack of technical know-how, lower risk-bearing ability by farmers, social, economic,



and demographic conditions, and small land holdings that make it difficult for 
financial gains from currently available precision farming technologies, etc. 
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Table 15.7 Common used inorganic and organic amendments 

Amendment Function/purpose 

Inorganic 

Sand and/or profile soil conditioner For improvement of aeration and drainage 

Lime or Sulphur To increase or decrease pH 

Vermiculite, a natural balsamic mineral and 
perlite made from heated amorphous volcanic 
glass 

Increase aeration; improve texture and helps in 
water retention 

Organic 

Manures For addition of nutrients 

Compost Improve the soil texture and aeration, helps in 
drainage and water retention, and also release 
nutrients for plants 

Mulch Helps in the retention of soil moisture 

Humus It helps in soil stabilization, and adds nutrients 
in high proportion thus rectifying deficiencies 
and better soil health 

Peat Moss Improves the soil’s ability to retain more 
moisture and is best suited for sandy or rocky 
soils. Also used for stabilization of clay soils 

Wood products like shavings and wood chips To improve soil, but may create a nitrogen 
deficiency 

15.4.18 Carbon Sequestration Options 

The potential of soil/terrestrial C sequestration is immense in India has so vast land 
area and ecosystem diversity. Out of 329 (M ha) of total land area, 297 M ha of land 
comprised 162 M ha (arable land), 69 M ha (forest and woodlands), 8 M ha 
(permanent crops), 11 M ha (permanent pasture), and 58 M ha (other land uses) 
respectively (Lal 2004). The soil organic carbon (SOC) pool is estimated to be 21 Pg 
to 30 cm in depth and 63 Pg to 150 cm in depth. While, the soil inorganic carbon 
(SIC) pool is estimated to be 196 Pg to 1 m depth. As compared to uncultivated soils 
(15–20 g kg-1 ) SOC content, most of the cultivated soils have less than 5 g kg-1 of 
SOC (Lal 2004). Degraded soil restoration and recommended management practices 
(RMPs) adoption on agricultural and forestry land are the important strategies for 
soil C sequestration. The potential of soil C sequestration for Indian soils is 39–49 
(44 ± 5) Tg C yr-1 that comprises 7–10 Tg C yr-1 (degraded soils and ecosystems 
restoration), 5 to 7 Tg C yr-1 (erosion control), 6–7  Tg  C  yr-1 (RMPs adoption on 
agricultural fields), and 22–26 Tg C yr-1 (from secondary carbonates). The degraded 
soils and ecosystems restoration, control of erosion, and conversion of marginal soils 
under agricultural practice to restorative land use are crucial options for SOC 
sequestration (Aggarwal et al. 1997; Kaur et al. 2000, 2002a, b; Moench 1991;



Singh and Singh 1996). The degraded soil restoration including eroded soils and 
salt-affected soils may lead to the enhancement of biomass and thus helps in the 
improvement of SOC pools. The SOC pool enhanced substantially from 10 to 
30–45 Mg ha-1 after 8 years of establishment of tree species (i.e., mesquite) in a 
sodic soil (Garg 1998). Salt-affected soils restoration led to a substantial increment 
of SOC pool (Bhojvaid and Timmer 1998). A similar kind of potential exists if the 
restoration of extensive wastelands throughout India will be done (Gupta and Rao 
1994). A lot of literature exists concerning SOC dynamics in Indian soils (Mohan-
Rao and Shantaram 1978). Utilization of crop residues and manures in the soil to 
improve soil biodiversity, mainly the earthworm activity, is an important strategy for 
enhancing both SOC and soil quality (Bhadauria and Ramakrishnan 1996; Lavelle 
et al. 1998). The long-term impact of integrated nutrient management (INM) includ-
ing NPK + Manuring @8–10 Mg ha-1 yr-1 on SOC content in surface depth was 
done across several ecoregions of India (Swarup 1998). A low rate of SOC seques-
tration rate of 15–120 kg C ha-1 yr-1 was observed for NPK + Manuring over that of 
control while considering the soil bulk density of 1.4 Mg m-3 and plow depth of 
20 cm. The low rates of soil C sequestration are due mainly to high soil temperature, 
low soil water content, and high oxidation rate. Continuous adoption of 100% 
NPK + FYM in maize-wheat-cowpea rotation in semi-arid sub-tropical India 
might sequester nearly 1.83 Tg C yr-1 that corresponds to about 1% of fossil fuel 
emissions by India (Purakayastha et al. 2008). 
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Increased content of soil organic matter and biological activity, improved soil 
structure with the maintenance of soil aggregates, and reduced oxidation of soil 
organic matter. Similarly, crop rotations through the diversification of crops affect 
soil health through the activity of roots and the chemical composition of residues of 
different crops added (Srinivasrao et al. 2013). For the sustainability of soil produc-
tivity in intensive agriculture, it is desirable that the cropping system should be 
changed after a few years but unfortunately, modern agriculture has ignored this 
concept, especially in India. Most of the cropping systems are cereal-cereal and very 
little area is under cereal-legume. The Indo-Gangetic Plain which is considered the 
food basket of India needs to be explored by introducing legume crops into the 
system. It may be exploited by introducing summer moong in between wheat-rice or 
by replacing rice with rainy season pulse e.g., pigeon pea or wheat by chickpea/pea. 
Several studies proved that legume-based systems improved SOC in a short span of 
5 years (Singh and Singh 1996). Data obtained in the soybean-wheat cropping 
system under LTFE resulted in an improvement of organic carbon from 0.57% to 
0.99% (Dwivedi et al. 2007) at Jabalpur. 

Climate is an important natural factor that decides carbon sequestration in soil. An 
increase in mean annual temperature reduces soil organic carbon content in humid 
regions, while in temperate climates, the soils are several times richer in carbon than 
in warmer climates (Swarup and Singh 2009). High rainfall coupled with low 
temperature is very conducive for SOC accumulation while high temperature with 
low rainfall decreases it. 

The amount of carbon needed to maintain soil organic carbon equilibrium is very 
much important in terms of the cost of carbon resources and GHGs emissions into



the atmosphere. The amount of carbon added to soil varied from 2264 to 
6360 kg ha-1 yr-1 in the soybean wheat system in Jabalpur, Madhya Pradesh, and 
this amount varied from 220 to 6576 kg ha-1 yr-1 in the sorghum wheat system in 
Akola, Maharashtra (Singh 2016). Long-term fertilizer experiments proved that 
increase in SOC was almost similar to the application of 5–15 t ha-1 of FYM each 
year. Instead of applying manure in large quantities in to a field and then return back 
to the same field after 3 years should be our management strategy. At Pantnagar, the 
minimum amount of carbon required to maintain 1.5% carbon, there is a requirement 
of 1337 kg C ha-1 yr-1 . 
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15.4.19 Soil Quality Assessment and Potential Indicators in 
Indian Soil 

Researchers in the world and in India used the “Soil Management Assessment 
Framework (SMAF)” for soil health indices development (Andrews et al. 2004; 
Bhaduri and Purakayastha 2014; Masto et al. 2007, 2008a, b; Purakayastha et al. 
2019). Presently the soils were analysed for selective chemical parameters like pH, 
EC, SOC, available N, P and K on a routine basis in different soil testing laboratories 
but this only provides a glimpse of soil status and ignores greatly the physical and 
biological properties that otherwise of very high significance and affects numerous 
soil functions like (i.e., nutrient cycling, physical support and stability, biodiversity 
and habitat for organisms) (Purakayastha et al. 2019). By using the principal 
component analysis (PCA) tool, SOC, available Zn, available Mn, available K, 
aggregate stability, microbial biomass carbon, and potentially mineralizable nitrogen 
were identified as the most sensitive seven soil health indicators in alluvial soils of 
northwest India. Various sensitive soil quality indicators had been identified in the 
different cropping systems, soil types, and climate in India (Table 15.8). All these 
results indicate that there occurs little commonality among the screened indicators 
even for similar production systems raised at different geographical sites. 

The soil health index (SHI) was developed for a wide range of treatments, 
cropping systems under long-term fertility trials across India by several investigators 
(Bhaduri and Purakayastha 2014; Bhaduri et al. 2014; Basak et al. 2016a, b, c; 
Chaudhury et al. 2005; Kundu 2014; Mandal et al. 2005; Mohanty et al. 2007; Masto 
et al. 2007, 2008a, b; Sharma et al. 2005b, 2008). Several of them observed higher 
SHI under balanced fertilization than imbalanced ones. Further, SHI was generally 
higher with organics than without organics/FYM. Recently, while assessing SHI for 
soils in farmers’ fields, Basak (2011) as well as Biswas (2011) not only identified the 
master indicators for assessing the SHI but also simultaneously determined their 
critical values for maintaining good soil health and higher crop yields in rice growing 
belts of Alfisols, Entisols and Inceptisols of West Bengal. Critical limits of soil 
quality indicators and soil quality indices are extremely important for yield 
sustainability. In this direction, Biswas et al. (2017) established the critical threshold 
limits of soil quality indicators and soil quality indices in three rice-growing soils in



Centre Soil type Indicators identified

India. For the rice-rice cropping system under Inceptisols, the upper and lower 
critical limits of the indicators were worked out as available Zn (1.7 and 
1.2 mg kg-1 ), bulk density (1.2 and 1.6 Mg m-3 ), β-glucosidase activity (68 and 
18 μg p-nitrophenol g-1 soil h-1 ) and urease activity (64 and 24 μg NH4 g-1 soil h-
1 ), dehydrogenase activity in Entisols were (93 and 12 μg TPF g-1 soil 24 h-1 ), 
aggregate stability (66 and 11%), total organic C (11.6 and 10.7 g kg-1 ) and pHw 
(5.7 and 5.3) and oxidizable organic C in Alfisols were (7.8 and 5.0 g kg-1 ), 
β-glucosidase activity (51 and 15 μg p-nitrophenol g-1 soil h-1 ), aggregate stability 
(52 and 19%) and mineralizable C (273 and 173 μg C g-1 soil), respectively (Biswas 
et al. 2017). For key soil quality indicators and quality indices, both upper and lower 
critical limits were established such as Inceptisols (0.85 and 0.56), Alfisols (0.37 and 
0.56), and Entisols (0.23 and 0.65). This limit needs to be periodically analysed and 
judged for enhancing/maintaining soil quality and sustainability in yield and thus 
optimum management practices under rice-rice cropping systems in sub-tropical 
India should be employed. 
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Table 15.8 Few important indicators identified for different soil types and cropping systems 

Cropping 
system 

AAU Clay loam Rice-rice Available K, Zn, OC, % BS and dehydrogenase 
activity 

ANGRAU Sandy 
loam 

Groundnut-
redgram 

MBC, pH, available P, and K, WHC, and Zn 

BHU Sandy 
loam 

Rice-lentil OC, available P, Ca, Mg 

CRIDA Sandy Sorghum-
castor 

HC, available N, P, K, and S, and MBC 

CRIJAF Sandy 
loam 

Jute-rice-
wheat 

Available P and K, MBC, MWD, and OC 

CRRI Sandy 
clay loam 

Rice-rice DHA, available K, and OC 

OUAT Silty clay 
loam 

Rice-field 
pea 

MBC, OC, mineralizable N, and alkaline 
phosphatase activity 

IARI Loam Maize-wheat Available N, OC, alkaline phosphatase activity, 
MBC, BD, and available Zn 

CRIDA Sandy 
loam 

Sorghum-
mung bean 

Available N, available Zn, available Cu, MBC, 
MWD, and HC 

Source: Mandal et al. (2005), Masto et al. (2007), and Sharma et al. (2008) 

15.4.20 Nanofertilizers 

Nanoparticles (NPs) are defined as small particles that are either natural or 
engineered with a range of size 1–100 nm, and compared to their counterparts, 
express different physical and chemical characteristics. They have a long-term 
impact on agriculture and the environment as their usage greatly enhances efficacy,



and uptake by plants, reducing wastage, improving yield and other parameters, and 
reducing the cost of cultivation. NPs have a unique set of characteristics that includes 
size, large surface area, zeta potential, functionality on surface, crystallinity, 
hydrophobicity, and hydrophilicity—that allows it to use as targeted controlled 
release kinetics of NPs for use in smart delivery systems (Solanki et al. 2015). 
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The NPs slowly release the nutrients and thus favouring premature losses 
(Chhowalla 2017). The NPs hold the nutrients by adhering through thin nono-film 
or nano-emulsion that in turn ensures a strong hold of nutrients on plant surfaces due 
to higher tension of the surface of the nano-coating (Lavicoli et al. 2017). Recent 
advancement in the field of nanotechnology ensures the use of nano-zeolites 
(Jahangirian et al. 2020) and nano-clays (Mandal et al. 2019). The NPs zeolites 
have a particular network of pores that releases the nutrients slowly (Jahangirian 
et al. 2020). Still, lot of improvement and adaptation, implementation through 
numerous field trials, and its efficacy w.r.t., environmental and other parameters 
need to be done. The opportunities and challenges pertaining to nano-biotechnology 
have been presented in (Fig. 15.6). 

Fig. 15.6 Opportunities in (green) and challenges in (red) for nanobiotechnology in agriculture 
(Source: Chugh et al. 2021)
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15.4.21 Microorganisms in Soil Fertility and Crop Production 

Microorganisms in soil are very crucial as nearly every chemical transformation 
occurring in the soil is possible due to the active participation of soil 
microorganisms. 

1. Soil fertility maintenance which involves the cycling of nutrients mainly C and N 
is dictated by the involvement of soil microorganisms and thus helps in the proper 
growth and development of plants. 

2. The soil microbes like mycorrhizal fungi plays important role in making the 
mineral nutrients available to plants, especially phosphorus, which is relatively 
immobile in soil. 

3. Other soil microorganisms can enhance the available nutrients in the soil. For 
example, nitrogen-fixing bacteria could transform nitrogen present in soil/atmo-
sphere in gaseous form into soluble forms which are further taken up by the 
plants. 

4. Several microbes are thought to have beneficial effects on soil fertility improve-
ment thus; they are being utilized as biofertilizers and presently used as microbial 
cultures in agriculture. 

5. Similarly, some other soil microorganisms are found to produce compounds 
(such as vitamins and plant hormones) that can improve plant health and contrib-
ute to higher crop yield. These are termed “phytostimulators” and are currently 
employed for possible uses as microbial inoculants for crop yield improvement. 
(i.e., strain of Azospirillum a bacterial inoculant used as wheat root colonizer). 

6. Apart from these beneficial soil microorganisms, some other soil microbes are 
considered pathogenic to plants and thus might cause considerable damage to the 
crops. However, certain native soil microorganisms are antagonistic to these 
pathogens and thus prevent the infection of crop plants. 

7. Antagonism against plant pathogens generally involves competition for nutrients 
and thus led to the production of some inhibitory compounds i.e., secondary 
metabolites (antimicrobial metabolites and antibiotics) and extracellular 
enzymes. 

8. Some soil microorganisms produce compounds that stimulate natural defence 
mechanisms of the plants and improve their resistance to pathogens. These are 
collectively termed “biopesticides” and they are an emerging and important 
alternative (i.e. biological control) in comparison to chemical pesticides for the 
protection of crops against specific pathogens and pests. 

9. Mycorrhizal fungi colonize plants’ root systems and thus aid in nutrient uptake, 
thereby improving plant growth and overall health. 

15.4.22 Biofertilizers 

Biofertilizers (BFs) are generally cost-effective, eco-friendly, non-toxic, and easy-
to-apply material that can enhance crop yields and the biodiversity of the soil. The



major biofertilizers practised for enhancing the nutrient supply, crop yield, and 
quality includes Azotobacter, Azospirillum, Rhizobium, N fixers, Phosphate 
solubilizers and Vesicular Arbuscular Mycorrhizae (VAM). BFs act as a good 
substitute for chemical fertilizers (Deepali and Gangwar 2010; Thomas and Singh 
2019). These bio-inoculants colonize the rhizosphere, or inside the plants it promotes 
growth when applied to the seeds, plant surface, or in soil (Raghuwanshi 2012). 
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Biofertilizers are of various types as follows:

• Nitrogen-fixing: These help in the fixation of atmospheric N and made it 
available to plants. Example: Free Living—Clostridium, Rhodospirillum, 
Anabaena, Azotobacter, Nostoc, Klebsiella, Aulosira Bejerinkia, 
Desulfovibrio, etc. 
Symbiotic—Frankia, Rhizobium, Trichodesmium, etc. 

Associative symbiotic—Enterobacter, Azospirillum spp., Acetobacter 
diazotrophicus, Alcaligenes, Azoarcus spp., Herbaspirillum spp.

• Phosphorus solubilizing: They help in the solubilization of insoluble P to 
soluble forms through secretion of acids, lowers down the soil pH in order to 
dissolve the bound phosphates. 
Example: Bacteria—Pseudomonas striata, Bacillus circulans, Microccocus, 
Agrobacterium, Penicillium spp., B subtilis. 

Fungi: Aspergillus awamori, Penicillium spp., and Trichoderma.
• Phosphorus mobilizing: They transfer the P from the soil to the cortex of the 

roots and are a category of broad-spectrum biofertilizers.
• Mycorrhiza: Arbuscular mycorrhiza, Acaulospora spp., Glomus spp., 

Scutellospora spp., Gigaspora spp.
• Potassium solubilizing: They solubilize the potassium and help in metal ions 

removal. 
Bacteria: Bacillus mucilaginosus, Pseudomonas fluorescens, B. edaphicus. 

Fungi: Aspergillus niger.
• Potassium mobilizing: They mobilize potassium that are in inaccessible forms 

in soil. 
Bacteria—Bacillus sp. 

Fungi—Aspergillus niger.
• Micronutrient Oxidizing: 

Sulphur oxidizing: Thiobacillus spp. They solubilize zinc by proton, acidifica-
tion, chelated ligands, and by oxidoreductase systems.

• Zinc solubilizing: Mycorrhiza, Bacillus sp., Pseudomonas sp.
• Plant growth promoting: They release hormones to improve nutrient availabil-

ity, help in root growth, and improve yield. Examples: Rhizobacteria, Pseudo-
monas fluorescens, Pseudomonas spp., Erwinia, Agrobacterium, Enterobacter, 
Arthrobacter, Rhizobium, Bacillus. 

There are still a lot of constraints for promotion and application of biofertilizers 
that include: Lack of regulation and standards for BFs production, unavailability of 
desired strains, standardization of dose of BFs for particular crops and soil, soil



conditions like acidity, alkalinity, salinity, water logging, etc., proper labelling of 
BFs, promotion, and awareness of BFs, a climatic abnormality that hampers its 
application and efficacy, types of equipment required for proper culture, production 
and maintenance of BFs, lack of funding for its promotion and large scale 
production, etc. 
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15.4.23 Waste Management 

Rapid urbanization, changing food habits, lifestyles, industrialization, the density of 
population, etc. have created a problem for the management of municipal solid waste 
(MSW) in India. Per capita waste generation increased exponentially at 0.26 kg day-
1 to 0.85 kg day-1 (CPCB India 2018). In India, the daily generation of MSW is 
nearly 143,449 metric tonnes (MT), out of which nearly 111,000 MT used be 
collected, and about 35,602 MT treated (Kumar et al. 2017). In landfill sites, about 
80–90% of municipal waste used to disposed off without proper treatment and that 
causes air, water, and soil pollution (Ahluwalia and Patel 2018; Joshi and Ahmed 
2016). Due to migration and natural resources depletion, the municipalities are going 
through overburden of waste at the environmental and socio-economic prospects 
(Gerdes and Gunsilius 2010). According to the reports of United nations Environ-
mental Programme (UNEP), the world is producing 300 Mt of plastic waste of which 
9% is recycled, 14% is collected for purpose of recycling and the rest goes to oceans 
annually (United Nation Environment Programme 2019), this is a very serious 
concern. Further, the city waste and hospitals generate a lot of hazardous wastes 
leading to breathing complications and premature deaths (Joshi and Ahmed 2016; 
Mohan 2019). In India, the high-income groups utilize more packaged products, 
which leads to excess volumes of paper, plastics, metals, glass, and textiles as 
compared to low-income groups (Sridevi et al. 2012). MSW might also comprise 
paints, medicines, batteries, e-waste, pesticides, etc. The majority of the 
municipalities cannot handle such a huge amount of waste generated from the 
unorganized sector due to the non-availability of suitable machinery and tools 
(Annepu 2012). 

Agricultural waste comprised of agro-waste containing cattle waste, animal 
carcasses, food products, residues, crop waste, bagasse, drops, pruning, weeds, 
wastes of pesticides, etc. Around 998 Mt of agricultural waste is generated yearly 
(Agamuthu 2009). The reasons for less focus on agricultural waste management and 
waste recycling is due to social taboo, non-sorting of waste at source, unavailability 
of residue and labour, the nutritional value of crop residues is generally low, 
intensive recycling leads to loss of nutrients, not enough organic sources to meet 
the crop demands on wider level (Choudhary 2018), unorganized informal sector 
involved in the collection, grading and recycling of wastes, poor implementation and 
government policies.
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15.5 Future Strategy and Way Forward 

Post green revolution period is associated with achieving self-sufficiency in food 
grain production but also witnessed a dramatic decline in environmental conditions 
coupled with declining soil fertility, partial factor productivity, multi-nutrient 
deficiencies, low use efficiency, salinization, water logging, fluctuating water table 
associated with climate change had aggravated the situation. Over the years, the 
organic matter addition has also declined, owing mainly due to conversion towards 
alternative purposes, additionally, low use efficiency had challenged the 
sustainability and productivity of agricultural systems greatly. Supplementation of 
plant nutrients in a balanced dose is quite necessary that should match the crop 
needs. 

A few points, as discussed below, need to be resolved to address the in-time 
solutions related to soil fertility and health management in a sustainable manner for 
the longer run:

• Detailed characterization of the “locked-up nutrient pool” in soil and their release 
dynamics in the soil through different management interventions.

• Micronutrient profiling of important food crops to develop biofortified 
micronutrient-rich cultivars.

• Balanced fertilization especially for potassium with other nutrients is to be 
mandatory to check the mining of potassium from potassium-bearing clay 
minerals.

• Integrated nutrient management strategies need to be refined in tandem with 
locally available organic resources to supplement the costly chemical fertilizer, 
synchronize the nutrient requirement of the crop, and less greenhouse gas 
emissions.

• Biofertilizers need to be popularised among farmers through a fertilizer distribu-
tion system with a proper storage facility at the right time and right quantity.

• Soil testing and fertilizer recommendation for different crops and cropping 
systems need to be revisited and focus must be given to the development of 
multinutrient extractants for the evaluation of soil fertility.

• Research on nutrient dynamics under conservation tillage systems to optimize the 
nutrient management strategies under such conditions.

• Modelling the dynamic processes governing nutrient release (and fixation) in soil 
for plant uptake, with due care being taken of the corresponding soil buffering 
power, thereby leading to a better understanding of the basic processes involved.

• Nutrient dynamics in rain-fed agro-ecosystems, an overlapping field, where the 
crop yield potentials are far from being realized. Indeed rainfed agriculture by far 
received relatively scanty research attention, where the potential for increasing 
agricultural productivity lies chiefly.

• Water and nutrients are so intrinsically related that these cannot be and should not 
be managed independently of one another. Crop, climate, and soil-specific 
schedules for irrigation and nutrients need to be developed at the regional level. 
Management of inputs especially nutrients and water has the potential to critically
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reduce input costs, maintain soil health, close yield gaps, and make agriculture 
production systems more sustainable.

• Agricultural practices that reduce or offset greenhouse gas emissions can improve 
soil productivity, and water quality and increase farmers’ income.

• The major task for researchers are to work on finding commonality in soil quality 
indicators for different soil types, production systems, etc. so that easy and 
inexpensive methods are developed for those common master indicators for 
their inclusion in routine analysis in soil testing laboratory for assessment of 
soil health.

• Again, studies assessing the health of soils to meet other ecosystem services have 
hardly been done in India, although its role and capability for providing water 
security (NO3

-1 pollution), waste recycling, biodiversity, and environmental pro-
tection and climate change abatement are in urgent demand for assessment. A 
modest beginning can be made with the existing long-term experiments where 
along with biological productivity, biological diversity, carbon budgeting, crop 
quality, etc. may be included as goal variables.

• Increase the research focus on the identification of best management practices that 
enhance the carbon sequestration potential of soils under different agroecological 
regions of the country.

• Research and development support for innovative technologies to accelerate total 
C sequestration in cropping systems.

• Develop and promote regional and state-specific approaches to enhance soil C 
stocks.

• Policy on minimum tillage and conservation agriculture is needed to be devel-
oped for major soil groups of India and promoted to adopt. 

There is a need for new technologies, greener innovations, and smooth policy 
support to achieve sustainability and to combat new challenges emerging in the 
arena of natural resource management. Due to ever-increasing climate variability, 
global warming, soil degradation, distorted market policy, etc., agriculture in coming 
years is very challenging. The goal should not be only to increase the yield for 
having food security but proper environmental gains, nutrition, quality, reducing 
harvest losses, recycling of waste, etc. is highly needed in present times. Borlaug 
once shed light on changing diets, reducing waste, crop intensification, and 
expanding aquaculture. We have a lot of technologies with us to fight against hunger 
and malnutrition. 
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Gouranga Kar 

Abstract 

Water forms the backbone for all future endeavors to achieve food security for 
ever-increasing population of our country. In the present context, upscaling 
agricultural economic growth to more than 4% annually is the main challenge. 
Taking water technologies for better water management from lab to land is a 
formidable task to be addressed. Modernization/automation of irrigation systems, 
precision irrigation, land reforms, corporate farming, cooperative farming, water 
and energy pricing, crop insurance, institutional mechanism for better gover-
nance, and water rights are some of the key issues for better water management in 
agriculture. The projected food requirement demands a pronounced role for 
research, development, and training in the water and agriculture sector. It is 
evident that the water availability for agriculture is declining, and to enhance 
agricultural production, more water is needed. Therefore, concerted and holistic 
efforts are required in increasing the overall water use efficiency at system level 
which would be achieved through various measures like timely execution of 
projects, minimizing the losses, better operational efficiency through 
stakeholders’ participation, implementation of on-farm water management 
technologies, conjunctive use of water, and changes in irrigation policy. The 
need of the day is to economize water in agriculture, bring more area under 
irrigation, and increase the yield per unit area and unit quantum of water through 
multiple use of water, conjunctive use, recycling of poor quality/waste water, 
pressurized irrigation system, crop diversification, and other water-saving agri-
cultural methods. 
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16.1 Water Resource Scenario of India 

The main water resource of India consists of the precipitation on the Indian territory 
which is estimated to be around 4000 km3 /year and transboundary flows received in 
rivers and aquifers from the upper riparian countries which are around 500 km3 . Out 
of the total precipitation including snowfall, the availability from surface water and 
replenishable groundwater is estimated as 1869 km3 . Due to various constraints of 
topography, uneven distribution of resource over space and time, it has been 
estimated that only about 1123 km3 including 690 km3 from surface water and 
433 km3 from groundwater resources can be put to beneficial use. The water 
resources of the country at a glance are given in Table 16.1. Water resources of 
major river basins of the country are given in Table 16.2. Indian precipitation has 
high spatial and temporal variability. Precipitation over a large part of India is 
concentrated in the monsoon season during June to September/October. Precipita-
tion varies from 100 mm in the western parts of Rajasthan to over 11,000 mm at 
Cherrapunji in Meghalaya. Water resources of major river basins of the country are 
given in Table 16.2. 

The spectacular growth in food production in India (from merely 50.8 million 
tons in 1950–1951 to an estimated production of more than 300 million tons in 
2021–2022) is mainly attributed to three major factors, namely, development of 
high-yielding varieties, expansion in irrigated area, and fertilizer use. Though 
agriculture sector is the largest consumer of water (82.8%), the requirement of 
water from other sectors like domestic and industrial needs is increasing due to 
escalating population, urbanization, and industrialization (Table 16.3). 

The Ministry of Water Resources (MoWR) has projected that in 2025 the total 
demand of water will be 1093 billion cubic meter (BCM), the bulk of which

Table 16.1 Water resources of India 

Estimated annual precipitation (including snowfall) 4000 km3 

Runoff received from upper riparian countries 500 km3 

Average annual natural flow in rivers and aquifers 1869 km3 

Estimated utilizable water 1123 km3 

(a) Surface 690 km3 

(b) Ground 433 km3 

Water demand utilization (for year 2000) 634 km3 

(a) Domestic 42 km3 

(b) Irrigation 541 km3 

(c) Industry, energy, and others 51 km3 

Source: Water Resources at a Glance. Central Water Commission (2021), GoI



S. no. River basin

(910 BCM) will be consumed by irrigation and the country will face the stiff 
competition for water from different sectors (Table 16.4). The National Commission 
on Integrated Water Resources (NCIWRD) projected much lower water demand of 
784–843 BCM under different scenarios than MoWR. Further, the average con-
sumption per person per year for all users is around 680 m3 , but it is projected to 
increase. There is continuous decline in per capita water resources of the country 
from 5176 m3 in 1951 to 4732 m3 in 1955, 2209 m3 in 1991, 1820 m3 in 2001, and

16 Water 415

Table 16.2 Water resources of major river basins of the country 

Average water
resource potential 
(BCM) 

Utilizable surface 
water resources 
(BCM) 

Catchment
area (km2)

1 Indus (up to border) 317,708 45.53 46 

2 (a) Ganga 838,803 509.52 250 

(b) Brahmaputra 193,252 527.28 24 

(c) Barak and others 86,335 86.67 – 

3 Godavari 312,150 117.74 76.3 

4 Krishna 259,439 89.04 58 

5 Cauvery 85,167 27.67 19 

6 Subarnarekha 26,804 15.05 6.8 

7 Brahmani and Baitami 53,902 35.65 18.3 

8 Mahanadi 144,905 73 50 

9 Pennar 54,905 11.02 6.9 

10 Mahi 39,566 14.96 3.1 

11 Sabarmati 31,901 12.96 1.9 

12 Narmada 96,659.79 58.21 34.5 

13 Tapi 65,805.80 26.24 14.5 

14 West-flowing rivers from 
Tapi to Tadri 

58,360 118.35 11.9 

15 West-flowing rivers from 
Tadri to Kannyakumari 

54,231 119.06 24.3 

16 East-flowing rivers between 
Mahanadi and Pennar 

82,073 26.41 13.1 

17 East-flowing rivers between 
Pennar and Kanyakumari 

101,657 26.74 16.5 

18 West-flowing rivers of 
Kutch and Saurashtra 
including Luni 

192,112 26.93 15 

19 Area of inland drainage in 
Rajasthan 

144,835.90 Negi. N.A 

20 Minor river draining into 
Myanmar (Burma) and 
Bangladesh 

31,382 31.17 N.A. 

Total 3,271,953 1999.2 690.1 

Source: Water Resources at a Glance. Central Water Commission (2021), GoI



Table 16.3 Water
requirement or demand
estimation by uses
(in BCM) projections as per
standing subcommittee of
MoWR, RD, and GR

Sector Ministry of water resources

Table 16.5 Categorization
of river basins by water
stress

1703.6 m3 in 2005. The per capita water availability has been reported to be 1656 m3 

in 2007 implying that the entire country is now classified as “water-stressed” 
(Table 16.5). Indian population is expected to rise to around 1640 million by 
2050. As a result, by 2050, the per capita water availability will further decline to 
1140 m3 /year. For adequate living standards as in western and industrialized 
countries, a renewable water supply of at least 2000 m3 per person per year is 
necessary (Postel 1992). A country will be water-stressed if water availability is only 
1000–2000 m3 per person per year, while the country is called “water-scarce” if the 
value comes below 500 m3 per person per year (Bouwer 2000). With the decline in 
per capita water availability to 1140 m3 /person/year by 2050, the country will enter 
into the “water-stressed” category (Kumar and Kar 2013).
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Sector 2025 2050 

Irrigation 910 1072 

Domestic 73 102 

Industrial 23 63 

Energy 15 130 

Other 72 80 

Total 1093 1447 

Source: Standing Subcommittee of MoWR, RD, and GR Report-
Basin Planning Directorate, CWC, XI Plan Document; Report of the 
Standing Subcommittee on “Assessment of Availability and 
Requirement of Water for Diverse Uses 2000” 

Table 16.4 Sector-wise projected demand of water in 2025 (billion cubic meter) 

National Commission for Integrated Water 
Resources Development (NCIWRD) 

Low High 

Irrigation 910 561 611 

Drinking water 73 55 62 

Industry 23 67 67 

Energy 15 31 33 

Other 72 70 70 

Total 1093 784 843 

Source: Water Resources at a Glance. Central Water Commission (2021) 

Water availability (m3 /year/capita) Category 

≥1700 both in 2025 and 2050 Safe 

≥1700 both in 2025 but <1700 in 2050 Moderately stressed 

<1700 both in 2025 and 2050 Critically stressed 

<1700 in 2025 and <1000 in 2050 Moderately scarce 

<1000 in 2025 and <1000 in 2050 Critically scarce 

Source: Water Resources Sector Report, NITI, DMEO, NITI Aayog 
2021, GoI
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16.2 Plan-Wise Gross and Net Irrigated Area 

An overlook of different 5-year plan (FYPs) depicts that the net sown area in first 
FYP was 125.95 Mha which has increased to 139.6 Mha in fourth FYP and is almost 
constant thereafter (Table 16.6). There is a consistent growth (0.58% per year) in 
gross sown area from 140 Mha in first FYP to 189.84 Mha in tenth FYP. The 
increase in gross sown area was a result of improvement in cropping intensity from 
111.17% in first FYP to 136.05% in tenth FYP. The major reason for increase in 
cropping intensity was due to assured supply of irrigation water through different 
irrigation projects. This is reflected through significant increment in the net as well 
gross irrigated area of the country with the growth of 2.08% and 2.52% per annum, 
respectively, during 1950–2007. Over different FYPs, increase in net irrigated area 
and gross irrigated area led to higher share in gross and net sown areas. Reports 
indicate that around 42% of gross as well as net sown area was irrigated. Cropping 
intensity, irrigation intensity, share of net, and gross irrigated area witnessed increas-
ing trend in all regions of the country over different FYPs reflecting an improvement 
in status of agriculture. State-wise irrigation potential created in major, medium, and 
minor irrigation is depicted in Table 16.7. 

16.3 Water Productivity 

Water productivity (WP, expressed in kg of dry matter per m3 of water) can be 
defined in different ways (Molden et al. 2001). The numerator may refer to dry 
matter (DM), e.g., total DM or yield DM. Among different states, crop water 
productivity varies from 1.01 kg/m3 , the highest being in Punjab to 0.21 kg/m3 , 
the lowest in Odisha (Table 16.8). These differences are mainly due to varying 
cropping and land-use patterns, yield levels, and consumptive water use (CWU). 
Punjab, Haryana, and Uttar Pradesh (UP) in the Indo-Gangetic Basin (IGB) have the 
highest water productivity. Although irrigation contributes a major part of CWU in 
AP and TN, its contribution is low in West Bengal and Kerala. Maharashtra, Madhya 
Pradesh (MP), Karnataka, and Gujarat, with a mixture of cropping patterns (more 
than 50% of the area under maize and other coarse cereals and pulses), have lower 
WP. In Maharashtra and Karnataka, irrigation covers only 15 and 23% of area, 
respectively, and contributes 17 and 28% of the CWU. Irrigation in MP and Gujarat 
covers 29% of the grain area but contributes 52 and 41% of the CWU. Orissa, 
Chhattisgarh, and Jharkhand have the lowest water productivities and share 12.8% 
of the total CWU but contribute only 6.3% of the grain production. Rainfed rice 
dominates cropping patterns in these states.
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Table 16.8 Variation in water productivity among various Indian states 

Total (irrigated + rainfed) 

Sl.
no.

Area 
(Mha) 

Production 
(M Mt) 

Yield 
(t/ha) 

CWU 
(mm) 

WP 
(kg/m3 ) 

1. Uttar Pradesh 20.3 43.4 2.13 351 0.61 

2. Madhya 
Pradesh 

11.2 11.1 0.99 278 0.36 

3. West Bengal 6.6 15.2 2.31 447 0.52 

4. Bihar 7.1 12.1 1.71 373 0.46 

5. Rajasthan 11.7 11.7 1.00 220 0.46 

6. Punjab 6.3 25.5 4.07 404 1.01 

7. Haryana 4.3 13.4 3.13 363 0.86 

8. Uttaranchal 1.0 1.7 1.75 298 0.59 

9. J&K 0.9 1.2 1.38 271 0.51 

10. Himachal 
Pradesh 

0.8 1.5 1.78 245 0.73 

India 123 205.4 1.66 344 0.48 

Source: Amarasinghe and Sharma (2008) 

Fig. 16.1 Impact of climate change (RCP 4.5) on water footprints of wheat in Indo-Gangetic 
region. (Source: Kar et al. 2019) 

16.4 Water Footprint 

The increased temperature leads to increase in potential evapotranspiration which 
will result in more water demand for irrigation and ultimately lowering of ground-
water table at some places. It has been estimated that the water footprint in wheat 
under Indo-Gangetic plains is 800–1700 m3 /ton during 2016, which will be around 
1100–2000 m3 /ton in 2090 (Fig. 16.1). Decrease in rice yield by 20% due to water 
shortage has been predicted in India. There will be short-term increased availability 
of water in the rivers and their tributaries due to melting of glaciers in the Himalayas.
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16.5 Suitable Agro-techniques and Water Management 
Practices to Enhance Water Productivity, Water Use, 
and Irrigation Efficiency 

Strategies to enhance water use efficiency and irrigation efficiency include improved 
irrigation system management to provide more reliable water supply to farmers 
through storage and improved operation of reservoirs, better distribution of water 
with improved control structures, as well as more responsive management. More 
reliable water supply allows farmers to invest in better on-farm water management 
such as better land leveling, zero tillage, or pressurized irrigation. Improved man-
agement usually requires improved institutions as well as improved technologies. 
Irrigation efficiency mainly depends on water loss in conveyance system including 
distribution system and in the field. Loss of water in conveyance system is mainly 
due to seepage and evaporation. Evaporation loss takes place from the exposed water 
surface. 

Some of the strategies needed to improve water and irrigation use efficiency 
under rainfed and irrigated agriculture are discussed below: 

16.6 Rainwater Harvesting and Management 

Rainfed farming supports the livelihood of millions of farmers and households even 
after realizing the complete irrigation potential. Under the changed climate scenario 
for effectiveness of rainwater harvesting, emphasis should be given on the following 
issues:

• Best designs for different rainfall zones and soil types.
• Optimum size of farm pond given the catchment area available under different 

farming situations.
• How can the capital cost of farm ponds be reduced through convergence of other 

developmental programs?
• What are the innovations in checking evaporative losses, cost-effective sealants, 

and water-lifting devices for conveyance?
• What are the best options in terms of crop choices to realize the best returns from 

stored water?
• How to resolve the issue of sharing water in case of smallholders where catch-

ment and command area belong to different farmers?
• What are the on-site and off-site benefits including environmental payoffs due to 

rainwater harvesting?
• What are the indigenous techniques of rainwater harvesting which can help farm 

pond technology become more cost-effective?
• Potential of water harvesting through farm ponds in adaptation and mitigation of 

climate change.
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16.7 Watershed Plus 

The current watershed technologies should be further upgraded to diversify and 
enhance productivity, income, employment, and environmental service under the 
changed climate scenario. This should include value addition, new variety 
commodities, horticulture, livestock rearing, and aquaculture with greater emphasis 
on high and low rainfall regions. Soil and water conservation, efficient inputs, 
practices, seeds, enterprising by landless, equity, and convergence are the uppermost 
consideration of technology generation. Market- and agro-industry-driven employ-
ment generation, empowerment of local communities, panchayats, and women 
should be essential ingredients of all inclusive development process. 

Convergence of diverse resources of various ministries like MGNREGA, 
eco-afforestation, million wells, and watershed allocation should generate critical 
mass and adequate synergies. Private-public-social capital linkage should target 
internalization of wastelands of private, panchayats, and public departments. 
Recharging of aquifers in forest and gully lands by runoff from agricultural fields, 
wasteland, urban areas, metaled roads, flyover, etc. is essential. Contamination of 
groundwater recharging through shafts, abandoned bore wells, open wells, etc. is a 
larger technological challenge. This technological demand presumes latest art of 
modeling contamination, bioremediation, and convergence of nontraditional sectors, 
departments, agencies, and resources. 

16.8 Multiple Use of Water for Realizing Higher Water 
Productivity 

Per capita availability of land, water, and other natural resources is already low and 
declining further. Multiple use of water through agricultural diversification which 
has several components like poultry, duckery, fisheries, apiculture, etc. along with 
diversified crop production or value-added products has proved to be an effective 
means in mitigating drought and eliminating poverty as it provides high income, 
regular employment, and balanced and quality food, even with less water. As the 
agricultural diversification comprises of several farm enterprises in addition to 
diversified crops, it provides opportunity to farmers to have a “basket of comple-
mentary options” for reducing the weather risks involved in single commodity-based 
agriculture. Water productivity can be improved by five to seven times by integrated 
planning through multiple use of water. In pond-based integrated farming, culturing 
of fish can be done in dug-out pond, and vegetables and horticulture can be grown on 
raised embankment. To enhance the productivity and profitability from harvested 
water, it has to be utilized for both consumptive and nonconsumptive purposes. 
Freshwater Indian major fish species (Catla, Rohu, Mrigal) of 3–4 units size at 
10,000/ha can be released into the pond during August. The stored water of the pond 
can be utilized for providing supplemental irrigations to grow rabi crops like 
groundnut, sesamum, mustard, sunflower, and vegetables (cucumber, watermelon, 
okra, and ridge gourd). The vegetables like tomato, cauliflower, brinjal, and bottle



gourd can be grown on the pond bund with the help of harvested water. Short-
duration fruit crops like papaya and banana can be grown on the pond bund. After 
adoption of pond-based farming system, farmers’ net returns were found to be higher 
by three to four times than that of earlier in a study at Balasore, Odisha. 
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16.9 Crop Diversification with In Situ Rainwater Management 

Crop diversification with less water-requiring crops through intercropping/mixed 
cropping/sequential cropping will be useful for climate change mitigation. By 
introducing legumes in rice-wheat cropping system, natural resources can be 
conserved, and soil fertility can be increased. Crop diversification in rainfed rice 
field was implemented in Odisha on large scale with maize (cv. Navjyot), pigeon pea 
(cv. UPAS-120), groundnut (cv. Smriti), black gram (cv. T9), and cowpea (cv. Pusa 
Kamal), and their productivity and water use efficiency were compared with that of 
sole rice (cv. Vandana). Partial substitution of rice through rice-based intercropping, 
viz., rice + pigeon pea (4:1), rice + groundnut (4:1), and rice + black gram (4:1), was 
also practiced with proper weed management. Complete substitutions of rice through 
legume-based intercropping, viz., groundnut + pigeon pea (4:1), groundnut + green 
gram (4:1), groundnut + black gram (4:1), groundnut + cowpea (4:1), were also 
implemented. Study revealed that adoption of crop diversification enhanced water 
productivity and water use efficiency by two to three times (Kar et al. 2003). Crop 
diversification (sole cropping/intercropping) with maize, groundnut, black gram, 
green gram, cowpea, pigeon pea, etc. ensured higher net economic return in rainfed 
upland rice field even in rainfall deficit years when net return from sole rice was nil 
or negative. 

16.10 Irrigation Scheduling Based on Scientific Approach 

Irrigation scheduling is an approach of deciding the quantity and timing of irrigation. 
It helps the irrigator to decide on when and how much water to apply for minimizing 
crop yields and efficiency of water use. The basic objective of irrigation scheduling 
is to make available the correct amount of water for the biological processes of plants 
at appropriate time by applying water needed to replenish the soil moisture to the 
desired level. A phenological-based irrigation scheduling in maize was followed as 
per description in Table 16.9, and water productivities were compared. A compari-
son of crop water productivity (CWP) between treatments receiving irrigation at 
flowering and milk ripening and grain filling stages and not receiving irrigations at 
these stages with the same amount of irrigation (I4 and I5) showed that water was 
more efficiently utilized when irrigation was not skipped at flowering and milk 
ripening and grain-filling stages (Table 16.10). With the same amount of irrigation 
(300 mm) in I4 and I5, less crop yield was obtained in I4 because irrigation was 
skipped at flowering stage of the crop under this treatment. Better water utilization 
efficiency and higher CWP in treatment I5 were obtained which might be associated



Stages Description

X X X 60 60 60

X X X 60 60 60

60 X 60 60 60 60

X 60 60 X 60 60

X 60 60 60 60 60

X X X 60 X 60

X X X X X X

with adequate water applied during flowering stage. This result implies that the crop 
growth stage at which deficit irrigations are imposed on the crop is also a determin-
ing factor to achieve higher CWP. 
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Table 16.9 Irrigation treatment for field experiments 

Irrigation (mm) treatments 

I1 I2 I3 I4 I5 I6 
Stage 
0 

Period of germination of seed in the soil X X X X X X 

Stage 
1 

Emergence of coleoptile from the soil and 
seedling growth up to three leaves 
unfolded 

Stage 
2 

Stem elongation (1): internodes below 
fifth, sixth, and seventh leaves have begun 
to elongate 

60 60 60 X X X 

Stage 
3 

Stem elongation (2): 8–11 leaves 
unfolded, stem elongation rapidly, 
internodes below fifth and sixth leaves 
fully elongated 

Stage 
4 

Stem elongation (3): 12–15 or more leaves 
unfolded, stem still elongates, emergence 
of tassel from the whorl 

Stage 
5 

Flowering (start of pollen shedding, 50% 
pollen shedding, 50% silking, end of 
flowering) 

Stage 
6 

Water ripe stage of caryopsis, start of silk 
drying 

Stage 
7 

Milk ripening stage (milk to solid 
conversion of endosperm, but whole 
kernel content is still milky liquid) 

Stage 
8 

Dry ripe stage (kernel is no longer milky, 
reached physiological maturity) 

Stage 
9 

Ripeness X X X X X X 

Total irrigation during crop growth (mm) 120 180 240 300 300 360 

I1, I2, I3, I4, I5, and I6 are irrigation treatments, X no irrigations were applied 
Source: Kar and Kumar (2015) 

16.11 Pressurized Irrigation System 

Conventional flood method of irrigation has low water use efficiency due to loss of 
water during conveyance and distribution. During the last few decades in Indian 
agriculture, pressurized irrigation systems are being promoted, which include both 
drip and sprinkler methods of irrigation. Since these methods need water under 
pressure, they are classified as pressurized irrigation systems. Pressurized irrigation 
system is a well-established efficient method for saving water and increasing water



Factors

use efficiency as compared to the conventional surface method of irrigation 
(Table 16.11). 
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Table 16.10 Water productivity of maize under different irrigation and nitrogen levels (pooled 
data of 2 years) 

NR
(Rs./ 
ha) 

ER 
(mm) + SPC 
(mm) 

Irrigation
treatments

GY
(kg/ha)

IWA
(mm)

SCWU
(mm)

WPCWU

(kg/m3)
WPNR 
(Rs./m3)

I. Irrigation treatments 

I1 
E 2129 11,661 120 131 251 D 0.849 D 4.65 

I2 
D 2490 14,910 180 127 307 D 0.811 C 4.86 

I3 
C 3553 21,977 240 118 358 B 0.993 A 6.14 

I4 
B 3785 24,065 300 112 412 C 0.918 B 5.84 

I5 
A 4534 25,806 300 105 405 A 1.120 A 6.37 

I6 
A 4675 27,075 360 99 459 B 1.019 B 5.90 

II. Nitrogen treatments 

N1 
D 2295 13,155 300 114.8 365 D 0.629 C 3.61 

N2 
C 2714 20,526 300 116.8 366 C 0.742 B 5.61 

N3 
B 3319 19,871 300 115.6 366 B 0.908 B 5.44 

N4 
A 4385 29,465 300 114.5 365 A 1.203 A 8.08 

N5 
A 4525 25,725 300 115.5 365 A 1.239 A 7.04 

GY grain yield, NR net returns, IWA irrigation water applied, ER effective rainfall, SPC soil profile 
contribution, SCWU seasonal crop water productivity, WPcwu water productivity in terms of crop 
water use, WPNR water productivity in terms of net return in rupees, WPNR water productivity in 
terms of net return 
I1, I2, I3, I4, I5, and I6 are irrigation treatments (in this table), and N1, N2, N3, N4, and N5 are nitrogen 
treatments (nitrogen at 30, 60, 90, 120, and 150 kg N/ha) 

Table 16.11 Irrigation efficiencies in pressurized irrigation system 

Sprinkler irrigation
system

Drip irrigation
system

Surface irrigation 
system 

Overall irrigation 
efficiency (%) 

50–60 80–90 30–35 

Application efficiency 
(%) 

70–80 90 60–70 

Water savings (%) 30 60–70 NA 

Source: Kumar and Kar (2013) 

16.12 Drip Irrigation 

Drip irrigation is an efficient method of micro-irrigation since it applies water 
directly into the crop root zone to meet the crop water requirement. It permits 
application of pesticides, fertilizers, and other soluble chemicals through fertigation.



Source of loss

The system applies water at low rate and under pressure to keep the soil moisture 
within the desired range for plant growth. The system has overall application 
efficiency around 90% as compared to 25–30% for surface irrigation. 
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16.13 Sprinkler Irrigation System 

The role of the sprinkler irrigation system has been universally acknowledged in 
achieving high water use efficiency, in improving crop productivity and quality of 
produce, and in saving of irrigation water and labor costs. The sprinkler irrigation 
system simulates the water application as that of rainfall. The overall efficiency of 
sprinkler method is as high as 65% as compared to 25–30% of surface method or 
irrigation. The system has an advantage for the close growing crops in supplying the 
required quantity of water. This saves the irrigation water and helps in uniform 
application of water in the field. To adopt sprinkler system, a farmer has to incur an 
average cost of Rs. 15,000/hectare. Classification of this irrigation system has been 
done based on arrangement of spraying water or on the basis of their portability. In 
India, the rotating head portable systems are most commonly being used by the 
farmers. 

16.14 Improving Water Use Efficiency of Canal Command 

Considerable amount of water is lost in canal command through evaporation, 
seepage, and percolation. In no irrigation project in India, the total losses in the 
canal distribution system and field have been less than 50% of the head discharge. A 
review of 90 irrigation projects of the world indicated generally low irrigation 
efficiencies, with only 20–40% of water diverted from the reservoir being effectively 
used by the crop, while in India the irrigation efficiency is around 10–20%. The 
losses of irrigation water are unlined canal distribution system in North India 
(Table 16.12). In any irrigation project, the total losses in the canal distribution 
system and field have not been less than 50% of head discharge. 

Table 16.12 Losses of irrigation water in unlined canal distribution systems and in the field 

% of supplies at canal head 

Seepage Evaporation Total 

Main canals and branches 13.6 3.4 17.0 

Distributaries (10% of supply at distributor) 6.4 1.6 8.0 

Field water courses (27% of supply at outlet head) 16.0 4.0 20.0 

Losses from field during application (30% of supply 
reaching the head) 

13.2 3.3 16.5 

Total 49.2 12.3 61.5 

Source: Kumar and Kar (2013)
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Studies conducted in Nagarjuna Sagar Project have revealed that only 40–60% of 
water released from the reservoir reaches the field and only 20–40% is used by the 
crops. The main components of water losses in an irrigation system are (a) water 
losses in storage (10–20%), (b) water losses in conveyance systems (25–40%), 
(c) water losses in operation (10–30%), and (d) water losses in application 
(45–70%). To increase the overall irrigation efficiency of 40–50% for a project, 
improved irrigation and drainage practices should be adopted based on scientific 
land water management principles. The methods to reduce conveyance losses 
include lining the bed and sides of the canal, eradication of weeds, and reduction 
of wastage from escapes and tail ends. The use of plastic films as lining material also 
has tremendous scope in India. 

16.15 Water-Saving Technologies in Canal Command 

Irrigated agriculture can be made vibrant by increasing farm productivity in the 
country through scientific and efficient management of canal systems, and water 
production can be enhanced through adoption of water-saving technologies. Rota-
tional irrigation is often recommended to irrigate a large area with limited water 
supply and to ensure better equity among water users. Rotational irrigation is the 
application of required amount of water to fields at regular intervals. The field may 
often be without standing water between irrigations, but ideally the soil does not dry 
enough for moisture stress to develop. A major advantage of rotational irrigation is 
possibly the more effective use of rainfall. Plant height, tiller number, leaf area 
index, dry matter production, and grain yield generally decrease as the irrigation 
interval increases from 4 to 10 days (Table 16.13). The results of experiments 
conducted by WALAMTARI on rice in Andhra Pradesh under Sriram Sagar Project 
in sandy loam soils are given in Table 16.14. 

16.16 Reuse of Irrigation Water 

About 30% of water applied to the field is lost as surface or subsurface flow reaches 
drains. The water lost through the drains can be stored at suitable sites and pumped 
back for irrigation by giving due consideration of water quality-related issues. 

Table 16.13 Effects of rotational irrigation in IR 20 rice variety 

Irrigation interval
(days)

Plant height
(cm)

Tillers (no. of
hill)

Total dry matter
(g/hill)

Yield 
(t/ha) 

4 102 18 6.5 53 7.2 

6 97 18 54 47 7.1 

8 98 17 5.2 49 6.8 

10 92 12 4.2 37 5.6 

Source: Reddy and Reddy (2009)
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Table 16.14 Savings in water due to rotational irrigation for rice crop 

Irrigation
interval (days)

Quantity of water
applied (mm)

Yield of rice
(kg/ha)

Reduction of
yield (%)

Water 
saved (%) 

1 1717 6324 

2 1117 6056 4.42 34 

3 1027 5924 6.75 40 

4 913 5720 10.55 46 

5 877 5646 12.00 48 

Source: Reddy and Reddy (2009) 

16.17 Better Operation Planning 

Irrigation system operation is the process of releasing, conveying, and diverting 
water in the canal systems to ensure predetermined flows at prescribed times for 
specified duration at all designated points of delivery. The operation plan considers 
the water available in the reservoir at the beginning of each crop season and spells 
out the starting date of release of water; the mode of supplies, i.e., whether intermit-
tent and continuous; the detailed schedule of releases; and the closing date of release 
of water. The operation plan is prepared with active participation and involvement of 
farmer’s representatives so that it may be implemented without any resistance from 
the farmers. This will reduce wastage and better utilization of irrigation water will be 
ensured. 

16.18 Systematic Canal Operation 

The object of systematic canal operation is to ensure equitable distribution of 
available flows at the heads of all offtakes on a distributory. A schedule of canal 
operation has to be prepared in advance. For instance, a distributory may be divided 
into seven reaches each covering one or more offtakes whose total discharge is about 
a seventh of the designed discharge of the distributory. One-seventh of the total 
discharge can be saved on each day by closing the offtake in each reach of 24 hours 
in succession in a week. This water can be made available to tailenders and thus it 
will help saving water. 

16.19 Response to Rainfall in Canal Operations 

Canal operations should respond meticulously to rainfall in the command area for 
efficient use of storage water in the reservoir. The demand of crops for water is met 
in the wet season by both rainfall in the command area and water stored in the 
reservoir. Water requirement of crops is worked out using one of the empirical 
methods suggested by FAO, Rome. Commonly used method is Penman-Monteith



method. While assessing the water requirements of crops during the wet season for 
preparing the operation plan, effective rainfall worked out from the data of average 
rainfall over a period during the past 20 years is deducted from the water 
requirements of crops worked out by the Penman-Monteith method or any other 
empirical method. But in real-time situations, the pattern and amount of rainfall vary 
influencing the scheduled deliveries. When rainfall is in excess, the scheduled 
irrigations are skipped, and when rainfall is deficient, unscheduled deliveries have 
to be made. This will ensure maximum utilization of rainfall as well as protecting the 
crops from water stress or from excess water. Irrigation deliveries are based mainly 
on the status of water balance in the cropped fields. The water balance in paddy fields 
is on the basis of ponding depth, while for light-irrigated crops, it is on the basis of 
water storage in the root zone. The allowable depletion of soil water storage is 
limited by readily available soil moisture capacity. Response to rainfall for paddy 
depends on adopted ponding depth, while for light-irrigated crops, response is 
related to the depletion level of readily available soil water from the root zone. 
The mode of irrigation supplies differ during various stages of crop growth and 
development, as water requirements of crops vary at vegetative and reproductive 
stages. 
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16.20 Precision Land Leveling 

Declining irrigation water availability, sustainable crop production to meet increas-
ing food demand necessitates adoption of advanced technologies for better water 
management. Land leveling at farmers’ field enables efficient water utilization of 
scarce water resources through elimination of unnecessary depression and elevated 
contours. Laser leveling is a laser-guided precision leveling technique used to 
achieve very fine leveled land with desired grade on agriculture field. It is becoming 
popular in almost entire state of Punjab. Precision land leveling must be treated as a 
promising technology for improving crop yields, enhancing input use efficiency, and 
ensuring long-term sustainability of the resources based on intensively cultivated 
areas. Keeping in view the benefits of laser leveling, a study was conducted to 
evaluate the performance laser leveler at farmers’ field and to estimate the savings in 
water resources at different level of adoption. Water saving in different crops at 
different level of laser leveler is presented in Table 16.15. 

16.21 Groundwater Recharge 

Groundwater played a major role in achieving green revolution and contributes to 
60% of the gross irrigated area of the country. Overexploitation of groundwater has 
reached critical level in Haryana, Punjab, Rajasthan, and Tamil Nadu. The Punjab-
Haryana region could lose its production potential in a few decades if current pattern 
of groundwater extraction and pollution, soil salinization, and rice wheat cropping 
system persists. Necessary steps must be taken immediately for groundwater
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recharge in these areas. Rainwater harvesting has considerable potential for 
recharging depleted groundwater aquifers meeting irrigation demand. If water 
cannot be stored above the ground, it should be stored underground via artificial 
groundwater recharge, considering that 98% of Earth’s freshwater resources are 
stored in underground and there is enough space for more storage.
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16.22 Conjunctive Use of Surface Water and Groundwater 

Conjunctive use of multiple water resources should be practiced to mitigate the 
effect of the shortage in canal water supplies subjected to variation in depth round 
the year, increase the availability of existing water supplies, alleviate the problems of 
high water table and salinity, and facilitate the utilization of saline groundwaters 
which, otherwise, cannot be used without appropriate dilution. Strengthening of 
knowledge based on geology and aquifer characteristics, hydrology of surface, and 
groundwater facilities is required to develop appropriate conjunctive use system. 

16.23 Management of Poor Quality Groundwater 

Groundwater in arid regions is largely saline and is sodic in nature under semiarid 
areas. The use of poor-quality water for irrigation deteriorates the soil health owing 
to salinity, sodicity, and toxic effects. In addition to reduced productivity, it 
deteriorates the quality of produce and also limits the choice of cultivable crops. In 
saline groundwater areas, where canal water availability is limited, conjunctive use 
of canal water and saline groundwater is recommended. Dilution or mining of 
available poor-quality water with good water should be done in such proportion 
that resultant EC is acceptable for the range of crops to be grown in a given area. 

Some of the management options to manage the saline groundwater are selection 
of semi-tolerant crops, salinity-tolerant cultivars, proper selection of crop sequences, 
avoiding saline water use during initial growth stages, addition of farm yard manure 
and organic matter, application of additional dose of nitrogen, etc. Some important 
points to be noted for management of conjunctive use practices are analysis of saline 
water to evaluate its use potential, selection of crops/varieties, presowing irrigation 
with good quality water so that germination and seedling emergence are not affected, 
adequate leaching of salts, change of cropped area, and adoption of improved 
cultural and nutrient management practices. 

Management technology options for use of sodic groundwater include selection 
of crops, conjunctive use of canal water, river water management and leaching 
strategies to maintain a high level of soil moisture and low level of salts, exchange-
able sodium in the rhizosphere, use of land management practices to increase the 
uniformity of water distribution, infiltration and salt leaching besides the optimal use 
of chemical amendments like agricultural grade gypsum and acidic pyrites at proper 
time, and mode of their application with judicious use of organic materials and 
chemical fertilizers.
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16.24 Mitigating Groundwater Pollution 

The choice of appropriate cropping systems and management practices helps in 
minimizing nitrate leaching besides improving N-use efficiency. Legume 
intercropping in cereals grown with wider row spacing reduces nitrate leaching. 
Parallel multiple cropping (a system of growing two dissimilar growth habit crops 
with minimum competition) of sugarcane and black gram and that of pigeon pea and 
maize resulted in low NO3-N content in soil profile as compared to sole cropping. 

As a crop management strategy for minimizing NO3-N leaching, delaying large N 
applications until the crop can utilize it, avoiding irrigation when large amounts of 
NO3-N are present in the root zone and split application, etc. have also been 
recommended. There is a specific need to create awareness among people about 
the presence of fluoride in groundwater, its action on body tissues, and available 
remedial technologies. Various artificial recharge techniques including Aquifer 
Storage Recovery (ASR) technique may be applied to improve the water quality 
by dilution. The ASR technique is a viable or cost-effective option for storing large 
volumes of freshwater. Looking at the success achieved through ASR in many 
countries, there is a case to plan trial of this technology at suitable locations in the 
country. Besides this, the concept of mixing two different aquifers/sources of water 
can also be tried to overcome the fluoride problem (Bajwa et al. 1993). 

Investigations of geochemistry are very essential to understand the occurrence 
and mobilization of arsenic in the aquifer system. Thus, there is urgency for an 
integrated study on geological, hydrological, and geochemical characterization of 
the multilevel aquifer system to predict the origin, occurrence, and mobility of 
arsenic in groundwater. There is a priority to arrive at suitable and economically 
viable alternatives to maintain sustainable drinking water supply. The traditional 
system of using surface runoff water can be augmented by system for reducing 
dependence groundwater extraction. 

16.25 Farmers’ Participation for Managing Irrigation Water 

The effective water management is critically linked with the performance of local-
level water institutions. The innovation of Water User Associations (WUA)/Pani 
Panchayat institution has diverted larger flow of information as well as initiative 
from government irrigation departments toward it. The transfer of irrigation man-
agement responsibility from the government irrigation authority to local body 
depends on allocative and investment decisions by the farmers’ group/organization. 
There has to be a paradigm shift giving the irrigators (farmers) real decision-making 
power in managing the irrigation system as a whole system. Watershed management 
is by nature beyond the work of individuals, and thus collective effort by all farmers 
concerned is required for successful management. Replication of successful samples 
and community-led success stories is likely to lead to most sustainable results. The 
objectives of farmers’ groups cannot be realized overnight and it takes time. There-
fore, it is of paramount importance to keep it functional and effective for a long time.



It should become a part of the tradition of the village over time, as is the case with the 
already existing traditional village organizations. 
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16.26 Water Management in Waterlogged Areas 

The saucer-shaped land forms, high rainfall (average 1500 mm) due to southwest 
monsoon (June–September), poor drainage condition, and slow disposal of 
accumulated water in the plains to the ocean make the coastal region susceptible 
to waterlogging and flood-prone, and the area remains submerged for about 5–-
6 months (July–November) under water depths varying from 0.75 to 2.0 m. Alter-
natively, the winter and summer rainfall (November–May) is meager and erratic. As 
a result, after December, the land becomes dry, and available soil moisture in the 
land is not sufficient to meet evapotranspiration loss of any crops. Thus, coastal 
waterlogged areas are subjected to receive both extreme events. In one season, the 
area is underproductive due to excess water; in other season, agriculture is not 
possible because of the lack of soil moisture. Due to constant waterlogging of 0.5-
to 2.0-m depths, the normal rice fails to grow in seasonal flood0prone areas. 
Improved deep waterlogging rice cultivars like ‘Hangseswari’ and ‘Saraswati’ 
were introduced with improved sowing methods (line sowing with 20 cm distance, 
row to row, and fertilizer dose of 20:20:20) in the seasonal waterlogged areas (Kar 
et al. 2010).These varieties can produce up to 2.8 t/ha grain yield in kharif season in 
deep waterlogged situation if flood commences after second week of August. 

The suitable water harvesting structure depending upon the maximum depth of 
waterlogging was designed and constructed by taking 25–30% of the total field in 
representative waterlogging areas of Puri District. Waterlogging-tolerant rice 
varieties were grown surrounding the structure during kharif season. The water 
inside the structure was utilized for fish rearing, and the bund was utilized to grow 
vegetable short-duration fruit and vegetable crops initially and to grow firewood 
plants at later stages. The harvest was also utilized to grow high-yielding medium 
duration rice (cv. ‘Lalat,’ ‘Konark’) and vegetable crops during rabi season. 
Through this approach, farm returns enhanced up to about 1.0 lakh/hectare from 
waterlogged area which remained unproductive earlier. The cropping intensity of 
farmers was increased between 150 and 250%. Water chestnut and medicinal plant 
(Acorus calamus) were introduced in seasonal flood-prone areas, and package of 
practices for their cultivation was standardized. From water chestnut and calamus 
cultivars, Rs. 19,000/ha and Rs. 35,000/ha net returns were obtained, respectively. 

16.27 Indigenous Technical Knowledge (ITK) for Water Resource 
Management 

Our agriculture has a lot of inherited sustainable practices passed from one genera-
tion to another generation. The present and future generations must be aware of the 
ancient technologies practiced by our ancestors to build future research strategy.



With the success of Green Revolution, India has progressed in every field of 
agriculture and allied studies. But due to the indiscriminate use of chemicals, 
intensive cropping system with intensive input use on a long-term basis has been a 
major constraint to maintain sustainability. Our agroecosystem is threatened due to 
irrational use of chemicals in the form of pesticide, fertilizer, and herbicide. Soil 
health is getting deteriorated, water and air sources are getting polluted. and there is 
an increasing erosion of plant and animal genetic resources. Therefore, sustainability 
is the need of the hour. 

436 G. Kar

The indigenous technical knowledge (ITK) provides an insight into the sustain-
able agriculture, since these innovations have been passed from one generation to 
another as a family technology. Various ITKs have been followed by our ancestors, 
but unfortunately these small local systems are dying out. Chadwick et al. (1998) 
explored ITK of water harvesting and artificial recharge and found that the most 
important strategy is with the Maldharis. The local people have traditionally man-
aged to safeguard their livelihood through rainwater harvesting. The techniques 
developed by them harvest sporadic floodwater, which ensures that their drinking 
needs are fulfilled even during water-scarce years. Their extensive knowledge of 
water harvesting based on the local ecosystem and of the complex water harvesting 
system subsequently developed by them is based on their knowledge, culture, and 
experience. Though the area is flat, some depressions, known locally as tanks or 
jells, of various sizes exist and act as storage areas for flood water. The water lasts 
several months before drying up. 

The local nomads found that after infiltration of water in the soil, the freshwater 
gets stored at shallow depths in a layer “floating” above salty groundwater. The dug 
shallow wells in this zone are called “virda” reaching down as far as the freshwater. 
Each virda is used until the water begins to get salty at which point the virda is filled 
with grasses and silt from the next virda and left to replenish. Other methods include 
the development of a series of tanks sunk parallel with the slope. These progressively 
fill during the rainy season with each feeding to one larger deeper tank. Similarly, 
sprinkling of thin slurry from cow dung over drought-affected paddy so as to 
increase the water retention properties of the soil is also a common practice. In the 
field of local Aus rice, at an early stage, the use of a hand hoe followed by laddering 
is undertaken. This process thins out unwanted seedlings and weeds and aids 
mulching. 

16.28 Government Initiative/Policies for Higher Irrigation 
and Water Use Efficiency 

Government has given considerable importance to the development of command 
area under canals. Earlier during 1950–1951, the canal-irrigated area was 8.3 million 
ha which is now 17 million ha. Wells and tube wells accounted for 29% total 
irrigated area in 1951, and they had a share of 64% of the total irrigated area in 
2010–2011. It is worth mentioning that the Government of India has taken many 
initiatives in the past. Between 1991 and 2007, India invested (approx.) ~ USD 4000



million in public canal systems. Yet the canal-irrigated area decreased by 38 lakh 
hectares during that period, as infrastructure is old, water supply is unreliable, and 
further there are no incentives. 

16 Water 437

Similarly, even after 50–90% subsidy for the micro-irrigation, it covers less than 
5% of India’s cultivated area. The government schemes have succeeded in some 
states although faltered in others. Electric-powered groundwater exploitation has 
thus emerged as a unique confluence of physical, policy, and political factors that 
have trapped many states in a vicious spiral of declining groundwater, deteriorating 
water quality, stagnant crop productivity, deteriorating power service delivery, and 
poor financial health of power generation companies. Most state governments 
provide subsidized or free electricity to farmers which results in overuse of water 
and declining groundwater tables. It has been reported that Indian farmers use two to 
four times more water to produce a unit of major food crop than in China or Brazil. 
Of this maximum, 45% is shared by tube wells followed by canals and wells. In this 
context, the Indian government has tried to inculcate new policies and schemes to 
improve agricultural productivity while simultaneously increasing water use effi-
ciency. The Indian government introduces schemes as commendable effort to 
increase irrigated area. One example is the launching of (approx.) ~ USD 7.5 billion 
“Pradhan Mantri Krishi Sinchai Yojana (PMKSY).” This scheme provides a sound 
framework for the expansion and effective water use in irrigation. This scheme can 
be enhanced by restoring Mahatma Gandhi National Rural Employment 
Guarantee Act. 

16.29 Water Rights and Water Pricing 

Water rights: In India, water rights are related with the ownership of land. That 
essentially means that the landowners have rights to extract water through wells on 
their lands. Also, they are encouraged to collect rainwater on their land. 

Water pricing: Pricing water and water-related services adequately can boost 
people to invest more in water-related infrastructure and value watershed services 
rather than wasting them. In most states, there is no payment of water fees or any 
other charge. Even in many states, electricity is provided free to pump water if water 
is to be used for irrigation purposes. The distorted water pricing is resulting in 
overexploitation of the natural resources which may have long-term implication such 
as salination, thus rendering good agricultural land unfit for growing crops and 
presence of heavy metals. The state governments avoid withdrawing these 
provisions as farmers may consider high water pricing as depriving of their entitle-
ment, which could in turn lead to conflict and may also result in increase in food 
prices.
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16.30 Water Resources of North Eastern Hill (NEH) Region 

The northeastern region of India comprising eight states, viz., Meghalaya, Nagaland, 
Sikkim, Tripura, Assam,Manipur, Mizoram, and Arunachal Pradesh, with 39 million 
population has a total geographical area of 262,180 km2 (nearly 8% of the total area 
of India). The per capita availability in Brahmaputra Basin is more than 14,000 m3 

compared to only about 120 m3 in Kutch area of Gujarat. The total annual water 
resources of the country have been estimated at 1953 km3 . The utilizable resource 
has been estimated as 690 km3 surface and 450 km3 groundwater equalizing a total 
of 1140 km3 . The annual demand for irrigation water in India and Northeast region 
during the year 2020 was 460 and 20 km3 and for 2025 estimated at 810 and 32 km3 , 
respectively (Satapathy and Sharma 2006). The average annual precipitation in the 
country is about 4000 km3 , a part of it goes as runoff, a part of it lost as evapotrans-
piration, and the remaining goes to recharge groundwater. The NE region has a 
surface water and groundwater potential of 1487.2 and 25.3 km3 (Table 16.16), 
respectively (Borthakur et al. 1989). Out of irrigation potential of 36,810 km2 , only 
5120 km2 or 15.3% of the potential has been exploited in NE region (Satpathy and 
Sharma, 2006). Out of total irrigated area, 69.8% is in Assam alone. Manipur has 
25.5% of the net sown area, compared to 13.8% in Meghalaya. Present cropping 
intensity of 135% of the region would go up to 200% if full irrigation potential is 
utilized. 

16.31 Pradhan Mantri Krishi Sinchayee Yojana (PMKSY) 

Pradhan Mantri Krishi Sinchayee Yojana (PMKSY) was launched during the year 
2015–2016, with an aim to enhance physical access of water on farm and expand 
cultivable area under assured irrigation, improve on-farm water use efficiency, 
introduce sustainable water conservation practices, etc. PMKSY has various 
components, viz., Accelerated Irrigation Benefits Programme (AIBP);

Table 16.16 Inland water resource potential in NE states (000 ha) and utilizable groundwater 
resource for irrigation (m ha m) 

River length and
canals (km)

Tanks/
ponds

Groundwater 
resource (m ha m) 

Arunachal 
Pradesh 

2500 0.38 1.00 2.50 0.1223 

Assam 4850 36.04 16.47 83.84 1.8421 

Manipur 3360 0.10 5.00 4.00 0.2681 

Meghalaya 5600 1.17 1.82 0.21 0.1042 

Mizoram 1748 – 1.60 –  

Nagaland 1600 9.50 4.94 0.21 0.0615 

Tripura 1200 4.50 9.60 0.50 0.2135 

Total 19,468 51.69 40.44 91.26 

Source: Satapathy and Sharma (2006)



PMKSY-Har Khet Ko Pani (HKKP) including Command Area Development and 
Water Management (CADWM), Surface-Minor Irrigation (SMI), and Repair, Reno-
vation and Restoration (RRR) of Water Bodies [implemented by DoWR, RD & GR, 
MoJS]; PMKSY-Per Drop More Crop (PDMC) [implemented by the Department of 
Agriculture, Cooperation and Farmers’ Welfare]; and PMKSY-Watershed Develop-
ment Component(WDC) [implemented by the Department of Land Resources]. The 
PMKSY-PDMC focuses on water use efficiency at farm level through precision/ 
micro-irrigation. Surface Minor Irrigation (SMI) schemes with irrigation potential 
less than 2000 ha were included under Accelerated Irrigation Benefits Programme 
(AIBP) for providing central assistance (CA) since 1999–2000 for Special Category 
States. Subsequently, the Scheme extended to area covering DPAP, tribal, DDP, 
flood-prone, left-wing extremist, and Kalahandi Balangir Koraput (KBK) region of 
Odisha. The scheme of SMI is now a part of PMKSY (HKKP).
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16.32 Salient Features of the National Water Policy (2012) 

The National Water Policy (2012) has been formulated for planning, development, 
and management of water resources. Some of the salient points regarding National 
Water Policy (2012) are given below:

• Planning, development, and management of water resources need to be governed 
by common integrated perspective considering local, regional, state, and national 
context, having an environmentally sound basis, and keeping in view the human, 
social, and economic needs.

• Principle of equity and social justice must inform use and allocation of water. 
Water needs to be managed as a common pool community resource held by the 
state under public trust doctrine to achieve food security, support livelihood, and 
ensure equitable and sustainable development for all. Water is essential for 
sustenance of the ecosystem, and therefore, minimum ecological needs should 
be given due consideration.

• Safe water for drinking and sanitation should be considered as preemptive needs, 
followed by high-priority allocation for other basic domestic needs (including 
needs of animals), achieving food security, and supporting sustenance agriculture 
and minimum ecosystem needs.

• Available water, after meeting the above needs, should be allocated in a manner to 
promote its conservation and efficient use. Given the limits on enhancing the 
availability of utilizable water resources and increased variability in supplies due 
to climate change, meeting the future needs will depend more on demand 
management, and hence, this needs to be given priority, especially through 
(a) evolving an agricultural system which economizes on water use and 
maximizes value from water and (b) bringing in maximum efficiency the use of 
water and avoiding wastages.

• Water quality and quantity are interlinked and need to be managed in an 
integrated manner, consistent with broader environmental management
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approaches inter alia including the use of economic incentives and penalties to 
reduce pollution and wastage.

• The impact of climate change on water resource availability must be factored into 
water management-related decisions. Water-using activities need to be regulated 
keeping in mind the local geoclimatic and hydrological situation.

• There is a need to evolve a National Framework Law as an umbrella statement of 
general principles governing the exercise of legislative and/or executive 
(or devolved) powers by the center, the states, and the local governing bodies. 
This should lead the way for essential legislation on water governance in every 
State of the Union and devolution of necessary authority to the lower tiers of 
government to deal with the local water situation.

• There is a need for comprehensive legislation for optimum development of 
interstate rivers and river valleys to facilitate interstate coordination ensuring 
scientific planning of land and water resources taking basin/subbasin as a unit 
with unified perspectives of water in all its forms (including precipitation, soil 
moisture, groundwater, and surface water) and ensuring holistic and balanced 
development of both catchment and command areas.

• Such legislation needs, inter alia, to deal with and enable the establishment of 
basin authorities, comprising party states, with appropriate powers to plan, 
manage, and regulate the utilization of water resource in the basins.

• The center, the states, and the local bodies (governance institutions) must ensure 
access to a minimum quantity of potable water for essential health and hygiene to 
all its citizens, available within easy reach of the household. 

16.33 Future Irrigation Water Resources 

The ultimate irrigation potential is estimated to be 139 Mha. For meeting the future 
food grain demand of 494 million tons in 2050, it is required to bring 146 Mha under 
irrigation which is quite high compared to the present gross irrigated area of 89.55 
Mha. Thus, it is difficult to achieve the requirement of 146 Mha of irrigated area 
considering the area that would continue to remain rainfed. Alternatively, it is 
essential to increase the crop productivity from present 2.3 t/ha to 4 t/ha under 
irrigated conditions and from less than 1 t/ha to 1.5 t/ha for rainfed area. Most of the 
irrigation projects are operating at a dismally low efficiency of 35%. Besides, there is 
an increase in waterlogged and saline areas due to erratic rainfall distribution. With 
increasing pressure on land and water, immediate action is needed to increase 
irrigation efficiency to 60% for surface water and 75–80% for groundwater. It has 
been predicted that with almost no increase in the net sown area in the near future, 
the cropping intensity needs to be increased from 132% to 145% by 2025 to step up 
the gross cultivated area from 194 Mha to 210 Mha. 

Likewise, about 80 Mha would continue to remain as rainfed, and very less area is 
expected to switch from rainfed to irrigated due to erratic rain distribution. Manage-
ment of declining water resources in a sustainable manner for enhancing their 
productivity needs to be addressed in the agricultural water management research



and development of the country. The need of the day is to economize water in 
agriculture, bring more area under irrigation, and increase the yield per unit area and 
unit quantum of water through multiple use of water, conjunctive use, recycling of 
poor quality/waste water, pressurized irrigation system, crop diversification, and 
other water-saving agricultural methods. 
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16.34 Conclusions 

Water forms the backbone for all the future endeavors to achieve the vision of food 
security. In the present context, upscaling agricultural economic growth to more than 
4% annually is the main challenge. Taking water technologies for better water 
management from lab to land is a formidable task to be addressed. Modernization/ 
automation of irrigation systems, precision irrigation, land reforms, corporate farm-
ing, cooperative farming, water and energy pricing, crop insurance, institutional 
mechanism for better governance, and water rights are some of the key issues for 
better water management in agriculture. The projected food requirement demands a 
pronounced role for research, development, and training in the water and agriculture 
sector. It is evident that the water availability for agriculture is declining and to 
enhance agricultural production, more water is needed. Therefore, concerted and 
holistic efforts are required in increasing the overall water use efficiency at system 
level which would be achieved through various measures like timely execution of 
projects, minimizing the losses, better operational efficiency through stakeholders’ 
participation, implementation of on-farm water management technologies, conjunc-
tive use of water, and changes in irrigation policy. Simultaneously, the efforts of 
research and development institutions are required in the development of water 
management technologies, suitable database development, economic studies of 
various irrigation systems, policy guidelines for on-farm water management, and 
adoption of participatory irrigation management. Serious efforts from developmental 
agencies as well as research institutes are required to develop a suitable water 
perspective plan for various regions in the country for its implementation. 
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Abstract 

Since independence, India has made much progress in agriculture. Indian agri-
culture, which grew at the rate of about 1.0% per annum during the 50 years 
before independence, has grown at the rate of about 2.6% annum in the post-
independence era. The green revolution (GR) provided India a greater genetic 
diversity and institutional capacity to produce more. It stimulated infrastructural 
and rural development, increased prosperity of villages and improved quality of 
life. During the period 1950–1951 to 2016–2017, the area of other cultivable 
land, barren and uncultivable land, culturable wasteland, land not available for 
cultivation and fallow lands showed a steady decline. There was a greater use of 
such land for agricultural and non-agricultural uses. The area under permanent 
pasture and other grazing lands also decreased. Fertilizer-responsive varieties/
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hybrids were introduced, and as more irrigation facilities were created, acreage 
under low water requiring traditional crops paved the way to water-intensive 
cropping. This transformation through GR also showed its side effects like 
regional imbalance, social inequality and problems of soil degradation. Since 
land resources are finite, suitable measures are required to reclaim and rehabilitate 
degraded lands and wastelands. The target 15.3 of the Sustainable Development 
Goals (SDGs) deals with land degradation neutrality (LDN) and aims to combat 
desertification, restoring degraded land and soil—including land affected by 
desertification, droughts and floods to achieve a land degradation-neutral world. 
India, being a signatory to the SDGs, has voluntarily taken the onus to establish a 
national framework containing processes and mechanisms for achieving the land 
restoration target of 26 Mha by 2030. In this chapter, we briefly discussed (1) pre-
and post-independence status in land resources, land uses, land resource develop-
ment, land degradation and measures of land rehabilitation; (2) land use changes, 
status and causes of land degradation, measures to mitigate land degradation, 
cost/economics of land restoration, national programmes/policies of soil and 
water conservation during pre- and post-GR era; and (3) LDN for achieving 
food security and environmental sustainability in India.
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17.1 Introduction 

Agriculture plays a vital role in the economic development of India. Besides 
providing food to the nation, agriculture provides employment to people, contributes 
to market of industrial goods and earns foreign exchange. Since independence, 
progress in Indian agriculture has been accelerated. The growth of Indian agriculture 
was at the rate of about 1.0% per annum during the 50 years before independence 
and at the rate of about 2.6% per annum in the post-independence era. Area 
expansion was the main source of growth during the 1950s and 1960s; after that, 
the contribution of land area under agricultural production has declined over time, 
and increase in productivity became the main source of agricultural growth through 
green revolution (GR). The GR helped India to attain self-sufficiency in food and 
fibre requirements of the over-increasing population of the country. Agricultural 
production of India increased from 50 Mt to over 300 Mt since the 1950s. All these 
developments in Indian agriculture are contributed by a series of steps initiated by 
the Indian Government. Land reforms, inauguration of the Commission for Agricul-
tural Costs and Prices to ensure remunerative prices to producers, new agricultural 
technologies, investment in research and extension services, provision of credit 
facilities and improvement of rural infrastructure are some of these steps. However, 
this had further consequences of loss of plant biodiversity and increased



environmental pollution. Land degradation caused by inappropriate agricultural 
practices has direct consequences on the food and livelihood security of farmers. 
The causes of land degradation are both natural and anthropogenic. Natural causes 
are earthquakes, landslides, volcanic eruptions, tsunamis, droughts, avalanches, 
floods, tornadoes and wildfires. Anthropogenic causes of land degradation are land 
clearing and deforestation, inappropriate agricultural practices, improper manage-
ment of industrial wastes, careless forest management, overgrazing, surface mining, 
urban sprawl and industrial development. Land degradation caused by inappropriate 
agricultural practices has direct consequences on the food and livelihood security of 
farmers. 
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17.2 Food and Environmental Security During 
Pre-independence and Independence Era 

The country witnessed 14 famines between eleventh and seventeenth centuries 
(Bhatia 1985). Nevertheless, these famines affected a particular region due to the 
scarcity in rainfall or other climatic hazards, but after 1860, famines started to spread 
to different regions of the country with overall scarcity of food grains. Incidence of 
such shortages also appears to have augmented, and 20 famines occurred during the 
period between 1860 and 1909. During 1880, the Famine Commission was 
constituted, which perceived that every province in British India (including 
Burma) had excess of food grains, to the tune of 5.16 million tons (Mt) (Bhatia 
1970). In fact, about 1 million tons of rice and other grains were also annually 
exported from India. However, the condition has altered severely during the time of 
the Second World War, and the infamous Bengal famine occurred during 1943. 

17.3 Pre-independence Land Resources 

Land resource development and conservation programme during pre- and post-
independent India has been advanced through several phases. During the Mughal 
period, there were different forms and arrangement of land revenue collection and 
management of land resources. Tenants had customary rights over the land they 
cultivated as long as land revenue and taxes were paid to the Government. The task 
of collecting taxes and revenue was assigned to a category of people termed 
zamindars (Bhaumik 1993). The zamindars, to whom they vended the landowner-
ship, customarily selected a series of middlemen for income collection. The increas-
ing number of such middlemen implied that there was remarkable raise in revenue 
collected from the tenants, and the incapability in paying the extended amount led to 
their expulsions from the right to cultivate, exploitation and declining agrarian 
production (Bhaumik 1993). During independence, the agrarian system was consid-
ered as opportunistic, rent-seeking middlemen, differential land revenue and propri-
etorship through different provinces, few land owners held/owned a bigger portion



of the land, a large number of tenant farmers, numerous among them had uncertain 
contract, and unfair production relations (Appu 1996). 
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17.4 Land Reforms During Post-independence Period 

The uniqueness of farming in India is linked with the specified goal to achieve 
financial progress along with the social equity for assuming few extensive steps for 
land alterations or conservation in the post-independence period. These changes, 
earlier from the pre-independence situations, involved were (a) eradication of 
intermediaries, (b) ceiling on holding size, (c) legislations for tenants, 
(d) cooperative farming, (e) elimination of involuntary labour and 
(f) amalgamation of holdings. During the 1960s, many states had passed regulations 
imposing ceilings on holding of land. The ceilings specified varied from state to state 
and with types of land and crop. 

17.5 Land Use Pattern in the Pre-GR, GR and Post-GR 

During the last century, India has endured notable changes in land cover and land use 
including deforestation, shifting of crop area and urbanization (Roy et al. 2015). The 
basic factor in agriculture is land. More than 50% of the total geographical area 
(TGA) is used for cultivation of crops, which made India as the leading nation for 
production of farm produce globally (Teluguntla et al. 2015). In India, land classifi-
cation was largely dependent on agriculture, and up to 1950, the land was broadly 
classified into five categories: (1) area under forests, (2) area not available for 
cultivation, (3) uncultivated lands including current fallows, (4) area under current 
fallows and (5) net area sown. Later, it was realized that such a classification did not 
give a clear picture of the actual area under different categories of land use required 
for agricultural planning. Hence, a reclassification was adopted from March 1950. 
Then land was classified under nine categories: (1) forests, (2) barren and uncultiva-
ble lands, (3) land put to non-agricultural uses, (4) cultivable wastes, (5) permanent 
pastures and other grazing lands, (6) miscellaneous tree crops and groves not 
included in the net area sown, (7) current fallows, (8) other fallows and (9) net 
sown area. 

The total cropped area in the country has increased from 131.9 Mha in 
1950–1951 to about 200.2 Mha in 2016–2017. The total arable land and land 
under permanent crops are quite high in India (51.2%) as compared to China 
(10.4%), Japan (13.0%) and Mexico (11.7%). The areas of other cultivated lands, 
barren and uncultivable land, culturable wastelands, land other than cultivated 
excluding fallow lands and pasture and grazing lands have been showing a steady 
decline during the GR period. This indicates a greater use of those lands for 
agricultural use. Barren and uncultivated lands have paved the way for the increase 
in area under forest and area under cultivation. On the other hand, the area under 
fallow lands has been increased from 19.3 to 26.4 Mha during the period between



1970 and 2017 (Fig. 17.1). The area under current fallows steadily increased by 
nearly 4.31 Mha from 1970–1971 to 2016–2017, and the net decrease was nearly 1.1 
Mha from 1980–1981 to 2016–2017 (Table 17.1). Timely correction measures to 
rejuvenate these fallow lands contributed for the decreasing trend under current 
fallows. 

17 Land 447

Fig. 17.1 Pre- to post-GR and changes under main land use categories 

Forests play a vital role in keeping the ecological balance by protecting land, 
conserving biological diversity and recycling air and water components for the 
sustenance of life. The Government Forest report of 1989 has indicated that India 
possesses only about 2.0% of the world’s forest to cater to the needs of about 17.0% 
of the world’s human population besides the rich livestock population. Of the 64.2 
Mha (19.5%) of forestland, only 36.1 Mha was good natural forest with a crown 
cover of at least 40%, accounting for 11.5%. The present per capita availability of 
forestland is 0.1 ha, while the minimum requirement of forestland is 0.5 ha. 

Simultaneously, the increase of non-agricultural area was also observed from 9.4 
Mha in 1950–1951 to 27.8 Mha in 2016–2017. However, it is not clear as to what 
extent and what quality of the land has been converted for non-agricultural uses like 
urbanization and industrialization. But it is clear that inadvertent expansion of urban 
areas, including small towns, led to alteration of primary farmland for utilization 
under non-agricultural purposes. The area under permanent pastures and grazing 
lands decreased from 13.3 to 10.34 Mha during the GR and post-GR period. The 
poor quality of the forest cover and pastures not only led to accelerated environmen-
tal degradation but also created severe deficit in fodder and fuel. At present, the 
country is facing a nearly 40% deficit in livestock feed. The problem became more
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severe in the GR period than in the pre-GR period as traditional varieties were 
serving a dual purpose providing grain and fodder than present improved varieties.
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The net sown area increased from 118.8 to 139.42 Mha (4.53%) during 
1950–1951 to 2016–2017, which can be attributed to expansion of farming in 
inferior lands comprising culturable wastes and land covered by bushes, shrubs 
and grasses. Similarly, area under current fallow has been increased by 1.21%. 
Area under permanent fallow has remained stagnant at nearly 10 Mha during last 
several decades. The area under cultivation and forest during the pre-GR increased 
by around 10.1% at the expense of the area under non-agricultural uses mainly from 
barren and uncultivated and culturable wastelands and fallow lands (Table 17.2). 

17.6 Soil Erosion and Conservation in Ancient India 

Soil loss is not a new phenomenon; possibly it is as old as the creation of the universe 
itself (Cogo and Levien 2002). Though a portion of the soil loss is attributed to 
inevitable natural hazards, there is great evidence that it is caused by anthropogenic 
events also in terms of swelling, breach of jungles, deforestation, overgrazing of 
grasslands and expansion of farmland (Blaikie 1985). 

During the British period, the lower Indo-Gangetic Plains had a swampy envi-
ronment enclosed with dense forest, which inhibited the farming activities. Slowly, 
agrarian habitations in clean forest lands started for many reasons. Though deforma-
tion of natural order from the initial and ancient times has been performed by 
mankind, the intensity and resulting effects have been enhanced many-folds during 
the colonial times. During 1880–1950, about 20 Mha of forest area was transformed 
to farmland. The main emphasis of the British Government was to augment the 
revenue from export of timbre and development of infrastructure (Gadgil and Guha 
1992). Construction of road, mining activities in hill areas and transportation have 
resulted in severe landslide problems. Many regions like large semi-arid tract and the 
foothills of the Shivaliks and Aravalis are exposed to severe sheet and gully erosion. 
The Chambal and Yamuna ravines were incessantly moving into the fertile Gangetic 
Plains. Farmers cultivated much of these erosion-prone areas, leading to further 
degradation. In Punjab, a large area remained trapped under Cho (torrents) beds in 
Hoshiarpur District (FAO 1985). Also, under ‘grow more campaigns’ during the 
period 1920–1950, even hilly regions like Nilgiris in the south were brought under 
cultivation, which augmented erosion risks in already fragile areas. 

After independence, adequate emphasis was given to control erosion, both soil 
and water, across the diverse agro-climatic regions of the country. Farmers generally 
appreciate and support soil and water conservation activities carried out by the 
Government and other agencies. But they have remained aloof from adopting such 
activities for effective control of soil and water erosion due to the fact that they are 
resource-poor and their land holdings are fragmented. Rich people intensified and 
competed for living space, water and fertile as well as marginal lands. Further, 
transformations of economy through energy generation, building large dams, over-
mining and over-pumping of water largely are the key factors now causing



(continued)
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Table 17.2 Programmes and policies for soil and water conservation in India 

Year Programmes/policies Feature/aim 

1900 The Punjab Land Preservation (Chos) 
Act, 1900, which also known as Punjab 
Land Preservation Act, 1900 

Recognized for soil erosion problem 

1920 Ravine reclamation project Reclamation of ravines in United 
Province (Uttar Pradesh) 

1928 Royal Commission on Agriculture Emphasized the importance of 
moisture conservation in dryland 
region 

1923 Establishment of Dry Farming 
Research Station at Manjari 

First systematic approach to tackle the 
problems of dry farming areas on small 
plots at Manjari, Pune 

1930 Dryland farming research scheme and 
setting up of the Indian Council of 
Agricultural Research (ICAR) 

To develop soil water conservation 
techniques for better farming in semi-
arid lands at Manjari, Pune 

1938 Dry farming scheme Stress on contour bunding 

1945 Report of the Famine Inquiry 
Commission 

Soil water conservation was adopted as 
a part of famine relief measures 

1948 Damodar Valley Corporation Act To control flood, generate electric 
power for distribution and provide 
water for irrigation and other purposes 

1953 Establishment of Central Soil 
Conservation Board 

As per the recommendation of the First 
FYP, the Central Soil Conservation 
Board was set up to organize a national 
soil conservation programme 

1954–1956 Central Soil and Water Conservation 
Research and Training Institute 
(CSWCRTI), Dehradun 

To conduct studies on run-off and soil 
loss 

1961 River valley schemes For conservation, control and optimum 
utilization of water resources 

1962 Soil conservation in the catchments of 
river valley projects (RVPs) 

To control premature siltation of 
reservoirs 

1973–1974 Drought Prone Areas Programme 
(DPAP) 

To minimize unfavourable effects of 
drought on crop production and 
livestock 

1977–1978 Desert Development Programme 
(DDP) 

To minimize the adverse effect of 
drought and control desertification 
through rejuvenation of natural 
resource base 

1980 Kandi Watershed and Area 
Development Project 

A World Bank-funded programme for 
integrated development strategy to 
rehabilitate the sub-Himalayan 
Shiwalik area 

1980–1981 Integrated watershed management in 
the catchment of flood-prone rivers 
(FPR) 

Enhance the productivity and tackle 
menace of floods 

1983 Starting 47 model watersheds 
(operational research projects) 

For soil and water conservation in 
drylands
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Table 17.2 (continued)

Year Programmes/policies Feature/aim 

1983 Himalayan Watershed Management 
Project 

A World Bank-funded programme to 
increase and stabilize crop and forage 
yields and production of fuel wood and 
timbre in rainfed farming areas 

1983 Rainfed Area Watershed Development 
Project 

A World Bank-funded programme to 
minimize the degradation of 
Himalayan ecosystems caused by 
depletion of forest cover, overgrazing 
and bad land use and decrease erosion 
and flooding in Gangetic Plains 

1984 The World Bank-Assisted 
Comprehensive Watershed Project, 
Kabbalnala 

To conserve soil and moisture to 
improve the overall productivity 

1984–1985 Participative Integrated Development 
of Watersheds (PIDOW) 

To integrate forestry programmes, 
animal husbandry practices and credit 
programmes with soil and water 
management at the watershed level 

1985 Established the National Wasteland 
Development Board 

To tackle the problem of degradation of 
lands and restoration of ecology and to 
meet the growing demands of fuel 
wood and fodder at the national level 

1985 National Land Use and Conservation 
Board 

Formulate a national policy plan for 
conservation, management and 
development of land resources 

1985–1986 Reclamation and Development of 
Alkali and Acid Soil (RADAS) 

Reclamation of problematic soil 

1988 National Land Use Policy To devise an effective administrative 
procedure for regulating land use to 
prevent further deterioration of land 
resources 

1989 Integrated Afforestation and 
Eco-Development Scheme (IAEPS) 

To restore and regenerate the 
ecological balance of degraded forests 
on a watershed basis following 
participatory approach 

1990 Integrated Watershed Development 
(Hills) Project 

A World Bank-funded programme to 
improve the productive potential of the 
project area using evolving watershed 
treatment technologies and community 
participatory approaches 

1990 Integrated Watershed Development 
Project–Plains 

A World Bank-funded programme to 
stabilize selected watersheds through 
land treatments, emphasizing soil and 
moisture conservation, and by 
introducing more sustainable land 
management systems 

1989–1990 Integrated Wasteland Development 
Project (IWDP) Scheme 

To regenerate degraded non-forest land 
through silvopasture and soil and water 
conservation on the village and micro-
watershed scale
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Table 17.2 (continued)

Year Programmes/policies Feature/aim 

1990–1991 National Watershed Development 
Programme in Rainfed Areas 
(NWDPRA) 

Promote sustainable natural resource 
management by holistic and 
sustainable development of rainfed 
areas through watershed development 
(WSD) approach 

1992 National Conservation Strategy and 
Policy Statement on Environment and 
Development 

To tackle the problem of sustainable 
land use management system 

1992 Indo-German Watershed Development 
Programme 

To rehabilitate micro-watersheds for 
the purpose of regeneration of natural 
resources and sustainable livelihoods, 
using a participatory approach 

1992 Constitution (74th Amendment) Act, 
1992 

Regulation of land use and urban 
planning brought under the domain of 
urban self-governing bodies 

1992 Policy Statement for Abatement of 
Pollution 

Advocate the use of mixed policy 
instruments in the form of legislation, 
regulation and fiscal incentives 

1994 Guidelines for watershed development Provide common guidelines for WSD 

1994–1995 Watershed Development Project in 
Shifting Cultivation Areas (WDPSCA) 

To protect and develop the hill slopes 
of jhum areas through different soil and 
water conservation measures on 
watershed 

1995 Karnataka Watershed Development 
(KAWAD) Project 

For ensuring livelihood security in the 
drought-prone and degraded areas of 
Karnataka through the restoration of 
degraded habitats 

1999 The Department of Wasteland 
Development was renamed as the 
Department of Land Resources 

To formulate integrated land resource 
management policies and 
implementation of land development 
programmes 

1999 Integrated Watershed Development 
(Hills II) Project 

A World Bank-funded programme to 
improve productive potential using 
evolving watershed treatment 
technologies and community 
participatory approaches 

1999–2000 Watershed Development Fund (WDF) 
in NABARD 

Provide financial support to scale up 
successful participatory WSD projects 
in 100 priority districts; promote a 
more unified strategy to WSD 

2001 Common Guidelines for Watershed 
Development (revised) 

Update the 1994 WSD guidelines to 
have a more participatory and project-
specific focus with greater flexibility in 
implementation. Applicable to IWDP, 
DPAP, DDP and other programmes 
notified by the GOI
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Table 17.2 (continued)

Year Programmes/policies Feature/aim 

2001 Karnataka Watershed Development 
Project 

A World Bank-funded programme to 
improve productive potential and 
strengthen community/institutional 
arrangements for natural resource 
management 

2002 National Afforestation Programme For ecological restoration of degraded 
forests and to develop forest resources 
with peoples’ participation, with focus 
on improvement in livelihoods of the 
forest-fringe communities, especially 
the poor 

2002 Sujala Watershed Programme A World Bank-funded programme to 
increase the productive potential of the 
watersheds by involving the 
communities in the process through 
building appropriate people’s institutions 
and capacitating them to plan, implement 
and manage their resources to achieve 
more sustainable development 

2003 Hariyali Guidelines Integrate community institutions more 
meaningfully in DPP, DPAP and 
IWDP and simplify procedures 

2004 Uttarakhand (initially Uttaranchal) 
Decentralized Watershed Development 
Project 

A World Bank-funded programme to 
improve the productive potential of 
natural resources and increase incomes 
of rural inhabitants through socially 
inclusive, institutionally and 
environmentally sustainable approaches 

2005 Himachal Pradesh Mid-Himalayan 
Watershed Development Project 

A World Bank-funded programme to 
improve productive potential and 
increase incomes of rural inhabitants 
through socially inclusive, 
institutionally and environmentally 
sustainable approaches 

2005 Mahatma Gandhi National Rural 
Employment Guarantee Scheme 
(MGNREGS) 

Enhance livelihood security in rural 
areas by providing at least 100 days of 
guaranteed wage employment a year to 
every household whose adult members 
volunteer to do unskilled manual work 
(e.g. soil and water conservation, 
afforestation and land development) 

2006 Parthasarathy Committee Report The Parthasarathy Committee was 
established as a technical committee to 
evaluate the DPAP, DDP and IWDP. In 
2006, the Committee released a report 
that served as a review of India’s 
watershed programme. The 
Committee’s report serves as the basis 
of the Neeranchal Guidelines and the 
NRAA
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Table 17.2 (continued)

Year Programmes/policies Feature/aim 

2006 National Rainfed Area Authority Sustainable and holistic development 
of rainfed areas and to create common 
guidelines for all WSD schemes under 
the different ministries for the 
development of rainfed farming 
systems 

2008 Common Guidelines for Watershed 
Development (Neeranchal) released 

Promote a fresh framework to guide all 
WSD projects in all departments and 
ministries 

2009 Sustainable Land, Water and 
Biodiversity Conservation and 
Management for Improved Livelihoods 
in Uttarakhand Watershed Sector 

A World Bank-funded programme to 
improve the productive potential of 
natural resources and increase incomes 
of rural inhabitants in selected 
watersheds through socially inclusive, 
institutionally and environmentally 
sustainable approaches 

2009–2010 Integrated Watershed Management 
Programme (IWMP) 

IWMP was launched in 2009–2010 
with the objective of bringing various 
programmes such as the IWDP, DDP 
and DDAP under one common 
integrated programme 

2011 Revised Edition of the Common 
Guidelines for Watershed 
Development released 

Provide amendments to the 2008 
guidelines based on clarifications and 
suggestions from concerned ministries, 
departments, state government and 
NGOs 

2013–2014 Karnataka Watershed Development II 
(Sujala-III) 

A World Bank-funded programme to 
demonstrate more effective watershed 
management through greater 
integration of programmes related to 
rainfed agriculture, innovative and 
science-based approaches and 
strengthened institutions and capacities 

2012 AF-HP Mid-Himalayan Watershed 
Development Project 

A World Bank-funded programme to 
reverse the process of degradation of 
the natural resource base and improve 
the productive potential of natural 
resources and incomes of the rural 
households 

2013 Revisions added to 2008 Common 
Guidelines (known as Neeranchal 
Guidelines) 

Added new features to the 2008 
Common Guidelines to ensure 
momentum to the IWMP while 
strengthening its innovative feature 

2015 Operational Guidelines of PMKSY IWMP is implemented as WSD 
Component of PMKSY 
(WDC-PMKSY)



degradation of land. Thus, safeguarding and maintaining a balance with the nature 
are a great challenge in a country like India with a fast-expanding market economy 
(Rangarajan 2015).
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Table 17.2 (continued)

Year Programmes/policies Feature/aim 

2016–2017 Neeranchal – World Bank-Assisted 
National Watershed Management 
Project 

A World Bank-funded programme to 
support WDC-PMKSY through 
technical assistance to improve 
incremental conservation outcomes and 
agricultural yields for communities in 
selected sites and adoption of more 
effective processes and technologies 
into the broader PMKSY in 
participating nine states: Andhra 
Pradesh, Chhattisgarh, Gujarat, 
Jharkhand, Madhya Pradesh, 
Maharashtra, Odisha, Rajasthan and 
Telangana 

2020 Integrated Project for Source 
Sustainability and Climate Resilient 
Rain-fed Agriculture in Himachal 
Pradesh 

A World Bank-funded programme to 
improve upstream watershed 
management and increase agricultural 
water productivity in selected Gram 
Panchayats in Himachal Pradesh 

2021 Rejuvenating Watersheds for 
Agricultural Resilience through 
Innovative Development (REWARD) 

A World Bank-funded programme to 
strengthen capacities of national and 
state institutions to adopt improved 
watershed management for increasing 
farmers’ resilience and support value 
chains in selected watersheds of 
participating Andhra Pradesh, 
Karnataka and Odisha 

17.7 Status and Sources of Land Degradation in India 

Assessment of the status and extent of land degradation in India was first undertaken 
by the National Commission on Agriculture, which, based on secondary data, placed 
the extent of degradation at 148 Mha (NCA 1976), followed by the estimates of 
175 Mha by the Ministry of Agriculture (MoA 1978). Salt-affected soils and 
waterlogged areas were pegged at 7 and 6 Mha, respectively (Bali 1985). The 
National Wasteland Development Board (NWDB 1987) estimated an area of 
123 Mha under wastelands. Using the GLASOD methodology outlined by Oldeman 
(1988), the National Bureau of Soil Survey and Land Use Planning (ICAR-NBSS & 
LUP) reported 187 Mha (Sehgal and Abrol 1994) to be degraded under various 
processes. Assessment of degradation by other agencies can be referred in Gautam 
and Narayan (1988), who opined those differences in estimations of degradation are 
due to the use of varying definitions of land degradation, data sources, classification



systems, methodologies and scales. In order to do away with the varying estimation 
figures, a consortia of NRM Institutes of the ICAR including NBSS & LUP, Nagpur; 
IISWC, Dehradun; CSSRI, Karnal; and CAZRI, Jodhpur, in association with NRSC, 
Hyderabad, agreed upon a harmonized national land degradation figure of 120 Mha 
(NAAS 2010). 
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Water erosion has been the most serious land degradation problem in India, 
resulting in loss of surface soil and terrain deformation. The average soil erosion 
rate is ~16.4 tons/ha/year, resulting in an annual total soil loss of 5.3 billion tons 
throughout the country (Dhruvanarayan and Ram 1983). Approximately 29% of the 
total eroded soil is permanently lost to the sea, while 61% is transferred from one 
place to another, and the remaining 10% is deposited in reservoirs. 

17.7.1 Overgrazing, Deforestation and Poor Forest Management 

Loss of vegetation occurs due to cutting beyond the silviculturally permissible limit, 
unsustainable fuel wood and fodder extraction, encroachment by agriculture into 
forest lands, forest fires and overgrazing. High livestock density, particularly in arid 
regions, causes overgrazing, which results in decreased infiltration and accelerated 
run-off and soil erosion. Due to overgrazing, soil loss is 5 to 41 and 3 to 18 times 
greater than normal at the mesoscale and macroscale, respectively (Sharma 1997). 

17.7.2 Urbanization, Industrialization and Mining 

An increase in urbanization, industrialization and infrastructure development is 
continuously dwindling land of agriculture, forestry, grass and pasture and unused 
lands with wild vegetation. Opencast mining is also an issue, because it disturbs the 
physical, chemical and biological features of the soil and alters the socio-economic 
behaviour of a region. Negative effects of mining are water scarcity due to lowering 
of water table, soil contamination, part or total loss of flora and fauna, air and water 
pollution and acid drainage. Overburden removal from mine area results in signifi-
cant loss of vegetation (Sahu and Dash 2011). Overburden removal is done by 
blasting or using excavators, which generates large volume of waste (soil, debris 
and other materials). 

17.7.3 Natural and Social Causes of Land Degradation 

Natural causes of land degradation are earthquakes, tsunamis, droughts, avalanches, 
landslides, volcanic eruptions, floods, tornadoes and wildfires. In addition to these 
social causes of soil degradation are land shortage, decline in per capita availability 
of land, economic pressure on land, land tenancy, poverty and population increase.
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17.7.4 Land Shortage, Fragmentation and Poor Economy 

In India, small land holdings are very common. About 80% of farmers’ holdings are 
≤2 ha, accounting for >50% of agricultural output. Size of land holding declined 
from 2.3 ha to 1.3 ha from 1970 to 2000 with per capita availability of land of 0.32 ha 
in 2001 (Mythili 2013). Small land holdings lead to severe pressures on land 
resources. Because of such pressure, labour, land and capital resources limit the 
use of green manuring or soil conservation measures. Land shortage coupled with 
poverty leads to non-sustainable land management practices and land degradation. 
There are two other direct causes of land degradation, i.e. improper crop rotations 
and unbalanced fertilizer use (FAO 2010). 

17.7.5 Agricultural Activities Causing Land Degradation in India 

Land degradation caused by inappropriate agriculture has negative impact on the 
food and livelihood security of farmers. The C-sustainability index was high in 1960, 
which is indicative of the minimum usage of inputs prior to the onset of the GR, and 
the C-sustainability index decreased because of greater C-based inputs, in which a 
linear relationship exists between C inputs and C outputs (Bhattacharyya et al. 
2015). Agricultural practices result to land degradation in a number of ways 
depending on land use, crops grown and management practices. The common causes 
of land degradation by agriculture include cultivation in fragile deserts and marginal 
sloping lands without any conservation measures, land clearing through clear cutting 
and deforestation, agricultural depletion of soil nutrients through poor farming 
practices, overgrazing, excessive irrigation, overdrafting, urban sprawl and commer-
cial development and land pollution including industrial waste disposal to arable 
lands. 

17.7.5.1 Imbalanced Fertilizer Use 
The imbalanced NPK consumption ratio of 6.2:4:1 in 1990–1991 has widened to 7: 
2.7:1 in 2000–2001 and 5:2:1 in 2009–2010 as compared to the ideal ratio of 4:2:1. 
Excess nitrate leaches down to groundwater due to heavy N fertilization. As food 
grain production increased with time, deficiency of the number of elements in Indian 
soils increased from one (N) in the 1950s to nine (N, P, K, S, B, Cu, Fe, Mn and Zn) 
in 2005–2006. Although the use of fertilizers has increased several folds, the overall 
consumption continues to be low in most parts of the country. Widespread Zn 
deficiency, followed by S, Fe, Cu, Mn and B, is common throughout the country. 
Every year, ~20 Mt of the three major nutrients is removed by growing crops 
(Tandon 1992), but the corresponding addition through inorganic fertilizers and 
organic manures falls short of this harvest. Soil loss through erosion is another 
reason for soil fertility depletion, accounting for an annual loss of ~8 Mt of plant 
nutrients through 5.3 billion tons of soil loss (Prasad and Biswas 2000).
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17.7.5.2 Excessive Tillage and Use of Machinery 
Excessive tillage coupled with the use of heavy machinery for land preparation and 
harvesting causes a multitude of soil and environmental problems. Puddling of soil 
for rice degrades soil physical properties and has negative impacts on soil biology 
(Hobbs et al. 2008). Poor physical soil health leads to poor crop establishment. 
Excessive tillage for land preparation, indiscriminate irrigation and excessive fertil-
izer applications are the main sources of greenhouse gas (GHG) emission from 
agricultural systems. 

17.7.5.3 Crop Residue Burning 
The NBSS & LUP reported that nearly 3.7 Mha suffer from nutrient loss and/or 
depletion of soil organic matter (SOM). Burning of crop residues or its disposal is a 
pervasive problem, which contributes to SOM loss. According to the Ministry of 
New and Renewable Energy (MNRE 2009), ~500 Mt of crop residues are generated 
every year, and ~125 Mt is burned. Crop residue generation is the highest in Uttar 
Pradesh (60 Mt) followed by Punjab (51 Mt) and Maharashtra (46 Mt). Among 
different crops, cereals generate 352 Mt of residues followed by fibre crops (66 Mt), 
oilseeds (29 Mt), pulses (13 Mt) and sugarcane (12 Mt). Rice (34%) and wheat 
(22%) are the dominant cereals contributing to crop residue generation (NAAS 
2012). 

17.7.5.4 Poor Water Management 
Improper use of canal irrigation has resulted to soil degradation problems like 
waterlogging and salinization. Expansion of canal irrigation (i.e. Indira Gandhi 
Nahar Project) has been associated with widespread waterlogging and salinity 
problems in areas, such as in the Indo-Gangetic Plains (IGP). A large part of arid, 
semi-arid and sub-humid areas has become barren due to the development of saline-
sodic soils because of poor irrigation and drainage management. 

17.7.5.5 Inefficient Cropping 
Improper crop rotation coupled with lack of proper soil and water conservation 
measures is important reason contributing to soil erosion in cultivated lands. Culti-
vation of marginal lands on steep slopes, in shallow or sandy soils with laterite crusts 
and in arid or semi-arid regions has resulted in land degradation. Cultivation of 
marginal land with low SOM with unsuitable cropping systems has been the major 
cause of accelerated wind and water erosion. Wind erosion is a serious problem in 
arid and semi-arid areas, in coastal areas with sandy soils and in the cold desert areas 
of Leh in the extreme north of India. 

17.7.5.6 Overuse of Pesticides and Environmental Pollution 
Indiscriminate use of pesticides together with sewage sludge and composted munic-
ipal wastes leads to contamination of soil and water with toxic substances and heavy 
metals. Some commercial fertilizers also contain significant amount of heavy metals. 
Long-term use of those fertilizers exerts undesirable effects on the environment.



Indiscriminate use of agrochemicals, such as fertilizers and pesticides, is often the 
cause for land degradation. 
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17.8 Region-Wise Land Degradation in India 

Major causes and extents of soil degradation in India are presented region-wise, and 
the regions included are (1) hilly areas, (2) trans- and upper-Indo-Gangetic Plains 
(IGP), (3) middle and lower Indo-Gangetic Plains and coastal areas, (4) dryland and 
desert areas, (5) southern peninsular India and (6) central India. 

17.8.1 Hilly Areas 

The Indian Himalayas occupy an area of 53.7 Mha (16.4% of the TGA of the 
country), which consists of two distinct sub-regions, viz. eastern Himalayas region 
or northeastern hills (NEH) and western Himalayas region or northwestern hills 
(NWH). Annual rainfall in the NEH region is much higher (2800–12,000 mm) than 
the NWH region (350–3000 mm). Other than soil erosion by water, mass erosion and 
landslide/landslips cause soil loss. Human-induced intensification of landsliding has 
been caused by vegetation clearing, construction of roads and buildings, mining and 
building of hydropower projects. 

The major cause of land degradation in hilly areas is soil erosion by water. The 
Himalayas have steep slopes, fragile geology and intense storms, all of which 
accelerate soil erosion. Erosion rates are high for the Shiwalik hills (~80 tons/ha/ 
year) and shifting cultivation areas (~40 tons/ha/year). Nearly 39% of the area has a 
potential erosion rate of >40 tons/ha/year. The severity of water erosion is more in 
the NEH region (22.3% of TGA) than in the NWH region (12.6% of TGA). Rivers 
and torrents (seasonal streams with flash flow during monsoon) in the Himalayan 
region also cause land degradation. A recent example is that of the flood-induced 
deluge occurred in the Kedarnath Valley of Uttarakhand State during mid-June 
2013, which took a toll of thousands of lives and destroyed property including 
agricultural lands. 

Shifting cultivation, locally named as jhum cultivation, is a traditional form of 
land use system in the NEH. On average, 3.9 Mha of land is under shifting 
cultivation every year (CSWCR & TI 2011). In this system, crops are cultivated 
on steep slopes. Land is cleared by cutting the forest or bush to stump level, leaving 
cut materials to dry and eventually burn to prepare the land ready for sowing before 
the onset of rains. Deforestation coupled with shifting cultivation has resulted in loss 
of even >200 tons of soil/ha/year due to erosion. Soil erosion in catchment area 
results in siltation of reservoirs and streams, leading to frequent floods on the plain/ 
low-lying areas. Removal of top soil leads to loss of fertility, shallow soil depth, 
which is not easily built up. Besides, reduction of jhum cycle to 3–5 years from the 
earlier 10–15 years or more due to excess demographic pressure has been causing 
further land degradation as there is less time left for restoration of soil fertility. On



average, ~10 tons of biomass per ha is burnt annually in such cultivation practices 
leading to air pollution due to the release of large quantity of CO2 into the 
atmosphere. 
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17.8.2 Trans- and Upper-Indo-Gangetic Plains (IGP) 

The trans-Gangetic Plains consists of Punjab, Haryana, Delhi and union territory 
Chandigarh and parts of Uttar Pradesh (UP). The upper IGP consists of parts of UP 
and Delhi. In this region, the major causes of land degradation are water erosion; 
residue burning; SOM and nutrient depletion; soil physical, chemical and biological 
degradation caused by inappropriate crop rotation; faulty irrigation and water man-
agement; overuse of pesticides; reduced use of organic matter; and poor crop cycle 
planning. Erosion by water is the major process of soil degradation in this region too. 

Excessive tillage using heavy machinery and formation of new beds for vegetable 
cultivation cause soil physical degradation. Crusting and compaction associated with 
a decline in soil structure is a common form of physical soil degradation. Compac-
tion of soil at the plough layer is more under rice-wheat systems, where puddling is 
done for rice followed by several tiller and disc harrow passes for wheat cultivation. 
It was also noticed that puddling increased soil bulk density in the sub-surface layer 
(15–30 cm) in rice-based systems (Aggarwal et al. 1995). When high-intensity 
raindrops strike bare soil surfaces, soil aggregates are broken down and clog soil 
pores, causing more run-off and topsoil loss. All these practices with little or no 
addition of organic manure aggravate the problem of soil physical degradation due to 
continuous reduction in SOM. 

Soil chemical degradation is mainly in the form of development of acidity and 
salinity and decrease in SOM and available nutrients including N. Other chemical 
processes include leaching, decrease in cation retention capacity and fertility deple-
tion. In sodic soils, soil physical degradation (either by crusting or by hardpan 
formation) rather than soil chemical degradation affects crop production. Many 
irrigated areas are prone to salinity and sodicity problems, when water evaporates 
leaving on the land surface. Soil salinity and sodicity also interfere with nutrient 
management during crop cultivation. Salinity and alkalinity problems are much 
more aggravated in low-precipitation areas with multiple sources of irrigation, 
improper cropping pattern and poor drainage that led to accumulation of salt in the 
root zone. The expansion of canal irrigation has been associated with waterlogging 
and salinity problems in several areas. Use efficiency of N fertilizers for crops is very 
low due to loss by volatilization in saline and alkaline soils and by leaching and 
run-off in waterlogged areas. Rates of both mineralization and immobilization of N 
in soils decreased considerably at higher levels of soil sodicity (Bandyopadhyay and 
Rao 2001). Zinc availability was also inhibited in saline soils used for rice produc-
tion due to reduction of sulphate (SO4 

–2 ) to sulphides and subsequent precipitation 
of Zn as Zn-S. Zinc deficiency is also widespread in alkaline soils, where it and other 
micronutrients like Fe, Mn and Cu are precipitated as hydroxides and carbonates.
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17.8.3 Middle and Lower IGP and Coastal Areas 

The middle and lower IGP consists of parts of Uttar Pradesh and West Bengal and 
entire Bihar. The area is characterized by subtropical monsoon climate with smaller 
and more diversified farm holdings. The coastal zones of east and west India occupy 
an area of about 10.8 Mha (Velayutham et al. 1998). In the eastern IGP, drainage and 
flood water management are the major problems. Some major rice-growing soils of 
this region suffer from waterlogging. The waterlogged alluviums in eastern India 
have water stagnation above ground for about 6 months each year. The adverse 
physical conditions allow only one anaerobic paddy crop with a very low yield 
potential of <1.0 tons/ha. 

Some agricultural practices such as continuous cropping with limited supply of 
organic amendments, removal of crop residues and excessive tillage cause loss of 
soil functioning. Mandal et al. (2007) observed significant loss of soil organic C 
(7–33%) from this region under long-term rice-based cropping systems without 
addition of any fertilizer inputs. Saha et al. (2000) also reported similar decline in 
SOM under rice-wheat-jute cropping. Nutrient depletion is also a concern in the 
middle and lower IGP. Growing two rice crops in a rice-jute-rice system exhausts 
more nutrients than a single crop of wheat in the traditional jute-wheat system. 
Negative P balance has been reported from the lower IGP (Biswas et al. 2006). In the 
case of rice-wheat and rice-rice-rapeseed systems, available P declined, despite a 
slightly positive P balance. The negative annual K balance in many rice-based 
cropping systems in West Bengal ranges from 39 to 179 kg/ha/year, and there is a 
declining trend in available soil K. 

Approximately 3.5 Mha in West Bengal adjoining Bhagirathi River are 
contaminated with As. Contamination of groundwater with As concentrations 
exceeding the permissible limit of 50 μg L–1 has also been detected in Bihar 
(Acharyya and Shah 2004). The primary cause of the problem is excessive with-
drawal of groundwater for summer paddy rice. This causes oxygenated decomposi-
tion of pyritic sediments, which contain high amounts of As and are deposited in the 
Bengal deltaic plains. The sediments upon oxidation release sulphuric acid that 
solubilizes the As. The solution moves down to aquifers, polluting the groundwater. 
Irrigation with As-rich water has resulted in considerable accumulation of As in 
soils. Summer (Boro) rice irrigated primarily with groundwater contained more As 
than Kharif rice. Edible parts of leafy and underground vegetables (e.g. spinach, 
fenugreek and radish) had much greater As concentrations than vegetables with 
edible fruit parts (e.g. brinjal, beans, okra and tomato). 

Presently, ~23% of the coastline along India’s mainland is affected by erosion 
(Kumar et al. 2006). A tsunami can generate fast moving, large onshore currents that 
move objects far inland, forcing collapse of structures, eroding beaches of sand and 
stripping coastal vegetation. It is also capable of inundating coastal lands. In 
December 2004, India was the third most affected country by tsunamis with 
~4000 ha of land devastated (DiMaRF 2005).
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17.8.4 Dryland and Desert Areas 

About 25% of India’s TGA is desert, and as much as 69% of the country’s area is 
classified as ‘dryland’. The dryland and desert areas consist of parts of Gujarat, 
Andhra Pradesh and the whole of Rajasthan. In the desert region, land degradation is 
caused by high wind speed, increased frequency of high wind events, less rainfall, 
high rainfall variability with many drought spells each year, soils with low resistance 
to wind erosion, little or no natural vegetation, overgrazing, little or no residue 
recycling, crop residue burning, imbalanced plant nutrition, termite infestation and 
deep tillage (Srinivasarao et al. 2013). 

Little crop residue recycling, excessive tillage and long non-crop periods are 
important reasons why SOM and soil N are being depleted. Many dryland crop 
residues are burned regularly, particularly of cotton, pigeon pea, castor, chilli and 
maize. Farmers realize the importance of crop residue recycling, but decomposition 
of these hardy residues is considered a barrier for subsequent crop production, and 
therefore the residues are burned (Srinivasarao et al. 2013). 

Wind erosion is a serious problem leading to loss of fertile topsoil, especially for 
Camborthids and Solorthids, which are major soils with sandy, loamy sand or sandy 
loam textures. The coarse-textured soils hold little moisture and nutrients. Soil 
salinity is another common problem associated with extreme aridity and poor-
quality groundwater. Causes of desertification include change in frequency and 
amount of rainfall, reduction in vegetal cover, poor agricultural management 
practices, cultivation on marginal lands, over-exploitation of natural resources and 
excessive grazing. 

17.8.5 Southern Peninsular Region 

Water erosion is the major problem in this region. This is mainly due to high-
intensity rainfall, deforestation, overgrazing and poor land use practices. Soil loss is 
severe to extremely severe in most of the hilly areas of Madhya Pradesh, 
Chhattisgarh and Western Ghats. Waterlogging is a major problem in Kerala, as 
well as in Andhra Pradesh, Karnataka and Tamil Nadu. The main factors causing 
waterlogging are lack of natural drainage, upheaval in the river bed or drainage 
channel, indiscriminate cultivation in the drainage channel bed, interception of 
natural drainage due to construction of roads and embankments and discharge of 
surplus canal water into channels with inadequate capacity. 

Temporal calculation of soil nutrient showed that there was a decrease in N 
fertility index in Kerala (from 2.11 to 1.66) and Karnataka (2.33 to 2.05) and an 
increase in Tamil Nadu (1.1 in 1967 to 1.34 in 1997). Soil organic C content in forest 
soils under teak (Tectona grandis) and sal (Shorea robusta) with low management 
was twice that under cropped land. Soils in the peninsular plateau are also 
characterized by low soil organic C (SOC) concentration (0.4%) due to high 
temperature. As a result, this region contributes only 17% of the total SOC stock



of the country despite occupying about one-third of the land area (Bhattacharyya 
et al. 2000). 
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About 25% of sand supplied for construction work in Bangalore is extracted from 
coarse surface soils by washing (Hegde et al. 2008). Sand mining causes severe 
ecological imbalance by the loss of surface soil along with plant nutrients, decline in 
crop yield, siltation of tanks, exploitation of groundwater and increased soil erosion. 
About 43.8 million m3 of soil is used per year for sand extraction near Bangalore, 
which uses about 48,180 million litres of water. 

17.8.6 Central India 

The central zone consists of three states, namely, Madhya Pradesh, Chhattisgarh and 
Maharashtra, and covers 23% of the TGA of the country. Black soil or vertisols are 
prevalent in this zone. The black soils have high moisture holding capacity (150–250 
mm/m), but water is not all available to plants because the water is held very strongly 
by the smectite clays. These soils are very sticky when wet and hard when dry. These 
soils have low permeability as well. The major problems to crop production are poor 
workability and drainage, high water erosion and loss of soil fertility due to residue 
burning. 

Prevalence of montmorillonitic clays in vertisols makes them difficult to work. 
Under drying, they crack; ploughing becomes very difficult and produces very large 
clods. Under wetting, they are sticky; tillage is difficult because of poor trafficability. 
Thus, farmers get a narrow window of time for crop sowing, so some vertisols 
remain fallow even during the rainy season. Poor drainage condition of vertisols is 
one of the main constraints of low production. With the initial showers of rain, 
particularly when the soil is dry, the rate of infiltration is high because of cracks and 
granular structure. But as soon as the soil profile becomes filled, swelling of the soil 
decreases infiltration rates and affects internal drainage. Therefore, without proper 
land care and crop management during the rainy season, vertisols are prone to huge 
soil and water loss. Vertisols generally have low soil organic C and N, P, S and Zn 
contents. Low and imbalanced use of fertilizers result in micronutrient deficiencies. 
Since most of the residues are either removed from the field or burnt, nutrient 
recycling in soil is badly affected. The calcareous nature of these soils also affects 
nutrient availability to crops. 

17.9 Cost of Land Degradation in India 

In India, the annual cost of land degradation was assessed in terms of production 
loss, replacement cost analysis and TEV approaches. However, loss of productivity 
is widely used for assessing the impact of land degradation in India (Mythili 2003). 
Recently, TERI (1998) estimated that the economic losses from land degradation 
and change of land use in 2014–2015 stood at 2.54% of India’s GDP and land 
degradation accounts for 82% of losses.
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17.10 Mitigation of Land Degradation 

Soil conservation measures like contour ploughing, bunding and use of strips and 
terraces are useful for decreasing soil erosion and slow run-off water. Mechanical 
measures like physical barriers, such as embankments and wind breaks, or vegeta-
tion cover (and use of vegetative buffer strips and geo-textiles) and soil husbandry 
are important measures to control soil erosion (Srinivasarao et al. 2014). Besides, 
conservation agriculture (CA), agroforestry, integrated nutrient management (INM) 
and crop diversification also conserve soil and water. 

Mechanical soil and water conservation practices are necessary for reducing soil 
erosion, conserving rainfall within the slope and safe disposal of excess run-off from 
top to foot hills. The structures often used in case of extreme soil degradation are 
(1) bunding, used in agriculture to collect surface run-off, increase water infiltration 
and prevent soil erosion; (2) graded bunds, constructed in medium to high rainfall 
areas of ~600 mm/year; (3) contour bunds, mechanical or vegetative barrier created 
across the slope; (4) bench terrace and half-moon terrace, adopted where soil depth is 
>1.0 m; (5) grassed waterways, channels laid out preferably on natural drainage 
lines in the watershed; and (6) water harvesting ponds, dug-out embankment type of 
water harvesting structure used for creating seasonal and perennial water harvesting 
structure at the bottom of a micro-watershed for irrigation and fish farming. In 
vertisols, graded broad bed and furrow system of land configuration improves 
surface drainage and allows better water infiltration. It also facilitates drainage of 
excess water through grassed waterways. 

For river bank erosion control, bioengineering treatments like spurs, retaining 
walls and earthen embankments may be used combined with suitable vegetation 
such as giant cane (Arundo donax), five-leaf chaste trees (Vitex negundo), morning 
glory (Ipomoea sp.), bamboo (Bambusa vulgaris), Napier grass (Pennisetum 
purpureum) and munja (Saccharum munja) (CSWCR & TI 2011). 

Agronomical practices like use of cover crops, mixed cropping/inter-cropping/ 
strip cropping, crop rotation, green manuring and mulching are vital practices 
associated with INM. When crops like maize, sorghum and castor are cultivated 
along with legumes like groundnut, green gram, black gram, soybean and cowpea in 
inter-row spaces, sufficient cover on the ground is ensured and erosion hazards 
decreased. Poor infiltration rate is one of the major constrains of black soils. In black 
soils, deep tillage (subsoiling with chisel plough) can improve soil water storage by 
better infiltration and minimizing water stress. 

Integrated watershed management, which involves soil and water conservation 
coupled with suitable crop management, is another good strategy for mitigating soil 
erosion. This strategy involves construction of check dams along with gullies, bench 
terracing, contour bunding, land levelling and planting of grasses. An operational 
research project on watershed management at Fakot by the CSWCR & TI, 
Dehradun, during 1975–1986 is a successful example of participatory integrated 
watershed management (Joy et al. 2005). A case study in Netranahalli Watershed 
(Karnataka) in the Southern Peninsular India highlighted the importance of



involvement of communities for conservation of soil and water and their sustainable 
management. 
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Liming is the most preferred practice for managing of acid soils. Lime raises soil 
pH, thereby increasing the availability of plant nutrients and reducing toxicity of Fe 
and Al. A recommendation of low dose of lime (i.e. one-tenth to one-fifth of lime 
requirement) applied along with fertilizers in furrows at the time of sowing is found 
to be effective (Sharma and Sarkar 2005; Bhat et al. 2010). 

Management of saline soils involves tillage, irrigation with good quality water 
and leaching of excess salts. Inversion tillage has an edge in decreasing potential 
soluble salt accumulation in the root zone over zero tillage. However, deep tillage 
may bring more salts to the soil surface and root zone. Salinity-tolerant crops also 
support the formation of stable soil aggregates and improvement of soil tilth. Rice is 
a potential crop for reclamation of saline/alkali soils. Salt-affected soils are reclaimed 
by leaching followed by application of green manures. Gypsum is the major 
amendment used for amelioration of alkali soils. Other amendments are 
phosphogypsum and acid formers like pyrites, sulphuric acid, aluminium sulphate 
and sulphur. The treated field should be kept submerged with good quality water to 
facilitate reaction and subsequent leaching. 

Reclamation of acid sulphate soils follows the approaches like the following: 
(1) pyrite and soil acidity can be removed by leaching after drying and aeration; and 
(2) pyrite oxidation can be checked or stopped and existing acidity inactivated by 
maintaining a high water table, with or without (3) additional liming and fertilization 
with P, though liming may often be uneconomical in practical use. For coastal acid 
sulphate soils of Sundarbans, application of lime, superphosphate and rock phos-
phate has been found useful (Bandyopadhyay 1989). 

Mitigation of As contamination could be achieved by replacing Boro (summer 
season) rice requiring more groundwater with summer legumes and pulses, 
decreased irrigation coupled with addition of zinc sulphate, greater use of organic/ 
green manures that moderate As toxicity in soils and plants and phytoremediation 
employing hyper-accumulating plants like brake fern (Pteris vittata) and water 
hyacinth (Eichornia crassipes). Blue-green algae can also decontaminate paddy 
soils through accumulation of As in its biomass and subsequent removal. 

Domestic and municipal wastes, sludges, pesticides and industrial wastes need to 
be used with utmost caution to avoid the possibility of pollution of soil. Mined land 
can be better reclaimed by back filling and spreading topsoil over the surface. 
Reclaimed land after mining can be used for planting trees. Sen and Oosterbaan 
(1992) presented a practical working method on integrated water management for 
Sundarbans through surface gravity-induced drainage during the rainy season 
(through land shaping)-cum-excess rainwater storage for irrigation during dry sea-
son. Treated distillery effluent as a waste by-product can be used for irrigation 
nearby distillery industries, and this technique has a significant influence on 
mitigating land degradation. The SOC of the surface (0–15 cm) soil and aggregate 
stability are improved with application of those effluents. 

In the hills, most of the upper slope is covered with horticultural tree plantation 
using half-moon terraces and contour bunds, and the remaining lower section is used



for cultivation of field crops by forming bench terraces. The following crops may be 
grown: (1) fruit trees in half-moon terraces on contour, (2) pineapple in two rows 
planted closer together in contour bunds, (3) vegetables (bean, cowpea, guar or 
cluster bean, pea) and cover crops like sweet potato in the interspaces of the contour 
and (4) ginger and turmeric grown in the interspace area of contours. 
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Vegetative barriers can decrease run-off by 18–21% and soil loss by 23–68% on 
slopes varying from 2 to 8% in the Himalayan region. Vegetative barriers of Guinea 
grass, Khuskhus and Bhabar were effective (after 3–4 years) in reducing soil loss by 
6–8 tons/ha/year and run-off by 33–38%. Maize and wheat yield was increased by 
~32 and 10%, respectively, due to moisture conservation in the hilly region (Ghosh 
2009). Pigeon pea, due to its extensive canopy cover (95–98%), was effective in 
reducing run-off (28–29%) and soil loss (2.1 to 2.6 tons/ha) in finger millet/kodo 
millet-lentil cropping systems. 

The presence of trees improved the soil properties by accumulating more organic 
C in soil. Trees in an agroforestry serve two important purposes: (1) the root system 
holds soil in place and reduces susceptibility to erosion, and (2) plant stems decrease 
the flow velocity of run-off and enhance sedimentation. Legume-based agroforestry 
has the capacity to support biological N fixation to enhance subsequent soil N 
availability and improve soil fertility and crop yields (Ramesh et al. 2010). Cultiva-
tion of trees and/or crops in salt-affected soils is known as biosaline agroforestry. In 
India, many tolerant species for saline soils have been tried since long, like Prosopis 
juliflora, Salvadora persica, S. oleoides, Tamarix ericoides, T. troupii, and Salsola 
baryosma successful on sites with ECe > 35 dS/m; Tamarix articulata, Acacia 
farnesiana, and Parkinsonia aculeata on sites with moderate salinity (ECe 25–35 
dS/m); Casuarina (glauca, obesa, equisetifolia), Acacia tortilis, A. nilotica, 
Callistemon lanceolata, Pongamia pinnata, Eucalyptus camaldulensis, and Albizia 
lebbeck on sites with moderate salinity (ECe 15–25 dS/m); and trees like Casuarina 
cunninghamiana, Eucalyptus tereticornis, Acacia catechu, A. ampliceps, 
A. eburnea, A. leucocephala, and Dalbergia sissoo on sites with lower salinity 
(ECe 10–15 dS/m). 

Conservation tillage improves soil structure and labile C pools in surface soil for 
different cropping systems. Introduction of a legume crop in the sequence improved 
C retention in surface soils with only short-term adoption of zero or minimum tillage. 
Recently, controlled traffic using permanent tram lines is included in the farming 
practices under CA in south Asia. In the IGP, planting on bed with either CT or ZT 
generally saves irrigation water and labour requirements without sacrificing crop 
yield. Despite many benefits of CA practices, the adoption rate in India is very low. 
Farmers prefer to practice CA partially (i.e. transplanted rice in the Kharif season 
followed by ZT wheat with residue retention) in the Rabi season. The reasons behind 
this are (1) poor germination and low crop productivity under direct seeded rice, 
because puddling and waterlogged condition help to reduce soil pH in alkaline soils 
and thus improve soil chemical health during the rice-growing season, (2) availability 
of rain and irrigation water for raising a good rice crop under puddled condition, and 
(3) less care is needed for transplanted rice in puddled soil compared with direct 
seeding. Some farmers even grow CT maize/jowar in the Kharif season (for better



weed control, aeration and reduction in surface compactness/crusting) and raise 
wheat under CA in the Rabi season. Looking at these facts and due to constant 
efforts by several institutions, some farmers have started adopting full or complete 
CA (i.e. direct seeded rice followed by ZT wheat). 
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In drylands, the major constraints to the use of CA include insufficient amounts of 
residues due to water shortage and degraded nature of soil resource, competing uses 
of crop residues, resource-poor smallholder farmers and lack of in-depth research 
(Jat et al. 2012). Even then, CA holds considerable promise in the arid region, 
because it can control soil erosion by wind and water and reduce compaction and 
crusting. Due to limited production of biomass, competing uses of crop residues and 
shortage of firewood, farmers often find it hard to use crop residues to cover soil 
surface in dryland ecosystems, where only a single crop is grown in a year. With CA 
(soil cover with crop residues), it is sometimes possible to grow a second crop with 
residual soil moisture in the profile. It is better to use the chopped biomass of semi-
hard woody perennial plants instead of crop residues to cover the soil surface (NAAS 
2012). 

17.11 Programmes for Soil and Water Conservation in India 

Conservation of soil and water, which are the most important natural resources for 
sustainable crop production, has for long been a prime objective of the land policy in 
India. During the pre-independence era, Zamindari and Ryotwari systems prevailed 
for collecting land revenue or tax from the land users. Therefore, after independence, 
land reforms were brought in to abolish these exploitative systems. The evolution of 
the soil and water conservation programmes/policies can be broadly categorized into 
three phases, viz. pre-independence, post-independence and watershed development 
period. During the pre-independence period, soil and water conservation activities 
used to be a part of programmes aimed for improving dryland farming and drought 
mitigations. In the post-independence phase, many programmes were formulated 
having major focus on soil and water conservation along with creation of different 
institutions and policies. During the third phase, most of the soil and water conser-
vation programmes were formulated and implemented having watershed develop-
ment as their basis. The concept of watershed devolvement was adopted in 
multipurpose Damodar Valley Development Project. In 1970, it was adopted by 
the Soil Conservation Department and became a part of the national approach to 
improve agricultural production and alleviate poverty in rainfed regions since then 
(Gray and Srinidhi 2013). The Central Government formulated programmes like the 
Drought Prone Areas Programme (DPAP) in 1973–1974 and the Desert Develop-
ment Programme (DDP) in 1977–1978 to support drought proofing in ecologically 
sensitive areas of the country. The brief chronology of various programmes and 
policies for conserving soil and water is given in Table 17.2.
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17.12 Success Stories of Land Management: Fallow Land Turns 
into Income Booster by Tapping Every Drop of Water—A 
Success Story 

Eval Village is situated at the northwestern part of Santalpur Taluka of Patan District 
in Gujarat having average rainfall of 400 mm, and its soil type is sandy loam. 
Farmers were engaged in agriculture during Kharif season (rainfed), and during 
Rabi season, agricultural fields were fallow due to the lack of irrigation water. The 
main crops growing during Kharif season were rainfed jowar and bajra. During Rabi 
and summer season, farmers were engaged in day-to-day labour-related works. A 
group of farmers in village were motivated by state officials for adopting soil and 
water conservation measures for enhancing the potential of land. With the help of 
IWMP, an earthen bund was constructed for rain water harvesting in the year 
2009–2010 with the average water storage capacity of nearly 75,000 cum. After 
the earthen bund construction, the cropping pattern of the village was entirely 
changed. Farmers of this group are growing cumin and castor in the area. In terms 
of economic benefits, the total gross income of the group from both the crops in the 
subsequent 1 year was Rs. 16.20 lakhs; the net income was Rs. 9.00 lakhs by 
considering the average market rate of castor; the cumin seed was Rs. 650 per 
20 kg and Rs. 3000 per 20 kg, respectively, during 2010–2011; and the average 
costs of production for cumin and castor are nearly Rs. 35,000/ha and 20,000/ha, 
respectively (GoI 2021). This earthen bund structure also helped in providing water 
for supplemental irrigation to meet water requirement of the crop and also provided 
residual moisture for a crop in the same field, thus supporting the food and nutrition 
security of the farmers. In the first year itself, the net income of the group of farmers 
itself exceeded the cost of construction of earthen bund. Other benefits were the 
significant rise in the water levels of the wells in the Eval and adjacent villages. This 
small intervention has directly increased the farmers’ income potential manifolds 
just by increasing the irrigated area. With the increase in income level and cropping 
intensity, the farmers are planning to improve varieties of seed and follow water-
efficient technology like drip and sprinkler system for better productivity. 

17.13 Land Degradation Neutrality: Talk of the Day for Attaining 
Sustainability 

Target 15.3 of the SDGs deals with land degradation neutrality (LDN) and aims at 
combating desertification; restoring degraded land and soil including land affected 
by desertification, droughts and floods; and striving to achieve a land degradation-
neutral world by the year 2030. Land degradation neutrality is a state whereby the 
amount and quality of land resources, necessary to support ecosystem functions and 
services and enhance food security, remain stable or increase within specified 
temporal and spatial scales and ecosystems. India, being a signatory to the SDGs,



has voluntarily taken the onus at the Conference of Parties (COP14) of the UNCCD 
in September 2019 to establish a national framework containing processes and 
mechanisms for achieving the land restoration target of 26 Mha by 2030. Initiatives 
of the Central Government such as zero-budget natural farming, doubling farmers’ 
income and national afforestation programme, Pradhan Mantri Krishi Sinchayee 
Yojana (more crop per drop), Swacch Bharat Yojana, increased use of biofertilizers 
and reduced use of pesticides, creating a carbon sink of around 2.5–3.0 billion tons 
and soil health card scheme have been indicated in the New Delhi Declaration for 
achieving LDN (GoI 2019). 
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A land degradation-neutral (or zero net degradation) situation is basically one 
where the rate or extent of degradation (loss) is balanced by sustainable land 
management practices (gains). The range of activities pursued to achieve LDN fall 
under one of the three aspects, viz. avoid (or protect), reduce and reverse 
(Table 17.3). These aspects must be continuously monitored for assessing the impact 
of the LDN activities and obtaining feedback for midterm corrections. 

17.14 Way Forward and Conclusions 

India is facing widespread problems of land degradation such as soil erosion, 
declining soil fertility and disturbed hydrological ecological functions; hence, the 
focus should be on restoration of degraded lands. To achieve the 26 Mha target of 
restoring degraded land by 2030, efforts must be made to increase the adoption rate 
of science-led technologies and approaches integrating different dimensions like 
topographical, ecological, economic, biophysical, social and cultural aspects. For 
sustainable management, there is a need to improve market access and land tenure 
securities for smallholders including tribal farmers; strengthening of extension 
services with adequate financial and technical support is required for the adoption 
of sustainable land management measures. Farmer’s awareness about the sustainable 
land management practices and their significance towards crop patterns and systems 
may be enhanced by organizing demonstrations, field days, farmer field schools, 
Kisan Mela, etc. India’s commitment to restore 26 Mha of degraded land by 2030 
may be achieved by enabling improved legal and policy conditions across sectors 
and ensuring the involvement of all the stakeholders like community leaders at local 
level, producers, governments at different levels and scientists and technicians in 
policy development. Productive potential of land maintained in the long term will 
require implementation of adaptive sustainable land management practices that 
seeks to monitor outcomes and also learn from previous ample experiences and 
emerging new knowledge. On the basis of these, management practices should be 
modified for maintaining the productive potential of land.



Aspect
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Table 17.3 Achieving land degradation neutrality 

Land degradation neutrality activity 

What How 

Avoid/ 
protect 

Conservation of biodiversity, 
protection of forests and 
wildlife 

Adoption of suitable policy frameworks 
(e.g. National Water Policy, National Land Use 
Policy, National Forest Policy, National 
Biodiversity Action Plan, etc.) for sustainable 
land management, creating community 
awareness, bringing about behavioural changes in 
society, institution building 

Reduce Reduce agricultural emissions 
and environmental pollution 

Reduce enteric fermentation 

Improve rice ecosystem management 

Improve manure/compost management 

Increase nitrogen use efficiency 

Minimize liquid discharge from industries, waste 
water treatment, say no to single use plastics 

Increase crop production while 
maintaining soil quality 

Crop rotation, Site-specific nutrient (Soil Health 
Card) and pest management 

Advocating the use of compost, biofertilizers, 
organic pesticides 

Promote zero-budget natural farming 

Judicious water management – micro-irrigation, 
more crop per drop 

Reduce soil erosion Watershed-based land management (PMKSY), 
prioritization to rainfed areas and fragile 
ecosystems 

Maintaining adequate and appropriate soil cover 

Adopting in situ soil moisture conservation 
practices in arable (e.g. mulches, bunds, ridges 
and furrows) and nonarable (e.g. trenches) land 

Drainage line treatment to arrest scouring and 
sedimentation 

Water harvesting, groundwater management 

Restore Land reclamation and 
decontamination 

Amelioration of problem soils (e.g. liming, 
drainage, gypsum application), bio-drainage, 
phytoremediation, mine spoil stabilization 

Carbon-positive budgeting in 
agricultural land 

Minimize C losses through leaching, erosion and 
decomposition 

Maximize C gains through composting, crop 
residue management, root biomass 

Increase vegetative cover Afforestation/reforestation, adopting agroforestry 
systems, pasture development 

Land use planning Based on capability and resilience of soils and its 
suitability of different uses, viz. agriculture, 
horticulture, grassland, forestry 

Monitor Appraisal of planning, 
implementation and 
achievements 

Effective use of geospatial technology, being 
proactive in the implementation of plans, 
obtaining regular feedback for midterm 
corrections
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Abstract 

Mechanization of agriculture plays a key role in improving production and 
productivity. There is a positive correlation between the level of mechanization 
and productivity. The farm power availability in Indian farm has reached to 2.84 
kW/ha. The level of farm mechanization in India is about 55%. It is further 
expected to increase due to scarcity of farm labor and the need to increase farm 
productivity. The development of agricultural automation activities and digital 
technology promotion in India has become a priority of national policy agenda 
with the digital technology intervention being expected to enhance the productiv-
ity by 5–10%. The digital technology implementation in India has challenges to 
establish an infrastructural setup and development of technical skills in human 
resource which will be exercised with overall attention toward operational time 
optimization, precision of farming operations, human fatigue minimization, and 
efficient outcome-oriented production activities. This chapter discuss about the 
past activities in farm mechanization with an achievement during
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pre-independence, Green Revolution era, post-Green Revolution era present 
status, and strategies for future development.
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18.1 Introduction 

Farm mechanization is essential to replace human or animal drudgery. It is also 
required to increase productivity by bringing timeliness in farm operations and to 
increase cropping intensity for better management of high-priced inputs and reduc-
tion in the difficulties associated with various agricultural activities. When farm 
operations are carried out using tools, equipment, or machinery, it minimizes energy 
consumption. Farm mechanization increases productivity of crops as well as of the 
land. It also improves the way of life by eliminating the drudgery operations 
associated with human work in farming, increases output benefits toward the rural 
economic cycle by improving the economy of farmers, and increases access to input 
supply chains and integration in modern food systems. Moreover, it produces 
numerous and renewed business opportunities and achieves better livelihoods for 
families. Hence, mechanization can have significant contribution to the sustainable 
development of global food systems. Farm mechanization involves the use of 
engines, tractors, threshers, motors, pumps, harvesters, small tillers, and so on. In 
pre-independence era, agriculture in India was done by human and animal muscle 
power using mostly wooden tools. This was slowly shifted to small equipment 
powered by animals. The post-independence era witnessed the import of tractor 
and machinery. Gradually, Indian farms shifted to the adoption of more advanced 
machines and power sources (Foster and Rosenzweig 2010; Singh et al. 2014; Singh 
and Singh 2021). 

The total agricultural land in India is 159.7 million hectare which is second in the 
world after the United States. The total irrigated area is 82.6 million hectares. 
However, the average farm size is less than 2 ha. The farm power before indepen-
dence was negligible about 0.1 to 0.3 kW/ha, but after independence, it has increased 
to 2.84 kW/ha as reported in 2022. The country achieved a record production of 
about 314 million tons in 2021–2022 compared to only about 50 million tons during 
the 1950s. This clearly indicates there is a positive impact of farm mechanization in 
Indian agriculture (Kale 2015). 

India faced severe food scarcity during the 1950s and was dependent on imports 
to feed its people. To mitigate this problem, “Green Revolution” took place in the 
1960s, where several new practices like improved high-yielding hybrid seeds, 
chemical fertilizers, development and expansion of irrigation systems, and education 
to farmers were practiced. Technological breakthroughs like improved water system 
and increased mechanization in agricultural operations helped to shape the “Green 
Revolution.” As there was success of the “Green Revolution,” cereal imports in



India were generally negligible in the 1970s, except massive crop failures in 
1979–1980 led to renewed imports of 2.3 million tons of food grains in 
1981–1982. By the end of the twentieth century, India had achieved self-sufficiency 
by producing enough food, for example, 212 million tons of food grains in the year 
2001–2002. In countries like India where scarcity of capital persists and supply of 
labor is abundant, partial mechanization will be the most suitable remedy. The 
factors which are creating hurdles against the mechanization of agriculture include 
small and fragmented holding, poverty, and ignorance among the farmers (Nikhade 
and Gunaki 2020). 
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The rapid expansion of mechanically powered equipment over the last six 
decades has had a significant impact on crop productivity. Mobile farm power 
sources (tractors, draught animals, power tillers, combine harvesters) and stationary 
farm power sources (diesel engines and electric pumps) had both contributed 
significantly to the increase in food grain productivity in India. The proportion of 
agricultural workers to total workers fell from 59.1% in 1991 to 54.6% in 2011 and 
39.4% in 2021. The population of draught animals decreased from 78.42 million in 
1971–1972 to 38.74 million in 2018–2019, resulting in a decrease in the combined 
share of agricultural workers and draught animals in total farm power availability 
from 60.8% in 1971–1972 to less than 10% in 2019–2020. As the population of 
working tractors increased to 7.5 million, the net sown area per tractor decreased 
from 487 ha tractor–1 in 1975–1976 to 18 ha tractor–1 in 2019–2020. For timely and 
precise field operations, the average farm power availability target by 2030 is 4.0 kW 
ha–1 . According to the current level of farm mechanization assessed for major 
cereals, pulses, oil seeds, millets, and cash crops, seedbed preparation is highly 
mechanized (more than 70%), while harvesting is the least mechanized (less than 
32%). While about 65% of wheat field is mechanically sown, only about 20% and 
30% of sugarcane and rice fields are mechanized, respectively. Wheat and rice 
harvesting and threshing are 60% mechanized. In recent years, laser levelers, zero-
tillage equipment, seeder, and inclined plate planters have become very popular 
(Kishtwaria and Rana 2012; Kumar and Kutumbale 2019). 

The development of agricultural mechanization in India is both fascinating and 
remarkable in many ways. Over the last six decades, the country has progressed from 
a situation in which it faced severe food shortages to one in which it is now an 
exporter of many food commodities and a major exporter of other industrial 
products, including agricultural tractors. This has been accomplished despite a 
more than threefold increase in population and a negligible increase in arable land 
area. Approximately two-thirds of the population live in rural areas, with approxi-
mately 50% still relying on agriculture for a living. While it is primarily an agrarian 
economy, agriculture now accounts for 14% of the economy, down from 56% in 
1950. The manufacturing and service sectors currently account for 27% and 59% of 
the economy, respectively (Lipton 2006; Pathak et al. 2022). 

Agriculture of the country is very diverse, owing to the country’s varied soil and 
climatic conditions. Climate is full of “extremes”; temperatures range from arctic 
cold to equatorial hot, and rainfall ranges from extreme aridity with less than 
100 mm in Western India’s Thar Desert to the world’s maximum “rainfall” of



11,200 mm at Mawsynram in the Meghalaya. The available rainfall varies greatly in 
both space and time. Despite a significant increase in irrigated area, approximately 
65% remains without assured irrigation, and agricultural productivity in rain-fed 
areas is low (Mehta et al. 2012; Murali and Balakrishnan 2012; Bala Parameswara 
2016). 
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With approximately 0.8 million tractors sold annually, India has emerged as the 
world’s largest tractor producer. Farm mechanization, dominated by tractor-powered 
improved implements and machinery, has improved timeliness and precision in field 
operations; saved labor, inputs, and operation costs; and resulted in a 20% increase 
in yield. Threshing of major crops is now completely mechanized, and primary 
processing of food grains is mechanized in 68.2% of cases. India now manufactures 
a wide range of agricultural implements that are designed in the country’s large 
manufacturing industry. Machines, equipment, and tools designed and developed by 
ICAR are also mass produced by the country’s industries (Gulati and Juneja 2020). 

These developments over the last few decades have contributed to the country’s 
overall farm mechanization of crop production reaching about 50%. Precision 
agriculture, which makes use of artificial intelligence, machine learning, and robotics 
technologies, is an emerging area for automated farm mechanization and postharvest 
operations. This will improve precision in farming while addressing the issue of 
human labor scarcity. 

18.2 Pre-independence and Pre-Green Revolution Era 

The first-degree program in agricultural engineering was established at Allahabad 
Agriculture Institute in 1942; this marked the first formal training and education in 
the field of agricultural engineering/mechanization in India. Several tractors and 
bulldozers were imported in the mid-1940s, and the Central Tractor Organization 
and State Tractor Organizations were formed. The first Indian Institute of Technol-
ogy (IIT) was established in Kharagpur in 1951, and its agricultural engineering 
program began in 1952, indicating its significance alongside other engineering 
disciplines. Tractors were not manufactured in India during this time period, and 
all tractors were imported (Pathak et al. 2022). 

Tractor use increased from 8000 in 1950 to 20,000 in 1955 and 37,000 units by 
1960 (Fig. 18.1). These were primarily used on large government and private farms. 
Prior to 1960, draught animals were used for most farm operations and transporta-
tion. From 1961 to 1970, India advanced to the second stage of agricultural mecha-
nization, with tractor production beginning in 1961 with the production of 
880 tractors by Eicher Tractors Ltd. During this decade, five companies were granted 
licenses to manufacture tractors, and production of power tillers began in 1965. This 
was the most important period in agricultural engineering education. The first 
College of Agricultural Engineering was established in 1962 at Pant Nagar with 
the assistance of the University of Illinois, followed by six more colleges and two 
degree-granting divisions/departments at institutes affiliated with the Indian Council 
of Agricultural Research. During this time, large farmers with land holdings of more



than 10 ha owned 96% of the tractors. The Green Revolution began in the late 1960s, 
and a large quantity of high-yielding variety of wheat and rice seeds was distributed 
to farmers following extensive research trials. Another feature of this time period 
was the development of irrigation facilities using water-lifting devices. Traditional 
water-lifting devices (Persian wheels) could only provide two to three irrigations per 
cropping cycle for wheat, whereas high-yielding varieties required six to eight 
irrigations. Large- and medium-sized farmers purchased diesel engines to power 
irrigation pumps. During this decade, rural electrification to power irrigation pumps 
expanded (Dixit and Bhardwaj 1990). 
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Fig. 18.1 Population of various farm power sources in the country (year-wise): (a) tractor 
population in number, (b) draft animal in number, (c) farm power in million, (d) diesel engine in 
million, (e) power tiller in number, and (f) electric motor in million
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18.2.1 Equipment Used in Pre-independence Era 

18.2.1.1 Land Preparation Equipment 
(a) Wooden plow (Nagar) is used for plow the land, introduced in 1797 by Charles 
Newbold. (b) Kirloskar iron mold plow was introduced by Mr. Laxman Rao 
Kirloskar in 1903. (c) Iron mold plow for two furrow plow was invented by 
Keeneland in 1928 (Fig. 18.2). 

18.2.1.2 Land Cultivation Equipment 
Animal-drawn cultivators Doofan (two rows) and Tifan (three rows) are used for 
cultivating the land or for intercultural operation and also used for sowing the seed 
(Fig. 18.2). 

18.2.1.3 Harrowing Equipment 
Animal-drawn harrow or blade harrow (Bakhar or Guntaka) is generally used in clay 
soil for preparation of seedbeds and covering seed after sowing which is also used to 
control the weeds. Sickle is used for harvesting the crop and cutting other vegetation 
(Fig. 18.2). 

18.2.1.4 Threshing 
It is performed manually (Fig. 18.2). 

Farm tools and equipment used in pre-independence era 

a) Cultivators, Harrows, tillage tools b) Old Farm Seed drill c) Wooden Plough 
Source: D. Raghavan, Indigenous Agricultural Implements of India: An All-India Survey, Indian Council of 

Agricultural Research, New Delhi, 1960, Alamy) 

d) Leveller e)Fordson tractor with disc harrows f) Threshing with bullock 
Source: G.S. Henderson, New Agricultural Implements for India, Calcutta, 1917; calispere, fliker, sanjay austa Alamy 

Fig. 18.2 Equipment used in pre-independence era
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18.3 Green Revolution Era 

In India, the new agricultural strategy began in 1966 with the Kharif crop. The period 
from the mid-1960s to the 1980s can be considered the second phase of Indian 
agriculture. During this time, the new agricultural strategy, also known as the Green 
Revolution strategy, was successfully implemented. The “new agricultural strategy” 
was launched as a pilot project in seven districts, known as the Intensive Agriculture 
District Programme. The Indian Council of Agricultural Research (ICAR), formerly 
known as the Imperial Council of Research, was re-established in 1965. It is now one 
of the world’s largest national agricultural systems, with 101 ICAR institutes and 
71 agricultural universities. Through its research and development during the Green 
Revolution, this research institution became the key to all subsequent development 
in farming practices. Since 1951, these studies have increased production of food 
grains by 5.4 times, horticulture crops by 10.1 times, fish by 15.2 times, milk by 9.7 
times, and eggs by 48.1 times (Singh and Singh 2021). 

The development of basic infrastructure became necessary during the wave of the 
Green Revolution. The Command Area Development Programme began in 
1974–1975, during the fifth 5-year plan, with the launch of the irrigation project 
for various sizes of farmland. Diversification from food grains to nonfood grains 
such as poultry, fisheries, vegetables, and fruits increased in the late 1980s, 
accelerating agricultural GDP growth from 1980 to 1990. The area under primary 
food crops was 137.10 million ha in 1985–1986 and 138.61 million ha in 
1990–1991, while nonfood crops were 34.53 million ha in 1985–1986 and 40.68 
million ha in 1990–1991. On 12 July 1982, the National Bank for Agriculture and 
Rural Development (NABARD) was established on the recommendation of the 
Shivaraman Committee to provide a rural credit facility, seen in a new era for 
agriculture in India. The Agricultural Price Commission 1965, later renamed the 
CACP (Commission for Agricultural Costs and Prices), was the institution in charge 
of recommending the minimum support price based on the variable input price 
index. In terms of infrastructure and institutional transition, the years 1980–1990 
had a significant impact on agricultural production and productivity. 

To meet the demand of high farm power in the Green Revolution era, there was 
double-fold increase in tractors and other farm machinery sources and a gradual 
decrease in animate power sources (Fig. 18.3). However, there was an increase in 
human power due to the increase in population as well as involvement of more 
people in farming. 

18.4 Post-independence Progress in Agricultural 
Mechanization 

The four decades from 1961 to 2021 are very important in terms of mechanization 
because this is when India made significant progress in agricultural mechanization. 
Between 1961 and 2021, the number of power tillers increased from 9500 and to 
100,000 and tractors from 146000 to 2.6 million, while the number of draught



animals in use decreased from 82.6 to 60.3 million, demonstrating a significant 
increase and shift in farm power sources in India (Fig. 18.4). The first decade 
(1971–1980) of these four decades was a period of growth of agriculture in India, 
as well as increased demand for mechanization services. Six new tractor 
manufacturing plants were established, while three existing plants were closed. Six 
new units were also licensed to manufacture power tillers, while two older units were 
closed. As banks opened branches in rural areas, rural credit became a reality. 
Farmers’ access to credit increased, and the tractor market expanded rapidly. A 
concerted effort was launched to provide farmers with incentives through appropri-
ate price support mechanisms. Minimum support prices for food grains and sugar-
cane had been declared, ensuring farm profitability. Rural electrification increased 
significantly, resulting in increased power availability to agriculture, particularly for
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Fig. 18.3 Year-wise population of various farm power sources in the country: (a) sales of tractor 
number and power tiller population number, (b) domestic sale number and tractor population 
number, (c) draft animal and farm worker in million, (d) diesel engine and electric motor in million



irrigation. During this decade, a new College of Agricultural Engineering was also 
established. Farmers installed electric motor and diesel engine-driven irrigation 
pumps and purchased threshers to handle the increased volumes of produce as 
irrigation pump and thresher manufacturing expanded (Pathak et al. 2022).
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Fig. 18.4 Population of various farm power sources (million) in the country 

During this time, custom hiring of threshers and pump sets increased because 
many farmers could not afford to purchase these machines. For tillage and transpor-
tation, custom hiring of tractor implement systems and tractor trailer units grew 
rapidly. In fact, custom hiring accounted for roughly 60% of the tractors’ annual 
usage. Draught animals, on the other hand, remained the primary source of power, 
with a peak population of 83.4 million in 1975. The second decade (1981–1990) saw 
a quantum leap in food production as well as a rapid increase in agricultural 
mechanization. Four new tractor manufacturing units were established, but four 
older units were closed. One new power tiller manufacturing unit started but four 
older units were closed. The Indian government made a concerted effort to popular-
ize tractors and make them more affordable to farmers. There was a significant 
increase in agricultural engineering education capacity, with the establishment of 
seven new agricultural engineering colleges. The ICAR established a separate 
agricultural engineering division in charge of coordinating R & D projects related 
to agricultural mechanization and postharvest processing at its institutes and state 
agricultural universities. To meet the demand for custom work, medium farmers and 
small entrepreneur farmers purchased tractors. Tractor-powered threshers have 
grown in popularity. The minimum support price was raised on an annual basis, 
and grain bulk storage facilities were significantly expanded. 

During the 1980s and 1990s, the use of power tillers nearly doubled. Agricultural 
mechanization had spread widely by the third decade (1991–2000), and policy 
decisions were made to allow mechanization to grow on its own merits and strength. 
The requirement for a license to manufacture tractors was abolished in 1992, and two 
new tractor units began production during this time. Eight new Colleges of Agricul-
tural Engineering were established in the field of education. Custom hiring of



machinery and implements became extremely popular. The majority of farmers hired 
threshers (powered by tractors via PTO) from entrepreneur operators who were not 
necessarily farmers. The use of custom-hired combine harvesters has grown in 
popularity. 
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During the fourth decade (2001–2010), India’s agricultural situation improved 
noticeably, resulting in a significant increase in agricultural machinery 
manufacturing. John Deere, New Holland, and SAME are three major international 
manufacturers that have established plants in India. Because of mergers, Mahindra & 
Mahindra (M & M) and Tractors and Farm Equipment (TAFE) have grown into 
massive conglomerates with global operations. Three new Colleges of Agricultural 
Engineering were established, bringing the total number of colleges to 30 as of 2010. 
The annual admission capacity at the bachelor’s level had reached 1200 places, 
300 at the master’s level, and 100 at the doctoral level. Between 2008 and 2010, the 
minimum support price for farm produce increased significantly. High food prices in 
India and around the world at the time heightened interest in energy and water-
saving technologies. In North India, zero-till drilling of wheat after rice was becom-
ing popular, owing to cost and time savings. Custom-hired combine harvesters have 
grown in popularity. The number of draught animals, on the other hand, was rapidly 
decreasing (Mani et al. 2008; Pathak et al. 2022). 

Figure 18.5 represents the overall changes in the farm power sources from post-
independence era. Animal and human power sources reduced drastically to whwaas 
mechanical and electrical power sources increased many fold. Very recently renew-
able source like solar pumps and electric-operated prime movers are gradually 
increasing owing to the rising fuel price. 

18.4.1 Equipment Used in Post-independence Era 

Reversible mold board plow, disc plow, subsoiler and chisel plow, and rotary plow 
are used for plowing the land. Tine cultivator, disc cultivator, and rotary cultivator 
can be used for seed bed preparation and for sowing with seeding attachment. Spike 
tooth harrow and disc harrow, which is used for pulverizing, smoothen the soil in 
seed bed preparation or control the weeds. Tractor-drawn seed drill and seed cum 
fertilizer drill are used for sowing the seeds. Automatic planter for tomato, semiau-
tomatic planter for sugarcane. Power thresher operated by a prime mover such as 
electric motor, engine, and tractor is used for threshing. Tractor mounted combine 
harvester is used for harvesting the crop (Fig. 18.6). 

18.5 Modern Trends of Farm Mechanization in India 

During the last decade, the use of crop residues and by-products for animal feed, 
organic manure production, and energy generation has taken the center stage. 
Technological interventions and infrastructure development have reduced
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Fig. 18.5 Year-wise population of farm power sources: (a) domestic sale in number, (b) tractor 
population, (c) sale of tractors, (d) power tiller population, (e) draft animal in million, (f) diesel 
engine, (g) farm worker in million, (h) electric motor in million



postharvest losses by 2% (from 2005–2006 to 2013–2014), saving approximately 
30 million tons of food annually. Precision machinery, equipment, and instruments 
are increasingly in demand. A wide range of new technologies are being developed, 
including automated hardware and software, autonomous ground vehicles, drones, 
GPS guidance, robotics, sensors and telemetric, clean and green energy, sensor-
based harvesting, storage, smart packaging, and nondestructive evaluation of food 
safety and quality. With advances in smart technology and digitalization, the future 
of agricultural machinery for food production and processing is highly promising. 
The large size of machines and their high operating costs are major barriers to small 
farms transitioning from conventional farming to smart farming.
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a) MB Plough b) Comined Harvestor c)Tractor Mountained 
Harvesor 

d) Rotavator e) e) Cultivator f) Disc Plough 

g)Solar water pump h) Battery operated sprayer 
a) Automated weeder 

Fig. 18.6 Equipment used in post-independence era 

The research is now focused on the development of affordable and dependable 
smart farm machines for small farmers. Future technology must be portable and 
plug-and-play in order to be successful and sustainable (Fig. 18.7). Advanced 
mechanization systems will play a significant role in future agriculture sustenance



and postharvest processing technologies, ensuring not only food security but also 
nutritional security. Tables 18.1 and 18.2 presents the decadal changes in stats of 
farm mechanization and farm power sources in Indian agriculture. 
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Fig. 18.7 Share of different sources of power availability (%) in the country. (Sources: Singh et al. 
2014) 

18.6 Future Scope 

18.6.1 Artificial Intelligence (AI) in Farming 

Influence of automation in agriculture increased over the world since the twentieth 
century. There are a lot of applications of AI in farming for farmer to do more with 
less effort or negligible efforts. Artificial intelligence is the most disruptive technol-
ogy in agriculture service as computing system interacts with different environments 
to maximize productivity. There are three types of robotic farming in digital tech-
nology: (1) agri-bots, (2) agri-drone, and (3) agri-AGV (automated guided vehicle) 
and the automation and digital solutions can be obtained by CAD/CAM/CAE soft 
tool, Mechatronics and sensors applications in designing and formulating by



Green revolution 
era (1965–1975) 

machine learning, Deep Learning, deep machine learning and Bigdata software 
technologies to develop an excellent logic of farm operations in machine or equip-
ment. (ref: https://nahep.vnmkv.org.in). The future scope with participation of 
interdisciplinary research field experts such as a) Climate based Decision knowledge 
support (CDKS) b) Seedling Seed Processing Nursery automation (SSPN),c)Smart 
Portable Machinery(SPM) d)Food Processing Automation (FPA) and e)
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Table 18.1 Progress of mechanization and power consumption in India 

Digital 
agriculture 
period (2000 
onward) 

Pre-green 
revolution era 
(before 1965) 

Post-green 
revolution era 
(1975–1990) 

Post-economic 
reform period 
(1990–2000) 

Farming with 
traditional 
method 

HYVs, fertilizer, 
irrigation, 
chemical inputs 

Use of more 
scientific 
method/ 
machinery/ 
implements/ 
precision 

Agricultural 
sub-sector 
growth was 
tremendous 

Use of sensors, 
automation 
switches, 
automatic 
operations, 
Wi-Fi, robots, 
drones, 
GIS/GPS, 
AGVs 

Farm power 
availability: 
0.27 kW/ha 

Farm power 
availability was 
about 0.47 
kW/ha 

Farm power 
availability was 
about 0.48 
kW/ha 

Farm power 
availability was 
about 2.02 
kW/ha 

Farm power 
availability was 
about 2.84 
kW/ha 

Share of 
animate power 
sources: 98% 

Share of animate 
power: 62% 

Share of 
animate power: 
21.7% 

Share of animate 
power: 11.8% 

Share of 
animate power 
decreased to 
13% 

Low 
productivity of 
food grain: 0.58 
t/ha 

The productivity 
of food grain: 
0.95 t/ha 

The 
productivity of 
food grain: 
1.184 t/ha 

The productivity 
of food grain: 
2.11 t/ha 

The 
productivity of 
food grain: 3.14 
t/ha 

Enhanced 
production 
through 
increase in 
cultivated area 
by natural 
resources and 
traditional 
methods 

Improved 
production/ 
productivity 
through 
adoption of 
HYVs, fertilizer, 
irrigation, and 
chemical inputs 

Improved 
production/ 
productivity 
through 
adoption of 
upgraded farm 
machine/ 
implements/ 
precision 
agricultural 
inputs 

Liberalization, 
privatization, 
and 
globalization 
encourage to 
export more, 
increasing 
productivity 

Enhanced 
productivity 
with intelligent 
operation 
handling system 
and human 
comforts with 
quality 
production

https://nahep.vnmkv.org.in


Operation Pre-independence Post-independence 

Instrumentation Cell to develop a think-tank for agricultural automation system 
design (Fig. 18.8).

18 Farm Mechanization 489

Table 18.2 Comparison of farm machinery in pre- and post-independence era. (Sources: 
Jagbishwar 2021) 

Present status in the 
twenty-first century 

Primary 
tillage 

Wooden plow (Naggar), 
Kirloskar iron mold 
plow, iron mold plow 

Reversible mold board 
plow, disc plow, 
subsoiler, chisel plow, 
rotary plow 

Rotary plows and tined 
cultivators are mostly 
used tillage implements 
now 

Secondary 
tillage 

Doo fan (two rows), 
Tifan (three rows), 
blade harrow (Bakhar, 
Guntaka) 

Tine cultivator, disc 
cultivator, rotary 
cultivator, tractor blade 
harrow 

Vertical rotor rotary 
cultivator, self-propelled 
cultivators 

Weeding Khurpi, Vila (sickle) Handle wheel hoe, peg 
weeder, Cono weeder 

Power weeder, 
automatic weeder, robots 

Harvesting Sickle (plain, serrated) Combine harvester, 
tractor mounted 

Automated combine 
harvester, crop-specific 
harvesters 

Threshing Manually threshing or 
animal trampling 

Power thresher, pedal-
operated paddy thresher, 
Olpad thresher 

Irrigation Rehat (Persian wheel) Centrifugal pumps, 
piston pump, rotary pump 

Sensor-operated 
automatic irrigation 
system (sprinkler, drip) 

Spraying brooms Knapsack sprayer, engine 
power sprayer, airplane 
sprayer, spraying by 
drone 

Automatic sprayers, 
drones, selective 
sprayers 

18.6.1.1 Agri-bots 
Artificial intelligence has been directly applied in agri-bots; there are different robots 
that fall in this agri-bot. The following operation works have been done by agri-bots: 
(1) harvesting of fruit, (2) cotton picking, (3) packaging of fruit, (4) packaging of 
flower, (5) sorting of fruit, and (6) automatic sprayer (Fig. 18.9). 

An agbot, also called an agri-bot, is an autonomous robot used in farming to help 
improve efficiency and reduce reliance on manual labor. Future farms are expected 
to be tilled, sown, tended, and harvested solely by fleets of cooperating autonomous 
robots called swarm robots that will weed, fertilize, and control pests and diseases, 
all the while collecting valuable data: 

(a) A tomato-harvesting robot from Suzhou Botian Automation Technology Co., 
Ltd (Jiangsu, Suzhou, China). 

(b) The Energid robotic citrus-picking system (Bedford, MA). 
(c) An apple-harvesting robot with custom-built manipulator mounted on top of a 

modified crawler mobile robot.
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Fig. 18.8 Divisions and Portfolios for future digital farming solution activities as per NAHEP-
ICAR Project

(d) A vacuum mechanism robot for apple picking from Abundant Robots 
(Hayward, CA, USA). 

(e) An apple-catching prototype robot developed at the Washington State Univer-
sity. Most of these projects have used eye-in-hand look-and-move configura-
tion in their visual servo control. 

(f) A linear actuator robotic system for apple picking developed by FFRobotics 
(Gesher HaEts 12, Israel). 

(g) The Dogtooth strawberry robot (Great Shelford, Cambridge, UK). 
(h) A robotic harvester, dubbed the “vegebot,” has been trained to identify and 

harvest iceberg lettuce, a crop which has so far resisted automation (University 
of Cambridge). 

(i) Hortibot, a semiautonomous robot, is a navigational platform designed to have 
different agricultural tools fitted to it to either mechanically remove weeds or 
precision-spray them with herbicide. 

(j) It was introduced by the Sweeper EU H2020 project consortium (www. 
sweeper-robot.eu) on July 4, 2018. It is an assembly of an autonomous mobile 
platform with Fanuc LRMate 200iD robot manipulator (Fanuc America Corpo-
ration, Rochester Hills, MI) holding an end effector and catching device for 
fruit harvesting.

http://www.sweeper-robot.eu
http://www.sweeper-robot.eu
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Fig. 18.9 Different types of agri-bots
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(k) A common approach in fruit detection and counting is by using a single 
viewpoint, as in the case of a cucumber-harvesting robot or multiple viewpoints 
with additional sensing. 

(l) An outdoor robot based on a commercial Bosch Indigo lawn mower platform 
and Kinova robotic arm for automatic bush trimming and rose pruning. 

(m) Spray robot developed by Holland Green Machine for smart chemical applica-
tion in greenhouses. 

(n) The AgBot II is an innovative agricultural robot prototype fully designed and 
fabricated by QUT researchers and engineers with significant co-funding from 
the Queensland Government. AgBot II forms part of a new generation of crop 
and weed management machinery, intended to work in autonomous groups 
across both broad acre and horticultural crop management applications. The 
robot’s cameras, sensors, software, and other electronics enable it to navigate 
through a field, apply fertilizer, detect and classify weeds, and kill weeds either 
mechanically or chemically, providing a tool for farmers to help reduce opera-
tional costs and efficiency losses. 

(o) A robotic platform equipped with drive belt operating based on the FroboMind 
software that can be connected to different modules and implements for 
automated and semiautomated mechanical weed control, precision seeding, 
furrow opening, and cleanings.

18.6.1.2 Agri-drone (Fig. 18.10) 
An agricultural drone is an unmanned aerial vehicle used in agriculture operations, 
mostly in yield optimization and in monitoring crop growth and crop production. 
Agricultural drones provide information on crop growth stages, crop health, and soil 
variations. Artificial intelligence also applies in agri-drone. Spectral cameras and 
sensors are able to view and capture very broad or narrow bands within the 
electromagnetic spectrum. Combining these spectral sensors with drone technology, 
a new visual perspective of agriculture can be achieved. 

Agri-drones are used to spray pesticides on crops and to detect pests and diseases. 
These are also used in the agriculture sector in Rajasthan, and an action plan has been 
developed for their multipurpose use in spraying farm chemicals and water-soluble 
fertilizers on crops. This is very precise for respective working. Types of drones are 
fixed-wing drone, LTA and tethered system drones, and rotary-wing drones (vnmkv. 
org.in). 

(a) Surveying drone, an agriculture survey drone, is an unmanned aerial device 
equipped with sensors and digital imaging capabilities to monitor crop growth 
remotely. Agricultural drones provide a bird’s-eye view of the farms, thus revealing 
issues related to irrigation, soil, and pest and fungal infestations. (b) Apple-picking 
drone: As the vehicle moves, the tethered drones use their arms and articulated 
grippers to pick ripe apples from the trees. Once picked, the apples are deposited on a 
tarp featuring QR codes. When deposited on the QR codes, the apples are fed into 
nearby crates. (c) Agri-drones can be used to spray chemicals as they have 
reservoirs, which can be filled with fertilizers and pesticides for spraying on crops

http://vnmkv.org.in
http://vnmkv.org.in


in a very little time, as compared to traditional methods. Thus, drone technology can 
usher in a new era for precision agriculture. 
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Fig. 18.10 Different types of agri-drones 

18.6.1.3 Agri-AGV (Automated Guided Vehicle) (Fig. 18.11) 
Research and development in robotic harvesting date back to the 1980s, with Japan, 
the Netherlands, and the USA as the pioneer countries. The first studies used simple 
monochrome cameras for fruit detection inside the canopy. Other than the visible 
light RGB cameras and the ultrasonic radar sensors that are commonly used for 
object detection due to their affordable cost, advances in the sensing and imaging 
technology have led to the employment of sophisticated devices such as infrared, 
thermal, hyperspectral cameras, LiDAR, or combination of multi-sensors that are 
adopted with novel vision-based techniques for extracting spatial information from 
the images for fruit detection, recognition, localization, and tracking. A common 
approach in fruit detection and counting is by using a single viewpoint, as in the case 
of a cucumber-harvesting robot, or multiple viewpoints with additional sensing from 
one or multiple vision sensors that are not located on the robot. 

(a) A little robot named Wall-Ye is trying to get involved in the process from the 
ground up by helping out in vineyards in France. (b) QUT has developed a prototype 
robotic capsicum (sweet pepper) harvester nicknamed “Harvey,” combining robotic 
vision and automation expertise to benefit agricultural producers. The project, which 
ran from 2013 to 2017, was led by QUT researchers and engineers with significant 
co-funding from the Queensland Government Department of Agriculture and 
Fisheries. (c)Vine agent, a robot equipped with advanced sensors and artificial 
intelligence to monitor the field for plant’s health assessment, was developed at 
the Universitat Politècnica de València. (d) Autonomous off-road mobile robot to



optimize vineyard performance, VinBot is an all-terrain autonomous mobile robot 
(Summit XL) with a set of sensors capable of capturing and analyzing vineyard 
images and 3D data by means of cloud computing applications, to determine the 
yield of vineyards and to share information with the wine growers. VinBot responds 
to a need to boost the quality of European wines by implementing precision viticul-
ture (PV) to estimate the yield (amount of fruit per square meter of vine area: kg/m2 ). 
Winegrowers need to be able to estimate yield accurately to perform yearly canopy 
management techniques and harvest vineyard areas sequentially, according to the 
optimal ripeness of the grape in each area, which improves wine quality. (e) GRAPE 
(Ground Robot for vineyard Monitoring and ProtEction) is an Echord++ experiment 
on agricultural and food robotics. The project is developing the onboard intelligence, 
ranging from autonomous navigation algorithms to perception and manipulation. 
The system is able to navigate autonomously over different types of terrain in 
vineyards. (f) An integrated multipurpose farming robotic platform for row crop 
weed control developed by interdisciplinary teams which is also capable of creating 
detailed map of the field (Redmond et al. 2018). 
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Fig. 18.11 AGVs used for different operations in agriculture 

18.7 Future Strategies and Conclusions 

The country achieved a record production of about 314 million tons in 2021–2022 
compared to only about 50 million tons during the 1950s. As the population of 
working tractors increased to 7.5 million, the net sown area per tractor decreased 
from 487 ha tractor–1 in 1975–1976 to 18 ha tractor–1 in 2019–2020. For timely and 
precise field operations, the average farm power availability target by 2030 is 4.0 kW



ha–1 . The influence of automation in agriculture increased over the world since the 
twentieth century. No farm machinery research/development project should be 
initiated without conducting a market survey to access the client needs and 
perceptions. Greater industry-institution collaboration by undertaking joint research 
projects and use of reverse engineering would be helpful for speedy development 
and commercialization of new equipment. Computer-aided design (CAD) must be 
used for optimum design, cost reduction, and reliability. All R & D organization 
must have a CAD facility with latest design packages. Train R & D engineers to 
develop proficiency in computer-aided design. R & D engineers must ensure com-
patibility of their design with BIS/ISO standards, norms, and practices. 
Standardization of critical component to ensure quality, durability, and interchange-
ability is essential. Upgrade manufacturing technology to upgrade quality and reduce 
the cost. It is understood that a proposal is foot to establish a farm mechanization 
institute under the auspices of the Ministry of Agriculture and Cooperation. This 
institute will intensify research on different aspects of farm mechanization including 
techno-socioeconomic aspect with a view to develop a long-range farm mechaniza-
tion policy. A draft agricultural mechanization policy has already been evolved, and 
it awaits approval of the government. Since bulk of tractor and farm machinery 
manufacturers are located in the northern states of India, it might be desirable to 
locate such an apex institution in the Punjab, as this state in spite of being one of the 
most mechanized states in the country has just one ICAR institute, whereas her 
neighboring states have two to three ICAR central institutes. 
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Forestry and Agroforestry 19 
Sunil Kumar, Inder Dev, and Naresh Kumar 

Abstract 

With the global population projected to exceed about nine billion people by 2050, 
the agricultural output must expand by an estimated 60% to meet the global food 
requirement. Forests are critical for the survival of forest dwellers, which include 
many indigenous peoples, and they help in delivering water to agricultural lands 
and protect the catchments. Forests, trees, and agroforestry systems contribute to 
food security and nutrition in many ways. Globally, forests cover nearly 4.06 
billion ha land which is around 31% of the total land area. Globally, forestry 
sector has employed 12.5 million people, out of which India accounted for 6.23 
million. India’s forests are home to hundreds of millions of people, and forests are 
the main source of subsistence for them. Forests provide livelihood support to 
them in the form of minor forest produce, water, grazing grounds, and habitat for 
shifting cultivation. Globally, forestry sector has employed 12.5 million people, 
out of which India accounted for 6.23 million. The total forest cover of India in 
2001 was 20.55% of the total geographical area. India’s forest cover is consis-
tently on the rise. India State of Forest Report (ISFR) 2019 showed an increase of 
5188 km2 of forest and tree cover across the country compared to the ISFR 2017. 
Presently, nearly 24.5% of India’s total land area is under forest and tree cover 
and still far from the eventual target of 33%, which India has committed to raise to 
by 2030. 
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19.1 Introduction 

Forests provide a wide range of tangible and intangible benefits at local, national, 
and global levels. Globally, forests cover nearly 4.06 billion hectares land which is 
around 31% of the total land area. These forests vary in composition and diversity 
and can contribute substantially to the economic development of any country. 
Globally, forestry sector has employed 12.5 million people, out of which India 
accounted for 6.23 million. Between 1700 and 1995, the period of industrialization, 
13.9 million km2 of forest or 9.3% of the world’s total area was cleared for industrial 
uses, cultivation, pastures, and fuelwood. In 1600, approximately one-sixth of 
India’s landmass was under cultivation, and this figure has now gone up to around 
60% in 2018. In the colonial period, cultivation expanded rapidly for a variety of 
reasons such as higher demand of commercial crops like jute, sugar, wheat, and 
cotton for feeding the increasing urban population and industrial setup. In the early 
nineteenth century, the forests were considered unproductive, which were converted 
and utilized for agricultural purposes to generate revenue and enhance the income of 
the state. So between 1880 and 1920, cultivated area jumped up by 6.7 million 
hectares. Expansion of railway network in India was also one of the reasons for 
clearing the forests at a larger scale. As the railway networks spread through India 
and to fulfill the high demand of wooden sleepers to construct the railway tracks, a 
larger and larger number of trees were cut. Large areas of natural forests were also 
cleared to raise tea, coffee, and rubber plantations to meet Europe’s growing need for 
these products. 

Post-independence forest policies contributed to an expansion in agricultural 
production, fulfill the demands of wood-based industries for raw materials, and 
tightened control of forest lands through restricted access to forests and forest 
products. In 1952, the government nationalized the forests as well as most of the 
forest-based industries. Over the years, many rules and regulations were introduced 
by the government. The Forest Conservation Act was passed in 1980, which 
specified that the central permission is required to practice sustainable agroforestry 
in a forest area. Violations or lack of permits was made a criminal offense. These 
nationalization wave and laws are intended to limit deforestation, conserve biodi-
versity, and save wildlife. In 1988, India launched its National Forest Policy which 
led to a program named Joint Forest Management. By 1992, 17 states of India 
participated in Joint Forest Management programs, bringing about 2 million hectares 
of forests under protection (Forest Conservation and Utilisation 2001). India’s 
forests are home to hundreds of millions of people, including many Scheduled 
Tribes, and forests are the main source of subsistence for them. In India, about 
250 million people live in and around forests, of which the estimated indigenous 
Adivasi or tribal population stands nearly 100 million. Forests provide livelihood



support to them in the form of minor forest produce, water, grazing grounds, and 
habitat for shifting cultivation. 
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India is one of the ten most forest-rich countries of the world, and it accounts for 
2% of the total global forest area. Globally, forestry sector has employed 12.5 
million people, out of which India accounted for 6.23 million. The total forest 
cover of India in 2001 was 20.55% of the total geographical area. India’s forest 
cover is consistently on the rise. India State of Forest Report (2011) showed an 
increase of 5188 km2 of forest and tree cover across the country compared to the 
ISFR 2017. Presently, nearly 24.5% of India’s total land area is under forest and tree 
cover and still far from the eventual target of 33%, which India has committed to 
raise to by 2030. 

19.2 Status of Forest Resources in India 

19.2.1 Pre-independence History of Forests in India 

Forests were revered by the people and many religious ceremonies centered on trees 
and plants. In Agni Purana, written about 4000 years ago, it is mentioned that man 
should protect trees to have material gains and religious blessings. Around 2500 
years ago, Gautama Buddha preached that man should plant a tree every 5 years. 
Sacred groves were marked around the religious places like temples where certain 
rules and regulations applied. Chandragupta Maurya (around 300 BC) realized the 
importance of the forests and appointed a high officer to look after the forests. 
Ashoka orated that wild animals and forests should be preserved and protected. He 
launched programs to plant trees on a larger scale, and this continued even during the 
Gupta period. 

During the early part of the British rule, large numbers of trees, namely, sal, teak, 
and sandalwood, were cut for export. But after some time, they realized the impor-
tance of trees and began to regulate and conserve. In 1800, a commissioner was 
appointed to look into the availability of teak trees in the Malabar forests. In 1806, 
the Madras Government appointed Capt. Watson as the commissioner of forests for 
organizing the production of teak and other timber tree species suitable for the 
building of ships. In 1855, Lord Dalhousie framed regulations for conservation of 
forests in the entire country. Teak plantations were raised in the Malabar hills, as 
well as acacia and eucalyptus in the Nilgiri Hills. In Bombay, the conservator of 
forest, Gibson, attempted to introduce rules prohibiting shifting cultivation and 
plantation of teak forests. During 1865–1894, forest reserves were established to 
secure material for imperial needs. From the eighteenth century, scientific forest 
management systems were employed to regenerate and harvest the forest to make it 
more sustainable. Between 1926 and 1947, afforestation programs were carried out 
on a larger scale in the Punjab and Uttar Pradesh. 

The Indian Forest Act (IFA), 1927 was the first comprehensive act governing the 
forests, and it serves till date as the basis for forest administration in the country. It 
describes the forests as village, protected and reserve forests with a difference in their



legal status, management, and rights and concessions. IFA describes in detail about 
forest management, role of forest administration, and forest offences. However, this 
Act is quite dated now. Many of the provisions of this Act do not address contem-
porary issues related to forest management in the country, such as people’s partici-
pation. It does not reflect progressive changes in the forest policy of country. 
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During World War I, forest resources were severely depleted as large quantities of 
timber were harvested to build ships and railway sleepers and to pay for Britain’s war 
efforts. World War II made even greater demand on the forests than World War I 
had done. 

19.2.2 Post-Independence Forest Policy in India 

The Government of India has framed many national policies and acts for the 
governance and management of forests. The Forest Policy of 1952 recognized the 
protective functions of the forest and aimed at maintaining one-third of India’s land 
area under forest. Certain activities were banned and grazing was restricted. In 1952, 
the government nationalized the forests which were earlier with the zamindars. India 
also nationalized most of the forest wood and non-wood forest product-based 
industries. Over the years, many rules and regulations were introduced by the 
Indian Government. In 1980, the Conservation Act was passed to check indiscrimi-
nate deforestation and diversion of forest lands for industrial or construction works. 
The Act was amended in 1988 to further facilitate the prevention of forest 
destruction. 

Forest (Conservation) Act, 1980: This legislation was enacted to control the 
diversion of forestlands for non-forestry purposes and to slow down deforestation. 
Under this legislation, the approval of the central government is required for 
diversion of forestlands for non-forestry purposes. The user agencies have to pay 
for compensatory afforestation as well as an amount equal to the net present value of 
the forests diverted. It has substantially brought down diversion of forests for 
non-forestry purposes. 

The National Forest Policy of 1952 was revised in the year 1988 to give a new 
direction to forest management in the country; for the first time, environmental 
stability was considered the prime object of forest policy, and direct economic 
benefits were subordinated to this principal aim. This policy further emphasized 
the need for biodiversity conservation. One of the most important instruments in 
forest management in India has been the working plans, prepared at territorial 
division level, which prescribe the management and silvicultural practices for 
different forest types and are expected to be in tune with the prevailing forest policy. 
The policy made no changes to the goal of increasing area under forests to 33% of 
the total land area in the country as per the earlier policy of 1952. 

The main aims of the revised forest policy of 1988 were maintenance of environ-
mental stability; conservation of natural heritage; checking extension of sand dunes, 
soil erosion, and denudation; substantially increasing forest/tree cover through 
massive afforestation and social forestry programs; meeting requirements of fuel,



wood, fodder, minor forest produce, etc.; and taking steps to create massive people’s 
movement with involvement of women to achieve the objectives and minimize 
pressure on existing forests. This led to a program named Joint Forest Management, 
which suggested that the specific villages in association with the forest department 
will manage specific forest blocks. By 1992, 17 states of India participated in Joint 
Forest Management programs, bringing about 2 million hectares of forests under 
protection. 
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The National Forest Commission was set up in 2003 which submitted its report in 
March 2006. It highlighted the needs to undertake scientific research to assess the 
optimum forest/tree cover according to forest type and topography to meet the 
intended objectives. 

Presently, three acts, namely, the Indian Forest Act, 1927, the Wildlife (Protec-
tion) Act, 1972 (amended in 2003), and the Forest (Conservation) Act, 1980 
(amended in 1988), are the most important legal instruments for forest protection 
and conservation in India. State-level acts, rules, and regulations to provide for local 
flexibility, under this umbrella act, are also in place. The Forest (Conservation) Act 
restricts the de-reservation of forests or use of forest land for non-forest purposes. 
The Wildlife (Protection) Act provides for the protection of wild fauna and flora, for 
setting up of PAs, and has categorized wildlife species in six schedules with variable 
degrees of punishment for possessing and/or transporting them. India as a member 
nation of the Convention on International Trade in Endangered Species (CITES) 
regulates the trade in endangered species and cooperates with other members. 

The Indian Parliament enacted the Biological Diversity Act in 2002 to promote 
conservation, sustainable use, and equitable sharing of benefits on India’s biodiver-
sity resources. It provides for the establishment of a national biodiversity authority 
(already set up in 2004), state biodiversity boards, and biodiversity management 
committees (BMCs) at the level of panchayats (village committees) and 
municipalities. The BMCs are required also to establish and maintain people’s 
biodiversity registers. The Act will operate side by side with a whole range of 
other acts, including, in particular, those pertaining to forests, wildlife, Panchayati 
Raj (village governance) institutions, plant varieties and farmers’ rights, and patents. 
There are a number of potential conflicts in the working of these various acts that 
need to be resolved carefully to make the Biological Diversity Act 2002 effective 
(Gadgil 2002). The Indian Parliament has enacted the Scheduled Tribes and Other 
Traditional Forest Dwellers (Recognition of Forest Rights) Act, 2006, which may 
have a profound effect on forests and biodiversity (Singh and Kushwaha 2008). 

National Agroforestry Policy (2006) recognized that forest laws and formal 
institutions have undermined traditional community rights and disempowered 
communities. Such disempowerment has led to the forests becoming open access 
in nature, leading to their gradual degradation in a classic sense of “tragedy of 
commons” (MoEF 2006). The policy advocates recognition of traditional rights of 
communities to “remedy a serious historical injustice.” 

The Forest Rights Act (FRA) though was enacted in the year 2006, but its 
implementation started in the year 2008 after elaboration of the implementation 
guidelines and rules. It recognizes a range of individual and communal rights on



forest resources including ownership and management of forest lands, which have 
been neglected since colonial times. It not only aims to undo the “historical injus-
tice” to the Scheduled Tribes and other traditional forest-dwelling communities but 
also targets to empower the communities for the “responsibilities and authority for 
sustainable use, conservation of biodiversity and maintenance of ecological balance” 
(MoLJ 2007; MoTA 2015) (source: https://www.teriin.org/projects/green/pdf/ 
National-Forestry.pdf). 
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19.3 Forest Diversity 

Biodiversity is the basis for ecosystem services, which constitute the life support 
system for humans. MEA (2005) recognizes four categories of ecosystem services: 
(1) provisioning services, goods such as food, fresh water, wood, medicines, fiber, 
etc.; (2) regulating services, disease control, climate regulation, water purification, 
flood regulation, erosion control, etc.; (3) cultural services, education, recreation, 
etc.; and (4) supporting services, nutrient cycling, soil formation, primary 
productivity, etc. 

India is endowed with a great variety of terrain and climate. The range of 
topography, temperature, and rainfall are responsible for the development of a 
great variety of macroclimate and microclimate and the resultant-rich biological 
diversity on the Indian subcontinent. The country has been divided into a number of 
biogeographic zones based on biota and environmental realms (Rodgers and Panwar 
1988). India has nearly all the representative global ecological zones of south Asia. 
These are (1) tropical rainforest, (2) tropical moist deciduous forest, (3) tropical dry 
forest, (4) tropical shrubland, (5) tropical desert, (6) tropical mountain, (7) subtropi-
cal mountain, and (8) temperate mountain (Forest Conservation and Utilisation 
2001). Among them, the largest area is covered by three ecological zones, namely, 
tropical shrubland, tropical dry forest, and tropical moist deciduous forest. 

According to one estimate, India has 16,500 species of flowering plants, 390 spe-
cies of mammals, 2546 species of fishes, 68,000 species of insects, 17,000 species of 
fungi and bacteria, 6500 species of algae, 2850 species of bryophytes, 1100 species 
of pteridophytes, 68,000 species of insects, 5000 species of mollusks, 8000 species 
of invertebrates, 200 species of amphibians, and 1200 species of birds. Of the 
reported 16,500 plant species, about 33% are endemic to India. The wet evergreen 
forests of India which occupy 51,249 km2 (only 1.5% of India’s land surface) hold 
about 7000 species of flowering plants which is a little less than 50% of the Indian 
angiospermic flora. The rich diversity of tropical forests can be further appreciated 
by the fact that the 90 km2 area of Silent Valley in Western Ghats holds 
966 flowering plant species belonging to 559 genera and 134 families (Manilal 
1988). An analysis of the endemic flora of India, for example, reveals that the 
Himalayas including Northeast India (around 4000 endemics), Western Ghats 
(2000 endemics), and Andaman and Nicobar Islands (250 endemics) are the three 
biogeographic zones with maximum hyper-diversity areas (NBSAP unpublished). A 
small pocket of local endemism also occurs in the Eastern Ghats (MacKinnon and

https://www.teriin.org/projects/green/pdf/National-Forestry.pdf
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MacKinnon 1986). The floristic diversity of wild relatives of crop plants and related 
genetic resources is also of a very high order, and these are again scattered in various 
hot spots in different biogeographic zones (Singh and Kushwaha 2008). 
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19.4 Forest Types in India 

Champion and Seth (1968) have classified Indian forests into five groups based on 
physiognomy and climate. They are further categorized into 16 type groups and 
221 forest types, each with its own biodiversity complement. About 65.6% of the 
Indian forests are tropical moist to dry deciduous, 8% are tropical wet evergreen, 4% 
are tropical semievergreen, 9.5% are subtropical, 7% are temperate, and 5.8% are 
miscellaneous types (Singh and Kushwaha 2008). 

19.5 Social Forestry 

The term social forestry was coined by Westoby and used in the Ninth Common-
wealth Forestry Congress in 1968. It was first recognized as an important component 
of forestry development and meeting the rural needs in the Interim Report of the 
National Commission on Agriculture on social forestry during 1972. The Commis-
sion emphasized on the socioeconomic importance of social forestry for rural 
community and in the management of forest resources. It was realized that by taking 
up the different social forestry activities on the farmers’ lands, village community 
lands, wastelands, and degraded forests close to habitations, it would be possible to 
meet the requirements of fuelwood, fodder, small timber, etc. of the rural 
communities. In our country, the concept of social forestry is also found in the 
preaching of Buddha about 2500 years ago. During early period of British rule, there 
was a high demand of timber from the forests for industrial expansion and commu-
nication requirements. Hence, more attention was given to reserve and demarcate 
forests for industrial needs. No significance was given to important role of trees to 
the local population/communities. In the monumental Report on Improvement of 
Indian Agriculture (1893), Voelcker observed that forests had not been preserved. 
His observation on keeping aside village forests for the local people was probably 
the first observation of importance of forests to people’s economy. 

19.5.1 Objectives of Social Forestry 

The objectives of social forestry as defined by the NCA 1976 are as follows: 

1. To fulfill the basic needs such as fuel, fodder, small timber, supplementary food, 
and income from surplus forest products to the rural area and replacement of 
cow dung
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2. To provide employment opportunities in the rural areas and to increase family 
income considerably 

3. To promote cottage industries in the rural areas 
4. To organize them in their struggle for socioeconomic development and to 

integrate economic gains in the distribution of their benefits to the rural society 
5. To provide congenial environment and preserve their cultural identity as their 

life related to forest 
6. To indoctrinate the value of village-level self-sufficiency and self-management 

in the production as well as distribution of forest products with social justice 
7. To form the villagers into a well-knit community and an effective functional unit 

of society which can shape its own destiny 
8. To play an important role in the reclamation of degraded lands, conservation of 

soil and moisture, improvement of agricultural production, as well as prevention 
of environmental deterioration 

9. To increase the natural beauty of the landscape and create recreational forests for 
the benefit of rural as well as urban population 

10. To protect agricultural fields against wind speed and natural calamity; 
11. to solve the food problem of the rural area to a great extent 
12. To use the available land as per its carrying capacity 

19.5.2 Types of Social Forest 

The components of social forestry defined by the NCA 1976 include farm forestry, 
extension forestry, reforestation in degraded forests, and recreation forestry. Social 
forestry schemes can be categorized into different categories, viz., farm forestry, 
community forestry, extension forestry, and agroforestry. 

19.5.2.1 Farm Forestry 
In farm forestry, trees are grown on farmland for commercial and noncommercial 
purposes. Farmers are encouraged to plant trees on their farmland to meet their 
domestic needs such as fuelwood, fodder, small timber, etc. A practice of growing 
trees on farmland already existed in many areas and was the main thrust of most of 
India’s social forestry projects. In addition to providing the basic needs of fuelwood, 
fodder, small timber, etc., farmers often grow trees on their farmlands as shelterbelts 
and windbreaks, for soil conservation, or to reclaim wastelands. 

19.5.2.2 Community Forestry 
The government provides planting materials/seedlings and fertilizer to the commu-
nity, which is then responsible for nurturing and protecting the plants on community 
lands. Some communities manage these plantations in a sustainable manner for 
continual benefit, while others sell the mature timber for a one-time capital 
divestment. 

A forest is governed by local communities called “village forests” or “panchayat 
forests,” reflecting the fact that the administration and resource use of the forest



occurs at the village and panchayat levels. Hamlets, villages, and communities of 
villages may actually administer such a forest (Sinha 2003). Such community forests 
are usually administered by a locally elected body, usually called the Forest Protec-
tion Committee, the Village Forest Committee, or the Village Forest Institution. 
Such committees are known as Van Panchayats in the Kumaon Division of the UK, 
Forest cooperative societies in Himachal Pradesh, and Van Sanrakshan Samiti in 
Andhra Pradesh. Legislation pertaining to communal forests varies from state to 
state, but typically the state government retains some administrative control over 
matters like staff appointment and penalization of offenders. Such forests typically 
conform to the IUCN Category VI Protected Areas, but protection may be enforced 
by the local communities or the government depending on local legislation. 
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19.5.2.3 Extension Forestry 
The main objective of extension forestry is to increase the area under tree growth. It 
is the practice of forestry in the areas devoid of tree growth and other vegetation. It 
includes the following: 

1. Mixed forestry: It is the practice of forestry for raising fodder grass with scattered 
fodder trees, fruit trees, and fuelwood trees on suitable wastelands, panchayat 
lands, and village community lands. 

2. Shelterbelts: It is defined as a belt of trees and/or shrubs maintained for providing 
shelter from wind, sun, snow drift, etc. 

3. Linear strip plantations: These are the plantations of fast-growing tree species on 
linear strips of land. 

4. Rehabilitation of degraded forests: The degraded areas under forests need imme-
diate attention for ecological restoration and for meeting the basic needs of the 
communities residing in and around such areas. 

19.6 Agroforestry 

Agroforestry is a land use systems and technology where woody perennial plants 
(tree, shrubs, herbs, etc.) are deliberately introduced in the same land management 
practices, along with the agricultural crops and/or livestock, in a spatial temporal 
sequence. It can be defined by diverse authors as practices which involve “the 
deliberate integration of trees with agricultural crops and/or livestock either simulta-
neously or sequentially on the same unit of land” (Nair 1993). The World Agrofor-
estry Centre (WAC) defines the term agroforestry as “a dynamic, ecologically based 
natural resources management system that, through the integration of trees in farm-
land and rangeland, diversifies and sustains production for increased social, eco-
nomic and environmental benefits for land users at all levels.” 

Agroforestry has several benefits over monoculture systems. Handayani and 
Prawito (2011) reported that it conserves more than 80% water than monoculture 
systems. Dahlan Ismail (2009) found that agroforestry systems recover the quality of 
air by the use of animal and plant waste as organic fertilizers. Nath et al. (2009)



found that agroforestry provides social benefits by working as a defensive system 
that ensures resource conservation. For a particular area of land, growing of forest 
crops with agricultural crops is more beneficial to farmers in comparison to agricul-
ture or forest crops alone (Toky 1997). In agroforestry systems, higher productivity 
and growth of trees could be due to capturing of more growth resources, e.g., water, 
fertilizers, tillage, light, etc. (Singh et al. 1998; Verma 2008; Chauhan et al. 2012). 
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Agroforestry research in India is more than 100 years old. However, agroforestry 
was incorporated into national agricultural and forestry research agendas when the 
ICAR launched an All India Coordinated Research Project (AICRP) on Agroforestry 
with 20 centers in 1983 followed by the establishment of the National Research 
Centre on Agroforestry on 8 May 1988 at Jhansi, U.P. The Centre is now upgraded 
as the Central Agroforestry Research Institute (CAFRI) from 1 December 2014. At 
present, there are 37 centers of AICRP on Agroforestry located in 27 state agricul-
tural universities (SAUs) and 9 in the Indian Council of Agricultural Research 
(ICAR) representing all agro-climates of the country (Handa et al. 2015). In addition 
to ICAR, the Indian Council of Forestry Research and Education (ICFRE), 
Dehradun, also conducts research on different aspects of agroforestry (ICFRE 
2011). Recognizing agroforestry as a viable venture, many business corporations; 
limited companies such as ITC, West Coast Paper Mills Ltd., and Hindustan Paper 
Mills Ltd.; and other institutions initiated agroforestry research with emphasis on 
production of improved planting material of the fast-growing species (Dhyani et al. 
2015) with an objective to meet the demand of wood-based industries. The agrofor-
estry research through the AICRP on Agroforestry was conceptualized with the 
following six projects: 

1. Diagnostic survey and appraisal of existing farming system and agroforestry 
practices including farmers’ preference 

2. Collection and evaluation of promising tree species, cultivars of fuel, fodder, and 
small timber for agroforestry interactions 

3. Studies on management practices of agroforestry systems 
4. Analysis of economical relation of agroforestry systems 
5. Exploring the role of agroforestry in environment protection 
6. Studies on postharvest technology, fishery, apiculture, lac, etc. in relation to 

agroforestry systems 

Agroforestry is bound to play a major role in the near future, not only for its 
importance in food and livelihood security but also for its role in combating the 
environmental challenges. Agroforestry and trees outside forest will be a key issue in 
providing a solution to global warming and climate change, enhancing the per unit 
productivity of the land, and converting degraded and marginal lands into productive 
areas. The National Agroforestry Policy made several recommendations which will 
go a long way in stimulating large-scale adoption of the agroforestry by the farmers 
and will provide the required raw material to wood-based industries on one hand and 
play its role in energy and environmental security on the other. The major focus of 
research in the coming years will be on developing agroforestry practices and



technologies for critical areas such as arid and semiarid zones and other fragile 
ecosystems like the Himalayan region and coastal ecosystem to sustain these areas 
for higher productivity and natural resource management. In agroforestry, silvicul-
tural practices are combined with agricultural crops like legumes, along with orchard 
farming and livestock ranching on the same piece of land. It is a sustainable land use 
system that maintains or increases the total yield by combining food crop together 
with forest tree and livestock ranching on the same unit of land, using management 
practices that consider the social and cultural characteristics of the local people and 
the economic and ecological condition of the area. 
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19.7 National Forest Program (NFP) 

The term national forest program (NFP) does not refer to one specific program. It 
actually incorporates a wide range of approaches that can contribute to the formula-
tion, planning, and implementation of forest policy at national and sub-national 
levels. As one of the most important outcomes of international forest policy dia-
logue, this means that NFP is applicable to all countries and to all types of forests. 
The NFP is a country-specific process that provides a framework and guidance for 
country-driven implementation of sustainable forest management and forest-related 
contribution to sustainable development; national implementation of internationally 
agreed commitments, such as the UN Non-legally Binding Instrument (NLBI) also 
known as the “Forest Instrument” and UNFCCC decisions on REDD+; and interna-
tional initiatives such as those related to FLEGT; multilateral and bilateral collabo-
ration, with NFPs being used as a common frame of reference for forest-related 
international cooperation by the world’s major organizations and for most bilateral 
donors (https://en.wikipedia.org/wiki/National_forest_program). 

19.8 Rehabilitation of Forest Dwellers 

Scheduled Tribes and Other Traditional Forest Dwellers (Recognition of Forest 
Rights) Act, 2006 

The Forest Rights Act (FRA), 2006 recognizes the rights of the forest-dwelling 
tribal communities and other traditional forest dwellers to forest resources, on which 
these communities were dependent on a variety of needs, including livelihood, 
habitation, and other sociocultural needs. The forest management policies, including 
acts, rules, and forest policies of participatory forest management policies in both 
colonial and post-colonial India, did not, till the enactment of this Act, recognize the 
symbiotic relationship of the STs with the forests, reflected in their dependence on 
the forest as well as in their traditional wisdom regarding conservation of the forests. 

The Act encompasses rights of self-cultivation and habitation which are usually 
regarded as individual rights; community rights as grazing, fishing, and access to 
water bodies in forests; habitat rights for PVTGs; traditional seasonal resource 
access of nomadic and pastoral community; access to biodiversity; community

https://en.wikipedia.org/wiki/National_forest_program


right to intellectual property and traditional knowledge; and recognition of tradi-
tional customary rights and right to protect, regenerate, or conserve or manage any 
community forest resource for sustainable use. It also provides rights to allocation of 
forest land for developmental purposes to fulfill basic infrastructural needs of the 
community. In conjunction with the Right to Fair Compensation and Transparency 
in Land Acquisition, Rehabilitation and Settlement Act, 2013, the FRA protects the 
tribal population from eviction without rehabilitation and settlement. 
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The Act further enjoins upon the Gram Sabha and rights holders the responsibility 
of conservation and protection of biodiversity, wildlife, forests, adjoining catchment 
areas, water sources, and other ecologically sensitive areas as well as to stop any 
destructive practices affecting these resources or cultural and natural heritage of the 
tribes. The Gram Sabha is also a highly empowered body under the Act, enabling the 
tribal population to have a decisive say in the determination of local policies and 
schemes impacting them. 

Thus, the Act empowers the forest dwellers to access and use the forest resources 
in the manner that they were traditionally accustomed and to protect, conserve, and 
manage forests, protects forest dwellers from unlawful evictions, and also provides 
for basic development facilities for the community of forest dwellers to access 
facilities of education, health, nutrition, infrastructure, etc. 

The Scheduled Tribes and Other Traditional Forest Dwellers (Recognition of 
Forest Rights) Act, 2006 is a key piece of forest legislation passed in India on 
18 December 2006. It has also been called the Forest Rights Act, the Tribal Rights 
Act, the Tribal Bill, and the Tribal Land Act. The law concerns the rights of forest-
dwelling communities to land and other resources, denied to them over decades as a 
result of the continuance of colonial forest laws in India. 

Supporters of the Act claim that it will redress the “historical injustice” committed 
against forest dwellers while including provisions for making conservation more 
effective and more transparent. The demand for the law has seen massive national 
demonstrations involving hundreds of thousands of people (Forest Survey of India 
2011). 

However, the law has also been the subject of considerable controversy in India. 
Opponents of the law claim it will lead to massive forest destruction and should be 
repealed. A little over 1 year after it was passed, the Act was notified into force on 
31 December 2007. On 1 January 2008, this was followed by the notification of the 
rules framed by the Ministry of Tribal Affairs to supplement the procedural aspects 
of the Act. 

19.8.1 Bamboo Resources 

Bamboos, known as green gold and poor man’s timber, are very important forest 
resources found in the forests as well as the non-forest areas in the country. They can 
grow in extreme diverse ranges of soil conditions varying from organically poor to 
mineral rich and moisture level from drought to flooding which makes them effec-
tive for reclaiming degraded lands. Bamboos play an important role in carbon



sequestration and biodiversity conversation. Bamboo belongs to the family Poaceae 
(Gramineae). 
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In India, the total bamboo-bearing area is estimated to be 15.69 Mha. Indian 
bamboo endemism is a very high in order. In the deciduous and semievergreen 
regions of Northeast and the tropical moist deciduous forests of North and South 
India, the maximum concentration of species is found. India is the second richest 
country of the world after China in terms of bamboo genetic resources. In India, 
there are 125 indigenous and 11 exotic species of bamboos belonging to 23 genera 
(Negi and Naithani 1994). In which nearly 90 species of bamboos are found in the 
Northeastern hilly states, out of which 41 are endemic to that region. In India, there 
are three large genera (Bambusa, Dendrocalamus, and Ochlandra) of bamboos in 
India with more than ten species each. Among all genera, these three alone represent 
about 45% of the total bamboo species in India. The most important bamboo species 
of the semievergreen forests of the Andamans is Gigantochloa rostrata. In the 
eastern region, i.e., West Bengal, Assam, and Northeastern Himalayas, the commer-
cially important bamboos are B. tulda, D. hamiltonii, and Melocanna baccifera. 
There are some genera which are represented by only one species each, e.g., 
Ampelocalamus, Sarocalamus, Chimonobambusa, Pseudostachyum, and 
Stapletonia. In India, bamboos show a great diversity in both their habitat and 
habit of growth. Their distributions occur in different forest types, ranging from 
tropical to subalpine zones. However, some of the species are found only in the 
cultivated state in few gardens. With the growing demand for timber and wood for 
various purposes, bamboo can be used as a viable substitute for timber in the 
country. As per productivity and conservation are concerned, there is a need to 
assemble an adequate information base as a foundation for policy and management 
decisions. Also, the current market demand and supply gap emphasize the needs for 
the promotion of bamboo cultivation outside the conventional or natural growth 
areas (Tewari et al. 2019). 

19.9 Forest and Ecosystem Services 

19.9.1 Climate Regulation 

Forests play a key role within the global carbon cycle, removing carbon dioxide 
(CO2) from the atmosphere and converting it to wood as they grow and releasing 
carbon dioxide back into the atmosphere when trees are burned or decay. Thus, the 
forests can act as either a source or a sink for carbon, with the potential to sequester 
carbon and thus reduce net CO2 emissions. Deforestation contributes 10% of global 
greenhouse gas emissions and represents the second largest source of annual CO2 

emissions after fossil fuel combustion. 
Halting this deforestation and encouraging replanting or sustainable forestry 

management practices could potentially contribute over one-third of the total emis-
sion reductions that scientists say are needed by 2030. Policymakers around the 
world recognize the potential for forests and natural land area to combat climate



change; a total of 97 countries mentioned specific plans to reduce emissions from 
deforestation or increase forest cover in their Paris Agreement commitments. Forests 
and the timber they produce sequester and store more carbon than other terrestrial 
ecosystems and, in line with the emphasis made in Paris, must play an important role 
in mitigating climate change. 
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19.10 Forest as Livelihood Option 

India has a huge population living close to the forests with their livelihoods critically 
linked to the forest ecosystems. As per the records of MoEF 2006, there are around 
1.73 lakh villages located in and around forests. Though there are no official census 
figures for the forest-dependent population in the country, different estimates put the 
figures from 275 million (World Bank 2006) to 350–400 million (MoEF 2010). 
People living in these forest-fringe villages depend upon forest for a variety of forest 
products and services such as collection of edible fruits, tubers, roots, and flowers for 
food and medicines; firewood for cooking; small timber for agricultural implements, 
house construction, and fencing; fodder for livestock and grazing of livestock in 
forest; and collection of different marketable non-timber forest products. Therefore, 
with such a huge population pressure, any over exploitation and unsustainable 
harvest practice can potentially degrade forest. It has been reported that around 
40% of the poor of the country are living in these forest-fringe villages (MoEF 
2006). Moreover, a significant percentage of India’s tribal population resides in these 
regions. The forest-fringe communities not just collect these forest products for their 
own consumption but also for commercial sale, which fetch them some income. It is 
estimated that the income from sale of the different forest products for households 
living in and around forest constitutes 40–60% of their total income (Sadashivappa 
et al. 2006; Mahapatra and Kant 2005; Sills et al. 2003; Bahuguna 2000). A study 
(Saha and Sundriyal 2012) on the extent of NTFP use in Northeast India suggests 
that the tribal communities use 343 NTFPs for diverse purposes like medicinal 
(163 species), edible fruits (75 species), and vegetables (65 species). The depen-
dence for firewood and house construction material is 100, and NTFPs contributed 
19–32% of the total household income for the communities under study (Saha and 
Sundriyal 2012). Forests are not only a source of subsistence income for millions of 
poor households but also provide employment to poor in these hinterlands. This 
makes forests an important contributor to the rural economy in the forested 
landscapes in the country. The widespread poverty and lack of other income-
generating opportunities often make these people resort to overexploitation of forest 
resources. The collection of firewood for sale in the market, though it is illegal, is 
also extensive in many parts of the forested regions in the country and constitutes the 
source of livelihood for 11% of the population (IPCC 2007). However, many other 
forest products have been sustainably harvested by local communities for many 
years and are a constant source of household income. 

The total annual consumption of wood in constructions and furniture—in both 
commercial and household sectors—as well as for agricultural implements is



estimated to be 48.0 million m3 in round wood equivalent (RWE). However, the total 
production of timber stands at 45.95 million m3 , showing a gap of 2.05 million m3 

annually (FSI 2011). Firewood constitutes the major source of cooking energy in 
India, and more than 853 million people use firewood for cooking in India (FSI 
2011). As per the 2011 census, 49% of the households in the country use firewood 
for cooking. The forest-rich states have higher incidence of firewood use for 
cooking. As the total annual volume of firewood use is concerned, it is estimated 
to be 216.421 million tons, of which 58.747 million tons (27.14%) are sourced from 
forests. There have been no estimates for the volume of firewood availability from 
forests, and the annual availability of firewood from TOF is estimated to be 19.25 
million tons. 
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India’s total fodder-consuming livestock population as per the 2007 Livestock 
Census is estimated to be 518.6 million. Of these, 199.6 millions of livestock depend 
partially or fully on forest for fodder (Forest Survey of India 2011). 

19.11 Indices for Forest Quality 

19.11.1 Forest Soils and Site Index 

Soil quality is one of the most important factors in forest management decisions. 
Soils will determine which tree species yield the maximum timber volume, tree 
rotation age, and ultimately the investment a landowner must make to yield accept-
able economic returns from forest management. 

Soils vary greatly in their ability to produce merchantable volumes of pulpwood, 
sawtimber, veneer, poles, piling, or other wood products in a reasonable period of 
time. In fact, as with any other crop, the better the land, the more productive the 
forest. Landowners must be aware of soil factors that affect forest production before 
investing in forest regeneration or management. 

19.11.2 Site Index (SI) 

The collective influence of soil factors will determine the site index for a particular 
tree species on a given soil area. Site index is the total height to which dominant trees 
of a given species will grow on a given site at some index age. 

19.11.3 Forest Canopy Density 

19.11.3.1 Forest Canopy Cover 
It is also known as canopy coverage or crown cover. It is defined as the proportion of 
the forest floor covered by the vertical projection of the tree crowns. Estimation of 
forest canopy cover has become an important part of forest inventories. Conven-
tional remote-sensing methods assess the forest status based on qualitative data



analysis derived from “training areas.” Forest Canopy Density Model is one of the 
important tools to detect and estimate the canopy density over large area in a time 
and cost-effective way. This model is based on four indices, i.e., soil, shadow, 
thermal, and vegetation. 
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The classification scheme for the purpose of forest cover assessment is described 
as under: 

Class Description 

Very dense forest All lands with tree canopy density of 70% and above 

Moderately dense 
forest 

All lands with tree canopy density of 40% and more but less than 70% 

Open forest All lands with tree canopy density of 10% and more but less than 40% 

Scrub Degraded forest lands with canopy density less than 10% 

Non-forest Lands not included in any of the above classes 

19.11.4 Forest Soil Quality Index 

Forest soil formation has been influenced by forest vegetation and is generally 
characterized by deeply rooted trees, significant “litter layers” or O horizons, 
recycling of organic matter and nutrients including wood, and wide varieties of 
soil-dwelling organisms. Forest soils harbor an enormous variety of life-forms that 
principally derive their energy from organic matter produced by photosynthesis and 
shed from plant structures and from animals. The major biological components of 
forest soils are plant roots, microbes, and soil animals. 

Forest soils are influenced by various factors such as forest vegetation, climate, 
parent material, and other organisms. Soil provides physical support, supplies 
nutrients and moisture for vegetation, and stores elements for recycling back to 
trees. Diverse plant materials comprising forest floors are habitats for animals and 
microorganisms and facilitate and buffer precipitation inputs. The soil organisms 
digest organic matter and mix it with mineral soil, contributing to soil structure, 
porosity, and availability of plant nutrients. The forest floors and soils hold more 
organic carbon than any other components of any other terrestrial biome. The 
management practices as well as natural disturbances can affect all of these soil 
properties (Knoepp et al. 2019). 

Assessment of soil quality refers to the measurement of relative changes in soil 
characteristics over time brought by human management under different land use 
systems. It may be based either on simple visual observation or involve complex 
laboratory analyses of soil tests. Evaluation and measurement of soil quality were 
due to the fact that soil serves multiple functions in maintaining worldwide environ-
mental quality (Doran and Parkin 1994). Soil is the foundation for nearly all land 
uses. Assessment of soil quality is a holistic approach to view soil in its landscape 
setting and how it functions within the defined ecosystem. Soil quality indicators are 
a composite set of measurable physical, chemical, and biological attributes which



relate to functional soil processes and can be used to evaluate soil quality status, as 
affected by management. Soil quality is defined as the capacity of a specific kind of 
soil to function, within natural or managed ecosystem boundaries, to sustain plant 
and animal productivity, maintain or enhance water and air quality, and support 
human health and habitation. Soil organic matter (SOM) is often considered to be the 
single most important indicator of soil quality and sustainable land management. 
Soil bulk density varies among soils of different textures, structures, and organic 
matter content, but within a given soil type, it can be used to monitor degree of soil 
compaction and puddling. Changes in soil bulk density affect a host of other 
properties and processes that influence water and oxygen supply. In all forms of 
land use systems, whether traditional or modern, soil organic matter plays an 
essential role in sustaining system productivity and preventing land degradation. 
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19.12 Carbon Sequestration 

Carbon sequestration is a process of capturing and long-term storage of atmospheric 
carbon dioxide to mitigate global warming and to avoid harmful impacts of climate 
change. It is also explained as the process of removing carbon from the atmosphere 
and depositing it in reservoirs known as carbon pools. It can be natural or human-
induced; examples are forest biomass, wood products, soils, and the atmosphere. 
Carbon pools in a forest are a complex mix of live and dead organic matter and 
minerals. Human-induced carbon pools are geological storages of carbon dioxide. 
The quantity of carbon in a pool is known as carbon stock, and any change may be 
expelled process of carbon sequestration. The use of forest is also a financially viable 
technique to reduce emission from atmosphere. It could also bring significant 
benefits to the local communities involved and consequently helps in reducing 
poverty at the same time. Forestry projects can bring social, economic, and local 
environmental benefits to millions of people (Clyde 2012). 

The forestry sector cannot only sustain its carbon but also has the potential to 
absorb carbon from the atmosphere. India has maintained approximately 64 Mha of 
forest cover for the last decade. The rate of afforestation in India is one of the highest 
among the tropical countries, currently estimated to be 2 Mha per annum. The annual 
productivity has increased from 0.7 m3 ha–1 in 1985 to 1.37 m3 ha–1 in 1995. 
Increase in annual productivity directly indicates an increase in forest biomass and 
hence higher carbon sequestration potential. The carbon pool for the Indian forests is 
estimated to be 2026.72 Mt for the year 1995. Estimates of annual carbon uptake 
increment suggest that our forests and plantations have been able to remove at least 
0.125 Gt of CO2 from the atmosphere in the year 1995. Assuming that the present 
forest cover in India will sustain itself with a marginal annual increase by 0.5 Mha in 
area of plantations, it is expected that forests continue to act as a net carbon sink in 
the future (Lal and Singh 2000). 

Carbon dioxide can be injected into depleted oil and gas reservoirs and other 
geological features or can be injected into the deep ocean; this is known as subterra-
nean injection.
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Ever since the Kyoto Protocol, agroforestry has gained increased attention as a 
strategy to sequester C from both developed and developing nations. The available 
estimates of C stored in agroforestry range from 0.29 to 15.21 Mg C ha–1 per annum 
above ground and 30–300 Mg C ha–1 up to 1 m depth in the soil (Nair et al. 2010). 
Since the industrial revolution, atmospheric CO2 has increased by more than 40%, 
from 280 ppm in 1750 to about 392 ppm in 2012 (Hutchinson et al. 2007). In 3 years 
from 2010 to 2012, CO2 emissions increased at an alarming rate of 2 ppm/year or 4.4 
Pg C/year. While agroforestry has been recognized as having the greatest potential 
for C sequestration of all the land uses analyzed in the Land Use, Land-Use Change 
and Forestry report of the IPCC (2000), our understanding of C sequestration in 
specific agroforestry practices from around the world is rudimentary at best. 

The incorporation of trees or shrubs on farms or pastures can increase the amount 
of C sequestered compared to a monoculture field of crop plants or pasture (Sharrow 
and Ismail 2004; Kirby and Potvin 2007). In addition to the significant amount of C 
stored in aboveground biomass, agroforestry systems can also store C belowground. 
While most studies report aboveground C sequestration, belowground C and soil C 
are often not reported from agroforestry systems. The soil C pool, comprising about 
2500 Gt, is one of the largest C pools and is larger than the atmospheric pool 
(760 Gt) (Lal and Singh 2000). The extent of soil C is dependent on a delicate 
balance between litter and rhizodeposition and the release of C due to decomposition 
and mineralization. Several other factors such as quality of C input, climate, and soil 
physical and chemical properties further determine the rate of decomposition and 
thus stabilization of soil organic C in a particular ecosystem. Since modernization of 
agriculture in the nineteenth century, soil carbon pool has gradually depleted 
because of several factors such as deforestation, intensive cropping and biomass 
removal, soil erosion, and unsustainable agricultural practices. Most of the decline in 
soil organic matter has been observed in regions under intensive crop production 
such as continuous row cropping or monocropping. Depletion of soil C has been 
documented to result in decreased productivity, poor soil physical and chemical 
properties, and negative secondary environmental impacts. It has been well 
documented that conversion of degraded agricultural soils into agroforestry systems 
can rebuild soil productivity (Jose and Bardhan 2012). 

19.12.1 Forests as Sink: 
Afforestation/Reforestation/Plantation/Agroforestry 

All the practices work as carbon sink, they take carbon from atmosphere, utilize it in 
the process of photosynthesis, and store it in the form of biomass or wood. For this 
process of carbon sequestration to succeed, it is essential that carbon must not return 
to the atmosphere from burning.
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19.12.2 Wetland Restoration 

Wetland soil is an important natural carbon pool or sink. Wetlands conserve 14.5% 
of the soil carbon found in the world. But only 6% of the world’s land is composed of 
wetlands. 

19.12.3 Oceans as Sink 

Oceans absorb CO2 from the atmosphere because the concentration of CO2 in the 
atmosphere is greater than that in the oceans. This difference in partial pressure of 
CO2 results in the gas being absorbed into the world’s oceans (Raghuvanshi et al. 
2006). 

19.13 Strategies for Forest Development in India 

India adopted a comprehensive National Action Plan for Climate Change (NAPCC) 
to address issues related to climate change in 2008 (GOI undated). It has eight 
missions, which cover a range of sectors and issues important for the country. The 
National Mission for a Green India, one of the missions, addresses forestry sector 
issues in this plan. The GIM aims to treat an additional forest and non-forest area of 
10 million ha over a period of the next 10 years spread over two national plans 
starting from the 12th 5-year plan in 2012 (MoEF 2010). It aims to increase the forest 
or tree cover over 5 Mha of area and improve the quality of cover over another 
5 Mha. GIM aims to undertake “holistic view of greening” by focusing on ecosystem 
restoration and biodiversity conservation rather than merely focusing on plantations 
(MoEF 2010). It proposes to “shift in mindset from our traditional focus of merely 
increasing quantity of our forests cover, towards increasing the quality of our forest 
cover and improving provision of ecosystem services.” The mission intends to 
sequester an additional annual 50–60 million tons of CO2 by the year 2020. It also 
aims to improve livelihood and income of three million households living in and 
around forests (MoEF 2010). The estimated budget of GIM for a period of 10 years 
is INR 460 billion (MoEF 2010). An autonomous and decentralized governance 
structure has been proposed to implement and manage the mission. The “revamped” 
Joint Forest Management Committees (JFMCs) under Gram Sabhas have been 
conceived as the institutions at grassroots level (MoEF 2010). Similarly, Forest 
Development Agencies (FDA) have been made as nodal institutions at the district 
and state level. But GIM has made little progress so far. MoEF has issued imple-
mentation guidelines in November 2014 with a proposed budget of INR 13,000 
crores for the next 5 years (MoEF 2014). These guidelines detail on the selection of 
landscapes, institutional structure, monitoring and evaluation, and financial outlay 
for the program. Much of the proposed budget is drawn through convergence with 
programs like Compensatory Afforestation Fund Management and Planning Author-
ity (CAMPA) and Mahatma Gandhi National Rural Employment Guarantee Scheme



(MNREGS). It is yet to be seen the effectiveness of this approach (Aggarwal and 
Chauhan 2015). 
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About 29 Mha of open forest is considered degraded, of which about 50% has 
good rootstock, and the rest of the forest either has depleted rootstock or is treeless 
(MoEF 2006). Areas with good rootstock can be reclaimed through assisted natural 
regeneration (ANR) and protection under the JFM framework and need to be 
prioritized as a low-cost strategy. The degraded areas can be brought under multi-
purpose tree plantations under a tripartite partnership between the state forest 
department, JFM committees, and wood-based industries. Similarly, even after 
accounting for scrubland, encroachments, disputed land titles, and inherent poor 
productivity, about 11 Mha of wasteland outside traditional forests can be brought 
under afforestation in collaboration with the private sector. One of the main hurdles 
in the reclamation of degraded lands is inadequate and delayed release of funds. This 
hurdle can be overcome by promoting a tripartite partnership between the private 
sector (wood-based industries), the local community (represented by the FPCs), and 
the state forest department. In this model, the forest department acts as a facilitator by 
providing land on joint lease to the FPCs and wood-based industries for a fixed 
period. The continuation of the lease is subject to adherence to a preapproved 
technical scheme. The industry invests money to raise plantations, and the harvest 
is shared between the FPCs and industry according to predefined JFM guidelines. 
The FPCs are responsible for the day-to-day management and social fencing of 
the area. However, in order to meet the subsistence needs of the local communities, 
the industry also invests in a separate forest patch, wherein trees of importance to the 
local communities are planted. Presently, however, there are no enabling laws or 
policies to facilitate private sector participation in forestry activities. It is 
recommended that a policy directive from the central government be issued, 
enabling private sector involvement of the type suggested above, followed by 
framing of resolutions and guidelines by individual state governments. The 
guidelines should also clearly spell out the roles and responsibilities of the three 
stakeholders and the benefit-sharing mechanisms. 

As per land use statistics (2004/05), about 27.29 Mha (13.19 Mha of cultivable 
wastelands, 10.72 Mha of permanent fallow lands, and 3.38 Mha of land under 
miscellaneous tree crops) could be potentially brought under plantation/afforestation 
activities. 

19.13.1 Key Elements 

India has a well-developed policy and legal framework for the management of 
forests. The key policies in this regard are: 

(a) National Forest Policy 1988 
(b) National Conservation Strategy and Policy Statement on Environment and 

Development 1992 
(c) National Environment Policy 2006
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The legislative framework is provided by a number of laws, the most important of 
which are: 

(a) Indian Forest Act, 1927 
(b) Wildlife (Protection) Act, 1972 
(c) Forest (Conservation) Act, 1980 
(d) Environment (Protection) Act, 1986 
(e) Biological Diversity Act, 2002 

Scheduled Tribes and Other Traditional Forest Dwellers (Recognition of Forest 
Rights) Act, 2006 

19.14 Conclusions 

Forests and trees outside forests are essential for agricultural production because 
they protect soil and water, maintain soil fertility, help regulate climate, provide 
habitat for wild pollinators and the predators of agricultural pests, and constitute a 
rich store of biodiversity of potential use in agriculture. The forests not only sustain 
its carbon but also have the potential to absorb carbon from the atmosphere. 
Agroforestry is bound to play a major role in the near future, not only for its 
importance in food and livelihood security but also for its role in combating the 
environmental challenges. Agroforestry and trees outside forest will be a key issue in 
providing a solution to global warming and climate change and enhancing the per 
unit productivity of the land and converting degraded and marginal lands into 
productive areas. 
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Abstract 

Global food and environmental security are the key challenges before the scien-
tific community in the present era of enhanced climate variability and dwindling 
resources. Agriculture depends on weather and climate from day-to-day manage-
ment operations to long-term planning. Uncertainties of weather and climate are 
posing major threat to food security especially in the developing countries. 
Therefore, agrometeorology has a vital role to play in increasing agricultural 
production, decreasing risk/vulnerability, and also taking care of environmental 
issues. In the present scenario, harvesting the advantage of the benevolent 
weather and precautions against malevolent weather for maximizing production 
and minimizing losses, respectively, can be taken only if the farming community 
is provided with contextual weather-based advisory in time. The need of the hour 
is also to look at the researchable issues from agrometeorology point of view, so 
that the region-/district-specific agrometeorological information can be used to 
prepare development action plan for climate change, identify hotspots, and 
initiate interdisciplinary collaboration to improve the resource-use efficiency as 
well as enabling effective mitigation for adverse impacts. 
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20.1 Introduction 

Agricultural meteorology is an interdisciplinary science, where the knowledge of 
interactions between meteorological and hydrological factors is applied in agricul-
ture. The ultimate goal of agricultural meteorology is to extend and fully deploy 
knowledge of atmospheric and related processes to optimize agricultural production 
and hence to increase profitability, decrease risk, and feed an ever-expanding global 
population. The subject also helps to conserve natural resources and protect our soil, 
plant, and water resources. Agricultural meteorology uses the basic principles of 
physical and biological sciences to reduce atmospheric/edaphic stresses (Bal and 
Minhas 2017) to enhance the production of food, fodder, fiber, and other farm 
products. Models of atmospheric interactions with plants and soil, made more 
applicable by expanding historical databases, find increased application in risk 
management and climate change (Takle 2003). 

In India, the study of meteorology and agrometeorology started from time 
immemorial. In Upanishads, one can find the discussion about the processes of 
cloud formation and rain and the seasonal cycles. Impact of good monsoonal rainfall 
on better food production was known to our ancestors. The famous novel Meghdoot, 
written by Kalidasa around the seventh century, depicted the date of onset of the 
monsoon over central India and the path of the monsoon clouds. The scientific study 
on this subject was started with the establishment of first meteorological observatory 
in Kolkata by the British East India Company in 1785. 

With the development of agricultural sciences, the importance of weather and 
climate, as basic input or resources in agricultural planning, became well established. 
Every plant process related with growth, development, and yield of a crop is affected 
by weather. Similarly, every farm operation, such as plowing, irrigation, and manur-
ing, is affected by weather. In present days, although lots of improvement in 
agronomy, genetics, field machinery, plant protection, and allied fields are observed, 
still the crop productivity is not sustainable. Soil health is deteriorating and climatic 
variability is a threat to agriculture. Hence, it is high time to relook the research 
activities in the field of agrometeorology. A highly trained workforce in agricultural 
meteorology is also needed to address future needs for global food security in a 
changing global climate. 

20.2 Climatic Trends and Variability 

The word “trend” generally refers to change or rate of change of any parameter over 
a period of time. Researches in the field of climatology often require the detection, 
estimation, and prediction of trends along with the statistical analysis. The trend may



show a liner or nonlinear pattern. Simple linear regression and Mann-Kendall (M-K) 
test along with the Theil-Sen robust estimate are some of the common approaches to 
delineate the trend (NCAR 2014). On the other hand, climate variability indicates the 
variations in the mean state of the climate and its basic features. The time frame of 
these changes is usually longer than individual weather events but smaller than 
climate change condition. Random variability or noise does not follow any system-
atic pattern, whereas periodic variability maintains regular and distinct modes or 
patterns (Rohli and Vega 2018). Short-term fluctuations occurring for a time period, 
ranging from few months to 30 years, can be denoted as climate variability. In most 
of the cases, climate variability is caused by some natural processes. Several studies 
have been conducted to find out the trend and variability of Indian climate through 
the past years. The time frame under different studies varied, but the findings helped 
to understand the long-term trends. 

20 Climate 523

Temperature, rainfall, and tropical cyclone intensities are some of the prime 
parameters. Temperature is one of the most important weather parameters 
influencing the behavior of other factors including general circulation over a place. 
A rise of 0.60, 1.0, and 0.18 °C per 100 years in the annual mean, maximum, and 
minimum temperatures, respectively, has been reported for the entire India during 
1901–2010. North, central east, and northeastern India have experienced greater 
warming than Peninsular India during 1981–2010 period. Highest increasing trend 
has been observed for post-monsoon and winter season (Srivastava et al. 2017). 
India’s economy is heavily dependent on monsoon rainfall. Monsoon rainfall is 
almost 80% of annual rainfall over most parts of India and contributes to the 
groundwater buildup. Guhathakurta and Revadekar (2017) mentioned that the anal-
ysis of rainfall over India is generally based on the quality-controlled district rainfall 
data for the period. Any long-term trend in the southwest monsoon rainfall was not 
observed for 1901–2010 in the country as a whole. Jharkhand, Chhattisgarh, and 
Kerala were noted with significant decreasing trends, whereas Gangetic West 
Bengal, West Uttar Pradesh, Jammu and Kashmir, Goa, Madhya Maharashtra, 
Rayalaseema, Coastal Andhra Pradesh, and North Interior Karnataka had increasing 
trends of southwest monsoon rainfall. Mallya et al. (2016) conducted an experiment 
to find out the epochal and decadal variation in drought characteristics over monsoon 
rainfall in India. They observed that monsoon had taken up the nature of turning into 
extreme and regionally varied. The droughts were also to be seen to become more 
regional. Both intensity and frequency of drought during 1971–2004 period showed 
an increasing trend. The tendency of drought occurrence shifted from west to east 
and the Indo-Gangetic Plain. Ali et al. (2019) mentioned in their study that extreme 
precipitation events have been showing an increasing trend for most of the river 
basins in the Indian subcontinent during 1966–2005 and there is strong probability 
of a rapid boost in the multiday flood events in the future than the single-day events. 
Tropical cyclone is a common phenomenon in Indian subcontinent during the 
transition period of two seasons. Previously, areas adjacent to the Bay of Bengal 
used to be frequently affected by cyclones. Western part of the country residing 
beside the Arabian Sea used to seldom experience cyclones. Amphan, Yaas, and 
Nisarga are some of the severe super cyclones generated over the Bay of Bengal and



Arabian Sea, respectively, in recent times. Investigations of trend of tropical cyclone 
provide guidance to manage its effects. Long-term trend analysis by Singh (2001) 
revealed that a decrease of six to seven disturbances and one to two cyclonic storms 
per hundred years was occurring over the Bay of Bengal and the Arabian Sea during 
southwest monsoon season. Niyas et al. (2009) observed the linear trend of tropical 
cyclone frequency over the North Indian Ocean as a whole, the Bay of Bengal, and 
the Arabian Sea during various seasons for 1891–2008 timescale. They observed a 
significant decreasing trend on an average but an increasing trend over the Bay of 
Bengal for May and November months. Greatest rate of reduction of frequency was 
experienced during the monsoon months. 

524 S. K. Bal et al.

20.3 Crop Production in Relation to Weather 

Raising crops is probably one of the most holistic and oldest professions found on 
Earth. A good harvest ensures the stability in economy. Success in farm production 
relies on some direct factors like breed, soil health, nutritional status, moisture 
condition, and weather. Among these, weather is the most uncertain one. It is always 
variable and cannot be controlled by the farmers. Natural abnormalities can lead to 
drastic loss of farm produce. Mavi (1994) estimated that weather variability causes 
almost three quarters of annual losses in farm production. Solar radiation, tempera-
ture, soil moisture, relative humidity, and bright sunshine hours are few important 
weather elements that influence the crop life cycle during growing season (Makone 
et al. 2015). Studies on crop weather relationships have been considered as a 
lucrative field of research to the Indian scientists for decades. Establishment of 
agricultural meteorology division at the IMD in 1932 had widened the path of 
further research works in this subject area. Earlier research works oriented toward 
macroscale level analysis of rainfall distribution and variability, evaporation estima-
tion, as well as microclimatic requirements of crops. Jacob first attempted the 
incorporation of statistical methods in the study of crop weather relationship with 
special reference to wheat crop grown in Punjab. He observed the beneficial effects 
of rains for autumn and spring crops (Ramdas and Kalamkar 1938). Crop micro 
meteorological studies became popular in Indian science in the 1980s, once eminent 
scientist J.L. Monteith joined ICRISAT. Long before that, crop weather relationship 
on rainfed crops in India was initiated by Prof. L.A. Ramdas in 1926. Yield response 
to different weather conditions was portrayed for several rainfed crops like rice, 
sorghum, finger millet, ground nut, castor, and sunflower under different parts of the 
country (Rao and Vijayalakshmi 1986; Victor et al. 1991). There is a close relation-
ship between yield and rainfall (Kumar et al. 2019). The dry spells and rainfall deficit 
within crop season play vital roles in determining productivity of rainfed crops (Bal 
et al. 2022d). There are several studies which simulated a reduction in total crop 
duration (Chandran et al. 2021; Chandran et al. 2022) and yield (Rao et al. 2022) due 
to the increase in temperature under various emission scenarios. The impact of 
severe heat wave 2022 on crops and other sectors of Indian agriculture has been 
characterized and reported by Bal et al. (2022c). Apart from temperature and rainfall,



solar radiation influences the yield mostly. Solar energy specially ranging between 
400- and 700-nm wavelengths is the source of photons initiating the photosynthetic 
process in plants. UV, visible, and NIR radiations impose photosynthetic, genetic, 
thermal, and morphological effect on crops. Table 20.1 shows the harmful effect of 
aberrant weather. 

20 Climate 525

Table 20.1 Cool weather damage to rice 

Growth stage Types of cool weather damage to rice plant 

Before nursery Retarded cultivation 

Nursery stage Inferior germination and growth, withering and seedling rot, 
delay in transplanting due to freezing immediately after 
removing a cover on the protected nursery 

Early stage: Transplanting, 
tillering, panicle formation 

Delay in transplanting, poor rooting, discoloration of leaves, 
decrease in tiller number, delay in growth and formation of 
young panicles, reduction in size of panicles 

Panicle initiation to booting Degeneration of rachis branches, decrease in spikelets, 
cessation of spikelet growth, delay in heading, non-heading, 
browning of leaf sheath 

Heading stage Delay of heading 

Flowering stage Delay of flowering, non-fertilization, and nonflowering of 
lower spikelets 

Ripening stage Incomplete ripening, discoloration of unhulled rice grains, 
cessation of ripening due to early frost 

(Adapted from Nishiyama 1984) 

20.4 Livestock Management and Weather 

Climate is the main factor for suitability of any form of life to a particular place on 
Earth. The management of weather and climate risks in agriculture has become an 
important issue nowadays due to climate change. Animal agriculture is a major 
contributor to climate change, responsible for 18% of the greenhouse gas emissions. 
Livestock systems based on grazing and mixed farming (in most prevalent India) is 
expected to be affected more by climate change. Greenhouse gas emissions by the 
livestock sector could be cut as much as 30% through the wider use of existing best 
practices and technologies. In the event of climate change, the biggest challenge will 
be how to balance a huge number of livestock or the productivity per head, at the 
same time improving the sustainability of livestock sector. Another challenge would 
be to improve the efficiency of proper water utilization and optimization of nutrient 
footprint for the livestock sector. The direct effects from air temperature (heat/cold 
stress), humidity, wind speed, and other climatic factors influence animal perfor-
mance such as growth, milk production, wool production and reproduction, etc. 
Pawar et al. (2016) have reported that with the rising global temperature and lower 
heat tolerance of modern poultry genotypes, heat stress has emerged as a major 
concern causing significant economic losses to the poultry industry.
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The impact of climate on livestock production has been categorized by Rotter 
Rotter and Van de Geijn (1999) as (a) availability of feed grain; (b) pasture and 
forage crop production and quality; (c) health, growth, and reproduction; and 
(d) disease and spread. Animal health is also affected by climate change in 
four ways: heat-related diseases and stress, extreme weather events, adaptation of 
animal production systems to new environments, and emergence or re-emergence of 
infectious diseases which are critically dependent on environmental and climatic 
conditions. Furthermore, while vulnerability to climate has hardly been documented 
in the context of India, experimental studies have been conducted on effects of 
season and climate on production performance and other physiological parameters of 
dairy animals. Thermal stress on Indian livestock particularly cattle and buffaloes 
has been reported to decrease estrus expression and conception rate (Upadhyay et al. 
2007). Further, the length of service period and dry period of all dairy animals 
increased during drought (Maurya 2010). In addition, the hot-humid weather 
conditions were found to aggravate the infestation of cattle ticks like Boophilus 
microplus, Haemaphysalis bispinosa, and Hyalomma anatolicum (Basu and 
Bandhyopadhyay 2004). 

Livestock’s efficiencies depend on the quality and quantity of feed and water that 
animals need to survive, produce, and reproduce. About 10% of the croplands is 
used for producing animal feed, and other agricultural land provide crop residues 
used for feeding livestock. The influence of the climate on the distribution of plant 
variety and type is complex. The effects of climatic interaction with soil 
characteristics and direct effect on plants influence the distribution of various other 
biological components of the agroecosystem—pest, diseases, herbivorous animals, 
pollinators, soil microorganisms, etc. – all of which in turn influence plant 
communities. In production systems where animals are fed on concentrates, rising 
grain prices (may be driven by climate change) increase the pressure to use animals 
that efficiently convert grains into meat, eggs, or milk. Thus, within such systems, 
climate change may lead to greater use of poultry and pigs at the expense of 
ruminants and greater focus on the breeds that are the best converters of concentrate 
feed under high external input conditions. 

The management strategies for livestock related to weather include: 
Water supply: Animals must have access to large quantities of water during 

periods of high environmental temperatures. Much of the water is needed for 
evaporative heat loss to help them cool off. Hence, provision must be made for 
supply of continuous clean, fresh, and cool water to the animals. 

Feeding time: Providing feed to the animals during cool period, i.e., evening or 
night, will improve the feed intake by the animals. Further, regularly cleaning the 
feeding trough and providing fresh feed will encourage the animals to take 
more feed. 

Shade: The use of shades is an effective method to help cool animals. Shades can 
cut the radiant heat load from the sun by as much as 40%. The best shades have white 
or reflective upper surfaces. Shifting the animals to cool shaded area during the hot 
climatic conditions should always be practiced for the betterment of their health.
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Ventilation: Increasing the ventilation or air circulation in the animal sheds will 
aid the animals in effective dissipation of heat. The air circulation inside the shed can 
be increased by keeping half side wall, i.e., open housing system, use of fan, 
increasing the height of the building, etc. 

20.5 Water Management Toward Better Agriculture 

A major part of the developed global water resources is used for food production. 
The estimated minimum water requirement per capita is estimated at 1200 m3 

annually of which 55 m3 for domestic use and 1150 m3 for food production (FAO 
1994). In most countries, 60–80% of the total volume of developed water resources 
is used for agriculture and may reach well over 80% for countries in the arid and 
semiarid regions. Rainfall in most parts of the world for at least some part of the year 
remains insufficient to grow crops, and rainfed food production is heavily affected 
by the annual variations in precipitation. Irrigation is an obvious option to increase 
and stabilize crop production. Major investments have been made in irrigation over 
the past 30 years by diverting surface water and extracting groundwater. The 
irrigated areas in the world have, over a period of 30 years, increased by 25% 
with, in particular, a period of accelerated growth during the 1970s and early 
1980s (FAO 1994). The expansion rate has slowed down substantially because a 
major part of the surface waters has already been developed, while groundwater 
resources have become overexploited at an alarming rate. Sustainable food produc-
tion will depend on the judicious use of water resources as fresh water for human 
consumption and agriculture is becoming increasingly scarce. To meet future food 
demands and growing competition for clean water, a more effective use of water in 
both irrigated and rain-fed agriculture will be essential. Options to increase water use 
efficiency include the conservation of rainfall, the reduction of irrigation water 
losses, and the adoption of cultural practices that increase production per unit of 
water. Water use for crop production depends on the interaction of climatic 
parameters that determine crop evapotranspiration. Bal et al. (2022a) has reported 
that the water demand of maize will be altered under future climate in India. The 
compilation, processing, and analysis of meteorological information for crop water 
use and crop production will therefore constitute a key element in developing 
strategies to optimize the use of water for crop production and to introduce effective 
water management practices. 

Serious water shortages are developing in many countries, and water for agricul-
ture is becoming increasingly scarce in the light of growing water demands from 
different sectors. To meet basic food requirements, effective strategies need to be 
developed to optimize crop production per unit of water both in rainfed and in 
irrigated agriculture. The analysis of climatic information for crop water use is 
therefore a key element in developing appropriate strategies to face the global 
water crisis and looming food shortages. This is particularly applicable for rainfed 
areas, where successful crop production is highly dependent on timely sowing, 
which in turn is dependent on the availability of rainfall (Bal et al. 2022b). A better



understanding of the intricate interactions between climate, water, and crop growth 
needs to be a priority area in agrometeorological studies as well as timely availability 
of agrometeorological information and tactical decisions in increasing and sustaining 
agricultural productions. The main strategic decisions for which the information is 
needed include assessment of crop production potential, identification of appropriate 
regions for a specific crop, choice of crop, and their effective management practices 
so that the water use can be maximized. 
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20.6 Energy Management with Special Reference to Solar 
Energy 

Energy sector is one of the key sectors contributing significantly to the growth of 
country’s economy, and it’s also very much important from agricultural point of 
view. Energy sectors need to play a more useful role in defining, formulating, and 
implementing the research projects with close involvement of all utilities such that 
the benefit reaches the ultimate consumer. The increase in energy consumption, 
particularly in the past several decades, has not only benefitted the agricultural sector 
for its management, but huge consumption of fossil fuels has caused visible damage 
to the environment in various forms. 

Solar energy is the energy derived from the sun through the form of radiation. 
India is endowed with rich solar energy resource. India’s need to increase energy 
provision for its population and fast-growing economy poses a formidable challenge 
which is perceived as both a great opportunity and a necessity for the country to 
increase the share of renewable in the overall energy mix. At present, India is the 
sixth largest country in the world in electricity generation, having aggregate capacity 
of 177 GWs, out of which 65% is from thermal, 21% from hydro, 3% from nuclear, 
and the rest about 11% from renewable energy sources. The average intensity of 
solar radiation received over India is 200 MW/square km (megawatt per kilometer 
square) with 250–300 sunny days in a year. Solar is an important, although currently 
underutilized, energy resource in India with the potential to offer an improved power 
supply (especially in remote areas) and increase the security of India’s energy 
supply. Solar energy intensity varies geographically with Western Rajasthan receiv-
ing the highest annual radiation energy and the northeastern regions receiving the 
least. India has a good level of solar radiation, receiving the solar energy equivalent 
of more than 5000 trillion kWh/year. The annual global radiation varies from 1600 to 
2200 kWh/m2 , which is comparable with radiation received in the tropical and 
subtropical regions. The equivalent energy potential is about 6000 million GWh of 
energy per year. 

The Government of India has set an ambitious target of achieving 100,000 MW of 
solar photovoltaic (PV)-based power generation capacity in the country and dou-
bling the farmer’s income by the year 2022. Considering the plentiful availability of 
solar insolation in terms of both duration and intensity in India (5.3–7.0 kWh m-

2 day-1 ) and particularly in arid parts of India, i.e., in Rajasthan, solar irradiations are 
available in abundance for almost 300 days clear sky (Poonia et al. 2021). Agri-



voltaic system, which is an integration of PV generation and crop production, has the 
potential to achieve the above-said two targets by 2022. Agri-voltaic system 
produces food and generates renewable energy from a single land unit. The concept 
of integrating both food production and energy generation on a single land unit has 
evolved in recent times due to ever-increasing demands for the land resources. 
Production of food occurs by conversion of solar energy to food through photosyn-
thetic process, whereas PV-based energy generation occurs through conversion of 
solar energy to electric energy through photovoltaic process. Both these processes 
require land as a basic natural resource (Santra et al. 2021). Therefore, competition 
for land may arise in the future for agricultural use and PV-based electricity genera-
tion. There is possibility that solar PV-based electricity production will be preferred 
over agriculture because of its higher efficiency of converting solar energy. Agri-
voltaic system provides opportunity to generate electricity from farmers’ field and 
thus can increase farmers’ income. 
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20.7 Weather Forecasting and Agromet Advisory Service 
System 

The subject “Meteorology and Weather Forecasting” got importance worldwide as 
early as the seventeenth century after the invention of the thermometer and the 
barometer and the formulation of laws governing the behavior of atmospheric gases. 
In India also, scientific works on this area were started with publication of treatise on 
the Indian summer monsoon. British scientist Halley published this treatise in 1636, 
where the seasonal reversal of winds due to differential heating of the Asian land 
mass and the Indian Ocean was discussed. The British East India Company 
established several meteorological observatories. Calcutta and Madras weather 
stations were established in 1785 and 1796, respectively. Pioneer works on tropical 
cyclone were carried out by Captain Henry Piddington and published in series in the 
Journal of the Asiatic Society. The tropical cyclone affecting Southern West Bengal 
in 1864 and consecutive monsoon failure in 1866 and 1871 were the major climatic 
events of that period. Thus, the history of different weather phenomenon over Indian 
subcontinent was well documented, and considering the importance of weather in 
our day-to-day life, the Government of India established the India Meteorological 
Department (IMD) in the year 1875. Afterward, IMD has progressively expanded its 
infrastructure for meteorological observations, communications, forecasting, and 
weather services. In its history of almost 147 years, IMD expanded its application 
to newer areas and adopted updated technology. India was the first developing 
country in the world to have its own geostationary satellite, INSAT, for continuous 
weather monitoring of this part of the globe, and particularly for cyclone warning. 
With the help of advanced satellite technology and numerical weather prediction 
models, the weather forecasting in India has also advanced a lot. 

It is a well-known fact that the weather prediction involves two important 
components, namely, data collection and modeling. Data about weather is collected 
over land surfaces (rain gauges, weather stations, etc.), in oceans (weather buoys), in



the lower atmosphere (weather balloons and sensors on airplanes), and from space 
(satellites). The IMD operates approximately 1400 automatic rain gauges (ARGs) 
and 727 automatic weather stations (AWSs) in the country (IMD 2021). Along with 
the network of weather data collection systems, computer-based numerical weather 
prediction (NWPs) models are also needed for more accurate forecasts. To fulfill the 
need, NCMRWF was established in 1988. 
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The agrometeorological information can be applied to improve and protect the 
livelihood of farming community. Such improvements include yield quantity, qual-
ity, and income while safeguarding the agricultural resource base from degradation. 
The agromet advisory services provide a very special kind of inputs to the farmers as 
advisories through which farmers can take the advantage of favorable weather and 
minimize the negative impact of adverse weather. The provision of timely and 
accurate agromet advisories assumes great importance in this era of climate 
variability and change. The advisory service can play a big role in food security 
and poverty alleviation. Forecast on extreme weather events also plays an important 
role in farm management (Table 20.2). 

Based on the medium-range weather forecast, AAS bulletins have been prepared 
for 636 districts and issued on every Tuesday and Friday. State composite bulletins 
(23) and national AAS bulletins have also been issued simultaneously. Value 
addition to medium-range weather forecast by regional meteorological centers 
(RMCs) and meteorological centers (MCs) makes the forecast very accurate. To 
help the farmers to cope with climate risks and also to effectively use seasonal to 
inter-annual climate forecasts, IMD in collaboration with Central Research Institute 
for Dryland Agriculture, Hyderabad, continued issuing AAS bulletins based on 
extended-range weather forecast and monthly weather forecast to fulfill the needs 
of different users including planners at state and national levels and farmers 
(Chattopadhyay and Chandras 2018). 

20.8 History of Coordinated Research on Agrometeorology in 
India 

In the year 1983, the Indian Council of Agricultural Research, Government of India 
started the All India Coordinated Research Project on Agrometeorology 
(AICRPAM), with Hyderabad as the head quarter, to initiate coordinated researches 
on various agrometeorological aspects to understand the relationships between 
weather and crop production systems. The project was started with 10 cooperating 
centers and later expanded to 25 centers by the end of eighth 5-year plan covering all 
state agricultural universities at that time (Fig. 20.1). The AICRPAM undertakes 
research and extension work on five themes, viz., agroclimatic characterization, 
crop-weather relationships, crop growth modeling, weather effects on pests and 
diseases, and agromet advisory services. In 1998, an agrometeorological data bank 
was established with the support of the Department of Science and Technology 
(DST). This is a repository of weather data from agromet observatories maintained



IMD forecast available Key data and data source

by state agricultural universities, ICAR institutes and their regional stations, field 
experiment data generated by AICRPAM centers, etc. 
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Table 20.2 Forecast on extreme weather events 

Extreme 
weather 

Cyclone Included in countrywide daily weather 
warning bulletin, with track and 
intensity forecast (6 h to 5-day lead 
time) 

Data: Wind, rainfall intensity, ocean-
atmosphere interaction source: 
Weather buoys, ships and airplanes, 
satellites 

Thunderstorm Included in countrywide daily weather 
warning bulletin (for coming week); 
nowcast based on location to be 
initiated in 2019 (with few hours lead 
time) 

Data: Precipitation, cloud formation 
Source: Radar, lightning sensors, 
satellites 

Heat wave Countrywide heat wave warning 
bulletin issued, as needed (5-day lead 
time) 

Data: Temperature, particularly 
maximums and minimums source: 
Weather stations 

Drought Countrywide weekly drought outlook; 
weekly, biweekly, and monthly aridity 
maps through the monsoon season 

Data: Rainfall, evapotranspiration, 
soil moisture source: Agromet 
observatories 

Hailstorm Included in countrywide weather 
warning bulletin (5-day lead time); to 
be included in all-India thunderstorm 
nowcast (few hours lead time) 

Data: Precipitation, temperature, 
wind speed, dew point 
Source: Radar, upper air 
observatories 

Dust storm Included in countrywide weather 
warning bulletin (5-day lead time) 

Data: Temperature, wind speed, 
humidity, evaporation, soil moisture 
Source: Agromet observatories 

(Adopted from Gopalakrishnan and Subramanian 2020) 

The AICRPAM has conducted extensive agroclimatic characterization of the 
states where its cooperating centers are working and have come out with 
agroclimatic atlases. Crop-weather relationships were quantified by all the 
cooperating centers and are being published as agrometeorology of respective 
crops. The AICRPAM has also improved IMD’s crop weather calendar by adding 
more components to it, viz., standard meteorological week-wise optimum range of 
weather parameters for obtaining higher yield and conducive range of weather 
parameters of incidence of pests and diseases. Further, the project has developed 
“Dynamic Crop Weather Calendar,” a software which guide for favorable sowing 
and irrigation decisions based on soil moisture dynamics based on historical, real-
time, and forecast weather. The DCWC is proposed to be linked to the decision 
support system (DSS) of India Meteorological Department (IMD) for automation of 
agromet advisory services (Vijaya Kumar et al. 2021). Under crop growth modeling, 
location- and crop-specific genetic coefficients are being calibrated and validated for 
various crops, and impact of projected climate was assessed using crop simulation 
models like DSSAT and InfoCrop. Location-specific thumb rules are being devel-
oped for forewarning of pest/disease incidence. In collaboration with IMD, the



AICRPAM is also issuing National Agromet Advisory Services’ bulletin (NAAS) 
based on extended-range weather forecast (ERFS) on every Friday. 
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Fig. 20.1 AICRPAM network in India 

20.9 Contingent Crop Planning under Uncertain Weather 

As the extreme weather events have enhanced manifold under enhanced global 
warming situation, the role of contingent crop planning has become very much 
important. Unless major reductions in carbon dioxide (CO2) and other greenhouse 
gas emissions occur in the coming decades, global warming of 1.5 °C and 2 °C  will  
be exceeded during the twenty-first century (IPCC 2021). Agriculture plays a pivotal 
role in India’s economy with about 19.9% share in GDP during 2020–2021. Several



forecasts for the coming decades projected an increase in atmospheric CO2 concen-
tration and temperature and changes in precipitation pattern, resulting in more 
frequent droughts and floods, cold and heat waves, and other extreme hazardous 
events in India (Srinivasa Rao et al. 2016). Those weather anomalies have an impact 
on the stability of food production and the required growth rate, not only in rainfed 
conditions but also in other agricultural production areas. Devising mitigation and 
adaptation strategies should be the approach to make agricultural production shock-
proof against climate variability. Moreover, a timely agromet advisory can save 
money on fertilizers, seeds, plant protection agents, and other inputs, as well as labor 
and the output itself (especially at the harvest time after the crop reaches physiologi-
cal maturity) (Bal and Chandran 2021). The India Meteorological Department 
(IMD) is issuing short-range, medium-range, and long-range weather forecasts, 
with improved accuracy with the advancement in computing skills. The National 
Council of Applied Economic Research (NCAER) has assessed the impact of AAS 
of Gramin Krishi Mausam Seva (GKMS) of IMD and reported that the average 
annual income of farming households worked out to be Rs. 2.43 lakh for those who 
modified one to four crop management practices, Rs. 2.45 lakhs for those who 
modified five to eight practices, and Rs. 3.02 lakhs for those who adopted all the 
nine changes, against Rs. 1.98 lakh for farmers who did not adopt AAS (NCAER 
2020). The All India Coordinated Research Project on Agrometeorology 
(AICRPAM) under the Indian Council of Agricultural Research (ICAR) is issuing 
microlevel agromet advisories in selected locations using block-level weather fore-
cast issued by IMD (Subba Rao et al. 2017). 
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Agriculture contingency planning is one of the most important tactics for dealing 
with unpredictable weather disasters that cannot be avoided. Real-time crop contin-
gency measures are necessary to minimize the crop losses, to safeguard allied 
sectors, and to improve the production efficiencies (Bal et al. 2021). The ICAR-
CRIDA has developed district-level agricultural contingency plans (DACP) for the 
entire country. In the face of increasing climate variability, adoption and implemen-
tation of the district-level contingency plans are priorities for many state 
governments. District-level contingency plans are technical documents containing 
integrated information on agriculture and allied sectors (i.e., field crops, horticulture, 
livestock, poultry, fisheries) and technological solutions for all major weather-
related aberrations including extreme events, viz., droughts, floods, heat wave, 
cold wave, untimely and high-intensity rainfall, frost, hailstorms, pest, and disease 
outbreaks, and are aimed to be utilized by district authorities. A template of DACP 
prepared by the ICAR-CRIDA consists of two parts:

• District agricultural profile of a district with information on resource endowments 
such as rainfall, soil types, land use, irrigation sources, more dominant crops, and 
cropping systems along with their sowing windows; livestock, poultry, and 
fishery information; production and productivity statistics; major contingencies 
faced by the district and digital soil and rainfall maps.

• The detailed strategies for weather-related contingencies anticipated in crops/ 
cropping systems such as delay in onset of monsoon of different duration;
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Fig. 20.2 Inputs required for DACP (Srinivasarao et al. 2020) 

mid-season monsoon breaks resulting in drought both in rainfed and irrigated 
situations and adaptation strategies for weather-related extreme events. 

These contingency plans include information on alternate crop varieties/crops to 
choose in the event of a monsoon delay or early-season drought, as well as 
agronomic measures for mid- season and late-season droughts. In addition, strategies 
for cattle, poultry, and fisheries have been incorporated (Rajendra Prasad et al. 
2013). The inputs required for DACP is depicted in Fig. 20.2. 

20.10 Operational District-Level Agricultural Contingency Plans 
(DACP) 

The preparation for operationalization of crop contingency plans begins with the 
long-range weather forecast (LRF) issued by IMD, which provides an overall idea 
whether southwest monsoon will be above normal/normal/below normal. If the 
forecast is below normal, steps to implement crop contingency plans are taken 
up. The events of mid-season drought can be identified using extended-range 
weather forecast issued by IMD, which is valid for 2 weeks. Regular agricultural 
operations can be planned according to the medium-range weather forecast. Nowcast



is the latest forecast issued by IMD in the event of hailstorms, cloud bursts, lightning, 
etc., which can be used by farmers to protect the livestock and high-value crops. 
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The implementation of DACP requires planning at district and state levels, and 
the overall coordination and facilitation are provided by the Government of India. 
The seasonal forecast for southwest monsoon made by IMD and South Asian 
Climate Outlook Forum and other international agencies was utilized to make an 
analysis of the prospects of monsoon and the measures to be taken up to face the 
scenarios. In order to make plans relevant on near real-time basis, interface meetings 
were organized with concerned line departments of the state government before the 
commencement of kharif season. The meetings are conducted jointly by DAC and 
ICAR in various states, and participants include senior officials of departments of 
agriculture, KVKs, SAUs, seed agencies, and other stakeholders. The deliberations 
cover drought management, suggesting alternative crops, seed availability, and 
preparedness strategies of line departments. The DACPs, due to its wide coverage 
in terms of sectors and weather aberrations, could be implemented through different 
developmental initiatives such as NMSA, IWMP, PMKSY, etc. 

20.11 Future Strategies on Agrometeorological Research in India 

Agricultural meteorology studies the meteorological, hydrological, pedological, and 
biological elements that influence agricultural production, as well as the relationship 
of agriculture and the environment. Its goals are to understand these effects and to 
help farmers by incorporating supportive knowledge and information into 
agrometeorological practices and through agrometeorological services. Despite the 
advances in agricultural technology in the past, agricultural production is still largely 
depending on weather. Because of the challenges to agricultural production posed by 
increasing climate variability, associated extreme events, and climate change, 
agrometeorological research and services are more important than ever. 

20.11.1 Characterizing Agroclimatic Environment 

For efficient land use planning, determining suitable crops for a region, risk analysis 
of climatic hazards, profit calculations in farming, production or harvest forecasts, 
adoption of farming methods, choice of farm machinery, etc., thorough characteri-
zation of the agroclimate is the need of the hour as climate change has become a new 
normal. How climate variability and change will affect the length of crop-growing 
season can also be explored using it. Thus, potential utilization of a cultivable region 
can be ensured by characterizing the agroclimate, considering the aspects of climate 
variability and change.
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20.11.2 Establishing Crop-Weather Relationships 

The rapid changes in climatic normal and variability in weather have created 
enormous scope to explore the influence of weather parameters on growth, phenol-
ogy, yield, and yield attributes of crops. There is a renewed interest in this area as 
increase/decrease in temperature, altered precipitation pattern, and increase in fre-
quency of extreme weather events are posing greater threat to crop production. 
Devising adaptation and mitigation strategies to combat the negative effects of 
weather/climate variability/change on crop growth and development needs to be 
explored. How the microclimate within a crop field changes under climate variability 
is also a point of interest. Changes in fluxes of water vapor, CO2/O2, and other GHGs 
between crop fields and atmosphere need to be explored using long-term data. 

20.11.3 Crop-Weather-Pest/Disease Interaction Studies 

The natural habitats, hosts, and life cycle of pests and pathogens are also affected by 
climate variability/change. The world has witnessed the emergence of new pest like 
fall army worm in maize. At the same time, some existing pests/diseases are 
spreading their horizon and started affecting new crops. How the changing climate 
is altering the pest-disease-host interaction is an interesting area to be explored. 

20.11.4 Opportunities in Agromet Advisory Services 

Provision of timely and accurate agromet advisory services (AAS) can augment crop 
production to a great extent by helping the farmers in crop selection, timely crop 
management operations, saving inputs, and the produce itself. As the world is 
witnessing a quantum leap in the computational facilities, it is expected that weather 
forecast will become more accurate. It is also envisaged that dissemination methods 
of AAS will also be improved with the advancements in information communication 
technologies. This is an area of applied social research in the time to come. 
Researches on improvement in real-time and contextual agromet advisories need 
to be strengthened. 

20.11.5 Preparing for Anticipated Climate 

To assess the impact on crops in projected climatic scenarios, the available Global 
Circulation Models (GCMs) need to be evaluated first on a local scale using 
conventional statistical measures for selecting best performing GCMs/RCMs. 
Then a multi-model ensemble (MME) using the selected GCMs should be made. 
Available downscaling techniques may be employed to reduce model bias or 
uncertainty at a local scale for using as an input in crop simulation models for 
estimating the impacts in forecast climate.
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20.11.6 Shift in Mesoclimate/Microclimate 

Microclimate of the crops is changing due to changes in greenhouse gases (GHGs). 
Events like mass scale residue burning is affecting the gaseous and particulate 
composition of the atmosphere, impacting the photosynthetic pathways in case of 
crops/trees. Similarly, large-scale changes in land-use pattern alter the microclimatic 
environment and impact the circulation pattern at microscales. Though not in a short 
time, it will have impact on the agriculture as a whole. Therefore, it needs to be 
assessed thoroughly. 

20.11.7 Concern for Environmental Security 

Since the 1990s, the scope of environmental security has broadened to include 
multiple subsets, including food security, energy security, and water security, as 
well as emerging notions of adaptation and resilience to hazards, e.g., climate 
security. Environmental security considers the abilities of individuals, communities, 
or nations to cope with environmental risks, changes or conflicts, or limited natural 
resources. For example, climate change can be viewed a threat to environmental 
security. Human activity impacts CO2 emissions, impacting regional and global 
climatic and environmental changes and thus changes in agricultural output. Envi-
ronmental security such as food security, water security, and energy security-related 
aspects can be attempted using agrometeorological interventions for achieving 
Sustainable Development Goals. Therefore, the principal aim is to consider securiti-
zation of the environment and natural resources and assess new conceptions of 
environmental security in the context of global change using the science 
“agrometeorology.” 

20.11.8 Weather Aspects of Land Degradation 

Land degradation, the loss of the land’s biological productivity, caused by human as 
well as climatic change is another environmental issue concerning agriculture. The 
main reasons are erosions caused by water and wind. Water erosion is mainly 
influenced by intensity of rainfall and edaphic characteristics like slope, soil texture, 
soil structure, etc. Wind erosion is influenced by surface cover, wind speed and 
direction pattern, and soil structure/type. Sustainable development of these degraded 
lands can only come about through concerted efforts based on sound understanding 
of climate resources and the risk of climate-related or climate-induced natural 
disasters for a given region for prescription of effective land management practices. 

20.11.9 Use of Geospatial Technologies 

There is enormous scope for application of advanced technologies, viz., remote 
sensing and geographic information systems (GIS), in crop production. The

https://en.wikipedia.org/wiki/Water_security


increased availability of high-resolution satellite imageries in the public domain 
enhances the applicability of remote sensing data in different areas of crop produc-
tion, viz., crop acreage estimation, biotic and abiotic stress management, crop loss 
estimation, etc. Remote sensing together with GIS platform can be utilized for 
planning regional-level research studies pertaining to agricultural meteorology. 
Open-source platforms like Google Earth Engine have thrown out a plethora of 
opportunities to undertake research in agricultural meteorology using remote 
sensing data. 
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20.11.10 Crop Simulation Models 

Crop models have been extensively used for evaluating the impact of projected 
climate on individual crops. Much work has not been done in modeling cropping 
systems for assessing the impact of climate change. Another area of interest is the 
integrated modeling where crop model is combined with economic models which 
offer a comprehensive analysis. Using remote sensing data as input for the crop 
models is another area to look at regional scale. 

20.11.11 Mining of Temporal-Spatial Agromet Data 

Application of machine learning, big data analytics, etc. in reliable weather 
forecasting, crop yield prediction, and crop-weather relationships may also be 
explored. A large number of algorithms are available for classification and predic-
tion. Programming languages like Python and R provide excellent platforms for 
exploring these possibilities. This list is not exhaustive, and there are many other 
areas in agricultural meteorology that can further be explored. 
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Abstract 

A sustainable agriculture system is one that maintains its productive capacity 
consistently on a temporal and spatial scale. The Green Revolution during the late 
1960s could be accredited for solving India’s food crisis and transforming the 
country from ‘begging bowl status’ to a food surplus nation. However, unabated 
and injudicious resource (fertilizer, irrigation, pesticides) usage over the years has 
jeopardized the agriculture system and created multiple problems specially in the 
Green Revolution belts. Loss of landraces, unproductive soils, groundwater 
depletion, pest resistance and pesticide residues in foods and environment have 
been among the most prominent issues. Sustainable agriculture endorses ‘going 
back to basics’ by inculcating the virtues of ancient agriculture and principles of 
indigenous knowledge. Organic farming and natural farming in areas of inherent 
advantages are being popularized worldwide. Conservation agricultural practices 
including zero tillage, residue retention and crop diversification have been
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recommended in the rice-wheat growing belts to jointly combat soil degradation 
and climate change and enhance input use efficiency. Farming system approach 
through integration of allied enterprises like crops, dairy and fishery, along with 
multipurpose trees and component for water/nutrient recycling, could be effec-
tively implemented for better resource recycling and doubling farmer’s income. 
Under rainfed agro-ecosystems, agri-horticulture, silvi-pasture and horti-pastoral 
systems can reap better dividends than sole agri-enterprise. Sustainable agricul-
ture systems have several ecosystem services including lowering of carbon 
footprint and global warming potential. Thus, sustainable production system 
must be focused for location-specific zones and upscaled to sustain productivity 
and natural resource base and enhance income and employment in changing 
climate.

542 T. K. Das et al.

Keywords 

Agri-horti-silvi-pastoral system · Conservation agriculture · Integrated farming 
system · Indigenous technical knowledge · Precision nutrient management 

21.1 Introduction 

The human population of India has increased to 1210.2 million at a growth rate of 
1.76% in 2011 and is estimated to increase further to 1530 million by 2030. There 
are projections that demand for food grains would increase from 250 million tonnes 
to 345 million tonnes in 2030. The Indian economy is predominantly rural and 
agricultural, and the declining trend in size of landholding poses a serious challenge 
to the sustainability and profitability of farming. In view of the decline in per capita 
availability of land from 0.5 ha in 1950–1951 to 0.15 ha by the turn of the century 
and a projected further decline to less than 0.1 ha by 2020, it is imperative to develop 
strategies and agricultural technologies that enable adequate employment and 
income generation, especially for small and marginal farmers who constitute more 
than 80% of the farming community. Sustainability refers to the perpetual ability and 
is a system issue. Sustainability as a goal seeks permanence for an activity or a 
system where a system is a conglomeration of different elements, components, 
subsystems or constituents knit together into an integrated whole that help in the 
system’s organization and maintenance of its integrity (von Bertalanffy 1968). A 
sustainable system is one that survives or persists through emerging stresses and 
shocks owing to the interactive nature of its components (Costanza and Palten 1995). 
Raman (2006) delineated four groups of determinants – physical, biological, socio-
economic and cultural – as important in the structuring and management of agricul-
tural systems for sustainability. Physical determinants include climate (temperature, 
rainfall and radiation), land availability and soil quality parameters such as physical, 
chemical and biological properties, erosion and water-holding capacity, depth, and 
slope. Biological determinants include energy and biotic factors such as insect pests 
and predators, weeds, plant diseases, functional diversity of soil biotic community,



photosynthetic efficiency of the crops to be grown, crop rotations and cropping 
patterns. Socio-economic and cultural determinants are factors such as population 
density, economic and market opportunities (capital, credit, prices of inputs and 
outputs), policy issues, political relationships, availability, accessibility and 
affordability of technology, inputs, labour, diets, work culture, traditional knowl-
edge systems, sociocultural beliefs and ethics. Sustainable agriculture seeks perma-
nence to agricultural production systems to enable food security for all in an 
ecologically sound, economically viable and socially responsible manner. Sustain-
able agriculture requires the simultaneous maintenance of several complex 
dimensions, productivity, ecological integrity, economic viability and social rele-
vance. Sustainable systems start with the adoption of best management practices 
(BMPs). Once in place, BMPs lead to maximum economic yields (MEY), and 
together, they lead to sustainability both economically and environmentally 
(Hegde et al. 2012). 
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The greatest challenges for sustaining the present status and to meet the 
necessities of future generations are the diminishing carrying capacity of the ecosys-
tem services of our planet in all its ecologies. Indications of dangers are loud and 
clear through the effects of climate change manifestations. Humans were 
appropriating more than 40% of all the net primary product of terrestrial photosyn-
thesis (Vitousek et al. 1986). Almost 40% of crop land had been degraded in less 
than four decades, and almost 25 billion tonnes of top soil was being lost to erosion 
every year. Severe depletion of fossil fuel and water shortages in many countries 
became a cause for worry. Clear indications of anthropogenic climate change led to 
the constitution of the Intergovernmental Panel on Climate Change (IPCC) in 1988 
to study the problem. All these factors, combined with excessive loss of biodiversity, 
signalled an obvious threat to agricultural production and the life support systems 
provided by nature. Uncontrolled population growth and asymmetric economic 
growth and environmental degradation also subverted the socio-economic system 
and imposed various kinds of socio-economic stress arising from glaring inequalities 
in empowerment, standards of living, health, livelihood opportunities, food security 
and so on. The danger of these developing into threat to regional and global security 
and peace became a cause for concern. In this chapter, the evolution of sustainable 
production systems has been discussed under different periods, viz. 
(i) pre-independence era, (ii) Green Revolution era and (iii) post-Green 
Revolution era. 

21.2 Crop Production Status in Pre-Independence Period 

Indian agriculture dated back to 9000 BC in northwest part of India with subsistence 
type of farming and domestication of crops and animals. Plants and animals were 
considered essential to their survival by the Indians. Introduction of tools, 
implements and small machineries along with development of advanced techniques 
led to higher productivity and surplus production. By pre-mughal period, Indian 
products had reached the world via existing trading networks, and foreign crops

https://en.wikipedia.org/wiki/Indian_agriculture


were introduced to India. During the medieval period, irrigation channels were 
invented which reflected in the economies of other regions of the world. Indian 
rulers also developed land and water management systems for assured production 
and profitable farming. Before 1947, under British rule, more than 90% of the 
national income relied on the Indian agriculture sector and majority of the country’s 
population resided in rural areas where agriculture was the primary source of 
livelihood. Records of rice, wheat, millets and pulses cultivation as food crops in 
ancient as well as medieval India indicated that ancient India was self-sufficient in 
food production and exported a large range of produces from crops like spices, rice 
and cotton and silk textiles (Randhawa 1980). Higher food grain production was 
mainly due to the favourable agro-climatic conditions, dependable monsoon rains 
and high soil fertility which enabled harvesting of two crops in a year. The medieval 
period (particularly the post-Akbar), however, started experiencing a decline in 
agricultural production, which caused reduction in the availability of food, ulti-
mately resulting in several famines, viz. the great famine of Madras in 1647, and 
that of Gujarat in 1666 quickly followed by two more famines (in Gujarat) in the 
years 1718 and 1744 (Randhawa 1982). The problem of food shortage was 
accelerated with the beginning of British rule during which the emphasis shifted 
towards production of commercial crops like tea, coffee, indigo, opium, jute, cotton 
and sugarcane (Bayly 1985). For example, from 1901 to 1947, the food production 
declined—whereas the population rose by 38% and the increase in cultivated area 
was to the extent of 18% only. The crisis was most acute in Bengal, where food 
output declined at an annual rate of 0.7% from 1921 to 1946, whereas population 
grew at an annual rate of 1% (Kumar 2019). Between 1893–1894 and 1945–1946, 
production of commercial crops increased by 85% and that of food crops fell by 7%, 
which resulted in regular famines. Cash crop increase was 0.57% per annum, and 
there was a decline of food grain production by (-) 1.14% per annum. 
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The British invasion resulted in total commercialization of India’s agriculture. On 
the eve of independence, the once most prominent sector of this country suffered 
from stagnation and constant degradation. Several contributable factors included 
zamindari system, forced commercialization (production of crops only for sale 
against Indian system of self-consumption), lack of supervision and negligence in 
reforms, fragmented land ownership (scattered land owned by different individuals 
which made it even harder for cultivation), outdated technology (lack of machines 
and old-fashioned methods of cultivation), low productivity (due to the lack of 
innovativeness and poor field and crop management), feud among landowners and 
cultivators, higher dependence on rain and subsistence cultivation. Blyn (1966) 
revealed that between 1891 and 1947, aggregate grain output in British India 
increased at an average rate of 0.11% per year. In fact, in the latter half of the period, 
the growth rate was a negligible 0.03%. Rice output, constituting half of the total 
output, actually declined over the 56-year period at an average annual rate of 0.09%. 
Despite low population growth rate (0.67%) between 1911 and 1941, per capita 
availability of food grain – taking into account international trade flows – declined 
by as much as 26%. Food import dependency was up to 50% of all capital 
expenditures. Decline in food grains was around 1.14% per capita per annum, 
while cash crops increased though at 0.57% per person per annum.

https://en.wikipedia.org/wiki/Middle_ages
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Some positive effects of British rule were also witnessed in the form of increased 
gross cropped area in most regions between 1870 and 1920, usually led by market-
able crops such as wheat, cotton, oilseeds, sugarcane and tobacco. There were some 
efforts made by the British rulers to expand irrigation in the form of wells or canals 
(Randhawa 1983); even then, the total annual production of food grains remained far 
below the requirement to feed the nation. Regional specialization of crop production 
was based on climatic conditions, soil, etc. Deccan districts of Bombay presidency 
grew cotton, Bengal grew jute and Indigo, Bihar grew opium, Assam grew tea, and 
Punjab grew wheat. However, it can be seen that negative effects of commercializa-
tion of agriculture were outweighing positive effects of commercialization. Various 
reports mention loss of approximately 60 million lives in several famines in 
pre-independent India, and the country was called as a ‘Hungry Nation’ (Siegel 
2018). The recurrence of famines opened the eyes of British rulers, and the then 
British Government decided to establish six agricultural colleges/research 
institutions during the fag end of the nineteenth century and early twentieth century. 
This was followed by a new impulse to develop agriculture (in India) by the 
appointment of ‘The Royal Commission on Agriculture’ in the year 1926 which 
recommended the creation of the Imperial Council of Agricultural Research to 
promote, guide and coordinate agricultural research throughout India, and the 
same was set up on 23 May 1929. 

21.3 Indigenous Technical Knowledge 

The advent of the concept of sustainable agriculture in the late 1980s in Indian 
agricultural scenario has evoked the interest on indigenous technical knowledge 
(ITK) that has the element of using natural products to solve problems pertaining to 
agriculture and allied activities. The indigenous technical knowledge (ITK) is 
socially desirable, economically affordable, and sustainable, involves minimum 
risk and focuses on efficient utilization of eco-friendly resources. Indigenous techni-
cal knowledge plays an essential role in sustainable grassroots innovations (Sow and 
Ranjan 2021). The traditional practices have been classical examples of nonexploit-
ative and non-polluting methods of natural resources leading to sustainable agricul-
ture. These traditional knowledge and technologies can play a significant role in the 
overall socio-economic development of the communities. Many farmers in India 
traditionally adopted water harvesting measures such as farm ponds, check dams, 
shallow wells dug in depressions to collect rainwater, diversion channels (khuls), 
brick lined tank, channels constructed through hilly rivers (pynes), tank cascades, 
Bandhara, Khadin, Nalla check, Pat system, Phad system, Chauka system and 
Haveli system, etc. (Sow and Ranjan 2021). In northeastern region of India, ITKs 
like Zabo farming, terrace farming or panikheti, bamboo drip irrigation, pond-based 
farming systems and rice + fish farming are excellent example of resource conserva-
tion and sustainable farming (Das et al. 2013). Traditional farmers have found ways 
of improving soil structure, water-holding capacity and nutrient and water availabil-
ity without the use of artificial inputs. Farmers in Eastern Gangetic Plains follow



different ITKs for nutrient management in crops and cropping systems. To mention a 
few are preparation of FYM from cow dung and litters, in situ decomposition of 
greases and other weeds in soil, water hyacinth compost, peening sheep in fields, use 
of jute leaves as manure and many others (Ghosh et al. 2001). 
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21.4 The Green Revolution: Solving India’s Food Crisis 

The Green Revolution was started in the 1960s in order to increase food production, 
to alleviate extreme poverty and malnourishment in the country and to feed millions. 
We distinguish the first GR period as 1966–1985 and the post-GR period as the next 
two decades. Large public investment in crop genetic improvement was built on the 
scientific advances already made in the developed world for the major staple crops – 
wheat, rice and maize – and adapted those advances to the conditions of developing 
countries. High-yielding monohybrid crops were introduced as a part of Green 
Revolution, since the major problem with indigenous seeds was their inherent 
inability to respond to chemical fertilizers. On the contrary, new varieties were 
created to produce higher yields in conjunction with the use of chemical fertilizers 
and very intense irrigation. Much of the success was caused by the combination of 
high rates of investment in crop research, infrastructure and market development and 
appropriate policy support that took place during the first Green Revolution. There 
has been a remarkable shift in India in the cropping patterns for both wet season and 
winter crops since the Green Revolution. Rice and wheat replaced pulses, bajra 
(pearl millet) and jowar/sorghum as dominant food crops while cotton rose as the 
key cash crop. The main wet season crops in 1965–1966 comprised bajra (46%), rice 
(13%) and sorghum (12%); however, in 1995–1996, rice (34%) was the major crop 
followed by bajra (27%) and cotton (24%). For winter crops, wheat has increased in 
production as major crop from 43% in 1965–1966 to 64% in 1995–1996. In 
Haryana, the yields of rice and wheat have increased considerably (Singh 2000). 
The per capita net availability of food grains increased over the years. The food 
grains in India increased from pre-Green Revolution (50.82 million tonnes) in 
1950–1951 to 303.34 million tonnes in 2020–2021 (Fig. 21.1). Productivity of 
food grains also increased as well, from 522 kg/ha in 1950–1951 to 2377 kg/ha in
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Total

2015–2016 (Fig. 21.2). The food grain production during 2021–2022 have been 
recorded as all-time highest of 314.51 million tonnes, which is about sixfold increase 
since independence.
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Fig. 21.3 Consumption of fertilizers (in Lakh tonnes) 

The amount of chemical fertilizers used post-advent of the Green Revolution was 
quite high, as well as the increase in the consumption of chemical fertilizers for the 
cultivation of crop (Fig. 21.3). Fertilizer consumptions presented in Fig. 21.3 eluci-
date the steep increase in the use of fertilizers since 1981–1982. The overuse of 
chemical fertilizers to get high yield causes physical and chemical degradation of the 
soil by altering the natural microflora and increasing the alkalinity and salinity of the 
soil (Singh 2000). The excessive use of groundwater for irrigation depleted the water 
table in many parts of the country. The increase in consumption of major cereals 
such as rice and wheat along with pulses and the decrease in the addition of coarse 
cereals, foods of animal origin and fruits and vegetables in the diet lead to deficiency 
of micronutrients such as iron, zinc, calcium, vitamin A, folate and riboflavin among 
the population causing anaemia, keratomalacia, blindness and infertility in severe 
cases. Surveys conducted by the National Nutrition Monitoring Bureau and others 
also conclude the same that the Indian diets based on cereal pulse are qualitatively 
deficient in micronutrients (NNMB 2003). 

Increasing pressure of the population on the land dictates the need for potential 
utilization of all available land. However, large parts of the land are degraded by 
desertification, soil salinity, waterlogging, floods and droughts, due to inefficient 
agricultural practices, and deforestation has caused excessive soil erosion (Gill



1992). There is a marked change in soil fertility caused by changes in agricultural 
practices during the Green Revolution. To exemplify, 3% of soil in 1980 had a low P 
content, and by 1995, a low P content was found in 73% of soil, while the area of soil 
with a low N content only increased from 89 to 91%. Soils with a high K content 
have decreased from 91% in 1980 to 61% in 1995. The wheat-rice rotation is 
disturbing the balance of available nutrients in the soil and also causing a deficiency 
of micronutrients, particularly zinc and copper (Gill 1992). Improving production-
specific soil-water-fertilizer-crop management practices need to be evolved based 
upon comprehensive soil resource information. Research of various aspects of 
pollution of soil, water and environment, fertilizers, salinity, insecticides, pesticides 
and industrial effluents should be intensified. Some critical environmental issues 
including soil erosion, generation of dust and soil compaction due to heavy machin-
ery have also emerged. The major ecological and societal impacts of GR were loss of 
landraces that were indigenous to our country and the loss of soil nutrients making it 
unproductive, and the excessive use of pesticides increases the presence of its 
residues in foods and environment. 
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21.5 The Post-Green Revolution Era: Sustainable Production 

21.5.1 Integrated Farming Systems 

Declining size of landholdings without any alternative income-augmenting opportu-
nity is resulting in fall of farm income and causing agrarian distress. To meet the 
multiple objectives of poverty reduction, food security, competitiveness and 
sustainability, several researchers have recommended the farming system approach 
to research and development. In post-Green Revolution (GR) era, individual or crop-
centric systems changed into integrated farming system to integrate the farming 
system modules or to enhance system productivity, resource-use efficiency and 
sustainable livelihood security. Farming system approach requires involvement of 
agriculture, horticulture, soil conservation, forestry, fisheries, animal husbandry 
(piggery and poultry) and allied enterprises (apiculture, etc.). Integrated farming 
system is a reliable way of obtaining high productivity with substantial nutrient 
economy in combination with maximum compatibility and replenishment of organic 
matter by way of effective recycling of organic residues/wastes, etc. obtained 
through integration of various land-based enterprises (Fig. 21.4). Intensive 
integrated farming system (IIFS) refers to sustainable production on the one hand 
and livelihood security on the other, wherein all the components of agriculture, 
horticulture, forestry, livestock, poultry and fishery can be integrated in a compli-
mentary way besides soil conservation measures, vermicompost, mushroom produc-
tion, apiculture, liquid manure preparation, etc. For example, under integrated 
farming systems, straw and stover collected from farm is used for compost prepara-
tion which in turn is used for the production of crops, vegetable and fruits and fish 
production. In the same way, poultry and piggery manure can be prepared and used. 
The excess produce or waste materials from horticulture can be used as feed



materials for piggery (Ansari et al. 2013, 2014, 2021). Rainwater harvesting is 
playing a pivotal role for sustainable production especially in rainfed farming system 
(Table 21.1). On station farming data of different agro climatic zones are presented 
in Table 21.1. 
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Fig. 21.4 Model of integrated farming system developed by ICAR RC for NEH Region, Manipur 
Centre, Imphal (Ansari et al. 2013, 2014; Prakash et al. 2017) 

21.5.2 Conservation Agriculture: A New Paradigm in Agricultural 
Research 

Producing food more and more to feed the ever-burgeoning population of India still 
remains a challenge before the agricultural scientists and farmers even after almost 
50 years of the Green Revolution and 75 years of India’s independence. Declining 
factor productivity and inefficient resource utilization are limitations with the con-
ventional agriculture. Besides, increasing fossil fuel usage, crop residue burning and
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changing land use lead to a considerable global warming and climate change. This 
implicates that sustainable food production system should inculcate efficient use of 
natural and man-made resources. Climate smart agronomic management tools and 
approaches are identified to support this stride. Conservation agriculture (CA) aims 
at higher productivity and profitability through rational and sustainable use of 
available resources on a long-term basis. CA-based crop management practices are 
being increasingly advised for adoption by the farmers in the rice-wheat belt of the 
Indo-Gangetic Plains (IGPs) to address many problems of the rice-wheat system. CA 
strives to achieve acceptable profits together with high and sustained production 
levels. It has potential to emerge as an effective strategy to mitigate the climate 
change through reduction of the emissions of GHGs and increase the amount of 
carbon sequestered in soil or above-ground. There are three interdisciplinary and 
interrelated/interlinked principles in a perfect CA system, which include minimum 
soil disturbance (no tillage and minimum traffic for agricultural operations), perma-
nent soil cover (leave and manage crop residues on soil surface as cover/mulch) and 
diversified crop rotations including a legume (for cover crops, green manures, brown 
manures). Long-term benefits of adopting CA practices include yield increase and 
reduction in yield variability, enhancing resource-use efficiency and improvements 
in soil health and environmental quality.
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21.5.2.1 Conservation Agricultural Practices 

Direct Seeded Rice 
Direct seeded rice (DSR) is a resource-efficient technology in which seeds of rice 
either in simple or in pre-germinated are sown directly in dry or wet conditions. 
Depending on water and labour availability, this method is divided into (i) wet DSR, 
in which sprouted rice seeds are broadcast or sown in lines on wet/puddled soil or in 
standing water, and (ii) dry DSR, in which dry rice seeds are drilled or broadcast on 
unpuddled soil either after dry tillage or zero tillage or on a raised bed (Kumar and 
Ladha 2011). This technology does not affect rice quality and can be practised in 
different ecologies, including upland, medium and lowland, deep water and irrigated 
areas by large as well as small farmers. DSR has great potential for minimizing the 
cost of production, soil health hazards and negative impacts on the succeeding crops. 
Further, reduction in CH4 emission from rice paddies is observed due to the adoption 
of resource conservation technologies (DSR), particularly in rice-wheat production 
system (Singh et al. 2021). Therefore, DSR is technically and economically a 
feasible alternative to conventional puddled transplanted rice. The important agro-
nomic practices for successful cultivation of DSR are mentioned below. 

Direct seeded rice crop should be sown 10–12 days before the historical trends for 
the onset of monsoon. This would help in the timely establishment of rice crop 
before rains to reduce seeding mortality due to submergence and make efficient use 
of rainwater and timely planting of succeeding crop of wheat after rice harvest. For 
cultivars with medium fine grain, seed rate of 25–30 kg/ha is optimum for DSR crop. 
Generally, high-tillering rice cultivars are most suitable for DSR. Scented rice 
basmati type and hybrids rice generally perform better in direct seeded conditions.



After sowing, irrigations can be given at 7–10 days interval so that sufficient 
moisture remains in soil. Subsequent irrigation can be given when fine hair-line 
cracks appear on the surface. Water stress must be avoided at tillering, panicle 
initiation and grain-filling stages, which are very critical for good yield. Weed is a 
major limiting factor in dry DSR due to the absence of standing water. Before 
sowing of DSR, the existing and newly germinated weeds can be knocked down 
with timely and judicious use of glyphosate or paraquat at 1.0 kg/ha using 
400–500 L water/ha or mechanically by 1–2 shallow ploughing (zero harrowing). 
Pre-emergence herbicides such as pendimethalin (1.5 kg/ha), pretilachlor 
(S) (0.5–0.75 kg/ha) and butachlor (1.5 kg/ha) may be used in direct seeded rice 
for controlling annual grasses, sedges and broadleaved weeds. Post-emergence 
herbicides for controlling mixed populations of weeds (grass and broadleaved 
ones) include bispyribac-Na (20–25 g/ha) at 20–25 DAS, pyrazosulfuron-ethyl 
(20–25 g/ha) at 15–20 DAS or Almix (4 g/ha) at 20–25 DAS. 
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Bed Planting (Furrow Irrigated Raised Bed System (FIRBS)) 
Bed planting is a system where crops are grown on the raised beds alternated by 
furrows for conserving inputs like seed, fertilizer, water, etc. Beds are usually made 
at 0.6–1.2 m apart, a minimum of two to three rows of crops are sown on the beds, 
and irrigation water is applied in the furrows. The height of the beds is maintained at 
about 15 to 20 cm. During the last decade, practice of raised bed planting has 
emerged with a greater pace in Indo-Gangetic Plains (IGPs). The major concern of 
this system is to enhance the productivity and save the irrigation water. The potential 
agronomic advantages of beds include improving soil structure due to reduced 
compaction through controlled trafficking and reduced waterlogging and timely 
machinery operations due to better surface drainage. The beds also create the 
opportunity for mechanical weed control and improved fertilizer placement. In 
rice-wheat systems in Asia and Australia, permanent beds also provide the opportu-
nity for diversification to waterlogging-sensitive crops not suited to conventional flat 
sowing. Typical irrigation savings range from 18% to 30–50% in bed-planted crops 
(Hobbs and Gupta 2003; Jat et al. 2005). This is a water-saving technology, which 
saves 30–40% water for growing wheat depending upon the soil type. In addition to 
water saving, this technology also saves nitrogen by about 25% due to higher 
nitrogen-use efficiency. In this technology after preparation of land, all three 
activities, namely, bed formation, placement of fertilizer and sowing of wheat, are 
done in a single operation. Crop cultivars are known to vary significantly in their 
performance on raised beds. It is suitable for seed production also because of bolder 
grain and easier rouging. It reduces the herbicide dependence due to mechanical 
weed control with the same bed planter fitted with interculture tines with simulta-
neous placement of fertilizer. In situations where sowing can be delayed due to 
pre-sowing irrigation, dry seeding can be done on raised beds followed by irrigation 
immediately after seeding. Irrigation can also be given at grain-filling stage, which is 
generally avoided by the farmers for fear of crop lodging.
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21.5.2.2 Impact of CA on Resource-Use Efficiency (Water, Energy, Solar 
Radiation) 

Conservation agriculture can increase radiation use efficiency, which helps in 
accumulating higher crop biomass. Zero tillage helps in timely sowing of wheat 
and thus reduces terminal heat effects (~65 kg ha-1 day-1 ) compared to conven-
tional till wheat (~77 kg ha-1 day-1 ) even under late planting condition (after 
21 November to 20 December). Zero tillage with residues keeps canopy 
temperatures lower by 1–1.5 °C during grain-filling stage (cooling due to transpira-
tion) owing to sustained soil moisture availability to the plants (Jat et al. 2009). The 
lowered canopy temperature leads to temperature moderation in CA-based system 
under residue cover on soil surface. Higher canopy temperature in CA during 
morning and lower canopy temperature during evening were due to insulating 
property of residue. Malik et al. (2004) reported that ZT in 0.25 m ha in IGP could 
save 75 million m3 water, leading to saving of 1029 million m3 of water every year 
from almost 3.43 million ha of wheat under ZT. Similarly, Rodell et al. (2010) 
viewed that 13–17 billion m3 of groundwater is lost from the northwestern plains of 
Punjab, Haryana and western Uttar Pradesh. It was also found that a triple ZT 
practice in rice-wheat-mung bean system resulted in 25–30% savings in irrigation 
water and 91% higher system water productivity (SWP) than conventional rice-
wheat system (Mohammad et al. 2018). The soil water potential (SWP) was highest 
in zero-till broad bed with residue under wheat-based systems and cotton-wheat had 
higher SWP than pigeon pea-wheat and maize-wheat systems (Aggarwal et al. 
2017). The CA-based maize-wheat-mung bean system could be beneficial in terms 
of energy utilization and efficiency in the irrigated northwestern IGPs (Saad et al. 
2016). Also, triple ZT system with three crop (rice, wheat, mung bean) residues led 
to a saving of almost 60 kg N/ha in rice and wheat crops in a year. Cotton-wheat 
system under ZT permanent broad and flat bed with residue performed better under 
75% N than 100% N and could save 67.5 kg N ha-1 in cotton and wheat in a year. 
Advantages of CA-based practices like ZT, residue retention, brown manuring (Das 
et al. 2019a, 2019b), etc. over CT with regard to crop productivity and profitability 
(Das et al. 2020) and pest dynamics particularly weeds and nematodes (Baghel et al. 
2020) have also been reported. 

21.5.2.3 Impact of CA on Soil Properties (Physical, Chemical 
and Biological) 

Decomposing crop residue forms soil organic matter (SOM), which can hold water 
up to 20 times in its weight and improve soil aggregation and soil structure. 
Bhattacharyya et al. (2013) and Das et al. (2013) reported that ZT with residue 
resulted in higher aggregate stability, higher aggregate sizes and total organic carbon 
in soil aggregates than CT. There was improvement in water distribution, NH4 

+-N 
and NO3

--N in the root zone of wheat under CA (Shafeeq et al. 2020). Higher 
available N (20%) in soil was associated with CA over CT. CA had higher TN, 
organic fractions of TN and NH4-N. ZT and residue retention could increase total C 
by 45% and soil microbial biomass by 83% at 0–50 cm depth in a 20-year-old 
experiment in Brazil over CT (Balota et al. 2004). Similarly, there was a fourfold



increase in earthworm population in ZT over CT (Radford et al. 1995). Singh et al. 
(2018) also reported similar improvement in soil enzyme activities, glomalin content 
and aggregate stability under ZT in the IGP. Higher dehydrogenase and fluorescein 
diacetate activities resulting from CA practices compared to CT were owing to OM 
accumulation through crop residue that could increase microbial activity in soil. 
Most of the cultivated Indian soils have <5 g/kg SOC compared with 15 to 20 g/kg 
in uncultivated virgin soils (Lal 2004). The CA-based rice-wheat-mung bean system 
with residue resulted in almost 13% higher total SOC concentration than conven-
tional rice-wheat in the 0–5-cm soil layer (Bhattacharyya et al. 2015). There was an 
increase of almost 396 kg/ha/yr. in total SOC stock (Mg ha-1 ) achieved in this CA 
system over TPR-CTW system. 
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21.5.2.4 GHG Emission and Climate Change Adaptation and Mitigation 
The CA system can reduce overall GHG emission and play a role in adaptation and 
mitigation to climate change. Preventing residue burning and improving nitrogen-
use efficiency would help to reduce CO2 and other GHG emissions. One-tonne rice 
straw burning can emit CO2-C, 280 kg; CH4-C, 3 kg; N2O-N, 0.07 kg; and GWP, 
1118 kg CO2 equiv. Direct seeded rice and wheat under raised beds or ZT could 
reduce global warming potential (GWP) compared to the TPR-CTW system (Jat 
et al. 2009; Gupta et al. 2016). There was 34% reduction in GWP upon shifting to 
DSR from TPR. The temporal variation in N2O emission implied that crop residue 
retention had higher emissions of N2O than without residue. However, the PBB + R 
treatment had significantly lower GHG intensity (0.20–0.23-kg CO2 kg

-1 grain) 
than the others. The higher GHG intensity values in CT plots indicated that higher 
GHGs were emitted per kg of grain produced. Increased N2O emission and reduced 
CO2 emission in the ZT system with reverse trends observed in CT system led to 
GWP values comparable in both treatments. Ghosh et al. (2022) obtained 64% 
lower-yield scale C footprint (304 kg CO2-eq. t

-1 ) under triple ZT rice-wheat-
mung bean system with residue retention compared to conventional till rice-wheat 
system. 

21.6 Precision Nutrient Management 

Plant nutrients play an important role in crop production and the realization of food 
security. But, often, the farmers’ decision to apply fertilizer is resource-driven rather 
than science-driven as they have no tools to measure the available nutrients present 
in the soil. They often have no idea of the soil’s inherent capacity to supply nutrients. 
These practices not only result in low crop productivity but also adversely affect the 
environment. In spite of the high cost and unwanted environmental impact of 
fertilizer, we cannot overcome the challenges of increasing global population and 
decreasing arable land without its use. Hence, the importance of knowledge on the 
efficient use of fertilizer is essential for economic reasons as well as for limiting the 
effect of its excess usage on the environment.



21 Sustainable Production Systems 557

Precision or site-specific nutrient management (SSNM) is a science-based 
approach by which crops receive nutrients as and when needed, according to specific 
field conditions in a given cropping season. Precision nutrient management (PNM) 
works on principles of 4R, i.e. right fertilizer source (integration of plant sources 
with inorganic fertilizers) at the right rate (decisions based on soil nutrient supply 
and plant demand), at the right time (decisions based on the dynamics of crop 
nutrient uptake) and in the right place (manage spatial variability within the field 
to meet site-specific crop needs and limit potential losses). 

Precision nutrient management is made possible by new technologies like Global 
Positioning system (GPS), sensors, geographic information systems (GIS) and 
advanced software and precision application equipment. It aims to modify fertilizers 
spatially and temporally for cost efficiencies and productivity and environmental 
gains. Matching fertilizer inputs to site-specific field conditions requires measure-
ment and understanding of soil spatial variability and crop nutrient status and its 
relation to crop response. Apart from these, the following tools are very useful for 
precise fertilizer recommendation: 

Leaf colour chart: The Leaf Colour Chart (LCC) is used to determine the N 
fertilizer needs of rice, wheat and maize crops. LCC has four green strips, with 
colour ranging from yellow green to dark green. It determines the greenness of the 
rice leaf, which indicates its N content. 

SPAD meter: The SPAD (soil plant analysis development) meter is a nondestruc-
tive tool and was developed as an alternative to nitrogen nutrition index. Under 
various climatic conditions and diverse field situations, the N recommendation based 
on SPAD meter increased the efficiency on N in rice and wheat and also ensure high 
yields and with economic benefits. 

Nutrient expert: Nutrient Expert® (NE) is a nutrient decision support software that 
uses the principles of site-specific nutrient management (SSNM) and enables 
farmers to develop fertilizer recommendations tailored to a specific field or growing 
environment. NE takes into account the most important factors affecting nutrient 
management recommendations and uses a systematic approach of capturing infor-
mation, which is important for developing a location-specific recommendation. 
Nutrient Expert® allows users to draw required information from their own experi-
ence, farmers’ knowledge of the local region and farmers’ practices. NE can use 
experimental data, but it can also estimate the required. With NE, parameters can be 
estimated using proxy information, which allows farm advisors to develop fertilizer 
guidelines for a location without data from field trials. 

GreenSeeker: GreenSeeker (GS) is an optical sensor which measures visible and 
near-infrared (NIR) spectral response from plant canopies to detect N stress that is 
rapidly increasing. The GreenSeeker™ canopy sensor is a commercially available 
and widely used active optical sensor that employs red (650 ± 10 nm) and NIR 
(770 ± 15 nm) wavebands. While chlorophyll contained in the palisade layer of the 
leaf controls reflectance of the visible light, reflectance of the NIR electromagnetic 
spectrum depends upon the structure of mesophyll tissues, which reflect as much as 
60% of all incident NIR radiation. Measured spectral reflectance is expressed as



spectral vegetation indices such as the normalized difference vegetation index 
(NDVI) calculated as: 
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NDVI= NIR-VISð Þ= NIRþ VISð Þ

21.7 Organic Farming 

Organic farming is a holistic production management system which promotes and 
enhances agro-ecosystem health, including biodiversity, biological cycles and soil 
biological activity. It emphasizes the use of management practices in preference to 
the use of off-farm inputs, taking into account that regional conditions require locally 
adapted systems. IFOAM defines ‘organic agriculture as a production system that 
sustains the health of soils, ecosystems and people’. It relies on ecological processes, 
biodiversity and cycles adapted to local conditions, rather than the use of inputs with 
adverse effects. The USDA defines it as follows: ‘organic farming is a system which 
avoids or largely excludes the use of synthetic inputs (such as fertilizers, pesticides, 
hormones, feed additives etc.) and to the maximum extent feasible rely upon crop 
rotations, crop residues, animal manures, off-farm organic waste, mineral grade rock 
additives and biological system of nutrient mobilization and plant protection’. 
Organic crop production in the organic farming system is gradually gaining momen-
tum worldwide. Global links have been forged in all continents as organic agricul-
ture has been seen to be an effective rural development option. 

According to the latest FiBL survey on certified organic agriculture worldwide, as 
of the end of 2015, data on organic agriculture was available from 179 countries 
(172 in 2014) (Willer and Lernoud). There were 50.9 million hectares of organic 
agricultural land in 2015, including inconversion areas. The regions with the largest 
areas of organic agricultural land are Oceania (22.8 million hectares, which is almost 
45% of the world’s organic agricultural land) and Europe (12.7 million hectares, 
25%). Latin America has 6.7 million hectares (13%) followed by Asia (four million 
hectares, 8%), North America (three million hectares, 6%) and Africa (1.7 million 
hectares, 3%). The countries with the most organic agricultural land are Australia 
(22.7 million hectares), Argentina (3.1 million hectares) and the United States 
currently; 1% of the world’s agricultural land is organic. The highest organic shares 
of the total agricultural land, by region, are in Oceania (5.4%) and in Europe (2.5%). 
In the European Union, 6.2% of the farmland is organic. However, some countries 
reach far higher shares: Liechtenstein (30.2%) and Austria (21.3%). In 11 countries, 
10% of the agricultural land or more is organic. 

Organic farming in India differs from conceptions around the world in the smaller 
size of farms managed by each household which, therefore, includes greater levels of 
own labour, the farmer’s more intimate knowledge of field conditions and fewer 
animals managed per household which bring it closer to environmentally sustainable 
agriculture. As one of the world’s largest producers of rice, tea, fruits and vegetables, 
various spices, pulses, medicinal plants and cashew nuts, India’s first internationally



certified organic products emerged in the mid-1970s, supported by UK’s Soil 
Association. India has evolved into a rich history of agricultural practices and 
continues to adapt technologies like biodynamic and other systems into its organic 
practices. India’s organic farmers have been at the forefront of developing field-
based technologies ranging from vermicomposting to integrated livestock practices 
that facilitate their ability to improve soil fertility even in semi-arid or barren areas. 
Different parts of India have developed their own local or regional systems for 
ecological agriculture such as agnihotra and panchakavya that are now gathered in 
one umbrella term: ‘Jaivic Krishi’ or ‘Jaivik Kheti’. Overcoming early doubts on the 
potential of organic systems to meet growing needs including in experiments 
conducted in ICAR’S Network Project on Organic Farming, it has been established 
that in appropriate technologies in hill areas and rainfed tracts with poor and 
marginal soils and relatively virgin soils, organic farming system is superior to 
conventional agriculture in productivity, resource-use efficiency and profitability. 
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In January 1994, ‘Sevagram Declaration’ for promotion of organic agriculture in 
India, organic farming has grown many folds, and a number of initiatives at the 
government and nongovernment level have given it a firm direction. While the 
National Programme for Organic Production (NPOP) defined its regulatory frame-
work, the National Project on Organic Farming (NPOF) has defined the promotion 
strategy and provided necessary support for area expansion under certified organic 
farming. Before the implementation of NPOP during 2001 and introduction of 
accreditation process for certification agencies, there was no institutional arrange-
ment for assessment of organically certified area. Initial estimates during 2003–2004 
suggested that approximately 42,000 ha of cultivated land were certified organic. By 
2009, India had brought more than 9.2 million ha of land under certification, and it 
has been increased further (Ravisankar et al. 2021). By March 2021, the cultivated 
area under organic farming had increased to 2.66 million ha (APEDA 2021), while 
~0.73 million hectares had been brought under the Participatory Guarantee System 
(PGS). As a result, approximately 2.4% of the net farmed land is currently under 
certification or in the process of conversion to organic farming. India produces a 
diverse range of crops under organic management, with oilseeds, sugar crops, fibre 
crops, cereals, millets and pulses accounting for the majority of the agricultural 
basket. The Indian government has set a goal of converting at least 4% of net 
cultivated land to organic farming by March 2026. In terms of total arable area 
under organic farming, India is presently the ninth largest in the world and the largest 
in terms of the total number of organic producers. India produces roughly 2.75 
million tonnes of certified organic products in 2019–2020, with an export volume 
and value of 0.6389 million tonnes and INR 46,860 million (689 million USD). 
However, organic farming promotion is hampered by a lack of yield, as well as the 
availability of inputs for nutrition, weed, pest and disease management 
(Table 21.2). Organic nutrient management practices for various cropping systems 
are presented in Table 21.2.
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Table 21.2 Organic nutrient management practices identified for various cropping systems in 
different agro-ecosystem 

Location (state) Cropping system (s) Sources to meet nutrients 

Coimbatore 
(Tamil Nadu) 

Cotton-maize-green 
manure (GM) 
Chillies-sunflower-
green manure 

Farmyard manure (FYM) + non-edible oil cakes 
(NEOC) + Panchagavya (PG) 

Raipur 
(Chhattisgarh) 

Rice-chickpea Enriched compost (EC) + FYM + NEOC + 
biodynamic (BD) + PG 

Dharwad 
(Karnataka) 

Groundnut-sorghum 
Maize-chickpea 

EC + VC + green leaf manure (GLM) + biodynamic 
and PG spray 

Ludhiana 
(Punjab) 

Maize-wheat-summer 
green gram 

FYM + PG + BD in maize, FYM + PG in wheat, 
and FYM alone in moong 

Bhopal 
(Madhya 
Pradesh) 

Soybean-wheat 
Soybean-chickpea 
Soybean-maize 

FYM + PG + BD 

Pantnagar 
(Uttarakhand) 

Basmati rice-wheat-
green manure 
Basmati rice-
chickpea 
Basmati rice-
vegetable pea 

FYM + VC + NC + EC + BD + PG 

Ranchi 
(Jharkhand) 

Rice-wheat-green 
manure 

VC+ karanja cake + BD+ PG 

Ravisankar et al. 2021 

21.8 Natural Farming 

‘Natural farming’ or ‘eco-agriculture’ or ‘eco-friendly agriculture’ is suggested as a 
neoteric approach to improve both traditional and modern agricultural practices, 
which aims to safeguard the environment, public health and communities (Mishra 
2013). Sustainable agricultural practices enable food production without 
compromising the needs of future generation. The meaning of zero-budget natural 
farming (ZBNF) can be understood with the word ‘budget’ referring to credit and 
expenses; thus, the phrase ‘zero budget’ means without using any credit and without 
spending any money on purchased inputs, and natural farming means farming with 
nature and without chemicals (NAAS 2019). It encourages the natural symbiosis of 
soil microflora and crop plants. It is assumed that it has no or least side effects on the 
health of soil and environment. ZBNF is based on four pillars, viz. (i) Jeevamrit, 
nectar of life (consisting of microbes) that is prepared from dung and urine of 
indigenous Kapila cow (not other animals like exotic or cross-bred cows, bulls or 
buffaloes); (ii) Beejamrit, the seed treatment; (iii) Acchadana (mulching); and 
(iv) Waaphasa (soil aeration/moisture). Plant protection measures include a mixture 
of butter milk, cow milk, pepper powder, neem seed and green chilli (Palekar 2016). 
The inputs used for seed treatments and other inoculations are locally available in the 
form of cow dung and cow urine. ZBNF farmers thus have lower cost of inputs and



thus have better capacity to increase incomes. At the same time, ZBNF crops helps in 
retaining soil fertility and is climate change-resilient. Thus, ZBNF is low-input, 
climate-resilient type of farming that encourages farmers to use low-cost locally 
sourced inputs, eliminating the use of chemical fertilizers and industrial pesticides. 
ZBNF recommends the use of only traditional varieties/land races with inherently 
low-yield potential which respond to low level of soil-applied nutrients. A policy 
paper on ZBNF (NAAS 2019) reviewed that Beejamrit used in ZBNF will not 
increase the yield potential of high-yielding modern varieties and what it can only 
do is to protect the Beejamrit-treated varieties from some diseases and the microbes 
can add a few plant growth-promoting substances which can have incremental effect 
and will not have significant impact on quantum jump in their yield. ZBNF is said to 
be ‘zero-cost or zero-input natural farming’, and therefore, whatever quantity is 
harvested is treated as net profit to the farmer. 
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The Government of Andhra Pradesh has launched a scale-out plan (on 2 June 
2018) to transition six million farms/farmers cultivating eight million hectares of 
land from conventional synthetic chemical agriculture to zero-budget natural farm-
ing (ZBNF) by 2024, making Andhra Pradesh India’s first 100% chemical-free 
agriculture farming state. However, studies initiated by the ICAR-Indian Institute 
of Farming Systems Research (IIFSR), Modipuram, at several locations in the 
country have clearly indicated that yield levels were drastically reduced in rice-
wheat cropping system (the backbone of national food security) by 59% in wheat 
and 32% in basmati rice. Results of a 3-year natural farming experiment by the 
University of Agricultural Sciences (UAS), Dharwad, indicated a yield decline of at 
least 30% in soybean-wheat, groundnut-sorghum and maize-chickpea cropping 
systems, while it was 17% in cotton-groundnut intercropping system. These trials 
have clearly established that food security will be seriously challenged along with 
the farmers’ income, if ZBNF is adopted (NAAS 2019). 

21.9 Food-Fodder-Based System 

The profitability of livestock largely will depend upon the availability of quality feed 
and forages as it accounts to 65–70% of cost in their rearing. It is estimated that the 
demand will reach to 1012 million tonnes of green fodder and 631 million tonnes of 
dry forage by the year 2050. At the current level of growth in forage resources, there 
will be 18.4% deficit in green fodder and 13.2% deficit in dry fodder in the year 2050 
(IGFRI Vision 2050). The area under forages is stagnating around 4 of net cultivated 
area since last decades, and the option for further expansion or horizontal spread is 
meagre. The availability of green fodder will be more difficult under changing 
climatic conditions and preference of food and commercial crops for human con-
sumption. This necessitates focus towards inclusion of forages in existing food-
based cropping systems in temporal or space dimension. Fodder-based crop 
sequences have the potential for realization of higher monetary returns over food-
based crop rotation in majority of the agro-ecological regions. Inclusion of forages in 
any of the season was equal or superior than food-based systems (Kumar et al. 2012).



In Bundelkhand region, maize (grain)-berseem cropping sequence recorded maxi-
mum wheat equivalent yield as compared to groundnut-wheat + mustard and black 
gram-wheat + mustard. Another crop sequence of cowpea-wheat sequence proved 
more remunerative (38.8 t green fodder, 4.63 t wheat grain and 5.02 t wheat straw) 
than grain sorghum-wheat cropping system which enriched the soil fertility and 
economized fertilizer N to the extent of 40-kg nitrogen per hectare. In food-fodder 
production systems, fodder cowpea (13.6 q/ha dry fodder) and annual Sesbania 
(18.9 q/ha dry fodder) with grain sorghum were marked as better legumes. Inter-row 
spacing of pigeon pea could be utilized effectively by intercropping of sorghum, 
teosinte, maize, bajra, cowpea, clusterbean and deenanath grass yielding green 
forage of 5 to 12 t/ha without significant reduction in pigeon pea grain yield. In 
rabi season, barley in association with senji proved to be quite promising and 
mixtures of safflower with oat and barley resulted in higher fodder yields. Inclusion 
of berseem in rice rotation saved 100 kg N/ha at the expense of only 20 kg P2O5/ha in 
the system (140 kgN+140 kg P2O5/ha) as compared towheat-rice (240 kgN+120 kg 
P2O5/ha). Intercropping of berseem and senji improved the physical properties of the 
soil by increasing the infiltration rate (4.82 mm/h) and reducing the bulk density 
(1.26 g/cm3 ). In intercropping with forage cereals like sorghum, the green forage, 
dry matter and crude protein yields of cowpea were highest in paired row spacing 
followed by additive and replacement series. Sowing of berseem and lucerne in 
border method at every fourth skipped row produced 7.8 and 4.6 t/ha green fodder 
without any adverse effect on the yield of wheat. 
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Fig. 21.5 Food-fodder-based system for rainfed areas: trispecific hybrid + Sesbania-sorghum 
(fodder) + cowpea-barley (Kumar et al. 2021) 

Under rainfed semi-arid region (up to 500-mm rainfall), Pennisetum trispecific 
hybrid (TSH) + Sesbania (planted on beds) + (sorghum + cowpea (fodder)-barley/ 
chickpea (grain)-planted in furrows) cropping system produced highest forage 
equivalent yield (101–105 t/ha/year) with in situ moisture conservation (CA-based 
practices) and lifesaving irrigation through field pond as compared to conventional 
rainfed system (87 t/ha/year). This technology is capable of prolonging the fodder 
availability up to May–June (dry period). This model can sustain three to our adult 
cattle inits (ACU) if fed 100% DM based on forage diet and eight to nine ACU if fed 
1/3 DM-based fodder diet with quality fodder (Kumar et al. 2021) (Fig. 21.5).
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Forages (perennial grasses, viz. Bajra Napier hybrid, TSH, Setaria and Guinea 
grass) on bunds/farm boundaries/irrigation channels/terrace risers can produce 
7.0–11.0 q green fodder per 100 meter bund length. In spite of additional farm 
productivity, it also works as a guard crop for main crop, reduces run-off loss of 
water and controls soil erosion. Technology can sustain 1 milch animal and reduces 
milk production cost. If only 10% bunds are kept under fodder production, we can 
produce approximately 17.9 tonnes green fodder annually. The technology has 
shown significant impact under NIFTD (National Initiative on Fodder Technology 
Demonstration) programme operated in 100 KVKs of the country (Ghosh et al. 
2016). Furthermore, there exists a scope for improving the basket of feed resources 
through the use of nonconventional/underutilized feed resources like spineless 
cactus, Lathyrus, sugar beet and Moringa. These can be incorporated in unutilized 
lands/marginal soils/degraded areas along with other existing options of forages/ 
grasses. Spineless cactus is well suited for arid and semi-arid region in degraded 
lands, pasture/Nalla bunds and field boundaries and thrives well in drought-prone/ 
scanty rainy areas. Moringa and sugar beet can be incorporated well for energy-/ 
protein-rich feed supplements in milk-shed areas. Spineless cactus can be success-
fully fed to livestock as supplementary feed (30% replacement) along with green 
fodder, hay and straw, but not as sole feed (Kumar et al. 2021). 

21.10 Agri-Horti- and Silvi-Pasture-Based Systems 

A combination of livestock and crop production in a unit land-use management 
system has been an integral part of the farming pattern in India. The practice is more 
prolific in hilly tract and in rainfed lands. Based upon the last four to five decades of 
research on rainfed farming system, agroforestry systems (alley cropping, agri-
horticultural systems, horti-pastoral systems) in arable lands and tree farming/ 
wood lot, range/pasture management, silvi-pastoral systems, timber and fibre sys-
tem) in cultivable wasteland/marginal lands are suggested. Suitable tree/shrubs, 
grasses and legumes have been identified for use in different agroforestry systems 
in varied habitats of the country. The developed models of silvi-pasture and horti-
pasture are region-specific and have the ability to sustain the system on an ecological 
and monetary basis (Ghosh et al. 2012; Kumar et al. 2017a, 2017b). 

21.10.1 Silvi-Pasture 

Rainfed/arid regions of the country have degraded land and constraints in arable 
farming. Animal husbandry is the main occupation of farmers after rainfed crop 
cultivation in these areas. Livestock is dependent on forage produced in rangeland 
areas. In such areas, large-scale grazing of animals results in quite low pasture 
production restricting availability during monsoon only. To solve the above-said 
problem, silvi-pasture models (MPTS + pasture) have been developed that produce 
higher forage per unit area per unit time as well as round the year than open pasture.



In degraded lands under semi-arid tropical environment at IGFRI, Jhansi reported 
that on average of 7 years, C. ciliaris and P. maximum produced 4.20 and 6.84 t/ha/ 
year dry matter yield under tree canopies of A. tortilis and L. leucocephala, respec-
tively. Some of the promising silvi-pasture for different regions has been presented 
below (Table 21.3) and (Fig. 21.6): 
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21.10.2 Horti-Pasture System 

Under horti-pastoral system forages are grown in wide inter-row spaces of fruit trees 
for economic utilization of orchard lands. Attempts have been made to identify 
suitable fruit trees for different agro-ecological zones of the country for their use in 
horti-pastoral and agri-horticultural plantations. There are ample scope and many 
opportunities for introducing fodder crops in existing orchards. Horti-pasture system 
integrates pasture (grass and/or legumes) and fruit trees to fulfil the gap between 
demand and supply of fruit, fodder and fuel wood through utilizing moderately 
degraded land. Ber-, aonla-, guava-, bael-, Moringa-, mulberry-, etc.-based horti-
pasture systems have been experienced for enhancing forage productivity at IGFRI. 
During a period of 10 years, it gives B:C ratio of 4:6 and supports 2–3 ACU/ha in a 
year. Perennial grasses, viz. NB hybrid, TSH, Setaria, Guinea grass, Cenchrus 
ciliaris and range legumes Stylosanthes hamata, are potential fodder types that can 
be integrated in existing orchards in tropical and subtropical regions. In hilly regions, 
apple/peach/apricot/plum/almond/mango/guava/litchi orchards can be intercropped 
with potential grasses like tall fescue/rye grass/timothy/orchard grass with white and 
red clovers. According to an estimate, approximately 19.0 and 17.9 MT of green 
fodder can be obtained from mango and coconut orchards of the country (30% area 
of the total orchard area of these orchards). For calculation of this estimate, a 
conservative figure of 40 t/ha/year productivity was taken. From other orchards 
(guava, sapota, litchi and apple) contribution could be 4.0 MT of green fodder. Such 
model can be implemented through convergence of government schemes like the 
National Horticulture Mission, Coconut Development Board and National Mission 
on Oilseeds and Oil Palm (Fig. 21.7). 

21.11 Hill and Mountain Farming 

Mountains play a crucial role in sustaining about 10% of the world’s population 
directly. In addition, mountains sustain life of people living in the plains as they are 
the major source of water supply as majority of rivers originate from these 
ecosystems. The major mountain ranges in India are the Himalayas and the Western 
Ghats. They traverse an arc of about 2500 km between the Indus and the 
Brahmaputra rivers. In India, the mountain ecosystem is spread over 13 states/UTs 
of India: Jammu and Kashmir, Ladakh, Himachal Pradesh, Uttaranchal, Sikkim, 
Assam, Arunachal Pradesh, Manipur, Meghalaya, Mizoram, Nagaland, Tripura and 
West Bengal. They are inhabited by >51 million people, covering 18% of the
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(continued)
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Table 21.3 Promising silvi-pastures for different regions of India 

Fodder 
availability 
period and 
sustaining 
ACU/ha 

Suitable trees, 
grasses and range
legumes

Fodder 
potential 
(DM t/ 
ha)

1. Semi-arid Ficus/Hardwickia 
binata/acacia/ 
Morus/neem-based 
silvi-pasture with 
grass (Chrysopogon 
fulvus, Cenchrus 
ciliaris and Panicum 
maximum) + legume 
(Clitoria ternatea 
and Stylosanthes 
seabrana) 

12.3 Grasses and 
legume 
(July to 
December 
(65–70%) 
and tree 
leaves 
(march to 
June 
(30–35%) 
and 2–3 
ACU/ha 

Forest area, 
degraded lands 
in semi-arid 
region (rainfall 
400–700 mm) 

2. Arid Prosopis cineraria/ 
acacia/Ziziphus 
nummularia-based 
system along with 
Cenchrus ciliaris, 
Lasiurus sindicus 

1.5–2.5 Grasses and 
legume 
(July to 
October 
(50–55%) 
and tree 
leaves 
(November 
to June 
(45–50%) 
and 
1 ACU/ha 

CPRs, grazing 
lands of arid 
region (rainfall 
200–250 mm) 

3. Coastal Acacia 
auriculiformis/ 
Casuarina 
equisetifolia/Acacia 
nilotica and Prosopis 
chilensis/Prosopis 
juliflora along with 
C. ciliaris, 
Chrysopogon, 
Heteropogon, 
Panicum maximum, 
Stylosanthes hamata 

8–10 Grasses and 
legume 
(July to 
October 
(60–65%) 
and tree 
leaves 
(November 
to June 
(35–40%) 
and 2–3 
ACU/ha 

CPRs, grazing 
lands, forest 
fringes of arid 
region (rainfall 
1500–3500 mm) 

4. Western 
Himalayan 
region 

Arundinella 
nepalensis/Morus 
alba/Grewia optiva/ 
Agrostis stolonifera/ 
bauhinia variegate 
along with 
Bothriochloa 
pertusa, Dactylis 
glomerata, red and 
white clovers 

2– 1–2 
ACU/ha 

Pastures and 
grasslands in 
low, mid and 
upper hills



S. no.
Ecological
region

grasses and range
legumes ha)

Suitable rainfed
region of India

geographical area and 6% of India’s population. The rich environmental heritage of 
the Himalayan region is under pressure from natural and human-induced stresses.
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Table 21.3 (continued)

Suitable trees, 
Fodder 
potential 
(DM t/ 

Fodder 
availability 
period and 
sustaining 
ACU/ha 

5. Northeastern 
hill region 

MPTs (Alnus 
nepalensis, Michelia 
champaca, Schima 
wallichii, Parkia 
roxburghii, 
Artocarpus 
heterophyllus) along 
with broom grass 
(Thysanolaena 
maxima), Congo 
signal grass 
(Brachiaria 
rosenesis), hybrid 
Napier (Pennisetum 
typhoides x 
P. purpureum) and 
Guinea grass 
(Panicum maximum) 

18–28 – Degraded lands, 
sloping land 
field bunds, 
farm fences, etc. 

Hybrid napier on terrace risers in 

NEH region 

Hardwickia binnata + sylosanthes 
hamate  Cenchrus ciliaris 

Fig. 21.6 Silvi-pastoral systems 

The hill agriculture has its own unique characteristics, and the growth potential of 
hill agriculture has remained under-exploited due to various mountain specifies like 
undulating topography, lack of system-specific technologies, poor marketing and



processing infrastructure and underdeveloped supporting institutions (Wani 2011). 
Resource degradation in terms of soil and water loss through erosion, nutrient 
mining, low cropping intensity, low-yielding local varieties, etc. is some of the 
major constraints for sustainable production in hills (Mandal and Sharda, 2013). 
However, hilly states have a lot of potential to accelerate agricultural growth through 
diversification from low- to high-value crops. There is a very good potential for 
adoption of location-specific IFS models, conservation of agriculture and organic 
farming for sustainable food and nutritional security and conservation of natural 
resource base for the posterity. Soil loss to the tune of more than 40 t/ha has been 
reported as against the national average of 16 t/ha from NER. Excessive tillage 
operations, residue removal/burning and monocropping are the major factors 
contributing to land degradation in hill farming systems. Thus, conservation agricul-
tural practices compromising no-till (NT) or minimum tillage (MT), residue reten-
tion/cover crops and rational crop rotations have been found very promising for 
optimum productivity of rice- and maize-based cropping systems and improving soil 
properties in NER (Das et al. 2020). There are ample opportunities to harness the 
production potential of surface water and agro-climatic diversities that favours 
cultivation of fruits, vegetables and crops of industrial importance like ginger, 
turmeric, king chilli, strawberry, passion fruits, etc. 
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Apple +  red clover Aonla + guinea grass + stylo 
Coconut + Guinea grass + 

Desmenthus virgatus 

Fig. 21.7 Horti-pastoral systems 

Ghosh et al. (2010) reported that double NT practice in rice-based system was 
cost-effective, restored SOC stock, favoured biological activity, conserved water and 
produced better yield, which were 70.8, 46.7 and 49.0% higher compared to 
CT. Adoption of NT, along with retention of maize stalks and application of 
Ambrosia spp. mulch at 5 Mg ha-1 , resulted in the maximum improvement in soil 
quality parameters and enhanced rapeseed (Brassica napus subsp. napus) yield in 
maize-rapeseed cropping system in the Eastern Himalayas. Mulching treatment, 
comprising of the retention of maize stock cover along with application of Ambrosia 
spp. mulch at 5 Mg ha-1 and poultry manure at 5 Mg ha-1 , enhanced mean SOC 
concentration by 30.4% and mean weight diameter of aggregates by 100% as 
compared with those under control. Thus, NT and mulching are recommended 
measures for protecting surface soil and improving soil quality in the EHR (Das 
et al. 2014).



Sloping lands Shifting cultivation
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Table 21.4 Ecosystem-specific sustainable soil management practices in NER 

Valley lands/
lowlands

Uplands/ 
terraced lands 

Conservation 
tillage (MT/NT) 

Conservation 
tillage (MT/NT) 

Agroforestry systems Strip/intercropping 

Crop residue 
recycling 

Mulching/ 
residue 
retention 

Hedge rows on contours Fast-growing multipurpose 
tree species (MPTs) like 
Alnus nepalensis 

Organic manure Cover crops Cover crops Improved varieties 

Weed biomass Green manuring Perennial fodder crops Foliar nutrition 

Green leaf 
manure (GLM)/ 
green manure 

Integrated 
nutrient 
management 

Medicinal and aromatic 
grasses 

Biofertilizer 

Integrated 
nutrient 
management 

Perennial 
fodder crops 

Vegetative barrier 
through aromatic and 
medicinal grasses 

Seed treatments 

Crop 
diversification 
with pulses/ 
oilseeds 

Crop 
diversification 

Permanent soil cover Hedge row barriers on 
contours 

Integrated 
farming system 
(IFS) 

Rotation with 
legumes 

Protected cultivation of 
high-value organic 
crops 

Residue retention/mulching 

Intensification 
of rice fallow 
areas 

Biochar 
application 

Across the slope 
cultivation 

MT/NT 

Hedge rows on 
terrace risers/ 
boundaries 

MPTs on fences 

Watershed-
based IFS 

Saha et al. 2021 

The strategy of sustainable agriculture comprising soil and water management, 
nutrient cycling and soil health management varies from location to location as per 
soil conditions, climate, land-use change, fertility status, existing land management 
practices, crops and cropping systems and resources available with the farmers. 
Based on these factors, different conservation effective best management practices 
(BMPs) have been developed/standardized and recommended to the stakeholders 
(Table 21.4). Crop rotation, minimum tillage, no-till (NT), intercropping, mulching, 
organic farming, cover cropping and management of crop residues contribute to 
SOC build-up. Lal (2003) reported that approximately 1.14 Pg (1015 g) of C is 
released into atmosphere through global water erosion processes. 

Minimum soil disturbances through the adoption of MT and NT along with 
covering the land surface through crop residues, organic manures, leaf litter and 
other vegetative materials and its proper management are the most effective measure



to prevent soil from blowing, beating action of rainfall, splash erosion and loss of 
sediment in run-off. In a field experiment conducted at northwestern Himalayas, the 
performance of no-till (NT) was assessed in terms of SOC build-up. It was reported 
that surface soil of NT plots had 11% higher total SOC than conventional tilled plots 
after 4 years in rice-wheat cropping system (Bhattacharyya et al. 2013). Studies at 
ICAR-IISWC (formerly CSWCRTI), Dehradun, showed that green manure 
mulching was beneficial which produced 18 to 26% higher grain yield of maize 
(2.52 to 2.69 t/ha) over control (2.14 t/ha). Furthermore, the results also revealed that 
sunn hemp + Leucaena mulch was more beneficial which yielded 2.69 t/ha grain as 
compared to sunn hemp (2.59 t/ha) and Leucaena mulch (2.52 t/ha) alone. Mulching 
also reduces evaporation, keeps down weeds, improve soils structure and infiltration 
rate and ultimately increases crop yields (Mandal et al. 2017). Live mulch applied at 
4–5 t/ha in the inter-row space found to be beneficial in reducing run-off from 42 to 
22% and soil loss from 12 t/ha to 3 t/ha in central Himalayan region. Similarly, at 4% 
slope, the minimum tillage + crop residue treatment recorded about 11% higher yield 
over conventional tillage at northwestern Himalayan region. The highest SOC 
buildup rate was observed under Gliricidia + GFS, ranging from 1.35 t/ha/yr. at 
1 m to 0.35 t/ha/y in Odisha hill region (Mand al 2018). Averaged over 3 years of 
observation, the efficacy of Indigofera + grass filter strip (GFS) was found better 
with lowest run-off (8.9%) and soil loss (5.0 t/ha), followed by Gliricidia + GFS 
(10.7% run-off, 6.3 t/ha soil loss). It might be possible that short and compact growth 
habit and better soil binding efficiency of Indigofera roots resulted in lower run-off 
and soil loss, when integrated with GFS. Provision of only a row of GFS can reduce 
run-off by 14% and soil loss by about 23%. Gliricidia alone reduced run-off by 26% 
and soil loss by 34%, whereas GFS supplement further improved the conservation 
efficacy (run-off reduced by 33% and soil loss by 35%) (Dass et al. 2011). Even 
1-year-old hedgerows could reduce run-off by 63–71% and soil loss by 82–86% (Lin 
et al. 2009). Ghosh et al. (2012) palmarosa + vegetative barrier of 
(i.e. VS + MT + live mulch) has been observed as the best treatment with respect 
to resource conservation and produced 28% higher yield than Panicum (Ghosh et al. 
2012). 
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21.12 Managing GHG Emission in Farming 

During 1970–2010, GHG emissions from Indian agriculture have increased by about 
75%. The increasing use of fertilizers and other agri-inputs and the rising population 
of livestock are the major drivers for this increase in GHG emission (Pathak et al. 
2014). Increased use of production inputs, such as mineral fertilizer, has made Indian 
agriculture more greenhouse gas (GHG)-intensive. Agricultural production is a 
major emitter of GHGs, currently accounting for 18% of total GHG emissions in 
India (INCCA 2010). With a population of �1.3 billion, it is evident that the food 
system in India will be central to the global challenge of providing sufficient 
nutritious food while minimizing GHG emissions. Livestock and rice production 
were found to be the main sources of GHG emissions in Indian agriculture with a



country average of 5.65 kg CO2 eq. kg
-1 rice, 45.54 kg CO2 eq. kg

-1 mutton meat 
and 2.4 kg CO2 eq. kg

-1 milk. Production of cereals (except rice), fruits and 
vegetables in India emits comparatively less GHGs with <1 kg CO2 eq. kg

-1 

product (Sylvia et al. 2017). On a per ha basis, GHG emissions for major food 
crops in India are generally lower than those in Europe and North America, with 
GHG emissions for cereals twofold to threefold greater in Europe (2000–3000 kg 
CO2 eq. ha

-1 year-1 ) (Carlton et al. 2012). Continuous flooding generates the 
highest CH4 emissions, while longer and more frequent periods of water drainage 
reduce emissions. For example, changing the water regime from continuously 
flooded to multiple drainage periods reduces CH4 emissions by ninefold (data not 
shown). High emissions on a per ha basis correspond with high GHG emissions per 
kg rice. With the exception of flooded rice, the major source of variation in GHG 
emissions for crops is due to variation in fertilizer application (Sylvia et al. 2017). 
The GWP has been found to range from 240 kg CO2 eq. ha

-1 in pulses to 3700 kg 
CO2 eq. ha

-1 in continuously flooded rice. Agriculture has the potential to mitigate 
GHGs cost-effectively through the adoption of low carbon in agricultural 
technologies and management practices (Pathak et al. 2014). The fluxes of CO2, 
CH4 and N2O can be reduced by efficient management of carbon and nitrogen flows 
in the agricultural ecosystems. Any practice that increases the photosynthetic input 
of carbon and/or slows the return of stored carbon to CO2 via respiration, fire or 
erosion will increase carbon reserves, thereby ‘sequestering’ carbon or building 
carbon ‘sinks’. 
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The mitigation of GHG emission from agriculture can be achieved by 
sequestering C in soil and reducing emissions of methane and nitrous oxide from 
soil through changes in land-use management. Changing of crop mixes to include 
more plants that are perennial or have deep root systems increases the amount of 
carbon stored in the soil. Cultivation systems that leave residues and reduce tillage, 
especially deep tillage, encourage the build-up of soil carbon. The changes in crop 
genetics and proper management of irrigation, fertilizer use and soils can reduce 
emission of both nitrous oxide and methane. Such options are important not only for 
global warming mitigation but also for improving soil fertility. In addition, GHG 
emissions can be reduced by the substitution of fossil fuels for energy production by 
the agricultural feedstocks (e.g. crop residues, dung, and dedicated energy crops). 
Alternate wetting and drying/mid-season drainage, drip and sprinkler irrigation, 
nitrification inhibitor/urea super-granules, site-specific N management/use of LCC, 
direct seeding of rice, crop diversification (e.g. rice to maize) and adoption of CA in 
rice have been recommended for GHG emission mitigation in rice and wheat crops 
in IGPs (Pathak et al. 2014). 

21.13 Conclusions 

Sustainability is a perpetual issue in time scale with associated dynamism in resource 
base and outputs in terms of variety and quantity. Sacrificing sustainability in 
agriculture will pose grave threat to the basic food security of the countries, primarily



dependent on agriculture. For decades, input and energy-intensive agriculture being 
practised in Northern and Northwestern Indo-Gangetic Plains has exhausted the soil 
and water resources, and the agriculture system has faced numerous challenges that 
may lead to virtual breakdown and desertification in agriculture. Scientists 
advocated several sustainable agriculture principles to farming for better soil, envi-
ronment and food quality. Integrated nutrient management with 5R nutrient stew-
ardship could replace conventional approach of excessive fertilizer application. 
Several long-term ‘on-station’ and ‘on-farm’ research trials have recommended 
conservation of agriculture-based diversified cropping practices/rotations for 
improving resource-use efficiency, soil health and environmental quality. Selected 
organic and natural farming belts can be developed based on soil, climate and market 
suitability. Small and marginal farmers especially under rainfed agro-ecosystems 
should adopt recommended farming system approach for better farm production and 
risk alleviation. Under marginal and less productive lands, alternate land-use 
systems such as agri-horti-pasture, horti-pasture and silvi-pasture have been 
recommended for better productivity and climate resilience. Cropping systems and 
land-use practices must be aligned based on principles of sustainability for sustain-
able productivity and better insurance against biotic and abiotic hazards. 

21 Sustainable Production Systems 571

References 

Aggarwal P, Bhattacharyya R, Mishra AK, Das TK, Šimůnek J, Pramanik P, Sudhishri S, 
Vashisth A, Krishnan P, Chakraborty D, Kamble KH (2017) Modelling soil water balance 
and root water uptake in cotton grown under different soil conservation practices in the Indo-
Gangetic plain. Agric Ecosyst Environ 240:287–299 

Ansari MA, Prakash N, Baishya LK, Punitha P, Sharma PK, Yadav J, Kabui GP, Kl Levis C (2014) 
Integrated farming system: an ideal approach for developing more economically and environ-
mentally sustainable farming systems for the eastern Himalayan region. Indian J Agric Sci 
84(3):356–362 

Ansari MA, Prakash N, Baishya LK, Punitha P, Yadav JS, Sharma PK, Blessa S, Ansari MH (2013) 
Comparative study on conventional and improved integrated farming systems for sustainable 
production, income generation and employment opportunity among the tribal farmers in hilly 
regions of Manipur. Indian J Agric Sci 83(7):765–772 

Ansari MA, Sharma SK, Roy SS, Ramakrishna Y, Datt S, Ningombam A, Singh NA, Luiram S, 
Prakash N (2021) Documenting the agriculture based indigenous traditional knowledge in 
Manipur state of north eastern India. Indian J Tradit Knowl 20(4):1065–1074 

APEDA (2021). Agricultural and Processed Food Product Export Development Authority. https:// 
apeda.gov.in/apedawebsite/organic/organicproducts.htm 

Baghel JK, Das TK, Mukherjee PI, Nath CP, Bhattacharyya R, Ghosh S, Raj R (2020) Impacts of 
conservation agriculture and herbicides on weeds, nematodes, herbicide residue and productiv-
ity in direct-seeded rice. Soil Tillage Res 201:104634 

Balota EL, Filho AC, Andrade DS, Dick RP (2004) Long-term tillage and crop rotation effects on 
microbial biomass and C and N mineralization in a Brazilian Oxisol. Soil Tillage Res 77:137– 
145 

Bayly CA (1985) State and economy in India over seven hundred years. Economics History Rev 38: 
583–596

https://apeda.gov.in/apedawebsite/organic/organicproducts.htm
https://apeda.gov.in/apedawebsite/organic/organicproducts.htm


572 T. K. Das et al.

Bhattacharyya R, Das TK, Pramanik P, Ganeshan V, Saad AA, Sharma AR (2013) Impacts of 
conservation agriculture on soil aggregation and aggregate-associated N under an irrigated agro-
ecosystem of the Indo-Gangetic Plains. Nutr Cycl Agroecosyst 96:185–202 

Bhattacharyya R, Das TK, Sudhishri S, Dudwal B, Sharma AR, Bhatia A, Singh G (2015) 
Conservation agriculture effects on soil organic carbon accumulation and crop productivity 
under a rice–wheat cropping system in the western Indo-Gangetic Plains. Eur J Agron 70:11–21 

Blyn G (1966) Agricultural trends in India, 1891-1947; output, availability and productivity. 
University of Pennsylvania Press, Philadelphia, U.S.A 

Carlton R, West J, Smith P, Fitt BL (2012) A comparison of GHG emissions from UK field crop 
production under selected arable systems with reference to disease control. Eur J Plant Pathol 
133:333–351 

Costanza R, Palten BC (1995) Defining and predicting sustainability. Ecol Econ 15:193–196 
Das A, Lal R, Patel DP, Ramkrushna GI, Layek J, Ngachan SV, Ghosh PK, Bordoloi J, Kumar M 

(2014) Effects of tillage and biomass on soil quality and productivity of lowland rice cultivation 
by small scale farmers in north eastern India. Soil Tillage Res 143:50–58 

Das A, Layek J, Ramkrushna GI, Babu S, Thoithoi Devi M, Dey U, Suting D, Gulab GS, Lyngdoh 
DB, Prakash N (2019b) Integrated organic farming system (IOFS): an innovative approach for 
enhancing productivity and income of farmers in north eastern hill region of India. Indian J 
Agric Sci 89(8):1267–1272 

Das TK, Bhattacharyya R, Sharma AR, Das S, Saad AA, Pathak H (2013) Impacts of conservation 
agriculture on total soil organic carbon retention potential under an irrigated agro-ecosystem of 
the western Indo-Gangetic Plains. Eur J Agron 51:34–42 

Das TK, Ghosh S, Nath CP (2019a) Brown manuring optimization in maize: impacts on weeds, 
crop productivity and profitability. J Agric Sci 157:599–610 

Das TK, Nath CP, Das S, Biswas S, Bhattacharyya R, Sudhishri S, Raj R, Singh B, Kakralia SK, 
Rathi N, Sharma AR, Dwivedi BS, Biswas AK, Chaudhari SK (2020) Conservation agriculture 
in rice-mustard cropping system for five years: impacts on crop productivity, profitability, 
water-use efficiency, and soil properties. Field Crops Res 250:107781 

Dass A, Sudhishri S, Lenka NK Patnaik US (2011) Runoff capture through vegetative barriers and 
planting methodologies to reduce erosion and improve soil moisture, fertility and crop produc-
tivity in southern Orissa. India Nutr Cycl Agric Ecosyst 89: 45–57 

Ghosh BN, Dogra P, Bhattacharyya R, Sharma NK, Dadhwal KS (2012) Effects of grass vegetation 
strips on soil conservation and crop yield under rainfed conditions in the Indian sub-Himalayas. 
Soil Use Manag 28:635–646 

Ghosh DC, Mandal KG, Hati KM, Ghosh PK (2001) Indigenous nutrient management practices for 
some ecoregions of West Bengal Plains. In: Achraya CL, Ghosh PK, Subba Rao A (eds) 
Indigenous nutrient management practices - wisdom alive in India. Indian Institute of Soil 
Science, Nabibagh, Bhopal, India, pp 285–300 

Ghosh PK, Das A, Saha R, Enboklang K, Tripathi AK, Munda GC, Ngachan SV (2010) Conserva-
tion agriculture towards achieving food security in north East India. Curr Sci 99:915–921 

Ghosh PK, Sunil K, Pathak PK, Singh AK, Kumar V (2016) National initiative on fodder 
technology demonstration: a Giant stride towards self-sufficiency. ICAR-IGFRI, Jhansi, pp 
1–139 

Ghosh S, Das TK, Rana KS, Biswas DR, Das DK, Singh G, Bhattacharyya R, Datta D, Rathi N, 
Bhatia A (2022) Energy budgeting and carbon footprint of contrasting tillage and residue 
management scenarios in rice-wheat cropping system. Soil Tillage Res 223:105445 

Gill JS (1992) Land use, conservation, management and development of land resources of Punjab. 
Report of Department of Soil Conservation and Engineering, Chandigarh, Punjab 

Gupta DK, Bhatia A, Kumar A, Das TK, Jain A, Tomer R, Malyan SK, Fagodiya RK, Dubey R, 
Pathak H (2016) Mitigation of greenhouse gas emission from rice–wheat system of the Indo-
Gangetic plains: through tillage, irrigation and fertilizer management. Agric Ecosyst Environ 
230:1–9 

Hegde DM, Babu SSN, Rana DS, Vyas KS (2012) Agronomic research on oilseeds in India: an 
overview. Indian J Agronomy 57:58–63



21 Sustainable Production Systems 573

Hobbs PR, Gupta RK (2003) Resource conserving Technologies for Wheat in Rice-wheat 
systems. In: Ladha JK, Hill J, Gupta RK, Duxbury J, Buresh RJ (eds) Improving the productiv-
ity and sustainability of rice-wheat systems: issues and impact. ASA, Spec. Publ. 65, chapter 
7, SA Madison, WI USA, pp 149–171 

IGFRI Vision (2050) Indian Grassland and Fodder Research Institute, Jhansi, Uttar Pradesh, India 
INCCA (2010) Indian network for climate change assessment, Ministry of Environment and 

Forests, government of India. Greenhouse Gas Emissions, India 
Jat ML, Gathala MK, Ladha JK, Saharawat YS, Jat AS, Kumar V, Sharma SK, Kumar V, Gupta RK 

(2009) Evaluation of precision land leveling and double zerotill systems in Rice-wheat rotation: 
water use, productivity, profitability and soil physical properties. Soil Tillage Res 105:112–121 

Jat ML, Sharma SK, Gupta Raj K, Sirohi K, Chandana P (2005) Laser land leveling: the precursor 
technology for resource conservation in irrigated eco-system of India. In: Abrol IP, Gupta RK, 
Malik RK (eds) Conservation agriculture-status and prospects. CASA, New Delhi, pp 145–154 

Kumar R (2019) India’s green revolution and beyond. Economics and Political Weekly. August 
24, 2019 pp. 41–48 

Kumar S, Dev I, Agarwal RK, Dixit AK, Ram SN (2012) Agronomic research on forages in India: 
an overview. Indian J Agronomy 57:92–104 

Kumar S, Kumar KT, Singh JB, Prasad M, Ghosh PK (2021) Effect of food-fodder farming on 
sustainable resources use and carbon dynamics in rainfed semi-arid tropics of India. Commun 
Soil Sci Plant Anal:1–14. https://doi.org/10.1080/00103624.2021.1921188 

Kumar S, Palsaniya DR, Kiran Kumar T, Dixit AK, Das MM, Ghosh PK (2017a) Farming systems: 
issues and strategies. SSPH Publisher, New Delhi, India, pp 1–571 

Kumar S, Palsaniya DR, Kiran Kumar T, Misra AK, Ahmed S, Kantwa SR, Ghosh PK (2017b) 
Non-conventional fodder resources. In: Ghosh PK, Mahanta SK, Singh JB, Vijay D, Kumar RV, 
Yadav VK, Kumar S (eds) Approaches towards fodder security in India. Studera Press, Delhi, 
pp 35–56 

Kumar V, Ladha JK (2011) Direct seeding of rice: recent developments and future research needs. 
Adv Agron 111:296–413 

Lal R (2003) Soil erosion and the global carbon budget. Environ Int 29(4):437–450 
Lal R (2004) Soil carbon sequestration impacts on global climate change and food security. Science 

304:1623–1627 
Lin C, Tu S, Huang J, Chen Y (2009) The effect of plant hedgerows on the spatial distribution of 

soil erosion and soil fertility on sloping farmland in the purple-soil area of China. Soil Till Res 
105:307–312 

Mandal D, Sharda VN (2013) Appraisal of soil erosion risk in the eastern Himalayan region of India 
for soil conservation planning. Land Degrad Dev 24:430–437 

Mandal D, Srivastava P, Giri N, Kaushal R, Cerda A, Alam NM (2017) Reversing land degradation 
through grasses: a systematic meta-analysis in the Indian tropics. Solid Earth 8(217–233):2017. 
https://doi.org/10.5194/se-8-217-2017 

Malik RK, Yadav A, Gill GS, Sardana P, Gupta RK, Piggin C. (2004). Evolution and acceleration 
of no-till farming in rice-wheat system of the Indo-Gangetic Plains. 4th international crop 
science congress held in Brisbane, Australia from September 26 to October 1.73 p 

Mishra M (2013) Role of eco-friendly agricultural practices in Indian agriculture development. Int J 
Agric Food Sci Technol 4(2):11–15 

Mohammad A, Sudhishri S, Das TK, Singh M, Bhattacharyya R, Dass A, Khanna M, Sharma VK, 
Dwivedi N, Kumar M (2018) Water balance in direct-seeded rice grown under a conservation 
agriculture-based rice-mustard cropping system in north-western Indo-Gangetic Plains of India. 
Irrig Sci 36:381–393 

NAAS (2019) Zero budget natural farming - a myth or reality? Policy paper no. 90. National 
Academy of Agricultural Sciences, New Delhi, p 20 

NNMB (2003) National nutrition monitoring bureau. National Institute of Nutrition, Indian Council 
of Medical Research, Hyderabad 

Palekar S (2016) Zero budget natural farming. http://palekarzerobudgetspiritualfarming.org

https://doi.org/10.1080/00103624.2021.1921188
https://doi.org/10.5194/se-8-217-2017
http://palekarzerobudgetspiritualfarming.org


574 T. K. Das et al.

Panwar AS, Prusty AK, Shamim M, Ravisankar N, Ansari MA, Singh R (2021b) Nutrient recycling 
in integrated farming system for climate resilience and sustainable income. Indian J Fertilizers 
17(11):1126–1137 

Panwar AS, Ravisankar N, Singh R, Prusty AK, Shamim M, Ansari MA, Noopur K (2021a) 
Potential integrated farming system modules for diverse ecosystems of India. Indian J Agron-
omy 66:S15–S32 

Pathak H, Bhatia A, Jain N (2014) Greenhouse gas emission from Indian agriculture: trends, 
mitigation and policy needs. Indian Agricultural Research Institute, New Delhi 

Prakash N, Ansari MA, Roy SS, Punitha P, Baishya LK, Sailo B, Sharma SK, Nagchan SV (2017) 
Farming system approaches for Sustainable Hill agriculture in Manipur, 167 pages. ICAR 
Research Complex for NEH Region, Manipur Centre, Lamphelpat, Imphal. (ISBN: 978-81-
7622--396-6); Publisher: Biotech Books, 4762-63/23, Ansari Road, Darya Ganj, New Delhi -
110002) 

Radford BJ, Key AJ, Robertson LN, Thomas GA (1995) Conservation tillage increases soil water 
storage, soil animal populations, grain yield and response to fertiliser in the semi-arid sub-trop-
ics. Aust J Exp Agric 35:223–232 

Raman S (2006) Agricultural sustainability: principles, Processes and Prospects. Food Products 
Press, New York, USA, p 474 

Randhawa MS (1980) A history of agriculture in India, vol I. Indian Council of Agricultural 
Research, New Delhi, pp 483–490 

Randhawa MS (1982) A history of agriculture in India, vol II. Indian Council of Agricultural 
Research, New Delhi, pp 342–343 

Randhawa MS (1983) A history of agriculture in India. Vol. III. 96, 197-283. Indian Council of 
Agricultural Research, New Delhi 

Ravisankar N, Ansari MA, Panwar AS, Aulakh CS, Sharma SK, Suganthy M, Suja G, Jaganathan D 
(2021) Organic farming research in India: potential technologies and way forward. Indian J 
Agronomy 66:S142–S162 

Rodell M, Isabella V, James SF (2010) Satellite-based estimates of groundwater depletion in India. 
Nature 460:999–1002. https://doi.org/10.1038/nature08238.www.nature.com/nature 

Saad AA, Das TK, Rana DS, Sharma AR, Bhattacharyya R, Lal K (2016) Energy auditing of maize-
wheat-greengram cropping system under conventional and conservation agriculture in irrigated 
north-western Indo-Gangetic Plains. Energy 116:293–305 

Saha S, Yadav D, Layek A, Babu S, Ansari MA, Das B, Chowdhury S, Singh R, Rajkhowa DJ, 
Ghosh PK, Das A (2021) Potential of conservation agriculture in hill ecosystems: impact on 
resource sustainability. Indian J Agronomy 66:S128–S141 

Shafeeq PM, Aggarwal P, Krishnan P, Rai V, Pramanik P, Das TK (2020) Modeling the temporal 
distribution of water, ammonium-N, and nitrate-N in the root zone of wheat using HYDRUS-2D 
under conservation agriculture. Environ Sci Pollut Res 27(2):2197–2216 

Siegel BE (2018) Hungry nation: food, famine, and the making of modern India. Cambridge 
University Press, Cambridge, pp 21–49 

Singh RB (2000) Environmental consequences of agricultural development: a case study from the 
green revolution state of Haryana, India. Agric Ecosyst Environ 82(1–3):97–103 

Singh G, Bhattacharyya R, Das TK, Sharma AR, Ghosh A, Das S, Jha P (2018) Crop rotation and 
residue management effects on soil enzyme activities, glomalin and aggregate stability under 
zero tillage in the Indo-Gangetic Plains. Soil Tillage Res 184:291–300 

Singh R, Babu S, Avasthe RK, Das A, Praharaj CS, Layek J, Kumar A, Rathore SS, Kancheti M, 
Kumar S, Yadav SK, Pashte V (2021) Organic farming in North–East India: Status and 
strategies. Indian J Agronomy 66:S163–S179 

Sow S, Ranjan S (2021) Indigenous technical knowledge (ITK) for sustainable agriculture in India. 
Agric Food e-News Letter 3(1):31–35. Available from: https://www.researchgate.net/ 
publication/349278516_Indigenous_Technical_Knowledge_ITK_for_Sustainable_Agricul 
ture_in_India [accessed Jul 07 2021]

https://doi.org/10.1038/nature08238.www.nature.com/nature
https://www.researchgate.net/publication/349278516_Indigenous_Technical_Knowledge_ITK_for_Sustainable_Agriculture_in_India
https://www.researchgate.net/publication/349278516_Indigenous_Technical_Knowledge_ITK_for_Sustainable_Agriculture_in_India
https://www.researchgate.net/publication/349278516_Indigenous_Technical_Knowledge_ITK_for_Sustainable_Agriculture_in_India


21 Sustainable Production Systems 575

Sylvia HV, Sapkota TB, Hillier J, Stirling CM, Macdiarmid JI, Aleksandrowicz L, Green R, Joy EJ, 
Dangour AD, Smith P (2017) Greenhouse gas emissions from agricultural food production to 
supply Indian diets: Implications for climate change mitigation. Agric Ecosyst Environ 237: 
234–241 

Vitousek PM, Ehrlich PR, Ehrlich AH, Matson PA (1986) Human appropriation of the products of 
photosynthesis. Bioscience 36:368–373 

von Bertalanffy L (1968) General system theory: foundations, development, applications. George 
Braziller, New York 

Wani MH (2011) Hill agriculture in India: problems and prospects of mountain agriculture 
rapporteur: Ind. J Agric Econ 66(1):1–3



577

Dryland Agriculture 22 
Gajjala Ravindra Chary, Kodigal A. Gopinath, 
Bellapukonda Murali Krishna Raju, Chitiprolu Anantha Rama Rao, 
Venugopalan Visha Kumari, Priyabrata Santra, Vinod Kumar Singh, 
and Suryanarayana Bhaskar 

Abstract 

Dryland agriculture is as old as India’s agriculture. Before and at the time of 
independence, agriculture was the primary source of national income and occu-
pation. Droughts had been recurrent making dryland agriculture more risk-prone 
and limiting production in dryland agriculture. Farmers practiced dryland farming 
that was built on decades of experience, mainly as subsistence farming. Prior to 
independence, the Indian agriculture sector exhibited primarily three traits, low 
production, high risk, and instability, and the production was alarmingly low. 
Agricultural policy underwent massive agrarian reforms between the 1950s and 
the mid-1960s. Droughts in the mid-1960s spurred the Indian government to 
invest significantly in dryland agriculture research. In 1970, the Government of 
India through the Indian Council of Agricultural Research initiated All India 
Coordinated Research Project for Dryland Agriculture in the country to address 
the problems in dryland agriculture. During the 1970s and 1980s, many soil-, 
water-, and crop-based dryland technologies were developed which were 
integrated into soil and water conservation programs in the states. This enabled 
the development and implementation of watershed programs at national level 
leading to 47 model watershed projects that resulted in productivity, income, and 
resource conservation gains in the dryland areas of the country. During and after 
the 1990s, many dryland agroecology-specific natural resource management and 
crop-based technologies were developed and integrated into various district, state,
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and national programs resulting in a sustainable production system. Contingency 
crop planning practices and strategies were developed and implemented to cope 
with delayed onset of monsoon and agricultural drought. The sustainability of 
dryland agriculture is impacted by climate risks and challenged by many bio-
physical and socioeconomic constraints. The research, development, and policy 
focus should be to achieve sustainable and climate-resilient dryland agriculture. 
Some future strategies in this direction are suggested in this chapter.
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22.1 Introduction 

Dryland agriculture is as old as agriculture in India. Expanding the domain of 
dryland farming, today rainfed agriculture accounts to 52% of the net sown area, 
is home to two-thirds of livestock, and supports 40% of the human population. It is 
crucial to country’s economy and food security since it contributes to about 40% of 
the total food grain production (85%, 83%, 70%, and 65% of coarse cereals, pulses, 
oilseeds, and cotton, respectively), supports two-thirds of livestock and 40% of the 
human population, further also influences livelihoods of 80% of small and marginal 
farmers, and is most vulnerable to monsoon failures. Even if full irrigation potential 
is created, still 40% of net cultivated area will remain as rainfed agriculture which 
would continue to be a major food grain production domain. 

22.1.1 Pre-independence and Independence Period 

In 1880, the Government of India appointed the First Famine Commission to suggest 
measures to tackle drought and also to suggest preventive measures to avoid famine 
in the future. The Royal Commission, India, in 1920 noted that “the problems of 
cultivation of crops in tracts entirely dependent upon rainfall deserve far closer 
attention.” The first systematic and scientific approach to the problem of dryland 
farming started in 1923 by establishing the Dryland Research Station at Manjri near 
Pune. The first systematic scientific approach to tackle the problems of dry farming 
areas was initiated by Tamhane in 1923 on small plots of Manjari farm near Pune, 
and the work passes on to Kanitkar in 1926. A comprehensive research scheme was 
drawn up by Kanitkar with financial support from the ICAR. Subsequently, the 
dryland agriculture research was initiated in 1933 at five ICAR-sponsored dry 
farming research centers, viz., Sholapur and Bijapur in 1933, Hagari and Raichur 
in 1934, and Rohtak in 1935. A decade of work (1933–1943) was mainly on rainfall 
analysis, physicochemical properties of soils, physiological studies in millets, and 
agronomic aspects which resulted in a series of dry farming practices commonly 
known as the Bombay dry farming practices, Hyderabad dry farming practices, and 
Madras dry farming practices. These practices stressed the need for contour bunding



to conserve soil and water, deep plowing for improved water intake and storage, 
interculture operation of crops for efficient use of the limited moisture in the soil, 
application of FYM, low seed rate with wide spacing, mixed cropping, and crop 
rotation. However, the marginal return of 15–20% over the base yield of 
200–400 kg/ha did not enthuse the farmers very much to adopt these research results. 
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Agriculture was the main source of national income and occupation at the time of 
independence. Agriculture and allied activities contributed nearly 50% to India’s 
national income. Around 72% of the total working population was engaged in 
agriculture. During the pre-independence period, the concept of cropping system 
received little consideration except for beneficial effects of legumes/oilseeds as 
mixed/intercropping green manuring and sequential cropping, while little attention 
was paid for efficient use of natural resources. The true concept of cropping system 
gained momentum during the 1960s for bringing self-sufficiency in food through 
enhanced cropping intensity besides breaking technology and policy barriers. The 
advent of high-yielding, photo-insensitive, input-responsive varieties of rice and 
wheat totally revolutionized the Indian agriculture in less than a decade and brought 
a paradigm shift in farming with respect to tillage, planting time and method, 
fertilizer use, irrigation, pest control, and harvesting. This resulted in a major shift 
toward cereal-based cropping systems by relegating less productive, risk-prone 
legumes and oilseeds to marginal dryland areas. 

The Indian agricultural sector before independence displayed mainly three 
characteristics which gave the lay down to the backwardness and stagnation of the 
economy. Low productivity, high level of risk, and instability were key three 
characteristics. Due to a lack of a proper and efficient canal network, farmers were 
primarily reliant on rainfed agriculture. Crop failure was a major issue. The resource-
poor farmers in dryland regions practiced mixed cropping, and perennial crops were 
mixed with small and large ruminants. Farmers used local, traditional, or landrace 
varieties of minor and major crops at this period. Agricultural performance was poor 
during the interwar years (1918–1939). The annual growth rate of all crop output 
was 0.4% from 1891 to 1946, and food grain output remained virtually unchanged 
(Roy 2006). 

Traditional system of land, water, crop, and energy management Most of the land 
management practices included organic compost, inclusion of livestock, agrofor-
estry, etc. Some of the available literatures for traditional system of land, water, and 
crop management in dryland are given in Table 22.1. Apart from crop production, 
crop protection aspects were also given importance. Summer plowing, use of ash, 
traditional method of grain storage, cover crop, etc. were followed to protect the 
crops from various pests and diseases. 

22.1.2 After Independence 

In 1953, a Central Soil Conservation Board was established to give impetus to soil 
and water conservation. In 1954, toward increasing the productivity of drylands, the 
Indian Council of Agricultural Research (ICAR) established the Soil Conservation



Features State References

Training and Demonstration centers at eight locations. The studies at the Indian 
Agricultural Research Institute (IARI) and other ICAR institutes laid emphasis on 
biological component of dryland farming technology, viz., development of high-
yielding varieties, and also provided information on new soil management and 
moisture conservation practices and recommended specific crops for different 
rainfed areas in the country and also new dry farming technology for the Telangana 
area of Andhra Pradesh (IARI 1970). 
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Table 22.1 Traditional systems of land, water, and crop management 

Traditional 
agricultural 
practices 

Kanabandi Farmers build barrier by using pieces of 
small dead wood or local vegetation to 
check wind velocity within safer limits 

Rajasthan Mathur 
(1995) 

Terraces or 
bun 
cultivation 

It is a slope- and valley-type cultivation 
which is useful for improving crop 
production and retaining moisture for soil 
conservation 

Meghalaya Jeeva et al. 
(2006) 

Live bunding/ 
vegetative 
bunding 

Bushes of Subabul and shevri and grasses 
like vetiveria are planted between the bunds 
of field across the slope for soil 
conservation against water erosion 

Uttar Pradesh Srivastava 
and Pandey 
(2006) 

Livestock 
panning and 
fallowing 

Farmer used panning of cow, sheep, and 
goat and fallowing the field at the end of 
winter to improve fertility of the field for 
the next crop 

Madhya 
Pradesh and 
Uttar Pradesh 

Singh and 
Sureja 
(2008) 

Utera 
cropping 
system 

Under rainfed agroecosystem, the next crop 
is sowing before harvesting to utilize the 
soil moisture of the previous crop 

Madhya 
Pradesh 

Singh and 
Sureja 
(2008) 

Pannendu 
Pantalu 

It is known as 12-crop system, in which 
millets, pulses, oil crop, and various 
vegetables are grown on the single piece of 
land 

Andhra 
Pradesh 

Bhushan 
et al. (2001) 

During the 1950s to the mid-1960s, agricultural policy witnessed tremendous 
agrarian reforms, institutional changes, development of major irrigation project, and 
strengthening of cooperative credit institution (Tripathi and Prasad 2009). Land 
reforms were important in increasing agricultural production during this phase. 
The Community Development Program, decentralized planning, and the Intensive 
Area Development Programs were also initiated for regenerating Indian agriculture 
that had stagnated during the British period. In order to encourage the farmers to 
adopt better technology, incentive price policy was adopted in 1964, and the 
Agricultural Price Commission was set up to advice the Government on the fixation 
of support prices of agricultural crops. Despite the institutional changes and devel-
opment programs introduced by the Government during this phase, India remained 
dependent upon foreign countries for food to feed the rising population.
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There was a need to replace the traditional crops due to changed agroclimatic 
situations. During 1971–1972, a new crop, i.e., sunflower, was newly introduced 
almost at all locations of the AICRPDA which performed exceedingly better even 
when sown late by 1 or 2 months in the Deccan rabi tract. Efforts were mounted 
through the integrated dryland development (IDLAD) projects to popularize the 
crop. This crop proved an alternative to kharif groundnut which was risky in the 
Deccan tract. At Bellary, Bijapur, and Sholapur, rainfed wheat was replaced with 
safflower, and the area under sole safflower was increased ultimately augmenting the 
oilseed production (Randhawa and Venkateswarlu 1980). 

Agricultural growth is one of the main facets of India’s economic development 
and national food sufficiency policies. The aggregate agricultural output increased 
annually at 2.6% during period from 1950–1951 to 2006–2007. Further 
disaggregating of agriculture into subsectors, crop, livestock, forestry, and fishing, 
shows that fisheries and livestock were the main sources of the acceleration in 
growth rate of agricultural output in the 1980s. The growth rate of aggregate 
agricultural output turned up to 3.29% during the initial years of reforms, which 
was 0.43% point higher than the previous period. However, the situation of agricul-
ture turned adverse during post-WTO period, and this covered all the subsectors of 
agriculture. The growth rates in output of all crops decelerated from 2.93% to 1.57%. 
The livestock declined from 4.21% to 3.40%. The fisheries declined from 7.48% to 
3.25%. Only forestry witnessed a sharp increase from 0.09% to 1.82% (Tripathi and 
Prasad 2009). 

22.2 Decadal Growth Shift/Trend of Rainfed Area (1960–2016) 

Gross rainfed area (million ha) and share (%) of different crops from TE 1960–1961 
to TE 2015–2016 (four to five decades) in India are furnished in Table 22.2. It was 
observed that share of rice and total pulses in rainfed area remained more or less 
constant but share of total cereals and millets (excluding rice and wheat) has shown 
declining trend over the period. Share of total oilseeds in rainfed area doubled from 
10% to 21% in the last four to five decades. Among the oilseeds, share of soybean 
doubled (6–12%) in 15 years from TE 2000–2001. Fodder crops share though 
increased over the decades but not at the pace of growth in livestock population in 
rainfed areas. Cotton’s share in rainfed area has increased by about 3%. Share of 
spices and condiments in rainfed area increased up to 2000–2001 and then started 
declining. Share of sugarcane in rainfed area decreased gradually over the period. In 
rainfed regions, shift is happening toward soybean, cotton, and maize from sorghum, 
pearl millet, groundnut, sunflower, and other cereals and millets. 

Irrigation potential created in the country over the years vide various schemes, 
and programs such as Drought-Prone Area Program (DPAP), Dryland Development 
Program (DDP), Prime Minister Krishi Sinchayee Yojana (PMKSY), etc. led to 
increase in area sown under irrigation from 18% in 1960–1961 to 50% in 2018–2019 
leaving the dryland area as half of the net sown area (Table 22.3). Though growth in 
irrigated area is more or less steady, the jump of about 10 million ha during the



Year/crops

– – – –

– – – –

decade of TE 1990–1991 to TE 2000–2001 was very high. Substantial area (about 
7 million ha) was brought under irrigation during a span of 8 years from TE 
2010–2011 to TE 2018–2019. 
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Table 22.2 Gross rainfed area (in million ha) and share (%) of different crops over the decades in 
India 

TE TE TE TE TE TE TE 

1960–
1961

1970–
1971

1980–
1981

1990–
1991

2000–
2001

2010–
2011

2015– 
2016 

Jowar/sorghum 14.27 13.36 12.92 11.43 8.44 6.69 5.48 

Bajra/pearl millet 8.97 9.97 8.87 9.00 8.19 8.14 7.01 

Maize 3.17 3.81 3.88 3.96 4.76 6.02 6.47 

Ragi/finger millet 1.68 1.72 1.89 1.70 1.55 1.22 1.10 

Rice 17.63 18.41 19.39 19.27 18.88 17.72 17.81 

Wheat 7.23 6.60 5.90 3.97 3.17 2.27 1.89 

Barley 1.57 1.07 0.73 0.39 0.27 0.18 0.15 

Other cereals and 
millets 

4.12 4.01 3.42 2.12 1.36 0.82 0.68 

Bengal gram/ 
chickpea 

7.13 4.97 4.79 4.66 4.63 5.44 5.16 

Red gram/pigeon 
pea 

1.99 2.13 2.28 2.86 3.12 3.32 3.36 

Other pulses 9.24 9.59 10.39 10.54 10.64 10.74 9.96 

Groundnut 5.10 5.57 5.24 5.85 5.34 4.38 3.68 

Sesamum 1.39 1.44 1.33 1.78 1.47 1.82 1.63 

Rapeseed and 
mustard 

0.85 0.78 0.92 1.52 1.73 1.52 1.28 

Linseed 1.08 0.89 1.05 0.83 0.54 0.27 0.19 

Other oilseeds 1.87 2.05 2.70 5.46 9.50 12.70 14.34 

Cotton 5.46 5.23 4.82 4.24 5.52 6.36 8.27 

Tobacco 0.24 0.28 0.25 0.21 0.20 0.23 0.19 

Sugarcane 0.57 0.54 0.54 0.41 0.33 0.32 0.24 

Total condiments 
and spices 

0.88 0.94 1.06 1.07 1.21 1.03 0.89 

Total fruits and 
vegetables 

1.73 2.21 2.49 3.36 3.33 3.52 3.53 

Fodder crops 3.81 4.41 5.14 5.38 5.82 5.30 6.68 

Soybean 5.77 9.31 11.86 

Sunflower 0.98 0.93 0.46 

Total rainfed area 
(million ha) 

121.81 123.22 120.54 118.76 107.71 103.12 99.09 

Source: C.A. Rama Rao, CRIDA, 2021 (Information submitted CRIDA-RAC)



Year

Total
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Table 22.3 Changes in net sown, net irrigated, and percentage net irrigated area of the country 
over years 

Net area sown
(million ha)

Net irrigated area
(million ha)

% Net irrigated 
area 

TE 1960– 
1961 

132.66 24.03 18.12 

TE 1970– 
1971 

138.96 30.10 21.66 

TE 1980– 
1981 

140.72 38.43 27.31 

TE 1990– 
1991 

142.37 46.96 32.98 

TE 2000– 
2001 

141.72 56.72 40.03 

TE 2010– 
2011 

140.88 63.08 44.78 

TE 2018– 
2019 

139.32 69.89 50.17 

Source: DES, DA&FW, GoI 

Table 22.4 Drought before and after independence in the country 

Drought
severity

Before independence (1876–
1947)

After independence (1948– 
2010) 

Slight 11 5 16 

Moderate 8 7 15 

Severe 0 4 4 

Calamitous 3 0 3 

Total 22 16 38 

Source: Fertilizer Statistics 2016–2017, The Fertilizer Association of India, New Delhi 

22.3 Climate Variability, Climate Shift, Droughts, and Extreme 
Events (1891–2021) 

India experienced 26 large-scale droughts with increasing frequencies during the 
periods 1891–1920, 1965–1990, and 1999–2012. India experienced 26 severe 
droughts: 1891, 1896, 1899, 1905, 1911, 1915, 1918, 1920, 1941, 1951, 1965, 
1966, 1972, 1974, 1979, 1982, 1986, 1987, 1988, 1999, 2000, 2002, 2009, 2012, 
2014, and 2015. Droughts have become a common feature in southern, western 
India, and some pockets in other parts of the country. Important concern has been 
that traditionally high rainfall regions are affected with droughts particularly inter-
droughts and drought-prone regions experiencing high-intensity rains or cyclones. 
Over the past two centuries, India experienced several droughts (Table 22.4), and 
some are very severe causing human mortality. Negative impacts of drought are 
more pronounced in dryland areas on account of fragile resource base and poor 
investment capacities of dryland farmers. The country faced 22 droughts (of 72 years



before independence) during 1876–1947 and 16 droughts (of 63 years after inde-
pendence) during 1948–2010 with drought incidence probability of 0.31 and 0.25 
per year, respectively. The country witnessed three calamitous droughts before 
independence, but there were four severe droughts after independence. 
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The occurrence of drought is very frequent in the meteorological subdivisions 
like West Rajasthan, Tamil Nadu, Jammu and Kashmir, and Telangana (NRAA 
2013). The all-India mean annual temperature has increased by 0.5 °C in the period 
1901–2003. The high inter- and intra-seasonal variability in rainfall distribution, 
rainfall events, and extreme temperatures are causing crop damages and losses to 
farmers (Sikka et al. 2016). Studies pertaining to India show enough evidence of 
rising mean temperature during post-1970 period. Greater warming of 0.21 °C/ 
10 years during post-1970 period as compared to 0.51 °C/100 years during the 
past century has been reported. In many parts of India, the frequency of occurrence 
of cold nights declined, while the frequency of occurrence of warm nights and warm 
days significantly increased. Besides, the country experienced 15 deficit and 6 excess 
monsoon years in post-1960 period in comparison to only 27 deficit and 20 excess 
monsoon years during 1871–2014. Extreme positive departures from the normal 
maximum temperature result in heat wave in different parts of the country. The 
maximum number of heat waves occurred over East Uttar Pradesh followed by 
Punjab, East Madhya Pradesh, and Saurashtra and Kutch in Gujarat. During the 
decade 1991–2000, a significant increase in the frequency, persistency, and spatial 
coverage of heat wave/severe heat wave was observed in comparison to that during 
the earlier decades 1971–1980 and 1981–1990 (Pai et al. 2004). The Intergovern-
mental Panel on Climate Change (IPCC) in its Fifth Assessment Report observed 
that “warming of climate system is unequivocal”, and since the 1950s, many of the 
observed changes are unprecedented over decades to millennia. India’s average 
temperature has risen by around 0.7 °C during 1901–2018. By the end of the 
twenty-first century, the average temperature over India is projected to rise by 
approximately 4.4 °C relative to the recent past (1976–2005 average), under the 
RCP 8.5 scenario (Krishnan et al. 2020). Krishna Kumar et al. (2011) observed 
greater warming (mean annual surface air temperature) of 0.21 °C/10 years during 
post-1970 period as compared to 0.51 °C/100 years during the past century. 

Raju et al. (2013) revisited climatic classification at district level (Fig. 22.1) with 
the help of moisture index (MI) computed using precipitation and potential evapo-
transpiration data for period 1971–2005 and highlighted the climatic shifts occurred 
in the districts post-1970 period compared to the climatic classification of Krishnan 
(1988) which was based on pre-1970 climatic data. The study revealed climatic 
shifts in about 27% of the geographical area in the country. Significant reflections 
were a substantial increase of arid region in Gujarat and a decrease of arid region in 
the state of Haryana increase in semi-arid region in Madhya Pradesh, Tamil Nadu 
and Uttar Pradesh were observed due to shift of climate from dry sub-humid to semi-
arid. Notable observation was that the moist subhumid pockets in Chhattisgarh, 
Orissa, Jharkhand, Madhya Pradesh, and Maharashtra states have turned dry subhu-
mid to a larger extent. 

District-level analysis of vulnerability and risk to climate change was done follow-
ing the framework given in the Fifth Assessment Report of the Intergovernmental



Panel on Climate Change. According to this conceptualization, risk is a result of 
interaction between exposure, hazard, and vulnerability, and vulnerability is a func-
tion of sensitivity and adaptive capacity of the system of interest. In this analysis, 
hazard was constructed as a combination of historical hazard (based on historical 
incidence of cyclones, drought, and floods) and future hazard which was represented 
as a combination of indicators, viz., change in annual rainfall, July rainfall, maximum 
temperature, minimum temperature, drought incidence, incidence of dry spells, 
extreme rainfall events, etc. The changes in these indicators as obtained by an 
ensemble of CMIP5 climate projections for RCP 4.5 for the period 2020–2049 with 
respect to the baseline 1976–2005 were used. Similarly, a number of indicators were
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Fig. 22.1 Climatic classification at district level (1971–2005). (Source: Raju et al. 2013)



chosen to represent exposure and vulnerability components of risk. Using the data on 
indicators, indices for exposure, vulnerability, and hazard were computed, and finally 
an index of risk was computed. The districts were categorized into different degrees of 
risk (Fig. 22.2). The analysis indicated “very high” risk for 109 districts in Uttar 
Pradesh (22), Rajasthan (17), Bihar (10), Kerala (8), Uttarakhand (7), Odisha (6), 
Punjab (5), and the remaining states of West Bengal, Karnataka, Haryana, Gujarat, 
Mizoram, Assam, Himachal Pradesh, etc. Most of the 201 districts with “high” risk 
are in Uttar Pradesh, Madhya Pradesh, Chhattisgarh, Karnataka, Rajasthan, Bihar, 
Odisha, Maharashtra, etc. Districts with high risk are to be given higher priority for 
investment and intervention planning for enhancing resilience to climate change 
(Rama Rao et al. 2019).
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Fig. 22.2 Risk due to climate change (2020–2049) in agriculture. (Source: Rama Rao et al. 2019)
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22.4 Green Revolution (GR) and Post-GR Era 

The Green Revolution in the mid-1960s, though a boon to Indian agriculture, 
ushered in era of wide disparity between productivities of irrigated and dryland 
agriculture, and thus, the “green revolution” era had largely bypassed the dryland 
agriculture including dryland areas in eastern region of the country. Several devel-
opment programs were initiated for improving dryland farming. The “everything, 
everywhere” approach of taking up all major interventions uniformly across all 
regions of the country has not paid much dividend. The developmental approach 
in dryland areas did not fully capture aspects like livelihood, soil resources, reliabil-
ity of irrigation, socioeconomic profile, infrastructure, etc. neglecting region-specific 
interventions befitting to the natural resource endowment, social capital, infrastruc-
ture, and economic condition (NRAA 2012). 

The droughts of the mid-1960s catalyzed the Government of India to invest on 
dryland research significantly, and in 1970, the ICAR launched the All India 
Coordinated Research Project for Dryland Agriculture (AICRPDA) at Hyderabad, 
in collaboration with the Canadian International Development Agency (CIDA) with 
23 centers across the country. In 1976, the Dryland Operational Research Projects 
were started for action research. The ICAR launched the National Agricultural 
Research Project (NARP) in 1979 which strengthened the regional research 
capabilities of agricultural universities with location-specific research including on 
dryland agriculture. In 1983, 47 model watersheds were started under the ICAR, and 
in 1984, watershed development programs were initiated in four states with assis-
tance of the World Bank. The milestone in dryland farming research in India was the 
upgradation of AICRPDA to the status of an institute, i.e., the Central Research 
Institute for Dryland Agriculture (CRIDA) in 1985 to carry out basic and strategic 
research, while network research under AICRPDA continued in applied and adap-
tive research. The ICAR launched the National Agricultural Technology Project 
(NATP) in 1999, and under this project, CRIDA undertook projects on Production 
Systems Research, Mission Mode, and Technology Assessment and Refinement-
Institute Village Linkage Programme (TAR-TAR). In 2007, ICAR launched the 
National Agricultural Innovation Project (NAIP) in which CRIDA undertook a 
program on enhancing rural livelihoods through natural resource management and 
sustainable farming systems. Another significant milestone in dryland research was 
launching of the National Initiative on Climate Resilient Agriculture (NICRA) at 
CRIDA in 2010. 

During 1970–1987, sound foundations of systematic and location-specific 
research were laid out across 23 AICRPDA centers (Singh 1987; Ravindra Chary 
et al. 2016). The research during this period resulted in developing technologies 
related to “low monetary input,” basic crop production practices like time of seeding 
and plant population geometry in relation to rainfall, weed management, identifying 
regions where intercropping was feasible and worthwhile to increase cropping 
intensity, best cultivars for the component crops, determining the optimum N and 
P doses for intercropping systems (Chetty 1983), efficient methods for crop lifesav-
ing irrigation, in situ moisture conservation by tillage, crop husbandry for weather 
aberrations and alternate or multiple land use, double cropping, manipulation of



sowing and harvesting dates and plant populations, and fertilizer use (AICRPDA 
2003). These technologies amply demonstrated that yield of dryland crops could be 
increased by at least 100% with improved varieties and sowing methods and higher 
yields with advancement of sowing dates, particularly post-rainy period, minimizing 
the risk with split application of N and alternate crops for aberrant weather situations. 
Dry seeding was recommended for the locations/soil types where the conditions 
(soil) do not permit sowing operations with the onset of monsoon. Low monetary 
inputs like improved seed, timely sowing, and timely weeding helped bridge the 
yield gaps in dryland crops. In black soil regions, with 500–1000 mm rainfall, the 
productivity of upland rainy season crops could be substantially improved by 
providing furrows graded to 0.2–0.3% slope, to transmit excess rainwater (Verma 
1982). In case post-rainy season crops grown on conserved soil moisture, the 
available soil moisture in the profile at the sowing time decided the choice of 
crops. With the advent of high-yielding and input-responsive varieties to suit 
different situations, the agriculture became more production-oriented. 
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In chronic drought-prone areas, deep tillage (20–30 cm) was found specifically to 
be applicable to soils having textural profiles or hard pans. Under unimodal 
(<500 mm) rainfall situation in semiarid regions with shallow Alfisols, sowing 
across the slope and ridging later were useful. In black soils, deep tillage combined 
with compartmental bunding was found to be the most effective soil management 
practice. With rainy season-cropped Vertisols (unimodal rainfall regions), water 
surplussing is an integral part of in situ moisture conservation. In bimodal medium 
(500–750 mm) rainfall representing semiarid Alfisol, graded border strips were 
found advantageous. Surface mulching with crop residues prevented moisture loss 
and prolong the moisture retention period and enhanced yield of crops (Patil et al. 
1981). The year-round tillage as a means of controlling weeds and conserving soil 
moisture was crystallized into a concept of great significance to drylands. Deep 
tillage increased the yields of crops across the climates and soil types. The ridges and 
furrows always increased the yield, however with more effectiveness during moder-
ate drought (AICRPDA 2003). 

The intercropping systems with additive series were most successful with base 
crops as sorghum, maize, pearl millet, pigeon pea, safflower, and wheat with higher 
land equivalent ratios (with average of 23% more) and output and returns, spread of 
labor peaks, maintenance of soil fertility (with inclusion of legume), and stability in 
production. Intercropping of fast-growing legumes like cowpea and green gram as 
cover crops benefitted the base crop in better resource efficiency (Vishnumurthy and 
Vijayalakshmi 1993). Stable and economically viable double and intercropping 
systems were evolved with predominant crops of the region as base crops and pulses 
and oilseeds as intercrops for various rainfall and soil-type regions with potentials of 
higher productivity and income that increased cropping intensity to 150–200% 
(AICRPDA 2003; Rafey and Verma 1988). Crop substitution concept was evolved 
in which the performance of various new crops was evaluated vis-a-vis traditional 
crops, e.g., in Vertisols of Bellary, sorghum was efficient than cotton (Singh 1987). 
The cropping intensity could be increased considerably depending on the soil types 
and moisture availability period. However, the duration of the crop cultivars 
influenced the selection of a cropping system. In the high rainfall (>1000 mm)



regions of Orissa, Eastern Uttar Pradesh, and Madhya Pradesh, a second crop could 
be grown in the residual moisture after a 90-day duration variety of upland rice than 
120-day duration; similarly, in the Vertisols of Malwa (Madhya Pradesh) and 
Vidarbha (Maharashtra), a change of 140- or 150-day sorghums to about 90- or 
100-day cultivars provided an opportunity to grow chickpea or safflower in 
sequence. Double cropping was possible only in areas receiving more than 
750-mm rainfall with a soil moisture storage capacity of more than 200 mm. A 
new concept of fertilizer use was evolved to tailor to the available soil moisture 
status at least in post-rainy season areas. 
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The alternate land use systems developed were tree farming, ley farming 
(Stylosanthes hamata with sorghum rotation), silvopasture (Leucaena 
leucocephala + Stylosanthes hamata + Cenchrus ciliaris) and agro-horticulture 
(guava/custard apple/pomegranate/ber-based) (Korwar et al. 1997). Leucaena 
leucocephala is the most popular tree species to serve as hedgerow in the alley 
cropping system (Hegde et al. 1988). Studies at AICRPDA during 1975–1983 
revealed that Dichanthium, Sehima, and Lasiurus are suitable for severe drought-
prone areas, while Cenchrus ciliaris, Panicum maximum, and Urochloa were for 
moderate drought-prone areas. Stylosanthes hamata, a pasture legume, was 
identified for improvement of soil fertility and as quality fodder for Alfisols of 
Hyderabad (Reddy and Hampaiah 1982). 

The rainwater harvesting and utilization to annual crops and fruit crops proved to 
be beneficial (Radder et al. 1995). Harvesting runoff water and storage in farm ponds 
could be a distinct possibility in red soils of Karnataka. Nearly 50% of the stored 
water can be used for protective irrigation (Havanagi 1982). The yield increased due 
to protective/supplemental irrigation to dryland crops under severe, and moderate 
drought was up to 25%. Response was mostly noted in crops to supplemental 
irrigation after withdrawal of monsoon (Vittal et al. 2005). The benefits of proven 
intercropping/double cropping systems provided ample scope for crop diversifica-
tion tagging with rainwater management practices, particularly in dryland rice 
production system areas. On-farm demonstration of in situ moisture conservation 
practices on more than 2000 farmer’s fields on cotton, oilseeds, rabi sorghum, and 
pearl millet gave additional returns of 20–25% over farmers’ practice depending on 
the crop/cropping system. Chhattisgarh and Jharkhand demonstrated opportunities 
for additional income through introduction of pulse- and oilseed-based intercropping 
systems in place of dryland rice on uplands and to increase cropping intensity during 
rabi on medium lands through a second crop of gram or vegetables by adoption of 
moisture conservation practices. This technology, if adopted on community basis, 
can bring large areas of rabi fallows in eastern India under productive use. During 
2001–2005, an entirely new approach of crop planning as per soil-site suitability 
was conceptualized under NATP-Mission Mode Project on Land Use Planning for 
Management of Agricultural Resources in Dryland Agroecosystem wherein 
400 interventions were demonstrated on 132 soil subgroups on varying topo-
sequences in 16 micro-watersheds by 13 AICRPDA centers. This provided much 
needed land use diversification from the traditional dryland utilization and indicated 
microlevel variations of soils and management practices on a topo-sequence 
(Ravindra Chary et al. 2008) are the prime factors influencing land productivity



which increased from 30% to 50% and in few cases more than double. The soil-site 
suitability criteria were developed for 41 field, horticulture, and high-value crops. 
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22.5 Land and Water Management and Their Productivity 

Earlier in dryland areas, most of the land and water management have been at the 
community level, relying upon harvesting rainwater in tanks and small underground 
storage structures. The major landmark in the evolution of the watershed approach in 
India includes the launching of a centrally sponsored scheme of soil conservation in 
the catchments of river valley projects in 1974. The watershed development 
programs that were initiated by the Government of India in Seventh Five-Year 
Plan (1985–1990) and subsequent watershed development programs, about 20,000 
micro-watershed projects, aimed at resource conservation, productivity, stability, 
and livelihood improvement of rural poor and environmental protection in fragile 
dryland areas. An amount of Rs. 286 billion was invested on various watershed 
development projects since inception. The Indian Council of Agricultural Research 
(ICAR) developed 47 model watershed projects in the dryland area of the country in 
the year 1982. Of these, 30 model watersheds were monitored by AICRPDA centers 
and CRIDA. During the Seventh Five-Year Plan of India, high priority was given to 
watershed approach to develop dryland agriculture. The first to adopt a “watershed 
approach” for dryland development were the drought-prone area program (DPAP) 
and the desert development program (DDP) in 1987. In 1989, the Integrated 
Wasteland Development Project (IWDP) scheme followed suit. Subsequently, a 
fourth major program based on the watershed concept was initiated through the 
Ministry of Agriculture’s National Watershed Development Project for Rainfed 
Areas (NWDPRA). The National Watershed Development Project (rainfed areas) 
was launched in 1991 in 25 states and 2 union territories for restoration of ecological 
balance and to sustain biomass production. All of these programs shared a common 
objective of land and water resource management for sustainable production. In 
recognition of their shared objectives but disparate approaches, in 1994, the GOI 
established a common set of operational guidelines, objectives, strategies, and 
expenditure norms for these “watershed development” projects. The Guidelines for 
Watershed Development Projects became operational in 1995, and there has been a 
massive countrywide increase in the number and financing for community-based 
projects for micro-watershed development since then. During the year 1998–1999, 
the food grain of the country crossed 200 million tons. The 63% of the rainfed area of 
the country contributed to 45% of the output. For the 11th Five-Year Plan 
(2007–2012), a total of some USD 2.4 billion of financing was provided to the 
Ministries of Agriculture’s and Rural Development’s programs in support of water-
shed development. In 2010, the Ministry of Rural Development (MoRD) 
consolidated its various watershed development programs into one comprehensive 
Integrated Watershed Management Program (IWMP). Since then, the average 
annual financing for the IWDP’s watershed development projects has increased by 
almost 43%. 

A meta- analysis of 636 micro-watersheds in the country revealed that watershed 
programmes provided multiple benefits of augmenting income, employment,



productivity, cropping intensity, soil conservation, building social capital, reducing 
poverty. The analysis also reported a mean internal rate of returns (IRR) was 27.4 % 
indicating a vast potential to upgrade watershed programme in the country. The 
study also indicated that the benefits were more in the poor income regions and in 
high rainfall zones (700–1000 mm) with available technologies and with more 
people participation. The study also suggested that the watershed program is the 
most important strategies to bring socioeconomic change in the rainfed areas with 
proper institutional arrangement and with a holistic, participatory, and business 
model approach and, further, to develop and identify suitable technologies for low 
(<700 mm) and high (>1000 mm) rainfall regions (Joshi et al. 2008). 
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Ex situ rainwater management Ex situ rainwater management involves collection 
of runoff water from treated or untreated land surface/catchments and stored in farm 
pond, percolation tanks, or closed water tanks/reservoirs and other water harvesting 
structures and recycled using energy-efficient lifting pumps and micro-irrigation 
systems for protective/lifesaving/supplemental/presowing irrigation to crops. The 
traditional rainwater harvesting structures commonly found in different regions of 
India are tank, Talab, Tanka, Ahar, Zabo, Khadin, Nadi, Ad-bandh, etc. The ponds 
and tanks prevailing in southern India give ample evidence about the knowledge of 
man regarding harvesting and utilization of runoff in low rainfall regions. Hydrolog-
ical studies conducted at some of the AICRPDA centers suggest that even in arid and 
semiarid environments, rains are sometimes received as heavy downpours resulting 
in runoff. This runoff of about 10–30% could be capitalized for water harvesting and 
runoff recycling. For selecting an ideal site of a farm pond, selection of a catchment 
which can yield fairly good amount of runoff during the rainy season becomes 
imperative. The amount of runoff is governed by factors such as rainfall amount and 
intensity, land topography mainly land slope and length of slope, soil type, and land 
use pattern. Location of farm pond in the middle of the cultivated field will be ideal 
so that a sizable amount of runoff could be collected and irrigation given through 
gravity flow. Soils with low permeability minimize seepage losses and are, therefore, 
preferred for having farm pond. 

Nala bunds and percolation tanks Nala (a natural water course) bunds and perco-
lation tanks are structures constructed across nalas. In fact, both terms are synony-
mous although used alternately at different places. The advantages of nala bunding 
are the following: 

1. Checks erosion. 
2. Silted up nala bed can be brought under cultivation. 
3. Acts as a percolation tank increasing the water supply of wells on downstream 

side, even in years of inadequate rainfall when the minor irrigation works 
may fail. 

4. Part of the nala basin gets flooded and soaked, ensuring success of a crop or two. 
5. Since no water distribution system is involved, the cost is low, and land acquisi-

tion is minimum.
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Efficient use of harvested rainwater Strict water budgeting for sustainable use of 
the harvested rainwater needs to be followed allowing only low duty crops. Sugar-
cane, rice, and wheat should be avoided at the same time encouraging pulses and 
oilseeds. Water can be harvested or transported into them in the arid ecosystem. Such 
water should be treated as of immense value for sustaining tree vegetation during the 
post-rainy periods. Irrigation cover for the first 2 years is essential for trees and fruit 
trees providing proper basins. 

Artificial recharge of groundwater The surface of artificially increasing the rate 
and amount of water entry into the groundwater reserves is known as artificial 
recharge. The increasing demand for groundwater as a source of fresh water has 
brought into focus the need for artificial recharge. Different surface methods used for 
artificial recharge are flooding method, basin method, ditch and furrow method, 
natural channel method, irrigation method, percolation tanks, and channel binding 
methods. The groundwater recharging technology developed by AICRPDA Center 
Parbhani comprises of a model filtration unit for artificial recharging of open wells. 
This model unit mainly consists of an efficient filtration unit constructed near the 
open well. Filtration needs construction of three blocks, viz., primary filter with 
dimension of 0.6 × 0.6 m which is combined with layer of stones, sand, and metals. 
The filter collects major sediments from runoff water. Primary filter is joined by 4″ 
diameter pipe to silt trapping unit I energy dissipation unit (1.1 m × 1.5 m) having a 
rectangular notch opening in the main filter unit. The third block acts as a main 
filtration tank with dimensions as 2 m × 2 m  × 2 m having three layers of different 
filter material such as 30-cm sand, 30-cm metal, and 30-cm stones which act as filter 
material. The main filter unit is joined to open well by the 4″ diameter. PVC pipe. 
The filter unit is constructed with walls and cement concrete. The filtration efficiency 
of the main filter is 92–95%. The availability of 25–35% surface runoff for well 
recharging is useful to enhance groundwater level to the tune of 0.3–3.4 m. 

Schematic diagram of model infiltration unit for artificial recharging of open wells
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22.6 Crop Production Strategies: Climate-Resilient Variety 
Cropping Systems 

Under changing climate conditions, introduction of high-yielding, drought-resistant/ 
drought-tolerant varieties holds the promise for getting higher yields. As a general 
rule, dryland crops are sown early with the onset of monsoon to realize higher yields. 
And any delay in monsoon beyond normal period affects sowing of many crops of 
longer duration or narrow sowing window. The crops with wider sowing windows 
can still be taken up till the cutoff date without major yield loss, and only the change 
warranted could be the choice of short-duration cultivars. Beyond the sowing 
window, the choice of alternate crops or cultivars depends on the farming situation, 
soil, rainfall, and cropping pattern in the location and extent of delay in the onset of 
monsoon. For example, pulses and oilseeds are preferred over cereals with respect to 
water requirement and for delayed kharif sowing. Cluster bean, moth bean, and 
horse gram are better choice for low rainfall areas as compared to other kharif season 
pulses. For cultivation on conserved soil moisture during rabi season, chickpea and 
lentil are preferred over peas and French bean. Similarly, among oilseeds, ground-
nut, castor, sesame, and niger perform well under dryland conditions during kharif 
season. In the rapeseed-mustard group, taramira is the best choice for light-textured 
soil with low-moisture storage capacity, followed by Indian mustard. Among the 
kharif cereals, coarse cereals (millets, ragi, and sorghum) are better choice over 
maize and rice. Similarly, in rabi season, barley does well under conserved soil 
moisture than wheat. Among the millets, Setaria is the most suited for late-sown 
condition without any serious effect on productivity. 

Since dryland agriculture is risk-prone, adoption of agroecology-specific crop-
ping systems is an essential prerequisite for drought mitigation and enhanced 
productivity of dryland crops. In arid regions where annual/crop seasonal rainfall 
is <500 mm and length of growing period is <90 days, short-duration drought-
tolerant pulses such as moth bean and cereals of 10–12 weeks’ duration such as pearl 
millet and minor millets are suggested. Under changing climate scenario, many 
conventional practices and cropping systems are becoming redundant and ineffec-
tive and thus need revalidation and modification in accordance to changing climate 
and soil-site conditions. This also calls for critical examination of important 
modifiers of cropping systems, viz., soil-type, rainfall pattern, length of growing 
season, temperature regimes, etc. so that available farm resources are effectively 
used. Broad guidelines for potential dryland cropping systems for varying range of 
rainfalls, soils, and agricultural drought situations are suggested in Table 22.5. 

Different intercropping and double systems were demonstrated in AICRPDA-
NICRA villages, and agroecology-specific best performing/risk-resilient cropping 
systems were identified (Table 22.6). 

Traditionally, double cropping including relay cropping is practiced in dryland 
regions with sufficient rains (usually >750 mm) and good soil moisture holding 
capacity (>150 mm). However, some more areas could bring under double cropping 
through the use of available dryland technologies, viz., rainwater management,



Major soil order
Suitable
cropping system

Agricultural drought
(frequency)

choices of crops, short-duration varieties, and agronomic practices. Out of the two 
crops, one could be short durations (usually legumes) and another medium duration 
(usually cereals) for optimum use of available growing season. For example, a 
second crop could be successfully grown in high rainfall regions of Odisha, Eastern 
Uttar Pradesh, and Madhya Pradesh by replacing medium- to long-duration 
(>120 days) rice variety with short-duration (<100 days) rice variety, while another 
crop of chickpea or safflower could be taken in Malwa (MP) and Vidarbha 
(Maharashtra) regions by substituting sorghum variety of 140–150 days with 
90–100-day cultivars (Table 22.7). Similarly, relaying a short-duration and fast-
growing crop in standing principle crop provides good opportunity for the efficient 
use of growing period. 
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Table 22.5 Potential cropping systems and agricultural drought vulnerability based on rainfall and 
soil types 

Mean 
annual 
rainfall 
(mm) 

Growing 
season 
(weeks)

350–650 Alfisols, shallow 
Vertisols, Aridisols, 
and Entisols 

15 Single rainy 
season 

Severe drought (once 
in <5 seasons) 

350–650 Deep Aridisols and 
Inceptisols 

20 Either rainy or 
post-rainy 
season crop 

Moderate drought 
(once in 5–10 
seasons) 

350–650 Deep Vertisols 20 Post-rainy 
season crop 

Moderate drought 
(once in 5–10 
seasons) 

650–800 Alfisols, Vertisols, 
Inceptisols 

20–30 Intercropping Less prone to drought 
(once in 10–20 
seasons) 

800–1100 Deep Vertisols, 
Alfisols, and Entisols 

30 Double 
cropping 

Less prone to drought 
(once in 10–20 
seasons) 

>1100 Deep Alfisols, 
Oxisols 

30+ Double 
cropping 

Nil to less prone to 
drought (once in >20 
seasons) 

Source: Modified from CRIDA (1997) 

Nutrient management Soils in drought-prone regions are universally deficient in 
nitrogen. Contrary to the past belief on excessive risks associated with the use of 
chemical fertilizers, research findings conclusively established that there is vast 
potential for increasing crop yields through fertilization, typically N fertilizers, 
across contrasting dryland environments. The cost-benefit ratio is highly favorable 
when crops are fertilized. A fertilized crop is able to withstand drought better than a 
non-fertilized one. A stressed crop can also recover faster if it is fertilized following 
relief from stress. Pest attack was low. Split application ensures against loss in 
nutrients and deep root system for reaching subsurface stored moisture in the



Intercropping system
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Table 22.6 Best performing cropping systems 

AICRPDA center/climate/soil 
type/state 

Arjia/semiarid (hot dry)/Vertisols/ 
Rajasthan 

Maize + black gram (2:2); groundnut + sesame (6:2); 
sorghum + green gram (2:1) 

Anantapuram/arid (hot)/Alfisols/ 
Andhra Pradesh 

Groundnut + pigeon pea (11:1); pigeon pea + pearl millet 
(1:1) 

Hisar/arid (hyper)/Inceptisols, 
Haryana 

Pearl millet + green gram (6:3); pearl millet + cluster bean 
(4:4) 

Kovilpatti/semiarid (hot dry)/ 
Vertisols, Tamil Nadu 

Cotton + radish/onion (1:2); cotton + sesame (2:2) 

Rajkot/semiarid (hot dry)/ 
Vertisols, Gujarat 

Cotton + sesame (1:1); cotton + fodder maize (1:1); 
cotton + soybean (1:1); groundnut + castor (3:1) 

SK Nagar/semiarid (hot dry)/ 
Entisols, Gujarat 

Castor + green gram (1:1); castor + sesame (1:1) 

Solapur/semiarid (hot dry)/ 
Vertisols, Maharashtra 

Pigeon pea + sunflower (1:2); pigeon pea + soybean (1:3); 
pearl millet + pigeon pea (2:1) 

Vijayapura/semiarid (hot dry)/ 
Vertisols, Karnataka 

Pearl millet + pigeon pea (2:1); pearl millet + castor (2:1); 
pigeon pea + groundnut (4:2) 

Akola/semiarid (hot moist)/ 
Vertisols, Maharashtra 

Cotton + green gram (1:1); soybean + pigeon pea (4:2) 

Cotton + sorghum + pigeon pea + sorghum (3:1:1:1) 

Bengaluru/semiarid (hot moist)/ 
Alfisols, Karnataka 

Pigeon pea + field bean (1:1); finger millet + pigeon pea (8: 
2); castor + finger millet (1:2) 

Indore/semiarid (hot moist)/ 
Vertisols, Madhya Pradesh 

Soybean + pigeon pea (4:2); maize + soybean (2:4) 

Parbhani/semiarid (hot moist)/ 
Vertisols, Maharashtra 

Soybean + pigeon pea (4:2); cotton + green gram (1:1); 
cotton + pigeon pea (6:1) 

Rakh Dhiansar/semiarid (moist 
dry)/Inceptisols, Jammu 

Maize + black gram (2:1) 

Ballowal Saunkhri/subhumid (hot 
dry)/Inceptisols, Punjab 

Maize + green gram (2:1) 

Chianki/subhumid (hot moist)/ 
Inceptisols, Jharkhand 

Pigeon pea + okra/sorghum (1:1); pigeon pea + groundnut 
(1:2) 

Faizabad/subhumid (hot dry)/ 
Inceptisols, Uttar Pradesh 

Pigeon pea + maize/black gram (1:1); black gram + sesame 
(1:1) 

Rewa/subhumid (hot dry)/ 
Vertisols, Madhya Pradesh 

Soybean + pigeon pea (4:2); sesame + pigeon pea (4:2) 

Varanasi/subhumid (hot dry)/ 
Inceptisols, 
Uttar Pradesh 

Pigeon pea + rice/okra (1:1); maize + black gram (1:2) 

Jagdalpur/subhumid (hot moist)/ 
Inceptisols, Chhattisgarh 

Sorghum + okra (1:2); sorghum + sesame (1:1); 
maize + cowpea (1:1); rice + pigeon pea (4:1) 

Phulbani/subhumid (hot moist)/ 
Alfisols, Odisha 

Maize + cowpea/pigeon pea (2:2) 

Biswanath Chariali/per humid 
(hot) Inceptisols, Assam 

Sesame + black gram (2:2)



Double cropping system

aberrant weather more so against loss in nutrients with occurrence of above normal 
rainfall during crop growth period. Studies have established the value of a number of 
naturally occurring nutrients containing (organic manures) and generating 
(biofertilizers) sources to augment overall nutrient turnovers for soil fertility man-
agement. Green manure was found to be a dependable source of several plant 
nutrients. Typically, it could meet half the N requirements of a crop. Inclusion of 
legumes in a rotation benefitted the succeeding crop equivalent to 10–30 kg N ha-1 . 
Integrated nutrient management (INM) in combination with legume crop is 
recommended for higher productivity. INM besides nutrient supplementation, also 
has the ability to hold additional water and result in favourable soil biological 
interactions. Fertilizer cost can be reduced by substitution of fertilizer with organics. 
Application of crop residues in combination with chemical fertilizer resulted in 
higher sustainable yield and maintained higher levels of nitrogen, phosphorus, and 
organic carbon. Green leaf manure proved promising in increasing the sustainability 
in yield and improving the organic carbon, infiltration rate, and hydraulic conduc-
tivity of the soil. The crops should be supplied essential nutrients considering 
fertilizer use efficiency, off-season losses in nutrients, and nutrient requirement. 
Limiting nutrients also need to be supplemented so that crop completes its life 
cycle without serious limitation. This can be done by a balanced mixture of inor-
ganic, organics, neem, etc. as nitrification inhibitors, VAM, biofertilizers, FYM, and 
residues for soil acidity adjustment.
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Table 22.7 Efficient double cropping systems 

Agroclimatic zone/
state

Moisture availability 
period (days) 

Malwa plateau, 
Madhya Pradesh 

210–230 Soybean-wheat/wheat, maize-chickpea/ 
safflower 

190–210 Sorghum-safflower/chickpea, soybean-
safflower 

Baghelkhand, 
Madhya Pradesh 

210–230 Rice-chickpea/lentil 

190–210 Sorghum-chickpea, black gram/green gram-
wheat 

Groundnut-chickpea 

Bundelkhand, Uttar 
Pradesh 

190–220 Sorghum-chickpea, black gram-mustard/ 
safflower, fodder cowpea-mustard 

Vidarbha, 
Maharashtra 

190–210 Groundnut-safflower, sorghum-safflower 

170–190 Green gram-safflower 

Southern 
Maharashtra 

160–180 Green gram-sorghum/safflower 

Southern Rajasthan 160–180 Green gram-safflower 

Central Karnataka 130–150 Cowpea-sorghum, green gram-safflower 

Source: AICRPDA annual reports 

Soil carbon management Carbon sequestration studies in rainfed production sys-
tem and soil types at AICRPDA centers indicated that conjunctive use of chemical



fertilizers and organic manure resulted in higher sustainable yield index (SYI) over 
unfertilized control and sole application of either chemical fertilizers or organic 
manures. The mean annual C input were recorded maximum in soybean system 
followed that in rice and groundnut systems. The carbon footprints (Tg CE/ha/year) 
were higher in cereal cropping systems followed by oilseed and pulse systems. 
Implementation of appropriate land use and management practices which can 
maintain and enhance both carbon storage and other ecosystem services is an 
important strategy for climate moderation and also for enhancing the provisioning 
services from the rainfed systems. 
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Crop residue recycling Crop residues are a principal source of C, which constitutes 
about 40% of the total biomass on dry weight basis. Generally, farmers burn crop 
residues like stalks of pigeon pea and cotton without recycling them. Therefore, 
shredding of crop residues is to be mechanized. This will help in shredding stalks of 
pigeon pea, cotton, and green biomass into small pieces to facilitate easy mixing of 
the residue in the soil or compost/vermicompost pits. Crop residues have several 
positive impacts on physical, chemical, and biological properties of soil through 
either incorporation or retention on the surface. There are various methods of crop 
residue application to soil both in situ and ex situ. The in situ system is an efficient 
method of recycling organic residues, since crop residues and animal waste are 
properly utilized directly into the soils with no nutrient loss. Permanent crop cover 
with recycling of crop residues is a prerequisite and integral part of conservation 
agriculture. However, sowing of a crop in the presence of residues of preceding crop 
is a problem. But new variants of zero-till seed cum fertilizer drill/planters such as 
rotary disc drill have been developed for direct drilling of seeds even in the presence 
of surface residues (loose and anchored up to 10 tons ha-1 ). These machines are very 
useful for managing crop residues for conserving moisture and nutrients as well as 
controlling weeds in addition to moderating soil temperature. 

Foliar nutrition of crops In dryland agriculture, occurrence of frequent dry spells 
leads to low soil moisture; hence, application of fertilizers in right quantity and at the 
right time may not be possible. Under these situations, application of fertilizers 
through foliar spray results in efficient absorption. Foliar nutrition does not address 
any specific nutrient deficiency but supplies a small amount of all nutrients to keep 
leaf growth lush. Though foliar spray is not a substitute to soil application, it 
certainly is considered as a supplement to soil application. The plant nutrients are 
not only required for better plant growth and development but also helpful to 
alleviate different kinds of abiotic stresses like drought stress. Foliar nutrition 
enhances overall nutrient level in the plant and increases sugar production during 
stress period. In foliar sprays, products with higher specific analysis is designed to 
address specific  deficiencies that have been identified. It is not practical to attempt to 
supply nutrients that plants require in large amounts like nitrogen, phosphorus, and 
potassium or those that are relatively immobile such as calcium or boron, solely by 
foliar nutrition. Foliar applications can supplement soil nutrients and provide a small



boost in growth and yield particularly under dry conditions. It is advantageous over 
soil application in specific occasions in certain crops. 
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Farm mechanization Farm mechanization in dryland agriculture plays a vital role 
in reducing cost of crop production and drudgery and increasing cropping intensity. 
In the past five decades, CRIDA-AICRPDA mechanization research helped in 
evolving new technologies with location-specific recommendations that increased 
the cropping intensity apart from meeting the timeliness and precision in dryland 
agriculture. Since many years, farm machinery has become one of the important 
inputs that improve the efficiency in field operations at lower cost with high 
precision, ensuring comfort with reduced drudgery. It has been widely proved that 
the mechanization of various field operations increases the overall productivity by 
12–34%, facilitates enhancement of cropping intensity by 5–22%, and increases 
gross income to farmers by 29–40%. The use of improved farm equipment has 
shown yield advantage of 15–20%. Deficit farm power is one of the impediments in 
timely completion of operations in drylands. Diminishing number of draught animal 
and diversion of agricultural labor to nonagricultural activities during peak operation 
season has created a farm power crisis in dryland farming. Hence, meeting farm 
power requirements with mechanical power sources like tractors and power tillers 
has become essential for sustenance of drylands. Although tractors are adapted in 
many dryland regions including Malwa (Madhya Pradesh), parts of Punjab, Uttar 
Pradesh, and Haryana, other dryland regions are still suffering from farm power 
deficit. 

Alternate land use/agroforestry systems Agroforestry is a combination of land use 
management and technologies where woody perennial are combined in some tem-
poral and spatial arrangement. However, with food shortages and increased threats 
of climate change, agroforestry has been identified being having the potential to 
address various on-farm adaptation needs and mitigation pathways. There are many 
success stories where agroforestry has proved its potential in degraded and unuti-
lized wastelands for providing food, fodder, and fuel. The National Forest Policy 
aims to develop new strategy of forest conservation to meet out the huge pressure by 
human beings and livestock. Further policy option should also give more emphasis 
for identifying and adapting underutilized trees species like Prosopis having 
mutlistress-tolerant capability. The role of private sector cannot be excluded and 
hence could be strengthened further to explore more areas including biofuels. 

In agri-silviculture system, nitrogen-fixing tree species offer immense 
possibilities of supplementing the nitrogen requirement of crops grown in associa-
tion, besides providing rich organic matter and atmospheric nitrogen, improving soil 
structure, and preventing land degradation. In agri-horticulture/agri-silvi-horticul-
ture system, short-duration arable crops are raised in the interspace of fruit trees. The 
agricultural crops provide seasonal revenue, while fruit trees are managed for 
30–35 years giving regular returns of fruit and in some cases fuelwood and fodder 
from pruned biomass. The system works best in medium to deep soil with good



water-holding capacity. Individual farm ponds and supplemental watering in the 
off-season will certainly improve the scope of fruit farming in drylands. Silvipastoral 
land use systems are significant where agroforestry crop farming systems are not 
feasible owing to low rainfall and lack of water. In horti-pastoral system, there is an 
integration of fruit trees with pasture/grass. To improve wasteland/degraded land 
through horti-pastoral system, the first step is to protect from biotic interference 
followed by selection of suitable top feed species which have fast growth and good 
coppicing ability and are highly palatable. In addition, the tree species which have 
the ability to withstand browsing, trampling and intensive lopping and are resistant/ 
tolerant to drought and extreme climatic conditions should be selected. Alley 
cropping, also called hedge row intercropping, integrates the benefits of fallow 
period directly into the cropping period. Crops are sown in alleys between rows of 
trees, usually leguminous. The trees are pruned at regular intervals, at about 0.6 m 
above ground level, and the prunings are used for mulch or animal meal. It is a quite 
flexible technology that benefits crop and livestock activities and can, through a 
modification of tree management techniques, provide fuel for the household. Farm 
boundaries, bank, river banks, etc. may also be suitably utilized for lean period 
fodder. Live hedges are lines of trees or shrubs planted on farm boundaries or on 
border of home compounds, pastures, fields, or animal enclosures. The purpose is 
different from other agroforestry technologies based on trees planted in lines such as 
boundary planting, contour strips, or hedge row intercropping. Besides their main 
function to control human and animal movement, they provide fodder, fuelwood, 
and food, act as wind break, and enrich the soil depending on the species used. 
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Land capability-based productive farming systems are identified (Fig. 22.3) for 
drought-prone regions based on land capability, rainfall, and soil orders and the 
outcome of research information generated at AICRPDA centers (Vittal et al. 2003). 
This would help for planning and implementation decisions at regional level on 
agroforestry or land use systems. In these systems, livestock will be an integrated 
component. Microlevel highly diversified farming systems are practicable only in 
drylands due to resilience in adoption of diversification from crop through tree to 
animal. 

22.7 Strategies for Climate-Resilient Farming 

Risk and vulnerability assessment at sub-district level Climate resilience in dry-
land agriculture can be better addressed through risk and vulnerability assessment at 
sub-district level. 

Developing climate-resilient varieties and cropping systems A well-planned com-
plementary cropping systems and intercropping have great potential to reduce the 
risk and uncertainties in production through effectively exploiting differential per-
formance of crops to moisture and temperature stresses and intermittent and terminal



droughts in different agroecological settings. Similarly, double and relay cropping 
systems with suitable component crops/varieties with resource conservation 
technologies have greater scope for climate-resilient agriculture. Further, breeding-
resilient crop varieties that fit in emerging cropping systems are very important for 
enhancing adaptation capabilities. It is essential to characterize agroecology/ 
resource domain (climate and soil) of these varieties for wider adoption. However, 
all these efforts will have little significance if it is not supported with real-time 
strategies to handle farming emergencies emerging due to enhanced weather 
vagaries. The important issues include developing zone-wise climate-resilient 
cropping system packages along with associated management practices, 
agroforestry-based cropping systems, evaluation of crop varieties in cropping system 
mode, evaluating cropping system modules in farming system perspective, and 
demonstration of proven systems in cluster approach for large-scale adoption. 
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Fig. 22.3 Productive farming system matrix in rainfed agriculture (Vittal et al. 2003) 

Real-time contingency planning During 1972–1973, large-scale scarcity of rainfall 
was experienced all over the country, particularly in the scarcity region of 
Maharashtra, Karnataka, and Andhra Pradesh. Roving seminars were organized by 
the ICAR at different locations, at the end of which new phrases were coined, viz., 
contingent crop planning and midseason correction. As a follow-up, the AICRPDA 
(All India Coordinated Research Project for Dryland Agriculture) centers at Solapur 
and Bijapur collected data on these two aspects and after analysis of weather data for 
the past 100 years listed the weather aberrations: (1) delayed onset of monsoon,



(2) early withdrawal of monsoon, (3) intermittent dry spells of various durations, 
(4) prolonged dry spells causing changes in the strategy, and (5) prolonged mon-
soon (AICRPDA 1983). Contingency plans, for each region, was a conceptual 
approach unique from AICRPDA project in developing location-specific contingent 
crop strategies which were first published in 1977 (Ravindra Chary et al. 2012), and 
with further refinements and updating in crops and varieties, the first document was 
brought out by AICRPDA in 1983 on contingent crop production strategy in rainfed 
areas under different weather condition (CRIDA 1983). The AICRPDA network 
centers developed crop contingency plans for each center’s domain (Subba Reddy 
et al. 2008; Ravindra Chary et al. 2012). Further, during 2009–2010, AICRPDA 
centers prepared contingency measures considering weather aberrations, seasons, 
and the predominant kharif and rabi crops with appropriate crop management 
strategies. The Central Research Institute for Dryland Agriculture (CRIDA) with 
information available at AICRPDA centers and SAUs prepared district-level agri-
culture contingency plans for 650 districts in collaboration with the Ministry of 
Agriculture, GoI, ICAR institutes, agricultural universities, Krishi Vigyan Kendras 
(KVKs), and the state line departments. These plans essentially suggest coping 
strategies/measures in agriculture, horticulture, livestock, fisheries, and poultry 
sectors in the event of delayed onset of monsoon, seasonal drought, unseasonal 
rainfall events, floods, cyclones, hailstorm, and heat/cold wave (Venkateswarlu et al. 
2011). 
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The real-time contingency planning (RTCP) is conceptualized in All India Coordi-
nated Research Project for Dryland Agriculture (AICRPDA) as “any contingency 
measure, either technology related (land, soil, water, crop) or institutional and policy 
based, which is implemented based on real time weather pattern (including extreme 
events) in any crop growing season” as two-pronged approach: (1) preparedness and 
(2) implementing contingency measures on real-time basis. The RTCP aims first to 
establish a crop with optimum plant population during the delayed onset of mon-
soon, ensure better performance of crops during seasonal drought and extreme 
events, enhance performance, improve productivity and income, and enhance the 
adaptive capacity of the small and marginal farmers. The preparedness emphasizes 
on a combination of tolerant variety/crop system and rainwater/soil/crop/nutrient 
management practices along with timely availability of inputs, while real-time basis 
implementation focuses on the crop/soil/moisture/nutrient management measures to 
cope with delayed onset of monsoon, seasonal drought, floods, and other extreme 
events (AICRPDA-NICRA Annual Report 2013). The must-to-do practices for 
initial preparedness for RTCP implementation are shown below:
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Must – Do – Practices (MDPs)  : Initial Preparedness 

Land 
Treatment 

Rainwater 
Harves�ng & 
Efficient Use 

Sowing across 
slope 

Ridge and 
furrow 

Compartment 
al bunding 

Broad bed 
furrow 

Raised and 
sunken bed etc 

RWH 
structures 

•Farm 
ponds

•Percola�o 
n tank  

Micro 
irriga�on 
systems etc 

Suitable 
Crops/ 
Vari�es 
Cropping 
systems 

Seed bank 

Seed 
treatment 

Intercropping 
systems etc 

Need based 
Soil and 
Fer�lizer 
Applica�ons 

Rainwater 
availability 

Nutrients for 
foliar spray 

Organic 
recycling 

Tank silt 
applica�on 
etc 

Suitable 
Farm 
Implements 

Suitable 
Implements 

Labour sharing 
mechaniza�on 

Fodder 
Systems 

Silage 

Household/ 
Community 
Fodder 
Systems etc 

In rainfed areas, as a general rule, early sowing of crops with the onset of 
monsoon is the best-bet practice that gives higher realizable yield. Major crops 
affected due to monsoon delays are those crops that have a narrow sowing window 
and therefore cannot be taken up if the delay is beyond this cutoff date. Crops with 
wider sowing windows can still be taken up till the cutoff date without major yield 
loss and only the change warranted could be the choice of short-duration cultivars. 
Beyond the sowing window, the choice of alternate crops or cultivars depends on the 
farming situation, soil, rainfall, and cropping pattern in the location and extent of 
delay in the onset of monsoon. During 2011 to 2021, under delayed onset of 
monsoon conditions, improved varieties of major rainfed crops were evaluated by 
AICRPDA centers (Table 22.8) under NICRA, and best performing varieties were 
identified (Ravindra Chary et al. 2020). Across the rainfed crops, these varieties gave 
about 15–30% higher yields compared to local farmers’ varieties. 

The key real-time interventions that helped to cope with delayed onset of 
monsoon were introduction and identification of most suitable crops and short-
duration drought-tolerant varieties and demonstration of cropping systems (Ravindra 
Chary et al. 2020), resowing within a week to 10 days with subsequent rains when 
germination is less than 30%, thinning, etc.; to cope with early season drought were 
repeated interculture to break soil crust and remove weeds, avoiding top dressing of 
fertilizers till favorable soil moisture, in situ moisture conservation through opening 
conservation furrows; to cope with midseason drought were avoiding top dressing of 
fertilizers till favorable soil moisture, in situ moisture conservation through opening 
conservation furrows, surface mulching with crop residues, foliar spray of 1% KNO3 

or 0.5% water-soluble fertilizers, and providing protective irrigation, if available; 
and to cope with terminal drought were harvesting crop at physiological maturity 
with some realizable yield or harvest for fodder, providing protective irrigation if 
available, or preparing for rabi sowing in double-cropped areas. Introduction of 
drought-tolerant varieties gave about 15–35% higher yields compared to local 
farmers’ varieties. The interventions to mitigate early season drought helped in 
adaptation of crops and realizing improved yields by 16–30% compared to no



Crop/variety/hybrid
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Table 22.8 Improved varieties of major rainfed crops 

AICRPDA center/climate/soil 
type/state 

Arjia/semiarid (hot dry)/Vertisols/ 
Rajasthan 

Maize PM-3; black gram T-9; horse gram AK-41, AK-42; 
groundnut TG 37-A 

Anantapuram/arid (hot)/Alfisols/ 
Andhra Pradesh 

Pigeon pea, LRG-30; pearl millet, ICTP-8203, ICMV-221 

Hisar/arid (hyper)/Inceptisols/ 
Haryana 

Pearl millet HHB-226, HHB-67; cluster bean HG-365, HG 
2-20; green gram, Muskan, Basanti, MH-421 

Kovilpatti/semiarid (hot dry)/ 
Vertisols/Tamil Nadu 

Maize, COH(M)7, NK 30; green gram, VBN-4, CO-6; 
cotton, RCH-530, Tulasi-117 

Rajkot/semiarid (hot dry)/ 
Vertisols/Gujarat 

Groundnut, GG-20, GJG-9; black gram, Urad-1; cotton, 
G. cotton Hy-8, GTHH-49; pigeon pea, BDN-2; castor, 
GCH-7 

SK Nagar/semiarid (hot dry)/ 
Entisols/Gujarat 

Pearl millet, GHB-558; maize, HQPM-1; green gram, 
GM-4; black gram, GU-1; castor, GCH-7 

Solapur/semiarid (hot dry)/ 
Vertisols 

Pigeon pea, Vipula; sunflower, Bhanu, Phule Bhaskar; 
black gram, TPU-1 

Vijayapura/semiarid (hot dry)/ 
Vertisols/Karnataka 

Pearl millet, ICTP-8203; pigeon pea, TS-3R; horse gram, 
GPM-6 

Akola/semiarid (hot moist)/ 
Vertisols/Maharashtra 

Soybean, JS-95-60; cotton, PKV-Rajat; pigeon pea, 
PKV-Tara, Vipula 

Bengaluru/semiarid (hot moist)/ 
Alfisols/Karnataka 

Finger millet, GPU-28; pigeon pea, BRG-2, TTB-7; field 
bean, HA-3, HA-4 

Indore/semiarid (hot moist)/ 
Vertisols/Madhya Pradesh 

Soybean, JS-95-60, JS-93-05, RVS-2001-4; pigeon pea, 
Pusa-992; horse gram, AK-42 

Parbhani/semiarid (hot moist)/ 
Vertisols/Maharashtra 

Soybean, MAUS-81; pigeon pea, BDN-711, BDN-708; 
green gram, BM-4 

Jhansi/semiarid (hot moist)/ 
Inceptisols/Uttar Pradesh 

Sesame, JTS-08; black gram, Azad-2, Sekhar-1 

Rakh Dhiansar/semiarid (moist 
dry)/Inceptisols/Jammu 

Maize, Double Dekalb; black gram, Pany U-19, Uttara 

Ballowal Saunkhri/subhumid (hot 
dry)/Inceptisols/Punjab 

Maize, PMH-1, PMH-2; black gram, Mash-114; sesame, 
RT-346, Pb Til-1 

Faizabad/subhumid (hot dry)/ 
Inceptisols/Uttar Pradesh 

Rice, NDR-97, Baranideep; pigeon pea, NDA-1, NDA-2 

Rewa/subhumid (hot dry)/ 
Vertisols/Madhya Pradesh 

Soybean, JS-95-60, JS-93-05; pigeon pea, Asha 

Varanasi/subhumid (hot dry)/ 
Inceptisols/Uttar Pradesh 

Rice, NDR-97, Vandana; sesame, GT-1; pearl millet, Pusa-
322 

Jagdalpur/subhumid (hot moist)/ 
Inceptisols/Chhattisgarh 

Upland rice, Sahabhagi Dhan; finger millet, GPU-28 

Phulbani/subhumid (hot moist)/ 
Oxisols/Odisha 

Rice, Vandana, Sahabhagi Dhan; maize, Nirmal-51, 
Navjot; black gram, PU-30, Sekhar 

Biswanath Chariali/per humid 
(hot)/Inceptisols/Assam 

Upland rice, Gitesh, Ranjit, TTB-404, Dishang 

Source: Ravindra Chary et al. (2020)



contingency measures. RTCP measures of foliar sprays of water-soluble NPK (19: 
19:19) and KNO3 in mitigating midseason dry spells gave 15–25% higher yield in 
different crops compared to no spray. The effect of midseason and terminal drought 
on different crops was mitigated mostly by providing supplemental irrigation from 
harvested rainwater in farm ponds and foliar sprays. Supplemental irrigation 
improved yields by 20–25% in cotton, 40% in groundnut, and 40–55% in soybean 
at different locations. Similarly, foliar spray of 1% KCl in rice during dry spell at 
flowering-milking stage increased yield by 25% compared to no spray (AICRPDA-
NICRA Annual Reports 2013, 2014, 2015, 2016, 2017, 2018, 2019, 2020). The 
experiences of RTCP measure implementation were included in the policy 
documents such as Revised Manual for Drought Management, Ministry of Agricul-
ture and Farmers’ Welfare, GoI; National Agriculture Disaster Management Plan, 
Ministry of Home Affairs, GoI; and Revised Common Technical Guidelines for 
New Generation Watershed Management developed by the National Rainfed Area 
Authority (NRAA) and Department of Land Resources, Ministry of Rural Develop-
ment and Panchayati Raj, GoI.
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The experiences of RTCP implementation indicated many opportunities for 
developing adaptation strategies both in terms of preparedness and real-time 
response such as production of seed of alternate crops/varieties; seed corporations, 
agricultural universities, KVKs, etc. have greater roles to provide suitable drought-
tolerant and short-duration seed material during the event of delayed onset of 
monsoon; and establishment of community/village seed banks for production and 
distribution of quality seeds, rainwater harvesting, and storage structures are capital 
and labor-intensive, thus can be converged with national/state/district programs, and 
promote farm mechanization through custom hiring of implements. 

Building resilience at agriculture landscape level On-farm participatory action 
research was undertaken to build resilience at landscape level in Kavalagi micro-
watershed, Karnataka, in Southern India by the AICPDA center, Vijayapura. The 
watershed area is predominantly rainfed and cultivated with post-monsoon rabi 
crops, viz., chickpea and sorghum. The watershed was characterized for land and 
soil resources and was mapped at 1:4000 scale. The soil units were delineated into 
soil conservation units (SCUs) considering soil physical parameters such as slope, 
depth, texture, and erosion, and soil quality units (SQUs) were delineated consider-
ing parameters such as EC, OC, pH, and calcareousness. These two layers of SCUs 
and SQUs together were further delineated into homogeneous land management 
units (LMUs). The on-farm trials on chickpea (cv. JG-11) and sorghum (cv.BJV-44 
and cv.M-35-1) were conducted on LMUs I, III, V, and VII for 3 years wherein the 
seasonal rainfall varied and was deficit up to 30% compared to normal seasonal 
rainfall. Though the rainfall was the same for the entire watershed in three seasons, 
the yield of crops varied due to spatial variability in characteristics of LMUs. The 
yield of both chickpea and sorghum was higher on LMU I > LMU III > LMU 
V > LMU VII due to limitations in soil physical and chemical characteristics with 
LMU I having more favorable land characteristics for crop growth (AICRPDA-
NICRA Annual Reports 2018, 2019, 2020). The results revealed that the



performance of crops varies due to spatial variability in land and soil characteristics 
in a landscape though the rainfall is uniform. Therefore, it is emphasized that 
building resilience of agriculture is to be achieved at landscape level with suitable 
cropping in a favorable land and soil environment. 
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22.8 Participatory and Community Approaches 

Participation of communities is the prerequisite for attaining inclusive development 
of dryland agriculture at watershed or village level. Establishing village-level 
institutions (VLIs) is an integral part of any participatory approach. A village-level 
institution (VLI) is a formal body intended to ensure sustainable agriculture and rural 
development in India. The very purpose of forming VLI is to provide people 
ownership of any development project by making them an integral part of 
decision-making, giving them control over their resources, autonomy to implement 
the project, and carry on the process even after the completion of such projects. 

The real-time contingency measures have been implemented in the adopted 
villages by AICRPDA centers by establishing the VLIs like Village Climate Risk 
Management Committee (VCRMC), custom hiring center (CHC), seed bank, fodder 
bank, etc. which have a greater role to play in the initial preparedness for the 
implementation of real-time contingency planning. A VCRMC, a unique institution 
at the village representing all categories of farmers, is formed with the approval of 
the gram sabha (village-level decision-making body). The VCRMCs have a greater 
role in identifying and implementing need based climate risk-resilient interventions 
such as renovation and/or establishing new farm ponds/percolation tanks/other water 
harvesting structures for the creation of water assets for drought proofing, crop-based 
interventions, establishing and efficient functioning of custom hiring centers, etc. 
Timeliness of agricultural operations is crucial to cope with climatic variability, 
especially for sowing and intercultural operations as soil moisture status provides a 
limited sowing window, particularly in rainfed agroecosystems. With increasing 
climatic variability, timely sowing or resowing is important, which is required for 
ensuring optimum plant population and better crop growth. However, small holding 
farmers often are not able to take up sowing in time for want of labor and 
implements. Though farm machines are used for completing farm operations, their 
access is limited. A Custom Hiring Management Committee (CHMC) needs to be 
constituted in villages for timely decisions on hiring and maintenance of 
implements. Village seed bank has the role to provide seeds of improved and stress 
tolerant varieties to farmers on time. This is one of the important interventions for 
imparting resilience against climate variability. The purpose of a village seed bank is 
to serve as an emergency seed supply when farmers experience shortage of seeds, 
where there is a need for resowing of crop. The farmer groups need to be trained and 
given seed and guidance to multiply the seed. Fodder bank consists of planting high-
quality fodder species which can provide high biomass in a short time and bridge the 
forage scarcity during the annual dry seasons and also during the long dry spells 
within the growing season. Planting of high biomass yielding and fast-growing



grasses and shrubs suitable for fodder not only increases fodder availability but also 
reduces erosion and landslides that originate in these areas. These fodder banks also 
help in the preservation and storage of surplus fodder and availability of nutritious 
fodder during the period of fodder scarcity and enhance nutritive value of crop 
residue and other cellulosic wastes for animal feeding. The concept of “nutrient 
bank” evolved wherein the essential manures and fertilizers, soil amendments, foliar 
spray chemicals, biofertilizers, etc. are maintained locally and made available in time 
by the local community. The nutrient banks help farmers in restoring the productive 
capacity of soils and local environments. These nutrient banks are run by SHGs in 
conjunction with gram panchayats. During intermittent droughts, farmers can 
approach nutrient bank to avail foliar sprays like KNO3 spray, which enhances 
drought tolerance. Similarly, when there is a shortage of fertilizers, nutrient bank 
plays a vital role in providing the farmers with the required amount of fertilizers. 

606 G. R. Chary et al.

22.9 Solar Farming: Green Energy Use in Dryland Agriculture 

Agriculture is one industry that accounts for roughly 7–8% of India’s total energy 
use. Pumping irrigation water, using heavy machinery for various farm tasks, 
processing and value addition of farm produce, and so on are all key energy-
consuming activities in the agriculture industry. There has been a tremendous 
increase in energy use in agriculture as the food production system has progressed 
from rural to a future technology-driven system. India has an estimated renewable 
energy potential of about 900 GW from commercially exploitable sources. Among 
the total renewable potential, wind power potential is about 102 GW at 80-m mast 
height, solar power potential of about 750 MW assuming 3% wasteland is made 
available, and bioenergy potential of 25 GW, and the rest is by other renewables. 
Some of the technologies that can be helpful in rainfed areas (NAAS 2018) of the 
country are given below. 

Agrivoltaic system From a single land unit, an agrivoltaic system produces food and 
generates sustainable electricity. Due to ever-increasing demands for land resources, 
the concept of integrating both food production and energy generation on a single 
land unit has grown in recent years. Energy from the sun is required for both food 
production and photovoltaic-based renewable energy generation. Food is produced 
by converting solar energy to food through the photosynthetic process, which has a 
conversion efficiency of 3%, whereas PV-based energy is produced by converting 
solar energy to electric energy through the photovoltaic process, which has a 
conversion efficiency of 15%. Both of these processes necessitate the use of land 
as a primary natural resource. The interspaces of an agrivoltaic system are used to 
grow suitable crops that are preferably short in height, low in water demand, and 
shade-tolerant. Mung bean (Vigna radiata), moth bean (Vigna aconitifolia), and 
cluster bean (Cyamopsis tetragonoloba) are suitable crops for interspace area in arid 
western Rajasthan and Gujarat during kharif season and cumin (Cuminum 
cyminum), isabgol (Plantago ovata), and chick pea (Cicer arietinum) during rabi



season. In addition to these arable crops, medicinal plants such as gwarpatha (Aloe 
vera), sonamukhi (Cassia angustifolia), and shankhpushpi (Convolvulus 
pluricaulis) can be planted in the interspace. 
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Fig. 22.4 Design of agrivoltaic system. (Source: ICAR-CAZRI) 

AVS integrating both food production and PV generation from a single land use 
system was designed and developed at ICAR-Central Arid Zone Research Institute, 
Jodhpur, with a system capacity of 105 kWp and installed in about 1 acre land (26° 
15′27.82″ N and 72°59′34.57″ E). In the AVS, crops are cultivated at interspace 
areas between PV arrays as well as at below PV areas. Another important feature of 
the AVS is the rainwater harvesting from top of PV module to a water storage tank, 
which is recycled for cleaning of PV module and for providing supplemental 
irrigation to crops. 

The agrivoltaic system was installed with three designs each at a separate block of 
35 kWp in an area of 32 × 32 m. PV array designs in three blocks of the AVS was 
different, and these are (1) single-row PV array, (2) double-row PV array, and 
(3) triple-row PV array. The single-row model consisted of one row of PV module 
in the array, whereas double- and triple-row model consisted of two rows and three 
rows of PV module in the array, respectively. Performance evaluation of the systems 
showed that double-row AVS is the most feasible system. Design parameter of the 
double-row PV module installations is shown in Fig. 22.4. Inclination of PV module 
was kept as 26°, which is almost equal to the latitude of the experimental site. 

The double-row model has the bottom row with full density, whereas top row has 
a PV density of 60%, and following this design 400 kWp AVS can be installed in 
1 ha area. A field view of the established AVS at ICAR-CAZRI, Jodhpur, is given in 
Fig. 22.5 

The interspace area and the below PV area are used for cultivation of suitable 
crops. Height of crops is a key parameter for selection of crops for agrivoltaic system 
because tall-growing crops may create shade on PV modules and thus reduce the 
PV-based electricity generation. Therefore, crops with low height (preferably shorter 
than 50 cm) and which tolerates certain degree of shade and require less amount of 
water are most suitable for solar farming system. Electricity generated by the PV 
modules of the system is sold to local grid through net metering system. Electricity



generation capacity of the system at Jodhpur is 4-5 kWh per day. Top surface of PV 
modules of the system is utilized for harvesting rainwater to a water reservoir, which 
is recycled for cleaning PV module and providing supplemental irrigation to crops. 
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Fig. 22.5 Agrivoltaic system 
installed at ICAR-Central 
Arid Zone Research Institute, 
Jodhpur 

The AVS may bring huge opportunity to dryland farmers since rainfed-based 
crop production is risky because of uncertainty and scarcity of rainfall. Ecological 
and social benefits of agrivoltaic system are increased income from farmland and 
land productivity (land equivalent ratio may be increased up to 1.41, reduction in soil 
erosion by wind and decreases dust load on PV module, improvement in microcli-
mate for crop cultivation and optimum PV generation, recycling of harvested 
rainwater for cleaning PV modules and irrigating crops (1.5 lakh L/acre and can 
provide 40 mm irrigation in 1 acre land), soil moisture conservation by reducing the 
wind speed on ground surface, reduction in GHG emission (598.6 tons of CO2 

savings/year/ha). Few perceived challenges of agrivoltaic system are: high aeolian 
activity in arid zone during hot summer months posesing challenges in PV genera-
tion, power grid network at farmer’s field is limited for evacuation of PV generated 
electricity, fesability of large capacity off-grid agrivoltaic system, safety of field 
workers engaged in agricultural activity, ownership issue: Farmer and solar power 
plant functionary and high capital investment during initial establishment. 

The concept of AVS system may be implemented in farmers’ field in arid and 
semiarid region of the country where land productivity is inherently low and solar 
energy is available in plenty. To make the AVS as a potential option to increase 
farmers’ income in fragile arid and semiarid ecosystem, it is necessary to provide 
grid network nearby farmers’ field to create selling opportunity of PV-generated 
electricity from the system.



Table 22.9 Projected
area, yield, and production
of cereals under different
production systems of India

22 Dryland Agriculture 609

22.10 Future Projection 

Climate change and climate variability impact Indian agriculture in general and more 
pronounced on rainfed agriculture. Climatic risks like droughts and floods, poor 
water and nutrient retention capacity of soil, and low soil organic matter (SOM) 
impact rainfed agriculture highly vulnerable, requiring a different outlook and 
strategy. Risk is also to be addressed in terms of building resilience of crops, soils, 
and farmers. Resilience to climate change will depend on increasing agricultural 
productivity with available water resources, refining technologies, and timely 
deployment of affordable strategies to accomplish potential levels of arable land 
and water productivity. The projected area, production, and yield of cereals under 
various production systems in India for 2030 and 2050 indicated that while irrigated 
production systems can contribute an additional yield of 15%, the rainfed production 
systems could remain the same. Thus, there would be a need for a strategic mix of 
better technology adoption, institutional innovations, and incentive system to 
enhance productivity of rainfed cereals (Table 22.9). 

The large yield gaps remain in several rained crops and regions between yields 
obtained at research stations and on farmers’ fields (Ravindra Chary et al. 2012). 
Although the average per hectare productivity levels have increased from 0.6 tons in 
the 1980s to 1.2 tons at present in rainfed areas, large gaps still remain in several 
rained crops and regions between yields obtained at research stations and on farmers’ 
fields. The nation’s demand is average productivity of 2 tons/ha from rained 
agriculture. With current gains in the existing rainfed production systems, there is 
a need for more profitable land use systems. In several disadvantaged areas, the yield 
gaps will continue to remain large even in 2050, both due to non-adoption of 
technologies and nonavailability of tailor-made agroecology-specific package of

Cereals 2030 2050 

Rainfed area (million ha) 40 36 

Rainfed yield (tons/ha) 1.8 2.0 

Rainfed production (million tons) 73 72 

Irrigated area (million ha) 57 62 

Irrigated yield (tons/ha) 4.3 4.6 

Irrigated production (million tons) 248 285 

Total area (million ha) 97 98 

Total yield (tons/ha) 3.3 3.7 

Total production (million tons) 321 357 

Source: Observations, projections, and impacts—India 2011 UK 
Met office report. Eroding demand for some of the rainfed 
commodities is another challenge while other crops are enjoying 
favorable market demand. Therefore, technologies are to be devel-
oped for those crops which have expanding markets but are difficult 
to be grown in rainfed conditions. Wherever appropriate, steps must 
be taken to contribute to the formulation of policies for promoting 
crops that are not so resource-demanding but at the same juncture 
have better food, nutrition, and fodder value



practices. While evolving strategies for bridging yield gaps, due attention must be 
given to regional imbalances in terms of natural resources and technology intake 
capacity of farmers. For yield maximization, selecting genotypes with wide adapt-
ability and resilience to climate variability remains a challenge.
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As the demand for water from non-farm sectors increases and availability to 
agriculture declines, the conflicts between upstream and downstream users may 
increase over time. A fallout of such process is the possible conversion of existing 
productive irrigated lands to rainfed lands (Sikka et al. 2016). A 4 °C rise in 
temperature and a 10% decrease in rainfall are expected to reduce the streamflow 
by 33% in mean annual, 15% in pre-monsoon, 35% in monsoon, 32% in post-
monsoon, and 21% in winter seasons. The National Water Mission, institutionalized 
under the National Action Plan for Climate Change, has set the target to improve the 
efficiency of water use by at least 20%. In a given land use setting, climatic variables 
especially temperature and rainfall regulate the irrigation water demand. At present, 
in India, blue and green water availability is above the 1300 m3 /capita/year thresh-
old. However, with climate change, blue-green water availability is estimated to 
decrease to less than 1300 m3 /capita/year, implying that by 2050, all of India could 
be exposed to water stress. 

22.11 Future Strategies 

1. Rainfed agroecosystem zoning considering the natural resources and socioeco-
nomic parameters for identifying the domain areas for developed rainfed 
agroecology-specific technologies. 

2. Climate risk assessment at sub-district level for risk prioritization, developing, 
and implementation of adaptation plans for drought proofing 

3. Enhancing soil quality and productivity: Availability of high-resolution maps 
will help to develop suitable land use planning strategies for sustainable use of 
natural resources. Soil carbon management through enhancing carbon sequestra-
tion in rainfed soils is very essential. 

4. Enhancing water productivity: Refining in situ conservation and rainwater 
harvesting technologies to suit different environments/situations. Watersheds 
would be units for the study. Based on the experiences of AICRPDA and 
NICRA, adaptation plans for climate variability based on water resource avail-
ability would be developed in a holistic manner for implementation of district 
authorities for rainfed regions. 

5. Agroecology-specific potential crop zoning for crop alignment as per agroecology 
specificity, commodity crop-specific strategies, and crop diversification. 

6. Diversifying within farm for sustainable intensification: The crop-tree-animal-
based systems to be evolved by strengthening predominant traditional rainfed 
farming systems in prioritized rainfed districts that enhance resource use effi-
ciency and livelihoods by providing risk resilience, food and nutritional security, 
staggered employment, and income.
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Rainfall zone 
(mean annual 
rainfall) 

Traditional rainfed 
farming systems

Agroecology-specific components along with 
efficient in situ and ex situ rainwater 
management practices 

<500 mm Livestock-crop-based Small ruminants, nutritious cereals/millets 

500–750 mm Crop-horticulture-
livestock-based 

Small/large ruminants, predominant rained 
crops, and dryland horticulture 

750–1000 mm Crop-horticulture-
livestock-poultry-based 

Predominant rained crops, dryland horticulture, 
agri-hortisystems, rainfed vegetable crops, 
small/large ruminants, improved breeds of 
poultry 

>1000 mm Multiple enterprise 
based on multiple water 
use 

Predominant rained crops, lowland rice with 
water-saving technologies, dryland horticulture, 
vegetable crops, other high-value crops, agri-
hortisystems, small/large ruminants, improved 
breeds of poultry, fish and other income-
generating enterprises like seed production, 
apiary, mushroom cultivation, etc. 

Diversifying to non-farm linked to agriculture The non-farm income can be 
generated through seed production and processing units, agriclinics and custom 
hiring services, seedling nursery supply units, vermicomposting, bee keeping, 
mushroom production, artisans, farm equipment repair and maintenance, food 
processing, etc. 

Sustainable fodder production Each farmer should at least allocate 10% of their 
land for fodder production, integrating ruminants with trees in the form of 
silvipastoral, agri-silvipastoral, and horti-pastoral systems. Fodder production 
strategies include: 

1. Tank beds—common pool resources for fodder production: growing of two or 
more annual fodder crops as sole crops in mixed stands of legume (Stylo or cow 
pea or hedge lucerne, etc.) and cereal fodder crops like sorghum and ragi in rainy 
season followed by berseem or lucerne, etc. in rabi season in order to increase 
nutritious forage production round the year; perennial deep-rooted top feed 
fodder trees and bushes such as Prosopis cineraria, Hardwickia binata, 
Leucaena leucocephala, and Acacia nilotica trees; and modified plants of cactus 
which are highly drought-tolerant and produce top fodder 

2. Fodder production systems in homesteads: Azolla, fodder production as contin-
gency plan—days and can be sown immediately after rains under rainfed 
conditions in arable lands during kharif season 

Smart farm mechanization Development of farm implements/machinery equip-
ment for small farm holdings for land management practices, resource conservation 
systems, various intercropping systems, etc.
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Drought early warning systems, monitoring, and development of real-time advi-
sory mechanisms for rainfed regions Combining real-time data and forecast of 
weather information, advisory to be developed at sub-district level by utilizing the 
dynamic crop weather calendar information. This would lead to the development of 
district adaptation plans. The experiences of real-time contingency plans of 
AICRPDA are also to be considered. The district adaptation plans are to be linked 
with drought monitoring systems for autogeneration of agroadvisories and dissemi-
nation through ICT tools. State-of-the-art tools such as machine learning, AI, and 
public domain datasets would be used to map the vulnerable areas of drought. There 
is a need for value-added weather management services which include delineation of 
climate vulnerable zones at microlevel, real-time agromet-advisories, 
operationalization of contingency plans at microlevel, climate predictions, and pest 
and disease forewarning systems. 

Capacity building By involving communities in disaster management planning at 
the local-level preparedness planning, vulnerability mapping while preparing the 
community-level drought management plans, local governments, and disaster man-
agement can be enabled to gain better understanding about the vulnerability of the 
communities. 

Policy and institutional support Support for promotion of community/village seed 
banks, fodder banks, and nutrient banks, custom hiring centers for farm implements, 
creation of water assets and safety nets for risk cover, for mainstreaming/conver-
gence of the government programs and for scaling out climate-resilient dryland 
technologies such as PMKSY, IWMP, MGNREGA, RKVY, NFSM, etc. 

22.12 Way Forward 

Dryland agriculture extends in a wide array of agroecologies and socioeconomic 
settings; thus, concerted efforts are needed (1) to place rained agriculture research 
and development in the agroecological context and (2) to set priorities on the basis of 
carrying capacity of natural resources through participatory methods. The 
sustainability of dryland agriculture would be the hallmark of future research and 
development. A system approach in program mode is necessary to ensure 
sustainability of agriculture and replicability of site-specific technologies to other 
locations as area action plans. Therefore, a paradigm shift is needed in research from 
commodity-centric to rained agroecosystem-centric. The research agenda of rainfed 
agriculture also needs to address the national priorities and international 
commitments such as (1) enhanced production and profitability to meet the growing 
needs of the population and diversified requirements of the country by leveraging 
science and by sustainable utilization of natural resources by minimizing the impact 
of climate and other related constraints/risks; (2) neutralizing the land degradation 
through suitable interventions and quantification of accrued benefits of land and 
water conservation programs; (3) promotion of rainfed agroecosystems for



generation of environmental benefits to honor national commitments; (4) reducing 
the water and energy footprints of rainfed systems through improving productivity 
enhancement; (5) meeting the envisaged goals of the government such as doubling 
farm incomes, promoting organic farming, and guiding investments in natural 
resources in such a way to realize maximum/optimal benefit from the investments; 
and (6) focusing on the commitments made by India as part of international 
agreements such as the Paris Agreement, UNCCD, SDGs, etc. In view of the 
pervasive influence of the climate change, there is a need to move from individual 
farmer to landscape perspective, with either village or watershed as a unit. Strategies 
that enhance climate-resilient agriculture are the most appropriate starting point for 
sustainable agriculture and sustainable intensification. A broad, inter-institutional, 
and multidisciplinary approach is needed to address the challenges of enhanced food 
security, improved natural resource management, biodiversity protection, climate 
change mitigation, and energy security and meets the demand for environmental 
goods and services. A number of ongoing national/state development programs have 
provisions that can facilitate the adoption of labor-intensive technologies within 
rainfed agroecosystem. However, it has to be ensured that adequate technological 
backstopping flows to design and implementation of such interventions. 
Mainstreaming resilient technologies through strong convergence with government 
schemes and appropriate policy interventions; strong preparedness for weather 
aberration (based on long term experiences or trends) along with actually responding 
to the situation and capacity building of primary and secondary stakeholders are very 
important. 
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Abstract 

In India yield loss to crops due to various biotic stresses is estimated to be 
Rs. 225,000 crores/year. Globally, it is estimated that plant diseases and invasive 
insect pests cost around $290 billion. During the pre-independence era, several 
crop pests and diseases and their causal agents were recorded. Some of the 
diseases also reached to the level of causing severe yield loss in an epidemic 
proportion. During independence and the green revolution era, introduction of 
high-yielding varieties led to the emergence of various new pests and diseases, 
and they were mostly managed through pesticide spray. During this period, 
establishment of institutional setup, identification of many viral and virus-like 
diseases, identified unknown aetiologies, etc happened. Later use of 
biopesticides, eco-friendly management of pests, Integrated Pest Management
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(IPM)/Integrated Weed Management (IWM) and biological control of pests, 
developing resistant varieties, usage of nanotechnology, identifying molecular 
mechanism of host-pathogen interaction, etc. gained focus. Progress has been 
made in weed management from hand weeding to herbicide usage. After the 
green revolution, the usage of newer pesticides for the management of pests and 
diseases has increased tremendously along with institutional setup for research 
and development including education. The main challenges for the future are 
emerging pest resistance to pesticide, molecular understanding of host-pest reac-
tion, biosecurity for transboundary pests, usage of biopesticides and biocontrol 
agents, etc. The achievements and development in the field of plant protection in 
India, future challenges, and issues to be addressed have been compiled and 
presented.
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23.1 Introduction 

Insects, pathogens, nematodes, weeds, and others are the pests of agriculture crops. 
These pests cause serious threat to crop production and the loss is estimated to be 
20–40% of crop production. The Food and Agriculture Organization (FAO) 
estimates that a total annual loss of 20–40% of global crop production is due to 
pests. Each year, plant diseases cost the global economy around $220 billion, and 
invasive insects around US$70 billion. In India yield loss to crops is estimated at 
26, 20, 6, and 8% by insects, plant pathogens, rodents, and others, respectively, with 
an annual loss of Rs. 225,000 crores annually (Kumar et al. 2021). Weeds usually 
require external efforts to be excluded from the cropping system and eventually 
reduce the economy, deteriorate the environment, human health, and amenity. 
Weeds alone account for 37% of total annual crop yield loss in India. During pre-
and post-independence and before the green revolution period, establishment of 
scientific institution, studying the life cycle of the pests and their perpetuation, and 
managing pests through cultural practices with minimal use of pesticides were given 
major emphasis. After the green revolution, the usage of pesticides for the manage-
ment of pests and diseases has increased tremendously along with institutional setup 
for research and development, research and education on different fields of entomol-
ogy, mycology and plant pathology, nematology, weed science, use of biocontrol 
agents, integrated pest management, etc. Off late many new challenges are emerging 
like pesticide resistance to insects and pathogens, molecular understanding of pests 
and their reactions with host plants, biosecurity for transboundary pests, and 
usage of biopesticides and biocontrol agents. The chronological development of 
achievements in the field of plant protection has been presented in this chapter.
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23.2 Plant Pathogens and Disease Management 

23.2.1 Pre-independence Era 

Plant diseases are known even before the development of modern agriculture in 
India as they were recorded in Vedas (1500–500 BC), Buddhist literature (Jataka of 
Buddhism), Kautilya's Artha-sastra (32–180 BC), Krishi-Parashara sangam litera-
ture, Agni-purana in Tamil (500–700 AD), Brhatsamhita of Varaha Mihira, etc. The 
Vrikshayurveda is the book in which the first mention of plant disease is seen, and 
the cause was believed to be abiotic factors (Nene 2003). The foundation for Plant 
Pathology in India started with the appointment of Sir E. J. Butler, the ‘father of plant 
pathology in India’ as the first imperial mycologist at the Indian Agricultural 
Research Institute (IARI) in 1905. During the pre-independence period, mostly the 
diseases of different crops and outbreak and their preventive methods have been 
reported for the diseases such as wilt of pigeon pea, rust of wheat, red rot and mosaic 
disease of sugarcane, late blight of potato, wilt of red gram, rice diseases, life cycle of 
smut diseases, root wilt of coconut, spike disease of sandal, small cardamom, mosaic 
disease, yellow leaf disease of arecanut palm, cotton stenosis, tristeza disease of 
citrus, and yellow vein mosaic disease of bhendi (Rishi 2009). The discipline of 
plant pathology in India has got a speedy growth due to the emergence of three 
disease epidemics. These epidemics are red rot of sugarcane in Bihar and Uttar 
Pradesh caused by Colletotrichum falcatum during 1938–1942, Bengal famine in 
1942 by Helminthosporium oryzae (causing blight of rice), and wheat rust by 
Puccinia graminis tritici which created shortage of food grains in Madhya Pradesh 
and undivided Bengal during 1946–1947. The other notable disease outbreaks 
during this period were coffee rust, coconut wilt, varietal breakdown due to wheat 
rust, outbreak of sugarcane red rot, and the problem of phytophthora in potato. 
Considering the importance of coffee, United Planters Association of South India, 
Coonoor, has developed several rust-resistant clones of coffee and management 
procedures to contain the disease in Tamil Nadu and Karnataka (Nagarajan 2010). 
During this period, certain new diseases were identified or introduced in India which 
in certain cases had created epidemic and severe economic losses in Indian agricul-
ture. These include phytophthora disease in rubber tree and blast disease of rice. In 
India, the first disease that was suspected to be caused by bacteria was ‘bangle blight’ 
of potato in Bombay (now Mumbai). It was reported in 1892 to be prevalent in Pune 
and other places in Mumbai and considered the causal organism to be a fungus 
(Mollison 1901). The other bacterial diseases included brown rot or wilt of potato 
(Rangaswami 1962), canker disease of citrus (Fawcett and Jenkins 1933), black arm 
of cotton (Patel and Kulkarni 1948), red stripe of sugarcane, and black rot of 
cabbage. These diseases became serious since the recent replacement of resistant, 
diploid, rainfed, indigenous cottons (Gossypium arboreum and G. herbaceum) with 
high-yielding but susceptible, irrigated, tetraploid cottons (G. hirsutum and 
G. barbadense) (Verma and Singh 1971a, b). Certain varieties of G. hirsutum



(101–102B, Reba. B-50, BJA-592, HG-9, and P.14T.128) have been demonstrated 
to be resistant to all the races present in India (Singh and Verma 1971). It has been 
demonstrated for the first time that certain systemic fungicides (plantvax and 
vitavax) checked the secondary spread of the disease and to some extent aid in 
curing the plants (Uppal 1948). During the nineteenth century, plant viruses did not 
receive much attention in India. One of the earliest records is the spike disease of 
sandalwood in 1899, followed by mosaic disease of small cardamom. The system-
atic research work in plant virus in India was started at IARI, New Delhi, under the 
leadership of R. S. Vasudeva (1905–1987) and S. P. Raychaudhury (1916–2005). 
Major breakthrough in the field of plant virology was started with the investigation 
of tobacco leaf curl virus transmitted by whitefly in the 1930s (Pal and Tandon 
1937). The next two decades mostly focused research on dissemination and man-
agement of a number of virus disease of economic importance. During this period, 
many new virus diseases were observed in different cereals, pulses, plantation, and 
vegetable crops. A plant virus research laboratory was first established in Pune in 
1938. In early days, mostly conventional approach was followed to select the 
superior varieties by farmers to protect the crop against diseases. Plant breeding 
also played a significant role in developing varieties for improving yield and 
tolerance to existing and emerging biotic stresses. The major objective of resistant 
breeding was to improve disease resistance in economically important crops through 
induced mutation/mutation breeding and development of screening techniques. A 
systematic work on wheat improvement in India started only during the first decade 
of the twentieth century when the Agricultural Research Institute was established by 
Albert Howard and GLC Howard in 1905 at Pusa Bihar. Howard and Howard (1910) 
had developed some improved varieties of wheat. A systematic work on breeding for 
rust resistance started at IARI in 1935. After 18 years of research at IARI, the variety 
NP 809, resistant to all the three rusts, was evolved under a planned programme. The 
uses of a cultural method started with early civilization and their development. Since 
the British colonies were spread around the world, several plant species were 
introduced into India and the plant materials also moved out. Soon it was realized 
that insect and plant pathogens were getting introduced unintentionally along with 
the planting materials. To combat such issues of introduction of pathogens, the 
Government of India enforced the Plant Quarantine Act in 1914. Several pests and 
diseases in India got introduced during this period such as late blight of potato, 
banana bunchy top, bacterial blight, streak diseases of paddy, etc. and they were 
widespread. Some others like golden nematode and wart disease of potato and 
downy mildew of onion are still localized in certain parts of the country. In India, 
copper sulphate was the first fungicide used against sorghum smut. Later in the 
1950s, mancozeb, cupravit, and other formulated fungicides came in the market and 
greatly benefitted the farmers. The Indian Type Culture Collection (ITCC) was 
established in 1936 with a view to furnish the knowledge on living fungi. It is the 
largest fungal genetic resource centre established in India.
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23.2.2 Independence Era 

On the basis of earlier lessons, this era was devoted to identifying the factors 
favouring disease development and their effective management. The climatic factors 
that were correlated with the brown spot epidemic in Bengal in 1942 were above-
normal rainfall, high humidity, prolonged periods of cloudy weather, and a 
favourable temperature warmer than average during the flowering and grain filling 
stages (Webster and Gunnell 1992). Sanitation of the nursery site and healthy 
planting materials were recommended against the diseases of transplanted crops. 
Mundkur (1948) worked on the management of cotton wilt through resistance 
breeding. Later in the 1950s, mancozeb, copper oxychloride, and other formulated 
fungicides came on the market and greatly benefitted the farmers. Antibiotics use for 
the control of plant diseases was introduced during this period. The increasing 
importance of plant pathology led to the foundation of the Indian Phytopathological 
Society in 1947 by B.B Mundkur, with the focus on the field of Mycology, Plant 
Pathology, Bacteriology, Virology, Phytoplasmology, and Nematology. It provided 
a unique platform to the scientists working in the field of plant pathological research 
to share their work. The society published its official journal Indian Phytopathology, 
a leading plant pathology research journal. Patel (1948), the father of plant bacteri-
ology in India, established the School of Plant Bacteriology at the College of 
Agriculture, Pune, and reported 40 new species of plant pathogenic bacteria. During 
this period, the causal agent of potato leaf rot and tuber rot was identified (Dastur 
1948) and also life cycle of cereal rusts and linseed rusts in India, biochemistry of 
host-parasite relation using cotton wilt pathogen, developed the concept of 
vivotoxins, identified large number of smut fungi, etc were established. Several 
bacterial diseases have long been known in India, such as citrus canker, leaf spot of 
mango, and black arm of cotton and they might have originated there. Although 
bacterial diseases were important and widespread, very little work was done until 
1950. Severe black-vein disease of cabbage (caused by Xanthomonas campestris 
pv. campestris) was later reported in Bombay (Patel 1948) and West Bengal 
(Chattopadhyay and Mukherjee 1955). Two virus research institutes were 
established at Shimla and Kalimpong. Prutbi and Samuel (1937) observed tobacco 
leaf curl virus on tomato plants in India. Later in Northern India the severe nature of 
leaf curl disease in tomato was first reported by Vasudeva and Samraj (1948). This 
was followed by yellow mosaic disease in lima bean and Dolichos yellow mosaic 
disease of mungbean (Nariani 1960). Next decades mostly concentrated on the 
dissemination, control as well as virus-vector relationship and sources of resistance. 
A notable feature of these findings is the elucidation of the cause of some serious 
diseases of complex aetiology such as citrus die-back, coconut root wilt, and sandal 
spike (Raychaudhuri et al. 1969).
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23.2.3 Green Revolution Era 

The Green Revolution was an endeavour initiated by Norman Borlaug in 1970, who 
won Nobel Peace Prize for his work in developing HYVs of wheat. This is often 
credited with having transformed India from ‘a begging bowl to a breadbasket’. The 
independent India rated food and agriculture as its priority sectors and therefore 
emphasized on irrigation, chemical fertilizers, and pesticides to maximize food 
production. During this period, there was corresponding increase in pests and 
diseases, improved method of management measures, understanding of pest and 
pathogen life cycle and unknown aetiology, institutional setup for higher education 
and training, dissemination of technologies, etc. The major achievements are 
National Wheat Disease Survey and Surveillance Programme in 1967 for monitoring 
and epidemiological studies of wheat rusts in India. This led to the establishment of 
‘Puccinia Path’ in the Indian sub-continent and from where the wheat breeding for 
resistance to rust disease started. Gummosis of sugarcane caused by X. vasculorum, a  
very serious disease of the crop, was only reported from Madras in 1960 
(Rangaswami 1960). With the introduction of the rice variety TN-1, the bacterial 
leaf blight became a serious bacterial disease in rice crop (Srivastava et al. 1967). At 
present the bacterial blight is a major hurdle in stepping up rice yields through 
intensive cultivation of high-yielding varieties. Major epidemic of this disease 
occurred during 1979–1980 in the most important rice growing states of India 
such as Andhra Pradesh, Punjab, Haryana, and western Uttar Pradesh. The 
pioneering work was done on Xanthomonas campestris pv. malvacearum, a causa-
tive agent of bacterial blight of cotton by Varma at ICAR_IARI, New Delhi (1955) 
and laid a solid foundation of Indian Plant Bacteriology. Gummosis of sugarcane 
caused by X. vasculorum, a very serious disease of the crop, was only reported from 
Madras in 1960. Several viral diseases also recorded during this period particularly 
whitefly transmitted viruses (Varma 1955). 

Antisera and particle morphology have been used in the identification and 
detection of plant viruses in recent years, and fundamental studies on purification 
and serology have received attention with the introduction of the ultracentrifuge in 
most laboratories. A number of viruses, such as mosaic streak of wheat and tungro of 
rice (Raychaudhuri et al. 1969), various cucurbit mosaics, cowpea mosaic (Chenulu 
et al. 1968), coconut root wilt (Summanwar et al. 1969), barley mosaic (Dhanraj and 
Raychaudhuri 1969), and sunn hemp mosaic (Nariani et al. 1970; Raychaudhuri 
1947), have been purified, their particle morphology studied, and antisera prepared. 
Tissue culture techniques opened the way for investigations concerning host-parasite 
relationships and inhibition studies, as well as the production of virus-free plants by 
meristem-tip culture. A number of viruses such as chilli mosaic, sunn hemp mosaic, 
tobacco mosaic, and potato virus X have been successfully cultivated in tissue 
culture (Raychaudhuri and Mishra 1965), and attempts are in progress to get virus-
free plants of citrus by tissue culture technique. 

Increased monoculture, reduced crop diversity and rotation, and use of herbicide 
have increased vulnerability to diseases. Pathogens tend to develop resistance to 
pesticides, requiring a higher use of pesticides to sustain productivity. Inappropriate



and excessive pesticide use led to increased and unnecessary disease outbreaks and 
additional loss because of the inadvertent destruction of natural enemies of diseases, 
disease resistance, and resurgence of secondary diseases. A number of ways have 
been suggested by different authors to achieve durability of resistance of which gene 
deployment, guided distribution of genes in space and time, and multilines were used 
for gene deployment in India (Adugna 2004). The developed wheat multiline 
varieties were resistant to yellow rust and brown rust. These were: Kalyansona 
lines KSML3, MLKS11, KML7406/Bithoor and Sonalika lines, MLSKA-9, 
MLSKA-12 (Harahap and Silitonga 1988). Ultimately, overuse of pesticides in 
crop production was substantially reduced (Kumar 2014). Site-specific systemic 
fungicides which included several major groups such as benzimidazoles, 
pyrimidines, phenylamides, sterol biosynthesis inhibitors, and dicarboximides 
were introduced in the mid-1960s onwards. During the past decade, more novel 
compounds with different modes of action notably phenylpyrroles, 
anilinopyrimidines, strobilurins, spiroxamines, phenylpyridylanines, quinolines, 
etc. have been developed with bio-efficacy against diverse plant diseases (Thind 
2016). In the contemporary period, to mitigate the negative effect of pesticides, the 
Insecticide Act (1968) of the Government of India came into force to cover various 
issues related to import, manufacture, biosafety, withdrawal, and quality control 
aspects of the pesticides marketed or tested in India. Under this act, a Registration 
Committee was constituted to register pesticides only after satisfying itself regarding 
their efficacy and safety to human beings and animals. There is a network of 49 State 
Pesticide Testing Laboratories and 2 Regional Pesticide Testing Laboratories of the 
Central Government, and the Central Insecticides Laboratory, established to test and 
analyse the quality of pesticides (https://icar.org.in/files/Agril-Legislation.pdf). The 
All India Co-ordinated Research Project (AICRP) on Biological Control of Crop 
Pests and Weeds was established in 1977 with 10 centres under the aegis of the 
ICAR for carrying out biological control research in different parts of the country. 
Another important research was on the forecasting of diseases for apple scab, wheat 
rust, brown leaf spot of rice, coconut root wilt, etc. (http://ecoursesonline.iasri. 
res.in). Another landmark achievement was the identification of the causal agent of 
Khaira disease of rice as Zn deficiency by DrYL Nene and awarded the International 
Rice Research Prize in 1967 by the FAO. 
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23.2.4 Post-Green Revolution Era 

The main objective in recent times is to gain food security through implementation 
of scientific principles in cultivation. Numerous diseases like papaya ringspot and 
phytophthora diseases have taken serious proportions in recent years. In 2008, there 
was a flare up of neckblast and brown plant hopper of rice in Haryana causing crop 
losses up to 40% due to persistent and unprecedented rains at the fag end of the 
monsoon season. Likewise, diseases with unfamiliar or complex aetiology such as 
mango malformation and parawilt and grey mould of cotton and other diseases such 
as sheath blight of rice/maize, bract mosaic of banana, downy mildews in maize and
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several other crops have become devastating by virtue of evolution of virulent races 
or resurgence capabilities (Kumar and Gupta 2012). 
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There are a number of fungal pathogens that have been found to develop 
resistance against fungicides due to the introduction of systemic fungicides and 
their indiscriminate use without following the recommended application procedures 
(Thind 2016). From the mid-1970s, researchers have started concentrating on the 
biocontrol of plant pathogens using Trichoderma, Pseudomonas, Bacillus, etc. 
which brought a paradigm shift in the management of diseases (Ram et al. 2021). 
The Indian government is promoting research, production, registration, and adoption 
of biopesticides with open hands, through various rules, regulations, policies, and 
schemes. The National Farmer Policy (2007) has strongly recommended the promo-
tion of biopesticides for increasing agricultural production and sustaining the health 
of farmers and the environment (Kumar 2014). In India, an overview of literature on 
biocontrol of plant diseases clearly indicated a spurt in their exploration and exploi-
tation for the management of diseases of crop plants as indicated by a significant 
increase in the number of publications (Sharma et al. 2014). Current efforts are on to 
characterize the new resistance genes present in various crops and applying molecu-
lar tools to characterize the host resistance gene. These efforts have permitted going 
in for marker-aided selection of disease-resistant material in segregating population. 
During the last three decades, plant pathology has rapidly developed with the advent 
of advanced molecular techniques that have led to the identification of a large 
number of plant pathogens, most importantly viruses. Accurate and quick diagnosis 
of viral pathogens is imperative for the success of mapping of epidemics, breeding 
for resistance, and developing quarantine and other control measures (Rishi 2009). 
Eco-friendly measures such as marker-aided selection of disease resistance is being 
developed for transgenic pigeon peas resistant to sterility mosaic virus at ICRISAT, 
Hyderabad. Pathogen-derived resistance, antiviral agents, and biocontrol of insect 
vectors should be tried vigorously at much larger scales for long-term disease 
management (Rishi 2009). At Punjab Agricultural University (PAU), three BLB 
resistant genes xa5, xa13, and Xa21 were pyramided in PR106 and Pusa 44 back-
ground and two of the PR1106 have been included in All India Coordinated trials 
during 2002. A similar work has also been successfully carried out in Central Rice 
Research Institute (Now NRRI) to pyramid three genes xa5, xa13, and Xa21 into the 
elite rice cultivars Lalat and Tapaswini (Joshi and Nayak 2010). Narayanan et al. 
(2002) improved an elite indica rice line IR50 by pyramiding blast resistance gene 
Piz5 and bacterial blight resistance gene Xa21 through marker-assisted selection and 
genetic transformation. Pyramiding with Xa21 and Wx (waxy) gene showed durable 
resistance to bacterial leaf blight and high amylose content. All combinations of the 
three resistant genes were pyramided using STS markers. The first report of marker-
assisted transfer of genes conferred multiple resistances to three different diseases in 
rice wherein genes xa13 and Xa21 are for bacterial blight resistance and Pi54 for 
blast resistance (Singh et al. 2012). PCR-based molecular markers were used in a 
backcross breeding programme to introgress three major bacterial blight resistance 
genes (Xa21, xa13, and xa5) into Samba Mashuri from a donor line (SS1113).
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India has experienced the Green Revolution in wheat and rice during the 1970s 
which made us self-sufficient in food grains production. The situation has changed 
significantly in the twenty-first century due to climate change and increasing popu-
lation pressure. Post-green revolution advances have made research progress in 
biotechnology, which paved the way for the development of high-yielding, stress-
and disease-resistant genetically modified (GM) varieties in various crops. More 
than 20 crops are under various stages of research and field trials for genetic 
modification in India, namely cotton, rice, wheat, maize, brinjal, potato, sorghum, 
mustard, groundnut, cauliflower, okra, chickpea, pigeon pea, castor, sugarcane etc. 
for the traits viz. insect resistance, herbicide tolerance, drought tolerance, salinity 
tolerance, virus resistance, quantitative traits (yield increase), nutrition improve-
ment, etc. (Shukla et al. 2018). The process of fungicides discovery has undergone 
a noteworthy change over the years. After the era of broad-spectrum multisite 
and site-specific systemic fungicides, several novel action fungicides of different 
chemical classes have been developed in the past two decades. These are more 
eco-friendly products and used at a much lower dose rates as compared to the 
earlier compounds. Most noted among these are the strobilurins (QoIs), derived 
from Strobiluru stenacellus, a wild mushroom. These are analogues to strobilurins-A 
and have a broad range of disease control. Azoxystrobin was the first strobilurin 
introduced in 1996, and currently nine strobilurins compounds are available. 
Other important fungicides introduced for the control of diverse diseases in 
the last decade are Oxazolidinediones (famoxadone), Phenoxyquinolines 
(quinoxyfen), Anilinopyrimidines (cyprodinil, pyrimethanil), Valinamides 
(iprovalicarb, benthiocarb), Mandelamides (mandipropamid), phenylpyrroles 
(fenpicloil, fludioxonil), MBIs (carpropamid), Spiroketalamines (spiroxamine), 
benzamides (mandipropamid), Cyanoimidazoles (cyazofamid), Thicarbamates 
(ethaboxam), Amdoximes (cyflufenamid), Phenoxyquinolines (quinoxyfen), 
Imidazoles (fenanmidone), and Benzamides (fluopicolide, zoxamide) representing 
different chemistries and mode of action. The majority of these have been developed 
for use against oomycete pathogens. The main advantages of new generation 
compounds are ecologically safer profiles and are required to be used at much 
lower rates than their earlier counterparts. A few of the lately developed fungicides 
have been registered for use in India and a good number of novel action fungicides 
are currently under evaluation. Azoxystrobin and fenamidone have been registered 
for use against grape downy mildew and potato blight. Prominent among those being 
tested against different diseases are mandipropamid. iprovalicarb, benthiavalicarb, 
fluopicolide, famoxadone, cyazofamid, pyraclostrobin, and kresoxim methyl. These 
recently introduced fungicides represent major advances in technology, potency 
against target diseases, selectivity, safety, and rate reduction but these fungicides 
are site-specific and cause target site resistance among the pathogens (Leadbeater 
2012). Thus, it is very important to proactively design and implement resistance 
management strategies through recommendations of new fungicide classes, as well 
as maintaining existing products. Swift development of resistance to strobilurins is 
now well documented and these are now categorized under high-risk fungicides.



Their use has to be regulated and FRAC guidelines adopted so as to sustain their 
efficacy levels (Kumar and Gupta 2012). 
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In recent days, nanotechnology plays a major role in plant disease management 
due to its eco-friendly nature and potentiality. Nanoparticles can be used such as 
nanoparticles of silver, copper, silicon, and zinc and have been used in disease 
management and also serve as a carrier to transport chemical pesticides and biocon-
trol agents to the target site. It is estimated that 90% of chemicals are lost in the 
environment during or after their application. Therefore, nanotechnology would 
provide green and efficient alternatives for the management of plant disease without 
harming the nature. Rapid detection of diverse plant pathogens such as bacteria, 
virus, fungus, and nematodes can be done by the use of nanoparticles as a diagnostic 
tool (Yao et al. 2009). In India, initiatives have been taken by ICAR and SAUs, and 
NIPHM, Hyderabad, has initiated a Plant Health Newsletter to focus and strengthen 
sustainable agriculture as a new trend for plant health and disease management to 
reduce the pesticide load by 40% by 2018 compared with the load level of 2011. 

Future progress in mycology and plant pathology will be dictated by new 
developments in allied sciences as in agronomy, genetics, molecular biology, 
geography, bio-informatics, data science, robotics and related branches of science. 
Trade-related issues focusing on quarantine, risks, international pathology, and post-
harvest diseases research would draw greater attention. Some of the important 
aspects initiated by R&D are biotechnological approaches for host plant resistance, 
modern diagnosis, biopesticides, IDM, RNAi, nanotechnology, image analysing, 
artificial intelligence, drone application of chemicals, etc. 

Plant Quarantine regulatory measures are operative through the ‘Destructive 
Insects & Pests Act, 1914’ (Act 2 of 1914) in the country. The purpose and intent 
of this Act is to prevent the introduction of any insect, fungus, or other pest, which is 
or may be destructive to crops. The import of agricultural commodities is presently 
regulated through the Plant Quarantine (Regulation of Import into India) Order, 
2003, the provisions of New Policy on Seed Development, 1988. Further, the 
significance of Plant Quarantine has increased in view of globalization and liberal-
ization in international trade of plants and plant material in the wake of Sanitary and 
Phytosanitary (SPS) Agreement under WTO. The phytosanitary certification of 
agricultural commodities being exported is also undertaken as per International 
Plant Protection Convention (IPPC), 1951. The pest risk analysis is mandatory for 
all the plants/plant materials prior to its import into India as per PQ Order, 2003. As 
per Plant Quarantine (Regulation of Import into India) Order, 2003, a total of 
94 entry points including 46 seaports, 24 airports, and 24 land custom stations are 
notified as the points of entry for import of plants and plant materials to India. 
Besides, 77 Inland Container Depot/Container Freight Station and 11 Foreign Post 
Offices have also been notified for the entry of plants/plant material under the PQ 
Order, 2003. National Bureau of Plant Genetic Resources (NBPGR) in New Delhi 
and its regional station at Hyderabad are involved in processing of germplasm, seed, 
plant material of agricultural, horticultural, and silvicultural crops of all the 
institutions of ICAR functioning in the country.
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The Indian Type Culture Collections (ITCC) marks an important achievement. 
India is an affiliate member of the World Federation for Culture Collections 
(WFCC), and ITCC is registered with the World Data Centre for Microorganisms 
(WDCM, registration number 430). The Ministry of Environment and Forest, 
Government of India, has designated ITCC to act as the biological repository during 
2007 under the Biological Diversity Act, 2002. The main objectives of ITCC are to 
act as repositories for fungal and bacterial cultures, to provide services viz., supply of 
authentic fungal and bacterial cultures, and identification of fungi and bacteria to 
technocrats and scientists working in research Institutions, universities, and 
industries. There are more than 3800 cultures of fungi of all groups, viz., Oomycetes, 
Zygomycetes, Ascomycetes, Basidiomycetes, and Deuteromycetes, which include 
plant pathogens, biocontrol agents, fungi for medical and industrial use including 
mushroom and yeast, and 145 cultures of plant pathogenic bacteria. These are being 
conserved and maintained at ITCC. ICAR-National Bureau of Agriculturally Impor-
tant Microorganism (NBAIM) was established for preservation and storing micro-
bial diversity in India. The Bureau is engaged in multifarious activities in the area of 
microbial diversity, biological control, microbial genomics, preservation and main-
tenance of microbial cultures. NAIMCC is a designated microbial repository for 
agriculturally important microorganisms (AIMs) under the National Biodiversity 
Act, 2002, and is a member of WFCC. Currently, NAIMCC holds accessions of 
6907 AIMs including 2595 bacteria, 3981 fungi, and 331 cyanobacteria. The Indian 
system has developed a procedure to register the novel genetic stocks with NBPGR, 
New Delhi, for any resistant stocks against pests and diseases. 

Biological control is the way of controlling plant diseases by the application of 
fungi, bacteria, actinomycetes, and viruses (bacteriophages). It has been estimated 
that rupees 60,000 crores worth of crop are lost each year due to plant diseases. 
Indiscriminate and non-judicious use of synthetic pesticide for preventing and 
controlling crop diseases adversely affects the environment, microbiome, develop-
ment of resistance, and hormoligosis in several plant pathogens. This also acts as a 
serious non-tariff barrier to the trade of farm commodities. Among agriculturally 
important microbes Trichoderma viride, T. harzianum, Pseudomonas fluorescens, 
and Bacillus subtilis are most efficient antagonistic bioagents of plant diseases, 
producers of biologically active metabolites, elicitors, and inducers of systemic 
resistance. A better understanding of the application of genomics and genetic 
modification techniques opened new doors for multifaceted traits enhancement in 
strains of bioagents. The knowledge of the diversity spectrum and genetic structure 
of microbial population has direct implication in the formulations of potential 
bioagents. The AICRP on Biological Control of Crop Pests and Weeds was 
established in 1977 with 10 centres under the aegis of ICAR. This AICRP was 
elevated to Project Directorate of Biological Control in 1993. Pesticides are 
regulated in India through the Insecticides Act, 1968, and Insecticides Rules, 
1971. The experiences in administering this Act over the past five decades have 
exposed certain gaps. In this context, the union cabinet has recently approved the 
Pesticides Management Bill, 2020. Later, some report described the field cases of 
fungicide resistance in India: Venturia inaequalis, Gloeosporium ampelophagum,



and Aspergillus flavus to benzimidazoles; Drechslera oryzae and Pyricularia 
oryzae, to edifenphos; Plasmopara viticola, Phytophthora parasitica, P. infestans, 
and Pseudoperonospora cubensis to metalaxyl; Phytophthora infestans to oxadixyl, 
and Uncinula necator to triadimefon. AICRP on Pesticide Residues, later 
re-designated as the All India Network Project on Pesticide Residues (AINP-PR), 
was established by the Government of India under the aegis of the Indian Council of 
Agricultural Research during the year 1984–1985 to overcome the problem of 
widespread contamination of pesticides in various food commodities and environ-
mental factors such as water and soil in India. Society of Pesticide Science, India 
(SPS India), was formally launched and inaugurated on 16 November 1989. 
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Integrated disease management (IDM) to manage the ill effects of pesticides and 
using all other management measures such as host plant resistance, cultural 
practices, and biological control was evolved during this period. National Research 
Centre for Integrated Pest management (NCIPM) has the mandate to develop and 
promote Integrated Pest Management (IPM) technologies for major crops with 
minimum ecological implications; generate national database on all aspects of pest 
management, advice national priorities and pest management policies; establish 
linkages with national and international institutes in the area of IPM, and to extend 
technical consultancies. Survey and surveillances were conducted for major diseases 
of agricultural and horticultural crops. An Android App, viz. ‘PESTPREDICT’, was 
developed for insect pest and disease management in rice, pigeon pea, groundnut, 
and tomato. Mobile app-based insecticide and fungicide calculator was also devel-
oped for tomato, groundnut, rice, and pigeon pea. IDM/IPM strategies were 
validated for different cops in the farmers’ fields of different ecosystem. India 
managed well on the Ug99 race of wheat stem rust pathogen as our pathotype 
analyses have revealed that pathotypes within the Ug99 lineage do not occur in 
India or in neighbouring countries, and that Sr31 is still effective against the stem 
rust pathogen in India (Prasad et al. 2018). Moreover, India has a proactive system to 
combat these threats. Despite the absence of this group of stem rust pathotypes in 
India, we remain vigilant and ongoing rust surveillance, pathotype monitoring, and 
varietal deployment are in place and there is effective preparedness to any rust threat 
to wheat. 

The National Centre for Mushroom Research and Training (NCMRT) came into 
existence at Solan (later renamed as National Research Centre for Mushroom) in 
1983 during the VIth Five Year Plan under the auspices of ICAR. By the concerted 
efforts of the scientists of ICAR-DMR, Solan, mushroom productivity in the country 
has almost doubled while production has registered a sixfold increase. National 
Certification System for Tissue Culture Raised Plants (NCS-TCP) is being 
implemented by the Department of Biotechnology (DBT), Govt. of India, since 
2006, as per the Gazette of India Notification under the Seeds Act, 1966. NCS-TCP 
has been instrumental in building capacities of the tissue culture companies for 
producing quality planting materials and also enhancing their market reach through a 
certification process. The purpose of NCS-TCP provides guidance on requirements 
and procedures for Accreditation of Test Laboratory for virus diagnosis and genetic 
fidelity/uniformity testing of tissue culture raised plants and accreditation of Tissue



Culture production facility. A Referral Center for Virus Indexing has been 
established at the Advanced Centre for Plant Virology, Division of Plant Pathology, 
Indian Agricultural Research Institute (IARI), New Delhi (https://dbtncstcp.nic.in). 
ICAR-National Bureau of Agriculturally Important Microorganisms (ICAR-
NBAIM) is a constituent organization under the aegis of ICAR. The Bureau started 
functioning from July 2001. During the XIth plan, NBAIM was designated as a 
Recognized Repository under the National Biodiversity Act (2002) for storing 
microbial wealth in India and in 2014, the Bureau acquired ISO 9001:2008 certifi-
cation. NBAIM has established and strengthened NAIMCC which is an affiliated 
member of WFCC. NAIMCC has state-of-the-art facilities for short-term and long-
term conservation of microorganisms with more than 6500 preserved accessions of 
fungi, bacteria, actinomycetes, cyanobacteria, and archaea. The National Institute of 
Plant Health Management (NIPHM) in Hyderabad is an ongoing scheme from the 
XIth Plan to develop human resources in various aspects of Plant Health Manage-
ment and Biosecurity issues. NIPHM is engaged in creation of Master Trainers in the 
field of Plant Health Management, Pesticide Management, and Biosecurity besides 
extending policy support to Central and State Governments (https://niphm.gov.in). 
The institute known as ICAR-National Institute of Biotic Stress Management, 
Raipur, undertakes basic and strategic studies on plant protection in India. Plant 
Quarantine (Regulation of Import into India) Order, 2003, regulates import and 
prohibition of import of plants and plant products into India. The specified planting 
material for propagation (viz., cuttings, saplings, bud woods, etc.) requires growing 
under Post Entry Quarantine (PEQ) for a specified period. The import permit for 
such planting material is granted based on a certificate from Designated Inspection 
Authorities for conducting further PEQ inspections and the final clearance is granted 
based on the PEQ Inspection Report. The pest risk analysis is mandatory for all the 
plants/plant material prior to its import into India as per PQ Order, 2003 (https:// 
plantquarantineindia.nic.in). The risk of exotic pests and diseases is minimized by 
identifying the potential pests which can get into the country with the specified 
commodity and seeking export certification for their freedom/pest free area status, 
etc. from the exporting country. 
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In India the improved variety Pusa Basmati-1 was developed by using conven-
tional breeding method along with MAS to incorporate two bacterial resistant gene 
(xa13 and Xa21). Another hand MAS is used to improve other non-Basmati rice in 
India. PCR-based molecular marker used a backcross breeding method to introgress 
three major gene (Xa21, xa13, and xa5) against bacterial blight of rice into samba 
Mashuri at DRR (presently IIRR) from a donor line (SS1113) in which all three 
genes present homozygous condition, Swarna and IR 64 with Xa4, xa5, xa13, Xa21 
at CRRI India (Kumar et al. 2017). Apart from that, some of the bacterial blight 
resistant lines which have been developed in India are IR 24, Lalat, and Tapaswani. 
Major problems associated with gene stacking are for finding resistance gene. 
However, if anyhow it is found then there is a problem of linkage drag and many 
times it is also seen that there is an adverse effect on yield of the crops. Tomato leaf 
curl New Delhi virus (ToLCNDV) used marker-assisted selection (MAS); six genes 
Ty-1, Ty-2, Ty-3, Ty-4, ty5 and ty-6 are being utilized to address the tomato leaf curl
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New Delhi Virus (ToLCNDV). The Ty gene(s), alone and in pyramided 
combinations from donors, were introgressed to IARI varieties, viz. Pusa Rohini, 
Pusa Ruby, Pusa Sadabahar, and Pusa Sheetal through hybridization (https://icar. 
org.in/sites/default/files). The gene-pyramiding strategy is deployed for various rice 
varieties against different pests and diseases to create broad-spectrum horizontal 
resistance. For rice blast, three major genes Pi1+Pi2+Pi33 were pyramided and 
proved their durable resistance against blast disease. In India, the rice variety 
ADT43 pyramided with a combination of four blast resistance genes Pi1+Pi2 
+Pi33+Pi54 for blast resistance. Pyramiding for blast (Pi5 and Pi54) + bacterial 
leaf blight (xa13+xa21) and brown plant hopper (Bph3, Bph17 and Bph18) were 
performed in Pusa basmati 1121 and Pusa basmati 6 (Singh et al. 2011). Pyramiding 
of rust resistance, different rust resistance genes are available in various 
backgrounds. In many cases, useful resistance is associated with genetic drag. 
Because rust resistance genes such as Lr9, Lr19, Lr26, and Yr9 have been rendered 
ineffective, other genes are needed in desirable backgrounds to combat wheat rusts 
(Bhardwaj 2011). To overcome these challenges, an extensive programme was 
initiated in Shimla to pyramid useful resistance genes in acceptable agronomic 
backgrounds (Bhardwaj 2011). Wherever required, marker-assisted confirmation 
of resistance is used. Consequently, 35 rust-resistant genetic stocks were developed 
and registered with NBPGR, New Delhi. 
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During the course of our research, it was found that certain varieties out of 
22 varieties developed resistant to leaf rust causing fungus strain Ug99. Out of 
these 22 wheat varieties, some such as DBW 17, PBW 550, and Lok 1 are being 
cultivated in wheat-growing states in India. DWR is a member of the US-based 
Borlaug Global Rust Initiative to combat Ug99 disease globally a fungal disease 
originated in Uganda in 1999, belongs to a race of black stem rust, which brings 
100 per cent crop loss unlike other rusts that partially affect the yield. 

23.3 Insect Pests and Their Management 

23.3.1 Pre- and Post-independence Era 

The mention of insects in vedic period is evident from terms like pathanga, satpada, 
pipilika, makshika, bharamara etc., in Sanskrit writings. The term satpada 
(an equivalent of hexapoda) refers to honeybee in the book, Amarakosha (first 
century AD). Umaswati (0–100 AD) was the first person who performed detailed 
classification of insects. Further, Charaka (1200–1000 BC), an Indian physician, 
classified the bees based on morphology. Susrutha (100–200 AD), a physician by 
profession, had classified ants (pipilika) into six groups and he described the 
structure and habits of these ants. In ancient period, honeybees (madhumakshika) 
and lac (laksha) were mentioned in chanakya sutra, arthasastra, sakuntala, and 
mahabarata (David and Ramamurthy 2012). This indicates people of ancient India 
were aware of honeybees and were consuming honey and utilizing the bees wax and 
lac for dye purpose. The art of silkworm propagation and silk cloth manufacture
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were known 6000 years ago (Husain 1938). Records show that the Persian rulers 
were gifted with silken stuff by Indian rulers during 3870 BC, and there is a mention 
of silk secretion and cocoon formation by silkworm in Yajnavalkya. In 
Atharvanaveda, there is a mention of harmful insects for man and food crops. 
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In 1758, Carl Linnaeus published Systema Naturae which contained 28 species of 
Indian insects. During 1788 the Asiatic society of Bengal was started and many 
papers were published. In 1769, J.G. Koenig collected many insects from coroman-
del area and southern peninsular India, which were studied by Linnaeus. He had 
published the special account of termites of Thanjavur district in south India. 
Linnaeus recognized his work and named red cotton bug as Dysde rcuskoenigi. 
During 1883, Bombay natural history society was started. Numerous insect related 
works were published in the journal of the Bombay natural history society. ‘Fauna of 
British India’ series was commenced under the editorship of W.T. Blandford during 
1883. The Entomological part of the ‘Fauna of British India’ (now Fauna of India) 
series started with Sir George Hampson’s contribution. He authored the first four 
volumes on the moths of India during 1892. During 1897, Bingham issued volumes 
on ‘Hymenoptera’ (ants, bees, and wasps). Since then volumes on other groups of 
insects like Coleoptera (beetles), Hemiptera (bugs), Odonata (dragonfly and damsel-
fly), etc., were published. Later in 1889 Indian Museum, Calcutta, published the 
Indian Museum Notes in five volumes. Rothney published on Indian Ants in 1893. 
This is the earliest record of biological pest control in India, which identified that the 
stationary items where white ants were attached were kept free by red ants. On 
25 August 1897, Sir Ronald Ross discovered malarial parasite in a dissected 
Anopheles mosquito in Begumpet at Secunderabad. In 1909, the central malaria 
bureau was established at Kasauli which was later on developed into the National 
Institute of Communicable Diseases. Daniel Austin and Ronald Ross studied exten-
sively on houseflies, sand flies, fleas, lice, and bed bugs (David and Ramamurthy 
2012). 

During 1901, Lionel de Nicevelle was appointed as the first entomologist to the 
Government of India. This marked the birth of professional entomology in India. 
Further, Maxwell Lefroy in 1903 was appointed as the first Imperial entomologist at 
IARI, Pusa (Bihar), in 1905. Subsequently this institute was shifted to New Delhi 
and the post was re-designated as Head of the Division of Entomology. Subse-
quently, the states also started entomological work. Madras, Punjab, and Uttar 
Pradesh appointed their first State/Provincial Government Entomologists in 1912, 
1919, and 1922, respectively. In 1906, Forest Research Institute (FRI) was 
established and E.P. Stebbing became the first forest zoologist which was later 
re-designated as forest entomologist in 1922. In 1926, S.K. Sen was appointed at 
IVRI, Mukteswar, to study the vectors of rinderpest. He was succeeded by JT 
Edwards. In 1942, CFC Beeson published his monumental work ‘The ecology and 
control of the forest insects of Indian and the neighbouring countries’. The nine-
teenth century marks the major progress and expansions in the field of applied 
entomology. In 1916, the Natural History section of Indian museum was formed 
as Zoological Survey of India. In 1921, Indian central cotton committee was set up to 
study the cotton insect pests. In 1925, Indian Lac Research Institute was established.



The systematic study of entomology was started with the formation of Entomologi-
cal Society of India (ESI) on 1 January 1937 in Calcutta and started its first 
publication of Indian Journal of Entomology from 1939 onwards. Similarly, All 
India Beekeepers Association, Pune, started publishing the Indian Bee Journal since 
1937. In 1966, Cecidological Society of India was formed at Allahabad. 
T.B. Fletcher was the first government entomologist of the Madras state, and he 
published a book on some south Indian insects in 1914 (David and Ramamurthy 
2012). 
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There was a lack of systematic biological control efforts to manage insect pests 
until the seventeenth century. The apple woolly aphids entered into India through 
apple rootstock importation from England (Gupta 2015). Apple San Jose scale also 
got introduced in the 1960s. In 1957, the Commonwealth Institute of Biological 
Control (CIBC) was established with 23 need-based substations from Srinagar in 
North to Palghat in South. Further, in 1977, AICRP on Biological Control of crop 
pest and weeds was established with 10 centres. Due to the success of biological 
control programme, it was elevated as Project Directorate of Biological Control 
(PDBC) at Bangalore in 1993. In India, up to 2003, 166 exotic biological control 
agents were introduced, of which 33 could not be released in field, 71 recovered after 
release, 6 providing excellent control, 7 substantial control, and 4 partial control 
(Singh 2004). During XIth plan 2007–2012 the PDBC was upgraded to National 
Bureau of Agriculturally Important Insects (NBAII). To manage insect pest intro-
duction to India, plant quarantine act was enforced in 1912. Similarly, in 1914 
destructive insect pest act was enforced. Historically there was a lack of any research 
evidence for resistant variety screening in vedic period or pre-independence era. The 
rice gall midge (Orseolia oryzae) (Wood-Mason reported in 1880) which was a 
minor pest became a major pest after introduction of high-yielding varieties like IR5 
and IR8. The varieties like PTB 18, PTB 21, CR 56-17, and Leuang 152 were 
identified as resistant donors and were crossed with the high-yielding varieties 
(Banerjee 1971). The insecticides, DDT and HCH, were introduced during 1947 
and 1949 respectively for controlling several public health and agricultural insect 
pests. Since then, the first report of insecticide resistance was reported in mosquitoes, 
Culex fatigans, vectoring filariasis in U.P. and Bombay during 1952. Since then, 
reports of DDT and HCH resistance in mosquitoes were reported throughout the 
country. The appearance of lindane resistance (30-fold) in veterinary insect 
Boophilus microplus was first reported in 1963 from IVRI, Muktheswar. In the 
same year, agricultural pest resistance was also reported from singhara beetle, 
Galerucella birmanica, from Delhi to HCH and DDT. This insect was followed 
by tobacco caterpillar, Spodoptera litura, from Rajasthan in 1965 and diamond back 
moth, Plutella xylostella, in 1968 from Punjab. Pyrethroid resistance to gram pod 
borer Helicoverpa armigera Hubner in various parts of country was reported in 
1986. The first report of resistance in stored product insect was from flour beetle 
Tribolium castaenum against DDT and malathion from Delhi in 1971 (Mehrotra 
1989). This was followed by rice weevil S. oryzae and lesser grain borer R. dominica 
in 1973 and 1976.
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During this period, Indian farmers possessed large wealth of Indigenous Techni-
cal Knowledge (ITKs) to manage insect pests such as (1) digging one feet trench 
around groundnut field and placing calotropis leaves in them to ward off red hairy 
caterpillar (Amsacta albistriga), (2) keeping fire torch at night to attract and destroy 
red hairy caterpillar adult moths, (3) spraying notchi (Vitex negundo) leaf extract 
during milky stage of rice to control earhead bug (Leptocorisa acuta), (4) Calotropis 
leaves were broadcasted in rice field to reduce hopper incidence, (5) applying neem 
seed kernel extract to check nymphal emergence and tungro virus incidence in rice, 
(6) fixing a circular tin of 1 inch at 8 feet aboveground level in coconut tree to avoid 
rat damage, (7) placing a scarecrow in field to ward of birds, (8) farmers use ‘y’ 
shaped stick with leather string known as ‘kavan’ to ward off birds, and (9) neem 
leaves (Azadiracta indica), Vitex negundo, and  Pongamia pinnata were dried and 
were mixed with grain bulk to ward off storage pest such as rice weevil, pulse beetle, 
etc. similarly smearing of oil with pulse to contain pulse beetle (Baskaran and 
Narayanasamy 1995). 

23.3.2 Green Revolution and Post-Green Revolution Era 

Biotic stresses have emerged and re-emerged as highly virulent strains and caused 
huge economic losses due to luxurious plant growth and susceptibility. Even the 
plant resistance to a particular biotic stress has been knocked down due to evolu-
tionary changes in genetic makeup or mutations in the insects and pathogens. Over-
dependency on a very few high-yielding varieties combined with prophylactic 
application of chemical pesticides rendered the country’s rice farmers vulnerable 
to plagues of insecticide-induced resurgent pests with special reference to brown 
plant hopper (Thorburn 2015). Similar experiences in wheat and other crops in 
which biotic stresses have emerged and caused huge economic losses. To combat 
losses caused by the emerging and re-emerging biotic stresses in crops, novel 
insecticide molecules, novel molecular tools, good agricultural practices, environ-
mentally safe biological and microbial control techniques, nanotechnology, devel-
opment tolerant/resistant varieties etc. have been widely explored after the green 
revolution (Kumar et al. 2021). 

23.3.2.1 Emerging and Invasive Biotic Stresses Recorded in India 
The insect pests like Helicoverpa armigera (Hubner), Plutella xylostella (L.), 
Pectinophora gossypiella (Saunders), Bemisia tabaci (Gennadius), Heliothist 
heivora Waterhouse, Nilaparvata lugens (Stal), Earias vitella (Fabricius), Tribolium 
castaneum (Herbst), Sitophilus oryzae (L.), Callosobruchus chinensis (L.), 
Paracoccus marginatus, Macrosiphum miscanthi Takahashi, Orselia oryzae 
(Wood-Mason), Liriomyza trifolii Burgess, Nilaparvata lugens Stal, Sogatella 
furcifera, Pyrilla perpusilla Walker, Sesamia inferens Walker, Ceratova 
cunalanigera, Phenacoccus solenopsis, Tuta absoluta, Spodoptera frugiperda, 
Paraleyrodes bondari (Josephrajkumar et al. 2019), and Aleurodicus 
rugioperculatus (Srinivasan et al. 2016) have emerged as economically important



pests in agricultural and horticultural ecosystems after the green revolution due 
change in the cropping systems, intensive agriculture, cropping sequences, climate 
change, evolution, etc. (Rathee and Dalal 2018; Murali Baskaran et al. 2019). These 
invasive pests have been posing serious threat and causing economic losses to crops 
in India. Continuous efforts of the scientific and farming community to suppress 
these pest populations had paved way for devising new avenues of pest management. 
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Monitoring and surveillance of biotic stresses have been shifted from traditional 
to modern techniques. Recent advances in robotics and space research have enabled 
to monitor pest populations in remote and inaccessible areas for desert locust. 
Machine learning algorithm was also effective to identify desert locust breeding 
sites in East Africa using key climatic factors, temperature and rainfall as well as 
edaphic factors like sand and moisture contents along with greenness. The prediction 
model developed based on these factors could predict oviposition and breeding sites 
accurately in East African countries, Kenya, Uganda, Sudan, and Saudi Arabia 
which would aid in preventing pandemics by destroying eggs and immature stages 
in small breeding sites. Such novel technological interventions can save crops from 
devastating losses caused by desert locust pandemics across the continents. 
Recently, innovative harmonic radar has been developed and utilized for tracking 
the movement of Vespa velutina, a pest of honeybees, and to identify its nests by 
fitting on insects (Maggiora et al. 2019). This technology can be very well adopted to 
other insect pests such as locusts, bees, butterflies, moths, bumble bees, 
dragonflies, etc. 

Resistant varieties to overcome the economic losses caused by the insect pests 
were also developed. Breeding varieties for resistance/tolerance to insect pests have 
been found to be the best strategy. One of the classical developments with respect to 
the development of resistant varieties is Bt cotton governing resistance to bollworms. 
The cotton production was challenged by pests like bollworms, H. armigera, 
E. vitella, and P. gossypiella, and caused huge economic losses. Bt cotton was 
created by genetically altering the cotton genome to express a microbial protein 
from the bacterium Bacillus thuringiensis. In short, the transgene inserted into the 
plant's genome produces toxin crystals that the plant would not normally produce 
which, when ingested by a certain population of organisms, dissolves the gut lining, 
leading to the organism’s death (Kranthi and Stone 2020). Then Monsanto and 
Mahico came out with wonderful genetically modified Bt cotton in the year 2002 in 
India which has become boon to cotton stake holders. Initially, Bollgard-I was 
released for commercial cultivation to suppress H. armigera and S. litura and 
subsequently Bollgard-II governing resistance to P. gossypiella also. In 
2003–2004, India was the world’s third largest cotton producer and seventh biggest 
exporter of cotton in the world. Overall, India was a net importer of cotton. With the 
introduction of Bt cotton, India in a decade rose to become not only the biggest 
producer of cotton bales but also the second biggest exporter. Bt cotton cultivation is 
the strong indicator of initial reductions in pesticide use. Today more than 92% area 
under cotton cultivation is Bt cotton. However, bollworms have slowly broken down 
the resistance and caused outbreak of pink bollworm especially in central India 
during 2015 and also in 2018–2019 especially in Maharashtra and Gujarat



(Buradikatti 2015). To combat this issue, Bt-resistant management strategies were 
developed by popularizing refuge strategy which delayed the onset of resistance. 
Very interestingly, a series of resistant rice varieties were bred to control the brown 
plant hopper Nilaparvata lugens and also in many other crops. Sincere efforts are 
made to develop Bt brinjal resistant to brinjal soot and fruit borer, Leucinodes 
arbonalis. However, due to strong resistance from NGOs and public, this Bt crop 
has not yet surfaced under condition in India. 
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Subsequently, environmental issues have started mounting up because of the 
indiscriminate use of hazardous pesticides to control insect pests in India. Indiscrim-
inate use of insecticides at higher dose leads to resistance, resurgence, and residue 
problems in Indian agriculture. Historically, cotton and vegetables have accounted 
for more than 50% of insecticide usage in India. Organophosphates (OPs) and 
organochlorine insecticides had been gradually replaced by pyrethroids during the 
late 70s and 80s and then subsequently, the OPs and pyrethroids have been replaced 
by neonicotinoids and other compounds of novel chemistry during the late 90s, 
worldwide. Several field problems such as poor selection of chemicals and 
sub-standard application practices exacerbated the control failures of insecticides 
against B. tabaci in India (Naveen et al. 2017). Slowly resistance to key insecticide 
molecules has been reported in sucking pests like whitefly, brown plant hopper, 
thrips, etc. As of 2015, 42 pesticides or pesticide formulations were banned or 
withdrawn from the Indian market. Chlorpyriphos, one of the wonderful broad-
spectrum molecules, has also been found to have adverse effects on human health 
specially children. Hence, the USA had banned the usage of chlorpyriphos as 
chlorpyrifos and chlorpyrifos-methyl have been identified as possible causes of 
neurological damage in children. India had imposed ban on usage chlorpyriphos in 
vegetables from 2007 onwards. Recently, the Ministry of Agriculture and Farmers 
Welfare also proposed to ban 27 insecticide/pesticide molecules in India considering 
their potentially hazardous nature to the environment, human beings, and non-target 
organisms in 2020. 

In India, the Central Insecticides Board and Registration Committee (CIBRC) is 
the governing body that regulates biopesticides under the Insecticides Act of 1968. 
After the stage was fully set, all the provisions of the Insecticides Act were brought 
into force with effect from 1 August 1971. This board advises the central and state 
governments on technical matters related to the manufacturing, sale, transportation, 
and distribution of all insecticides to ensure safety to humans and animals. The 
registration committee of the CIBRC grants licenses after scrutinizing their 
formulations and verifying claims made by the importer or the manufacturer. 
Manufacturers can register newly developed products under section 9-
(3B) (provisional registration) or 9(3) (regular registration) section of the 
Insecticides Act. The Ministry of Agriculture and Farmers Welfare and the Depart-
ment of Biotechnology provide funds to promote biopesticide research and com-
mercialization in India. The 35 Central Integrated Pest Management Centers located 
in 29 states, National Research Centre for Integrated Pest Management, and National 
Bureau of Agriculture Insect Resources (NBAIR) are also involved in monitoring



the quality, production, and application of biopesticides. Currently, there are 361 bio-
control laboratories in India associated with the production of biopesticides (DPPQS 
2017). Other agencies like the National Agricultural Research System (NARS) and 
National Board of Accreditation (NBA) are responsible for evaluating quality 
standards and research in biopesticides. Additionally, these organizations provide 
training to officials of state agriculture departments concerning quality control of 
biopesticides (Singh et al. 2016). The National Policy for Farmers (2007) 
implemented by the federal Department of Agriculture and Cooperation currently 
recommends the use of biopesticides to farmers for increasing farm productivity and 
maintaining environmental and human health. 
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Hence, tremendous research efforts were made to develop eco-friendly pest 
management technologies such as biological control including parasitoids, 
predators, entomopathogens such as fungi, bacteria, virus, and nematodes. A total 
of nearly 15 biopesticide formulations are registered by CIBRC for use in India. The 
biopesticide market in India has seen tremendous improvement by increasing its 
share in the total pesticide consumption and usage (projected to be 7.3%). Although 
microbial insecticides provide several advantages over traditional pest control 
products, they have not achieved the desired level of commercial development and 
application in India. Several factors limit the Indian microbial pesticide market. 
Product quality control issues, including low microbial count that results in poor 
performance in the field, is cited as a primary limitation (Gupta and Dikshit 2010). 
Studies conducted by NBAIR revealed that between 50 and 70% of 
entomopathogenic fungal-based products in India had either fewer colony 
propagules than listed on the label, excessive moisture content in solid formulations, 
or contaminants and, hence, did not meet published CIBRC standards. Limited shelf 
life may constrain the adoption of some microbial biopesticides, especially in rural 
areas where access to fresh products and refrigerated storage is limited. Some talc-
based formulations of entomopathogenic fungi have a shelf life of 3–4 months, but 
many other formulations become ineffective due the lack of proper storage 
conditions (Ramanujam et al. 2014; Kumar et al. 2019). 

The Pesticide Management Bill, 2020, was introduced in Rajya Sabha to regulate 
the manufacture, import, sale, storage, distribution, use, and disposal of pesticides, in 
order to ensure the availability of safe and good quality pesticides and minimize the 
risk to humans, animals, and environment. The Bill seeks to replace the 53-year-old 
Insecticides Act, 1968. The current state of regulation of pesticides in India, using 
the extant law called Insecticides Act, 1968, has not caught up with post-modern pest 
management science nor has taken cognizance of a huge body of scientific evidence 
on the ill effects of synthetic pesticides. The death due to acute pesticide poisoning 
and hospitalizations that Indian farm workers and farmers. It is not just human 
beings but wildlife and livestock that are poisoned routinely by indiscriminate use 
of toxic pesticides across the country. The key features of the bill are complete 
information, compensation provision, registration requirement, and strict regulatory 
norms towards achieving sustainable developmental goals.
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23.3.2.2 IPM Modules Across the Country 
Soon after the green revolution, pest problems have mounted up in Indian agricul-
ture. Research was oriented towards the development of viable and eco-friendly 
integrated pest management modules to farmers in the country. Validation and 
promotion of numerous location-specific IPM module in rice, wheat, maize, cotton, 
pulses, oil seeds, and horticultural crops have been done and the same has been 
disseminated to the farmers across the country. Pest forecasting models have devel-
oped as part of IPM to forewarn and alert the farmers to safeguard crops from pest 
attack (Malik et al. 2021). Smart agricultural technologies have been developed to 
address some of the challenges in plant protection. 

23.3.2.3 Biosafety and Biosecurity 
Research has been focussed on invasive, quarantine and transboundary pests after 
the green revolution by strengthening quarantine regulations. Rapid globalization 
and advancements in transport, travel, tourism coupled with liberalization of trade 
pose increased risk of introduction of exotic and invasive pests into the country. 
Plant pests which gained entry into India are causing significant economic damage to 
agricultural production. Pest risk analysis (PRA) is a science-based tool to tackle the 
alien pests of concern to any nation while facilitating international trade. PRA is a 
process which helps to assess the risks of entry, establishment, and spread potential 
of exotic pests. PRA is to identify the options to prevent the entry and management 
options in the event of pest establishment. The international standards brought out by 
IPPC serve as guidance for carrying out PRA. Plant biosecurity is of paramount 
importance to any country especially India to safeguard food security, sustainability 
of agricultural/horticultural production, and also in protecting the livelihood of 
people. The recent concern in the national agriculture scenario is to manage many 
types of invasive alien pest (insects/mites/nematodes/diseases, etc.) species that 
cross over from across the globe. 

23.3.2.4 Institutional Developments 
The Directorate of Plant Protection Quarantine & Storage (DPPQS) was established 
in the year 1946 on the recommendation of Woodhead Commission as an apex 
organization for advising the Government of India and state governments on all the 
matter related to Plant Protection. Plant protection activities encompass activities 
aimed at minimizing crop losses due to pests through integrated pest management, 
plant quarantine, regulation of pesticides, locust warning and control, and training in 
desert areas besides training and capacity building in plant protection. It is attached 
with the Office of Ministry of Agriculture and Farmers Welfare. It has various 
Sub-Offices throughout India and the Plant Protection Network of Directorate of 
PPQ&S in India. 

23.3.2.5 NIPHM, Hyderabad 
In order to bestow greater functional flexibility, and broader reach in delivery against 
the emerging challenges in the field of Plant Health Management, a very crucial area 
for enhancing our country's agricultural production, the Department of Agriculture



& Cooperation of the Ministry of Agriculture, Govt. of India, had taken a decision 
for transforming this Institute into an autonomous body during 2008. It is a national 
level institute under the administrative control of the Department of Agriculture & 
Cooperation, Ministry of Agriculture & Farmer’s welfare, Government of India, 
established in the year 1966 as Central Plant Protection Institute (CPPTI) at 
Hyderabad. The Institute was rechristened subsequently as National Plant Protection 
Training Institute (NPPTI). It became an autonomous body in the year 2008 with the 
expanded scope of promoting environmentally sustainable Plant Health Manage-
ment practices in diverse and changing agro-climatic conditions and Plant 
Biosecurity Management and Pesticide Management through capacity building 
programmes, besides providing inputs for policy formulation on plant health man-
agement, plant biosecurity, invasive alien species, market access, pesticide manage-
ment etc. at state and national level. In the year 2009, the National Bureau of 
Agriculturally Important Insects (NBAII) (formerly known as Project Directorate 
on Biological Control) Bangalore was established. 
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23.3.2.6 NCIPM New Delhi 
The National Research Centre for Integrated Pest management (NCIPM) is a premier 
research institute of Indian Council of Agriculture Research (ICAR). The institute 
was established in February 12, 1988, to develop and promote Integrated Pest 
Management (IPM) technologies for major crops with minimum ecological 
implications; generate national database on all aspects of pest management; advice 
national priorities and pest management policies; establish linkages with national 
and international institutes in the area of IPM; and to extend technical consultancies. 

23.3.2.7 NIBSM, Raipur 
The institute known as ICAR-NIBSM was created after recommendations of the 
Veerappa Moily Oversight Committee on the implementation of the reservation in 
higher educational institutions for expansion, inclusion, and excellence. The foun-
dation stone of the institute was laid on 7 October 2012 as the 99th research institute 
under ICAR, New Delhi. NIBSM is entrusted with a unique research mandate of 
devising novel mitigation measures of biotic stresses in the farming sector through 
revamping the inadequacy of the ongoing national programmes for assuring national 
food and nutrition security menaced by vibrant pests/pathogens in the pursuit of 
climate change, pathogenic mutations, intervention to keep a clean environment, and 
global regulations under WTO/IPR regimes. Buildings were inaugurated by 
honourable Prime Minister of India on 28 September 2021. 

23.4 Nematode and Their Management 

23.4.1 Pre- and Post-independence Era 

The history of Indian Nematology dates back to 1901 when Dr. C.A. Barber first 
reported the occurrence of root knot nematode on tea in the then Devala State of 
South India. Subsequently, several nematode diseases viz., the ‘Ufra’ disease of rice



in East India caused by Ditylenchus angustrus in 1913 and ‘White tip’ disease of rice 
by Aphelenchoides besseyi in 1936 were reported which caused concerns. The 
discoveries of ‘Molya disease’ of wheat and barley in Rajasthan caused by cereal 
cyst nematode Heterodera avenae in 1958 and the potato cyst nematode Globodera 
rostochiensis in the Nilgiri Hills of Tamil Nadu in 1961 prompted the Indian 
Government to strengthen the science of plant nematology in the country (Seshadri 
1986; Dhawan et al. 2001). Therefore, comprehensive research on plant parasitic 
nematodes (PPN) was initiated by IARI at its two divisions, viz. Entomology and 
Mycology & Plant Pathology. In India, Ayyar (1933) was the first one to attempt the 
control of root knot nematodes by (1) burning of sorghum stalks followed by 
spading, (2) growing a trap crop knol-khol with egg plant, and removing and 
destroying it before the emergence of new nematodes, (3) applying chemicals 
including kerosene, carbolic acid, potassium cyanide, formalin, carbon disulphide, 
lime, sulphuric acid, and ranicide, and (4) crop rotation with ragi, maize, sorghum, or 
red gram. Fumigants such as DD and EDB were used in early trials for the control of 
root knot nematodes (Sen 1960; Nirula 1961), the golden nematode of potato in the 
Nilgiris (Seshadri and Kumarswami 1964), and against nematodes infesting sugar-
cane, potato, and wheat. During this period, there had been very little progress in the 
field of nematology in the country. 
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23.4.2 Green Revolution Era 

An organized study on PPN was started towards the early 1960s in the country. By 
realizing the importance of PPN as limiting factors in agricultural production, the 
ICAR has sanctioned the establishment of the Division of Nematology at IARI in 
1966. In the year 1967, the FAO assigned B. Weischer at CPCRI Regional Station, 
Kayangulam, Kerala, for survey of nematodes associated with the root wilt of 
coconut caused by burrowing nematode, Radopholus similis. This led to the estab-
lishment of the Division of Nematology at the Station in 1972 (Seshadri 1986). 
Exposure of soil to solar heat by ploughing of field provides good control of 
nematodes (Krishnamurthy and Elias 1969; Seshadri and Sethi 1978). Rotation 
with graminaceous hosts (wheat, barley, ragi, maize, sorghum) and dicots (mustard, 
sesame, asparagus, and African marigold) for 1–2 years suppressed root knot 
nematode population (Gaur 1975; Sundaresh and Setty 1977; Roy 1978). 
Amendments of soil with non-edible oil cakes such as neem, karanj, and mahua 
have been found effective against root knot nematodes (Singh and Sitaramaiah 1973; 
Khan et al. 1973). The use of DD (a mixture of 1,2-dichloropropane, 
1,3-dichloropropene, and other chlorinated hydrocarbons)/DBCP (1,2-Dibromo-3-
chloropropane) has reported spectacular increase of yield in various crops. In India, 
the nematophagous fungi (Dactylariae udermata and Dactylellae inopaya) were first 
recorded. Subsequently, a large number of fungal species and other microbial agents 
have been recorded in the country.
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23.4.3 Post-Green Revolution Era 

From 1980, several chemicals such as organophosphates (fensulfothion, 
phosphamidon, dichlorofenthion, fenamiphos, chlorpyriphos, ethoprophos) and 
carbamates (aldicarb, carbofuran, dimethoate, methomyl, thiodemeton, oxamyl) 
have been reviewed and preferred for the management of nematodes (Sen and 
Dasgupta 1982). However, at present, majority of these chemicals have been either 
banned or withdrawn due to their toxicity to human health and hazard to the 
environment (Kumar et al. 2019). From 1980, the country initiated new programmes 
to breed a broader range of crops with nematode resistance coupled with other 
desirable characters and reported resistant cultivars/lines against important PPN in 
vegetables, pulses, and cereals. However, few cultivars are in use on a large scale by 
growers for one or other reason (Dhawan et al. 2001). Several biocontrol agents such 
as fungi (Pochonia chlamydosporia, Paecilomyces lilacinus, Trichoderma 
harzianum, etc.) and bacteria (Pseudomonas fluorescens, Pasteuria) have been 
successfully isolated and some of them have been formulated as commercial agents 
for the management of different life stages of PPN (Kumar 2020; Mohan et al. 2020). 
With the increasing domain knowledge, several new innovations and approaches 
were made in reducing the damage caused by various plant pathogens in agricultural 
and horticultural crops. RNAi-mediated suppression of genes essential for nematode 
parasitism, survival, and development offers novel targets for nematode manage-
ment (Banerjee et al. 2017). Host-induced gene silencing (HIGS) has revolutionized 
the possibilities to knockdown the activity of many structural, developmental, or 
housekeeping genes of a nematode by introducing dsRNA or siRNA molecules into 
the host plant. This strategy ensures the continuous delivery of dsRNA/siRNA to the 
feeding nematodes (Dutta et al. 2015a; Shivakumara et al. 2017; Chaudhary et al. 
2019). Yadav et al. (2006) first proved host-generated RNAi in tobacco to knock-
down both integrase and splicing factor genes in M. incognita. A number of studies 
have reported the efficacy of HIGs in cyst nematodes (Dutta et al. 2020) and root 
knot nematodes (Dutta et al. 2015b; Kumar et al. 2017). Nanotechnology is an 
emerging and promising technique due to controlled delivery of functional 
molecules and strong inhibitory activity against PPN (Kalaiselvi et al. 2019). Thakur 
et al. (2018) noted that incubation of M. incognita juveniles in water with Bacillus 
licheniformis-derived GoldNPs for 3 h resulted in 100% mortality of juveniles. 
Recently, Baronia et al. (2020) noted that the application of experimental AgNP 
formulation (1 μg/ml) resulted in negligible to complete suppression of gall forma-
tion caused by M. graminicola compared to the control on rice (Pusa basmati 1121) 
under glasshouse conditions. Similar results were obtained in field soil assays at the 
rate of 3 μg/ml, lower than the commercial formulation, Silvox® (150 μg/ml). The 
changes in agricultural situations and climate have resulted in the emergence of new 
nematode problems in India which include M. graminicola on rice in Mandya 
district of Karnataka, West Bengal, Odisha, and Assam; M. graminicola on onion 
and garlic in Karnataka, Haryana, West Bengal, and Gujarat; floral malady in 
tuberose caused by Aphelenchoides besseyi in West Bengal and Odisha; 
M. incognita on gerbera and carnation in polyhoses in southern parts of the country;



M. indica on Kagzi lime and cotton in Gujarat; M. incognita on pomegranate in 
Maharashtra, Karnataka, Gujarat, and Andhra Pradesh; M. enterolobii on Guava in 
Tamil Nadu and Andhra Pradesh, which are few examples of current nematode 
threats in the country (Walia and Khan 2018). 
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Nematode management in future are (1) to carry out extensive surveys of diseases 
of national and international importance in order to have endemic nematodes data, 
(2) identification and characterization of resistant sources against PPN of different 
crops, (3) identification, evaluation, and development of formulations of new fungal 
and bacterial antagonists of plant parasitic nematodes, (4) strategies on utilization of 
multiple biocontrol agents with complementary and synergistic modes of action and 
integration of biocontrol agents with other management methods such as chemicals, 
crop rotation, and use of resistant cultivars could be highly effective against PPN. 
(5) Recently, a number of CRISPR/Cas9 genome editing protocols have been 
established in C. elegans, which could open doors to perform these studies in PPN 
during their interaction with host plants. 

23.5 Weed Management 

Weeds are major biotic constraints in agriculture. It causes an economic yield loss of 
about 11 billion US$ in ten major field crops (Gharde et al. 2018). In general, weed 
management is location-specific and integrated weed management (IWM) is consid-
ered to be effective to minimize crop-weed competition to enable crops to optimally 
use resources such as space, light, carbon-di-oxide (aboveground) nutrient, and 
water (belowground) for attaining the optimal harvestable crop yield (Choudhary 
and Dixit 2018). In the past 50 years, several weed management technologies have 
been developed and disseminated; still, weeds continue to be a major problem. 
Continuous monitoring of weeds in an ecosystem and appropriate and dynamic 
weed management practices are required to tackle weeds of various ecosystems 
(Rao 2018). 

23.5.1 Pre-independence Era 

Before the independence of India, cultural practices, hand weeding, and mechanical 
weeding were the major weed management practices. During the period there was 
not much information available on weed management in general and herbicides in 
particular. Among various available options, physical methods contributed to the 
larger area followed by smaller weeding tools. During the period, agriculture was 
mainly practiced for subsistence purposes. In the pre-independence era, more avail-
ability of manpower and lesser wages helped in adopting the physical method of 
weed control. With the advancement in time, in 1920 AD, mechanical tools were 
invented and were used for weed management. These included cultivators, blades, 
harrows, finger weeders, rotary hoes, rod weeders, etc. along with hand hoeing, 
digging, cutting, dredging, and chaining operations through hoes, axes sickle etc.



A majority of the farmers used to burn the field after the crop harvest; this killed the 
weed seeds and is the cheapest method of weed control. In general, physical methods 
and cultural practices (like tillage, planting, fertilizer application, irrigation, crop 
rotation, summer fallowing, etc.) were done for the reduction in weed density and 
severity, which favoured more towards crops. However, this method was not 
sufficient to completely control the field weeds; the use of herbicides started just 
before independence. Several cultural practices like tillage, planting, fertilizer appli-
cation, irrigation crop rotation summer fallowing etc., are employed for creating 
favourable conditions for the crop. These practices if used properly help in 
controlling weeds. Cultural methods alone cannot control weeds, but help in reduc-
ing the weed population. 
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23.5.2 Post-independence Era 

During this period, there was a rapid increase in weed population, although the 
cultivation area was limited. These created a huge pressure to import food grains. 
Along with the imported food grains, several weed species were introduced and 
established in the country. Subsequently, it proliferated and distributed in a major 
chunk of the area. Ending the pre-independence era, a new approach to chemical 
weed control came into the existence in India and the world. The earliest attempt to 
control weeds in India with herbicides was made in 1937 in Punjab for controlling 
Carthamus oxyacantha by using sodium arsenite. 2,4-D was registered as the first 
selective herbicide for the control of broad-leaved weeds. It was first tested in India 
in 1946. Since then, several chemicals have been imported and tested. Some of them 
were quite effective in controlling certain weeds. This compelled to initiate 
herbicide-based research in India from 1948 onwards with 2,4-D. After indepen-
dence, in 1951, phenyl substituted urea group of herbicides, e.g., monuron and 
diuron were introduced. Triazine group of herbicides were developed in 1955. 
Uses of dinitroanilines were started in agriculture in 1960. Glyphosate came into 
existence for weed control as a systemic and non-selective herbicide in 1970. A PL 
480 research project with USAID was undertaken (1964–1969) on the ecology of ten 
common noxious weeds including Chenopodium album, Cyperus rotundus, 
Eichhornia crassipes, Anagallis arvensis, Spirodela polyrrhiza, Portulaca oleracea, 
Cassia tora, Eleusine indica, Amaranthus spinosus, and Eleocharis palustris. 
Although quarantine law had been imposed, but still due to improper imposition, 
some of the weeds could trash pass and got distributed across various parts of the 
country with imported materials. Later, the quarantine law was further improvised 
and various kinds of filters were placed to avoid the entry and distribution of weed 
seeds. Since then several types of research have been conducted in sole herbicides 
between 1980 and 1989. The major emphasis is given to herbicide-based weed 
management (such as alachlor, atrazine, bifenox, butachlor, 2,4-D, dicamba, diquat, 
fluchloralin, fluroxypyr, glyphosate, methabenzthiazuron, metoxuron, nitrofen, 
paraquat, propanil, simazine, terbutryne, and sethoxydim) for weed management. 
The efficacy of herbicides in managing weeds in different crops, herbicide efficacy



interaction with irrigation, fertilizers, effect of herbicides sprayed in one crop on the 
succeeding crops, and tolerance of crop cultivars to herbicides were certain aspects 
of herbicide-based studies. Mechanical weeders like hand hoe, blade hoe, and paddy 
weeder were found equally effective in managing weeds and were found more 
economical than hand weeding (Singh et al. 1976). During the period, major 
research was done on a critical period of crop-weed competition, weed flora survey, 
the physiological study of perennial weeds, ecology of Parthenium hysterophorus 
(Tiwari and Bisen 1984), effect of herbicide on soil microflora (Mukhopadhyay 
1980), integrated Striga control in sorghum (Choudhari et al. 1980); biology and 
control of Oxalis latifolia were reported (Muniyappa et al. 1983), competitive 
cultivars and allelopathy. This provided excellent weed control, but continuous 
use of the same herbicides for a prolonged period has created another problem like 
herbicide-resistant weeds (Phalaris minor against Isoproturon) during the 1990s 
(Malik and Singh 1993). These compelled to re-synthesize the weed management 
practices. The research has been started with the combined use of two herbicides 
(tank mix and/or pre-mix) for broad-spectrum weed control. Still, these practices 
were not efficient in controlling weeds. Over the period, research on the sole use of 
herbicides decreased and emphasis was given to research on integrated weed 
management (IWM). Biotechnological interventions were used to understand 
molecular diversity of Phalaris minor populations in wheat (Dhawan et al. 2008) 
and mechanism of resistance of Phalaris to isoproturon (Singh et al. 2004). Weed 
utilization such as Lantana and Eupatorium as green manure (Mankotia et al. 2006) 
and weed biomass for nitrogen substitution in rice-rice system (Rajkhowa 2008) was 
assessed. 
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Research and adoption on IWM gradually increased 9% (1980–1989) to 36% 
(2010–2018). Based on the research article published about 39% are from herbicides 
alone and comparing herbicides performance with hand weeding and other methods. 
Emphasis has been given to control weed adopting soil solarization along with crop 
husbandry practices like tillage with and without irrigation; crop residue/straw 
incorporation (Das and Yaduraju 2008); and irrigation and nitrogen management 
to enhance weed management efficacy. Likewise, usage of mechanical weeders 
(rotary weeder) increased; it saved 57% of total labour use for weeding (Subudhi 
2004). The total saving of female labour is by 4.85 times and male labour by 6.6 
times over hand weeding (Remesan et al. 2007). Publications on integrated weed 
management included a combination of herbicides with manual weeding (Singh and 
Singh 2004), trash burning, inter-cultivation (Subramanian and James 2006), tillage 
(Sarma and Gautam 2006), and rotation (Singh 2006). The importance of decision-
making tools was brought to light (Babu and Yaduraju 2000). 

23.5.3 Post-Green Revolution Era and Present 

In the last decade the major emphasis is given to IWM (Rao and Nagamani 2010); 
conservation agriculture and weed management (Bhullar et al. 2016); aquatic weed 
management (Sushilkumar 2011); climate change and weed management (Singh



et al. 2011); control of Orobanche (Punia 2014); weedy rice management (Abraham 
and Nimmy 2015); crop-weed-fertilizer-water (Kaur et al. 2018); mulching 
(Choudhary and Kumar 2014); intercropping (Choudhary et al. 2016); 
non-chemical methods (rotary weeder use) for managing weeds in rice (Deshmukh 
2012); and use of black polythene mulch (25 μm thickness UV resistant) for 
managing weeds (Ram et al. 2017). Herbicide compatibility has been evaluated 
(Choudhary and Dixit 2021), weed management in Bt cotton (Ramachandra et al. 
2016), and solarization for reducing weed seed bank in soil. Harnessing the benefit 
of conservation agriculture using happy seeder and herbicides in rice-wheat-green 
gram cropping system in vertisol (Singh et al. 2017) to facilitate timely sowing in 
standing stubbles, minimize weed infestation, lower cost of production, improve 
fertilizer/water-use efficiency, and improve soil health (Choudhary and Choudhury 
2018). However, weeds are very clever and have adapted to varied climatic 
conditions and accumulated more biomass resulting in less susceptibility at 
recommended herbicide doses. Therefore, there is an urgent need to develop effec-
tive, economical, and ecologically safe integrated weed management strategies 
through interdisciplinary research. A total of 60 herbicides of different modes of 
action are registered in our country. More than 700 formulations of herbicides are 
currently available on the market. These include combination formulations of two 
different herbicides, which are becoming popular amongst farmers due to broad-
spectrum weed control. 
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23.6 Future Issues and Challenges 

23.6.1 Challenges 

(1) Need for establishment of national referral laboratories for quick identification/ 
diagnosis and containment in order to prevent the wide spread of pests. A well-
defined and coordinated mechanism should be developed for safeguarding our 
country; (2) Artificial Intelligence for monitoring, tracking breeding sites, migration 
of movement of locusts, and aerial application of pesticides for site-specific man-
agement of transboundary quarantine pests; (3) exploitation of advanced breeding 
techniques, including agricultural biotechnology, to introduce insect and disease 
resistance into major crop plants. Much success has been achieved for enhancing 
yield traits using such technologies but research is limited to breeding biotic stress 
resistant varieties against key pests; (4) establishing Public-Private Partnerships to 
contribute to control biotic stresses; (5) modelling of crop pest epidemics and disease 
outbreaks for major pests across the crops should be developed; (6) development and 
implementation of a national crop protection strategy founded based on the 
principles of integrated management; (7) investment in training provision among 
researchers and users to improve use of new technologies and innovation; (8) a 
nationwide programme on robust monitoring and advisory system for quarantine, 
invasive, transboundary biotic stresses need to be developed; (9) robust forewarning 
systems for timely management of invasive, quarantine pests are to be developed in



tune with changing climate, Extrapolation model, INDO-BLIGHTCAST being 
employed for controlling late blight disease for other biotic stresses in India; 
(10) exploration of semiochemicals/pheromones or allelochemicals for the manage-
ment of sucking pests is a big challenge ahead of scientific community. Utilization of 
such chemicals in trapping technology would be of great help to farming community 
in overcoming losses caused by vector and vector-borne viral diseases; (11) there is a 
need to put in lot of efforts on development of suitable consortia of microbes for the 
management of biotic/abiotic stresses and reduced cost of cultivation; (12) the 
biocontrol agents need to be assessed for their compatibility with commonly used 
agrochemicals periodically; (13) induction of higher tolerance in strain/isolates of 
the bio-agents against need-based pesticides for control of soil-borne diseases; 
(14) compatibility studies of biopesticides with biofertilizers and fast-tracking of 
biopesticide registration and (15) early warning system and pest advisory need to be 
developed and strengthened in view of changing climatic scenario; (16) climate risk 
management through developing DSS (Decision Support System) and improving 
agro-advisory network services; (17) develop simulation models and forecasting 
system to predict the outbreak of diseases; (18) extensive field studies under various 
conditions should be needed to understand the interaction between nanoparticles, 
microorganisms, soil and plants against PPNs; (19) strategies on utilization of 
multiple biocontrol agents with complementary and synergistic modes of action 
and integration of biocontrol agents with other management methods such as 
chemicals, crop rotation, and use of resistant cultivars could be highly effective 
against PPNs; (20) there is a need to develop strict regulatory mechanisms to 
maintain the quality and availability of biocontrol agents at affordable cost to 
farmers; (21) weed management policy needs to be formulated on an urgent basis 
to control the severity, spread, and threat to the environment. Empower the commu-
nity to manage weeds under the policy. 
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23.6.2 Issues 

There is an urgent need for National Policy on Agrochemicals with an emphasis on 
safe use of pesticides, fast-track transparent time-bound online registration system 
by revamping the current registration process based on the recommendations of duly 
constituted independent expert committees, guidelines for registration of newer 
molecules shall also be harmonized, complete check on sale and use of spurious 
pesticides, high-quality well-equipped quality control accredited national pesticides 
testing laboratories across the country should be established with international 
standards, biosafety data for new molecules to be generated preferably through 
notified National Accreditation Board for Testing and Calibration Laboratories 
(NABL), pesticides of biological origin, growth regulators whose toxicity levels 
are very low can be relaxed from stringent regulatory ambit, strengthen and encour-
age manufacturing of new molecules under Make in India initiative, capacity 
building and skill development in assessing unregistered pesticides in imported 
commodities need to be strengthened, and an urgent need to move forward to



innovations in biopesticides of biological origin, green chemistry pesticides, etc. A 
centre of excellence (CoE) on agrochemicals with multifaceted wide-spectrum and 
modern bioscreening facilities needs to be established urgently, and greater thrust 
needs to be given to develop low-cost technologies for mass production and bulk 
availability of biocontrol agents and biopesticides. 
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Abstract 

A total of 33 invasive pests including insect and noninsect pests have been 
reported to enter and establish in various crop habitats in India during pre- and 
post-independence era and Green and Post-Green Revolution era. It continued till 
date with the second decade of the twenty-first century and has caused heavy 
yield losses, leading to a threat for food security. Out of the invasive pests 
encountered so far, 18 insect species belong to Hemiptera (six whiteflies, five 
mealybugs, three aphids, three scale insects, one psyllid), six Lepidoptera, three 
Coleoptera, two Hymenoptera, one Diptera, and three noninsect pests (one 
Acarina, one Mollusca, one root-knot nematode). Trade policies, free trade, and 
globalization invited maximum number of invasive pests into India during the 
Post-Green Revolution era and the second decade of the twenty-first century. The 
Covid-19-induced lockdown is responsible for few insects to attain dreadful 
status in causing significant damage and yield losses in crops. Two insects, 
namely desert locust and carambola fruit fly, are considered as transboundary 
pests in India. The ICAR institutes/SAUs have developed efficient Integrated Pest 
Management (IPM) for almost all invasive pests of India, which are available for 
practice in many public domains. The Plant Quarantine Organization is the apex 
body in India to monitor the spread, distribution, and outbreak of invasive and 
transboundary pests, besides providing plant protection advisories through 
obtaining information from early warning systems (EWSs) on subscription/ 
request. 
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24.1 Introduction 

When invasive pests occupy new ranges/new habitats, they have the potential to 
manipulate ecological and economic systems on a global basis by altering 
ecosystems, tritrophic interactions, and threating biodiversity (Noar et al. 2021). 
Additionally, substantial reduction in host plant fitness, lack of coevolution between 
natural enemies and pest species, and wide spread mortality are recorded, which 
capitalize the ecological, cultural, and economic losses (Rigling and Prospero 2018). 
The invasive insects-induced global crop losses is estimated for up to 1.4 trillion 
USD annually (Bradshaw et al. 2016). Increasing international trade has created 
diverse pathways for the entry/outbreak of the invasive species, which accelerate the 
rate at which introductions occur. As globalization intensifies, the worldwide eco-
nomic and ecological burden of invasive species is expected to increase. In India, 
8 invasive pests during pre- and post-independence era, 14 during Green and Post-
Green Revolution era, and 11 during second decade of the twenty-first century were 
recorded in various crop habitats. 

Transboundary plant pests (TPPs) are those migratory insects, plant diseases, and 
weeds that can spread to several countries and reach epidemic proportions, cause 
significant losses to crops, threaten food security, damage the local biodiversity and 
environment, and create serious socioeconomic and public health consequences. 
TPPs-induced decline in agricultural productivity contributes to poverty and hunger, 
particularly of small farmers, besides acting as the barriers to trade. Three major 
reasons for the increased risk of TPPs that spread to challenge the world’s food 
security include (1) global movement of agricultural goods, (2) global movement of 
tourists and migration, and (3) global climate change. 

TPPs contribute substantially in pest and disease-induced global food loss, which 
is approximately one-third of annual food production. Across the world, more 
specifically in the Asia-Pacific region, a number of TPPs that occur as epidemics 
or are endemic within national boundaries face severe threats. Climate change is 
creating new ecological platform for the entry and establishment of pests and 
diseases from one geographical region to another. This expansion will continue to 
result in huge financial losses, therefore require large eradication programs and 
effective control measures. In India, desert locust and carambola fruit fly are reported 
to be the major TPPs, which are under surveillance in coordination with FAO. This 
chapter retrieves on various invasive insect and noninsect pests and transboundary 
insect pests, which had/have been posing problem to India during pre- and post-
independence era, Green and Post-Green Revolution era, and second decade of the 
twenty-first century.
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24.2 Invasive Pests of Pre- and Post-Independence Era 

24.2.1 Giant African Snail (GAS), Achatina fulica (Ferussac) 
(Mollusca: Achatinidae) 

GAS is a native to East Africa and was introduced from East Africa to India through 
living specimens from Mauritius to Calcutta in 1847 and in 1907. It multiplied in 
large numbers in Calcutta and spread to Bihar, Assam, Madhya Pradesh, 
Maharashtra, Kerala, Tamil Nadu, and Karnataka in gardens and ornamental 
nurseries. In 1946–1948, it appeared as epidemic in Balasore, Odisha in vegetable 
fields, especially cabbage, cauliflower, and pumpkin (Behura 1955). 

24.2.2 San Jose Scale (SJS), Quadraspidiotus perniciosus (Comstock) 
(Hemiptera: Diaspididae) 

SJS is a native to Northern China but it attained threat status at San Jose in California 
in 1873. It entered into India through Kashmir state in 1879 along with the flowering 
plants of Cydonia japonica and became a serious pest of temperate fruits, especially 
apples of North-Western India, namely Jammu and Kashmir, Himachal Pradesh, and 
Uttar Pradesh in 1921. It was reported to attack 51 hosts including apple, plum, 
peach, and peas in Jammu and Kashmir, Himachal Pradesh, Uttar Pradesh, Tamil 
Nadu, Karnataka, West Bengal, Sikkim, Assam, and Meghalaya, besides causing 
100% fruit infestation in Khunmoh, Srinagar district (Tuhan et al. 1979). 

24.2.3 Coffee Green Scale (CGS), Coccus viridis (Green) (Hemiptera: 
Coccidae) 

CGS is a major pest of Arabian coffee and was introduced in India in 1889 via 
Ceylone (Singh and Rao 1977). It is very common in coffee-growing areas of 
Karnataka, Tamil Nadu, and Kerala, besides attacking guava, mango, orange, and 
so on. 

24.2.4 Potato Tuber Moth (PTM), Phthorimaea operculella (Zeller) 
(Lepidoptera: Gelechiidae) 

PTM is a native to the Western South America and was introduced in India in 1900, 
along with seed potatoes from Italy. The actual damage was first reported in 1906 in 
East Bengal. PTM became destructive on potato both in field (51.5–56.4%) and 
storage (70%) conditions in Karnataka and Uttar Pradesh (Lefroy 1968).
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24.2.5 Apple Woolly Aphid (AWA), Eriosoma lanigerum (Hausmann) 
(Hemiptera: Aphididae) 

AWA is a native to the America and was introduced to Coonoor, Tamil Nadu, India 
in 1889 and in 1909 on the nursery stock imported from England to Shimla district, 
Himachal Pradesh and other apple-growing areas of India (Thakur and Dogra 1980). 

24.2.6 Diamond Back Moth (DBM), Plutella xylostella 
L. (Lepidoptera: Yponomeutidae) 

DBM is a native to Southern Europe. It appeared destructive on cruciferous crops 
(Gandhale et al. 1982). In India, it was reported in 1914 and distributed in all 
crucifer-growing areas to cause average crop damage of 52% (David and 
Kumaraswami 1978). 

24.2.7 Cottony Cushion Scale (CUS), Icerya purchasi Maskell 
(Hemiptera: Margarodidae) 

CUS is a native to Australia and was a threat to citrus industry of Southern California 
(Caltagirone and Doutt 1989). It was first recorded in 1928 at Nilgiris and Madurai 
districts of Tamil Nadu and believed to be introduced through imported orchard 
stocks or flowering plants, besides through apple cuttings imported from Ceylone 
(Rao and Cherian 1944). A further spread was reported in many parts of Tamil Nadu, 
Karnataka, Kerala, and Maharashtra and reported to feed on 38 hosts including 
Acacia, Casuarina, Citrus sp., and Rosa sp. (Rao 1944). 

24.2.8 Sugarcane Woolly Aphid (SWA), Ceratovacuna lanigera 
Zehntner (Hemiptera: Aphididae) 

SWA was reported for the first time in West Bengal in 1958 on sugarcane (Basu and 
Banerjee 1958). Both nymph and adults suck the phloem sap and affect photosyn-
thesis by excreting copious honeydew, which in turn results in the development of 
sooty mold fungus. 

24.3 Invasive Pests in Green and Post-Green Revolution Era 

24.3.1 Pine Woolly Aphid (PWA), Pineus pini (Macquart) (Hemiptera: 
Adelgidae) 

PWA was first recorded in Nilgiris, Tamil Nadu on pine trees in 1970 and entered 
from Western and Central Europe (McAvory et al. 2007).
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24.3.2 Litchi Longhorn Beetle (LLB), Aristobia reticulator (Viet) 
(Coleoptera: Cerambycidae) 

LLB is a native to China and was first reported in Tamil Nadu in 1997 (Shylesha 
et al. 2000). It attacks guava, China rose, redgram, citrus, and mango. It was found 
attacking litchi in Arunachal Pradesh, causing 76% loss to the crop. 

24.3.3 Subabul Psyllid (SP), Heteropsylla cubana Crasford 
(Homoptera: Psyllidae) 

SP is a native to temperate South America. It is reported to enter India through wind 
currents from Sri Lanka in 1988 (Singh and Jalali 1990). Its infestation was first 
reported in Kattupakkam, Chengalpattu, Tamil Nadu in February 1988. Thereafter, it 
moved to Bengaluru, Pune, and Nagpur cities. It was further spread to Andhra 
Pradesh and Nepanagar in Madhya Pradesh (Singh and Bhandari 1989). It is 
reported to cause heavy damage to subabul. 

24.3.4 Codling Moth (CM), Cydia pomonella (L.) (Lepidoptera: 
Tortricidae) 

CM is a serious pest of temperate fruits including apple, walnut, peach, pear, apricot, 
etc. and was first introduced in the Ladakh region of Jammu and Kashmir from 
Pakistan in 1989 (Pawar and Kapil 1982), causing 95.6% loss to apple. 

24.3.5 Coffee Berry Borer (CBB), Hypothenemus hampei (Ferrai) 
(Coleoptera: Scolytidae) 

CBB is a native to Central Africa and occupied several coffee-cultivating countries 
including Central and South America, South East Asia, and Pacific countries 
(Waterhouse and Norris 1987). In India, it attained the pest status in 1990 in the 
estates of Gudalur of Nilgiris district, Tamil Nadu. It is believed that the route of 
spread of this pest through infested coffee berry brought from Sri Lanka by Tamil 
refugees (Kumar et al. 1990). It entered into Wayanad district of Kerala and was also 
detected in Kutta estate of Kodagu district in Karnataka in February 1991 and 
Siddapur areas in August 1993. The CBB infestation affected coffee berry export 
of India worth US$ 300 million (Sreedharan 1995).
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24.3.6 Serpentine Leaf Miner (SLM), Liriomyza trifolii (Burgress) 
(Diptera: Agromyzidae) 

SLM is a native to Florida and Caribbean Islands. It entered into India (Hyderabad) 
through infested Chrysanthemum cut flowers during 1991 and occupied in 
Karnataka, Andhra Pradesh, Maharashtra, Gujarat, and Delhi. It was recorded on 
cotton in Karnataka, then spread into tomato and cucurbits, causing damage to the 
extent of 30–40%. Severe infestation of SLM was reported to attack ridge gourd and 
tomato in Andhra Pradesh; cotton, tomato, and castor in Karnataka; and okra, 
smooth gourd, field bean, hybrid cotton, and castor in Tamil Nadu (Pawar and 
Kapil 1982). 

24.3.7 Spiralling Whitefly (SWF), Aleurodicus disperses Russell 
(Hemiptera: Aleyrodidae) 

SWF is a native to the Caribbean region and Central America. It was first recorded in 
cassava in November 1993 in Trivandrum district of Kerala. It spread to tapioca and 
rubber, and it occupied 72 hosts in Kerala (Prathapan 1996) and 96 hosts in 
Karnataka (Murali Krishna 1999) in different years, besides attacking guava, pome-
granate, banana, and ornamental crops. 

24.3.8 Coconut Eriophyid Mite (CEM), Aceria guerreronis (K.) 
(Acarina: Eriophyidae) 

In India, CEM was first reported in 1997 in the coconut plantations of Ernakulam 
district of Kerala (Sathiamma et al. 1998). It was reported in Alleppey, Kottayam, 
and Trichur of Kerala, Udumalapet and Pollachi of Tamil Nadu, and coconut-
growing areas of Karnataka and Andhra Pradesh (Shivarama Reddy and Naik 
2000). It is reported to spread through the winds and transport of infested nuts. 

24.3.9 Silver Leaf Whitefly (SLWF), Bemisia tabaci B-biotype 
(Homoptera: Aleyrodidae) 

SLWF is a native to Israel and its occurrence was first reported in Kolar district of 
Karnataka in vegetable crops during 1999; thereafter, the spread was noticed in 
cauliflower, tomato, and chillies of Hosur area, Tamil Nadu. It is a highly dangerous 
sucking pest as it spreads virus diseases to crops indirectly (Mishra et al. 2020).
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24.3.10 Eucalyptus Gall Wasp (EGW) or Blue Gum Chalcid, Leptocybe 
invasa Fisher and La Salle (Hymenoptera: Eulophidae) 

EGW was first introduced into Karnataka and Tamil Nadu in 2001 from Australia. It 
causes extensive damage to leaves of eucalyptus trees by producing galls (Jacob 
et al. 2007). 

24.3.11 Lotus Lily Midge (LLM), Stenochironomus nelumbus Tok et 
Kur (Diptera: Chironomidae) 

LLM was reported in Thirunavaya, Kerala in 2005. It was introduced from China. 
The newly hatched grub causes leaf rotting in lotus by mining of subcuticular 
parenchyma (Deepu and Habeeburrahman 2008). 

24.3.12 Erythrina Gall Wasp (EGW), Quadrastichus erythrinae Kim 
(Hymenoptera: Eulophidae) 

EGW was introduced from Tanzania, East Africa into Kerala, India in 2006 (Faizal 
et al. 2006). 

24.3.13 Cotton Mealy Bug (CMB), Phenococcus solenopsis Tinsley 
(Hemiptera: Pseudococcidae) 

CMB was first recorded in cotton crop of Gujarat in 2006. It was introduced from 
Central America (Tanwar et al. 2007). 

24.3.14 Papaya Mealybug (PMB), Paracoccus marginatus Williams 
and Granara de Willink (Hemiptera: Pseudococcidae) 

PMB is a native to Mexico and was first recorded in Coimbatore, Tamil Nadu in 
2007 in papaya gardens (Tanwar et al. 2010). A classical biological control for this 
pest was launched in 2010 by importing an encyrtid parasitoid, Acerophagus 
papayae, from Puerto Rica, Latin America with the help of United States Depart-
ment of Agriculture—Animal and Plant Health Inspection Services (USDA-APHIS) 
(Shylesha et al. 2011).
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24.4 Invasive Pests in the Second Decade of the Twenty-First 
Century 

24.4.1 Jack Beardsley Mealybug (JBMB), Pseudococcus 
jackbeardsleyi Gimple and Miller (Hemiptera: 
Pseudococcidae) 

JBMB is a native to the United States and was first recorded in Karnataka in 2012 in 
banana crop (Shylesh 2013). 

24.4.2 Madeira Mealybug (MMB), Phenococcus madeirensis Green 
(Hemiptera: Pseudococcindae) 

MMB is a Neotropical native and was recorded in hibiscus plants in Karnataka in 
2012 (Shylesha and Joshi 2012). 

24.4.3 South American Tomato Moth (SATM), Tuta absoluta 
(Meyrick) (Lepidoptera: Gelechiidae) 

SATM had been first reported in 2014 in Karnataka (Sridhar et al. 2014) and turned a 
regular pest of India due to its fast spread and fecundity. During the subsequent 
years, threat of T. absoluta was noticed at several parts of India including Bengaluru 
(Karnataka), Rajendranagar (Telangana) (Kumari et al. 2015), Ludhiana (Punjab), 
and Varanasi and Mirzapur (Uttar Pradesh) and attained the key pest status. 

24.4.4 Coconut Spindle Leaf Beetle (CSLB), Wallacea sp. (Coleoptera: 
Chrysomelidae) 

CSLB was introduced from the Oriental region, Australia into the coconut 
plantations of Andaman Islands in 2014 (Prathapan and Shameem 2015). 

24.4.5 Rugose Spiralling Whitefly (RSW), Aleurodicus rugioperculatus 
Martin (Hemiptera: Aleyrodidae) 

RSW, a native to America, was first noticed on coconut from Pollachi, Tamil Nadu 
and Palakkad, Kerala in 2016, and subsequently occupied almost all the southern 
parts of India including Tamil Nadu, Karnataka, Kerala, and Andhra Pradesh, 
besides extending its habitats in banana, mango, sapota, guava, cashew, maize, 
ramphal, oil palm, Indian almond, water apple, jackfruit, and many ornamental 
plants (Anonymous 2019). Aphelinid parasitoid, Encarsia guadeloupae Viggiani 
(Hymenoptera: Aphelinidae), has been reported to cause 56–82% parasitization on



spiralling whitefly under natural condition. Growing banana and Canna indica along 
with coconut can conserve the parasitoid. Entomopathogenic fungus, Isaria 
fumosorosea, under various field testing in Andhra Pradesh, Karnataka, Kerala, 
Tamil Nadu, West Bengal, and Maharashtra is evident to cause 91% control on 
RSW (Anonymous 2020c). 
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24.4.6 Fall Armyworm (FAW), Spodoptera frugiperda (J. E. Smith) 
(Lepidoptera: Noctuidae) 

FAW was first reported in Shivamoga, Karnataka in 2018 (Kalleshwaraswamy et al. 
2019) in maize and established as a regular insect pest of maize with its attack also 
reported on sorghum and bajra. It spreads rapidly in various parts of India because of 
its peculiar behaviors of fast flying capacity, voracious, and polyphagus in nature. 
During May–July 2018, it occupied the entire Karnataka, Tamil Nadu, Telangana, 
and Andhra Pradesh. In Maharashtra, Madhya Pradesh, Chhattisgarh, and Odisha, 
the spread took place in August 2018; Gujarat, West Bengal in September 2018; 
Jharkhand in October 2018; Tripura and Mizoram in November 2018; Nagaland in 
March 2019; Sikkim, Meghalaya, and Manipur in May 2019; Uttar Pradesh, Bihar, 
and Assam in June 2019; Uttarakhand in July 2019; and Haryana and Punjab in 
August 2019, while the FAW incidence was not reported in Kerala, Himachal 
Pradesh, and Union Territories (Andaman and Nicobar Islands, Dadra and Naga 
Haveli, Daman and Diu, Chandigarh, Lakshadweep, Puducherry, Delhi, Ladakh, 
and Jammu & Kashmir). The neighboring countries including Bhutan, Pakistan, and 
Afghanistan are still free from FAW occurrence (Fig. 24.1). 

Hymenopteran parasitoids, namely Telenomus sp. (Platygastridae), 
Trichogramma sp. (Trichogrammatidae), Chelonus sp., Glyptapanteles creatonoti 
(Viereck), and Cotesia sp. of Braconidae, Phanerotoma sp. and Campoletis 
chlorideae Uchida of Ichneumonidae (Shylesha et al. 2018), and Nuclear polyhe-
drosis virus (NPV of Sf) (Sivakumar et al. 2020) and Nomuraea rileyi of 
S. frugiperda larvae, have been documented (Shylesha et al. 2018) to have good 
biocontrol potential on FAW. Web-based FAW portals of FAO (FAO 2020); CABI-
based news, research, practical extension materials, videos and other resources; 
mobile app on FAW Monitoring and Early Warning System (FAMEWS); Global 
Action for Fall Armyworm Control in 2020 (CABI 2020b); and ASEAN Action Plan 
on FAW Control (Anonymous 2020e) are the recently established systems for early 
detection and management of FAW. 

24.4.7 Nesting Whitefly (NWF), Paraleyrodes minei Iaccarino 
(Hemiptera: Aleyrodidae) 

NWF is a native to Syria and was first reported in Kerala in 2018 on coconut.
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Fig. 24.1 Distribution of FAW in South East Asia 

24.4.8 Bondar’s Nesting Whitefly (BNSF), Paraleyrodes bondari 
Peracchi (Hemiptera: Aleyrodidae) 

BNSF is a native to Central America and was reported on coconut at Kerala in 2018. 

24.4.9 Neotropical Whitefly (NTWF), Aleurotrachelus atratus Hempel 
(Hemiptera: Aleyrodidae) 

NTWF was recorded on coconut for the first time in Mandya, Bengaluru in 2019. It 
is a native to Brazil. 

24.4.10 Cassava Mealybug (CMB) Phenacoccus manihoti 
Matile-Ferrero (Hemiptera: Pseudococcidae) 

Invasions of CMB was first recorded in Thrissur, Kerala followed by its widespread 
infestations in the neighboring state of Tamil Nadu in Southern India (Anonymous 
2020d). CMB-specific encyrtid parasitoids, Anagyrus lopezi De-Santis 
(Hymenoptera: Encyrtidae) Karyani et al. 2016) and Anagyrus papayae (Shylesha



et al. 2018), have been reported to be in association with CMB under natural field 
condition for parasitization. 
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24.4.11 Root-Knot Nematode (RKN), Meloidogyne enterolobii 
(Tylenchida: Heteroderidae) 

RKN is posing a serious threat to guava (Psidium guajava) cultivation throughout 
the world. More recently, it was reported in the guava orchards of Tamil Nadu 
(Suresh et al. 2019), Uttarakhand (Kumar and Rawat 2018), and Luni Basin of 
Rajasthan (Bhati and Parashar 2020) where trees declined, showing yellowing, and 
stunted growth. It was also identified in the guava orchards of Andhra Pradesh and 
Telangana. This nematode causes severe root galling, thereby reduces the nutrient 
uptake ability of plants. 

24.5 Transboundary Pests of India 

24.5.1 Desert Locust (DL), Schistocerca gregaria Forskål (Orthoptera: 
Acrididae) 

DL is considered as one of the pandemics across the world due to its intercontinental 
flight rate, high fecundity, and voraciousness, which can cause a huge damage to 
several economically important crops (Cressman 2016). Out of several desert locust 
plagues occurred in India between 1964 and 2010, the most severe one was those 
occurred during 2020, resulting huge crop losses. Till now since 1993, no such 
severity was faced by India. In 2020, India experienced widespread and frequent 
cyclone-related unusual rainfall-induced DL attacks, which had a profound negative 
impact on all sectors of the Indian economy, including agriculture, resulting in 
dearth of Indian economy substantially (Anand 2020). 

The excess rainfalls during March–April 2020 in India favored rapid multiplica-
tion of desert locust, with 20% excess population, which could facilitate desert locust 
to form three to four plaques and reached up to Central India including Maharashtra, 
Madhya Pradesh, and the bordering districts of Chhattisgarh, which had never been 
experienced for past 27 years in Central India. The excess rainfall-induced locust 
attacks were compounded with inadequate control of locust due to lockdown-related 
restricted movement of officials, extension officers, farmers, and spray-men, as well 
as limited access of plant protection inputs, resulting in uncontained locust 
populations (Anonymous 2020a, b). 

Aerial application of ultra-low volume (ULV) formulations of pesticides (Mala-
thion 96%) is in practice in several countries; however, due to huge side effects on 
the environment and nontarget organism, an Integrated Pest Management (IPM) 
program using biopesticides from plants and microorganisms is greatly reliable for 
successful control of desert locust (Kooyman 2003; Githae and Kuria 2021).
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Early research on the use of fungi as a biocontrol agent against desert locust was 
focused on Metarhizium flavoviride (Youssef 2014; Reda et al. 2018). The oil 
formulation of M. flavoviride was reported to reduce the hopper bands tremendously 
(Lomer 1997). However, the negative effect of this formulation on bees and other 
nontarget organisms discouraged its widespread use against desert locust control 
(Ball et al. 1994). 

The fungus, Metarhizium acridum (Ascomcota: Hypocreales), isolated from 
Africa and Australia during 1990s was considered as the best alternative to 
M. flavoviride. Metarhizium anisopliae var. acridum, commonly known as 
Metarhizium acridum (Bischoff et al. 2009), is an environmentally safer commercial 
biopesticide that has been developed for ultra-low volume spraying (Van Huis 
2007). The biopesticide kills about 70–90% of treated locusts within 14–20 days, 
with no measurable impact on nontarget organisms (Lomer et al. 2001). 

In 2020, FAO recommended the commercial product of M. acridum (Green 
Muscle™) as a biological solution for DL in Somalia, Kenya, and Ethiopia (CABI 
2020a). It is imperative that India imports and uses the right formulation of 
M. acridum for effective management of DL. Although biological control of desert 
locust is a safe method, it will take several days to bring under control. Rational use 
of pesticides along with biological control of desert locust is suggested, considering 
natural-risk management plans for locust outbreaks as well as the benefit and cost of 
proposed control measures and their environmental and health impact. 

24.5.2 Carambola Fruit Fly (CF), Bactrocera carambolae Drew 
and Hancock (Diptera: Tephritidae) 

CF is a native to Asia and specifically to Malaysia, southern Thailand, and western 
Indonesia (Muller 2008). In past years, this species has invaded South America via 
the trade of fruits from Indonesia. It is a polyphagous species that attacks 100 differ-
ent host plants including avocado, guava, mango, papaya, and orange, among 
several others (Pasinato et al. 2019). 

The application of green muscardine fungi, Metarhizium spp., in the soil, the 
wrapping of fruits in newspaper, a brown paper bag, or a sleeve, and the use of bait 
spray are some of the eco-friendly methods used to control this pest (Muller 2008). 
The occurrence of CF has been reported in severe form in Bangladesh, Vietnam, 
Malaysia, and the Andaman and Nicobar Islands; localized in India, Thailand, and 
Indonesia; and absent in Afghanistan, Pakistan, Nepal, Bhutan, Burma, and few 
north eastern states of India (Fig. 24.2). The Indian Council of Agricultural Research 
(ICAR), New Delhi is in vigil in monitoring the movement of CF in boundaries of 
India especially in the geo-boundaries between India and Bangladesh.
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Fig. 24.2 Distribution of Carambola fruit fly, Bactrocera carambola 

24.6 Future Projection 

Though pest biology- and ecology-based efficient IPMs are available in public 
domains for mitigation of invasive and transboundary pests, early warning on their 
spread, distribution, and outbreak is more important. Several early warning systems 
(EWSs) are currently functioning globally, which include (1) European and Medi-
terranean Plant Protection Organization (EPPO), (2) the North American Plant 
Protection Organization (NAPPO), (3) PestLens, (4) ProMED, (5) International 
Plant Protection Convention (IPPC), and (6) International Plant Sentinel Network 
(IPSN). The networking of various EWSs is summarized in a flow chart (Fig. 24.3). 

In India, the Plant Quarantine Organization, Ministry of Agriculture and Farmers 
Welfare, Government of India, is the apex body for implementation of plant quaran-
tine regulations and it provides plant protection advisories concerning the country 
through obtaining information from EWSs. The Department of Plant Protection, 
Quarantine and Storage (DPPQS), India has a national network of 29 plant quaran-
tine stations at different sites, which include airports (10), seaports (10), and land 
frontiers (9). Two categories of materials are imported in total under the PQ Order, 
2003: (a) bulk consignments for consumption and sowing/planting and (b) samples 
of germplasm in small quantities for research purposes. The plant quarantine stations 
under the DPPQS undertake quarantine processing and clearance of consignments of 
the first category (Fig. 24.4). 

The National Bureau of Plant Genetic Resources (NBPGR), ICAR, New Delhi 
undertakes the quarantine processing of all plant germplasm and transgenic planting 
material under exchange for which it has well-equipped laboratories and green house 
complexes, and recently, a containment facility has also been established for 
processing transgenic. The NBPGR also has a well-equipped quarantine station in



Hyderabad, which mainly deals with export samples of the International Crops 
Research Institute for the Semi-Arid Tropics (ICRISAT), Telangana. 
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Fig. 24.3. Information flow between early warning systems and plant protection organizations. 
Source: Inspired from Noar et al. (2021). NPPO National Plant Protection Organization, USDA-
APHIS-PPQ United States Department of Agriculture Animal Plant Health Inspection Service Plant 
Protection and Quarantine, CFIA Canadian Food Inspection Agency, MPI Ministry of Primary 
Industries, DEFRA Department of Environment, Food and Rural Affairs, EWS Early warning 
system, EPPO European Mediterranean Plant Protection Organization, NAPPO North American 
Plant Protection Organization, IPPC International Plant Protection Convention, IPSN International 
Plant Sentinel Network, RPPO Regional Plant Protection Organization 

FAO established an Emergency Prevention System (EMPRES) for 
Transboundary Animal and Plant Pests and Diseases in 1994, with a goal of 
addressing world food security and fighting transboundary animal and plant pests 
and diseases. The core principles of the EMPRES program are (1) early warning, 
detection, and reaction, (2) contingency planning, (3) promotion of environmentally 
sound control technologies, and (4) close collaboration and partnership with affected 
countries, national and international agricultural research centers, and other interna-
tional institutions. 

During the annual Meeting of G20 Agricultural Chief Scientists (MACS-G20) 
meet in April 2019, three major decisions were taken to monitor and management of 
TPPs across the world, which include (1) designation of National Reference 
Laboratories (NRLs) for early detection and correct diagnosis of TPPs and the 
establishment of networks among them, (2) improvements in bio-vigilance or global 
surveillance systems for identification and mitigation of potential threats before they 
impact the agricultural sector, and (3) the challenges and future directions of research 
collaborations and contributions to the International Year of Plant Health 2020.
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Fig. 24.4 Indian setup for monitoring and early detection of invasive and transboundary pests 

24.7 Conclusions 

Invasive pests and TPPs are threat to plant health, which has a global impact on food 
security. Thirty-three invasive insect and noninsect pests have already entered, 
occupied new crop habitats, and established in India so far since 1847. The Covid-
19-induced lockdowns aggravated the spread and outbreaks of certain invasive pests 
including fall armyworm, cassava mealybug, and root-knot nematode due to 
restricted movement of field level plant protection workers, nonavailability of insect 
mitigation inputs such as pesticides, biopesticides, and botanicals. The ICAR 
institutes/State Agricultural Universities of India have developed well-equipped 
Integrated Pest Management (IPM), pest-wise based on pest-biology and -ecology 
of the invaded pests in the new habitats, which are readily available in public 
domains for the stakeholders to adapt. However, rigorous/rampant monitoring of 
the entry of new invasive pests through sea- and airports should be a continuous 
exercise of the officers and extension and field level workers, as the free trade 
policies and globalization are favorable for frequent entry of invasive pests. 

Biocontrol agents including parasitoids, predators, entomopathogenic fungi, bac-
teria, and virus are reported to have good control potential on the invasive pests. 
Many such natural enemies, which had/have been moving along with host insects



into new ranges/habitats, are being identified and utilized for biological control. 
However, the natural enemies of many invasive pests are not reported to move along 
with host insects, wherein the importation of potential natural enemies from the 
native/origin of invasive pests is recommended. 
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The desert locust and Carambola fruit fly are considered as potential 
transboundary insect pests of India. The Locust Warning Organization, Faridabad 
is the premier agency to monitor and forewarn the movement and occurrence of 
desert locust in India, using the geospatial technologies including GPS, GIS, and 
remote sensing. The Carambola fruit fly reported to prevail in Bangladesh may be 
likely to invade India, which requires rigorous monitoring of geo-boundaries. In 
addition, early monitoring, early detection, and early/fore warning on the movement 
of already existing and/or likely to invade in future in India are prerequisites. Few 
early warning systems (EWSs) are functioning globally, which disseminate the 
information on emerging, invasive, and transboundary pests to the member countries 
in the form of e-mail, bulletins, websites, newsletters, etc. on subscription/request. In 
India, Plant Quarantine Organization has been gathering information from Interna-
tional Plant Protection Convention (IPPC) and alerting stakeholders, government 
authorities, and policymakers about contemporaneous high-priority plant pest news. 
The successful early warning in biosecurity requires close collaboration between 
developers and end users to ensure that generated warnings are duly considered by 
decision-makers, reflect best practice, scientific understanding, and the working 
environment facing frontline actors. 

The plant stress phenotyping using Artificial Intelligence (AI), with cascading 
steps of Deep Learning (DL), Active Learning (AL), Machine Learning (ML), and 
Transfer Learning (TL) (Singh et al. 2021), and development of electronic-nose with 
biosensors (Al-Dayyeni et al. 2021), handheld smartphone-based sensors, field-
portable sensors, etc. (Das and Mohar 2020) for in situ detection of damages caused 
by emerging/invasive pests, can be the recent developments that need to be explored 
in developing countries like India. 

References 

Al-Dayyeni WS, Al-Yousif S, Taher MM, Al-Faouri AW, Tahi NM, Jaber MM, Ghabban F, Najm 
IA, Alfadli IM, Ameerbakhsh OZ, Mnati MJ (2021) A review on electronic nose: coherent 
taxonomy, classification, motivations, challenges, recommendations and datasets. IEEE Access 
9:88535. https://doi.org/10.1109/ACCESS.2021.3090165 

Anand S (2020). https://www.deccanherald.com/opinion/covid-19-impact-on-agriculture-varied-
and-devastating-828390.html 

Anonymous (2019) Rugose spiralling whitefly, Aleurodicus rugioperculantus (Hemiptera: 
Aleyrodidae). ICAR-National Bureau of Agricultural Insect Resources. https://www.nbair.res. 
in/node/833 

Anonymous (2020a). https://www.thehindu.com/sci-tech/agriculture/the-hindu-explains-why-is-
the-locust-surge-posing-a-threat-to-agriculture-in-india/article31712573.ece 

Anonymous (2020b). https://www.thehindubusinessline.com/economy/agri-business/twin-pest-
attacks-pose-a-swarm-of-trouble-for-farmers-already-hit-by-covid/article32105679.ece

https://doi.org/10.1109/ACCESS.2021.3090165
https://www.deccanherald.com/opinion/covid-19-impact-on-agriculture-varied-and-devastating-828390.html
https://www.deccanherald.com/opinion/covid-19-impact-on-agriculture-varied-and-devastating-828390.html
https://www.nbair.res.in/node/833
https://www.nbair.res.in/node/833
https://www.thehindu.com/sci-tech/agriculture/the-hindu-explains-why-is-the-locust-surge-posing-a-threat-to-agriculture-in-india/article31712573.ece
https://www.thehindu.com/sci-tech/agriculture/the-hindu-explains-why-is-the-locust-surge-posing-a-threat-to-agriculture-in-india/article31712573.ece
https://www.thehindubusinessline.com/economy/agri-business/twin-pest-attacks-pose-a-swarm-of-trouble-for-farmers-already-hit-by-covid/article32105679.ece
https://www.thehindubusinessline.com/economy/agri-business/twin-pest-attacks-pose-a-swarm-of-trouble-for-farmers-already-hit-by-covid/article32105679.ece


24 Invasive and Transboundary Pests 671

Anonymous (2020c) ICAR-NBAIR curtails dangerous invasive rugose spiralling whitefly through 
innovative biocontrol strategies, ICAR-National Bureau of Agricultural Insect Resources. 
https://www.nbair.res.in/node/833 

Anonymous (2020d) NBAIR pest alert, occurrence of cassava mealybug, Phenococcus manihoti 
Matile-Ferrero in India. ICAR-NBAIR, Bengaluru. https://www.nbair.res.in/index/php/node/12 
60 

Anonymous (2020e) Response to pests and diseases. https://www.growasia.org/fall-armyworm-
control 

Ball BV, Pye BJ, Carreck NL, Moore D, Bateman RP (1994) Laboratory testing of a mycopesticide 
on non-target organisms: the effects of an oil formulation of Metarhizium flavoviride applied to 
Apis mellifera. Biocontrol Sci Tech 4:289–296 

Basu AN, Banerjee SN (1958) Aphids of economic plants of West Bengal. Indian Agric 2:89–112 
Behura BK (1955) Depredations of the giant African land snail, Achatina fulica (Ferussac) in 

Balasore (Orissa). J Bombay Nat Hist Soc 54(2):287–288 
Bhati SS, Parashar A (2020) First report and morphological description of Meloidoggyne 

enterolobii infecting guava (Psidium guajava L.) in transitional plain of Luni basin of 
Rajasthan. Int J Curr Microbiol App Sci 9(9):2267–2274 

Bischoff JF, Rehner SA, Humber RA (2009) A multilocus phylogeny of the Metarhizium 
anisopliae lineage. Mycologia 101:512–530 

Bradshaw CJ, Lerory B, Bellard C, Roiz D, Albert C, Fournier A, Barbet-Massin M, Salles JM, 
Simard F, Courchamp F (2016) Massive yet grossly underestimated global costs of invasive 
insects. Nat Commun 7:12986 

CABI (2020a) Green muscle providing strength against devastating locusts in the horn of Africa. 
Centre for Agriculture and Bio-science International. https://www.cabi.org/news-article/green-
muscle-roviding-strength-againsdevastating-locusts-in-the-horn-of-africa/ 

CABI (2020b) Invasive species compendium-fall armyworm. Centre for Agriculture and Biosci-
ence International. https://www.cabi.org/isc/fallarmyworm 

Caltagirone LE, Doutt RL (1989) The history of the vedalia beetle importation to California and its 
impact on the development of biological control. Annu Rev Entomol 34:1–14 

Cressman K (2016) Desert locust. In: Shroder JF, Sivanpillai R (eds) Biological and environmental 
hazards, risks, and disasters. Elsevier, London, pp 87–105 

Das T, Mohar M (2020) Development of a smartphone-based real time cost-effective VOC sensor. 
Heliyon 6(10):e05167. https://doi.org/10.1016/j.heliyon.2020.e05167 

David BV, Kumaraswami T (1978) Elements of economic entomology. Popular Book Depot, 
Madras 

Deepu M, Habeeburrahman PV (2008) Invasion and severe outbreak of the lotus lily midge, 
Stenochironomus nelumbus Tok et Kur (Diptera: Chironomidae) in Indian freshwater 
ecosystems. Curr Sci 94(12):1569–1570 

Faizal MH, Prathapan KD, Anith KN, Mary CA, Lekha M, Rini CR (2006) Erythina gall wasp, 
Quadrastichus erythinae, yet another invasive pest new to India. Curr Sci 90(8):1061–1062 

FAO (2020) Fall armyworm: global action for fall armyworm control. Food and Agricultural 
Organization of the United Nation, Rome. https://doi.org/10.7717/peerj.5796 

Gandhale DN, Patil AS, Awate BG, Naik IM (1982) Effectiveness of newer insecticides for 
diamond back moth, Plutellla xylostella L. Pesticides 16(9):25–27 

Githae EW, Kuria EK (2021) Biological control of desert locust (Schistocerca gregaria Forskal). 
CAB Rev 16:13. https://doi.org/10.1079/PAVSNNR202116013 

Jacob JP, Devaraj RN, Natarajan R (2007) Outbreak of the invasive gall inducing wasp, Leptocybe 
invasa on eucalyptus in India. Invasives 8:4 

Kalleshwaraswamy CM, Asokan R, Mahadevaswamy H (2019) First record of invasive fall 
armyworm, Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae) on rice (Oryza 
sativa) from India. J Entomol Zool Stud 7:332–337 

Karyani RD, Maryana N, Rauf A (2016) Host specificity test of parasitoid, Anagyrus lopezi 
(De Santis) (Hymenopter: Encyrtidae) on four mealybug species associated with cassava. 
Indonesia J Entomol 13:30–39

https://www.nbair.res.in/node/833
https://www.nbair.res.in/index/php/node/1260
https://www.nbair.res.in/index/php/node/1260
https://www.growasia.org/fall-armyworm-control
https://www.growasia.org/fall-armyworm-control
https://www.cabi.org/news-article/green-muscle-roviding-strength-againsdevastating-locusts-in-the-horn-of-africa/
https://www.cabi.org/news-article/green-muscle-roviding-strength-againsdevastating-locusts-in-the-horn-of-africa/
https://www.cabi.org/isc/fallarmyworm
https://doi.org/10.1016/j.heliyon.2020.e05167
https://doi.org/10.7717/peerj.5796
https://doi.org/10.1079/PAVSNNR202116013


672 R. K. Murali-Baskaran et al.

Kooyman C (2003) Report of the workshop on the use of Green Muscle® (Metarhizium anisopliae 
var. acridum) and desert locust adult pheromone (Phenylacetonitrile: PAN) to control desert 
locust hopper bands. Food and Agriculture Organization of the United Nations, Roma 

Kumar S, Rawat S (2018) First report on the root-knot nematode, Meloidogyne enterolobii (Yang 
and Eisenback, 1988) infecting guava (Psidium guajava) in Udham Singh Nagar of 
Uttarakhand, India. Int J Curr Microbiol App Sci 7(4):1720–1724 

Kumar VPK, Prakasam CB, Vijayalakshmi CD (1990) Coffee berry borer, Hypothenemus hampei 
(Coleooptera: Scolytidae): first record from India. J Coffee Res 20(2):161–164 

Kumari DA, Anitha G, Anitha V, Lakshmi BKM, Vennila S, Rao NHP (2015) New record of leaf 
miner, Tuta absoluta (Meyrick) in tomato. Insect Environ 20:136–138 

Lefroy HM (1968) The potato moth. Agric J India 2(3):294–295 
Lomer CJ (1997) Metarhizium flavoviride: recent results in the control of locusts and 

grasshoppers. In: New strategies in locust control. Basel, Birkhäuser, pp 159–169 
Lomer CJ, Bateman RP, Johnson DL, Langewald J, Thomas M (2001) Biological control of locusts 

and grasshoppers. Annu Rev Entomol 46:667–702 
McAvory TJ, Zilahi-Balogh GMG, Salom SM, Kok LT, Guoliang Z (2007) Development and 

feeding of Tetraphleps galchanoides, a predator of the hemlock woolly adelgid. Biol Control 
52:339–350 

Mishra GP, Dikshit HK, Ramesh SV, Tripathi K, Kumar RR, Aski M, Dasgupta U, Kumar A, 
Praveen S, Nair RM (2020) Yellow mosaic disease (YMD) of Mungbean (Vigna radiate (L.) 
Wilczek): current status and management opportunities. Front Plant Sci 24:918. https://doi.org/ 
10.3389/fpls.2020.00918 

Muller AV (2008) Carambola fruit fly situation in Latin America and the Caribbean. Proc Carib-
bean Food Crops Soc 44(1):135–144 

Murali Krishna M (1999) Bio-ecology, host range and management of spiralling whitefly, 
Aleurodicus disperses Russell, M.Sc. (Ag.) thesis, University of Agricultural Sciences, 
Bengaluru 

Noar RD, Chelsea J, Jahant-Miller, Emerine S, Hallberg R (2021) Early warning systems as a 
component of integrated pest management to prevent the introduction of exotic pests. J Integr 
Pest Manage 12(1):1–7 

Pasinato J, Redaelli LR, Botton M, de Jesus-Barros CR (2019) Biology and fertility life table of 
Bactrocera carambolae on grape and acerola. Entomologia 63(3):217–223. https://doi.org/10. 
1016/j.rbe.2019.06.001 

Pawar AD, Kapil N (1982) Monitoring of codling moth, Cydia pomonella (L.) in Kinnaur district 
(Himachal Pradesh) by sticky traps baited with codling moth sex pheromone. Plant Protect Bull 
34(3):13–14 

Prathapan KD (1996) Outbreak of the spiralling whitefly, Aleurodicus disperses Russel 
(Homoptera: Aleyrodidae) in Kerala. Insect Environ 22:36–38 

Prathapan KD, Shameem KM (2015) Wallacea sp. (Coleoptera: Chrysomelidae)- a new spindle 
infesting leaf beetle on coconut palm in the Andaman and Nicobar Islands. J Plan Crops 43(2): 
162–278 

Rao VP (1944) Acerya purchase Maskell in South India. Indian J Entomol 43:246–247 
Rao YR, Cherian MC (1944) The fluted scale, Icerya purchase Mask., as a pest of wattle in South 

India, and its control by the biological methods. Madras Agric J 22(3):92–102 
Reda M, Mashtoly TA, El-Zemaity MS, Abolmaaty A, Abdelatef GM, Marzouk AA (2018) 

Susceptibility of desert locust, Schistocerca gregaria (Orthoptera: Acrididae) to Bacillus cereus 
isolated from Egypt. Arab Univ J Agric Sci 26:725–734 

Rigling D, Prospero (2018) Cryphonectaria parasitica, the causal agent of chestnut blight: invasion 
history, population biology and disease control. Mol Plant Pathol 9:7–20 

Sathiamma B, Nair CP, Koshy PK (1998) Outbreak of a nut infesting Eriophyid mite, Eriophyes 
guerreronis (K.) in coconut plantations in India. Indian Coconut J 1998:1–3 

Shivarama Reddy L, Naik SL (2000) Spread of Eriophid mites into the coconut gardens of Chittoor 
district, Andhra Pradesh. Indian Coconut J 30(12):8–9

https://doi.org/10.3389/fpls.2020.00918
https://doi.org/10.3389/fpls.2020.00918
https://doi.org/10.1016/j.rbe.2019.06.001
https://doi.org/10.1016/j.rbe.2019.06.001


24 Invasive and Transboundary Pests 673

Shylesh AN (2013) Host range of invasive Jack Beardsley mealybug, Pseudococcus jackbeardsleyi 
Gimpel and Miller in Karnataka. Pest Manage Hort Ecosyst 19(1):106–107 

Shylesha AN, Joshi S (2012) Occurrence of Madeira mealybug, Phenococcus madeirensis Green 
(Hemiptera: Pseudococcidae) on cotton in India and record of associated parasitoids. J Biol 
Control 26(3):272–273 

Shylesha AN, Thakur NS, Ramchandra A (2000) Incidence of litchi trunk borer, Aristobia testudo 
Voet (Coleoptera: Lamiidae) on guava in Meghalaya. Pest Manage Hort Ecosyst 6(2):156–157 

Shylesha AN, Joshi S, Rabindra RJ, Bhumannavar BS (2011) Classical biological control of the 
Papaya mealybug. ICAR-NBAIR, Bengaluru 

Shylesha AN et al (2018) Studies on new invasive pest, Spodoptera frugiperda (J. E. Smith) 
(Lepidoptera: Noctuidae) and its natural enemies. J Biol Control 32:145–151 

Singh P, Bhandari RS (1989) Further spread of Leucaena Psyllid, Heteropsylla cubaba in India. 
Indian Forest 115(5):303–309 

Singh SP, Jalali SK (1990) Spread of Heteropsylla cubaba Crawford, Subabul psyllid to Karnataka. 
Myforest 26(2):153–156 

Singh SP, Rao NS (1977) Field evaluation of fish oil insecticidal rosin against soft green scale, 
Coccus viridis on citrus. J Plant Protect 7(2):208–209 

Singh A, Jones S, Ganapathysubramanian B, Sarkar S, Mueller D, Sandhu K, Nagasubramanian K 
(2021) Challenges and opportunities in Machine-augmented plant stress phenotyping. Trends 
Plant Sci 26(1):10. https://doi.org/10.1016/j.tplants.2020.07.010 

Sivakumar G et al (2020) Isolation and characterization of indigenous nucleopolyhedrovirus 
infecting fall armyworm, Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae) in 
India. Curr Sci 119:860–864 

Sreedharan K (1995) Integrated management of coffee berry borer. Indian Coffee 59(10):9–10 
Sridhar V, Chakravarthy AK, Asokan R, Vinesh LS, Rebijith KB, Vennila S (2014) New record of 

the invasive South American tomato leaf miner, Tuta absoluta (Meyrick) (Lepidoptera: 
Gelechiidae) in India. Pest Manage Hort Ecosyst 20:148–154 

Suresh P, Poornima K, Kalaiarasan P, Nakkeeran S, Vijayakumar RM (2019) Characterization of 
guava root knot nematode, Meloidogyne enterolobii occurring in Tamil Nadu, India. Int J Curr 
Microbiol App Sci 8(9):1987–1998 

Tanwar RK, Jeyakumar P, Monga D (2007) Mealybugs and their management. TEC Bull 19:1–16 
Tanwar RK, Jeyakumar P, Vennila P (2010) Papaya mealybug and its management strategies. Tech 

Bull 22 National Centre for Integrated Pest Management, New Delhi 
Thakur JR, Dogra GS (1980) Woolly apple aphid, Eriosoma lanigerum, research in India. Trop Pest 

Manage 26(1):8–12 
Tuhan NC, Pawar AD, Parry M (1979) Biological control of San-Jose scale, Quadraspidiotus 

perniciosus (Comstock) (Hemiptera: Diaspididae). Plant Protect Bull 31(4):73–79 
Van Huis A (2007) Strategies to control the Desert Locust Schistocerca gregaria. In: Area-wide 

control of insect pests. Springer, Dordrecht, pp 285–296 
Waterhouse DF, Norris KR (1987) Biological control: pacific Prospects. Inkata Press, Melbourne 
Youssef NA (2014) Effect of certain entomopathogenic fungi and nematode on the desert locust 

Schistocerca gregaria (Forskal). Ann Agric Sci 59:125–131

https://doi.org/10.1016/j.tplants.2020.07.010


675

Biopesticides 25 
Sujoy Saha, Ratna Thosar, Sumant Kabade, Komal Pawar, 
and Kaushik Banerjee 

Abstract 

Food production in a sustainable mode is input-intensive. The Green Revolution 
resulted in a large-scale use of chemical pesticides and fertilizers to escalate 
production but anthropogenic activities had negative impacts on the environment 
and ecosystems. In order to overcome these challenges and meet the requirements 
for food and supplies, the productivity and sustainability of agricultural practices 
should be improved and novel strategies must be found. Enhanced agricultural 
productivity can be achieved in many ways, such as through increasing crop yield 
by providing manure and organic-based treatments, including biopesticides, or by 
limiting yield loss due to extreme environmental conditions. Incidence of pest and 
diseases are the most limiting factors in achieving higher yield. In case of crop 
protection, development of pesticide resistance is one of the major issues caused 
due to the heavy and frequent application of fungicides. The alternatives of 
chemical pesticides became a mandate so that they can be used individually or 
in combination with standard pesticides for the management of pests. 
Biopesticides, which are pest management agents based on living 
microorganisms or natural products, offer a great promise in controlling yield 
loss without compromising the quality of the product. They are formulations 
made from naturally occurring substances that control pests by nontoxic 
mechanisms and in an eco-friendly manner. Biopesticides are cheaper and do 
not leave a massive mark on natural resources. Eco-friendliness, target specificity,
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biodegradability, and requirement of minimal quantity are the striking 
characteristics of biopesticides. In India, due to rising popularity for organic 
farming and awareness of the harmful effect of chemical pesticides, the demand 
for biopesticides had been increasing with time. This chapter encompasses the 
information regarding biopesticides with respect to its scope, registration process, 
formulation mechanisms, government initiatives, and policy perspectives in 
India.
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25.1 Introduction 

Agriculture has been the backbone of the Indian economy and it will continue to 
remain so for a long time. Indian agriculture sector accounts for 18% of India’s gross 
domestic product (GDP) and provides employment to 50% of the countries work-
force. India is the world’s largest producer of pulses, rice, wheat, spices, and spice 
products (Madhusudhan 2015). 

India is an agricultural country and so the agriculture was the main source of 
national income at the time of Independence. Hence, the agricultural development 
was the essential part of overall economic development. The chronology of events 
needs an understanding for essentiality of crop protection vis-à-vis biopesticides. 

25.2 Pre-independence and Independence Era 

The agricultural sector in pre-independence India was very disposed to 
disintegrating and highly unstable. There was no steady production rate for various 
crops. The main reason for this was improper infrastructure for perennial irrigation 
(https://www.padmad.org/2017/03/state-of-indian-agriculture-farmers-in.htm). 

In the mid-1911–41, population growth was higher than agricultural growth, 
indicating declining per-capital food availability (0.72% per annum). A decline in 
foodgrains was around 1.14% per capita per annum, while the sector of cash crops 
increased at 0.57% per person per annum. Therefore, it shows that condition of 
agriculture was very poor in the pre-independence India (https://abhishekdudhal. 
wordpress.com/indian-economy-pre-independence-era-agriculture). 

At the time of independence, around 72% of the total working population was 
engaged in agriculture and this indicated that Indian economy was undeveloped. 
After 61 year of independence, the share of agriculture in total national income 
declined from 50% in 1950 to 18% in 2007–08 (Tripathi and Prasad 2010). Around 
50 years before the independence, the growth rate of Indian agriculture was about 
1% per annum, which was then increased about 2.6% per annum in the post-
independence era. In the period after independence, India has made enormous

https://www.padmad.org/2017/03/state-of-indian-agriculture-farmers-in.htm
https://abhishekdudhal.wordpress.com/indian-economy-pre-independence-era-agriculture
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progress with respect to food security. India was depending on food aid to meet 
national requirements before the mid-1960s. After that, India suffered from severe 
drought in 1965 and 1966, which influenced the government to modify its agricul-
tural policies and that it could not depend on overseas aid and imports for food 
security. Previously, India implemented significant policy developments focused on 
the goal of food grain self-subsisting. This facilitated to India’s “Green Revolution.” 
It began with the decision to implement superior, high yielding, and disease-resistant 
wheat varieties in combination with better farming knowledge to improve produc-
tivity. There was a need of site to try such a new crop. For this purpose, the Indian 
government selected “Punjab” state, as it has a reliable water supply and a history of 
agricultural success. The cascade of events that followed ushered a new era of 
agricultural triumph. 
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25.3 Pesticide Consumption Trend Since 1950 

The cultivated crops would suffer from pests and diseases affecting yield loss. There 
was thus a great incentive to find ways of overcoming the problems caused by pests 
and diseases. The first recorded use of insecticides is about 4500 years ago by 
Sumerians who used sulphur compounds to control insects and mites, while about 
3200 years ago the Chinese were using mercury and arsenical compounds for 
controlling body lice (https://agrochemicals.iupac.org/index.php?option=com_ 
sobi2&sobi2Task=sobi2Details&catid=3&sobi2Id=31). 

The Green Revolution resulted in a large-scale use of pesticides and synthetic 
nitrogen fertilizers, giving rise to improved irrigation tactics and crop varieties. The 
main objective was to gain food security through scientific methods (Behal 2020). 
Since the past four decades, the demand of agrochemical for pest control (i.e., 
pesticides) has been increased rapidly and these pesticides dominated the traditional 
methods used to reduce crop damages due to insect pests, diseases, and weeds. 
Though the pesticides contributed significantly to food security by reducing the 
postharvest losses, it has potential ill-effects on human and environmental health, 
water pollution, and food contamination. 

For the purpose of increasing agricultural production, there are instances of usage 
of pesticides in an uncontrolled manner, which directly affected agriculture, human 
health, animals, and environment. This also affected the fertility of agricultural 
lands. Moreover, there is reduction of nutrient content in agriculture products. 
There is a direct as well as indirect effect of pesticides on human health. The cases 
of irritation on eye and skin, weakness, paralysis, cancer, and many diseases are 
increasing continuously. Hence, the use of pesticides should be according to scien-
tific guidelines. In international trade, none of the pesticides that are genotoxic in 
nature (which damages DNA and cause mutations or cancer) are approved for use on 
food production and processing. Adverse effects from these pesticides occur only 
above a certain safe level of exposure. 

As soon as people come into contact with pesticides from diverse sources, it may 
cause acute poisoning or long-term health effects, including cancer and adverse

https://agrochemicals.iupac.org/index.php?option=com_sobi2&sobi2Task=sobi2Details&catid=3&sobi2Id=31
https://agrochemicals.iupac.org/index.php?option=com_sobi2&sobi2Task=sobi2Details&catid=3&sobi2Id=31


effects on reproduction (WHO 2018). There are some examples of acute health 
effects, e.g., stinging eyes, rashes, blisters, blindness, nausea, dizziness, diarrhea, 
and death. Chronic effects are likely to cause cancers, birth defects, reproductive 
harm, immunotoxicity, neurological and developmental toxicity, and disruption of 
the endocrine system (https://www.pesticidereform.org/pesticides-human-health). 
There are some groups of pesticides that are extremely hazardous to human body 
and cause chronic effects. Such group consists of organophosphates and carbamates, 
which are like nerve gas and they attack and damage the nervous system. 
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25.4 Pesticide Residue and Its Impact 

The impact of pesticides is manifold, which can be briefly summarized in the 
following sections. 

25.4.1 Water Pollution 

Water is one of the most treasurable natural resources in the world. All living 
organisms depend on water throughout their life. Water resources are under risk 
from water pollution, water scarcity, and water conflict. In recent years, there have 
been concerns about pesticides entering both surface and ground water in various 
countries. Both surface water and ground water need to be protected from the 
introduction of pesticides. Contamination of surface water is less serious than 
ground water. Most of the surface water bodies except deep lakes have a rapid 
turnover rate as it dilutes the concentration of the contaminants rapidly (Aydinalp 
and Porca 2004). Groundwater is commonly used for the purpose of irrigation and 
drinking. Therefore, groundwater contamination by pesticides is becoming much 
more serious problem as pesticides do not degrade there as rapidly as in other 
environmental components. There are many studies that examined the effects of 
pesticide residues on water bodies. For example, Agarwal et al. (2015) revealed 
chlorinated hydrocarbons, organophosphates, and their derivatives as the major 
contaminants since they persist long in the environment. 

25.4.2 Food Contamination 

Pesticide residues include the fraction, which may remain on or in food after they are 
applied to food crops. The extreme permitted levels of these residues called as 
Maximum Residue Limits (MRLs) of foods are regularly stipulated by regulatory 
bodies. In September 2008, the European Union (EU) issued new and revised MRLs 
for roughly 1100 pesticides ever used in the world. 

In fruits and vegetables, most of the pesticide residues are retained on peel 
surface. Pesticides may be applied on fruits and vegetables during different agricul-
tural practices such as before blooming, growing, and after harvesting (Bajwa and

https://www.pesticidereform.org/pesticides-human-health


Sandhu 2014). The humans and animals get affected by the presence of pesticide 
residues in their food and feed, respectively. Therefore, the reason of pesticide 
residue found in dairy products is their feed, which is contaminated with pesticide. 
In addition, the pesticides from the environment can be transferred to milk. Contam-
ination of milk and dairy products with pesticide residues is a matter of serious 
public health concern, since they are widely consumed by infants, children, and 
adults (Bedi et al. 2018). 

25 Biopesticides 679

The exposure to synthetic pesticides might have relations with a higher risk of 
Parkinson’s disease and could alter specific genes involved in its development 
(https://www.healthline.com/nutrition/pesticides-and-health). Pesticides are gener-
ally used in modern agriculture and food production at pre- and postharvest stages. 
A considerable fraction of pesticide residues is expected to degrade during 
processing, although in certain processes, e.g., dehydration, the residues might get 
enhanced. In addition, there are some tactics to reduce the exposure of pesticide 
residue loads in food, such as cooking, washing, peeling, and so on, that either 
degrade/dissipate or physically remove the residues. 

25.4.3 Human and Environmental Health 

Globally, one of the major concerns of consumers today is the presence of pesticide 
residues in food. These residual chemicals might be persistent in nature and cause 
serious lethal effects on human health when exposed beyond certain levels. Cereal 
crops are frequently attacked by insect-pests during storage, and the insecticides are 
sprayed to preserve cereal grains for more than 1 year without any attack by pests 
and insects (Inobeme et al. 2020). Several studies have reported that pesticide 
residues are mainly found in the outer covering of cereal grains. Hence, processing 
methods such as milling and related processes are practiced, which can bring down 
the load of pesticide residues in cereals. Some specific pesticides such as 
cypermethrin is found in seed coats of pulses. Occasionally, insecticides and other 
pesticides are noticed to have contaminated various milk and related products 
originated from fodder and feed that remained linked to the fat portion. Sometimes, 
mycotoxins such as aflatoxins (AF) also contaminate the cereals, spices, and milk 
products. It was found that when animals consume the AF-contaminated feed, the 
milk might detect for aflatoxin M1, which is the hydroxylated metabolite of aflatoxin 
B1 (Murshed 2020). 

The detrimental effects of chemical pesticides on different domains of life 
instigated thoughts of alternative uses in the period following the Green Revolution. 

25.5 Post Green Revolution Era 

The Green Revolution was initiated in the 1960s to address the issue of malnutrition 
in the developing world. The technology of the Green Revolution involved 
bioengineered seeds that worked in conjunction with chemical fertilizers and

https://www.healthline.com/nutrition/pesticides-and-health


heavy irrigation to increase crop yields. The technology was readily adopted in many 
states in India, and for some people it was a great success; however, it has unin-
tended, harmful consequences on agriculture and human health. Development of 
pesticide resistance is one of the major issues caused due to the heavy and frequent 
application of fungicides. 
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25.5.1 Pesticide Resistance 

Resistance is the genetic ability of some individuals to survive an application or 
applications of pesticides. The pesticide(s) no longer effectively kills a “high” 
number or percent (>90%) of individuals in the pest population. Resistance 
develops at the population level and is an inherited trait. The surviving pests can 
genetically pass such traits to their next generation, thus enriching the gene pool with 
resistant genes. In addition, resistance indicates a change in the genetic composition 
of pest population in response to selection by a pesticide over time. 

India was one of the first countries to initiate a large-scale use of synthetic 
pesticides for the control of insect pests of public health and agricultural importance. 
The modern era of vector control and plant protection in India started with the 
introduction of DDT in 1947 (Mehrotra 1985a), followed by HCH in 1949 
(Mehrotra 1985b), organophosphates in 1953, and carbamates a little later (Banerjee 
1979). Though these pesticides have brought immense benefits to the country, they 
also had environmental consequences (Mehrotra 1983, 1989a, b). 

The pesticide (DDT) resistance in India was first noticed in Uttar Pradesh and 
Bombay (now Mumbai) in insect pests of public health importance, namely 
mosquitoes transmitting malaria and Culexfatigans, a transmitter of filaria, respec-
tively, in 1952 and the concern about it led to an International Conference organized 
jointly by the World Health Organization and the Government of India in 1958 at 
New Delhi (Pal et al. 1952; Anonymous 1958). This was because of the large scale 
use of DDT in the National Malaria Control Programme/National Malaria Eradica-
tion Programme. In case of agricultural pest, Singhara beetle, Galerucella 
birmanica, resistant to DDT and HCH was reported from Delhi region in 1963 
(Mehrotra 1985a). Pesticide resistance in stored grain pests was first reported in flour 
beetle, Tribolium castaneum, in 1971 against DDT and malathion from Delhi 
(Bhalia 1971; Rajak et al. 1973). 

25.5.2 Reasons for Developing Pesticide Resistance 

1. Frequent application of pesticides with the same mode of action increases the 
“Selection pressure” for resistance. 

2. Recombination of genes at the time of sexual reproduction in fungus. 
3. Plant pathogens with very broad host range, having more chances of developing 

resistance.
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4. Use of lower doses of pesticides than the lethal dose builds the proportion of the 
population with a higher level of resistance. 

Use of narrow mode of action product, application of tank-mixing, or alternating 
products with the same mode of action and using a product with multiple modes of 
action, which can come from a single active ingredient or a premix of two or more 
active ingredients, are the viable options for avoiding the resistance development. 

The alternatives of chemical pesticides became a mandate so that they can be used 
individually or in combination with standard pesticides for the management of pests. 

25.6 Biopesticides 

Biopesticide is a formulation made from naturally occurring substances that controls 
pests by nontoxic mechanisms and in an eco-friendly manner (Kumar 2012). 
Biopesticides may be derived from animals (e.g., nematodes), plants (e.g., Chrysan-
themum, Azadirachta), and microorganisms (e.g., Bacillus thuringiensis, 
Trichoderma, nucleopolyhedrosis virus), and include living organisms (natural 
enemies), their products (phytochemicals, microbial products), or by-products 
(semiochemicals), which can be used for the management of pests injurious 
(Mazid et al. 2011). 

At present, India ranks 12th in the world for the use of pesticides, with an annual 
production of 90,000 tons. A vast majority of the population in India (56.7%) is 
engaged in agriculture and is therefore exposed to the pesticides used in agriculture 
(Government of India 2001; Gupta 2004). Exposure to pesticides either occupation-
ally or environmentally causes a range of human health problems (Indira Devi 2007). 
Approximately, 10,000 deaths reported annually due to use of chemical pesticide 
worldwide, with about three-fourths of these occurring in developing countries 
(Horrigan et al. 2002). Harmful health hazards and tremendous harm to the environ-
ment occurs due to inappropriate and excessive pesticide use and application. 
Mostly, the chemical pesticides are not easily degradable and hence linger in soils, 
leach to the ground water, and consequently enters the food chain and affect the 
human health indirectly. Scientific reports has confirmed the direct and indirect 
relationship between exposure of pesticide use and several illness signs (Kishi 
et al. 1995). The health effects of pesticide use is a serious public health concern 
during the past decades. In 1962, Rachel Carson first mentioned the sudden death of 
birds caused by indiscriminate spraying of pesticides (DDT) in her book Silent 
Spring (Roy 2016). Indiscriminate use of pesticides leads to suffering from different 
types of health problems such as eye irritation, fatigue, skin irritation, back pain, 
headache, vomit, and dizziness in farmers of Kullu and Shimla districts of Himachal 
Pradesh, and also death of insects and bees (Kumari and Sharma 2012). Most of the 
chemicals are mutagenic, linked to the development of cancer, birth defects, chro-
mosomal aberration, and so on (Galloway et al. 1987; Leiss and Savitz 1995; 
Colborn 1996; Arbuekal and Server 1998). Unbridled use of pesticides develops 
resistance in pests and plant diseases to many chemical pesticides, so alternatives are



necessary. At the same time, the public is increasingly demanding chemical-free 
crops as awareness about the health implications of ingesting chemicals grows. 
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Biopesticides are cheaper and do not leave a massive mark on natural resources. 
Eco-friendliness, target specificity, biodegradability, and requirement of minimal 
quantity are the striking characteristics of biopesticides (Singh and Kumar 2021). 
Efficient use of biopesticides by the end users lowers the residues of chemical 
pesticides and helps in eliminating contamination problems associated with 
it. Biopesticides may either directly kill harmful organisms or interfere with repro-
duction or simply repels pests with substances they do not like and hence suppressed 
pest population so that they can be managed over time. Its multisite mode of action 
behavior makes biopesticides less vulnerable to pests-building resistance. The use of 
biopesticides improves root and plant growth by enhancing the soil microflora and 
results in increased agriculture production. They have a zero or low reentry and 
handling interval. Some microbial biopesticides can reproduce on or near to the 
target pest/disease, giving some self-perpetuating control. 

25.6.1 Biopesticide Consumption and Market 

In India, due to rising popularity for organic farming and awareness of the harmful 
effect of chemical pesticides, the demand for biopesticide has been increasing day by 
day. For example, the demand for biopesticide increases from 10,447 MT (metric 
tons) in 2016–17 to 11,054 MT in 2020–21(http://ppqs.gov.in/statistical-database). 
According to the FAO, the country had 1.9 million hectares of land under organic 
cultivation in 2018, which was 0.2 million hectares more than the previous year. 
Such a vast organic farming industry is fueling the biopesticide market in India, and 
it is anticipated to continue in the future. As per the Indian Ministry of Agriculture, in 
the last 10 years, consumption of biopesticides increased by 23% (https://www. 
mordorintelligence.com/industry-reports/indian-biopesticides-market). However, in 
2012–13 during the 15th Lok Sabha, the standing committee on chemicals and 
fertilizers mentioned in its report that the use of biopesticides had increased beyond 
the expectations from 123 MT in 1994–95 to 8110 MT in 2011–12 (Mishra et al. 
2020). 

Data obtained from the Directorate of Plant Protection, Quarantine & Storage 
(DPPQS), Government of India indicated that consumption of biopesticides has 
increased by 20% from 2016–17 to 2020–21 in India (Fig. 25.1). Rajasthan, West 
Bengal, and Maharashtra are the leading states with 1021, 1017, and 934 MT 
biopesticides consumption, respectively. This data also highlight a low reach of 
biocontrol programs in north-eastern regions of the country in comparison to 
southern (http://ppqs.gov.in/statistical-database). 

A total of 970 biopesticides companies are currently registered with India’s 
Central Insecticides Board and Registration Committee (CIBRC), which screens 
potential biopesticides for biosafety (Padma 2019). However, only 15 biopesticides 
have been registered so far, which include six bacterial, two viral, six fungal, and two 
plant products (Anonymous 2021). Bacillus thuringiensis, Trichoderma viride,

http://ppqs.gov.in/statistical-database
https://www.mordorintelligence.com/industry-reports/indian-biopesticides-market
https://www.mordorintelligence.com/industry-reports/indian-biopesticides-market
http://ppqs.gov.in/
http://ppqs.gov.in/
http://ppqs.gov.in/statistical-database


Metarrhizium, and Beauveria bassiana nuclear polyhedrosis virus and neem are 
currently used to protect plants (Rao et al. 2007). 
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Fig. 25.1 Bio-pesticide consumption (MT) in India during 2016–17 to 2020–21 

Fig. 25.2 An overview of the current structure of biocontrol laboratories and units working in 
India. (Source: Mishra et al. (2020)) 

The current market for biopesticides in India is approximately INR 10.0 billion 
and estimated to grow at a CAGR of 18% per annum (Anonymous 2021). The share 
of biopesticides segments in Indian biopesticide industry comprise 66% fungal, 29% 
bacterial, 4% viral, and 1% other (plant-based pheromones) biopesticides. Mishra 
et al. (2020) mentioned some agencies involved in biopesticide production and 
marketing in India, which are given below. Although there are more than



350 producers of these bio-agents in India (Fig. 25.2), the formulated product 
available for farmers for various treatments is about 30,000 MT only. Total com-
bined production is just enough to meet the requirement of 4% of arable land of 
Indian agriculture. A huge gap exists in demand and supply of quality products. 
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The government agencies involved in commercial production include: 

1. Central and state agricultural universities. 
2. ICAR institutes. 
3. Krishi Vigyan Kendras (KVK). 
4. State biocontrol lab. 

Among all these, Krishi Vigyan Kendras (KVK) and state biocontrol labs pro-
duce biopesticide on local demand with government support (Table 25.1) 

Nowadays, the National Agricultural Cooperative Marketing Federation of India 
(NAFED) is taking initiatives to promote the use of biopesticides. 

In India, most of the biopesticide production takes place in public sector units. It 
is estimated that the public sector contributes to almost 70% of the biopesticides 
production. Major companies involved in production are Biotech International Ltd. 
(New Delhi), International Panaacea Ltd. (New Delhi), and T. Stanes & Company 
Ltd. (Coimbatore). 

Some foreign companies in collaboration with Indian companies initiated the 
biopesticide production and have also entered in biopesticides production. For 
example, Lupin Agrochemicals, a Bombay-based company, is now working with 
US-based Abbott Laboratories. Sugar and distillery companies such as KCP Sugar & 
Industries Corporation Ltd. (Andhra Pradesh), Rajshree Sugars & Chemicals Ltd. 
(Tamil Nadu), New Swadeshi Sugar Mills (Bihar), and Bannari Amman Sugars Ltd. 
(Tamil Nadu) have also started to produce biopesticides mainly of Pseudomonas 
fluorescens and Trichoderma harzianum. However, lack of experience and quality 
control are the major issues still plaguing most of the products. 

25.6.2 Impact of Pesticide Ban on Possibility of Increasing 
Biopesticide Use 

While the country continues to battle Covid-19, plant diseases and pests continue to 
pose threat to food production and farmers’ livelihood. New pests and diseases 
continue to surface on plants affecting production. Twenty-seven pesticides pro-
posed for ban by government in May 2020 constitutes almost 25% of the total 
generic pesticide market in India. The pesticides along with their constituents from 
134 formulations are registered to control diseases and other pests. Timing of the 
notification, however, has shaken the industry, farmers, and plant protection 
scientists equally, given the uncertainty due to Covid-19 crisis and also due to 
onset of the Kharif crop season when protection of crop from diseases and pest is 
considered crucial to ensure crop security. Series of discussions, deliberations, and 
suggestions are engaged into by industry, academia, and scientific associations for a
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science-led decision instead of imposing irrational blanket ban endangering food 
security and raising cost of cultivation. During last more than five decades, the area 
under bio-intensive IPM remained below 3% with biopesticides constituting only 
around 3% of pesticide market in the country. The present volume of around 27,000 
tons of licensed production of registered biopesticides is a miniscule quantity for a 
large arable area of 142 million hectares in India. Nevertheless, biopesticides cannot 
qualify as alternative to chemical pesticides but can serve as an important component 
of disease management. Recently, a gazette notification was released about the use 
of biocontrol agents where some of the genera of biocontrol agents were recently 
notified as biostimulants by the Government of India (Gazette Notification 2021). 
Therefore, chronic toxicology tests may not be required for these formulations to 
enable easy and speedy registration of these bio-products.
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25.6.3 Registration 

In India, the registration of biopesticides is regulated by “The Insecticide Act, 1968” 
(amended in 2000). This Act constitutes Central Insecticides Board (CIB) and 
Registration Committee (RC) under Sections 4 and 5, respectively. This Act came 
into force to regulate the import, manufacture, sale, transport, distribution, and use of 
insecticides including biopesticides, with a view to prevent risk to human beings or 
animals and for matters connected therewith (https://legislative.gov.in/sites/default/ 
files/A1968-46.pdf). For import or manufacturing of any pesticides, one should 
apply to the Registration Committee. Two types of biopesticides included in sched-
ule to the Insecticides Act, 1968. 

1. Microbial pesticides: 
This includes antagonistic fungi and bacteria (e.g., Bacillus species, Pseudomo-
nas species, Trichoderma species), entamopathogenic fungi (e.g., Metarrhizium 
anisopliae, Beuveria bassiana, Verticillium lecanii), and viruses (e.g., Nuclear 
Polyhedrosis virus (NPV), Granulosis viruses). A total of 38 microbial pesticides 
are included in the Insecticide Act, 1968. 

2. Plant origin pesticides: 
This includes neem-based pesticides, pyrethrum, karanjin, eucalyptus leaf 
extract, and so on. 

In 2015, the government also passed a bill known as the Insecticides (Amend-
ment) Bill, 2015. The Bill added a modification in Section 9 of the Insecticide Act 
(1968), inserting sub-sections of nanotechnology-based pesticides after 
sub-Section (3C). 

In exercise of the powers conferred by Section 36 of the Insecticides Act, 1968 
(46 of 1968), the Central Government, after consultation with the CIB made 
insecticides Rules, 1971, which governs the manufacture, grant of a license, expiry 
of the license, product labeling, packaging and sale, and use of insecticides. The RC 
grants registrations, only after the data is provided on the efficacy and safety of

https://legislative.gov.in/sites/default/files/A1968-46.pdf
https://legislative.gov.in/sites/default/files/A1968-46.pdf


products to human beings and animals. The rule also assures that the samples of 
pesticides should be regularly checked for quality purposes. In the case of 
biopesticides, the following criteria are taken into consideration. 
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25.6.3.1 Chemistry and biological characteristics 
It includes systemic name, strain, detail composition, and specifications of the 
product, test procedure, contaminants, manufacturing process, shelf life, and coding 
(in case of formulation) 

25.6.3.2 Bioefficacy 
In this aspect, data obtained by performing laboratory tests, field trials with proposed 
formulation on ICAR, SAU, CSIR, ICMR institute, phytotoxicity data, and two-year 
or two-season data on effect of nontarget organisms, i.e., natural parasites and 
predators, is required. 

25.6.3.3 Toxicity 
Toxicity data on single exposure studies, skin and mucous membrane irritation, 
toxicity to birds, fish, honey bees, silk worm, and earthworm with formulation is 
required. 

25.6.3.4 Packaging 
Type and manner of packaging, container contents compatibility, labels and leaflets 
related to the product and instruction for storage, and use and disposal of empty 
containers should also be mentioned. 

25.6.3.5 Registration 
There are three types of registrations present in India:

• Regular (original) Registration u/s 9(3)—after submission of complete data to 
the satisfaction of the Registration Committee.

• Provisional Registration u/s 9(3b)—if an insecticide is being introduced for the 
first time in India, Registration Committee may register it provisionally for a 
period of 2 years.

• Repeat or ‘Me Too’ Registration u/s 9(4)—on the basis and same conditions as 
those of original registration. This is for product and source, which are already 
registered in India. Section 9(4) is the easiest method of registration and if all the 
documents submitted to CIB are in proper order, then registration is issued within 
6 months of submitting the application. 

In today’s scenario, online registration of pesticides is also possible. Computerized 
Registration of Pesticides (CROP) is a web-based Application for Registration of 
Pesticides developed for the Central Insecticides Board and Registration Committee. 
The application is supposed to automate the entire registration procedure. 

The highlights of the application are summarized below:
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• Online Application for Registration of Pesticides under Sections 9(3) and 9(3b).
• Online status checking.
• Frequent email notification to the applicant at certain milestone of the registration 

process till Deficiency Reporting and Approval.
• Online application for the grievances. 

Efforts have been made by Indian government to root out spurious and unregu-
lated biopesticides in market and to promote the use of biopesticides in crop 
protection. To ensure the availability of quality product from genuine source and 
proper registration of the product, the Government of India through its regulatory 
body, CIBRC, introduced new registration guidelines in 2017. According to this 
guidelines, the following registration certificates (RCs) are required for sale of 
agrochemicals in India. 

1. Technical Indigenous Manufacturing Certificate (TIM). 
2. Technical Import (TI). 
3. Formulation Indigenous Manufacturing (FIM). 
4. Formulation Import. 

Steps of Registration Process 

Registration under section 9(4) of the act 
Me-Too 

Registration under section 9 (3) of the act – 
Permanent 

Registration under section 9 (3b) of the act -
Provisional 

Submission of application for registration 

Data generation under Indian condition 

Sample import permit/manufacture 

Inclusion in the schedule to the act 

Source: https://www.slideshare.net/subhashchaudhary2

https://www.slideshare.net/subhashchaudhary2
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Undoubtedly, the new registration guidelines make the TI registration process 
more expensive and time-consuming. However, the new guidelines are well defined 
and reduce confusion about Indian registration process. However, there are still areas 
of improvement and CIB is already working in making registration process more 
transparent and smoother. For companies planning to enter India and invest money 
in registrations, this is the right time to do so. With transparency and clear 
requirements, it has become easier for genuine sources to get TI registration, and 
with stringent guidelines it has become more difficult for illegitimate sources to 
register new products or renew old registrations. 

Source: http://www.dextrainternational.com 
Based on the guidelines of the Organization for Economic Co-operation and 

Development (OECD), the CIB has streamlined the guidelines and data 
requirements for registration and minimum infrastructural facilities required for the 
production of biopesticides. Guidelines and data requirements for minimum infra-
structure facilities and the same for the registration of biocontrol products under 
Sections 9 and 9(B) are being governed by RC of CIB. 

25.6.4 Formulation Mechanism 

Formulation refers to the preparation of a product from an active ingredient by the 
addition of certain active (functional) and non-active (inert) substances (Grewal 
2005). Formulation of biopesticides comprises the blending of a biologically active 
metabolite or microorganism with a carrier or solvent, as well as adjuvants to 
develop a product, which can be delivered to the target weed, pathogen, or pest 
using existing equipment. Formulated organisms are suspended in a suitable carrier, 
which is supplement by additives to maximize survival in store, optimize application 
to the target, and protect the organisms after application. Biopesticides are live and 
proteinous, hence sensitive to environment and storage conditions.

http://www.dextrainternational.com
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Function of Formulations 

Functions 

Aid handling and 
application of the 

product 

Protection from 
harmful 

environmental 
factors at the 

target site 

Enhance activity 
of the organism 

Stabilization 
during 

distribution and 
storage 

Regarding their physical state, biopesticide formulations can be divided into two 
categories: 

Liquid formulations 
Dry formulations 

Liquid formulations can be water-based, oil-based, polymer-based, or 
combinations. Water-based formulations (suspension concentrate, suspo-emulsions, 
capsule suspension, etc.) require adding of inert ingredients, such as stabilizers, 
stickers, surfactants, coloring agents, antifreeze compounds, and additional 
nutrients. 

Dry formulations can be produced using different technologies, such as spray-
drying, freeze-drying, or air-drying either with or without the use of fluidized bed. 
They are produced by adding binder, dispersant, wetting agents, etc. (Tadros 2005; 
Brar 2006; Knowles 2008).
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Types of Formulations Available 

Bio-formulations 

Liquid 

For dilution 
in water 

Emulsions 

Suspension 
Concentrates 

(SC) 

Oil 
dispersions 

(OD) 

Suspo-
emulsions 

(SE) 

Capsule 
suspensions 

Ultra low 
volume 

formulations 

Dry 

For direct 
application 

Dusts (DP) 

Powders (DS) 

Granules 
(GR) 

Micro-
granules 

(MG) 

For dilution 
in water 

Water 
dispersible 
granules 

Wettable 
powders 

25.6.5 Requirements and Challenges for Biopesticide Formulation 

The biological activity or mode of action of a pesticide is determined by its biologi-
cally active microorganism or metabolite. The active ingredient in its raw form 
requires formulation to facilitate its handling, storage, and application. A challenge 
for the formulation of microbial biopesticides is the presence of additional fermen-
tation materials besides the microbes themselves. These materials may adversely 
react with formulation ingredients. Another challenge facing microbial biopesticide 
formulators is the tendency for gram-positive bacteria such as Bacillus spp. to



produce a slime layer in connection with endospore formation. Suspension of these 
bioformulations for spraying can lead to excessive sliminess and the blockage of 
sprayer filters and nozzles. While the slime layer is removable, e.g., by centrifuga-
tion, it may contain valuable components such as lipopeptides, which may contribute 
to the biopesticidal effect. Shorter shelf life of biopesticides is the challenge in 
biopesticides use. Significant formulation efforts are being targeted at the long-
term stabilization of microbial and other biopesticides. Shelf life of 1–2 years is 
desirable for biopesticides. The correct storage of these products is vital especially 
for non-spore-forming, gram-negative bacteria. Shelf life and viability may be 
extended by reducing storage temperature through freezing or refrigeration. While 
refrigeration is not an option in most cases, exceptions do exist for high-value crops, 
and there appears to be a growing tendency for growers to treat biopesticides as 
perishable high-value products. Microorganisms may be frozen or refrigerated in 
culture broth or an appropriate buffer. However, depending on the microorganism, 
storage in culture broth may impact long-term cell viability, and extensive testing 
and development in this area is currently a priority. Besides storage, longer shelf life 
may be obtained by increasing the number of microorganisms in the product to 
ensure viability despite a subsequent decline in their population. Fermentation 
parameters such as the rate of dehydration and the physiological state of the bacteria 
on harvest from the medium will also affect the shelf life of the final formulation. 
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Semiochemicals are difficult to formulate due to their volatility. Their encapsula-
tion in traditional polymer matrixes or natural biological microcapsules such as yeast 
cells may reduce their volatility and degradation by facilitating their controlled 
release to the environment. However, as microcapsules are about the same size as 
pollen grains, microencapsulated biopesticides may pose a hazard to foraging bees. 
These may carry the microcapsules back to their hives where the biopesticide is 
released, with the risk of harming the bees. 

25.6.6 Government Initiatives and Policy Perspectives 

For the first time in India, the National Agriculture Policy (2000) was announced on 
July 28, 2000. The policy emphasized on adequate and timely supply of certified 
seeds, fertilizers, plant protection chemicals, and biopesticides to farmers. For the 
systematic development of organic agriculture in the country, the National 
Programme for Organic Production (NPOP) was launched in the year 2001 by the 
Agricultural and Processed Food Products Export Development Authority (APEDA) 
under the Ministry of Commerce and Industry, Government of India. The institu-
tional framework for accreditation and certification of organic agriculture was the 
major highlight of NPOP, which gained recognition agreements with the European 
Union and the United States Department of Agriculture (USDA) (NPOP 2018). 
Further, for strengthening the wave of organic mission and minimizing the risk of 
chemicals, the Department of Agriculture & Cooperation, Ministry of Agriculture 
introduced Organic Farming Policy in 2005. The policy included organic sources of 
nutrients such as biofertilizers, organic manures, compost, and biocontrol agents



(biopesticides) as certified inputs for organic farming. National Bank for Agriculture 
and Rural Development (NABARD) also started its capital investment subsidy 
scheme “Strengthening and Modernization of Pest Management Approach in 
India” (SMPMA), which provided financial assistance for setting up of 
biofertilizers/biopesticides units as back-ended subsidy of 25% restricted to 4 million 
rupees. The National Mission for Sustainable Agriculture (NMSA) under the 
National Action Plan on Climate Change (NAPCC), which was related to the issues 
of “Sustainable Agriculture,” was launched in the year 2010. The third mission 
intervention of NMSA was related to pest management, and it emphasized 
incentivizing research, commercial production, and marketing of biopesticides. 
The major focus was to develop new biopesticides and technologies by 
incorporating sterile insect techniques, transgenic insects, applications of novel 
botanicals, semiochemicals, and endophytic microbial metabolites for pest control 
and disease forecasting (NMSA 2010). Apart from these, Soil Health Management 
(SHM) and “Paramparagat Krishi Vikas Yojana” (PKVY) have also been initiated 
for promoting organic farming through the adoption of organic villages by cluster 
approach and Participatory Guarantee System (PGS) certification (Reddy 2018). In 
the PGS, farmers pledge that their produce is free from all types of synthetic 
chemicals such as fertilizers, pesticides, and hormones, which is done with a self-
regulatory support system that includes a local group of five or more organic 
farmers. The quality assurance standards of produce are harmonized by the PGS 
Organic Council, which permits the use of its PGS label on a product as a mark of 
quality (https://www.pgsorganic.in). In the last 5 years, the government has also 
taken appropriate steps for promoting nationwide use of biopesticides. 
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The “Zero-Budget Farming,” which has got huge success in southern India, is 
already being practiced in some other states of the country. The farming practice is 
also stated as Zero Budget Natural Farming (ZBNF) by the Food and Agriculture 
Organization of the United Nations (UNFAO) and stresses on bypassing the unnec-
essary burden of farming inputs such as procurement of high-cost seed, chemical 
fertilizers, and pesticides (https://www.fao.org/agroecology/detail/en/c/443712/). 
Instead of using such expensive tools, it encourages the use of farmer’s own seeds 
and locally available natural fertilizers and biopesticides for organic farming. 

ICAR institutes in the country have established Institute Technology Manage-
ment Units (ITMU) since 2008, which are supported by five Zonal Agro-
Technology Management Centers (ZTMCs) at the zonal level and an Intellectual 
Property and Management Unit at the ICAR headquarters in New Delhi, governing 
overall IP, technology commercialization, and policy issues [40]. Public sector 
organizations in India, including ICAR, license technologies to stakeholders on 
“nonexclusive basis” only. These ITMUs at all levels have been given the responsi-
bility of facilitation of commercialization of technologies.

https://www.pgsorganic.in
https://www.fao.org/agroecology/detail/en/c/443712/
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25.6.7 Role of Concerned Authorities/Retailers and Growers 

Due to the subsidy element/incentive on conventional pesticides, the existing agro-
industry is reluctant to undertake research and production of biopesticides. However, 
in the last few decades, restrictions on heavy usage of chemical pesticides and 
phasing out and banning of a few dangerous chemicals aggravated pressure on 
manufacturers and big industry houses to produce biopesticides for commercial 
applications. However, the percentage share of biocontrol products is still far 
below in comparison to chemicals. Measures such as training to the potential 
entrepreneurs, provision of institutional credit, subsidies, insurance, and exemption 
from taxes and duties can stimulate the production of biopesticides. Promotion by 
the government for the use of biopesticides and declaration of no pesticide zones 
may also improve the situation in favor of the bio-products. For example, guidelines 
laid down in the NPOP relating to the organic mission were more critically 
implemented in “Sikkim Organic Mission” (SOM), and by converting around 
75,000 hectares of agricultural land, it is now India’s first organic state (http:// 
www.sikkimorganicmission.gov.in/about-us/organic-movement/). By studying the 
SOM model, it was observed that authorities and growers were advised to use 
organic inputs instead of synthetics. Now, states of Mizoram, Arunachal Pradesh, 
and Kerala are trying to follow the same model for becoming organic. 

25.6.8 Future Directions 

The gap in knowledge, skill, and attitude of farmers toward biopesticides has to be 
comprehensively addressed. The state agriculture and horticulture departments have 
to include these biopesticides and biofertilizers in their package of practices. The 
frontline extension staff of state agriculture and line departments has to be oriented 
toward these eco-friendly products and suitably address farmers’ queries and 
apprehensions. Extension folders and ready-to-use study materials and reference 
materials have to be prepared and made available in all Indian languages. Orientation 
of academia and researchers also needs to be changed from chemical intensive 
agriculture to use of alternative sustainable methods and products. The students 
and agriculture graduates have to be trained on use of these green products through 
inclusion in course curriculum at different levels. A diploma course on these 
bio-products at SAUs may create a batch of certified para-extension professionals. 
A fundamental shift in focus at the universities and R & D organizations governance 
level from an education-, research-, and publication-based reward system to a 
commercial activity-based one, which entails patenting and licensing of 
technologies, is required. 

Government may also promote start-ups on production and sale of already 
registered biopesticides. Several ICAR institutes and a few SAUs have recently 
established Agri-Business Incubator Cells (ABIs) to promote start-up agribusiness 
ventures and commercialization with technological backstopping. However, these 
ABIs are also managed by in-house scientific/technical experts. Management experts

http://www.sikkimorganicmission.gov.in/about-us/organic-movement/
http://www.sikkimorganicmission.gov.in/about-us/organic-movement/


need to be roped in to run/assist these units on business model. ABIs can act as 
bridge between R & D institutions and entrepreneurs/start-ups/industry to promote 
these technologies. 
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Governments have to identify regions/areas niche for promotion of organic 
agriculture and these biopesticides may be promoted as supplementary and compli-
mentary inputs in a big way in these areas. For instance, arid and semi-arid regions, 
where the use of chemical inputs is relatively low, may be targeted for promotion of 
these biopesticides. Arid western Rajasthan is a suitable example in this case. 

The production of the already registered biopesticides has to be decentralized 
using licensing/sublicensing and other mechanisms. Small scale industries, farmer 
producer organizations, and innovative farmers have to be involved for enhancing 
large scale production and diffusion. Decentralized production and sale points will 
address the issue of short life span of these biopesticides and enhance the confidence 
and trust of the farming community. Social certification by the farming community 
also acts as a kind of quality control measure. 

The R & D institutions have to collaborate with other stakeholders/organizations 
from early stages of R & D of product development to develop the data required by 
the regulatory agencies related to bioefficacy, toxicology, biosafety, and environ-
mental concerns. This will help the potential industries who acquire new 
technologies to register the products and in production and marketing. 

ITMU cells are managed by in-house scientific/technical experts. The ITMU staff 
has to be trained or oriented on the regulatory issues or business professionals have 
to be hired to run/assist these ITMUs. 

The benefits of biopesticides have to be looked not just at farmers’ level but also 
at the broader levels of sustainable eco-friendly agriculture/agroecosystem and 
ecosystem services. 

In India, research on biocontrol is still having some fundamental issues, hence 
lacking in the development of quality products. Field testing, registration, and 
licensing itself take a lot of time before a new product is commercialized and 
available for field application. Hence, the current system of registration needs to 
be streamlined in a way that it should favor the registrants. Similarly, the requirement 
of the budget for fulfilling all these formalities is also too high, which restrains an 
entrepreneur from investing. The provision of tax holidays, easy loans, and small 
incubation center/start-ups at regional levels should be introduced for strengthening 
financial support and marketing of the product. 

For making the R & D system more robust, schemes and budgetary support are 
needed from the government or big industrial houses. Being low in pollution index 
and carbon footprint, these bio-products should be encouraged in comparison to 
harmful chemical pesticides. 

It has also been noticed that in India most of the company’s manufacturing 
biopesticide products contain only single microbial strain. These products have 
limited applications and can only be used against phytopathogens within a narrow 
range. Building products in a broad portfolio (such as using a consortium of efficient 
strains), which are broad-spectrum covering several phytopathogens, is going to be a



better strategy and such products will be economical and have more trust among the 
end users. 
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Shorter shelf life of active ingredients in biopesticides has remained a major 
concern, which also affects commercial production. Shorter shelf life not only 
reduces the efficiency of biopesticides against the target pest but also impacts their 
competitiveness with chemicals. Technological breakthroughs in this segment are 
urgently needed. There are some reports where the coating of active ingredient with 
suitable biopolymer enhanced the shelf life of formulation (Aziz Qureshi et al. 2015; 
Sharma et al. 2019). Arora and Mishra (2016) also suggested that adding some 
additives such as secondary metabolites, precursor molecules along with suitable 
carriers may extend shelf life and activity of biocontrol products. However, unfortu-
nately, the commercialization of these techniques has not been done so far (Mishra 
and Arora 2018). 

While talking in terms of patent landscaping, India is far behind other countries 
where biologicals are mainly used for crop protection (Mittal and Singh 2006). In 
India, research related to nanotechnology-based biopesticide formulations is only at 
its early stage, and commercially none of the nanotechnology-based biopesticides 
have been developed (Chhipa and Joshi 2016; Hashem et al. 2018). 

India still lacks a clear perspective for using genetically engineered 
microorganisms (GEMs) in the form of biocontrol products. A series of guidelines 
related to the safety assessment of genetically modified organisms (GMOs), i.e., 
research, confined field trials, food safety assessment, and environmental risk 
assessment, are now jointly adopted under Rules, 1989 notified under the Environ-
ment (Protection) Act, 1986 (Ahuja 2018). Limited efforts have been made regard-
ing research on GMO applications in the field of biocontrol, and only Bt cotton is 
commercially approved (Shukla et al. 2018). Hence, it can be concluded that as of 
now the status of biopesticides in India still requires a lot of support and improve-
ment so as to compete and phase out chemical pesticides. 

Research of biopesticide production, formulation, and delivery could greatly 
assist in commercialization of biopesticides. It seems likely that biopesticides will 
have a wider use in the future as their application methods improve and better and 
cheaper choice of different inerts has been identified for various formulations. The 
use of biopesticides with adjuvants has been shown to enhance their activity and that 
fact has opened new opportunities for further development in that area. Selection of 
an appropriate formulation can improve product stability, enhance and extend 
activity, and may reduce inconsistency of field performance of many potential 
bio-agents. Biopesticides are seen as a tool for developing a more rational pesticide 
use strategy and future products should have improved balance between efficiency 
and cost (El-Sayed 2005; Rao et al. 2007; Glare 2012; Khater 2012). Trends relating 
to the type of biopesticide formulations would probably go the way from wettable 
powders and suspension concentrates to water dispersible granules, and from dusts 
to granules, for safety reasons, and from single component to multicomponent 
formulations. In addition, an increased number of controlled release formulations 
can be expected to optimize their biological effects, while new types of formulations, 
such as nanoemulsion, nanosuspension, and nanocapsule suspension, will result



from newly developed nanotechnology (Rao et al. 2007; Glare 2012). Significant 
progress has been made in developing formulations and application methods but 
much work still remains to be done regarding the use of biopesticides for plant 
protection. Further improvement of techniques and multidisciplinary research of 
plant pathologists, formulation chemists, and agricultural engineers are likely to 
provide good, safe, effective, and inexpensive products for plant protection. 
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25.7 Conclusions 

Since decades, biopesticides are being used for preventing crops from pests and 
pathogens. However, their market and place among agrochemicals are still way 
behind in comparison to conventional chemicals. Scientific and technological 
interventions related to the development of biopesticides are also deficient as proven 
by lack of understanding of mechanisms at ground level, a dearth of reliability on 
bio-products (by the end users), and absence of penetration in the market of pest 
control (in India). The challenges in broad usage of biopesticides in India are related 
to the efficacy, shelf life, production methods, narrow range of host or target 
pathogens/pests, poor performance in the field, problems in the delivery system, 
economics, and regulations. Apart from these technical issues, there is a need of push 
from the authorities for promoting commercialization of biopesticides. 
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Abstract 

The transformation of the agricultural economy triggered new market architecture 
in India. Postindependence policies in relation to agriculture marketing aimed at 
making it profitable for farmers, available and affordable for consumers. This 
demanded the development of various sectors of agriculture marketing such as 
market regulation, market infrastructure, market functions, market information, 
value addition, price forecasting, and agribusiness. Reforms made since indepen-
dence can be classified as institutional reforms, structural reforms, and legislative 
reforms. Given the surplus food production amid the huge inadequacy of storage 
and other logistics infrastructure, improved storage infrastructure would reduce 
distress sale by the farmers, price crash during harvest season due to glut and 
postharvest losses. Agricultural export is emerging as an important avenue for 
disposition of surplus output. Effective agri-logistics and efficient supply chains 
must result in the desired quality as per the international standards. 
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26.1 Introduction 

The agricultural ecosystem has been stagnant for too long, and developmental efforts 
were predominantly focused on production growth. Emphasis on postproduction 
activities is coming to the fore in recent years. The transformation of the agricultural 
economy triggered a new market architecture. The mission of doubling farmers’ 
income (DFI) is an integrated and dedicated program to fulfill this goal. DFI 
strategies accord due emphasis on the realization of remunerative prices by the 
farmers through appropriate marketing interventions and reforms besides the empha-
sis on productivity enhancement, diversification, intensification, and nonfarm diver-
sification. Thus, it is a prerequisite that agriculture should emerge as a profitable and 
remunerative enterprise. This requires an acceleration in the pace of reforms and 
structural transformation of the agricultural sector to unleash the inherent potential. 
Many high-powered bodies and committees highlighted the need and stressed the 
effective implementation of agricultural marketing reforms to benefit the farming 
community directly (Srivastava and Saxena 2021). Postindependence policies in 
relation to agriculture marketing aimed at making it profitable for farmers, available, 
and affordable for consumers as per their customized need of the particular product. 
This demanded the development of various sectors of agriculture marketing such as 
market regulation, market infrastructure, market functions, market information, 
value addition, price forecasting, and agribusiness. 

26.2 Chronology of Agriculture Market Reforms in India 

The conventional system of agricultural marketing was not organized, leading to 
high marketing costs due to unauthorized charges, involvement of big wholesalers 
and traders in between, low level of accessibility for the farmers, and many such 
issues. The need was felt to safeguard the interest of the producers by promising 
them basic marketing facilities by providing them an organized and regulated 
platform for marketing. Many committees were set up to recommend different 
types of reforms for the improvement of the sector and many studies reported the 
effectiveness of these reforms over the period. Reforms made since independence 
can be classified under the following heads (Box 26.1): 

1. Structural reforms. 
2. Institutional reforms. 
3. Legislative reforms. 
4. Innovations.
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Box 26.1 Classification of Agriculture Market Reforms in India 

Agricultural 
marke�ng 

reforms 

Ins�tu�onal 
reforms 

Structural 
reforms 

Innova�ons 

Legisla�ve 
reforms 

26.2.1 Structural Reforms 

The inception of the regulated market dates back to the nineteenth century aiming at 
the availability of raw materials at affordable prices. The Karanjia cotton market, 
1886, was the first regulated market directed to secure the supply of pure cotton to 
textile mills in Manchester. The first legislation was the Berar Cotton and Grain 
Market Act of 1897, which played the role of the model Act for other legislations in 
the country. This turned over a new leaf in the development of the marketing sector 
of the country. Afterward, to further strengthen the sector, the Royal Commission on 
Agriculture, 1928, under the chairmanship of Lord Linlithgow, submitted the report 
on agricultural and rural economy progress. The Central Banking Enquiry Commit-
tee, 1931, along with the Royal Commission on Agriculture, suggested a system for 
the regulation of the agricultural marketing system. Consequently, the Central 
Marketing Department was established in 1935 in India. Subsequently, its merger 
with the inspection directorate under the Ministry of Food led to the endowment of 
the Directorate of Marketing and Inspection (DMI) in 1935. A network of central 
and regional laboratories was also founded by DMI under AGMARK for the 
certification of 157 agricultural commodities. The number has risen to a spanning 
224 different commodities at present. 

Later in 1938, DMI encouraged the state governments to play an active role in 
regulating marketing practices by harboring the rights and needs of the producers 
and, owing to liberalization and globalization, to explore new ventures for 
strengthening the marketing system, Government of India appointed an Inter-
Ministerial Task Force. It was aimed to review the then marketing system and 
provide suggestions for the development of the same. Committee recommended



the infrastructural development of market yards, promotion of competition by 
providing alternating market structures, and prevention of farmers’ exploitation. 
This pointed toward the formulation of model legislation on agricultural marketing. 
The draft model legislation was titled the State Agricultural Produce Marketing 
(Development and Regulation) Act, 2003. Since agriculture is a state subject, the 
agricultural markets are regulated under the State APMCs Act. The Act has been 
responsible for ensuring complete transparency in the pricing system, promotion of 
value addition, processing-related activities and promotion of public–private part-
nership, publication of the data regarding arrivals, and many more functions. DMI, 
accompanied by the National Institute of Agricultural Marketing (NIAM), 1988, and 
Small Farmers’ Agribusiness Consortium (SFAC), 1994, was established under 
institutional reforms of agricultural marketing to provide training to promote agri-
culture marketing. The state marketing departments of states were set up as the 
component of the central marketing department. The establishment of state market-
ing boards was directed toward properly coordinating the regulated markets set up in 
different states. However, the requirement was felt for the supervision and guidance 
of these state marketing boards. Therefore, an apex body was established in 1988 
under the name of the Council of State Agricultural Marketing Boards (COSAMB). 
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Another phase of the development of agricultural marketing takes into account 
the requirement of a sound market intelligence system. Therefore, DMI embarked on 
an IT project under the name of AGMARKNET in alliance with the National 
Information Center (NIC). This project has linked all the state agricultural marketing 
boards, APMCs, DMI, and its regional offices to disseminate information regarding 
agricultural marketing. It keeps the general public aware of price, arrivals, storage 
facilities, safety standards, laws, and regulations about the market under different 
heads mentioned on the official site. 

26.2.2 Institutional Reforms 

Apart from the structural reforms for the improvement of agriculture marketing, 
many institutional reforms have also taken place. These reforms were in collabora-
tion with the structural reforms leading to the establishment of several institutions 
guiding the marketing process in India. Several institutions were set up with specific 
objectives to perform and specific goals to achieve. The establishment of some of the 
institutions is discussed above in relation to structural reforms. 

Foundation of Food Corporation of India (FCI) Legislation was passed to estab-
lish the corporation in 1965 to procure, distribute, and timely release food grains to 
minimize their price fluctuations. To cope with the global trade and maintenance of 
foreign exchange, agricultural trade in the form of export and imports are crucial 
components. The Ministry of Commerce laid the foundation of the Agricultural and 
Processed Food Products Export Development Authority (APEDA) in the APEDA 
Act, 1985. APEDA was set up in 1986 to cover all the export-related issues of 
agricultural commodities. The Marine Products Export Development Authority 
(MPEDA) was laid down in 1972 to promote the export of marine products. In the



same way, to encourage the development of the horticultural sector, an autonomous 
body was established in 1984 under the name of the National Horticulture Board 
(NHB). NHB is held responsible for technical and financial assistance to different 
market organizations, dissemination of market information by building a database, 
and promotion activities for commercial production of horticultural crops. Along 
with crops, livestock also shares a significant part in agriculture trading, so for the 
development of production, marketing, and promotion of dairy products in 1965. 
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Several specific commodity boards were also set up under these reforms, such as 
Tea Board, under Tea Act 1953; Coffee Board, under Coffee Market Expansion Act, 
1940; Rubber Board, under Rubber Board Act, 1947; Tobacco Board, under 
Tobacco Board Act, 1947; Spices Board, under Spices Board Act, 1987; Coir 
Board, 1953; Silk Board, under Central Silk Board Act, 1949; National Meat and 
Poultry Processing Board, 2009; and many more. 

To control the quality of the agricultural commodities, DMI imposed the grading 
standards under the head of AGMARK, 1937. Agriculture Produce (Grading and 
Marking) Act was one of the legal instruments legislated in acts to improve agricul-
tural marketing status. For the standardization of manufactured products, the Indian 
Standards Institution (ISI) was set up in 1947 under ISI Certification Marks Act to 
prepare, promote, and certify the products. Later, ISI was renamed the Bureau of 
Indian Standards (BIS) in 1987. It was established to perform all the functions 
performed by ISI along with more emphasis on consumer protection and quality 
improvement. Likewise, Food Safety and Standards Act (FSSA), 2006, has been 
established as a statutory body for affirming the scientific standards for 
manufactured, processed, and consumable products regarding their distribution, 
sale, and import of food. In addition, there are other marks indicating the quality 
and constituency of the product such as the Eco mark, FPO (Fruit Products Order) 
mark, and mark to identify vegetarian and nonvegetarian food products. 

Price administration is one of the major components of agriculture marketing. 
The Commission for Agricultural Cost and Prices (CACP) was formulated to 
administer pricing policy recommendations for agricultural crops to the government. 
It was initially set up under the name of Agricultural Prices Commission in 1965 as 
per the recommendations of Shri L.K. Jha committee. It is an advisory body to the 
government regarding different prices such as procurement prices, minimum support 
prices, statutory minimum prices, fair and remunerative prices, and issue prices. To 
incorporate the fruits and vegetables under the price support scheme, Market Inter-
vention Scheme (MIS) was implemented to protect the benefit of growers and 
maintain their price stability during peak and lean seasons. Loses incurred by the 
growers are also covered under the scheme on a 50:50 basis by central and state 
government. 

26.2.3 Legislative Reforms 

The Government of India has passed many legislatures over the decades to regulate, 
control, promote, and develop the agricultural market in India. Some of the



important laws were regarding regulating and functioning of APMCs in state and 
union territories; regulating quality, grading, and standardization; regulating 
weights, measures, and packaging; regulating the storage and warehousing of 
agricultural commodities, Consumer Protection Act; regulating supply, demand, 
and prices; and setting up of commodity corporations and commodity boards, 
Seeds Act, Insecticides Act, Fertilizer Control Order, Protection of Plant Varieties 
and Farmer’s Rights (PPV&FR) Act. 
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26.2.4 Innovations 

An innovation in marketing is the implementation of new marketing to perform the 
functions of the marketing system. Several alternative systems of marketing have 
emerged over the past few years. e-Business is overtaking in India in the form of 
e-auction, e-tailing, and electronic spot markets. In the era of technology, transfor-
mation has been encountered in every sector of the economy. The application of ICT 
brought a revolution among the farmers. These applications provide facilities to link 
farmers with the markets, digital platforms for the consumers, and dissemination of 
information such as digital mandi, e-NAM, Kisan Call Centres, etc. 

26.2.5 Miscellaneous Reforms 

The history of cooperative marketing stemmed from the Co-operative Marketing 
Societies Act, 1912, led to the establishment of cooperative societies for marketing. 
The first five-year plan laid the foundation of the apex cooperative marketing 
society, National Agricultural Cooperative Marketing Federation (NAFED) in 
1958 and for promoting the development of cooperative societies, National Cooper-
ative Development Corporation (NCDC) in 1963. 

Various promotion activities in the form of incentives were provided to promote 
external trade until economic liberalization, which took place in 1991. The introduc-
tion of these policy reforms in India has relaxed many restrictions in quantitative 
terms also, over agricultural trade leading to the simplification of global trade. The 
export–import policy, implemented in 1992–97 and 2002–07, further propelled the 
liberalization. As the Indian economy is small holding based, the marketable surplus 
is not always sufficient to market, leading to heavy distress sales. This led to the 
foundation of a legal entity, the Producer Organization. It can be registered under 
any of the provisions such as the Co-operative Societies Act, Multi-State Coopera-
tive Society Act, and public trusts.
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26.3 Need for Further Reforms in Agricultural Marketing 

After attaining self-sufficiency in the number of cereals and other crops, managing 
surplus food has emerged as a major challenge in the country. This drives the 
attention to channelizing the agricultural output to more lucrative destinations and 
places where greater demand exists. The same is evident through the aggregate 
demand and supply estimates by various scholars. The projections for the future also 
indicate that these gaps will continue to widen, especially in some commodities such 
as rice, wheat, and cotton. The country is witnessing the accumulation of a surplus 
stock of commodities such as rice and sugar. This entails transforming the agricul-
tural output, which fits into desired demand frame. The country also lacks the 
infrastructure to handle the increasing quantum of different commodities. 

Continuous emphasis on diversification and high-value agriculture also 
necessitates a specific kind of infrastructure for reducing postharvest losses and 
handling extreme price situations. The changing consumption pattern away from 
staple to high-value food commodities warrants the production basket to be respon-
sive to the shifting food demand. However, biasedness toward the traditional 
cropping systems, relatively higher marketing inefficiency of high-value crops 
along with infrastructural constraints resist the adoption of high-value crops. Thus, 
incentivizing farmers for diversification through various policy interventions such as 
price incentives, support infrastructure, trade facilitation, and vertical market inte-
gration is essential. The interventions are required to attract modern capital and 
investments into logistics and food value chains, thereby assisting in laying the 
foundation for the promotion of better marketing infrastructure in the country. This 
will also ensure the participation of the various stakeholders at different value chains 
and thus promote agri-entrepreneurship. 

26.3.1 Stylized Fact 1: Producer’s Share in Consumer Rupee Is Low 

It has been established that growth in real price would ensure higher income growth 
than the mere reliance on technology-led reforms. The output growth will drive 
sufficient growth for farmers only if the marketing arrangements are efficient enough 
to support the income growth. Consequently, the price is the resultant outcome of 
any commodity system (Chand et al. 2015). The commodity and marketing systems 
have always been intended for the realization of remunerative prices by the farming 
community. Unfortunately, the farmers’ share in the consumer rupee for most of the 
agricultural commodities in the country is lower, especially for horticultural 
commodities, which is indicative of the various inefficiencies of the agricultural 
marketing structure. The meta-analysis of several studies conducted at the regional/ 
state level provides evidence of the temporal and spatial variation in price realization 
across various commodities and regions (Fig. 26.1). The price realization by farmers 
(% share in consumer price) indicates that it is the lowest for fruits and vegetables 
after pulses. It further varies according to the marketing channel adopted within a 
given geography for the selected commodity. Though onion is a vital staple vegeta-
ble in pan-India, farmers’ share remains only around 44%. Banana trading seems



more efficient as only 15–18% of the consumer’s price is eroded in the marketing 
process. 
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Fig. 26.1 Producer’s share for major horticultural and livestock products 

Raising the farmers’ share in consumer prices is a pressing need, and the policy 
interventions facilitating the efficient marketing of agricultural commodities are of



paramount importance. Many innovative marketing arrangements have shown that 
farmers’ shares can be magnified, and marketing costs and margins of the chain can 
be managed efficiently through appropriate interventions. 
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26.3.2 Stylized Fact 2: Much of the Trade Happens Outside APMC 
in Most of the Commodities with Greater Reliance on Local 
Private Traders 

The APMCs were created to keep the farmers away from the exploitative and 
dominant local systems. APMCs provided a legal and facilitating environment for 
the domestic trade of agricultural commodities. As the country moves through a 
more global, integrated, and competitive trade environment, it is the opportune time 
for farmers to be provided with better and remunerative choices to take advantage of 
emerging opportunities. Numerous studies and surveys, including the extensive 
surveys by the National Sample Survey Office (NSSO), reveal that a large volume 
of trade takes place outside APMCs, which are largely unregulated and noncompeti-
tive. More than half of the marketable surplus is sold outside the mandis (Fig. 26.2). 
Most farmers are forced to sell through local traders who act as aggregators and 
further channel the produce to APMCs. The traders (both local and in APMCs) 
provide a lot of informal finance to the farmers for meeting their cultivation and 
postproduction requirements. Thus, the farmers are bound to sell through these 
agencies due to a lack of scale or indebtedness. 

It is desirable that these transactions are legalized to incentivize both sellers 
(farmers) and buyers to participate through these organized marketing systems. 
This would improve marketing efficiency through increased competition among 
the buyers, improve the bargaining power of the farmers, and facilitate the realiza-
tion of remunerative prices. The APMCs will be required to improve their 
efficiencies and services to attract trade. 

26.3.3 Stylized Fact 3: Agricultural Policies Are Effective 
in the Selective Domain and Crops 

Examination of the price policy implementation reveals limited penetration across 
geographies and crops. Over the last four and a half decades, the price policy 
implementation has boosted mainly wheat and rice crop among food grains and 
sugarcane and cotton, among other crops (Chand 2003). The procurement has also 
been very limited and confined to two to three states; approximately 40–50% of rice 
and wheat procurement during 2013–20 were from Punjab and Haryana only. The 
recent years have witnessed diversification in procurement efforts, and states like 
Madhya Pradesh and Chhattisgarh are also added to the procurement basket. The 
situation created an imbalance in the demand and supply of important agricultural 
commodities such as pulses, oilseeds, and coarse cereals. The Shanta Kumar Com-
mittee Report on the restructuring of FCI recommended that pulses and oilseeds



deserve priority, and Government of India (GoI) (2018) must provide better price 
support operations for them and dovetail their MSP (minimum support price) policy 
with trade policy so that the landed costs of imports are not below the domestic MSP 
rate. The report further states that in 2012–13, only 6% of total farmers in the country 
gained from selling wheat and paddy directly to any procurement agency. The prices
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received by farmers are often below the MSP in many crops and in many markets 
where it is not supported by effective procurement (Planning Commission, 2007). 
Effective price discovery options need to be considered to buttress markets and 
assure market price to farmers, along with the development of infrastructural and 
market intelligence facilities for agriculture, to allow the farmers to transcend into a 
powerful market force in their own right.
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Fig. 26.3 Average wholesale prices across major markets 

In general, most of the trade in other crops occurs below MSP, and the market 
prices remain below MSP due to a lack of an effective price support mechanism. 
Figure 26.3 illustrates the recent situation in the case of pigeon pea and groundnut in 
December 2020 and January 2021, where the market prices remained lower than 
MSP in the majority of the markets. 

The last 3-year estimates of MSP for rice and wheat indicate that majority of 
the trade, except for a few in all the states, has occurred at a price above MSP. The 
market prices for rice and wheat were about 71–92% and 3–15% higher than the 
MSP. Nonetheless, in the major wheat-producing state of Uttar Pradesh, the market 
price was lower than MSP in a few months (Fig. 26.4).
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Fig. 26.4 Price realization in major rice- and wheat-producing states 

26.3.4 Stylized Fact 4: Ensuring Small-Scale Processing 
and Investment in Infrastructure Would Be Critical 
for the Sustenance of Agriculture 

DFI Committee places a strong emphasis on promoting small-scale processing and 
value systems that integrate multiple supply chain activities for greater efficiency 
and quality outcomes. The existing infrastructure, however, is inadequate to effec-
tively absorb and efficiently monetize the farm output leading to seasonal and 
regional variations in demand–supply balance (GoI 2018). Overall, value addition



for the total food produced in India has been estimated at just about 10% (varying 
from 4% in fresh agro-produce to 50% in milk) as compared to about 65% in 
developed countries like the United States and 23% in developing countries like 
China. Moreover, inadequate postharvest agri-logistics and processing facilities lead 
to huge losses (about 92,000 crore in 2013 as per the estimates of ICAR-Central 
Institute of Post-Harvest Engineering and Technology) and high-price variability. 
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The area and value pyramid for various agricultural categories establishes the 
importance of horticulture as one of the high-value sectors. Further, the rising share 
of non-foodgrains in the gross-cropped area and crop output signals increasing 
diversification toward high-value crops. On the other hand, the evidence indicates 
that there has been negative growth in the GVA Food Manufacturing by Household 
Sector in the case of fruits, vegetables, meat, which signifies that the farmers are not 
able to take direct advantage of government programs and schemes for promoting 
the small-scale processing. The recently launched package of Rs 1 lakh crore will 
help establish the desired infrastructure through lending to FPOs, SHGs, JLGs, and 
other organizations. 

The challenges emanating from the current agribusiness environment heighten 
the need for strong backward and forward linkages to facilitate optimal input use and 
effective monetization of agricultural output. This requires the creation of a condu-
cive business environment and support through developmental initiatives, techno-
logical dissemination, and favorable policies. Furthermore, providing farm inputs 
and services to the farmers will increase the adoption of modern technologies and 
good agricultural practices for producing quality products demanded by the 
consumers. 

Given the surplus food production amid the inadequacy of storage and other 
logistics infrastructure, improved storage infrastructure would reduce distress sale by 
the farmers, price crash during harvest season due to glut, and postharvest losses. 
Better inventory management will also help accelerate farm produce processing and 
export. Improving agri-logistics and processing infrastructure and linking farmers to 
processors hold the key to accelerating diversification toward high-value food 
commodities. Improving postharvest infrastructure requires fostering public and 
private investment. 

26.3.5 Stylized Fact 5: Reforms Much Needed to Fillip Tapping 
of Untapped Potential in Agricultural Trade 

The country has attained self-sufficiency in the case of cereals. In the case of rice and 
wheat, we have been suffering from the problem of plenty. Agricultural export is 
emerging as an important avenue for the disposition of surplus output. Agricultural 
exports account for approximately 10–13% of the country’s merchandise exports, 
and the exports of various commodities have increased significantly in recent years. 
Nonetheless, the agricultural trade suffers from numerous issues pertaining to 
agricultural supply chains, starting from the initial stage of farm production until 
reaching the final destinations. These issues relate to traceability, sanitary and



phytosanitary considerations, effective handing, and proper agri-logistics. Though 
the share of agricultural exports in agricultural output is rising, the value stands only 
at around 8%. It is emerging that the country will be required to sell 20–25% of the 
incremental agri-food production in the overseas markets in the coming years, 
considering the emerging demand and supply scenario (Chand 2020). This 
accentuates enhancing the competitiveness of agricultural commodities in the inter-
national markets, which will build on the premise of more efficient agricultural 
supply chains. Effective agri-logistics and efficient supply chains must result in the 
desired quality as per the international standards. 
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Box 26.2 Current Status of Agricultural Exports (Value in Million Dollars) 
and Untapped Potential (%) for Major Commodities 

Major exportable items TE 2019–20 Untapped potential 

Rice (HS 1006) 499.0 17–60 

Cotton (HS 52) 470.5 6–85 

Tea (HS 0902) 53.2 51–64 

Coffee (HS 0901) 37.2 32–87 

Fish and crustaceans (HS 03) 438.8 47–85 

Meat and offal (HS 02) 254.4 49–51 

Onion (HS 0703) 31.5 56–58 

Potato (HS 0701) 4.9 58–68 

Grapes (HS 0806) 24.2 64–71 

Source: INTRACEN 

Further, Indian agricultural commodities have huge export potential, much of 
which is still untapped (Box 26.2). In the case of marine products, the country’s 
single largest export category, as large as 47–85% potential, can be tapped through 
effective supply chain management and policy interventions. Similarly, other 
commodities indicate substantial untapped potential. Export promotion and 
enhancement remain a primary agenda under the new agricultural export policy, 
which aims to double the agricultural exports from US$ 30+ billion to US$ 60+ 
billion in the next 5 years. The policy also aims to diversify the export basket, 
providing an institutional mechanism for pursuing market access, tackling barriers 
and dealing with sanitary and phytosanitary issues, and enabling the farmers to 
benefit from export opportunities in the overseas market. 

26.3.6 Stylized Fact 6: Price Volatility Remains a Major Concern 
for Agricultural Commodities 

The prices of agricultural commodities have remained high for the past few years, 
with food inflation being higher than non-food items. Perishable commodities are the



prime component contributing to food inflation. With demand outstripping the 
supply and the lack of an efficient supply system and logistics, this inflationary 
pressure is expected to continue. The low price and income elasticity at times with 
unstable supply also contributes to higher price volatility. The price volatility for 
horticultural commodities is relatively higher, as evidenced by the instability index 
for various crop categories estimated for 1970–71 to 2019–20. The instability index 
for vegetables and fruits is estimated at 54.22% and 51.22%, respectively (Fig. 26.5). 
Besides, the instability index for pulses is also very high. A highly volatile price 
brings uncertainty and risk at both producer and consumer end, affecting social 
welfare. 
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26.3.7 Stylized Fact 7: Constraints in the Marketing of Livestock 
Products 

The significantly rising contribution of the livestock sector to the Indian economy is 
apparent; the sector contributes around 28.63% to the total GVA of the agriculture 
and allied sectors (2018–19). Among the allied activities, the contribution of the 
dairy and fisheries sectors is immense in sustaining the income of people, especially 
for the marginalized and vulnerable communities. India is the largest milk producer 
in the world, producing around 198.4 million tons of milk during 2019–20. Animal 
husbandry infrastructure development fund of Rs 15,000 crore aims to support the 
private investment in dairy processing, enabling value addition and improved cattle 
feed infrastructure. 

Consequent to a budget announcement on the inclusion of the livestock sector in 
the Kisan Credit Card in February 2020, 1.5 crores of dairy farmers of milk 
cooperatives and milk producer companies were targeted to provide Kisan Credit 
Cards (KCC) as part of the Prime Minister’s Atma Nirbhar Bharat Package. A 
persistent high volume of postharvest loss eradicates a significant amount of the 
product from the market. For fisheries, the postharvest losses in developing countries



like India are up to 25% (FAO 2015). Researchers have raised the importance of 
private investment in improving the domestic supply chains through value addition 
and transportation sectors (Sathiadhas et al. 2011). India, accounting for 7.58% of 
the global production, is the second largest fish-producing country in the world. The 
sector contributed 7.28% to the country’s agricultural GVA (2019–20). There are 
immense opportunities in the sector to enhance the country’s export and livelihood 
generation and sustain the income of around 28 million people. 
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India, especially in the marginalized and vulnerable communities, has promoted 
meaningful socioeconomic development. Realizing the potential, scope, and impor-
tance of the fisheries sector, the new flagship scheme, Pradhan Mantri Matsya 
Sampada Yojana (PMMSY), was launched in May 2020 as a part of the Atma 
Nirbhar Bharat Package by the Government of India with an estimated investment of 
Rs 20,050 crores comprising of central share of Rs 9407 crores, state share of Rs 
4880 crores, and beneficiaries contribution of Rs 5763 crores for 5 years from FY 
2020–21 to FY 2024–25. PMMSY aims to enhance fish production to 220 lakh 
metric tons by 2024–25 at an average annual growth rate of about 9%. The ambitious 
scheme will result in doubling export earnings to Rs 100,000 crores and generate 
direct and indirect employment opportunities of about 55 lakhs in the fisheries sector 
over the next 5 years. PMMSY further intends to increase aquaculture production. 

26.4 Implementation Pathways 

Enhancing farmers’ incomes warrants the market-led agricultural transformation. 
The government is trying to promote the FPOs, SHGs, cooperatives, etc. for their 
effective linkages with upstream buyers and financial institutions. It also requires 
facilitating arrangements to improve infrastructure and services in the APMCs. The 
evidence indicates that the considerable export potential remains untapped. Govern-
ment can facilitate the promotion of trade by effectively integrating the local markets 
into the global market and will help increase the farmers’ income by exploring the 
trade opportunities in the international markets. We may also document other 
developing nations’ success stories and learn lessons. For example, the market 
reforms contributed significantly to China’s agricultural development and helped 
smooth the transformation from the planned to a market economy; the country 
moved from the system of state purchases and sales to relying primarily on the 
private market. Indian agriculture is dominated by informal value chain finance, 
traders being the primary source of lending to the farmers. Dependence on traders for 
financial requirements at various stages of crop cultivation restricts the farmers from 
benefiting from new marketing avenues. Therefore, interventions to increase access 
to the cumbersome free formal financial assistance will break the traditional informal 
financial assistance and thus promotes the farmers’ participation in the new market-
ing channels. The backbone of all agricultural trade is agri-logistics. The transfor-
mation will come through the concomitant development of village-level logistics 
units to service agricultural trade, which should be undertaken in the name of the 
farmer–producer–owner. Many interventions and steps in the Union Budget 2021



are already aligned with the reform agenda. The efforts include improved allocations 
on market infrastructure and price support schemes (Srivastava et al. 2020). 
Mapping of the infrastructure facilities is a prerequisite to framing the policy 
interventions. The role of area and market-specific infrastructure facilities is signifi-
cant in the smooth functioning of a market. Therefore, infrastructure mapping and 
prioritization for states and commodities are required. 
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Abstract 

The business baton in a nonfarm family is transferred from one generation to 
another, while in a farm family, this is not often the case. Most of the farmers do 
not wish their next generation taking up this baton from them. In addition, the 
next generation is not keen to hold this baton and move forward. One of the major 
reasons behind this is poor income from farming and allied activities. Long back 
in 1928, the report of Royal Commission on Agriculture mentioned, “The Indian 
peasant is born in debt, lives in debt and bequeaths the indebtedness to his 
successors.” And the change is very slow. Realizing the miseries of Indian 
farmers, the Indian Government called for doubling farmers’ income and set up 
an inter-ministerial committee that submitted its report in 2018. The committee 
devised several strategies and recommendations to double farmers’ income 
eventually insisting on the need of moving agriculture from being taken up as a 
subsistence activity to a profitable enterprise. From profitable, it means that the 
receipt from farming and allied activities should be good enough to cover the 
cost, meet family expenses, and still there should be a surplus that can be invested 
in adoption of good technologies by the farmer. Therefore, to increase farm 
incomes and to bring in farm income revolution, the country is committed to 
turn farming and allied activities into “enterprise” and farmer as an “entrepre-
neur.” This gets support from a supportive policy environment that favors the 
growth of agribusiness systems. Several programs are also in place to support
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rural and agricultural entrepreneurship. Needless to say, agribusiness and entre-
preneurship strategies could bring in much needed stability in rural India in terms 
of growth and development. Hence, “agribusiness” approaches and 
“agripreneurship” must be promoted aggressively.
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27.1 Agriculture: History and Evolution 

The history of agriculture dates back to as good as the history of humankind. As the 
humankind evolved, so did agriculture. It is to the knowledge of everyone that prior 
to realizing the systematic cultivation of plants and animals for consumption, 
humans were hunters and gatherers. It is true that wild grains were gathered and 
consumed in Middle Stone Age (280,000 years ago to 50–25,000 years ago), 
archaeological evidence indicates that the domestication of plants for food purpose 
is only 10,000 years old. Wheat, barley, peas, lentil, chickpea, flax, rice, and potato 
are few of the earliest cultivated crops by humans for consumption purpose in the 
Eastern Mediterranean region. Slowly, agriculture spread to the rest of the world, 
and in India along the Indus River, the intensification began in Bronze Age. After the 
discovery of sea routes, the crops too moved from one continent to another, and what 
we see today is more the result of a globalized world. Potato from the Americas 
travelled to the Europe and wheat, barley, and rice travelled from the Mediterranean 
to the Americas. Agriculture further intensified with the British Revolution between 
seventeenth and nineteenth centuries. The aim of the British Agricultural Revolution 
was to enhance production via extensive use of inputs such as irrigation and 
fertilizer. The practice of crop rotation was made popular by the British Revolution 
only. This was the period in Britain when agricultural production rose faster than the 
population. Since the beginning of twentieth century, the agriculture started shaping 
up in a different way. Following the success of the British Agricultural Revolution, 
other developed nations also started getting engaged in pushing up agricultural 
productivity and mechanization. And along with it, the production of synthetic 
fertilizers and pesticides also progressed. The surpluses produced by these countries 
were traded with those less in resource base. 

India being agriculturally and culturally rich, faced challenges as those who 
explored the trade routes to India exploited the resource base and left miseries 
behind. The British, the last of the rulers, were no exception when they left in 
1947, the “Golden Bird” was not “Golden” anymore. There was poverty, there was 
hunger, and there was a broken socioeconomic fabric. The country had to rely on 
imports to fulfill stomachs. There are only the consistent efforts of the farmers of this 
nation and several policy reforms that today India is the net exporter of food and is 
among the largest producers of almost 17 products worldwide. Today the focus of



the country and the government is to increase total factor productivity and to raise 
farmers’ income. Agribusiness and entrepreneurship are one of the key solutions to 
achieve these goals. Agribusiness approaches have been hailed worldwide for their 
uniqueness in establishing sustainable food systems. Another important contribution 
of agribusiness cannot be ignored as it encourages many across the world to setting 
up new enterprises, promoting innovative thinking, and opening up the doors to 
entrepreneurship, especially in developing countries. Such an approach can uplift the 
economic status of any country by contributing significantly to all the three sectors of 
any economy. The Indian Government acknowledges the role of “agribusiness” and 
“entrepreneurship” to enhance farm incomes and create employment opportunities. 
In addition, the Committee on Doubling Farmers’ Income (DFI) called for promot-
ing secondary agriculture and strengthening postproduction activities to develop 
agriculture on the lines of agribusiness. The Government of India’s holistic policy 
approach and favorable investment environment has attracted youth to take up 
agribusiness enterprises and become job providers rather than job seekers. This 
chapter focusses on prospects of “agribusiness” and “entrepreneurship,” as well as 
the policy environment in greater detail. The chapter also highlights a few success 
stories, especially from the Covid-19 pandemic period to highlight how the pan-
demic has thrown immense opportunities for the development of sector. 
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27.2 The Agribusiness Approach to Farming 

The term “agribusiness” was coined by J.H. Davis and R.A. Goldberg, two Harvard 
Business School professors, in 1957, when in their book “A Concept of Agribusi-
ness,” they defined it as 

The sum total of all operations involved in the manufacture and distribution of farm 
supplies; production operations on the farm; and the storage, processing, and distribution 
of farm commodities and items made from them. 

These two professors favored large-scale farming to bring in revolution in 
American agriculture sector, through more involvement of corporate in the agricul-
tural value chains, thereby reducing the dependency of agriculture on state. The 
recommendations they suggested were after their thorough research and deeper 
observations in field when they found strong linkages up and down the agricultural 
value chains. They noticed that a trader is dependent on manufacturer for supply and 
the manufacturer is dependent on the trader to connect that supply to the market. In 
between them are several institutional arrangements such as finance, storage, and 
government policies to facilitate transactions. Hence, the economists duo supported 
that private sector must be responsible for bringing in stability in agriculture sector 
rather than the government. The professors believed that the flaws in the American 
agriculture sector at that time were the results of government intervention via “New 
Deal” policy. The “New Deal” policy reforms were a series of reforms in the United 
States to uplift the economy from the Great Depression. In 1920s, the United States



produced huge surplus, thanks to mechanization and the aggressive use of other 
inputs. However, in the same decade, “The Great Depression” hits America and the 
problem of plenty emerged. Due to depression, almost all businesses failed, and 
there was no demand for the commodities as there was no money with the people to 
pay for the same. As a result, the grains and meat had to rot in fields and in slaughter 
houses, respectively, despite millions were hungry at homes and on streets. The US 
Govt felt that in order to revive economy, agriculture must be revived and so farmers 
must realize better prices. Therefore, the government enacted “Agricultural Adjust-
ment Act” to artificially raise farm prices by creating artificial scarcity, among 
several other agendas to bring profit to farmers. The American public did not find 
the Act pleasing and the Supreme Court called it “Unconstitutional,” stating that the 
government shall not regulate agricultural production and it has no powers to control 
so. Davis and Goldberg’s keen observation and research led to the conclusion that 
government shall not interfere in the agricultural sector, rather facilitate by 
introducing proper arrangements in the value chain. As the commodity is not just 
produced, it moves along the actors in the value chain and there are strong linkages 
in this chain, and all activities are interlinked. They argued that end-to-end approach 
is a must and everything from input supply to consumption of any commodity must 
be addressed as a system, as a business model. Hence, the amalgamation of agricul-
ture and business formed the much needed “agribusiness.” 
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Of late, India also realized that agriculture needs to be promoted on agribusiness 
lines to bring income revolution in farming. The small and marginal holdings should 
be promoted for collective production and marketing of produce, input and the 
output should be linked through appropriate linkages, and private investment should 
be increased in the agriculture and allied sectors to induce capital formation, which 
in turn will support production systems. Transforming agriculture into agribusiness 
will generate large-scale employment, promote uniform regional development and 
equitable distribution of wealth and power, catalyze forward and backward linkage 
for the development of the economy, and will boost exports. Several models of 
entrepreneurship rising from secondary agriculture and that of Farmer Producer 
Organization could be an effective way to engender stable employment and income 
opportunities in rural India. In addition, the government has several schemes to 
facilitate entrepreneurship and develop agriculture on agribusiness lines to make 
farming a viable and lucrative enterprise. 

The upcoming decade is expected to be highly crucial for agribusiness as the 
Indian Council of Agricultural Research (ICAR) estimates that by 2030, the demand 
for food grains will increase to 345 million tons. In addition, an increase in popula-
tion, income, and the effect of globalization tend to increase the demand for quantity 
and quality of food, emphasizing the nutritive value of the produce which urges for 
innovation in the sector.
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27.3 Evolution of Agricultural Education and Research 

The earliest records suggest that one of the first agricultural schools was established 
in 1868 at Saidapet, Chennai. The school was later relocated to Coimbatore and 
today we see an expansion of the same in the form of the very reputed Tamil Nadu 
Agricultural University. Some more agricultural colleges were established between 
1869 and 1906 at Kanpur, Pune, and Sabour. In this period, the country also 
witnessed some of the worst famines in the Indian history, and so Lord Curzon, 
then Viceroy of India, felt a strong need to focus on Indian agriculture. As a result of 
his thinking and persuasion, a seed was sown for Agricultural Research Institute in 
Pusa, Bihar. Later, in 1928, the Royal Commission on Agriculture (RCA) 
highlighted that India was far behind in terms of research in agriculture. The 
commission thus recommended that a central organization must be in place to play 
an important role to lead agricultural research and rural development. The commis-
sion also called for an agricultural advisor to the Government of India and insisted 
that a new organization must be set up to connect Pusa and the provincial research 
institutes. It was in this context that the RCA proposed the setup of the Imperial 
Council of Agricultural Research (now Indian Council of Agricultural Research), 
whose major objectives were to promote, guide, and coordinate agricultural research 
in the country. 

Not just research, the network of agricultural schools and colleges was also very 
poor in the pre-independence era. It was only in 1950, when upon the 
recommendations of Radhakrishnan Commission (University Education Commis-
sion) that the country should focus on setting up of educational institutions/ 
universities in rural area, a team went to the United States to study the Land Grant 
pattern. Upon return, the team suggested that India must go ahead with set up of rural 
universities on the similar pattern. The first such university was established in the 
state of erstwhile Uttar Pradesh, famously known as G.B. Pant University of 
Agriculture and Technology, and the rest is history. Today, through its National 
Agricultural Research System, India has one of the largest network of agricultural 
universities and agricultural research centers worldwide. The regulation of agricul-
tural education, research, as well as extension is the mandate of Indian Council of 
Agricultural Research, Veterinary Council of India (Veterinary subdiscipline), and 
Indian Council of Forestry Research and Education (Forestry subdiscipline). Cour-
tesy this network, the agricultural research and education evolved in India via several 
reforms. A strong team of scientific professionals have made this country witness 
Green, White, Blue, Pink, and Golden Revolutions. Not to exaggerate, today we are 
in surplus and at exportable levels. Miles we have arrived at from where we were at 
the time of independence, and miles to go. Reforms must go on as per the changing 
environment and needs. Agricultural universities constitute around 9% of all the 
universities in the country, but the enrollment in these is less than 1% of the total 
enrollment in higher education in India. This itself leaves a bigger question for the 
education system, to pause and think and take appropriate actions to attract the best 
minds in the country to train in agricultural science. The National Education Policy 
(NEP) 2020 called for revival of agricultural education with allied disciplines. The



policy suggested the strengthening of the capacity and quality of agricultural and 
allied disciplines to increase agricultural productivity and uplift the economic status 
of the Indian farmers. It also suggested to develop professionals in agriculture and 
veterinary science through integrated education programs. These professionals must 
have thorough understanding of ground level realities and must be able to bring a 
change through their innovative minds to use local and traditional knowledge of the 
farmers and blend the same with appropriate technologies to produce a market 
centric product. At the same time, they must be conscious enough of the critical 
issues of declining land productivity, climate change and sustainability, food and 
nutritional security, and poverty and hunger. To benefit the local community, the 
NEP also suggested to establish Agricultural Technology Parks to endorse technol-
ogy incubation and dissemination and encourage sustainable methodologies. In light 
of this policy, the fact cannot be ignored that we need well-trained agribusiness 
professionals. 
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27.4 Need for Agribusiness and Entrepreneurship 

Agribusiness seems to be the only answer to all the questions relating to food 
insecurity and low revenue farming. Agribusiness combines agriculture and entre-
preneurship to help resolve some of the pressing issues of the world. Agribusiness 
helps to pave the way to sustainable development by creating jobs, empowering 
young people, and protecting the environment. According to Sherrie Silver, advo-
cate for the rural youth at International Fund for Agricultural Development, “Farm-
ing is seen as unglamorous but it is not just about working on the field rather it’s 
about entrepreneurship as well.” Initially, we used to cultivate fruits and vegetables 
according to the seasons, but today due to the advancement in technology, we can 
get all-year-round crop using the technologies of greenhouse, modified atmosphere, 
and many more. This has made India’s agriculture sector very sturdy to show 
resilience to crisis. As they say that every crisis leads to opportunity, we saw 
many start-ups coming up in pandemic times to facilitate and establish stable supply 
chains, several innovations in terms of product, and services lined up in this phase 
only. Hence, agribusiness has greater scope than ever. It is a growing vibrant field 
nowadays and is an excellent example of private and academia working together. 
Following four pillars shall be considered while evaluating prospects of agribusiness 
in India. 

27.4.1 Robust Demand 

As we talk about food, we tend to think of agriculture. So every living creature needs 
food and thus the dependency on agriculture will never reduce for humans as well as 
other beings. Almost 50% of an average Indian’s total spending is on food. Agricul-
tural production is thus going to drive industrial growth and service sector. This



should reduce the inflation in urban areas and increase the employment in both farm 
and nonfarm activities (Modi 2013). 
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27.4.2 Attractive Opportunities 

Due to urbanization, India is creating pockets of concentrated demand for high-value 
products. The country needs cost-effective technologies that are safe for the envi-
ronment and sustainable for life. A plethora of new technologies such as Remote 
Sensing, Cloud-based Data Mining, and Artificial Intelligence are a ray of hope for 
the upcoming era. These technologies can minimize the unpredictability and risk of 
agribusiness, which will motivate the young generation to participate actively in the 
sector and bring in more innovative and sustainable models. 

27.4.3 Competitive Advantage 

India has a great benefit of abundant number of livestock and is one of the biggest 
market for international brands. Alongside, low wage rate and high availability of 
labor makes it very cost-effective to survive in the competitive market. Similarly, our 
resource base for production of commodities is very large. All we need is to combine 
it effectively and raise our “total factor productivity.” 

27.4.4 Policy Support 

The focus of the government toward agriculture sector has always been very specific 
and goal centric. Indian policies have evolved from production centric to market 
centric now. A holistic policy environment is good enough to attract long-term 
investment and increase “gross capital formation” in agriculture. For example, in 
2020, the Indian Government announced an economic package worth Rs 
20 lakh crore to help various sectors recover from the adverse impact of Covid-19. 
Out of this, the government solely dedicated Rs 1 lakh crore to agriculture and allied 
activities. The fund is now utilized in infrastructure creation such cold chain, 
warehouse creation, and postharvest management function. Along with this, the 
government has also declared sector-wise funding, i.e., Rs 10,000 crore for micro 
food enterprise to invest on marketing and branding, Rs 15,000 crore for dairy 
infrastructure, Rs 4000 crore for herbs-based agriculture, and Rs 500 crore for 
bee-keeping ventures. 

Census 2011 revealed 116 million people seeking jobs and highest employment 
level prevails among graduates/diploma holders/postgraduates. Additionally, around 
60% of the labor force in the local labor markets do not have the requisite job skills. 
To create new jobs and enterprises, the Indian Government has taken several 
measures through schemes such as MNREGA, Make in India, Skill India, and 
Startup India initiatives, Standup India, Atal Innovation Mission, and so on. To



enhance employment and to bring about structural changes, the government also 
aims to promote entrepreneurship and liberalize the business environment in the 
country. In the changing economic scenario, several market opportunities have 
emerged/are emerging. At the same time, such changing scenario poses new 
challenges before the agricultural value chains. The growth of agriculture in the 
near future has to come from improvements in productivity, region-specific 
diversified farming systems, established linkages between production and market-
ing, farm-level agroprocessing, secondary agriculture, and aggregating small and 
marginal farmers. In addition, agricultural extension systems need reorientation. 
Extension must be demand-driven, farm business-oriented, and should involve 
multiple players from public and private sectors. All this calls for a new era of 
professionalism such as team work, creating alliances, supportive leadership, change 
in personal behavior, and attitude. To inculcate the value of professionalism in 
students through knowledge sharing, skill development, and to make them able 
and experienced, there are various other components that the agricultural education 
covers such as Student Ready Program and Experiential Learning. Strengthening of 
experiential learning and entrepreneurship/skill development through hands-on-
training in agriculture and allied sciences is the need of the hour. ICAR’s Fifth 
Deans’ committee highlighted the need for promotion of entrepreneurship and 
recommended curricula reforms for undergraduate/diploma programs across various 
faculties in State Agricultural Universities. The objective was to increase the 
employability and employment potential, and enabling graduates to turn into job 
providers rather than job seekers. Hence, the committee introduced Entrepreneur-
ship Development and Business Management as one of the common courses across 
the degree programs in agricultural universities. Five other courses are:
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• Environmental Studies and Disaster Management
• Communication Skills and Personality Development
• Information and Communication Technology
• Agricultural Informatics, and
• Economics and Marketing. 

All these courses help the professional development in students as per the 
changing needs, and train them to be job providers rather than job seekers. 

27.5 Acknowledging Agripreneurship 

There is no denial to the fact that the government is committed toward the welfare of 
the farmers, and has called for income revolution in the farming sector. Bringing in 
the income revolution, the aim is to increase the purchasing power of farmers, 
thereby increasing their consumption and the level of investment in the farming 
sector. A farmer must have timely access to the effective resource base and at the 
same time he must be able to sale the output at the desired price. Not just this, income 
revolution also means that a farmer must be able to generate enough receipts from



the surpluses so that he can adopt effective and innovative technologies, adopt new 
business models, and is able to make any other kind of investment required by an 
enterprise. 
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Today, the changing environment due to various reasons such as trade liberaliza-
tion, market fluctuations, varying consumer lifestyle and consumption pattern, 
enhanced ecological regulations, new demand for quality products, food and nutri-
tion security, and advance in technologies has necessitated agripreneurship in the 
country. These entrepreneurship developments are leading to more innovations, 
portfolios, and creativity in all areas of farming business. In order to enhance 
entrepreneurship activities in agriculture, the Government of India has initiated 
several programs and schemes to develop entrepreneurial skills in people, infusing 
them with desirable knowledge and expertise to run businesses. Many private 
organizations, NGOs, financial institutions, and governments (both state and center) 
have implemented several programs to promote entrepreneurship across the country. 
In addition to training, many schemes also made provision of seed funding, grants, 
startup loans, and subsides to the highly innovative, creative, sustainable, and viable 
projects. 

A farmer has to create his own uniqueness through marketing strategy or 
innovation on some other front in order to make the produce as special and 
marketable as possible. The government is constantly making efforts to step forward 
and minimize the risks of such enterprise by organizing trainings, sponsoring 
mentoring programs, awarding innovative ideas, and to make startups more lucrative 
in many other ways. Many farmers face issues of investment as they are from low 
income group, have lack of resources, and are limited access to land. Such farmers 
can now opt for a collateral-free loan at very low interest rates if they enter into agri-
entrepreneurship model. Promoting an enterprise approach to farming, developing it 
into agribusiness, and establishing rural industries will also arrest migration from 
rural areas. Agripreneurship thus plays a vital role in strengthening the national 
economy in various ways. 

27.6 Evolution of Policy Environment 

Immediately after the independence, the major policy focus was to bring in Agrarian 
land reforms which was characterized by abolishing zamindari and freeing up land 
markets, giving the titles to the cultivators. This period also witnessed the emergence 
of agricultural credit cooperative societies. Following this, a major thrust was made 
on production front. India announced “Grow More Food Campaign,” which was 
assisted by High Yielding Varieties and is popularly known as “Green Revolution” 
and was a production-centric approach as it was the need of the hour to produce and 
reduce dependency on food imports. This was the peak when agricultural research, 
extension, fertilizer, and irrigation network and supply all witnessed huge support by 
the government. As a result, India was able to achieve self-sufficiency in food grains. 
In the next stage, focus shifted to diversification and the success of Green Revolution 
was replicated to other sectors such as meat and poultry (Pink Revolution), fisheries



(Blue Revolution), milk (White Revolution), oilseeds (Yellow Revolution), fruits 
and vegetables (Golden Revolution), and the very recent in honey (Sweet Revolu-
tion). The series of revolutionary measures were meant to get the country secure in 
carbohydrates, proteins, fibers, fats, vitamins, and minerals. Thus, the country aimed 
at achieving not only food but nutrition security too. The policy focus shifted to 
develop markets, improve infrastructure, facilitate credit facilities and develop 
banking network, promote sustainable consumption and production systems, and 
improve rural livelihoods. The beginning of twenty-first century was marked by 
series of market-centric reforms such as Agricultural Produce Marketing Committee 
(APMC) Act 2003, Agricultural Produce and Livestock Marketing (Promotion and 
Facilitation) Act 2017, setting up of futures market to minimize risk and discover fair 
prices, Foreign Direct Investment (FDI), and opening up Contract Farming in 
agriculture in order to attract foreign investors in agriculture sector. To attract 
much needed capital formation and boost ground level credit in agriculture, govern-
ment announced schemes such as Animal Husbandry Infrastructure Development 
Fund (AHIDF), Fisheries Infrastructure Development Fund (FIDF), Agri Marketing 
Infrastructure Development Fund (AMIDF), Dairy Processing and Infrastructure 
Development Fund (DIDF), Micro Irrigation Fund, Pradhan Mantri Krishi Sinchayi 
Yojana (PMKSY), Soil Health Card Scheme (SHC), and Paramparagat Krishi Vikas 
Yojana (PKVY). Besides this, several other schemes of the Government of India 
such as Pradhan Mantri Matsya Sampada Yojana, promoting 10,000 FPOs and 
500 Fish FPOs, e-NAM, Kisan Credit Card, Pradhan Mantri Formalization of 
Micro food processing Enterprises (PMFME), Operations Total, and Electronic 
Warehouse Receipt—all are aimed at strengthening postproduction systems and 
open vast entrepreneurial opportunities in agriculture. The Green Revolution 
Krishonnati Yojana, which is an Umbrella scheme comprising 12 subschemes, 
reflects government’s holistic approach toward agricultural food systems. These 
12 subschemes are as follows: 
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1. Mission for Integrated Development of Horticulture (MIDH) 
2. National Mission on Oilseeds and Oil Palm (NMOOP) 
3. National Food Security Mission (NFSM) 
4. National Mission for Sustainable Agriculture (NMSA) 
5. Sub-Mission on Agriculture Extension (SMAE) 
6. Sub-Mission on Seeds and Planting Material (SMSP) 
7. Sub-Mission on Agricultural Mechanization (SMAM) 
8. Sub-Mission on Plant Protection and Plant Quarantine (SMPPQ) 
9. Integrated Scheme on Agricultural Census, Economics and Statistics 

10. Integrated Scheme on Agricultural Cooperation 
11. Integrated Scheme on Agricultural Marketing (ISAM) 
12. National e-Governance Plan in Agriculture (NeGPA). 

Three mega programs such as National Food Security Mission (NFSM), 
Rashtriya Krishi Vikas Yojana (RKVY), and National Horticulture Mission 
(NHM) have really changed the fate of agriculture scenario in the country by



diverting their focus other than production aspects. Moreover, these programs are 
also made so flexible that the state government can make changes in their allocation 
as per the requirement. One of the important objectives of the scheme is to create 
employment opportunities for skilled, unskilled unemployed youths of the country. 
Additionally, the economic liberalization in the 1990s shifted the focus of the policy 
toward trade. India developed its very first Agricultural Export Policy in 2018 to aim 
at doubling exports to the tune of USD 60+ billion by 2022. The government aims at 
achieving so via boosting high value addition and promoting exports of perishables, 
promoting novel, traditional, and nontraditional agriproducts, providing institutional 
support to pursue market access, and connecting farmers to overseas markets. 
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The Rashtriya Krishi Vikas Yojana (RKVY), initiated in the year 2007, was one 
of the flagship schemes of Indian Government. The scheme aimed at promoting 
agripreneurship and agribusiness. The aim of scheme was to strengthen agri and 
allied infrastructure to encourage agripreneurship and agribusiness through much 
needed financial support. The scheme also aimed to nurture business incubation 
ecosystem. In 2017–2018, RKVY scheme was approved for continuation as 
Rashtriya Krishi Vikas Yojana—Remunerative Approaches for Agriculture and 
Allied Sector Rejuvenation (RKVY-RAFTAAR). The major objective of RKVY-
RAFTAAR is reforming farming as a lucrative economic phenomena through 
promotion of agripreneurship. In this process, the scheme started strengthening of 
existing agribusiness incubators and set up new R-ABI (RKVY-RAFTAAR Agri-
business Incubators). The seed stage funding of R-ABI Incubatees, agripreneurship 
orientation, and idea/pre-seed stage funding of agripreneurs are the other 
components in the process of promoting agribusiness. Besides this, the R-ABIs 
supports the innovative ideas of agripreneurs that could enhance the productivity 
in agriculture and ultimately enhance the farmers’ income and rural economy. The 
R-ABIs also facilitate aggregation and networking of various stakeholders through 
innovators, investors, agripreneurs, and other institutions. 

Startup India is another program launched by the Government of India in 2016, 
with an objective to build an ecosystem that fosters the innovation and startup for 
sustainable economic growth and employment generation. The program aimed at 
transforming India into a job-creator country instead of job seekers. Under the 
Startup India initiative, it provides support for simplification and handling of 
startups, funding and incentives to eligible startups, and incubation and industry– 
academia partnership. With 14,740 recognized startups and 1.7 lakh jobs in the year 
2020, the program acted as a catalyst for the growth of entrepreneurs. Atal 
Innovation Mission (AIM) of NITI Aayog, is another flagship initiative by Indian 
Government to promote entrepreneurship and innovation. It was initiated in 2016 
with the objective of holistic development through problem-solving approach and 
encouraging innovative mindset in schools and also to create an entrepreneurship 
ecosystem in universities and research institutions. AIM launched the Atal Tinkering 
Lab (ATL) program at school level to culture curiosity and innovation in young 
students through latest technology such as Internet of Things (IoT), Robotics, and 
3D paintings. AIM also launched Atal Incubation Centres (AICs) at university level



to support innovative and emerging entrepreneurs who wants to build sustainable 
enterprises. 
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It is evident that the continuous evolving schemes/programs/policies provide 
support to the emerging agribusiness and improve the socioeconomic status of the 
society. 

27.7 Role of Agri Incubators 

As the agriculture is moving forward toward commercialization to reduce the 
poverty and boost the prosperity, agri incubators play crucial role to encourage the 
entrepreneurship. Agribusiness incubators are organizations that help small and 
emerging agripreneurs to grow and expand. They act as catalyst in developing 
technology and value chains that flourish small agribusinesses. The basic role of 
any incubator is to support the nascent companies by providing the organizations 
with all necessary support that includes technical, financial, and marketing access. In 
general, incubators provide following services: 

1. Capacity building, training, and mentoring services 
2. Technology transfer and intellectual property policy advisory services 
3. Provides technological and strategic advice 
4. Collaboration at national and international level 
5. Seed funding 
6. Links to investors and other financial institutions 
7. Infrastructure and other facilities 
8. Consultancy services 
9. Product development 

Along with these services, the agribusiness incubators combine entrepreneurial 
drive of startups with the available resource for the new ventures. The team of 
researchers and financers working for incubators analyzes the business model 
carefully and understands the type and level of risk involved prior to funding or 
supporting these startups. They help in planning and minimizing risk and increase 
the ratio of surviving startups by supporting them during seeding issues. Next, these 
startups increase employment opportunity for the local economy by 
commercializing technologies. Incubators facilitate startups by providing them all 
required resources and additional services such as business planning and financing. 
Hence, the incubators are key contributors for boosting the prosperity and reducing 
poverty in rural as well as urban areas. The financial support to the agribusiness 
incubators is offered by the Government of India under RKVY-RAFTAAR, Startup 
India, and Atal Innovation Mission (AIM), as discussed previously. These schemes/ 
programs provide funds and nurture the incubation ecosystem. Till date, approxi-
mately 56,633 startups are recognized by the Department for Promotion of Industry 
and Internal Trade (DPIIT) of Ministry of Commerce and Industry under Startup 
India scheme. Along with this, more than 1800 startups are supported by Atal



Incubation Centre under AIM. Under RKVY-RAFTAAR, 10% of total annual 
outlay is devoted to support the incubation centers. 
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27.8 The Risks are Easy to Manage: We have Many Stories 
to Tell 

Any agripreneur will have to mitigate five major risks to survive in the competitive 
market and earn profit. With each risk comes an opportunity to convert it into an 
Unique Selling Proposition for the enterprise. There are thousands of success stories 
in India and abroad to lead the way for budding agripreneur in India. The Covid-19 
pandemic has opened up several opportunities for innovations. Here onward, we 
highlight the success mantra of overcoming these barriers by enterprises who found 
bigger opportunities in different types of risks, and throw lot of positivity for 
budding entrepreneurs. 

27.8.1 The Story of Yinka Adesola in Nigeria Who Managed 
Production Risk Successfully 

This production risk involves the possibility of getting yields lower than the 
projected yield. There could be many reasons leading to production loss such as 
extreme weather conditions, attack from disease or pest, and natural calamities 
(Sciabarrasi 2021). Yinka Adesola, a progressive woman farmer of Oyo state of 
Nigeria, sets a perfect example of risk mitigation by diversification. She owns 20 ha 
land out of which she cultivates on 12 ha (1 ha each month) to get an all-year-round 
crop. She grows 8–10 varieties of crops on this land, which consists of sweet corn, 
pepper, cucumber, and eggplant. The rest of the land is engaged in animal produc-
tion and other agribusiness activities. She uses an integrated farming technique, crop 
rotation technique, and all the waste generated from animals are utilized on the farm 
itself. Due to her practices and management techniques, she is renowned in Nigeria, 
and a small agripreneur approaches her for comprehensive 3-month training on 
farming and agribusiness. She can attain five times the yield that her fellow farmers 
in the region get from the same area of land. This journey of Yinka was not so 
smooth as it seems. Like other farmers, she also suffered. She invested her complete 
asset in farming and started with Cassava where she incurred a huge loss due to very 
high rainfall that year. She kept up her hopes and cropped maize next year and again 
lost it. She was curious to know why it was happening. She saw various videos of 
successful farmers and learnt the methods of integrated farming and crop rotation. 
This became a game changer for her and she was able to successfully overcome 
production risks by implementing management tools (Udegbunam 2021).
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27.8.2 The Story of Maharashtra’s “Farm to Kitchen” Who Managed 
Marketing Risk Successfully 

Any product undergoes this type of risk especially when it is seasonal and perishable 
like Agricultural Produce. The price could be lower than expected, the quality could 
be poor, and so the market may not have its demand or even competitors may capture 
the market share by quoting a lower price. Marketing risk depends on various factors 
such as price, quality, demand, access to markets, and competitors. It is very difficult 
for a farmer to control these factors and gain profits from the market. To get the 
expected profits, he needs to develop some strategies that may be true to his market 
and his produce (Sciabarrasi 2021). “Farm to Kitchen” managed this risk success-
fully in the Covid-19 pandemic. “Farm to Kitchen” is an e-Commerce initiative 
facilitated by KVK-Jalna, Department of Agriculture and Umed ZP Jalna. This 
service was launched in April 2020. Mr Pravin Ghaghav, the founder of Sarvadnya 
Foods, saw the opportunity in the problem that farmers were facing due to Covid-19. 
During the lockdown, farmers were not able to reach the mandis and consumers were 
also reluctant to come out of their house. This initiative assisted the citizens to stay in 
their house and provided them home delivery of fruits and vegetables direct from the 
farms, enabling farmers to market their goods (Indian Council of Agricultural 
Research 2020). 

27.8.3 The Story of Grape Farmers in Ahmednagar Managing 
Financial Risk Successfully 

Financial risk involves cash crunch, generation of lower profit than expected loss of 
assets, etc. Usually, this type of risk is caused due to the above-mentioned risks. 
Along with this, the financial risk may occur due to some unavoidable constraints 
such as government policies, inflation rates, medical emergencies, and fluctuation 
rates. Ahmednagar is predominantly known for its export quality of grapes. In 2020, 
due to Covid-19, farmers were unable to export their goods, and marketing in the 
domestic market was also very difficult due to restrictions on travel. In 2019, grapes 
were sold at an average price of Rs 50–80 per kg, whereas during 2020 pandemic-
induced lockdown, prices plummeted to Rs. 7–8 per kg. With the help and guidance 
of KVK Ahmednagar, these farmers started processing grapes into raisins to avoid 
distress selling. They successfully processed 220 tons of harvested grapes and 
prevented a net loss of Rs 88 lakhs. The story suggests that to mitigate financial 
risks, the farmers must have a backup plan (Indian Council of Agricultural Research 
2020).
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27.8.4 The Stories of Waste to Wealth Models for Managing 
Environmental Risk Successfully 

Stubble burning issues in Punjab, Ludhiana, and western UP are on a rise year by 
year. Stubble burning is harmful as it produces gases such as carbon dioxide, carbon 
monoxide, and oxides of sulphur. The number of farm residue fires were 60,536 in 
2018 and 46,649 in 2019. Between September and November 2020, the incidences 
crossed 77,700 in Punjab and Haryana. The number of farm fires were highest in the 
year 2020 since 2012. Several startups have come forward to provide solution to this 
grave problem. The Confederation of Indian Industry is already working in the fields 
of Punjab and Haryana. The machines such as rotavator and mulcher were provided 
to the farmers in time. These two machines help the farmers clean fields in time. 
Farm to energy, a Punjab-based startup, has offered solutions to convert residue into 
bioenergy. It has set up bioenergy plants and at the same time it trains farmers to 
manage crop residues. It purchases residue from the farmers and uses it for the 
production of biocoal. The government also directed NTPC to purchase biocoal due 
to which the whole supply chain has strengthened. This has brought several behav-
ioral changes in the farming society (The Time of India 2020). 

Another example comes from Dr Rajendra Prasad Central Agricultural Univer-
sity, Pusa, Samastipur, Bihar, whose “Sukhet Model” of using agri crop residues 
along with kitchen and animal waste has been applauded by none other than Hon’ble 
Prime Minister Shri Narendra Modi in 80th episode of the Mann ki Baat program. 
The model is unique in the sense that it provides incentives to the farm households 
by connecting them with Pradhan Mantri Ujjwala Yojana. The university has also 
developed several other technologies for converting waste to wealth, promoting 
“type C” of Secondary Agriculture as recommended by the committee on DFI. 
These technologies, if adopted, have the capacity to increase farm income by 
10–15%. 

27.8.5 The Story of Amul, Managing Risk Arising out of Human 
Resources, Successfully 

This risk is associated with humans and their family members, farm labors, and 
employees. Human Resource Risk can arise due to lack of management skills and 
poor communication. AMUL’s largest plant in Mumbai, which is situated in Taloja, 
was facing manpower crunch during lockdown due to Covid-19, as 50 contractual 
labors did not turnup for the shift after PM Modi announced 3 weeks lockdown. 
Milk is an essential commodity for millions of household in India, and the plant had 
to be kept working in order to manage the supply. The government had already 
suggested them to work with 50% of the total staff, and on the top of it laborers were 
reluctant to come to plant as they were scared about their safety. The plant manager 
with the help of other staff convinced the laborers by ensuring their safety. They 
installed wash basins with sanitizers on the premises. All the workers were provided 
with masks, gloves, and other safety wears. There were clear demarcations of



distance to be maintained while loading the truck, and the drivers were only allowed 
inside with identification card for contact tracing. Thus, human resource manage-
ment is also an art and requires spontaneous actions in order to ensure their safety 
and gain trust (The Economic Times 2020). 
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27.8.6 The Story of Akash Chaurasia, a Marginal Farmer from 
Bundelkhand Who Adopted Innovative Farming Technique 

Akash Chaurasia, a marginal farmer from Bundelkhand in Madhya Pradesh, earns 
nearly 15 lakhs per annum from his 2.5 acres (1 ha) farm by practicing multilayer 
cropping and other allied agriculture practices such as vermicomposting, biopesti-
cide, and milk. With low cost and innovative farming technique, one crop below the 
soil like ginger, one crop above the soil which is usually any green leafy vegetable, 
on the top of it lies a shrub/creeper like ivy gourd, and then papaya is grown at the 
top. Due to the green leafy vegetable, there are no weeds and so insects are less. The 
crop like ginger benefits the soil automatically as it gets ploughed by harvesting. 
This kind of farming can be done only in shade, so they use grass to cover the farm 
and create a shade to give moderate sunlight retaining the moisture needed for the 
crop. On shade, he puts creeper with the support of bamboo. This helps him get an 
all-year-round income by this model. In addition, the shade protects the crop from 
sudden heat or cold weather due to climate change. This method helps saving water, 
as in same quantity requirement of water, he gets four to five crops and is able to 
balance the soil nutrition (Anonymous 2019). 

27.8.7 The Story of Farmizen Building up Sustainable Food Systems 

The basic concept of this startup was to create a viable and sustainable kitchen 
garden for the residents of metropolitan cities and get the expertise of farmers on 
growing methods, inputs, and with flexible time. Along with this, it ensures that you 
eat only what you grow yourself and end-to-end traceability of the goods is ensured. 
On the customer’s end the need was adequate produce of assured quality, and on the 
farmer’s end the need was assured price and minimizing the risk. Now by this model, 
a customer can rent a piece of land and grow vegetables of his choice there. He is 
even free to visit the farm whenever he wants and if he wants to help on the farm; that 
is also possible according to the mutual understanding with the farmers. The rest of 
the work at farm will be done by the farmer and the technical support, and input will 
be supplied by Farmizen. Farmers are associated with Farmizen as partners and they 
get a predictable fixed income so as to enhance decision-making about the crops to 
be grown and inputs to be used. Farmers are responsible for land, labor, water, 
electricity, and so on, and Farmizen is responsible for organic inputs, organic pest 
control mechanisms, customer support, marketing, and deliveries. With a subscrip-
tion of Rs 2500 per month including rent, seed, sapling cost, and delivery charges 
that are all pretty affordable, Farmizen is doing wonders. Thus, Farmizen is a very



innovative initiative to build a food ecosystem that is 100% transparent and traceable 
for consumers, farmers, and the environment (The Times of India 2018). 
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27.9 The Way Forward 

As discussed, agribusiness approaches are the right way to make farming profitable. 
Understanding entrepreneurship is a key driver for economic development, and 
India’s policies have been rightly inclined toward creating more agripreneur. They 
may bring more innovations in agriculture and establish a thriving economy through 
a systematic approach. Hence, the future focus areas of agribusiness entrepreneur-
ship may be summarized as follows. In addition, it must be taken care that the 
solutions are not limited to this only. 

27.9.1 Promotion of Entrepreneurship Development Programs 
and Schemes 

Educating interested entrepreneurs through various entrepreneurship developmental 
programs, Startups and Incubation Centers need to be continued to promote 
agripreneurship, so that they are able to set up various agri-clinics and agri-business 
centers, to cater the needs of the farming community effectively, at nominal and 
competitive prices. In these programs, both behavioral and technical skill-based 
trainings should be imparted to the candidates, as well as to the officers of the 
implementing agencies, for successful implementation of the programs/schemes. In 
addition to training, the viable projects should be supported through seed funding, 
grants, subsidies, and handholdings. 

27.9.2 Promotion of Collectivization Through Institutions 

To help the small and marginal farmers to purchase inputs at wholesale price and sell 
their goods at retail prices, there is a need for promotion of collective groups, 
associations, Farmer Producer Organizations, Farmer Producer Companies, Cooper-
ative Institutions, and so on. These institutions are a viable tool for effective transfer 
of government benefits to the farming community, especially in the case of capital 
intensive equipment and infrastructure facilitation. The collective enterprise will also 
help in reducing the input costs and promote scientific temperament. 

27.9.3 Adoption of Climate-Smart Agriculture (CSA) 

In the changing climate scenario, the agripreneur should try to adopt the CSA 
approach to transform and reorient agricultural systems in such a way that they are 
suitable to their local conditions. This will directly help to meet the sustainable



developmental goals (SDGs)/global goals. As an entrepreneur, they may provide 
climate risk information and tools to minimize crop losses on account of disasters. In 
addition, supply chains innovations may be provided where the technology be used 
to reduce emissions effectively in agribusiness systems. 
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27.9.4 Managing the Problem of Plenty 

The country has been supporting and framed several policies toward enhancing 
agricultural production. Now, the need is to shift toward protecting the farmers from 
the price volatilities, especially during bumper supply in the market. Warehousing is 
a solution to guard against these price fluctuations for a short period but there is a 
lack of other warehousing services such as lack of information on number of 
warehouses available, location, available capacity for storage, storage rents, type 
of storage, when to lift the stock, how to avoid distress sale, collaterals for raising 
loans, warehouse management, and reducing spoilage, which can really help the 
farming community to make the informed decisions. It is an opportunity for the new 
agripreneur to get into such kind of services. 

27.9.5 Promotion of Organic Farming 

Due to the changing consumption pattern and increased awareness on health and 
nutritional aspects of the foods, there is a greater demand for organic farming across 
the country as well as worldwide. These practices are also in line with the sustainable 
agriculture. Hence, the agripreneur can stress on organic production, establishing a 
market linkage, creating a brand, and follow the grading and standardization by 
making use of the available incentives under different schemes of the government, as 
discussed earlier. 

27.9.6 Innovative Marketing Strategies to Increase Farm Income 

As it is learnt during the Covid-19 pandemic, there is a need for innovative 
marketing strategies. This is possible by deep understanding of the agricultural 
value chains. Skill upgrading in product marketing and value addition processes 
needs a continuous improvement; even e-commerce is an emerging opportunity with 
huge potential in the present days. 

27.9.7 Reduced Input Costs Through Adoption of Advance 
Techniques 

There is no doubt that the modern technologies have substantial improvement over 
the agricultural production and sustainability. Their adoption in any such sensors,



weather tracking, satellite imaging, automation, RFID, GIS, GPS, nanotechnology, 
robotics and analytics, blockchain technology, vertical farming, which may be in the 
form either technology or practices, will bring both environmental and economic 
benefits to farmers, community, and the society. Either the adoption or promotion of 
these technologies may become an opportunity for our agripreneur. 
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27.9.8 Agricultural Innovation and Inclusive Value Chain 
Development 

It is highly important to understand the evolving consumer. The innovations are 
needed not only on farm but also along the value chain. Changing tastes and 
preferences of consumer, globalization, and increasing incomes provide huge 
opportunities for budding entrepreneurs. 
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Abstract 

The food processing industry (FPI) development role in India is one of the 
prioritized activities for the economy’s growth. In addition, the food processing 
sector’s various direct and indirect effects have attracted more investors and other 
policymakers in recent years. As a result, there is an incremental capital flow from 
domestic and international sources. Nevertheless, in general, this sector’s prog-
ress still needs acceleration in terms of the level of processing. Indian food 
processing firms are primarily tiny and scattered across the states. The recent 
growth pattern of the food industry and its subsector composition indicated the 
structural changes in the sector. Indicating changes in the subsector contribution, 
particularly toward high-value commodities in the food industry, requires 
changes in terms of technology upgradation and nutritional safety concerns. 
FPI over the past decades depicted a growth rate of 6.64%, but the hike in 
production cost is also significant, accounting for the material cost. The industry 
also shows comparatively lower profit rates and wages than the average figures of 
the manufacturing sector. In order to raise the level of processing significantly, 
focusing on efficiency gain by improving the material cost conversion ratio, the 
financial status of the firms (liquidity ratio) is vital. Thus, appropriate instruments 
that facilitate working capital flow, particularly to the small- and medium-sized 
firms, as well as efficiency enhancement in the agricultural sector, are required for 
the development of the food processing industry. 
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28.1 Introduction 

India’s food processing sector is receiving more attention because of its various 
effects. Some of the significant and direct implications of the food processing 
industry (FPI) development lie in creating employment opportunities, particularly 
in the rural nonfarm sector, reducing harvest and postharvest losses, stabilizing the 
farm price, and rising farmer’s income in the long run. On the other hand, increasing 
demand for quality and nutritional food driven by urbanization and changing food 
consumption patterns necessitates the technology-driven growth of FPI (Chengappa 
2004). Though processing and preservation of food items have been typical in the 
Indian kitchen from time immemorial, positioning FPI as a critical manufacturing 
commercial activity is taking place only along with the modern practices of agricul-
ture and diversification. India is one of the major producers and suppliers of food 
grains, milk, fruits and vegetables, nuts, and spices. Significant horticultural produc-
tion in the past decade has also witnessed the changing path of commercially 
oriented agriculture sector development. This diversification and available surplus 
are yet to harness the benefit of value addition using processing. 

Recent progress in the growth of FPI is still needed acceleration and the level of 
processing needs to be raised. Presently, the level of processing in the country is 
around 10%, which is less compared with other countries such as the United States 
(80%), Malaysia (80%), France (70%), Thailand (30%), and Australia (25%). This 
low level of processing has also been reflected in the global share of India’s 
processing sector, i.e., India held the 17th position in the exports of processed 
food in the world and had a share of just about 2% in the aggregate global exports 
(EXIM 2017). In addition, harvest and postharvest losses in the country account for 
Rs 92,651 crore in 2012–13 (Jha et al. 2015). In the long run, high-value 
commodities such as processed food export are perceived as most beneficial for 
the country’s development (Gopinath and Carver 2002). FPI needs its strategy not 
only to deal with perishable commodities but also to attract investors as compared 
with the other manufacturing sectors while meeting the safety standards. With this 
background, the present chapter deliberates the role and growth pattern of the FPI 
and its developmental path, particularly in the postindependence, and discusses the 
opportunities and critical challenges that this industry faces. The study relies on 
secondary data, mainly published by the Ministry of Statistics and Programme 
Implementation (MoSPI), Government of India (GoI), and other secondary data 
sources and publications, focusing more on the organized sector. Section 28.2 
presents some of the salient features of the FPI structure in terms of composition, 
geographical distribution, and its vital role in the economy. Performance of the FPI 
in terms of two border indicators—productivity, profitability—and financial health



of the firms in the industry are described in Sect. 28.3. In Sect. 28.4, the develop-
mental path, growth drivers, key opportunities, and challenges of the FPI are 
discussed, and finally, Section 28.5 presents the conclusions. 
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28.2 Indian Food Processing Industry: Structure, Composition, 
and Regional Spread 

The food processing industry in India spreads across the organized and unorganized 
sectors. It can be seen from Table 28.1 that the processing firms are predominantly 
located in the unorganized sector, and they constitute around 98.43% in 2015–16. 
The sector also contributes significantly to employment, i.e., 63.60%. The impor-
tance of the organized food processing sector is complemented by its relative share 
in the industry through investment and value addition. FPI market size in 2015–16 
was around Rs 1226.52 billion, of which 70% of the contribution has come from the 
organized sector. The significance of this sector can also look at from the point of 
investment, wherein one-third of the investment share has translated as two-thirds of 
the output generation. Irrespective of the sector, around 85% of the food processing 
firms spread across 12 states. States such as Andhra Pradesh (14.75%), Tamil Nadu 
(12.78%), and Telangana (9.99%) have the highest share of processing firms in the 
organized sector. Uttar Pradesh (14.26%), West Bengal (13.11%), and Maharashtra 
(9.32%) have the maximum share of the firms in the unorganized sector (Fig. 28.1). 
Underlining the importance of the organized sector to scale up the value addition, the 
study further focused more on the features of productivity and profitability that we 
discuss in detail in the next section. 

The food processing industry has a wide range of products. Based on a four-digit 
classification by National Industrial Classification (NIC)—2008, FPI is grouped into 
11 subsectors. The subsectors’ contribution and sectoral change in the number of 
firms, workers, investment, and output in the industry are presented in Table 28.2. It  
shows that the industry value-added shares in constant terms indicated that the 
traditional sectors, namely grain mill and starch products, dairy products, oils and

Table 28.1 Structure and relative share of organized and unorganized sectors in the food 
processing industry in India, 2015–16 

Particulars Unorganized sector Organized sector Total 

Firms (No.) 2,274,396 37,098 2,311,494 

(98.43) (1.67) 

Employment (No.) 2,795,534 1,599,818 4,395,352 

(63.60) (36.40) 

GVA (Rs billion) 367.99 858.53 1226.52 

(30.00) (70.00) 

Fixed capital (Rs billion) 2959.75 1780.95 4740.70 

(62.43) (37.57) 

Source: Authors’ computation using ASI and NSSO database 
Note: Figures in parentheses are percentages of the total



fats, and the sugar industry contributed around 51.79% to the total output of the 
industry. Additionally, the share of an emerging product group—prepared meals and 
dishes (canned/cooked/ready to eat products)—added 19.60%. Employment gener-
ation in the food processing sector is always a topic of interest to the various 
stakeholders in the country. Within the FPI, almost half of the persons employed 
in the subsector prepared meals and dishes (25.39%) and grain mill and starch 
products (20.35%), followed by sugar, dairy, and bakery products with 12.53, 
9.70, and 8.45% share, respectively.
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Fig. 28.1 Regional spread of 
food processing firms across 
the sector. (Source: ASI, 
NSSO, 2015–16) 

Organized sector (No. of firms - 39,741) 

Unorganized sector (No. of firms - 2,459,929) 

With the rising demand for value-added products, there is a structural change in 
the industry that can be seen as subsectors composition within FPI (Table 28.2). It 
reveals that from 1991 to 2018, the high-value commodities Gros Value Added 
(GVA) share is almost doubled in total GVA in the FPI. Meat, fish, processed fruits 
and vegetables, milk, and bakery products share of GVA in FPI GVA increased from 
0.49, 2.84, 0.68, 6.88, and 3.59% in 1991–92 to 1.6, 4.4, 3.82, 9.11, 12.64, and 
8.77% in 2017–18, respectively. The increasing share of GVA in these sectors is in
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Particulars Rs billion (at 2011–12 prices)

line with rising capital investment and the number of firms, which is also reflected in 
their employment share increment. There is a significant reduction in the GVA of the 
sugar industry share to 13.95% in 2017–18 from 30.12% in 1991–92. Though there 
is a reduction in the employment share in the sugar industry over the period, it still 
accounts for 12.53% of the industry’s total workers. It ranks third place after the 
miscellaneous food and grain industry. Thus, these changes in the subsector contri-
bution to the food industry highlight the changes needed in terms of technology 
upgradation and nutritional safety concerns.
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28.3 Performance of the Indian Food Processing Industry 

The performance of any industry can be approached by analyzing the industry 
performance over a period of time or comparing its performance with other industry 
progress. Here, to assess the performance of FPI, we relied on both approaches. 
Market size and growth of FPI was analyzed and presented in Table 28.3. It indicates 
that the average value of GVA for the industry grew by 6.64% from 1980 to 2018. 
The highest growth of more than 10% was registered in the case of high-value 
products such as meat, processed fruits and vegetables, and feed industry. Except for 
the sugar industry, more or less, all the subsector growth was in line with the FPI 
growth. However, a temporal trend in the ratio of GVA to the output of the FPI 
remains the same with the fluctuating trend from 1980 to 2018 (Fig. 28.2). As an 
exception, the ratio peaked at 14.45% in 1982–83 and 14.80% in 1994–95. It reflects 
that the material cost or total input consumed relative to the value of total output 
generated over a period of time remains the same. In other words, producing output

Table 28.3 Subsectors output growth in the food processing industry 

TE 1991–92 TE 2004–05 TE 2017–18 1980–2018 

Trend growth 

(%) 

Gross value added 

Meat products 0.7 3 15.2 12.99 

Fish products 2.7 6.7 31.2 8.92 

Fruits and vegetables 1.2 7.1 37.1 11.65 

Oils and fats 24 37.2 73.6 6.34 

Dairy products 14.2 40.5 101.8 8.92 

Grain mill and starch 18.7 42.8 139.2 8.18 

Bakery products 5.9 11.7 54.4 8.71 

Sugar 51.3 73.2 120.2 3.57 

Sugar confectionery 2 9.3 31.4 13.8 

Miscellaneous food 38.1 44.3 172.3 5.53 

Animal feed 2.4 8.8 40.9 11.53 

FPI 161.2 284.6 817.2 6.64 

Source: Author’s calculations based on ASI database



worth Rs 100, almost 90 rupees has to be consumed as material. From Fig. 28.3, it  is  
visible that, across the products, meat, fish, oil and fats, dairy, grain, and feed 
industry showed a high material cost. On the other hand, processed fruits and 
vegetables, bakery, sugar confectionery, and miscellaneous food items reached a 
higher ratio of 22.98, 22.05, 22.50, and 17.67%, respectively. It indicates their value-
intensive production nature and relatively low-cost inputs.
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Fig. 28.2 Trends in total output, ratio of GVA and NVA to output in the FPI, 1980–2018 
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Fig. 28.3 Ratio of gross and net value added to the output of FPI and subsectors, TE 2017–18 

Further, to understand the composition of various cost components, the cost of 
production of FPI and subsectors was obtained by adding the cost of material, users’ 
cost of capital, workers wage and salaries, and fuel, which enters into the production



process during the year. The proportion of each component in the total cost of 
production is calculated for the periods TE 1991–92, TE 2004–05, and TE 
2017–18 and presented in Table 28.4. It reveals that the cost of production of FPI 
in TE 1991–92 was Rs 3444.9 billion. For this share, material cost constituted 
87.28%, followed by the cost of capital (5.05%), wages and salaries (4.57%), and 
fuel (3.59%). Over the period, the production cost has increased to Rs 81,466.4 
billion in TE 2017–18. More importantly, the share of production components over 
the period reveals that material cost continues to dominate. Its share has marginally 
increased from 87.28 to 88.90% in TE 1991–92 and TE 2017–18, respectively. On 
the other side, the share of the user cost of capital, wages and salaries, and fuel have 
marginally reduced to 4.58, 3.59, and 2.93% in TE 2017–18 from 5.05, 4.57, and 
3.10%, respectively in TE 1991–92. Among the products, most of the subsectors 
have shown a similar pattern and spent more on purchasing materials. The meat 
industry cost of materials has significantly increased to 92.55% in TE 2017–18 from 
77.56% in TE 1991–92. Contrarily, some of the products, namely grain and starch, 
bakery, miscellaneous food, and feed industry indicated a reduction in the share of 
material cost and increasing share of users cost of capital during 1991–2018. 
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The study has compared outstanding loans, interest paid, and profitability of FPI 
with the manufacturing sector to analyze the performance of financial indicators. As 
shown in Fig. 28.4, the trend in the profit share of FPI in the manufacturing sector 
raised initially and reduced after 2001–02, though it slightly improved after 2003–04 
but continues fluctuating. In 2015–16 the share of profit from the food industry to the 
manufacturing industry was 4.58%, with a comparatively lower profit rate (12.14%) 
than the manufacturing sector profit rate (19.01%). The lower rate of profit has also 
been reflected in remuneration to workers, where the manufacturing sector wages for 
workers in real terms were Rs 1.30 and Rs 1.03 lakh per annum in the case of FPI. 
Similarly, the corresponding nominal wage was Rs 1.49 and Rs 1.17 lakh per annum 
in 2017–18 (Nithyashree and Pal 2020). 

The financial performance of the FPI was analyzed using some of the critical 
liquidity parameters and presented in Table 28.5. It revealed that the computed 
current asset ratio for the FPI and its subsectors indicated a value of more than 
1. This indicates, on average, a firm in the industry can pay its current liabilities 
within a year. Exceptionally, in the recent period, the sugar industry’s financial 
performance was not promising, with the value of the current ratio being less than 
1 (0.95). An alternative and reliable measure of short-term liquidity, i.e., the quick-
acid ratio, indicated that FPI in general and subsectors (except processed fruits and 
vegetables) turn to be weak (with the ratio value less than 1) in liquidating its assets, 
which is a cause of concern. 

The receivable days and payable days measure the average number of days the 
company takes to collect revenue after a sale has been made and how long it takes a 
company to pay its invoices to suppliers, respectively. Lesser the days, the better will 
be the financial health; generally, less than 90 days is an acceptable benchmark. In 
the case of FPI generally, it takes 39 and 19 receivable and payable days, respec-
tively. However, as an exception, the sugar industry indicated a delay in payment to 
the supplier, which is also in line with a low-current and quick-acid value. How best
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the firm will manage its inventory and how fast it converts inputs into cash flow are 
captured through inventory days and cash conversion cycle, respectively. Over the 
period, the length of these two indicators has extended from 2000 to 2016, particu-
larly for the grain, starch, and sugar industries.
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Fig. 28.4 Trend in profit, interest, and outstanding loan share of FPI in the manufacturing sector, 
1996–2016 

Technology-focused productivity being the primary driver of output growth, 
various scholars have analyzed the pattern of resource use and their productivity 
growth in the FPI in the Indian context. Studies on Total Factor Productivity Growth 
(TFPG) from the 1980s to till mid-2000s indicated a low rate of technological 
growth. Kumar and Basu (2008) and Ali et al. (2009) indicated 1.03 and 1.04% 
growth during TFP 1988–89 to 2004–05 and 1980–81 to 2001–02, respectively. The 
pattern of technological gain varied within the FPI. Among the subsectors, the feed, 
meat, fruits and vegetables, grain, starch, and confectionery industry indicated 
positive growth in the postliberalization period and reduced TFP in fish, vegetable 
oils, sugar, bakery, and miscellaneous foods (Ali et al. 2009). Negative growth of 
sugar companies with 0.99% TFP during 2005–06 to 2013–14 was reported by 
Singh (2016). Ali (2007) indicated that the rise in capital investment led to signifi-
cant growth in the meat industry, while Singh (2016) mentioned that fluctuating 
sugar prices and financial crisis pushed 65% of the firms into a loss. These studies 
show that the food industry growth, particularly in the organized sector, is mainly 
driven by incremental input use and scale efficiency. Significant reduction in the 
resource use efficiency and technological regress indicates the untapped potential of 
the FPI in India. In addition, variation in the growth patterns across the subsectors in 
the FPI is primarily attributed to capital investment. Capital investment is the most 
crucial factor in accelerating the processed food industry growth. Researchers 
indicated that encouragement of import and R&D investment (Kumar and Basu 
2008) and trained human resources and management of quality standards (Kumar 
2008) are necessary to speed up technological growth.



Receivable days

(continued)
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Table 28.5 Performance of FPI and subsectors in terms of liquidity ratio 

TE
2000– 
01 

TE
2005– 
06 

TE
2010– 
11 

TE
2000– 
01 

TE
2005– 
06 

TE
2010– 
11 

TE 
2015– 
16 

TE
201516

Current ratio Quick ratio 

Meat products 3.15 1.89 1.70 2.09 2.58 1.27 1.15 1.65 

Fish products 1.59 1.43 1.43 1.40 0.96 0.81 0.81 0.90 

Fruits and 
vegetables 

1.47 1.57 1.52 2.11 0.66 0.77 0.71 1.55 

Oils and fats 1.38 1.23 1.25 1.37 0.74 0.64 0.62 0.88 

Dairy products 1.35 1.26 1.30 1.45 0.83 0.69 0.71 0.95 

Grain and 
starch 

1.32 1.31 1.52 1.52 0.65 0.76 0.55 0.59 

Bakery 
products 

1.26 1.37 1.65 1.35 0.70 0.92 1.13 0.93 

Sugar 1.11 1.16 1.17 0.95 0.19 0.42 0.33 0.25 

Sugar 
confectionery 

1.23 1.25 1.35 0.89 0.48 0.68 0.71 0.39 

Miscellaneous 
foods 

1.56 1.41 1.50 1.57 0.68 0.74 0.84 0.98 

Animal feed 1.54 1.50 1.63 1.40 0.89 0.84 0.81 0.84 

FPI 1.30 1.30 1.29 1.26 0.60 0.75 0.53 0.62 

Ratio of working capital (WC) to 
annual sales 

Meat products 9.45 12.57 14.95 14.51 7.30 45.20 48.77 47.96 

Fish products 4.88 10.73 10.75 8.99 20.30 50.13 44.29 37.86 

Fruits and vegetables 5.67 19.99 30.65 49.31 3.24 55.47 60.19 153.54 

Oils and fats 3.15 7.93 9.71 11.07 15.44 46.51 38.40 51.04 

Dairy products 1.89 6.36 6.09 8.80 20.48 33.84 15.40 27.95 

Grain and starch 0.42 9.81 26.47 19.16 9.00 48.79 51.02 48.72 

Bakery products 2.94 10.29 9.54 5.77 9.24 31.60 16.17 19.32 

Sugar 0.87 9.43 12.11 -4.66 4.17 34.54 19.53 25.17 

Sugar confectionery 3.85 5.99 1.45 -3.52 7.13 29.14 15.74 17.97 

Miscellaneous foods 3.63 9.69 16.57 15.63 8.17 37.21 30.63 40.42 

Animal feed 5.23 10.12 10.40 8.15 16.09 44.77 21.27 31.51 

FPI 0.96 9.74 13.14 9.80 8.44 48.05 30.67 39.40 

Creditor days Inventory days 

Meat products 26.70 29.72 33.99 20.39 31.85 47.86 31.37 20.38 

Fish products 7.12 34.88 31.63 25.98 17.79 63.84 54.26 38.64 

Fruits and 
vegetables 

0.05 47.86 67.52 53.19 32.06 88.16 141.36 94.34 

Oils and fats 17.10 46.02 58.15 56.62 19.68 57.82 59.25 54.21 

Dairy products 17.17 34.36 20.22 30.77 15.58 46.90 35.24 34.40 

Grain and starch 14.03 47.15 38.38 36.82 34.74 61.43 144.19 124.48 

Bakery products 13.95 38.22 24.26 23.61 23.91 46.68 24.39 24.78 

Sugar 31.22 59.73 88.82 119.95 107.37 141.95 228.79 249.16
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Table 28.5 (continued)

Creditor days Inventory days 

Sugar 
confectionery 

8.53 32.68 31.12 35.62 22.75 46.98 34.02 53.14 

Miscellaneous 
foods 

12.96 41.61 29.81 36.84 30.44 62.04 54.70 56.89 

Animal feed 8.98 38.18 21.72 20.65 20.57 52.88 37.60 32.96 

FPI 4.81 10.39 18.74 19.41 45.15 61.56 101.51 87.94 

Cash conversion cycle (CCC) 

Meat products 12.45 63.35 46.15 47.95 

Fish products 30.97 79.09 66.92 50.52 

Fruits and vegetables 35.25 95.77 134.03 194.70 

Oils and fats 18.02 58.31 39.50 48.63 

Dairy products 18.89 46.37 30.42 31.58 

Grain and starch 29.72 63.07 156.83 136.38 

Bakery products 19.20 40.06 16.30 20.49 

Sugar 80.32 116.77 159.50 154.38 

Sugar confectionery 21.34 43.44 18.64 35.49 

Miscellaneous foods 25.64 57.65 55.52 60.47 

Animal feed 27.68 59.47 37.15 34.67 

FPI 48.78 99.21 113.44 107.92 

28.4 Developmental Path, Opportunities, and Challenges 
of the Food Processing Industry 

Various policy initiatives by the Indian Government during the 1970s and 1980s 
reveal the nation’s effort to bring the economy to the forefront. However, it was only 
after the liberalization of 1991 that significant economic changes, particularly in the 
industrial sector, were reported. Rodrik and Subramanian (2005) describe the pro-
cess of effort in terms of policy changes of the 1980s and 1990s to boost the 
manufacturing productivity in India as pro-business and pro-market reforms, respec-
tively. A pro-business focused on raising the profitability of the existing industrial 
and commercial establishments, whereas a pro-market orientation aimed to remove 
market bottlenecks and facilitate new entrants. By and large, all these initiatives 
continued to encourage more capital-intensive industries. 

Pertinent to agro-industry development, the importance of villages, agriculture, 
and agro-industry was much emphasized by Mahatma Gandhi many years ago; as a 
result, the country followed different strategies for the food industry growth. They 
are broadly described under their phases, namely Mahatma Gandhi-Swadeshi Phase 
(1947–50), Nehru-Mahanalobis Phase (1950–84), and Modernization Phase (1984 
onward). Though the country has set up a separate ministry dedicated to food 
processing in 1988, in the modern phrase, the sector could not benefit much from



these policies until the introduction of the Foreign Exchange Management Act 
(FEMA) in 1999 (Reserve Bank of India 2021). 
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At this juncture, the country’s transitional phase in production basket expansion 
into commercial cultivation and diversification toward high-value crops and struc-
tural transformation of employment patterns witnessed the need for expansion of the 
food processing industry to have a multiplier effect on the Indian economy. On the 
other hand, rising per capita income and changing consumption patterns, particularly 
in the middle and high-income groups (Bhalla and Hazell 1998; Chengappa 2004), 
also gear up the demand for high-value products in terms of nutritional value. Thus, 
processed food exports are perceived as most beneficial, and developed countries 
tend to export more processed food, further increasing their trend (Gopinath et al. 
1996; Gopinath and Carver 2002). This has led to a significant change in the trade 
structure and composition of agri commodities. It is reported that the share of 
processed food in total food export increased to 63% from 41% and the contribution 
to this from the developing countries tripled during 1980–2006 (Jongwanich 2009). 

Realizing the untapped potential, investment flow into FPI was given priority, 
and in the country, many policy measures have been taken to attract investment, both 
domestic and foreign capital. Some of the major ones are the introduction of Pradhan 
Mantri Kisan Sampada Yojana (PMKSY) and the approval of 100% FDI through an 
automatic route. In addition, several fiscal incentives, the establishment of food 
parks and agri export zones, the establishment of food processing and training 
centers, and the establishment of laboratories to ensure quality standards are the 
critical policy and regulatory measures undertaken in the FPI. All these efforts result 
in capital accumulation at the rate of 9.31% growth per annum from 1980 to 2018, 
with faster growth after the 2000s (Nithyashree and Pal 2020). Recent significant 
policy developments by the Indian Government, namely doubling farmers’ income 
by 2022 and the agriculture export policy of 2018 for doubling agricultural exports 
by 2024, emphasize enormous significance for the promotion of the food processing 
sector. Therefore, the FPI sector has been identified as one of the major strategies to 
achieve the above two policy objectives. 

The approach of institutional support in terms of Farmer Producer Company 
(FPC) and upward revision of Micro Small Medium Enterprises (MSMEs) opened a 
new avenue to the progress of the firms in the FPI. In mobilizing small firms in the 
unorganized sector, the role of FPC alliance with food processing firms is notewor-
thy (Satyasai and Singh 2021). Besides this, the FPI progress is insufficient for the 
country, which contributes to a double loss—resources use inefficiency of the sector 
itself and underutilization of the raw material from the primary production and 
human capital. The agriculture sector in the country itself can improve the regulatory 
framework to usher in more investment and increase the competitiveness for the 
betterment of value addition by channeling the resources better. Growth and 
innovation in the food manufacturing sector are also primarily influenced by the 
reforms and efficiency gains in the agriculture sector. While efficiency gains in 
agriculture will make the material cheaper, industry efficiency will increase the 
demand and make the price competitive. Though better efficiency is of equal 
importance to bring competitiveness in both sectors, it is reported that efficiency



gains in agriculture are relatively more important and have a more substantial effect 
than food processing (Gopinath et al. 1996). In addition, to captivate the technology 
coming from the source of FDI, it is necessary to expand the absorptive capacity of 
the domestic industry. 
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To integrate the unorganized tiny firms, importance should be given to enabling 
the competitive environment to operate efficiently, mainly access to finance. This 
indicates formal institutional credit accounts for 16% of total credit demand by 
MSMEs (Pradhan and Agarwal 2021). Along with some of the other constraints as 
indicated in the survey by FICCI (2010), addressing the actual and desired level of 
employment of skilled labor, infrastructure development and safety measures are 
equally essential to accelerate the developmental path of the food processing 
industry. 

28.5 Conclusions 

The various effects of the food processing industry development in India are very 
much relevant during the phase of structural change. Food processing firms are 
primarily tiny and spread across the organized and unorganized sectors, with the 
presence across the states. However, the significance of organized sector and scale 
expansion can be seen from the point of investment, wherein one-third of the 
investment share has translated as two-thirds of the output generation in the FPI. 
This refers to the need to bring firms from the unorganized to the organized sector to 
scale up the level of processing. The changes in the subsector contribution to the FPI 
reveal the need for technology upgradation in terms of nutritional value and compet-
itive price for processed produce. Industry performance reveals the higher growth of 
high-value products such as meat, processed fruits and vegetables, and the feed 
industry. At the same time, the material cost conversion ratio is found to be low. 
Thus, value-intensive production nature and relatively low-cost inputs are critical. 
The effort to improve the financial health of FPI is equally essential, which is 
reflected in liquidity indicators. Growing capital intensity reflects that the food 
industry is attracting investment at the national and international levels. The need 
for appropriate facilitating factors such as working capital accessibility, particularly 
to the small- and medium-sized firms, and efficiency enhancement in the primary 
agriculture sector will speed up the level of processing that will allow this sector to 
develop in a much bigger way. 
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Transformation of Agricultural Extension 
System 29 
P. Mooventhan, Rajarshi Roy Burman, Rabindra Nath Padaria, 
and Souvik Ghosh 

Abstract 

In order to realize agricultural potential and to increase agricultural yields, India’s 
extension system has experienced major conceptual, structural, and institutional 
changes over a period of time beginning with Green Revolution. In India, major 
changes in the provision and financing of agricultural extension services emerged 
in the late 1990s. The reform programs of the late 1990s were motivated by the 
failure of the World Bank funded Training and Visit (T&V) model to promote 
agricultural development by providing effective and efficient extension services 
in a timely and sustainable manner. Further, two of the most prominent research 
and extension reform initiatives were the World Bank funded 1998–2004 
Diversified Agricultural Support Project (DASP) and the 1999–2005 National 
Agricultural Technology Project (NATP). In addition to these programs, another 
prominent reform initiative is the ongoing e-Choupal initiative of the Indian 
Tobacco Company (ITC). The private-sector program employs information and 
communication technologies (ICTs) as instruments for improving agricultural 
extension service provision in terms of outreach (cost), effectiveness, efficiency, 
transparency, and accountability. Policies need to provide incentives for the 
private and third sectors to actively participate in agricultural research and 
extension, either individually or in partnership with public service providers. 
The list of the factors that could strengthen the agricultural extension system is 
determined by the lack of evidence-based performance assessments of the 
existing reform initiatives and is therefore not exhaustive. Hence, reporting 
standards need to be defined that help to identify the efficiency and effectiveness
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of programs, highlight problem areas in the implementation and budgeting of 
programs, and thus help to define corrective actions (Raabe 2008).
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29.1 Introduction 

Approaches to agricultural extension in India and worldwide are still evolving 
continuously. Since the Green Revolution in the 1970s and 1980s and the acknowl-
edged unsustainability of the Training and Visit (T&V) program (Moore 1984), 
agricultural extension, with its focus on increasing production via technology 
transfer, has adopted decentralized, participatory, and demand-driven approaches. 
While the call for demand-driven agricultural extension has existed for several 
decades now, new modes of reaching out to farmers could have significant impact 
in India, as they might better reflect the local information needs of farmers. The 
diverse nature of the Indian subcontinent, with its wide variety of agroclimatic 
regions and broad range of socioeconomic conditions in the rural population, calls 
for agricultural extension approaches is situation-specific. As more than 81% of 
Indian farmers cultivating an area of 2 ha or less (India, Directorate of Economics 
and Statistics 2009; NSSO 2006), there is an increasing need for stronger extension 
advisory system for small-holder farmers. Further, progress in poverty and hunger 
reduction crucially depends on the increased productivity and profitability of these 
farmers, which in turn depends on the successful delivery of agricultural extension. 

India has made significant achievement in agriculture by increasing food produc-
tion by four folds during last six decades. Among many drivers to accomplish this 
task, the policy, research, and extension support have played crucial role (Reddy and 
Swanson 2006). Public extension played a major role in ushering Green Revolution 
in Indian agriculture. Extension education has now developed as a full-fledged 
discipline having its own philosophy, objectives, principles, methods, and 
techniques, which must be understood by every extension worker and others 
connected with the rural development. 

29.2 Extension Systems in India 

Agriculture development in India is basically a state subject. However, the crucial 
role the agricultural sector plays from the perspective of ensuring food security of its 
large population, the Union Government plays a major role in formulating policies 
that has direct bearing on the growth of agricultural sector. The Union Government 
mainly provides roadmap through its policies, programs, and budgetary support to 
the sector. The programs conceived at national level are mainly implemented by the



states through its development departments. Besides, states also formulate region-
specific development programs. 
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Similarly, Indian Council of Agricultural Research (ICAR) is an apex body at the 
national level that supports research and extension activities to evolve effective 
Transfer of Technology (TOT) models. The State Agricultural Universities also 
contemplate to develop extension models suitable to take up transfer of technology 
besides implementing the models evolved by ICAR system. 

29.2.1 Pre-Independence Era: 1866–1900 

Iinitiatives Purpose 

Establishment of Agriculture Department in 1871 
as a recommendation of Famine Commission 
(1866) 

To collect information on cotton program 
for the mills in Manchester 

Famine Commission (1880) recommended 
revival of Department of Agriculture (DOA) 
under control of secretary (1881) and all 
provinces to have DOA (1882) 

To facilitate establishment of experiments 
headed by inspector general of agriculture 

Famine commission of 1901 recommended: 
Setting up of Imperial agricultural research 
institute, Pusa (Bihar) 

Beginning of organized agricultural 
research 

Government of Indian act of 1919 empowered 
transfer of all departments of Agriculture and 
Rural Development to states. 

Agriculture became a state subject 

Royal Commission Report recommended to cease 
IAS to function 

IAS closed in 1924 

Source: Dimension of Agricultural Extension, Singh et al. (n.d.) 

29.2.2 Lessons of Pre-Independence Efforts

• Individual attempts.
• Leader driven.
• Not replicable.
• Situation specific.
• Provided insight for future organization. 

29.3 Post-Independence Period 

The first planned attempt started with the launching of Community Development 
Programme in 1952, followed by the National Extension Service in 1953. These 
programs were able to educate responsive farmers to take up improved methods of 
farming across the country. The other important Area-Based Special Programmes



were Intensive Agricultural District Programme (IADP 1960), Intensive Agriculture 
Area Programme (IAAP 1964), and High Yielding Varieties Programme (HYVP 
1966), besides Farmers Training Centers (1967) to train farmers on high-yielding 
varieties and improved methods of farming to back up the above programs. The 
cumulative effect of these programs resulted in increased productivity, which made 
way to usher in Green Revolution in Indian agriculture during late 1970s. 
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However, these programs widened gap between resource-rich and resource-poor 
farmers. In order to enable resource-poor farmers to take benefit of improved farm 
technology, many client-based programs were introduced. The most important ones 
being Small Farmers Development Agency (SFDA 1969), Marginal Farmers and 
Agricultural Labourers Programme (MFAL 1969), District Rural Development 
Agency/Society (DRDA 1976), Integrated Rural Development Programme (IRDP 
1978), and Lab to Land Programme sponsored by ICAR (LLP 1979). Although 
these programs were able to improve the socioeconomic conditions of beneficiaries, 
they were isolated in a given time and implemented in a phased manner. 

By the middle of 1980s, it was observed that extension services in the developing 
countries were suffering from a number of weaknesses, including the dissipation of 
extension workers’ energies on low-priority tasks, the lack of single as well as clear 
line of command, and low level of agricultural knowledge and skill among field level 
functionaries. As a means of reforming and strengthening the extension service, a 
reorganized agricultural extension system, known as “Training and Visit” (T&V) 
system, was introduced in the country. 

29.3.1 Training and Visit System 

This system was introduced in India in 1974 with the World Bank assistance. 
Training and Visit system became the dominant method of restructuring the exten-
sion services in over 60 countries in Asia, Africa, and Latin America. The system 
aimed to achieve change in production technologies of farmers through professional 
assistance for the contact farmers from well-trained extension personnel on agricul-
tural research and supported by supply, service, and marketing facilities, which were 
earlier lacking in National Extension Service. The important features of T&V 
system are: (1) professionalism, (2) single line of command, (3) concentration of 
efforts, (4) time-bound work, (5) field and farmer orientation, (6) regular and 
continuous training, and (7) linkage with research. 

29.3.2 Broad-Based Extension System (BBES) 

This system was aimed to rectify the defects of T&V system in some of the states. In 
the Broad Based Extension System (BBES): (a) the role of subject matter specialists 
was amplified and they were invited to formulate messages suitable to their land-
based activities (agriculture, sericulture, animal husbandry, horticulture, human 
resource development, creating agriculture infrastructure, etc.), (b) village extension



workers had full-time job by offering messages during lean season as well, and 
(c) the concept of broad-based education laid emphasis on formulating and deliver-
ing composite messages to the farmers to meet the needs of their full agricultural 
environment. 
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29.3.3 District Level Agriculture Technology Management Agency 
(ATMA) Model 

In a country like India, where agroclimatic zones widely differ besides significant 
variation in socioeconomic status of farmers, uniform extension service is not a 
panacea for all regions. It was realized that public extension system will have to be 
placed in new decentralized institutional arrangements, which are demand-driven, 
farmer-accountable, bottom-up, and have farming system approach. To address 
these issues, the ATMA model was envisaged as an alternate public extension 
institution. 

The ATMA extension mechanism/model was firstly implemented in Andhra 
Pradesh, Bihar, Himachal Pradesh, Jharkhand, Maharashtra, Odisha, and Punjab, 
covering four districts in each state in 1998 under the guidance of National Institute 
of Agricultural Extension Management (MANAGE), Hyderabad. 

The Government of India is funding the ATMA program in all districts across the 
country. ATMA is a registered society of key stakeholders (farmers, line/develop-
ment departments, nongovernment organizations, input dealers, mass media, agri-
business companies, farmers organizations, etc.) involved in agriculture activities for 
sustainable agricultural development in the district. Though the State Department of 
Agriculture serves as a nodal agency for implementing ATMA, the program aims to 
increase coordination and integration among developmental departments. Emphasis 
has been laid on providing flexible working environment and establishing effective 
integration of all the stakeholders at the district level, thereby increasing input into 
program planning and resource allocation, especially at the block level, and thereby 
increasing accountability of stakeholders. 

Every district has to prepare the Strategic Research and Extension Plan (SREP) 
for implementing ATMA in respective districts. The SREP is prepared through 
participatory methodologies such as Participatory Appraisal Techniques involving 
all stakeholders and farmers. In June 2010, revised guidelines for ATMA were 
released to address some of the constraints identified since the implementation 
began in 2005, especially the lack of qualified personnel at all levels, the absence 
of formal mechanisms to support extension delivery below the block level, inade-
quate infrastructure support to State Agricultural Management and Extension Train-
ing Institutes (SAMETIs), and the lack of convergence with other central and state 
schemes. Additional personnel will therefore be added at the district and block levels 
exclusively for ATMA, and a farmer friend (FF), a progressive farmer for two 
villages, will work to support extension at the village level. Other schemes, such 
as the agri-clinics and RKVY (National Agricultural Development Project), will 
work with and through the ATMA structure.
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29.3.4 Initiatives of ICAR 

The Indian Council of Agricultural Research (ICAR) took up number of extension 
programs over the years. The first program was National Demonstration Scheme 
(1964) initiated during 1964–65 to demonstrate the production potentiality of major 
crops in the farmers’ field. The Operational Research Projects (ORPs) was started in 
1975 to identify technological as well as socioeconomic constraints and to formulate 
and implement the problem-solving technology modules on an area/watershed/target 
group basis in the operational area. Lab-to-Land program was launched in 1979 to 
transfer low-cost technologies in agriculture and allied enterprises. As part of 
technology mission on oilseeds and pulses, the council started frontline demonstra-
tion in 1990–91. 

29.4 Extension Activities of Commodity Boards, Financial 
Institutions, Input Agencies, Nongovernment 
Organizations, and Media Organizations 

Commodity Boards (Coffee Board, Spice Board, Tobacco Board, Coconut Devel-
opment Board, etc.) extend crop/commodity-specific technical know-how to the 
farmers to a limited extent, as many of these boards do not have grass-root level 
functionaries throughout the country. Financial institutions normally provide assis-
tance in the preparation of agriculture project proposals by their technical staff to the 
farmers and others. 

Besides providing critical inputs such as seeds, planting materials, fertilizes, and 
plant protection chemicals, agricultural input agencies also sponsor/organize training 
program to educate farming community. The media organizations (print and elec-
tronic media) are disseminating timely information on weather, technical informa-
tion, and marketing information. Various committed nongovernmental organizations 
and philanthropists are also rendering rural extension services to the rural commu-
nity in the field of agriculture and allied sectors, health, sanitation, education, and 
water supply across the country. 

29.5 Post Green Revolution Era 

29.5.1 NAIP 

Agriculture is and will continue to be the main driver of country’s economic growth 
with social justice. Our agriculture did extremely well and it was on the ascendancy 
till the mid-1990s but after that the growth slowed down. Since 1996–97 the growth 
rate of agricultural GDP has been, on an average, 1.75% per year in contrast with the 
rate of 4% that is required. On the other hand, the farmer has been facing rising input 
costs, declining returns from the inputs, uncertain market, increasing role of market 
in agriculture, and blurring of distinction between the domestic market and the



international market. To assist the farmer in these changing contexts, new strategies 
and innovative solutions are urgently required, which in turn will require technolog-
ical support. Hence, the agricultural research system that generates technologies 
must conduct the business of agricultural research in an innovative way. The World 
Bank-aided National Agricultural Innovation Project (NAIP) has been conceived to 
pilot this innovation in conducting agricultural research. 

29 Transformation of Agricultural Extension System 767

29.5.1.1 The Basic Principles 
1. To give the agricultural research and technology development system an explicit 

development and business perspective through innovative models. In other 
words, the agricultural research system should be able to support agriculture as 
a business venture and also as a means of security of livelihood of the rural Indian 
while maintaining excellence in science. 

2. To make the National Agricultural Research System a “pluralistic” system where 
every organization having stake in agricultural research, public, private, or civil 
society, has to play a role. 

3. Working in well-defined partnership groups with clear common goals and under-
standing on sharing responsibilities and benefits. 

4. Funding through competition so that a wide choice of excellent innovative ideas 
come in from the stakeholders themselves. 

5. Work with focus, plan, and time frames. 
6. Develop well-tested models for application of agricultural research and technol-

ogy for profitability of farming, income generation, and poverty alleviation. 

29.5.2 NATP 

The National Agricultural Technology Project (NATP), a World Bank-aided project, 
is being implemented by the ICAR and the Department of Agriculture and 
Co-operation (DAC) since November 1998. It has three major components, namely 
Organization and Management (O&M) System, Research, and Innovations in Tech-
nology Dissemination (ITD). The ICAR executes the O&M, Research, and a part of 
ITD. The overall goal of the NATP is to increase income and reduce extreme poverty 
and hunger by improving agricultural technology development. 

29.5.3 ARYA 

Realizing the importance of rural youth in agricultural development of the country, 
ICAR has initiated a program on “Attracting and Retaining Youth in Agriculture” 
(ARYA).
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29.5.3.1 Objectives 
1. To attract and empower the youth in rural areas to take up various agriculture, 

allied, and service sector enterprises for sustainable income and gainful employ-
ment in selected districts. 

2. To enable the farm youth to establish network groups to take up resource and 
capital intensive activities such as processing, value addition, and marketing. 

3. To demonstrate functional linkage with different institutions and stakeholders for 
convergence of opportunities available under various schemes/programs for 
sustainable development of youth. 

ARYA project will be implemented in 25 states through Krishi Vigyan Kendras 
(KVKs), one district from each state. In one district, 200–300 rural youths will be 
identified for their skill development in entrepreneurial activities and establishment 
of related microenterprise units. KVKs will involve the Agricultural Universities and 
ICAR Institutes as technology partners. At KVKs, one or two enterprise units will be 
established as well so that they serve as entrepreneurial training units for farmers. 
The purpose is to establish economic models for youth in the villages so that youths 
get attracted in agriculture and overall rural situation is improved. The concurrent 
monitoring, evaluation, and midterm correction will be an integral part of project 
implementation. 

29.5.4 Krishi Vigyan Kendra 

Krishi Vigyan Kendra (Farm Science Centre) is an innovative institution of ICAR 
established at district level. The first KVK was established in 1974 and has grown as 
a largest network in the country with 611 KVKs in 2011. KVKs are funded by ICAR 
and administered by ICAR Institutes/SAUs/Deemed Universities/Nongovernment 
Organizations or State Department of Agriculture. 

KVKs play a vital role in conducting on-farm testing to identify location-specific 
agricultural technologies and demonstrate the production potential of crops at 
farmers’ fields through frontline demonstrations. They also conduct need-based 
training programs for the benefit of farmers and farm women, rural youths, and 
extension personnel to update their knowledge and skills and to orient them in the 
frontier areas of technology development. KVKs are creating awareness about 
improved agricultural technologies through large number of extension 
programs (Adhiguru et al. 2009). 

29.5.4.1 Impact of KVK 
In the present context of achieving food and nutritional security, farm sector is a 
serious concern for the policymakers. Therefore, it was pertinent to assess a vast 
network of KVKs so that this science-based district level institution could be 
strengthened to play a more proactive role in the development of this vital sector 
(Fig. 29.1).
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Fig. 29.1 Cumulative growth of KVKs in India. (Source: NILERD) 

Currently, the impact of KVK activities is measured by the number of participants 
attending each learning workshop, the percentage of participants that adopt the 
technology/skill after the workshop, and changes in the participants’ income. Like 
most of the public extension system, the focus of the centers is assessment and 
refinement of technologies through learning programs, on-farm testing, and field 
demonstrations. Information on market access and consumer demands is rarely 
considered. KVKs have been criticized for reaching limited numbers of farmers, 
and largely those within close range of the center. 

29.5.5 Farmers’ FIRST Program (FFP) 

The Farmer FIRST as a concept of ICAR is developed as farmer in a centric role for 
research problem identification, prioritization, and conduct of experiments and its 
management in farmers’ conditions. The focus is on farmer’s Farm, Innovations, 
Resources, Science and Technology (FIRST). Two terms “enriching knowledge” 
and “integrating technology” qualify the meaning of Farmer FIRST in the Indian 
context. Enriching knowledge signifies the need for the research system as well as 
farmers to learn from each other in context to existing farm environment, perception 
of each other, and interactions with the subsystems established around. Technology 
integration is looked from the perspective that the scientific outputs coming out from 
the research institutions many times do not fit as such in the farmers’ conditions and 
thus, certain alterations and adaptations are required at field level for their accep-
tance, adoption, and success.
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29.5.5.1 Aims and Objectives of FFP 
“Farmer FIRST” program aims at enhancing farmer–scientist interface for technol-
ogy development and application. It will be achieved with the focus on innovations, 
technology, feedback, multiple stakeholder’s participation, multiple realities, 
multi-method approaches, vulnerability, and livelihood interventions. The specific 
objectives are:

• To enhance farmer–scientist interface, enrich knowledge, and facilitate continued 
feedback.

• To identify and integrate economically viable and socially compatible technolog-
ical options as adoptable models for different agroecological situations.

• To develop modules for farm women to address drudgery reduction, income 
enhancement, and livelihood security.

• To study performance of technologies and perception of the farmers about 
agriculture as a profession in the rural settings.

• To build network of linkages of organizations around the farm households for 
improving access to information, technology, input, and market.

• To institutionalize Farmer FIRST process. 

29.5.5.2 Components of FFP 
1. Enhancing farmer–scientist interface. 
2. Technology assemblage, application, and feedback. 
3. Partnership and institution building. 
4. Content mobilization. 

29.5.6 NICRA-Model Village 

National Innovations in Climate Resilient Agriculture (NICRA) – a National Net-
work Project of the Indian Council of Agricultural Research (ICAR) with the 
objectives to enhance the resilience of Indian agriculture to climate change and 
climatic vulnerability through various components such as strategic research on 
adaptation and mitigation, technology demonstration on farmers’ fields to cope 
with current climate variability, sponsored and competitive research grants to fill 
critical research gaps, and capacity building of different stakeholders. The rationale 
for the Technology Demonstration Component (TDC) is based on the premise that 
an array of technologies are available to cope with different types of climate-related 
vulnerabilities in the National Agricultural Research System. The National 
Innovations in Climate Resilient Agriculture (NICRA) was launched in 2011 to 
address the challenges of climate variability and climate change along with farmers’ 
need to adopt quickly increasing frequency of drought, flood, and other extreme 
events by application of science and technology.
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29.5.7 ICT and Extension Service 

The importance of agricultural extension in providing the relevant information, 
technology, and knowledge to the farmers and creating the enabling environment 
to increase production and productivity is quite clear, as mandated under the 
National Agricultural Extension Policy (NAEP). The General Directorate of Exten-
sion and Agriculture Development (GDEAD) has been developing many ICT 
innovations in linking research-extension-education for agriculture. These include 
Farmers Call Centers, Digital Library, Development of ICT applications and 
website, Video technology, Post Graduate Diploma program and Extension Service 
Messages. 

Information and communications technology (ICT) extension services involve 
the transfer of practical knowledge and exchange of market information through ICT 
platforms. These solutions are relevant to agricultural and rural transformation 
processes, especially for smallholders. While traditional media such as radio and 
television continue to play a major role in extension and development communica-
tion, growth in the use of internet and mobile technology for communication is 
perceived to be a game changer in the extension services space. ICT extension 
service providers offer a range of information services to the smallholder farmers, 
from preharvest stage to postharvest stage. They help the farmers understand and 
adopt agricultural best practices on crop selection, input management, land selection 
and preparation, finance, transportation, packaging processing, and marketing of the 
agricultural produce. The enterprises provide these services via radio and television 
shows, mobile applications, digital video disks (DVDs), and interactive voice 
response (IVR) technology. Enterprises that provide information services can help 
improve agricultural yields and guide farmers in procuring and using the right inputs 
and participating in commercial value chains (Saravanan 2010). 

29.5.8 ICT Model 

Providing tools for preharvest efficiency SEs have adopted ICT to support farmers in 
achieving efficiency through information systems. Indiagriline is a web-based portal 
that enables farmers to forecast demand, access records of their previous transactions 
with the company, register their sugarcane area, submit payment information, and 
monitor demand, among other services. ICT enables remote agriculture extension 
where farmers can use email and digital cameras to reach experts and seek crop 
diagnostics support. SEs such as Cojengo provide a smartphone-based diagnostic 
tool for animal health to improve disease diagnosis, surveillance, and treatment of 
cattle in sub-Saharan Africa. 

Virtual City, a private Kenyan technology start-up, has developed AgriManagr 
software, which is used by collection centers to manage the process of buying 
agricultural produce from farmers. AgriManagr has several benefits for both the 
procurer and the farmer. It eliminates the manual transcription that inevitably results 
in record-keeping errors or fraud. It speeds procurement and ensures clarity and



accuracy of information, which increases the buyers’ ability to respond rapidly to 
bottlenecks or opportunities. eKutir has developed several innovative productivity 
enhancement solutions to improve the livelihoods of smallholder farmers (Srivastava 
2018). For example, it has developed a tool called mrittikka, which provides soil 
nutrient analysis and recommendations. Another tool called ankur assists farmers 
with better seed selection to achieve increased productivity and farm yield. On the 
basis of the agro-climatic analysis and the type and condition of farmland, the tool 
recommends the best seed type/variety for the crop localized for each region 
(Fig. 29.2). 
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Visit farmers on-field to underst and Develop means to deliver the Develop content to be presented 
to smallholder farmers 
The content focuses in inputs, 
trading prices, soil management, 
weather,  and modern farming 
techniques 

This includes radio and television 
shows, mobile applications,DVDs 
and IVR 

requisite informationexisting agricultural practices 
Use local extension service 
providers and community leaders to 
identify the information requirments 
of smallholder farmers 

Partner with stakeholders to 
disseminate the content smallholder farmers through 

online and offline platforms 

These include mobile, television 
and radio programs, and DVD/ 
projector 

Disseminate the content to the Collect feedback regarding the 
content depth and relevance 
through channels such as 
pamphlets and call-centre 

Incoporate the feedback to 
improve and customize the 
content 

Partners include goverment 
agencies, NGOs, and local 
extension service providers 

Research on content 

Partner identification Distribution through Feedback 
collectionplatformfor distribution 

Product Content 
development development 

Fig. 29.2 Process of model. (Source: USAID, MANAGE report) 

29.6 Strategic Plan for Popularization of Technology

• Diversification and intensification of existing farming systems.
• Improvement of productivity/income from different enterprises/commodities in 

exiting farming systems. (Sustainability of natural resources and enabling the 
farming community (male and female) to command the extension system is to be 
built into these components.)

• Sustainability of the production system.
• Capacity building of extensionists, researchers, farmers, market players, and other 

partners like NGOs, etc.
• Dovetailing and redesigning of various ongoing schemes of agriculture and other 

line departments and research institutions in the public, private, and NGO sector.
• Market-led extension for enhancement of profits with the focus on postharvest 

technologies and value addition.
• Promotion and use of ICT in extension.
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• Promotion of public–private partnership.
• Mainstreaming gender concern (empowerment).
• Any other program component considered necessary for the project/area. 

29.7 Strategic Planning for Agriculture Development 

During the last decade, a number of management tools have been developed, which 
are helpful in facilitating stakeholder’s involvement in an effective manner. Based 
on these tools, a participatory methodology has been worked out for preparing 
Strategic Plans (Research and Extension) for the district. The ultimate objective of 
both research and extension system is to increase agricultural production. 
Formulating extension and research agenda based on producers’ requirement results 
in technology that will be more acceptable to users. This also helps in allocation of 
resources to both extension and research activities to be taken up in the district. 
Therefore, the Strategic Plan for each district is the need of the hour to address 
specific problems of the farming community, especially resource-poor and other 
disadvantaged groups. The Strategic Plan is the process of identifying research and 
extension gaps in agriculture and allied sectors. It suggests an appropriate Strategic 
Plan for agricultural development of the district. 

29.8 The Contents of Strategic Plan 

The extension and research interventions would differ across the Agro-Ecological 
Zone (AEZ) between crops, livestock, and farming systems as affected by roads, 
markets, input supply outlets, service facilities, and between farm households as a 
reflection of their resource endowment and socioeconomic status. Therefore, in 
formulating a Strategic Plan, the following guiding principles should be kept in 
view. The Strategic Plan will have two sections.

• Identify and build on important farming system innovations or success stories that 
may intensify or diversify existing farming systems and, thereby, increase farm 
household income.

• Increase farmers’ access to markets, technologies, and resources through farmers’ 
groups and organizations.

• On-farm collaborative technology development, testing, and refinement to 
address serious technological gaps in the existing farming systems.

• Promote appropriate natural resource management (NRM) plan for building and 
maintaining sustainable production systems within each Agro-Ecological 
Situations (AESs).
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Agricultural Reforms in India 30 
Rohit Kumar, Muruga Subramanian Raman, and Sonia Chauhan 

Abstract 

Indian government has always diligently worked to enhance farmers’ livelihoods 
by announcing and implementing agricultural reforms as agriculture is the back-
bone of the economy of the country. The announcement of the Kisan Credit Card 
to facilitate credit facility, Soil Health Card to improve soil health, PMKSY to 
cover more area under irrigation, PMFBY to cover insurance of the crops and 
neem-coated urea are some of the reforms faced by Indian agriculture. For the 
purpose of enhancing backward and forward linkages and ensuring that farmers 
receive fair prices, a number of market changes have been implemented. The 
Farmers’ Produce Trade and Commerce (Promotion & Facilitation) Act of 2020, 
the Farmers (Empowerment & Protection) Agreement on Price Assurance and 
Farm Services Act of 2020, and modifications to the Essential Commodities Act 
of 1955 are designed to increase farmers’ income by boosting market realization, 
lowering price risk, and bolstering agricultural supply systems. The Pradhan 
Mantri Annadata Aay Sanrakshan Abhiyan (PM-AASHA) is a new umbrella 
program that the government has established to broaden its procurement across 
crops and regions. Atma Nirbhar Bharat launched as framework to start-ups, 
farmer producer groups, and agricultural cooperative societies. The Pradhan 
Mantri Kisan Sampada Yojana (PMKSY) seeks to build agro-processing clusters 
and improve agro-processing. Along with the Pradhan Mantri Kisan Maan Dhan 
Yojana (PMKMY), which offers a social safety net for small and marginal 
farmers, the Pradhan Mantri Kisan Samman Nidhi (PM-KISAN) program was
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also created with the goal of providing income assistance to all farmer families 
throughout the nation. The use of artificial intelligence and Smart Krishi in 
resolving farmers’ problems and claims definitely enhances their income and 
makes agriculture a more profitable and tension-free occupation.
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The government has diligently worked to increase farmers’ incomes by double 
during the past 3 years and used the fiscal year 2015–2016 as the base year for 
recording the income of the farmers. Improvements in crop productivity, enhanced 
livestock productivity, resource use efficiency, increased cropping intensity, diver-
sification toward high-value crops, increase in the real prices received by farmers, 
and a shift from farming to non-farming occupations have been identified as the 
seven sources of growth. It is observed that due to government interference, the 
capital is increasingly being directed toward the agriculture sector by higher budget-
ary allotment, mobilization of non-budgetary resources, improvement in institutional 
credit, and encouragement of corporate investments. Specific credit requirements are 
being prioritized for even smallholders. In recent years, farm credit disbursement has 
surpassed goals. Fishing and animal husbandry-related activities are now covered 
under the Kisan Credit Card (KCC) program. The government has announced a Rs 
1 lakh crore fund to support agricultural infrastructure projects for an inexpensive 
and commercially viable postharvest management infrastructure at the farm gate and 
aggregation. Additionally, Operation Greens, which includes the three commodities 
(Tomatoes, Onions, and Potatoes) with the most price volatility, has been given a 
500 crore rupees extension (GoI, 2021). 

A lot of effort is being placed on productivity-based advances, with a focus on 
some important crops including pulses, oilseeds, and nutri-cereals (millets). The 
technological advancements and supportive governmental environment have signif-
icantly improved the production of pulses in the country. A plan for expanding the 
area and production of nutrition grains has also been developed. By 2022–2023, 
output set under these strategies is 21 million tons. A sub-mission on nutri-cereals 
has been initiated by the government. A plan to overcome the shortfall of oilseeds is 
also being developed. The production of oilseeds reached to 32.3 million tons in 
2018–2019 from 27.5 million tons in 2014–2015 to (GoI, 2018a). Likewise, pro-
ductivity also increased from 1075 kg/ha in 2014–2015 to 1265 kg/ha in 2018–2019. 
The amount of edible oil production increased from 9.8 million tons in 2014–2015 to 
12.9 million tons in 2018–2019.
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30.1 Reforms for Doubling Farmers’ Income 

The Mission on Integrated Development of Horticulture has expanded the area under 
horticultural crops. Positive outcomes and improvement in cropping intensity are 
being seen from diversification toward high-value crops. In order to manage risks 
effectively, the Pradhan Mantri Fasal Bima Yojana (PMFBY) was introduced in 
2016. It offers insurance coverage for all phases of the agricultural cycle, including 
postharvest hazards in certain circumstances. According to studies, micro-irrigation 
had a favorable effect on crop output, water conservation, resource use efficiency, 
and cost reduction, while Soil Health Cards (SHC) and neem-coated urea helped 
producers to achieve greater productivity and reduction in costs. The area covered by 
micro-irrigation under the PMKSY has risen from 5.5 lakh ha in 2015–2016 to 11.7 
lakh ha in 2019–2020. An 8–10% decrease in the usage of chemical fertilizers is 
reported by the impact research of soil health cards (Reddy, 2017). As a result of 
applying fertilizers and micronutrients in accordance with SHC guidelines, 5–6% 
overall improvement in crop production was also noted (Reddy, 2017). 

With the use of micro-irrigation, irrigation costs were reduced by 20–50%, power 
usage decreased by about 31%, fertilizer use was reduced by 7–42%, and average 
fruit and vegetable yield increased by approximately 42.3 and 52.8%, respectively 
(GoI, 2014). Farmers’ average income growth ranged from 20 to 68%. Crop 
production and productivity improvements are closely correlated with an increase 
in farm mechanization. The Sub-Mission on Agriculture Mechanization distributed 
agri-equipment and established custom hiring centers, hi-tech hubs, and farm 
machinery banks, increasing farm mechanization from 1.94 kW/ha (2012–2013) to 
2.02 kW/ha energy utilization in 2018 (GoI, 2018b). The goal for 2022 is 4 kW/ha. 

The Agricultural Infrastructure Fund (AIF) was established to develop agri-
logistics, and funds have been granted to boost National Agriculture Market 
(e-NAM) and Grameen Agricultural Markets (GrAMs). For the purpose of enhanc-
ing backward and forward linkages and ensuring that farmers receive fair prices, a 
number of market changes have been implemented. A few of the most recent 
changes include the Farmers’ Produce Trade and Commerce (Promotion & Facilita-
tion) Act of 2020, the Farmers (Empowerment & Protection) Agreement on Price 
Assurance and Farm Services Act of 2020, and modifications to the Essential 
Commodities Act of 1955. These Acts are designed to increase farmers’ income 
by boosting market realization, lowering price risk, and bolstering agricultural 
supply systems. The government has implemented new criteria for the announce-
ment of Minimum Sport Price (MSP) for 23 commodities. Consequently, the terms 
of trade have improved. The government is also targeting promotion of 10,000 FPOs 
(Farmer Produce Organizations) by 2024. 

The Pradhan Mantri Annadata Aay Sanrakshan Abhiyan (PM-AASHA) is a new 
umbrella program that the government has established to broaden its procurement 
across crops and regions. For effective price discovery in the market, the e-NAM 
was designed to be a market-based system. The e-NAM program has covered almost 
1000 markets in 18 States and three Union Territories. Farmers now have access to 
registered warehouses and FPO storefronts for direct sales and shipping. Enhancing



agricultural export continues to be a priority, and the Agri-Export Policy aims to 
quadruple agricultural exports by 2024. In terms of agricultural exports, the main 
contributing commodities are seafood, rice, cotton, beef, and horticulture goods. The 
Agri-Export Policy projects US$ 60 billion in exports by 2022. Despite the 
constraints and effects of the epidemic, exports increased significantly in 2020. 
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To support agriculture infrastructure projects at farm gates and aggregation points 
(Primary Agricultural Cooperative Societies, Farmers Producer Organizations, Agri-
culture entrepreneurs, Start-ups, etc.) a financing facility worth Rs. 1,000,000 crore 
will be provided. An amount of Rs 10,000 crore has been set aside for the 
formalization of micro-food businesses and the implementation of cluster-based 
agricultural strategy to be used. Fishermen will receive Rs 20,000 crore under the 
PM Matasya Sampadana Yojana. An amount of Rs 13,000 crore has been set aside to 
ensure that all cattle, buffaloes, sheep, goats, and pigs are fully vaccinated. The 
infrastructure for animal husbandry has received a boost of Rs 5000 crore. To 
promote the growing of herbs, Rs 4000 crore has been set aside. The initiative 
seeks to cover 10 lakh hectares with herbal farming in 2 years. An amount of Rs 
500 crores has been set aside for beekeeping activities. 

The Pradhan Mantri Kisan Sampada Yojana (PMKSY) seeks to build agro-
processing clusters and improve agro-processing. Farmers’ incomes will increase 
as associated businesses are promoted and secondary agriculture is expanded. With 
the implementation of the National Bamboo Mission in 2018–2019, specific funding 
has been designated for the promotion of aromatic and medicinal plants. Along with 
the Pradhan Mantri Kisan Maan Dhan Yojana (PMKMY), which offers a social 
safety net for small and marginal farmers, the Pradhan Mantri Kisan Samman Nidhi 
(PM-KISAN) program was also created with the goal of providing income assistance 
to all farmer families throughout the nation. 

30.2 Market Reforms Through e-NAM 

States must make changes in order to facilitate both market unification and online 
trading, including (i) a single license that is valid throughout the state, (ii) a single 
point levy of market fee, and (iii) the inclusion of electronic auction as a method of 
price discovery. Additionally, the e-auction platform must be promoted by the State 
Marketing Boards/APMCs. The states will need to ensure that the mandis that are 
integrated with NAM makes provision for requisite online connectivity, hardware, 
and assaying equipment. Research on e-markets in Karnataka, where e-markets have 
been operational since 2012, demonstrates unequivocally that farmers realize higher 
prices and that market arrivals of goods are higher in e-markets than in non-e-
markets. They do, however, add that an efficient assaying mechanism and 
the involvement of traders in remote markets are essential for the success of the 
e-NAM (Reddy and Mehjabeen, 2019). Online trade has a favorable impact on the 
state of Karnataka (Chand, 2017). According to the study’s results, e-tendering 
systems offer a great deal of potential to increase competition and transparency in 
agricultural markets while also lowering transaction costs for both buyers and sellers



without negatively affecting their business relationships or income (Pavithra et al. 
2018). 
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Fig. 30.1 State-wise number of APMC’s integrated on e-NAM. (Source: National Agriculture 
Market, 2022) 

The e-NAM platform now has a total of 1000 mandis spread throughout 18 States 
and 3 UTs. It is due to the overall success of 585 mandis in Phase 1 and further 
expanding its wings to incorporate 415 new mandis in Phase 2 (Fig. 30.1 and 
Table 30.1). 

30.3 Agri-Logistics 

The core of agribusiness is agri-logistics, which permits connectivity between 
centers of production and consumption over both geography and time with little 
loss of quality or quantity. When buyer and seller engage in online bidding for Inter-
Mandi or Inter-State commerce on e-NAM, the demand for agri-logistics will arise. 
The agri-logistic services will make it possible for Farmer Producer Organizations, 
Traders, Processors, Exporters, and Corporates to safely store their goods and 
expedite the delivery to markets. Assaying, Grading, Sorting, Packaging, Agri-
Transportation (Uberization), Warehousing, and Agri-logistics Professionals.



Stakeholders can utilize the platform for networking as well as for business 
development. 
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Table 30.1 Number of unified licenses (as on June 30, 2022) 

Name of state/ 
UT

Mandis registered on 
e-NAM

Registered traders on 
e-NAM

No. of unified licenses 
issued by state 

Andhra 
Pradesh 

33 (3.3) 3478 (1.54) 3478 (2.93) 

Chandigarh 1 (0.1) 114 (0.05) 0 (0) 

Chhattisgarh 14 (1.4) 3125 (1.38) 36 (0.03) 

Gujarat 122 (12.2) 9401 (4.16) 9401 (7.92) 

Haryana 81 (8.1) 14,424 (6.38) 35 (0.03) 

Himachal 
Pradesh 

19 (1.9) 2010 (0.89) 0 (0) 

Jammu and 
Kashmir 

2 (0.2) 121 (0.05) 0 (0) 

Jharkhand 19 (1.9) 2299 (1.02) 101 (0.09) 

Karnataka 2 (0.2) 655 (0.29) 655 (0.55) 

Kerala 6 (0.6) 346 (0.15) 35 (0.03) 

Madhya 
Pradesh 

80 (8) 22,337 (9.88) 1000 (0.84) 

Maharashtra 118 (11.8) 21,510 (9.51) 0 (0) 

Odisha 41 (4.1) 7393 (3.27) 7393 (6.23) 

Puducherry 2 (0.2) 180 (0.08) 0 (0) 

Punjab 37 (3.7) 2598 (1.15) 1 (0.001) 

Rajasthan 144 (14.4) 82,359 (36.42) 82,359 (69.38) 

Tamil Nadu 63 (6.3) 4358 (1.93) 3543 (2.98) 

Telangana 57 (5.7) 5799 (2.56) 5799 (4.89) 

Uttar Pradesh 125 (12.5) 35,029 (15.49) 110 (0.09) 

Uttarakhand 16 (1.6) 4728 (2.09) 4728 (3.98) 

West Bengal 18 (1.8) 3884 (1.72) 33 (0.03) 

India 1000 (100.00) 226,148 (100.00) 118,707 (100.00) 

Figures in parentheses are percentage to the total. Source: National Agriculture Market 2022 

No state has a platform that is completely operational. There are no quality testing 
devices or scientific sorting/grading facilities. Another problem preventing advance-
ment is poor internet access. According to mandi officials, a lack of technical know-
how at state agricultural departments has also delayed the establishment of grading/ 
assaying facilities. Many states are still having difficulty implementing e-NAM 
because they lack the necessary infrastructure, including assaying facilities, a skilled 
workforce, and standardized and straightforward procedures. Still, many traders and 
commission brokers are hesitant to join e-NAM.
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Table 30.2 Area covered under micro-irrigation (area in ′000 ha) 

Years Drip irrigation Sprinkler irrigation Total 

2015–16 347 62.86) 205 (37.14) 552 (100) 

2016–17 488 (58.1) 352 (41.9) 840 (100) 

2017–18 541 (51.57) 507 (48.33) 1049 (100) 

2018–19 575 (49.65) 583 (50.35) 1158 (100) 

2019–20 624 (53.15) 550 (46.85) 1174 (100) 

2020–21 358 (38.17) 580 (61.83) 938 (100) 

2021–22 358 (35.27) 657 (64.73) 1015 (100) 

Figures in parentheses is percentage to the total. Source: Pradhan Mantri Krishi Sinchai Yojana, 
2015–2022 

30.4 Pradhan Mantri Krishi Sinchai Yojana (PMKSY) 

To boost productivity, irrigation efficiency must be improved. Consequently, the 
funding for irrigation has risen by the government. The catchphrase is Per Drop 
More Crop. To lessen the impact of the drought and to provide water to every farm, 
the Pradhan Mantri Krishi Sinchai Yojana has been introduced. As a result, large and 
medium-sized projects that were in progress were also accelerated. Projects for the 
management and development of watersheds have been given priority. The 
Accelerated Irrigation Benefit Program (AIBP) of the Ministry of Water Resources, 
River Development, and Ganga Rejuvenation (MoWR, RD & GR), the Integrated 
Watershed Management Program (IWMP) of the Department of Land Resources 
(DoLR), and the On-Farm Water Management (OFWM) of the Department of 
Agriculture and Cooperation have been combined into the PMKSY (DAC). 
PMKSY has been authorized for nationwide implementation of a 5-year budget of 
Rs 50,000 crore. An expenditure of Rs 5300 crore has been made for 2015–16, of 
which Rs 1800 crore has been allocated to the DAC, Rs 1500 crore to the DoLR, and 
Rs 2000 crore to the MoWR (Rs 1000 crore for AIBP; Rs 1000 crores for PMKSY). 
Technology would support the promotion of micro-irrigation under the PMKSY by 
bringing 1 crore hectares of agricultural land under micro-irrigation, which would be 
coupled with “fertigation” to encourage the wise use of fertilizers. Currently, 11.4 
million hectares (ha) of land have been covered by micro-irrigation (MI), of which 
53.1% are covered by sprinkler systems (6.06 m ha) and 46.9% by drip systems 
(5.35 m ha), of which about 44% have been installed during the past 6 years 
(Table 30.2). Researchers from several states around the nation looked at the effects 
of micro-irrigation on improving yield, saving water, energy, and other resources, 
and boosting revenue (Table 30.3).
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Table 30.4 Actuarial Premium Rate (APR) across seasonal crops 

Maximum insurance charges 
payable by farmer (% of sum 
insured) 

Kharif All foodgrain and oilseeds crops (all cereals, 
millets, pulses, and oilseeds crops) 

2.0% of SI or actuarial rate, 
whichever is less 

Rabi All food grain and oilseeds crops (all cereals, 
millets, pulses, and oilseeds crops) 

1.5% of SI or actuarial rate, 
whichever is less 

Kharif 
and Rabi 

Annual commercial/annual horticultural crops 5% of SI or actuarial rate, 
whichever is less 

Pradhan Mantri Fasal Bima Yojana 2015 

30.5 Risk Management Through Pradhan Mantri Fasal Bima 
Yojana (PMFBY) 

The Pradhan Mantri Fasal Bima Yojana (PMFBY) aims to support sustainable 
production in the agricultural sector by: (a) compensating farmers who suffer crop 
loss or damage due to unforeseeable events; (b) stabilizing farmers’ incomes to 
ensure their continued involvement in farming; (c) encouraging farmers to adopt 
innovative and modern agricultural practices; and (d) ensuring the flow of credit to 
the agriculture sector, which will contribute to food security and crop diversification. 
The progress is given in Table 30.4. The implementing agency (IA) under PMFBY 
would charge the Actuarial Premium Rate (APR). The farmer will pay insurance 
charges at the differential rates (Table 30.5). 

30.6 Promotion of Mechanization and Technology 
Backstopping 

With the help of the Sub-Mission on Agriculture Mechanization (SMAM), the 
degree of farm mechanization increased from 1.62 kW/ha in 2014 to 2.02 kW/ha 
in 2018, due to the distribution of agricultural machinery and the construction of 
custom hiring centers, high-tech hubs, and farm machinery banks. By 2022, the 
objective is to reach 4 kW/ha. The CHC “Uberization” app has undergone testing 
and is now prepared for a nationwide rollout. The SMAM offers a good platform for 
integrating all initiatives for the advancement of agricultural mechanization that is 
inclusive by offering a “single window” implementation strategy with a particular 
focus on small and marginal farmers. For the estimation of agricultural production, 
horticultural inventory, site suitability analysis for crop growth, and drought assess-
ment, the government also uses satellite data and GIS technology. Additionally, 
support is given to the states under the Marketing Research & Information Network 
(MRIN) Scheme to establish up and maintain connectivity with the Agmarknet
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portal for the collecting and distribution of market information on agri-commodity 
arrivals and pricing.
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30.6.1 Artificial Intelligence 

Finding the variables that might lead to a greater yield and harvest location is crucial 
for the expansion of agriculture. With the introduction of AI technologies, it is now 
feasible to find solutions based on data that shows weather conditions, the kind of 
harvest a crop would require the best sort of soil, and so on. AI technology would be 
welcomed by government program such as the Pradhan Mantri Fasal Bima Yojana 
(PMFBY) to cut down on the amount of time needed to resolve farmer claims. 
Additionally, the government and IBM signed an agreement to use AI to monitor the 
agricultural industry. 

30.6.2 Mobile Applications 

India saw a significant level of digitization after smartphones became a common 
item. The new technology increased the possibility of applications for agricultural 
uses as more and more activities shifted to smartphones. With the launch of e-Nam 
(National Agriculture Market), an online trading platform for agricultural 
commodities, the government has placed a significant emphasis on supporting 
technology usage in agriculture. Some states have taken independent actions that 
are advantageous to farmers. 

30.6.3 Agro-Advisories 

Farmers receive agro-advisories from a variety of service providers including the 
mKisan platform. The mKisan site is a platform that offers web-based mobile advice 
to farmers with technology help from agricultural universities and research institutes. 
In order to transmit SMS messages on numerous topics related to agriculture, 
horticulture, animal husbandry, weather forecasts, and pest and disease control, 
almost 5.3 crore farmers are connected to the mKisan portal. 

30.6.4 Encouraging Organic Farming Through Paramparagat Krishi 
Vikas Yojana (PKVY) 

The PGS (Participatory Guarantee System) certification program Paramparagat 
Krishi Vikas Yojana supports cluster-based organic farming. The program supports 
cluster creation, training, certification, and marketing. A farmer receives assistance 
of Rs 50,000 per hectare for 3 years, of which 62% (or Rs 31,000) is given as a 
financial incentive to use organic inputs.



788 R. Kumar et al.

30.7 Rashtriya Krishi Vikas Yojana (RKVY) 

The RKVY scheme was introduced in 2007 as a general program to ensure the 
growth of agriculture and allied industries in a holistic manner. The states are free to 
select their own agricultural and allied industry development initiatives in accor-
dance with district or state agriculture plans. The program was run as an Additional 
Central Assistance (ACA) to State Plan Scheme up to 2013–2014, receiving 100% 
of its funding from the federal government. In 2014–2015, it underwent a similar 
transformation into a centrally sponsored scheme with 100% central support. The 
scheme’s financing arrangement has changed since 2015–2016, with a 60:40 split 
between the center and the states (90:10 for North Eastern States and Himalayan 
States). The Union Territories get a central grant that is distributed equally to all 
recipients. Pre- and postharvest infrastructure, as well as encouraging agri-
entrepreneurship and innovations, are given significant attention under the Rashtriya 
Krishi Vikas Yojana—Remunerative Approaches for Agriculture and Allied Sector 
Rejuvenation (RKVY-RAFTAAR). The following streams are how the Central 
Government would distribute grants to the states under the RKVY-RAFTAAR. 

The annual expenditure for the regular RKVY-RAFTAAR shall be divided among 
the states according to the following criteria:

• Infrastructure and assets account for 50% (of 70%) of the total RKVY-
RAFTAAR expenditure. Preharvest infrastructure makes up 20% of the total, 
while postharvest infrastructure makes up 30%.

• Value-added linked production projects (agribusiness models) that guarantee or 
supplement farmers’ income, such as Public Private Partnership for Integrated 
Agriculture Development (PPP-IAD) projects, which account for 30% (of 70%) 
of the total RKVY expenditure.

• Flexi funds make about 20% (of 70%) of the RKVY-RAFTAAR outlay. The 
states may utilize this fund to assist any initiatives that fit with their regional 
priorities, although they are encouraged to support cutting-edge initiatives in the 
agricultural and related industries.

• RKVY-RAFTAAR special subschemes, which account for 20% of total yearly 
outlays, are based on national objectives periodically announced by the Indian 
government in order to develop regions and address problem-specific areas.

• Development of agri-entrepreneurs and innovation—10% of yearly 
expenditure—for promoting agri-entrepreneurs and innovation through financial 
support and skill development. It will provide assistance for incubators, 
incubators’ facilities, KVKs, prizes, and so on. 

30.8 Conclusions 

Fostering public–private partnerships to finance the market information infrastruc-
ture, such as electronic dashboards in market yards and rural kiosks such as 
e-Chowpal, can aid in supplying the farmers with the pertinent information,



extensions, and other services. There is a need to aggressively include the FPOs in 
connecting the small farmers with the e-NAM since this networked market serves as 
a signal to inform India’s government about national demand and supply conditions. 
There are several reasons why farmers visit markets. The e-NAM administrative 
team should assist the farmer organizations in establishing connections with 
organizations such as banks, warehouses, merchants in far-off marketplaces, and 
so on to meet their demands for finance, transportation, and better pricing. The 
e-NAM should have thorough institutional regulations, a grievance redressal system, 
and policies that may enforce the execution of the agreements established on the 
e-NAM platform in addition to ensuring the accuracy of product information. 
Specialized abilities are required for farmers, commission agents, traders, and market 
administrators. Farmers need to receive training on how to grade and assay their 
produce and conduct online transactions, whereas traders and commission agents 
need to receive training on how to register for an account on the e-NAM, login, link 
it to their Aadhaar number and bank account, participate in electronic bidding, 
conduct financial transactions, and other topics. In order to maintain the e-NAM, 
the administration must also get training. 
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