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Abstract One of the biggest environmental problems of the twenty-first century is 
climate change, which is defined as long-term changes. Climate change is defined as 
a shift in the climate’s state that lasts for at least a few decades and can be detected by 
changes in the mean or the variable nature of its properties. Water and solar energy, 
which are required for plant growth, are the natural resource foundation for food 
production. As a result, climate change can effect agriculture productivity in two 
ways. Firstly, changes in rainfall/precipitation, temperature, and CO2 levels directly 
impact plant growth, development, and yield. Secondly, snow melt, irrigation avail-
ability, soil organic matter, seasonal droughts and floods, among other factors, may 
significantly impact agricultural land use. Rainfall controls the availability of water 
and dictates when to plant. Crop growth is controlled by temperature, while pest 
and disease incidence is controlled by duration and relative humidity. Photosyn-
thetic productivity is influenced by radiation. Wet and dry spells profoundly impact 
the physiology of standing crops, resulting in product losses. All of these devel-
opments would have a significant impact on India’s agricultural production. The

K. Atta (B) 
Faculty of Agriculture Sciences, Institute of Applied Sciences and Humanities, GLA University, 
Mathura, Uttar Pradesh 281406, India 
e-mail: kousikatta1995@gmail.com 

M. H. Shah 
Department of Agronomy, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West 
Bengal, India 
e-mail: maksudhasanshah@gmail.com 

S. Kundu 
Department of Agronomy, Professor Jayashankar Telangana State Agricultural University, 
Hydrabad, Telengana, India 

Sk. Md. Ajaharuddin 
Department of Entomology, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West 
Bengal, India 

S. Mondal 
Department of Plant Physiology, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West 
Bengal, India

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
C. B. Pande et al. (eds.), Climate Change Impacts in India, Earth and Environmental 
Sciences Library, https://doi.org/10.1007/978-3-031-42056-6_12 

265

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-42056-6_12&domain=pdf
mailto:kousikatta1995@gmail.com
mailto:maksudhasanshah@gmail.com
https://doi.org/10.1007/978-3-031-42056-6_12


266 K. Atta et al.

present chapter focuses on the impact of changing climate on India’s crop production 
sustainability. 

Keywords Climate change · Rainfall · Temperature ·Weather · Yield reduction 

1 Introduction 

Climate change is a shift in the climate’s statement that may be seen in the structure’s 
flexibility and durability, which can last decades or more. Internal and external causes 
may contribute to climate change [1]. Changes in solar radiation and volcanoes are 
external forces that naturally occur and provide diversity in the climate system. Other 
external changes, such as those induced by human activities in the atmosphere. Food 
production is reliant on water and sun energy as natural resources. Climate change is a 
long-term climate change that includes normal temperatures and rainfall. Diversity in 
weather events results in climate change, this type of change alarms food production, 
sea-level rise contaminates freshwater reservoirs and increases the risk of catastrophic 
floods [2]. 

Climate change defined by how the weather fluctuates yearly, either above or 
below the long-term value. There is a close relationship between climate and food 
production [3]. Food production depends on the natural resources of water and solar 
energy. Therefore, climate change affects agricultural production in two techniques. 
All of this impact on the crop development and yield due to variations in rain water, 
and other climate elements [4]. However, modern agriculture uses management tech-
niques, fertilizers, pest control, etc. and increases the yield of food crops. Increasing 
the use of fertilizers, modern irrigation systems, etc. helps to reduce dependence only 
on the weather. Therefore, the final product i.e. food items in any one year depends
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on a variety of man-made and natural materials [5]. The overall amount of rainfall 
received every year is a significant factor among all natural factors. Crop productivity 
is also influenced by differences in rainfall distribution over a year. For example, a 
single period of heavy rain, such as in 1979, might affect crop production in India by 
around 17%. There are various indirect effects on crop production. For example, evap-
otranspiration levels, which are radiation, temperature, air, humidity, and humidity, 
determine irrigation schedules. Similarly, the temperature and humidity combination 
determine insect pests and pathogens’ growth rate and development. These indirect 
effects of climate change have great economic power when combined with modern 
farm management. Including climate and weather information in the management 
system for better crop production is challenging due to the dynamic and complex 
interaction between climate and agricultural production systems [4]. Rain, solar 
radiation, atmospheric temperature, humidity, and air are common components that 
determine the weather. All of these have their importance for healthy plant life. 

2 Concept of Climate Change 

To understand climate change, first of all, you need to be aware of the differences 
between climate and climate.

• The temperature, precipitation, humidity, wind, and clouds that we experience in 
space at a specific time and location are referred to as weather.

• The average weather in the area over a lengthy period (30–50 years) is called 
climate.

• Climate change is a shift in the area’s typical weather patterns. This could be a 
change in the amount of rainfall the area receives on a yearly basis, or a change 
in the mild local temperature for a specific month or season. 

3 What Causes Climate Change? 

Earth’s equilibrium changes (the amount of energy from the sun entering the earth 
(and its atmosphere)—the energy released into the atmosphere is a fundamental 
cause of climate change). Human activities have added a vast amount of greenhouse 
gases (GHG) to Earth’s atmosphere since Industrial Modernization began 200 years 
ago. Instead of releasing solar energy and heat back into space, these GHGs serve as 
heat sinks (or blankets or car windows) to absorb it. High temperatures shut down 
when GHG levels are too high, and global temperatures climb beyond the range of 
natural changeability. There are a variety of GHGs, each with a unique ability to 
trap heat (known as “global warming”) and play a unique role in space life. Because 
many GHGs have extra consequences, particularly on human well-being, they are 
frequently referred to as “climate active pollutants” [6].
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Carbon dioxide (CO2) is a GHG that causes global warming. Combined, those 
three processes produce more than 80% of the CO2 emissions that go into the atmo-
sphere [7]. Some other important GHGs include methane, nitrous oxide, carbon 
black, and other fluorinated gases. These gases emit less CO2, but they also absorb 
more heat from the environment than CO2. The capacity to absorb heat is measured 
by the potential for global warming (GWP). CO2, like most prevalent and plentiful 
greenhouse gases, has a GWP of 1, hence it is used to compare all other GHG warming 
potential. Climate change, which humans mainly cause, has piqued the interest of 
all agronomists in recent years. CO2 is required for green plant growth. The high 
CO2 content in the atmosphere will boost photosynthetic processes, crop growth, 
and agricultural production without raising crop transpiration water demands [8]. 

On the contrary, expected climate warming could negatively affect agriculture, 
partially antagonistic to the positive direct greenhouse gas effects. Models predict that 
the world temperature can rise by 1–3.5 °C by 2100. Forests, deserts, rangelands, 
sand, and other untapped ecosystems could face new climatic disorders. Conse-
quently, some flora and fauna species can face extinction. Different elements of the 
planet can face different types of effects (detrimental or beneficial) of temperature 
change. Studies of the ascertained changes in surfaces temperature over the Indian 
region are reviewed by Pant et al. [9]. The all-India mean annual surface temper-
ature derived from seventy-three stations across India shows vital warming of 0.4 
°C per hundred years, equivalent to the world mean trend of 0.3 °C per hundred 
years [10]. This increase is due to the contribution of the post-monsoon and winter 
seasons, there is hardly any trend within the monsoon season temperature. Of the 
seventy-three stations accustomed to derive the all India average, thirty stations show 
a big warming trend whereas six show a cooling trend. A comparison of the trends in 
rainfall and temperature within the belt north of 20 on wherever most models predict 
a rise shows that the eastern sector exhibits a decreasing trend whereas the western 
an increasing one, though neither is significant at the majority of the stations. 

Crop yields are generally affected by changes in rainfall, greenhouse gas CO2 

concentration, and temperature. Increased rainfall and CO2 concentrations normally 
result in an increase in yield, while in the tropics, the impact of rising temperatures 
is frequently the opposite. As a result, if both rainfall and temperature rise, it’s vital 
to determine if the impact of higher rainfall and CO2 can outweigh the impact of 
increased temperature and evapotranspiration over certain locations and crops. 

4 Why Short-Lived Climate Pollutants Matter 

Impacts of the SLCP occurred shortly, whereas the total impacts from greenhouse gas 
are going to be undergone later. We must always try for carbon-free transportation 
and energy systems, to keep the environment, suitable for human habitation. On the 
other hand, reduced emissions of short-lived climatic pollutants could “buy time” 
while we work to make the shift. 

Reducing global SLCP levels significantly by 2030 will:
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• Decrease the global rate of sea-level rise by 20% by 2050
• Cut global warming in half, by 2050, or 0.6 °C, and by 1.4 °C by 2100
• 2.4 million premature deaths globally every year are going to be Checked
• Recover health, particularly for deprived communities
• Many methods to cut back SLCP even have immediate health advantages, such 

as: 

– Reduce hospitalization related to air pollution 
– Promotion of meat consumption reduction 
– Strict emission restrictions, particularly for diesel cars 
– Clean household stoves in developing countries. 

5 Five Critical Global Environmental Changes Due 
to Climate Change 

5.1 Increasing Temperature of the Earth’s Surface 
and the Oceans 

Since 1957, the globe has been warming at a pace of 0.13 °C per decade, nearly twice 
as fast as the rate of temperature rise over the previous century. 

5.2 Alterations in the Global Water Cycle (‘Hydrologic’ 
Cycle) 

Over the last 100 years, there have been shifts in total annual rainfall across the 
country, with some places facing extended drought and others seeing an increase in 
yearly rainfall. Storms become more frequent and intense as the atmosphere warms 
and can hold more water vapour. 

5.3 Declining Glaciers and Snowpack 

Around the globe, nearly every glacier is melting and falling in size, volume, and 
size. Billions of people depend on glaciers and meltwater is thus crushed.
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5.4 Sea Level Rise 

Warmer waters expand, increasing the volume of water in the sea, causing sea-level 
rise. Sea-level rise is also influenced by melting glaciers and tropical ice. 

5.5 Ocean Acidification 

The oceans absorb about 25% of CO2 into the atmosphere, resulting in acidic 
saltwater. 

6 Potential Impacts of Climate Change on Agriculture 
in India 

Agriculture is the sole source of income for half of India’s population. Agriculture and 
related industries make for 15.4% of India’s GDP [11]. Farming techniques include 
choosing a crop suited to the climate, soil type, and available resources, among other 
factors. As a result, agriculture and production are completely reliant on climatic 
circumstances [12, 13]. Temperature, rainfall, and sun radiation all impact the agri-
cultural ecosystem, including the livestock, agriculture, and hydrological sectors. 
According to an international assessment, crop production would decline by 10–40% 
by 2100 (https://icar.org.in/node/1738). Around 70% of the population of South Asia 
still lives in pastoral areas, and 75% of them are poor [14]. Improving agricultural 
output is critical for ensuring food security and national security, particularly for the 
poorest people, such as small and medium-scale farmers. 

Depending on local climate change and weather variability, land use, and manage-
ment, the consequences of ecological change on crop productivity might be progres-
sive or devastating. It is important to remember that the region’s sustainability in 
terms of crop production, as well as agronomic processes mitigating impacts and 
other ecosystem services such as soil protection, cleaning, and recycling of water, is 
important for biodiversity conservation. Climate change and agriculture are interde-
pendent processes, both occurring around the world. Agriculture is at risk of climate 
change. High temperatures often reduce crop yields; may increase the spread of 
weeds and pests. Changes in rainfall patterns make it possible for temporary crop 
failures and to reduce crop production over the long term. Overall, the consequences 
of climate change on agriculture are likely to be unfavourable, posing a danger to 
global food security. Climate change will induce crop failure on the most essential 
crops in underdeveloped countries. The majority of the population in South Asia 
will be affected. Climate change will affect irrigation crops in all regions, but irri-
gated crops in South Asia will decline dramatically. The most significant crops—rice, 
wheat, maize, and soybeans—will increase as a result of climate change. High feed

https://icar.org.in/node/1738
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prices contribute to high meat prices, while climate change is expected to slow meat 
growth. In India, the effects of climate change on agriculture are being further exac-
erbated by previously thought, especially wheat if a 1 °C temperature rises in areas 
such as Punjab, UP, and Haryana could be a loss of about several million tons annu-
ally, in addition, production from crops such as rice, sorghum, maize can be reduced 
by up to 10%. Yield reduction may be due to a reduction in the growing season, a 
decrease in water availability when water is not harvested properly. Climate change 
impacts biodiversity, which in turn impacts agricultural production, which is espe-
cially crucial for small and medium-sized farmers in India. Poor people, particularly 
those living in low-productivity agricultural areas, rely mostly on a range of natural 
genes. 

Climate variation has a greater impact on local climate change than it does on 
global climate change. Since 1880, the average worldwide temperature has climbed 
0.83 °C. As a result, any evaluation should be carried out independently by identifying 
each place. It’s also worth noting that not all effects of climate change are negative; 
knowing the possible favourable benefits of CO2 on plant development and enhancing 
water usage efficiency can have positive effects on the crop. 

7 Projected Impact of Climate Change on Indian 
Agriculture 

When CO2 levels rise to 550 ppm, rice, wheat, legumes, and oilseed yields increase 
by 10–20%. 

Wheat, soybeans, and mustard [Brassica juncea (L) Czernj. Cosson], nuts 
(Arachis hypogaea L) and potatoes (Solanum tuberosum L) yields may be reduced 
by 3–7% if the temperature is raised by 1 °C. 

Most agricultural productivity will decline slightly by 2020, but by 10–40% by 
2100. 

Important impact on the food quality of basmati rice–wheat etc. 
Perhaps some improvement in the harvest of chickpea (Cicer arietinum L), winter 

(Rabi) Maize, sorghum [Sorghum bicolor (L) Moench], and barley and coconut 
(Cocos nucifera L.) on the west coast. 

Reduced initial damage has resulted in little losses of potatoes, mustard, and 
vegetables in northwest India. 

Droughts and floods are expected to worsen, causing production swings. 
Significant effects on microbes, viruses, and insects. 
Fish spawning, migration, and harvesting are anticipated to be affected by rising 

sea and river water temperatures. 
Increasing the amount of water, housing, and energy that animals require. 
Heat stress in animals; consequences for reproduction. 
Inequality in the food trade as a result of favourable effects on Europe and North 

America but negative ones on us.
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8 Effect of Climate Change on Crop Production 

Increased CO2 levels aid the growth and output of C3 plants in the atmosphere. On the 
other hand, increased temperature can shorten plant duration, increase plant respi-
ration rate, influence plant–insect balance, accelerate nutrient mineralization in the 
soil, lower fertiliser efficiency, and increase evapotranspiration things. All of this can 
significantly affect crop yields over a long period. Increased CO2 levels are projected 
to result in increased crop yields and, as a result, will aid in mitigating the detri-
mental consequences of future global warming. The effects of climate change will 
alter crop production areas on a worldwide scale. Global warming will lengthen the 
growing season in medium to high temperatures, allowing for early spring planting, 
ripening, and harvesting and the ability to complete two more harvest cycles simul-
taneously. Reduced production in hot locations due to heat tension; damage to crops, 
soil erosion, and the ability to cultivate land due to heavy rains; and land degradation 
due to increasing drought are all potential implications of climate change on agri-
culture. Crop simulation models, influenced by future weather patterns derived from 
global circulation models, imply that diminishing agricultural production would be 
exacerbated in tropical regions, where food supply is still scarce. 

Although certain benefits may be dependent on crop and regional growth, the 
overall impact on agriculture is projected to be negative, posing a danger to global 
food security. Crop-to-crop variations exist. Cotton, for example, can withstand 
extreme heat and dryness thanks to its vertical taproots. It is, nevertheless, extremely 
sensitive to water supply, particularly during flowering and wall development. Rising 
temperatures favor the growth of cotton plants at temperatures exceeding 32. A 
moderate increase in air CO2 and favor the development of Cotton plants [15]. Gener-
ally, the grain cereals will be severely affected. According to Aggarwal [16],  a 1 °C  
increase in air temperature and a 1 °C increase in CO2 concentration can result 
in a very minor decline in wheat yield in India. Adaptability measures like shifting 
planting dates and cultivars are also acceptable. However, if no adaptive mechanism is 
implemented, wheat production loss might reach 6 million tonnes. A further increase 
in 5C could result in a loss of up to 27.5 million tonnes of wheat production. Rice 
yields can be lowered by 6% for every 1 °C increase in temperature [17]. However, 
this is not the same as pulses. They are left to compete with the input responsive 
cereals. In addition, pulses are heavily planted under marginal lands. Although the 
severity of abiotic and biotic pressure is stronger in this fragile and lowly productive 
soil, there are claims that climate change will have a minor impact on legumes due to 
increased nitrogen fixation linked with higher CO2 levels [18]. Plants that produce 
oil will have the same impact. Pests and diseases that are emerging as a result of 
life-threatening weather will have a terrible impact on output. 

Most cereal productivity would suffer as a result of rising temperatures and 
decreasing water availability, particularly in the Indo Gangetic plain. The conse-
quences and sensitivity to climate change differ depending on the code’s model. 
Rice is sensitive to extreme temperatures during pollination, while cotton is sensi-
tive to hot temperatures during the advancement of the boll. Wheat and small grains
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are responsive to the least event occurring, cold snap throughout flowering and water 
stress; soybeans are susceptible to water stress and extremely temperatures; and rice is 
vulnerable to high temperature changes during pollination. Even with the favourable 
effect of increasing CO2 in the future, severe water shortages mixed with heat stress 
could have a negative impact on wheat and rice output in India. 

8.1 Climate Change Effects on Photos, Thesis, C3, and  C4 
Plants 

Weather conditions have a direct and indirect impact on photosynthesis. Although 
light absorption is temperature independent, the subsequent stages in converting light 
to chemical energy react to temperatures in a variety of ways. Increasing CO2 may 
enhance the process of photosynthesis especially in C3 plants. This may increase in 
high temperatures and under conditions of water stress. C4 plants do not respond 
significantly to CO2 emissions because they have a CO2 concentrating mechanism 
(PEP carboxylase). Other than CO2, the temperature can affect photosynthesis [19]. 
However, the rising level of CO2 will not lead to an increase in ecosystem productivity, 
and any potential increase in production should be considered in the context of the 
many eco-climate changes expected due to climate change. Changes in mean mid-
night temperatures, soil nutrient availability, pest survival and distribution, water 
resources and irrigation availability, spatial and temporal rainfall variability, drought 
and flood frequency and intensity, and soil erosion, for example, all have direct or 
indirect effects on yield [20]. Similarly, when atmospheric CO2 levels are high, the 
rate of transpiration increases [21]. 

In general, temperature changes significantly affect crop phonology. A 2 °C 
increase in mean temperature resulted in a significant fall in the grained yield of 
C3 plants like rice, while yields of wheat, soybean, mustard, peanut, and potato are 
predicted to reduce by 3–7% for every 1 °C increase in temperature [22]. The decrease 
may have influenced the phonological patterns in C3 plant production. Despite the 
unfavourable impacts of high temperatures on leaf photosynthesis, the ideal temper-
ature for photosynthesis net is expected to rise as CO2 emissions rise. CO2 driven 
increases in agricultural yields are far more likely in warmer than cooler conditions, 
according to several research. 

As a result, global warming may significantly impact net photosynthesis. Temper-
ature is a major determinant of crop distribution and production, with significant 
implications for physical activity on both a local and a transient scale. On the other 
hand, temperature responses for individual physiological processes do not always 
correlate with growth, because the latter is an amalgamation of temperature effects 
on total metabolism [23]. 

CO2 is required for plant growth since it is the photosynthesis substrate. CO2 is 
absorbed by plants through their leaves’ stomatal pores. Transpiration occurs at the 
same time. The essential phenomena of plan productivity are the trade-off between
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CO2 gain and water loss [24]. Some plants use C4 carbon fixation to get around this 
problem. Higher CO2 levels in the atmosphere are projected to improve photosyn-
thetic efficiency and, as a result, the total rate of plant growth in C3 plants. Due to 
higher levels of CO2 absorption and stronger stomatal resistance to water loss, C4 

species, particularly dicots, require less water than C3 species at current CO2 levels 
[25]. C3 species would be more competitive than C4 species in the event of drought 
and increased CO2. Low stomatal conduction in C4 plants at any given CO2 level 
results in a drop in respiratory rate and a higher leaf temperature in C4 plants, hence 
the higher temperature is linked to the damage to C4 plants in the same location. 
Given the stronger average promotion of high CO2 growth in C3 species, increased 
CO2 increases leaf size, which should increase sleep temperature during heat stress 
more in C3 than C4 habitats. 

8.2 Climate Exchange Outcomes on Soils 

Organic matter availability, temperature regimes, hydrology, and variations in evap-
otranspiration capacity are some potential changes in soil growing characteristics 
that may occur due to global climate change. The effects of climate change on soil 
properties are numerous. Rainfall quantity, intensity, timing, and type impact soil 
formation; daily and seasonal temperature fluctuations impact moisture effective-
ness, dynamic rates of biological activity and chemical reactions, and vegetation 
types. 

Soil moisture pressure will be driven by stepped evaporation from the topsoil 
and the plants’ rapid transpiration. A changing climate may also affect mineral soil’s 
workability and susceptibility to erosion, compaction, and diminished water retention 
capacity. In regions with heavier winter rainfall, a few soils may be more susceptible 
to corrosion. Mini soil physical qualities are derived from a variety of chemical and 
biological processes, and can be further influenced by weather panorama positions 
and land use. Soil available water and distribution may also react quickly to climate 
change, particularly to variable and high-intensity rainfall or drought events, and 
thus control strategies, such as cover crop planting, conservation tillage, and organic 
matter incorporation, can be counted on to keep or even improve water infiltration 
and available water in soil, which can help alleviate the effects of extreme rainfall 
and drought events. 

8.3 Climate Change Effect on Insect Pest 

Increased temperatures caused by climate change can have a variety of effects on 
crop insect populations. The interaction between the insect pest and their host plant 
is changing as a result of climate change. Global warming additionally changes the 
flowering time in temperate areas, mainly to the incumbent of latest insects and
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achieving a pest repute of non-pest insects. This leads to the large pests shifts in due 
route of time concerning change in the climate. 

Added peers of insects in temperate climates due to greater than before temper-
ature might also compel insecticide application to preserve population below the 
economic damage threshold. CO2 appears to have an indirect effect on bugs, with 
detrimental effects on insects resulting from changes in the host crop. Exposure to 
extreme CO2 levels boosts plant photosynthesis, increasing above-ground biomass, 
leaf area, yield, carbon, and the C:N ratio. These changes may increase the attractive-
ness of food for herbivorous insects, which may have a variety of effects on insect 
herbivore performance. The effects of CO2 on nutritional quality and secondary 
metabolites off the host plant will modify the insect-host plant interaction. Plants 
are more susceptible to pest damage as a result of both direct and indirect effects of 
moisture stress, particularly in the early stages of plant growth. A few insects are rain-
sensitive, and severe rains kill or eradicate them from vegetation. Drought-stressed 
tillering cereals diminish the reproductive capability of overwintering aphids, hence 
lower winter rainfall should result in lower aphid development rates. 

8.4 Climate Change Effects on Disease 

Increases in temperature, UV radiation, and relative humidity may make natural 
plant products, ento-pathogenic viruses, fungus, bacteria, and nematodes, as well as 
synthetic pesticides, less effective, with natural plant products suffering the most. 

8.5 Climate Change Effects on Weeds 

Climate change could result in the spread of tropical and subtropical weed species 
in temperate regions, as well as an increase in the number of temperate weed species 
that are now hampered by cold temperatures at high latitudes. Alterations in rain-
fall patterns will lead to variations in water availability, which will lead to weed 
changes. Species and cultural factors influence drought responses to agricultural 
circumstances. Any condition that raises the crop’s environmental stress may make 
insects and plants more susceptible to pathogen assault, reducing the crop’s capacity 
to compete with weeds. Rising temperatures substantially impact agriculture in 
general, crop weed competition in particular, and weed management. It has been 
suggested that weeds of transient origin are particularly responsive to slight temper-
ature rises, and there have been multiple occurrences of considerable weed growth 
in response to rising temperatures [26].
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9  Sector-Wise Effects of Climate Change in Agriculture  

9.1 Field Crops 

Crop yields in South Asian countries are expected to fall by 30% by the middle 
of the twenty-first century. Rainfall and temperature variations will have a greater 
impact on North Indian states and Bangladesh [27]. That is, in India, a 1.50 C 
increase in temperature and a 2 mm decrease in rainfall reduced paddy yields by 
3–15%. [14]. Climate change may cause crop yields and production to differ from 
region to region. Normal agricultural yields in Pakistan are predicted to fall by 50%, 
according to the Meteorological Office (the United Kingdom’s National Weather 
Service). Under optimum hydrologic circumstances, corn production in European 
countries is predicted to increase by 25% (Fig. 1). 

9.2 Horticulture 

High respiratory damage occurs in vegetable crops as a result of extreme high temper-
atures caused by climate change. High temperatures during flowering have been 
shown to significantly impair the fruiting stage of navel oranges (Davies 1986). High 
temperatures have an effect on the flowers or blossoms of garden plants, which burn,

Fig. 1 Causes and impact of climate change on agriculture and allied sectors (Source Srinivasa 
et al. [28]) 



Potential Impacts of Climate Change on the Sustainability of Crop … 277

as well as fruits and vegetables. In litchi orchards, temperature pressures during the 
ripening period induce fruit burns and cracks [29]. Lack of moisture causes sunburn 
and cracking in fruits including cherries, apricots, and apples. Floods have wreaked 
havoc on most food crops, particularly tomatoes. 

9.3 Livestock, Poultry and Fishery Sectors 

Climate change has an impact on the productivity, reproduction, health, and adapt-
ability of cattle, poultry, and fisheries. Pereira et al. [30] found that high temper-
atures cause physiological changes in the body of the animal, such as an increase 
in respiration rate (>70–80 per minute), blood flow, and body temperature (>102.5° 
F). Diseases, a lack of seedlings, heat stress, and breeding procedures contribute 
to Bangladesh’s enormous economic losses due to lower cow productivity [31]. 
Uneven weather variations have a direct impact on animal output by 58% and repro-
duction by 63.3% [32]. Heat stress is more common in dairy breeds than in meat 
types. Higher milk producing breeds are more sensitive to heat stress because of 
increased metabolic heat production, low milk producing animals are more resistant 
to heat stress because of lower metabolic heat output [33]. Increasing the tempera-
ture and temperature-humidity indicator outside the essential threshold level reduces 
dry matter intake and milk yield. It also has an effect on the animal’s physiology 
[34]. Floods and cyclones wrecked large-scale agricultural production in southern 
and central Mozambique in 2009–10, resulting in cattle, infrastructure, and food loss 
[35]. Poultry are particularly vulnerable to temperature-related issues, particularly 
heat stress. Chronic heat stress causes endocrinological changes in broiler hens that 
increase lipid buildup, inhibit lipolysis, and induce amino acid catabolism [36]. 

The amount of poultry consumed will decrease due to heat stress [37], resulting 
in decreased body weight, reduced egg production and meat quality, reduced egg 
shell thickness and increased egg breaking rate [38]. Heat stress reduces egg shells’ 
strength, weight, ash content, and thickness [39]. Rising environmental temperatures 
may boost fish growth and development seasonally, but it increases the risk of the 
population living outside in the heat tolerance zone [40]. Fish mortality and distri-
bution will be affected by a 1 °C temperature increase [41]. The shift in the mating 
season of Indian major carp to fish hatcheries in West Bengal and Orissa from June 
to March was caused by a temperature increase from 0.37 to 0.67 C (DARE/ICAR 
Annual Report, 2008–09). 

9.4 Economic Losses of Climate Change in Agriculture 

The agricultural sector is very vulnerable to climate change and is expected to suffer 
significant economic losses worldwide. According to the United Nations Office 
for Disaster Risk Reduction (UNISDR), the disaster-affected nations experienced
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a direct economic loss of US 29 2908 billion from 1998 to 2017. Climate-related 
disasters are responsible for 77% of all damage. Climate change’s effects on agricul-
ture have become more specific in recent years. According to the Economic Survey 
of the Government of India (2018), climate change has resulted in an annual loss of 
US $9.9–10 billion. 

9.5 Agro-techniques for Adaptation to Climate Change 

“Adapting to or profiting from environmental or social stimuli in reaction to actual 
or expected stimuli and their consequences or effects on environmental, social, or 
economic systems,” according to the IPCC [42, 43]. “Possibilities linked with in 
both the creation and evaluation of impacts and vulnerabilities, as well as response 
options, adaptation to the climate change debate is critical. 

9.6 Primary and Secondary Tillage Practices 

Planting cover crops and green manure crops can help prevent future loss of soil 
organic matter, moisture, erosion, and nutrient loss due to climate change. This 
low-tech agricultural method could also be a viable option. 

9.7 Choice of Crops and Cultivars 

Introduce or select resilient varieties/hybrids/composites for climate change (Fig. 2). 
Long-season varieties can be selected to provide a stable yield under more variable 
conditions.

9.8 Relocation of Crops in Alternative Areas 

The effects of climate change vary across crops and regions. More suitable crops 
and areas need to be identified and relocated to unsuitable areas for climate change/ 
variability.



Potential Impacts of Climate Change on the Sustainability of Crop … 279

Fig. 2 Key strategies essential for climate change adaptation in the agriculture sector (Source 
Srinivasa et al. [28])

9.9 Resilient Cropping System 

The advantages include (a) maintaining and improving soil fertility as crops deplete 
soil fertility, (b) improved crop growth as crops may provide mutual support to 
each other, such as reducing lodging, enhancing winter survival, or even acting as 
windbreaks to enlarge growth, and (c) disease spread reduction. The more plant 
species there are and the longer it takes before the soil is reseeded with the same 
crop, the more disease problems are likely to occur (see Fig. 3).

Effective crop-growing season, which is calculated from long-term rainfall data 
analysis, is used to determine the various cropping systems, including mono-
cropping, intercropping, and double-cropping. The All India Coordinated Research 
Project for Dryland Agriculture (AICRPDA) conducted research on intercropping 
systems (ICSs) and found that additive series were more successful than replacement 
series in various seasonal drought situations, with multiple benefits including higher 
output and returns, spread labour peaks, soil fertility maintenance (with legume inclu-
sion), and production stability. When seasonal rainfall was above normal, optimum 
production was obtained. When rainfall was normal, relatively high values of land 
equivalent ratios were achieved; and when rainfall was low, one of the two crops 
yielded reasonably, giving insurance against weather aberrations [44]. 

Furthermore, the ICSs have discovered that, due to soil moisture replenishment, 
the rainy (Kharif) season is more suitable to intercropping than the rabi season in 
India’s wet production systems. Pigeon pea performed better as a foundation crop or 
intercrop, particularly in intercropping systems based on sorghum, cotton, and pearl
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Fig. 3 Schematic diagram of the overall strategy of climate change adaptation with the implemen-
tation of various technological interventions (Source Srinivasa et al. [28])

millet [45]. The diversity of cropping systems, which is tied to rain-fed agriculture 
and influences the socio-economic conditions of the agricultural community, has 
been one of the most important aspects of Indian agriculture. Double cropping is 
possible in areas with sufficient rainfall (usually more than 750 mm) and a soil 
moisture storage capacity of more than 150 mm. Rainwater collected in agricultural 
ponds for the development of winter crops can also be used for double cropping. One 
of the two crops could be a 60–70-day crop (generally a legume), while the other 
could be a 110–120-day crop (usually cereal). 

9.10 Seed Rates and Spacing 

Seed rates and row spacing must be changed to cope with situations such as delayed 
and early season dryness, which need re-sowing. Plant populations may be modified 
based on crop water needs and water-use efficiency, which can be seen in early-season 
rainfall. 

9.11 Contingency Crop Planning 

Contingency crop planning is putting in place a strategy for switching crops or 
making other decisions based on the current rainfall condition and soil moisture 
status in a specific area [46]. Due to extended dry spells after seeding at the regular
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commencement of the monsoon, the crops endure agricultural drought at various 
stages. During the rainy season (July to September), a seasonal drought causes crop 
failure. Early-season dryness is most often caused by a delayed beginning of monsoon 
or a lengthy dry period shortly after the rainy season begins. Mid-season drought is 
caused by a lack of soil moisture availability between two successive rainfall events 
during the crop-growing cycle. As the crop matures, so does its impact. At each stage, 
the length and intensity of the dry situation. Droughts that occur late in the season 
or towards the end of the monsoon season are more likely to occur in years with 
a late start or inadequate monsoon activity. The early monsoon withdrawal causes 
early-season droughts in July, mid-season droughts in August, and terminal droughts 
in September, all of which have varied consequences on plant growth and output. 
Contingency crop planning refers to a technique for picking crops based on rainfall 
and moisture levels during any agricultural growing season. 

9.12 High Intense Rainfall Events 

Preventing seed germination and collecting produce are two stage-recommended 
practises throughout the time of crop maturity. In the event of inconvenient rains 
during the vegetative stage, contingency measures include: draining excess water as 
soon as possible, applying 20 kg N + 10 kg K/acre (0.4 ha) after draining excess 
water, applying 50 kg urea + 50 kg mutate of potash (MOP)/acre (0.4 ha) after 
draining excess water, gap-filling either with accessible nursery or by piercing the 
tillers from the existing hills in rice, weed control, and appropriate plant. 

High intense rainfall events generally occurred due to the following events: 

Floods: The type of material (sand or silt) deposited during floods has an impact 
on crop/field management. Early sand exclusion or ploughing in of sand (depending 
on the degree of deposit) to assist rabi crops or Kharif are examples of amelio-
rative treatments in sand-deposited agricultural fields/fallows. An early rabi crop 
strategy is recommended in existing cultivated regions and current fallow lands in 
the silt deposit Indo-Gangetic plains. Other efforts include emptying stagnant water 
and bolstering agricultural bunds, among others. In diara (flood-prone land regions), 
different agricultural plans for receding scenarios are included. Flooding is common 
in rice-growing areas, resulting in the loss of nurseries as well as the strengthening 
of include alternate losses of nurseries, delayed transplantation, or damage to previ-
ously transplanted fields. To avoid losing the season, community nurseries are recom-
mending boosting scheduled bushenings, transplanting in damaged fields and trans-
planting new areas, or direct seeding depending on seed availability. Spraying a salt 
solution on the submerged crop at maturity or on harvested produce to prevent early 
germination are two further methods. 

Heatwave: Heat-tolerant cultivars, light, regular watering, foliar spraying with thio-
urea or KNO3 at appropriate distances, and other interventions are suggested.
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Cold wave: Cold-tolerant types should be used, light watering should be done often, 
and smoking should be done at night, among other things. 

Frost: Frost-tolerant varieties are sought, planting schedules are adjusted to avoid 
sensitive phases falling during frost periods, young plants are thatched, and ground 
cover such as shelterbelts and shade trees is employed to reduce heat loss, among 
other things. 

Cyclones: In high-risk locations, forestry windbreaks or shelterbelts, as well as the 
cultivation of storm-resistant crops, are recommended (e.g. ginger and pineapple). 
Other methods include field drainage, staking and propping of plantation crops, and 
washing and drying of harvested field crops. 

Hailstorm: Anti-hail guns and anti-hail nets have been suggested as possible solu-
tions. To prevent further fungal infection, spray 0.1% carbendazim on the affected 
area. 

9.13 Nutrient Management 

It’s unsafe to rely solely on basal soil application of nutrients in arid and semi-
arid locations where dry spells and droughts are prevalent. It is preferable to supply 
roughly 50–60% of the nutrients by a basal application and the rest through a foliar 
spray. Plants are unable to acquire an appropriate quantity of nutrients when soil 
moisture is scarce, which has detrimental consequences for their general health, 
particularly their growth and grain quality. As a result, it is beneficial to provide 
chosen plants with nutrients, either with or without plant development agents, in 
order to help stressed plants recover quickly. For example, Pulses, are grown without 
fertilisers or irrigation under rainfed and rice fallow environments, and their yields 
are low. Foliar fertiliser treatment can be used to boost their yield. Pulses also have 
a shorter duration between the maximal vegetative and reproductive stages. Foliar 
nutrition is a superior technique in the nutritional management of pulses to avoid any 
of these issues. A foliar spray of 2% diammonium phosphate (DAP) was applied in 
rainfed and rice fallow pulses. 

9.14 Weed Management 

Another important endeavour is timely weed control. Stale seedbed method, manipu-
lation of sowing time so that ecological conditions for weed seed germination are not 
favourable, mulching, crop diversification, selection of acceptable crop varieties as 
well as planting of weed-smothering crops, land levelling, conservation tillage, and 
efficient weed-management strategies are examples of different types of measures.
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9.15 Water Management 

Conservation of water for irrigation while drought conditions persist, as well as 
drainage of excess water from agricultural land during flooding, should be prioritised. 
To keep water levels in aquifers stable, rainwater harvesting and other water-saving 
activities should be used. In drought-prone nations and tropical climates, reusing 
waste water should be encouraged. Because agricultural productivity depends on 
water availability, advancements in runoff control and irrigation technologies will be 
critical. 

9.16 Mitigation Strategies 

Mitigation refers to efforts to reduce or eliminate greenhouse gas emissions. Climate 
change mitigation is the reduction of human-caused (anthropogenic) greenhouse 
gas emissions (GHGs). Carbon sink capability can also aid with mitigation, such 
as through reforestation. The following agro-techniques must be applied to combat 
climate change. 

9.17 Crop Management 

Intensively maintained croplands provide several chances to implement strategies 
that minimize net GHG emissions. The following, partially overlapping types of 
farmland management mitigation practices: Increased soil carbon storage can be 
achieved by enhanced agronomic methods that increase yields and create greater 
carbon residual inputs. These are some examples of unethical behaviour. Improved 
crop varieties are one example; other farming practises that use less fertiliser can 
also reduce emissions per hectare. These ‘catch’ or ‘cover’ crops offer carbon 
to soils while also absorbing plant-available Nun used by the preceding crop, 
minimising N2O emissions. Methane emissions from rice. Intermittent flooding has 
been proposed in many studies as a technique to reduce CH4 emissions. In all irri-
gated rice regions across the country, by transitioning from the current technique 
of water management to intermittent floods. It is possible that the amount of CH4 

emitted by irrigated rice fields could be lowered by 40%. In the case of intermit-
tent floods, however, the N2O N fluxes may increase by 6%. The upscaling research 
for India has so revealed the challenge of GHG reduction. When intermittent floods 
repressed CO emissions, N2O emissions increased. Because N2O has a higher global 
warming potential (GWP), the benefits of lowering CH4 and CO2 fluxes are offset by 
increased N2O. Total carbon equivalent emissions from irrigated rice-growing areas 
of the country fell from 41.1 Tg C to 36.2 Tg C in a year as a result of intermittent 
irrigation in lice. Rice direct seeding (DSR) and rice intensification (SRI) are two
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promising methods for reducing methane emissions. Methane is generated when 
the soil is constantly submerged in water, as in the case of conventional puddled 
transplanted rice. Methane emissions are reduced when rice is grown as an aerobic 
crop because DSR and SRI crops do not require continuous soil submersion. When 
compared to the traditional puddled transplanted rice farming method, DSR and SRI 
methods have a considerable potential to lower GWP (by around 35–75%). 

9.18 Nutrient Management 

Site-specific nutrient management, slow-release nitrogenous fertilisers, and nitrifica-
tion inhibitors such as coated calcium carbide and dicyandiamide are the most effec-
tive management options for lowering nitrous oxide emissions. Using a leaf colour 
chart (LCC) can reduce nitrous oxide and greenhouse gas emissions by 11–14%. 
Crops do not always absorb nitrogen efficiently from fertilisers, manures, biosolids, 
and other nitrogen sources. Improved N-use efficiency can reduce N2O emissions 
and indirectly reduce GHG emissions from fertiliser. That lead to N2O formation; 
placing N more precisely into the soil to make it more reachable to crop roots; or 
avoiding N application Climate change can be mitigated with the help of the INM and 
SSNM. Greater rice yields and hence increased net CO2 assimilation, as well as a 30– 
40% increase in nitrogen utilisation efficiency, are instances of proven technology. 
This gives an excellent opportunity to reduce greenhouse gas emissions linked with 
nitrogen fertiliser use in rice systems. Better CO2 concentrations may create thermal 
stress in many rice production systems in the future, but they will also allow for larger 
yields in settings when temperatures are not over threshold levels. As a result, prudent 
fertiliser use, a crucial component of the SSNM strategy, has a twofold benefit: it 
lowers GHG emissions while increasing yields in high CO2 settings. In rice fields, 
the use of hydroquinone, a urea inhibitor, and dicyandiamide (DCD), a nitrification 
inhibitor, in combination with urea, is an effective way to reduce N2O and CH4. 

9.19 Soil Carbon Management Strategies 

It is crucial to manage soil organic carbon to maintain soil resilience to climate 
change. So soil carbon sequestration is a significant way to over come the climate 
change increased soil organic carbon (SOC) storage can help to slow climate change. 
Management techniques should be kept in place to ensure a positive net carbon 
transfer from the atmosphere to the soil. Soil sink capacity is reduced during the 
conversion of natural to agricultural ecosystems, as well as the drainage of wetlands, 
due to extensive tillage of soils and burning or removal of crop residue. Conversion 
to restorative land use and adoption management methods should be implemented 
to enrich the SOC pool. As a result, effective land use and management techniques 
must be maintained to promote both carbon storage in soil and other environmental
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services. This is an important strategy for climate moderation as well as improving 
rainfed system provisioning services. 

Many long term experiment were started long back in India to enhance carbon 
sequestration and also for better productivity of different agro eco regions of the 
country. Appropriate land use and best management practices are found to increase 
carbon stock in rainfed situations. However, the exact sink capacity depends on 
prior SOM level and kind of land use system, climate, profile characteristics and 
the management practices implemented. Drylands have the obvious potential to play 
a significant role in climate mitigation while also providing significant co-benefits. 
Changes in dryland management practises can help increase carbon sequestration. 
Though dryland ecosystems have less carbon storage potential per unit area than 
moist tropical ecosystems, the prospect for carbon sequestration in dryland agri-
culture is enormous. On agricultural soils, the usual rate of SOC sequestration is 
200–500 kg C/ha/year. Better management approaches increase carbon sequestra-
tion in soils. Crop residues as surface mulch, complex crop rotations and various 
farming systems, and integrated nutrient management (INM) strategies for recy-
cling biosolids and other co-products are examples of these activities. Improving 
soil organic matter and biological nitrogen fixation through promoting soil fertility 
through integrated nutrient management. 

SSNM (site-specific nutrient management) is a promising solution for climate 
change mitigation. Because it uses less inorganic fertilizer, SSNM increases agricul-
tural productivity and helps mitigate climate change. The judicious application of 
inorganic fertiliser is a key component of the SSNM approach, as it has two benefits: 
it reduces greenhouse gas emissions while also improving yields under high CO2 

levels in the atmosphere. Cropping intensity is increased and both active and passive 
pools of SOC are maintained through crop rotation with winter cover crops. 

9.20 Crop Residue Management and Carbon Sequestration 

Crop residues are the primary source of soil carbon, accounting for roughly 40% 
of total biomass on a dry weight basis. Crop residue is the biomass that remains in 
the field after grains and other valuable commodities have been harvested. Shoots, 
leaves, cobs, husk, and other above-ground components of agricultural wastes include 
shoots, leaves, cobs, and husk. Crop residues’ ability to sequester carbon in soils could 
be a valuable asset in the fight against climate change and greenhouse gas emissions. 
The total input of crop residues that remain on the surface or are incorporated into the 
soil determines the concentration of organic C in the surface soil (0–15 cm). Farmers 
typically burn crop wastes such as pigeon pea and cotton stalks rather than reusing 
them. Therefore, shredding of crop residues is to be mechanised. Crop residues will 
decompose more easily and quickly in the soil or in vermicompost pits as a result of 
this. 

Crop residue application to soil can be done in situ or ex situ in a variety of 
ways. Because agricultural leftovers and animal dung are correctly utilised directly



286 K. Atta et al.

into the soil with no nutrient loss, the in situ approach is the most efficient method 
of recycling organic residues. Crop residue application increases infiltration rate, 
improves soil characteristics, increases soil organic matter, encourages earthworm 
activity, and improves soil structure, resulting in a greater yield after four to seven 
years. Permanent crop cover with crop residue recycling is a prerequisite and key 
feature of conservation agriculture. Existing crop leftovers, however, cause agricul-
tural swing problems. However, utilising machines such as the ziro till seed cum 
fertiliser drill or planters such as the happy seeder turbo seeder and rotary disc drill 
can assist to mitigate the issue. These devices are extremely effective at managing 
crop leftovers for moisture and nutrient conservation, as well as weed control and soil 
temperature regulation. Soil organic carbon is increased and carbon sequestration is 
aided by crop residue retention and nutrient application. Surface residues gradually 
decompose, improving soil organic matter status, biological activity, and diversity, 
and contributing to overall soil quality improvement. The C:N ratio in plant leftovers 
determines how quickly organic matter decomposes. C:N is the most commonly 
used criterion for determining the quality of residue. The legume’s nitrogen source 
is critical for carbon sequestration regulation. Biomass carbon inputs as crop residue 
enhanced soil organic carbon and stock by a large amount each year. 

9.21 Conservation Agriculture and Carbon Sequestration 

The carbon sequestration in soil by adopting various agricultural practices broadly 
known as conservation agriculture and using this method may mitigate global climate 
change. There are mainly 3 basic principles up conservation agriculture. These three 
basic principles are minimum soil disturbance; coop residue cover end diversi-
fied crop rotation preferably with legumes. By combining information of carbon 
and nitrogen cycling in agriculture and summarising the impact of tillage, residue 
management, and crop rotation on soil organic carbon stock, the potential impact 
of conservation agriculture’s own carbon sequestration can be better understood. 
Conventional tillage and erosion are the primary drivers of soil organic carbon loss. 
By lowering soil disturbance, shortening fallow times, and including cover crops 
into the rotation cycle, soil can store carbon when converted from plough till to no-
till or conservation tillage. In dry and semi-arid environments, eliminating summer 
fallowing and replacing it with no-till with residue mulching improves soil struc-
ture, enhances filtration capacity, and lowers bulk density. However, the benefits of 
no-till on soil organic carbon sequestration may vary depending on the soil/site, and 
improvements in soil organic carbon may be inconsistent in fine-textured and poorly 
drained soil. 

Growing cover crops in a rotation cycle greatly enhances the benefits of conser-
vation tillage for soil organic carbon sequestration. Growing a leguminous cover 
crop improves biodiversity, residue quality, and the soil organic carbon pool. A 
high-biodiversity environment may absorb and sequester more carbon than a low-
biodiversity ecosystem. The soil carbon sequestration is boosted by conservation
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agricultural system. Carbon sequestration in soil can be aided by increasing carbon 
inputs while reducing production. Soil organic carbon in conservation agriculture 
ranged between 0.31 and 0.45%, which is somewhat higher than in conventional 
agriculture (0.29–0.42%). Reduced tillage combined with crop residue retention 
raises soil organic carbon levels. Crop leftovers are a source of organic matter, and 
when degraded, they enhance the storage of soil organic carbon, hence removing 
them diminishes soil organic carbon greatly. Continuous application of manure and 
fertiliser in tropical Indian soils has shown that balanced fertilisation increased soil 
organic carbon and MBC. The higher amount of C mobilised in microbial biomass 
shows that soil organic matter supplies more labile C in conservation agricultural 
systems than in conventional systems. As a result, conservation agriculture likely 
provides a steady source of organic C to support the microbial community, as opposed 
to a conventional system, where each tillage event causes a temporary flush of micro-
bial activity, resulting in large losses of C as CO2. Although, due to high tempera-
tures, tropical regions cannot trap carbon in soil. In some cropping systems, correct 
management approaches, particularly conservation agriculture, increase reasonable 
amounts of carbon sequestration, particularly in areas with heavy rainfall [47]. 

9.22 Bio-char and Carbon Sequestration 

When added to soil, biochar, a carbon-rich, fine-grained, porous byproduct of the 
pyrolysis process, improves soil fertility and increases soil carbon sequestration, 
among other environmental advantages [48]. The use of biochar in soil is seen as a 
novel way to create a significant, long-term, and considerable sink for atmospheric 
carbon dioxide in the terrestrial environment. It is thought to be a novel method of 
carbon sequestration in the terrestrial ecosystem. In India, annual biochar production 
is over 309 million tonnes, which may offset roughly half of carbon emissions (292 
Tg C/year) by using biochar produced from fossil fuels [49]. 

Significant amounts of crop leftovers are produced in the Indo Gangetic plains 
of India from rice wheat cropping systems, and if these residues can be pyrolised, 
50% of the carbon in biomass is returned to soil as biochar, increasing soil fertility 
and crop yields through carbon sequestration. When biochar is put to soil, it can 
permanently raise the carbon content of the soil and provide a carbon sink for CO2 

in the atmosphere. Essentially, it lowers atmospheric carbon dioxide by sequestering 
carbon that would otherwise be used to develop plants and other organic things in the 
earth. Biochar has the ability to trap huge amounts of carbon from the atmosphere. 
Bing conventional carbon capture and storage, new technologies are proposed for 
reducing carbon emission from coal fired power station, sequestration of biochar 
removes carbon from the atmosphere.
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9.23 Agroforestry Systems in Carbon Sequestration 

To achieve the ecological and economic interaction of the various components in 
order to maximise productivity per unit area and time, woody perennials are intro-
duced with crops, pastures, and livestock. The addition of trees to agricultural land-
scapes can boost system productivity by providing possibilities to produce carbon 
(C) sinks. Sequestration of carbon in agroforestry systems can be classified into two 
types: above-ground and below-ground plant components. The agroforestry system, 
which shape and environmental and socioeconomic conditions largely govern func-
tion, contributes significantly to carbon sequestration. In agroforestry, tree species 
and system management play a role in increasing carbon storage. The incorporation of 
carbon into plant matter is known as above-ground (vegetation) carbon sequestration. 

The quantity of carbon sequestered in each section varies substantially based 
on a variety of parameters such as agro-climatic area, system type, site quality, 
historical land usage, and so on. The rates of above-ground carbon sequestration in 
some of the world’s largest agroforestry systems range from 0.29 to 15.2 mg/ha/ 
year. Agroforestry systems on fertile humid sites have a larger carbon sequestration 
potential than those on arid semi-arid and degraded sites, while tropical agroforestry 
systems have a higher sequestration potential than temperate agroforestry systems 
in general. Significant carbon is trapped in below-ground tree parts, with a portion 
of it added to the soil each year, contributing to soil carbon. 

The tree-based systems also largely contribute significant amount of litter to the 
soil every year, which helps to increase the soil carbon. Different land use manage-
ment with a higher potential to sequester carbon can enhance the carbon stocks in an 
ecosystem by removing atmosphere CO2. The type of freshly stored carbon, changes 
in land use management, the ecosystem’s inherent biological production, and the kind 
and thickness of soil all affect how quickly carbon is accumulated and released [50]. 
The carbon stored in soil in agroforestry systems ranges from 30 to 300 mg C/ha up 
to a depth of one metre, and the land conversion from worthless crops and grassland 
to agroforestry can result in a greater rate of carbon deposition that is to the tune of 
3 tonnes/ha/year [51]. 

Carbon sequestration in agroforestry systems is determined by the quantity and 
quality of biomass contributed by trees and soil factors such as soil structure and 
aggregation. There is a 6.07 t/ha/year increase in soil carbon in a poplar system, and 
in sandy clay, higher carbon content was reported in the 0–30 cm depth compared to 
loamy sand. Carbon stock ranged from 8.5 to 15.2 mg C/ha in the upper 40 cm soil 
layer, which contained around 69% of soil carbon in the profile. Mixing agroforestry 
with crop fields is viable for increasing C sequestration in soils. Many types of agro-
forestry systems are common in India, and the following are the carbon sequestration 
rates recorded from these systems. 

Agri-silviculture systems: Several sections of India have long practised agri-
silvicultural systems. These systems can be classified into two groups. The first 
is farmers who plant trees in and around their fields where they grow food crops, and
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the second is farmers who plant trees in private holdings in diverse spatial arrange-
ments where the main product is the tree, with the help of huge corporations. The 
tree can be cultivated in a variety of densities and spacing on boundaries or in the 
field. 

Silvo-pasture systems: It is the practise of combining the growth of trees with the 
production of pastures and cattle. Many different silvo pastoral systems are practised 
in India. Scattered trees on pastures, plantation crops mixed with pastures, live fences, 
fodder banks, windbreaks and shelterbelts, and hedgerow intercropping on pastures 
are all examples of silvopastoral methods. Trees un silvopastoral systems provide 
protein-rich feed when grass is scarce or indigestible. In the Himalayan foothills and 
Rajasthan, there are several types of traditional silvopastoral systems, some of which 
are subsistence and migratory. These mechanisms help to sequester carbon. 

9.24 Economic Impact of Climate Change 
and Climate-Smart Agriculture Technologies 

Despite the fact that climate change has few good benefits, global warming is a 
major harmful effect. Temperatures above 30 °C have net negative consequences, 
and temperatures exceeding 70 °C can result in severe loss. In 2015, the global social 
cost of carbon emissions is anticipated to be USD 29/tC (tonnes of carbon), rising at 
a rate of 2% per year [52]. If adequate climate change mitigation techniques can be 
implemented, the net economic growth of Solomon Island’s fishery sector will also 
increase. Climate change will also have a negative impact on agricultural markets, 
resulting in a 0.26% drop in world GDP [53]. In a quadratic progression, both market 
and non-market losses have increased. If the average world temperature rises 1 °C, 
it is expected to cost 1.2% of GDP [54]. If future mitigation initiatives follow the 
adaption of previous strategies, global income is expected to drop by 23% by 2100, 
widening the income inequality gap [55]. Global economic growth is expected to 
slow by 0.28% annually [56]. 

10 Impact of National Programmes and Policies 

10.1 Impact of Irrigation Policies 

Groundwater resources have been created in South Asian countries over the last 
20 years. The average productivity of wheat, paddy, corn, and peanuts has increased to 
2.97 Mt/ha from 2.32 Mt/ha. Irrigation policies have enhanced the resources for food 
as well as reduced the emission of greenhouse gases (GHGs) to a greater extent by 
avoiding the conversion of forest land to cropland. Among different types of irrigation
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processes, the Micro type irrigation smart technology has increased productivity to a 
greater extent which is almost triple time than the previous and saves water and energy 
too. In Indian agriculture for water utilization strategy “More crop per drop” is a very 
important message. Policies like MGNREGA and PMSKY (Prime Minister Krishi 
Sinchayee Yojana) significantly affected the country’s conservation and utilization of 
groundwater. These irrigation programmes and policies has positive impact in both 
field crops and horticultural crops. 

10.2 Impact of Fertilizer Policies 

South Asian countries have seen a fast increase in fertiliser consumption. The appli-
cation of fertiliser has enhanced crop production and crop productivity in India. Due 
to the proper application of fertilizer, the production and productivity of the crop have 
been increased from the same piece of land, so the grain production has also been 
increased, saving a million hectares of forest land from conversion into cropland. 
The government’s Soil Health Card objective has increased production and need-
based nutrient application, as well as enhanced soil health. India plays a key role 
in climate change adaptation. The government has enacted legislation to minimise 
fertiliser input costs, enhance nutrient usage efficiency, and reduce GHG emissions 
from fertiliser nutrient sources. Neem-coated urea was introduced by India. 

10.3 Agroforestry Policy 

The Government of India’s forestry and agroforestry policies plays a critical role in 
climate adaptation and mitigation. The area under agroforestry is on an upward trend 
towards more carbon fixation and reduced GHGs. Aside from environmental services, 
including a price mechanism would help to stabilise the livelihoods of India’s 
agroforestry producers. Through its network, ICAR supported location-specific 
agroforestry species identification and associated technology. 

10.4 Livestock, Poultry and Fishery Sector Policies 

In order to combat animal diseases, develop genetic resources, implement scien-
tific and improved management practises, increase production and abundance of 
healthy feed and fodder, develop processing and marketing facilities, and increase the 
productivity and profitability of livestock and fisheries enterprises, the Department 
of Agriculture and Allied Industries has been collaborating with state governments. 
In 2017–18, 176.3 million metric tonnes of milk were produced, up to 132.4 million 
metric tonnes in 2012–13. Several livestock-related measures contributed to India’s
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overall development. In the financial year 2017–18, India’s total fish production was 
anticipated to be around 12.61 million metric tonnes. Similar initiatives were taken 
to improve the poultry sector’s administration and development. 

10.5 Contingency Plans and Resilient Model Villages 

ICAR’s agriculture contingency plans and climate-resilient villages have the 
following main effects: 

(a) A large-scale effective awareness was produced from multiple hierarchies and 
capacity building to roughly million stakeholders involved in resilient agricul-
ture through various workshops, village institutions, interface meetings, field 
visits, and so on. 

(b) Seed systems and agricultural machinery are available through Custom Hiring 
Centres for timely sowing and farm operations. 

(c) In Madhya Pradesh, for example, essential technology were adopted for resilient 
agriculture, while crops in Andhra Pradesh were preserved using rain gun-based 
lifesaving irrigation. 

(d) Drought years in the region (2014, 2015, 2016) resulted in a 6–9% reduction in 
sowing area. ICAR built a total of 151 resilient communities, which were then 
reproduced in state government programmes. Village carbon balances were 
improved by offsetting GHG emissions through the implementation of climate-
resilient villages. The implementation of climate-resilient villages was a ground-
up innovation involving multi-stakeholder participation, significant technical 
support, scientific knowledge flow, and regular monitoring. 

10.6 Insurance Policies 

Farmers’ financial conditions have been improved by the implementation of insur-
ance policies that lessen anguish and recompense for readiness. Under the Prime 
Minister Crop Insurance Scheme various chances have been provided to develop the 
farm insurance. 

10.7 Agriculture and Rural Development Ministries 
Aggregated 

In 2019 the Govt. of India bring two important ministers. They are the ministers of 
agriculture and rural development which are regulated or headed by a single minister 
and by combining these two ministries it is possible to implement climate change at 
ground level and it is expected to strengthen this thing further in India.
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11 Conclusions 

Providing food and nutrition security for the world’s growing population has put 
a strain on agriculture, which is deteriorating further as a result of climate change. 
According to many studies, climate change is expected to reduce agricultural produc-
tivity in the coming years. Several mitigation and adaption strategies have been devel-
oped to mitigate the negative effects of climate change on agricultural sustainability. 
Climate change-related economic losses can be addressed using those methods at 
both the local and macro levels. However, in order to be effective, these mitigation 
and adaptation strategies must be planned at the regional or local level. Mitigation and 
adaptation planning is complicated by the fact that the future of climate change and 
its consequences is very unpredictable. This necessitates the development of climate-
resilient technology based on a regional multidisciplinary approach. Farmers must 
be educated about various climate-smart technologies and climate-resilient cultivars 
must be produced. Climate change, its origins, and consequences are among science 
and technology’s most rapidly changing topics. India is a tropical country whose 
agriculture sector is being impacted by climate change. Agriculture and sub-sectors 
employ over 70% of the Indian population directly or indirectly. Climate adaptation 
and mitigation measures can aid them in combating climate change’s detrimental 
effects on agriculture. 
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