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The Soil

That enjoys the shifting coarse of the river Ganga

That never allows to construct a house on river bank

That does change with periodically occurring floods

But, never says for shelter elsewhere

Every year, new “Alluvium” appears that grows the crops

But, never says to wait until “Alluvium turns into Soil .

It is the Ganga with aquifer, while riverbed ecosystem with rhizosphere.
Such a Holy Soil of Gokhale Nagar Bishnupur is my trait,

That is strange, full of wisdom; though rests on trust of
Vasudeva kutumbkam.

Thus, I see the soils from Arunachal to Saurastra stretching Kerala,
Kashmir to Kanyakumari extending to Indira Point of Nicobar Islands;

O My Soil ! The Land of My India!
—Bipin B. Mishra



India is uniquely a diversified country with a complex mosaic of landscapes covering with
variegated thin layer of a variety of soil types. The book “The Soils of India” under the World
Soils Book Series provides, in a reader-friendly manner, an overview of the distribution,
properties, functions and emerging challenges of soils in Indian agriculture following the
future strategic land use planning processes, soil governance and soil research opportunities. It
provides a complete synthesis of the soils of India with special emphasis on glimpses of soil
research, climate and climate change, geology and geomorphology, mineralogy and micro-
morphology, biogeochemistry, major soil types and classification, soil health and emerging
threats to soil safety, with logical and conceptual action plans towards sustainable manage-
ment options.

The continued pressing demand for land on way to find the most remunerative land use
options and subsequent challenges with finite soil resources would have prompted the United
Nations Organization to declare 5 December as World Soil Day as a mark to connect people
with soils and raise awareness on their critical importance in our lives in order to assure the
food security, food safety and food nutrition. The mission of the International Union of Soil
Sciences with the World Soils Book Series to prepare books for each country is a powerful aid
towards UNO’s commitment. I am pleased that “The Soils of India” in this series would be a
milestone towards the sustainable Indian agriculture.

Professor Bipin B. Mishra, as Editor of this book, is a frank and seasoned soil scientist with
an acclaimed credibility and has contributed commendably in shaping this book as a treasure
for farmer-friendly land use planning options in order to benefit the Indian agriculture in
different facets including climate change mitigation and adaptation and organic farming
approaches with a positive vision towards second green revolution in India following the
system approaches in soil resilience.

Most of the chapters are authored by experienced scientists from across the country (both
ICAR and SAUs) on emerging issues, opportunities, threats and potential mitigation options in
order to move Indian agriculture towards sustainable development under assured economic
growth. This book is intended for students, scientists, land use planners, policy-makers and
corporate sectors including farming communities at large who are indulged to know the
ground truth about the state of the art in soil sciences following the land evaluation for reliable
planning process in India.

April 2017 Dr. Trilochan Mohapatra
Secretary, Department of Agricultural Research
and Education

Director General, ICAR
New Delhi, India
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The nature, properties and qualities of soils today in Indian subcontinent are definitely not
of the same or even similar as they were in the past, although the soil resource has been deeply
rooted to human’s existence because food, fibre, fuel, fodder, water and air are directly under
the influence of soil resource in all pedogenic, edaphologic and environmental perceptions.
Change is no doubt the natural law of the environment, wherein humans look for adaptation to
such changing situations or exploring mitigation options. But, if the change is because of
anthropologic ill-interferences, it leads gradually to distortion of the natural equilibrium
causing a disastrous consequence in time and space. The soils in India have been made
victimized with such consequences as a result of continuing unplanned and imbalanced
activities since long past. Within the wheel of rapidly growing human population as well as
shrinking trend of agriculturally viable land area, the demand for soil and land has become
pressing. Such pressing demand has led to intensification of land uses without caring for soil
health and sustainability, and as a result, the soil and land resources in India are virtually now
the threatened scarce resources that also suffer from varying nature of conflicts. The book
covers a wide range of issues for inventorying the soil resources for systematic evaluation
following the strategic planning for improvement to desired extent. Accordingly, the book is
aimed at synthesizing the geologic, mineralogic, micromorphometric, climatic, pedologic,
edaphologic, anthropologic, biotic, abiotic, biogeochemistry and ecologic aspects of these
soils in relation to emerging threats to soil health, stability, safety, biodiversity, productivity,
profitability and overall sustainability on the landscape. Efforts are made to project detailed
information on challenges and opportunities of soil resources in priority areas. Chapter 1 is an
introduction highlighting the background as well as emerging values of soils in everyone’s
lifestyle, threats to soils, opportunities for restoration of soil health and quality, relevance of
land use planning and second green revolution. Subsequently, education and research in soil
science need to be upgraded with changing scenario under the umbrella of ICAR.

The history of soil research in India is merely at youthful stage and still needs advancement
in terms of principles, laws, theories and technologies in order to meet the pressing demands
for healthy soil resources in India. The ancient history witnesses the importance of soils as the
“Mother Earth”. Soil as a natural resource exists on landscape in continuum beyond the
man-made boundary, and so India believes on “Vasudheva Kutumbkam”. Chapter 2 is a
systematic projection of complete historical spectrum of growth and development in soil
research in order to establish the priorities for assurance of sound soil health and sustainable
production.

We sow the seeds in soil, but grow the plant on land. So, soil works under the umbrella of
climate and collectively called the land, i.e. soil and climate. Chapter 3 highlights the climate
and their possible variation in time and space with emphasis on trends of various weather
parameters over the year across the country besides their impacts on soil parameters. This
chapter is also devoted to the changing scenario of climate and its impacts on soils that is the
lowest boundary of the entire earth’s atmosphere excluding ocean, water bodies and rock
outcrop. The current changing scenario of climate is becoming a threat even to soil qualities



necessitating the adaption as well as mitigation approach with emphasis on carbon seques-
tration in soil environment.

Soils being the thin skin of the earth’s crust develop primarily on rocks as conditioned by
geological orientation and physiography of the landscape. Chapter 4 covers both geology and
geomorphology in shaping the diversified soil types. The soil is dynamic as a
three-dimensional natural body in an open ecosystem and diversified particularly in differing
geology, climate, geomorphology, relief, hydrology and vegetation. Chapter 5 thus covers
different major soil types and their taxonomic equivalence with World Reference Base
(WRB) and USDA soil taxonomy following their relevance in land use options and transfer of
technology. Importantly, mineral fractions including clays and clay minerals in soils are the
driving force for almost all the production functions of the soils. Chapter 6 is accordingly
designed to highlight the scope and distribution of these minerals in differing soil groups of
India and their vital interactions relevant to different soil functions. The edaphology is always
substantiated by pedology, and for soil and land evaluation, pedology plays a vital role.
Accordingly, soil micromorphology, being the study of soil as well as sediment in thin section,
can only disclose whether the soil is formed in sifu or through colluvium or alluvium. Chapter 7
discusses on use of micromorphology in Indian soils and to answer some researchable
problems related especially to pedology and edaphology.

Soil is a living (biotic) and non-living (abiotic) natural system, wherein elemental cycling
as mediated by complex interactions between biotic and abiotic soil components is by and
large usual. However, the human activities have substantially altered biogeochemical cycling
of several key elements including carbon, nitrogen, phosphorus, potassium and other sec-
ondary and minor nutrients over the past few decades, which, in turn, had serious environ-
mental consequences. Chapter 8 presents the soil biogeochemistry of Indian soils in both
natural ecosystems and managed agricultural systems. A better understanding of soil bio-
geochemical cycling is needed as it controls ecosystem functioning of both natural and
managed (i.e. agricultural) ecosystems, productivity and sustainability.

Chapter 9 is devoted to the benchmark soils in major agro-ecological regions. It is a
representative of the most extensive soils in major land resource area or agro-ecological zone.
Such efforts would be helpful in identifying the use of soil resource inventory and classifi-
cation in optimal land use and production system. Chapter 10 is accordingly intended to land
evaluation and land use planning being the powerful means of making decision for specific use
of land uses in a given land unit for the most remunerative return on sustainable basis, since
the land in India is not only scarce but threatened too. This chapter is devoted to issues,
opportunities and different procedures followed in India for land evaluation and land use
planning.

Soil as a natural resource has capability to produce, and so the soil must be healthy for
optimal production, safe and resilient with minimum or zero level of degradation, profitable
and sustainable to meet the community’s requirements without environmental abuse following
the adaptation and mitigation options against the emerging challenges due to climate change.
Chapter 11 opens the most burning issues with the health and fertility of soils in four major
spectra, viz. physical, chemical, biological and pollution, and critically identifies the oppor-
tunities for managing the soil health following the policy initiatives taken by the Government
of India. It is apparent that the Indian Council of Agricultural Research, besides promoting the
soil science and pedology, is constantly encouraging for assurance of healthy soils in each
parcel of land in collaboration with other departments, state governments and central and state
agricultural universities.

Chapter 12 covers the burning issues on quantification of soil resilience “the capacity of a
soil to recover its functional and structural integrity after a disturbance”. This chapter helps to
understand the declining trend of the partial factor productivity of inputs like fertilizers in
India. Contrary to ever-increasing food demand in India, the partial factor productivity of
inputs like fertilizers decreased from 20 kg grain/kg NPK applied in 1985 to 14 in 1996 and to
9.2 in 2010 due to deterioration in physical, chemical and biological quality of soils. Since the
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soil resilience is the soil’s inherent ability to restore its quality after disturbance that influences
the soil health and quality, the sustainability thus depends on resilience and resistance of soil
by conservation and improvement measures in time and space.

Since historic past, soil has been serving the societies with its commercial and industrial
values also. Chapter 13 discusses various soil forms of industrial importance. Type-specific
soils and their fractions including parent materials are already used differently in trades and
industries across the country. However, success in adoption of conservation agriculture will
open opportunity for soil-based carbon trading in days to come. Besides, by linking land use
planning with supply chain process may strengthen the scope of soil in commercialization
through the farming communities and ensure the alleviation of poverty.

Chapter 14 is devoted to “soil and future” and covers a wide range of issues including
governance, restructuring the national soil and land policies and modernization of smart
soil-based education, research and development aspects, land use-based soil classification
scheme, effective land use planning process, legal restriction on diversion of agricultural land,
soil health insurance and evaluation as well as auditing of project recommendations for
property rights and so on.

The book, as a whole, may be an aid to future line of action to ensure a healthy soil in each
parcel of land for optimal return with time and space in order to meet the over-pressing
demands towards food security in terms of quantity, quality, nutrition and nourishment for the
growing population of India.

June, 2017 Bipin B. Mishra
Haramaya University, Dire Dawa, Ethiopia
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Abstract
India constitutes a part of South Asian Subcontinent and
is situated between the latitudes of 08° 04’ and 37° 06’ N
and longitudes of 68° 07’ and extended to 87° 25’ E in
the north of equator with a geographical area of 329 M ha
(million hectare). In three broad physiographic regions,
viz. Peninsula (a triangular plateau in the Deccan and
south of the Vindhyayan), Extra Peninsula (a mountain
region of the Himalayas) and Indo-Gangetic plain
followed by distinct geological setup and climatic
arrangement, India is gifted to have diversified types of
soil groups within specific agroclimatic regions, Vviz.
alluvial soils, black soils, red soils, laterite and lateritic
soils, forest and mountain soils, arid and desert soils, acid
soils, salt-affected soils, and peaty and marshy soils.
Indian soils have rich history with most significant
contributions to the lifestyle, culture, civilization and
overall livelihood besides supporting for survival and
nourishment of south Asian population. The continued
pressing demand for land and soil due to increasing
population has made these soils highly threatened and
scarce resource as a result of soil health deterioration, soil
degradation, loss of biodiversity, nutrient mining, emer-
gence of heavy metal toxicity, declining soil organic
matter and impact of climate change. The chapter
highlights on generalized but conceptual action plan for
successful implementation of land use planning on the
ground-based interventions as covered in subsequent
chapters. In addition, education and research in soil
science deserve strengthening through a breakthrough in
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the National Agricultural Research and Education System
(NARES). Soils by and large possess ample scope for
improvement in order to meet the growing demands of the
nation. This chapter is thus a generalized overview on
vision, mission and goal of soil resources towards Second
Green Revolution in the twenty-first century.

Keywords

Indian soils * Challenges ¢ Soil evaluation
Education ¢ Land use planning ¢ Second
Green Revolution

1.1 Introduction/Background

India is a land of soil museum covered with diversified
types of climate, vegetation, geology, geomorphology and
hydrology following a complex system of river network.
Soil is a fingerprint of human health, instinct, culture and
humanity. The relationship between landforms and asso-
ciated soils is indicative of precise recognition as well as
mapping of homogeneous soil units (Sharma and Ray-
choudhury 1988; Sharma et al. 2001). Soil as a natural
resource exists in continuum on a landscape and preaches
for Vasudevakutumbkam (meaning “earth is a family”),
since a soil may adapt to any part of the globe. Starting
from Arunachal Pradesh to Kerala welcoming world with
its flavour of spices and the richest soil museum
(Fig. 1.1), as well as Kashmir to Kanyakumari extended to
Rameswaram and Indira Point of Nicobar Islands, the
soils of this great land of golden history with competitive
present and challenging future stand as collective symbol
of unity within unique diversity in their functions. Agri-
culture being the backbone of nation’s prosperity and
development is however facing acute challenges due to
rapidly rising population besides diversion of agricultural
lands for other sectors. Such continued increasing trend in
human population in India has resulted in a very high

1
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Fig. 1.1 Kerala soil museum. Source https://journeyviakerala.wordpress.com/2017/05/15/kerala-soil-museum

demand of agricultural land and so the soil, while area of
such land is not only restricted but shrinking with the emer-
gence of multidimensional threats and conflicts. As a result,
the pressure on the same land and soil through land use
intensification has made the existing soils threatened. Thus,
soils of today need a very systematic as well as reliable means
of verification through inventorying the components of soils,
climate, surrounding soil-site characteristics, aquifer, biodi-
versity and so on through evaluation. The chapter is aimed at
one-to-one win-win enlisting of all possible attributes that
may facilitate in translating a tangible planning approach that
can be reliably acceptable and adoptable for restoration and
enhancement of productivity, safety, profitability and sus-
tainability of soil as an integral component of the land
resource without degradation and environmental threats
(Kesavan and Swaminathan 2008; Bhaduri et al. 2015). There
can be no greater issue than that of conservation of soil in this
country. Just as we conserve men, women and children, we
must conserve the resources of the land on which they live.
Obviously, it is vital to conserve the soil so that the next
generation would have a land that is more but never less
fertile than ever before.

1.2 Soil as a Strange, Full of Wisdom

Soil, as a natural resource, is still a strange, full of wisdom
that needs to be captured for its enormous uses in infinite
purposes to meet the human need and livelihood. As early
as 5000 B.C, the Vedas and the Upanishads in Indian
history witnessed the soil as synonymous with land, the
symbol of Mother, for survival and nourishment of all

Fig. 1.2 Soil made idols (Goddess Durga), Kolkata. Source https://
www.scoopwhoop.com/soil-from-brothels-durga-puja-idols/

lives on the earth. Soil is accordingly worshiped as
Mother Earth, while, on the other hand, soil is a huge
storehouse for variety of waste materials on way to keep
our environment clean. The idol of Goddess Durga is
made of soil (Fig. 1.2), while Deep or Diya for Diwali
lightening is traditionally prepared by Kumhar with soils
(Fig. 1.3). Kumhar (potter) is a group of people in India
meant for making materials with type-specific soils and
they are the true soil technocrats in the rural societies.
Also, different structures made of soils are used in the
Hindu marriage celebration. In railway journey, tea in
soil-made kullhar is special attraction to the common
passengers. Poor men in villages make their house with
mudwalls, whereas rich men use soil-made bricks and tiles
for construction of buildings. Potters use soils for
earthenwares and utensils including Surahi, Metia, Ghara,
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Fig. 1.3 Deep or Diya made of soil for lightening. Source https://
commons.wikimedia.org/wiki/File:Diya.jpg

Berua, etc., while sculptures for models. Similarly, dif-
ferent types of containers used for cooking food, collect-
ing milk, storing grains and other farm produces are made
of soils. In rural areas, type-specific soils are used in
plastering of walls. If mudwalls are made of soils of vertic
features (cracking), the wall plastering is done with red
soils. Soil is not only important for agriculture, but
engineers, hydrologists and environmentalists do also
have their important options for type-specific soils in

respective profession. Even in medical treatments and
applications, the type-specific soils or clays are gaining
recognition (Mishra and Roy 2015; Gaétan et al. 2012).

Soil has its origin, growth and development and its end
also, albeit as a natural resource, it cannot be a waste and
does not need any rest, if it is managed systematically in a
planned framework. It has its past, present and future too,
but its present is surrounded with threats, degradation, lim-
itations and uncertainties while future is full of challenges.
Its age may be recent, young or even old in terms of maturity
subject to alteration. Since soil cannot be produced or
manufactured within a night or day or month and even in
years, it is virtually highly precious and accepted as a
non-renewable resource. It behaves like the organism, but it
is not mobile and cannot reproduce. “Soil” is often said to be
dead when organic cycle is inoperative. Clay in a soil has a
very important bearing on the genesis, characteristics and
physical, chemical as well as biological properties of soil
(Pal et al. 2000).

Among different soil groups like alluvial soils, black
soils, red soils, laterite and lateritic soils, forest and
mountain soils, arid and desert soils, acid soils, salt-affected
soils, and peaty and marshy soils, the alluvial soils have
certain traits that make these soils easily manageable even
in active floodplains. The silt dominant active floodplain

Table 1.1 Salient features of profile pit in a floodplain soil of Supaul, Bihar (BAU 2016)

Depth (cm) Soil texture (%) Salient features
Sand Silt Clay EC (dS m™")
(1:2.5)
0-30 28 62.4 7.54 0.12
30-50 27 64.2 6.94 0.07
50-80 32 65.3 0.94 0.09
80-100 34 62.5 0.45 0.11
>100 343 61.5 1.84 0.06

pH (1:2.5) N (kg/ha) P,0s5 (kg/ha) K50 (kg/ha)
7.42 74 14 112
7.45 65 12 98
7.89 61 7 110
7.64 42 10 84
7.41 38 8 74

Fig. 1.4 Deep roots of Saccha-
rum spontaneum characteristic
to sand/silt dominant Kosi flood-
plain soils. Source BAU (2016)
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Fig. 1.5 Planting of cucurbits in silt dominant floodplain soil showing
emergence of deep rooted Saccharum spontaneum. Source BAU (2016)

=

Fig. 1.6 Tomato cultivation in silt dominant floodplain soil covered
with mulch. Source BAU (2016)

soils (Table 1.1) could be utilized after emergence of the
deep rooted Saccharum spontaneum (Fig. 1.4) for suc-
cessful cultivation of cucurbits and vegetables in Kosi
floodplain (Figs. 1.5 and 1.6) as reported by the Bihar
Agricultural University, Sabour (BAU 2016).

Being the uppermost thin layer of the earth’s crust, it is
the lowest boundary of the earth’s atmosphere and, so it is
subject to interactions with incoming radiation (Mishra
2016). Soil is influenced by nuclear and electromagnetic
radiations, gravitation, electricity, magnetism and sound in
different forms impacting the livelihood even. In fact, the
soil lies beneath our feet where we have our home and
shelter to live in and work. But, the soil often does not get
the credit it deserves for its life-supporting functions. Even

the old people in India prefer to walk daily on soil without
using shoes and often work in kitchen garden (https://www.
healthline.com/health/walking-barefoot). = Connection of
human body with the earth’s electrons has been found to
promote intriguing physiological changes. Earthing or
grounding refers to the discovery of benefits including better
sleep and reduced pain from walking barefoot outside or
sitting, working, or sleeping indoors connected to conduc-
tive systems that transfer the earth’s electrons from the
ground into the body (Gaétan et al. 2012). They have
established that electrons from antioxidant molecules neu-
tralize reactive oxygen species (ROS, or in popular terms,
free radicals) involved in the body’s immune and inflam-
matory responses (Gaétan et al. 2012).

Soil obeys the classical laws of science, but that too in an
open system, and so its state of existence is highly dynamic
in nature. Like other physical entities, soil too has its unit,
“A Soil” or “Pedon” in three-dimensional framework and
forms through pedogenesis as the outcome of soil forming
factors and processes, a natural but continuous process tak-
ing thousands of years. The history of systematic knowledge
on soils begins virtually with the work of Russian Pedologist
V. V. Dokuchaev around 1880 (Dokuchaev 1883), though
sporadic reports on soil fertility prior to Dokuchaev are well
documented (von Liebig 1840). Obviously, the history of
soil science is by and large at youthful stage with immense
scope for research and development for scientific advance-
ment under the pressing demand of land and land uses in
agriculture, pasture, forest, wildlife, tourism, recreation,
urbanization, construction of buildings, roads and highways.
Such demand is becoming more pressing due to population
pressure, land shrinkage as a result of non-farming uses as
well as soil degradation (physical, chemical, biological and
environmental). The extent of horizontal expansion of lands
is by and large reaching its climax following the rising trend
of challenges in respect of overall deterioration of soil
health, safety and sustainability (Kesavan and Swaminathan
2008; Sihi et al. 2017; Mondal et al. 2015; Katyal et al.
2001). The existing soil-related scenario in different aspects
clearly indicates the nutrient mining and fertility imbalance
leading to decline in partial factor productivity (Muralid-
harudu et al. 2012) as well as loss of biodiversity with
emergence of toxic levels of heavy and undesirable materi-
als, incidence of soil sickness, multi-nutrient deficiencies,
soil water depletion, compaction, erosion and lowering of
soil organic matter. These adverse signs lead to make it more
scarce that simultaneously cause conflicts on so-called
scarce land resource in India. Soil preservation and sus-
tainable land management have, therefore, become essential
for reversing the trend of soil degradation and ensuring
productivity, safety, profitability and overall sustainability of
soil and land resources. As per FAO projection, the demands
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Fig. 1.7 Bank erosion of
alluvium in Ganga basin active
floodplain soils. Source Mishra
(2015)

of a growing population for food, feed and fibre are esti-
mated to result in a 60% increase by 2050
(http://www.fao.org/soils-2015/en/). Thus, soils cannot be
ignored in ecosystem mechanisms as it was before. Even
public awareness is now growing. More importantly, the
catastrophic events like countywide recent floods, tsunami,
earthquakes and droughts have made common people
increasingly aware of the need for a more rational use and a
more effective protection of soil and land resources. River-
bank erosion (Fig. 1.7) is common in many river basins like
the Brahmaputra, Kosi, Ganga, Gandak, Mahananda,
Yamuna (Shyampura et al. 1992; Mishra 2015). Importantly,
soil cannot be substituted by so-called hydroponics even,
since hydroponics is currently not better than a showpiece
with a very limited production outcome at high cost under
sophisticated technical supervision and expensive plant
protection measures. By and large, many disciplines are
involved in soil research such as soil science, agronomy,
mineralogy, hydrology, geology, geography, botany, zool-
ogy, microbiology, biotechnology, anthropology and medi-
cal science, but they lack mutual coordination and
integration in order to achieve a sound and truthful outcome
and thus remain partly hidden and strange.

1.3 Soil and Land Resource

Even if the reality is ignored, one cannot ignore its conse-
quences. India has the second largest human population in the
world with limited and scarce land resources. India’s popu-
lation until 2018 has reached almost 1.36 billion, i.e. around
17% of the world’s population (Population density,
457 person/km?). The growing population results in growing
urbanization, which causes speedy diversion of productive

agricultural land irreversibly for non-agricultural uses.
Reports indicate that the urban population in 1981 was 23.4%
of total, which approached 25.7% in 1991, 27.8% in 2001 and
31.2% in 2011, and thus, a total of 7.8% in urban population is
increased within the last four decades (Gol 2011). In India, the
net sown area was about 0.12 ha per capita [140 M ha (mil-
lion hectare)] in 2012—13, which was less than even half of the
world average of 0.23 ha per capita (Gol 2015). Surprisingly,
a total agricultural land of around 3.16 M ha was lost to other
sectors for non-farming uses in the years between 1991-92
and 2012-13 (Gol 2015). A more recent estimate puts the
extent of degraded land in India at 120 M ha, which is about
38% of our total geographical area (NAAS 2010). In a report
of the Indian Institute of Management, Sharma (2015) criti-
cally opined that the current economic growth in India is
directly linked with subsequent growth in road, rail, play-
ground, stadium, port, infrastructure and market that require
enough area of land. Sharma (2015) further stated that the total
road length has increased by about 45%, from about
3.37 million km in 2001 to nearly 4.87 million km in 2012,
wherein the land acquisition is almost neglected. The cul-
tivable land has shrunk marginally by 0.43% to 182.39 M ha
in the last five years. This is due to shift in area for
non-agricultural purposes such as buildings, road and railways
among others. The total agricultural land in 2003-04 was
183.19 M ha against 182.39 M ha in 2008-09, a fall of
0.80 M ha, according to the government data (PTI12017). This
signifies that our soil and land resources suffer from ignorance
of fundamental soil policies particularly for agriculture and
livestock. There are aspiring soil development programme
launched by the Indian Government, but for want of sound
policies and governance, the development programme often
faces threats of completeness. During the past few decades,
India has commendably made significant strides in achieving


http://dx.doi.org/10.1007/978-3-030-31082-0_3

self-sufficiency in food production. However, in order to meet
the ever-increasing food requirement of the growing popula-
tion, it is but everlasting compulsion to keep soil in work in
order to produce more and more from each unit area of land.

Besides, in practical sense, diversion of agricultural land
or land area shrinkage seems to be unavoidable because of
rapidly growing population, high rate of urbanization fol-
lowed by emerging trend of industrialization and infras-
tructure development. Sharma (2015) critically projected
that the area under non-agricultural uses increased by about
23% (21.3-26.3 M ha) during the last two decades. Impor-
tantly while states like Uttar Pradesh, Andhra Pradesh,
Odisha, Madhya Pradesh, Bihar and Tamil Nadu showed the
higher rate of increase, Gujarat, and some north-eastern
states showed the lower rate of increase in land under
non-agricultural uses during the last two decades (Sharma
2015). This is one of the burning issues on the way to restore
soil resources for agriculture, livestock, forestry and other
life-supporting enterprises (Kesavan and Swaminathan
2008) by generating strategic models for sustainability. In
order to stop conversion of agriculture land for
non-agriculture purposes, the government has formulated the
National Policy for Farmers and the National Rehabilitation
and Resettlement Policy. The National Rehabilitation and
Resettlement Policy 2007 envisages that the projects should
be set up on wasteland, degraded land or un-irrigated land.
Besides this, the policy has stated that the acquisition of
cultivable land for non-agriculture purposes should be kept
to the minimum (PTI 2017).

If self-sufficiency in terms of quantity and quality of food
in India is to be restored and maintained, there is need to
look into many more issues concerning decline in soil
quality and risk of soil degradation as already warned earlier
(Abrol and Sehgal 1972; Chhonkar 2008; Mondal et al.
2015). The capacity of a soil to produce is limited, and the
limits to production are set by its intrinsic characteristics and
agro-ecological settings followed by sustainable use and
integrated management strategies (Sehgal 1995). Since there
is great variability in Indian soils, it is vital to treat each
parcel of land differently but scientifically after systematic
soil evaluation (Riquier et al. 1970; Sihi et al. 2017). Until
now, we have been producing what we need by hook and
crook, by getting hold of the best land, best inputs and best
of everything. But, now there is a need to diagnose the
nature, properties, potential and problems or limitations of
soils in each parcel of land. It is thus imperative to map the
potentially viable soils for developing rational land use,
which can be obtained through soil resource mapping pro-
gram (Sehgal 1995).
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1.4 Climatic Variability

Soil and climate are the two vital physical units of the natural
environment that constitute the land as a natural resource for
the purpose of land use options such as arable, forestry,
plantation, forage, pasture, wildlife, tourism, recreation or
even infrastructures including roads and buildings. Hilgard
(1892) in USA emphasized the relationship between soils and
climate, which is known as the climatic zone concept. How-
ever, India has world’s most-pronounced monsoonic climate,
wherein wet and dry seasons with changing annual tempera-
tures produce three distinct climatic events in a year, viz. (i) hot
wet weather from mid-June to the end of September; (ii) cool
dry weather from early October to February; and (iii) hot dry
weather normally with high atmospheric humidity from
March to mid-June (IMD 2014, 2015). However, the spatial
variations with associated regional differences like elevation,
relief, geomorphology, river basin, vegetative succession,
proximity to waterbodies including latitude and longitude
often cause changes in their occurrence. In India, the wet
season called the south-west monsoon normally appears from
mid-June to early October, when winds, from the Indian
Ocean, carry moisture-laden air across the subcontinent
causing heavy rainfall as well as flood. Importantly, around
three-fourths of the total annual precipitation falls during these
months. Virtually, the monsoon is characterized by a seasonal
reversal of existing wind directions followed by alternating the
wet—dry seasons (IMD 2014, 2015). Chapter 3 is devoted to
climate and its impacts on soils.

However, for practical purposes in the soil management,
agroclimatic as well as agro-ecological zones are frequently
used. The agroclimatic zone is a land unit in terms of major
climate, superimposed on length of growing period, when soil
moisture availability is within permissible limits (FAO 1983).
The agro-ecological zone, on the other hand, is the land unit
carved out of agroclimatic zone and superimposed on land-
form that may act as the modifier to climate and length of
growing period (Velayutham et al. 1999). India possesses
varying landforms and differing climatic conditions such as
the mountainous landscapes, the river basins, peninsular pla-
teaus, altitudinal differing forests, complexity in geological
formations besides thermal variation from Kashmir to
Kanyakumari, and rainfall extremes from aridity with a rain-
fall of even less than ten centimetres to as high as 1120 cm
(world’s maximum rainfall). Such spatial variations in envi-
ronmental situations have resulted in widely differing soil
types compared to most parts of the world. Therefore, the
systematic appraisal of agro-ecological regions encompassing
relatively homogenous regions in terms of soil, climate,
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physiography and conducive moisture availability periods, i.e.
length of growing period (LGP), may help in planning of land
use options (Sehgal et al. 1992, 1995; Velayutham et al. 1999;
Mandal et al. 1999; Natarajan et al. 2002). By and large, soil
carbon sequestration by itself impacts on climate change and
food security globally (Lal 2004).

India is also known to have common occurrence of
droughts in areas like Andhra Pradesh, Maharashtra, Rajas-
than, Bihar and Uttar Pradesh caused by insufficient rainfall
resulting in the deficiency of soil moisture in the soil profiles
affecting agricultural productivity adversely. The National
Commission on Agriculture (1976) has classified drought into
meteorological, hydrological and agricultural drought.
Drought is usually a period of at least 15 consecutive days,
none of which had rainfall of 0.25 mm or more (Air Ministry
1936), whereas Ramdas (1960) considers drought as a situa-
tion when actual seasonal rainfall is deficient by more than
twice the mean deviation. Subrahmanyam (1964) defined
drought in terms of moisture deficiency or aridity index as the
ratio of annual moisture deficiency to annual water demand.
Reddy et al. (2001) attempted to identify and categorize
drought-prone zones of Andhra Pradesh. However, the fre-
quency of occurrence of both drought and flood is currently of
serious concern in India.

1.5 Pedology and Soil Classification

India owes diversified types of landform, climate, geology
and hydrology within a very compact boundary of the
Himalayas in the north, Arabian Sea in the south-west, Indian
Sea in the south and Bay of Bengal in the east excluding
neighbouring territories with Nepal, Bangladesh, China and
Pakistan. The accumulated influences of site-specific diver-
sified types of the soil forming factors led to the formation and
development of infinite number of soil types with major
groupings of the Himalayan foothill and tarai soils, forest
soils, podzols, alluvial soils, red soils, laterite and lateritic
soils, floodplain soils (Diara and Tal land), black soils,
mountain and hill soils, desert (arid) soils, high altitude soils,
salt-affected soils, dune soils, peat and marshy soils, etc.
Buchanan in 1807 used the term Laterite for the highly fer-
ruginous, vesicular and non-stratified material observed in
Malabar hills in Kerala (Buchanan 1807; Shivarajasingham
et al. 1962), and the soils developed are known as laterite and
lateritic soils. Jha (1972) was one of the pioneer pedologists
after independence, who started soil survey work in Bihar
(including Jharkhand) in 1954 and grouped the soils in 23 soil
associations. Jha’s original work in USA on fragipan with
Cline is commendable (Jha and Cline 1963). Agarwal and
Yadav (1954), Abrol and Bhumbla (1971), Karale et al.
(1974), Murthy et al. (1982) and Gawande et al. (1980) ini-
tiated the excellent teamwork on survey, classification and

distribution of soils particularly the salt-affected soils in India.
Mishra et al. (1994) and Mishra (2015) attempted to estab-
lish the pedogenic development of Diara and Tal land soils
in the Ganga floodplains of Bihar and proposed the 13th
Order (Fluvisols) in India, Soil Taxonomy is popularly
known as USDA Soil Taxonomy but in some countries, US
Soil Taxonomy is often used.

The criteria being applied to classify the Indian soils were
based mainly on geology, fertility, relief, chemical composi-
tion and physical structure, but with inherent drawback.
Raychaudhuri and Govindarajan (1971) reviewed the efforts
made on soil genesis and classification in India. Murthy et al.
(1982) edited the exhaustive works being done on benchmark
soils of India. Sehgal (1989) in his commendable efforts
presented the soil resource map of India (1:1 M scale), which
has subsequently been improved by NBSS&LUP in 2000.
Virtually, Sehgal (1989) outlined the soil resource mapping
project of India. Under this reconnaissance soil survey project,
the soil resource map of different states were brought out in
1:250,000 scale during the 1990s and the soil map of India
was prepared after necessary abstraction, printed and released
by the NBSS&LUP, ICAR, in 2000. Velayutham et al. (1999)
at NBSS&LUP developed the Agro-Ecological Sub-regions
of India for Planning and Development. However, India does
not owe its own national scheme of soil classification. Sehgal
(2003) reviewed on soil classification in India. Bhattacharyya
et al. (2009) compiled and classified Indian soils at family
level using USDA Taxonomy (Soil Survey Staff 1999).
Subsequently, Bhattacharyya et al. (2013) made efforts to
develop logical relations of differing soil groups in taxonomic
terms on different zones of India. Recently, efforts are being
made for classifying the Indian soils on their relevance to land
use options so that it would be acceptable at grass-root level
(Mishra 2016). However, this requires a cumulative effort
under the umbrella of National Bureau (ICAR-NBSS&LUP)
in India.

1.6 Threats to Soils

The soil, being so valuable in its functions and responsi-
bilities, now suffers from a number of risks, uncertainties
and fears like degradation by mismanagement, over
exploitation, natural erosion (water, wind and riverbank),
pollution, deforestation, drainage, groundwater recession,
salinity, sodicity, calcareousness, acidity, toxicity, contami-
nation, imbalanced fertilization, nutrient mining, organic
carbon depletion besides soil sealing, loss of soil biodiver-
sity and climate extremes. An area of around 6.74 M ha
suffers from salt accumulation out of which 3.78 M ha are
alkaline or sodic and 2.96 M ha saline (Mandal et al. 2010).
It is projected that by 2025, the area under salt-affected soils
would be 13 M ha (Sharma and Chaudhari 2012). Similarly,



out of about 26.62 M ha of Vertisols (shrink—swell soils),
almost 5.6 M ha mostly in basaltic terrain in Maharashtra
indicate sign of sub-soil sodicity (Lingade et al. 2008). Soil
in India is thus not only limited and scarce, but it is a
threatened resource too. Due to increasing population, soil is
under pressure not only of intensification, but also of com-
peting uses for cropping, fruit and tree plantation,
agro-forestry, pasture, wildlife, recreation, tourism and
urbanization. The unplanned land uses to meet the people’s
immediate requirements result in unsustainable land resource
development. Degradation of land in general and the soil
systems in particular have been highlighted earlier too
(Bhumbla and Khare 1984; NRSA 1985; Sehgal and Abrol
1994).

Soil as a system must have a balance among its physical,
chemical and biological environments, since soils are the
integral part of the landscape, wherein their characteristics
are largely governed by landforms on which they have
developed (Yadav et al. 1998; Sahoo et al. 2003; Nogiya
et al. 2017). The physical environment is the one that drives
most of the soil responsibilities. Soil texture, for example,
works as a skeleton for soil system in such a complex
manner in which, through the process of aggregation, the
aggregates are binding the soil particles together forming the
pore space, wherein the micropores are to hold water tightly,
but inhibit water percolation, normally unavailable to plants,
and macropores too hold water that can be extracted and
utilized by plants. When soil aggregates are in water, they
hold both micro- and micropores together. However, if
aggregates get broken, the finer particles (silt and clay) shift
downward in the profile through percolating water leaving
sand behind in the upper soil layers. These fine particles in
the bottom profile fill the macropores, thus inhibiting water
percolation further. There is thus need to improve soil
aggregate stability, so that available water holding capacity
of a soil could be protected and restored above water table.
This is a vital issue to be due attended through a system
approach. Besides, technologic manipulation is further
required to minimize the evaporation loss of soil water above
the surface. Once the soil physical environment is congenial,
manipulation to soil biological environment needs to be
prioritized in order to compromise with chemical and
nutritional manipulation in a planned manner to suit with
land use options (http://www.fao.org/soils-2015/en/). How
to insure “per drop for more crop” depends not only on
congenial soil physical environment, but on systematic uses
of water resources too. Linking of rivers may be one pos-
sibility, but water trading from water excess area (flood
prone) to water-deficient area (drought-prone) should be a
priority besides encouraging other means to promote soil
water balance (Mishra 2015). Rainfall-runoff are the
important components contributing significantly to the
hydrological cycle, wherein runoff estimation is crucial in
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hydrologic design of soil water conservation structures
(Balvanshi and Tiwari 2014; Nandgude et al. 2017).

1.6.1 Soil Health Decline: Overview

The soil health decline is evident from stagnating or
declining productivity growth rate in the production of food
grain crops as well as emergence of multiple nutrient defi-
ciencies in major crop production systems. Thus, emphasis
on soil health involving soil physical, chemical and bio-
logical parameters is required instead of focus on a few
major plant nutrients. Regular monitoring of soil health is
equally important. The major strategy to improve soil health
should be based on integrated plant nutrient supply system
(IPNS), promotion of balanced fertilization and finding ways
to incorporate organic matter into the soil. There is a need to
develop the rapid soil quality test kits and identify the key
soil indicators, particularly biological as well as mineralog-
ical indicators, for an easy monitoring of soil health at the
farm as well as landscape scale.

Recent reports indicate that continuous traditional culti-
vation of rice-maize—wheat cropping systems has resulted in
many problems. Therefore, soybean—wheat—maize—gram
have emerged as a good alternative both for crop diversifi-
cation and for maintaining the sustainable soil health
(Chander et al. 2013). Both these cropping systems require
better nutrient, water and soil management practices to
express their full potential. Soybean is a versatile crop,
which fits very well in many soybean-based cropping sys-
tems and is one of the dominant crops in kharif season in
many parts of central India. Yield gap in soybean—wheat
system is owing to mineral deficiencies in the biophysical
crop growth environment that are not properly addressed by
the prevalent soil, nutrient, water and crop management
practices. Neither inorganic fertilizers nor organic manures
alone can sustain productivity (Prasad et al. 1999). So
judicious uses of organic manures and inorganic fertilizers
are essential to safeguard the soil health and augment pro-
ductivity and input use efficiency (Bandyopadhyay et al.
2010). Sihi et al. (2017) attempted to evaluate the soil health
in organic versus conventional farming of basmati rice in
North India, while Sunanda Biswas (2016) developed an
innovative approach to recover degraded soil (soil
resilience).

1.6.2 Dwindling Factor Productivity

The dwindle in partial factor productivity (PFP) and com-
pound growth rates of major crops under intensive cropping
systems and poor nutrient use efficiency are owing to dete-
rioration in soil quality. Continuous traditional crop
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management leads to a decline in organic C levels by 50—
70% to equilibrium levels governed by climate and precip-
itation. The primary reasons identified for soil quality dete-
rioration include the wide nutrient gap between nutrient
demand and supply, high nutrient turn over in soil-plant
system coupled with low and imbalanced fertilizer use,
emerging (multi-nutrient) deficiencies in soils, soil acidity,
nutrient leaching in sandy soils, nutrient fixation in red,
laterite and clayey soils, impeded drainage in swell-shrink
soils, soil salinization and sodification or sodiumization
(IISS Vision 2030 2009). However, the total factor pro-
ductivity is used as an important measure to evaluate the
performance of production system and sustainability of its
growth pattern. The partial factor productivity of fertilizers is
declining under intensive cropping systems in India and
other developing countries. SubbaRao (2009) under the
future planning for soils in India indicated that the partial
factor productivity of fertilizers during the last three and half
decades showed a declining trend from 15 kg food grains/kg
NPK fertilizer in 1970 to 5 kg food grains/kg NPK fertilizer
in 2005. In urgency for higher production, no serious
attention was given to the long-term soil quality and sus-
tained high productivity. As a consequence, the annual
compound growth rate of major crops has declined from
3.36% in 1981-85 to 0.11% in 2001-05. Such gloomy trend
was also registered in case of pulses and oilseeds, while
cotton exhibited even negative growth rate. The inputs
mainly include nutrient supply, irrigation, energy, plant
protection measures and cropland. The current status of
nutrient use efficiency is quite low in case of P (15-20%), N
(30-50%), S (8-12%), Zn (2-5%), Fe (1-2%) and Cu (1-
2%). There is thus need to re-work with type-specific soils
and surrounding environments integrating the defined set of
inputs in order to achieve the target. Biswas and Sharma
(2008) however forwarded an approach for estimating fer-
tiliser response ratio under the Indian scenario.

1.6.3 Soil Biodiversity

Functioning of terrestrial ecosystems, plant biodiversity,
productivity, variability and stability is directly dependent
on soil microbial diversity (Kaur et al. 2005; Laxminarayana
2006). Soil biodiversity is an abstract aggregated property of
species in the context of communities or ecosystems.
Functional diversity rather than taxonomic diversity (com-
munity structure) or species richness per se is the major
determinant of ecosystem functioning. It may be thus more
important to understand the linkages between the actions of
a key species or the functional groups and ecological func-
tions of different ecosystems than to search for the diversity
index or the species richness and try to relate the same to
ecosystem or community functioning. Characterization of

functional communities of soil organisms (flora and fauna)
and soil biological activities under different soil crop situa-
tions for enhancing nutrients availability and also charac-
terization of microbial biodiversity and functional
communities (particularly N-fixers, P&S solubilizers,
Lignin-2 cellulolytic organisms), testing of mixed biofertil-
izer formulations and diversity of biofertilizers in agriculture
should receive top priority. Since the organic materials are a
scarce commodity, biofertilizers  particularly  plant
growth-promoting rhizobacteria (PGPR) and mycorrhiza
(VAM) are increasingly being deployed and good responses
are being obtained showing that increasing the soil microbial
diversity through such inoculation is benefiting the soil
health in a similar way as addition of organics which also
promote the proliferation of native soil health-promoting
microorganisms (IISS Vision 2030 2009). Because Indian
soils are by and large deficient to very deficient in organic
matter and further its declining trend due to climate change
could result on loss of biodiversity (Koshy 2018).

1.6.4 Organic Waste Management
and Recycling

In order to minimize the entry of heavy metals and other
organic pollutants through solid and liquid wastes into
agricultural land/food chain, several countries have formu-
lated regulatory mechanisms, like maximum cumulative
loading limit, maximum annual loading limit, maximum
concentration limit of metal in soil to receive further input,
maximum concentration in soil amendment materials. The
different approaches for such formulations have resulted
widely differing numerical limits for the same metal. India
has not put forward any soil protection policy to restrict
heavy metal build-up during their inadvertent addition
through different amendments. Future researches should
focus on following important areas in order to protect our
soil resources from metal contamination, viz. determination
of baseline concentration as well as maximum threshold
limits of heavy metals in different soil types, and environ-
mental risk and impact assessment on use of solid and liquid
wastes under diverse agro-ecosystems (IISS Vision 2030
2009). Obviously, more emphasis is desired to use soil
biogeochemistry to understand the cycling processes under
organic solid waste management (Bhaduri et al. 2015;
Mondal et al. 2015).

1.7 Soil Evaluation

Indian Council of Agricultural Research through its Insti-
tutes, National Bureaus, Centres including SAUs and other
agencies is well enriched with soil resource maps of each
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state and union territory. These maps are subject to inter-
pretation by expert people for being further used to deter-
mine the agricultural values of the soils and their
susceptibility for improvement following further ground
verification through soil evaluation. The simple procedure as
outlined by Riquier et al. (1970) and revised as well as
improved in India (Natarajan et al. 2002; Velayutham 2012;
Naidu et al. 2017) needs further refinement after logical
modification based on site-specific pedologic as well as
edaphologic limitations (physical, chemical and biological)
as associated with type-specific degradation, pollution,
deficiency or toxicity including impacts induced by climate
change. Such comprehensive approach covering all possible
limiting parameters could be fixed in the form of a mathe-
matical function for soil evaluation in a given land unit or
area in order to assess actual and potential productivities.
Productivity (actual productivity) is employed simply as the
soil capability to produce a certain amount of crop or land
use per hectare per year and expressed as the percentage of
optimum yield per hectare of the same crop grown on the
soil following the recommended simple farming practices.
However, potential productivity signifies the productivity of
a soil after all possible improvement measures are employed
with least or no limitation. The change in improvement
could parametrically/quantitatively be expressed by the ratio
of the two indices called the coefficient of improvement (CI),
i.e. potential productivity/actual productivity (Riquier et al.
1970). This index indicates that the actual productivity of a
soil could be multiplied by this ratio after application of all
suitable management measures to soil.

The chapters in this book cover different physical,
chemical and biological aspects including multidirectional
threats covering degradation, pollution, vulnerability, sick-
ness, deterioration in biogeochemical environment, nutrient
mining, loss of biodiversity, emergence of heavy metals,
etc., to soils. How these limiting traits in soil could be
integrated and translated in a logical framework for soil
evaluation seems to be of scientific interest. However, it is
apparent that soils in India must undergo for systematic
evaluation on location-specific basis in order to fix and enlist
limitations or threats, which could possibly be minimized
through effective but reliable improvement measures so that
CI values could be appreciated to the extent of the poten-
tiality of a soil (Choudhary et al. 2009). Such exercise bears
direct alignment to any smart land use planning approach.
Detailed emphasis is made in the respective chapter.

1.8 Land Use Planning

Land is merely an area of the earth’s surface comprising all
physical, chemical and biological environments that influ-
ence the land use as outlined by FAO (1976). Obviously, land
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refers not only to soil but also to climate, landforms,
hydrology, geology, natural vegetation including fauna and
flora. The land use simply means for management of a land
for specific uses to meet the human needs in all rural, urban
and industrial context, whereas the land use plan refers to a
coherent set of decisions about the ways to achieve the
desired level preferably on economic background. Thus, the
land use planning is the systematic evaluation and assessment
of a land and associated attributes for the purpose of identi-
fying the best land use options beneficial to landowners or
users without degrading the land resources or environment. It
includes not only the landowner or users, but also the policy
or decision makers as well as economic experts for financial
measures from planning stage or logistic planning to execu-
tion. Let the concept of LUP be translated into land eco-
nomics and subsequently into agri-business, so that the
essence of corporatization could be integrated with LUP. It
may take the shape of cooperative farming or even contrac-
tual farming following the provision of inputs by contiguous
farmers, but in no way, landownership is challenged or even
disturbed (Mishra 2017). Naidu and Hunsigi (2001) con-
cluded that the combination of soil potential rating approach
was found to be a better approach to assess the land suitability
for crops compared to FAO approach (FAO 1976).

Since soil is basically a resource intended for conserva-
tion and management by the farmers, who care for business,
there is logistic to shift this business towards insured prof-
itability, since more than 70% of Indian population is
dependent on this profession. The key factor for success in
this giant business lies on best agricultural practices in line
with land use planning followed by the best business
strategies. So, there must be a clear vision to empower the
poor farmers with current reliable technological updating in
order to compete with the emerging business environment
and its processes, from the point of production (soil/land) to
the point of consumption (market) through well-planned
farming system approaches preferably in line with conser-
vation agriculture (Somasundaram et al. 2017).

1.9 Education and Research in Soil Science

Soil as a science by itself has split up into different branches
of science, and there is a fear of losing track of the basic
principles of soils that possess attributes, viz. flexibility
(adaptability to changing environment); resilience (ability to
recover against disturbance); resistance (ability to buffer the
change); detoxification (ability for adsorption of toxic ions);
residence time (exchange capacity to store and release ions);
productivity (capability to produce the yield through plant
growth); responsiveness (capacity to benefit plants); plas-
ticity (ability to deform); stickiness (capacity to adhere); and
sustainability (restoring equilibrium of interactions). If



1 Introduction

students have learned the right things, they ought to be able
to perform right approach with the acquired knowledge and
keep the soil linked with plant, animal, human health,
environment and society. A generalized linkage must
include soil geology, geomorphology, soil mineralogy, soil
micromorphology, pedology and classification, soil biogeo-
chemistry, soil biodiversity, soil biotechnology, land evalu-
ation, soil health and edaphology besides industrial,
commercial and medicinal relevance of the soils.

Soil science education in India thus needs a systematic,
but comprehensive base in course curricula in order to
impart learning on conceptual, theoretical, practical, expe-
riential, analytical and above all interpretational view points.
It may require a smart class, but more importantly, there
must be a field/farm and laboratory-based interactive envi-
ronment, wherein creative attitude of a student in soil science
would find satisfaction towards completeness of the course
curriculum as would be prescribed under the umbrella of the
Indian Council of Agricultural Research (ICAR). India
wants soil scientists as the true practitioners to restore soils
for their optimal functions and consequently for optimal
production without any scope of existing limitations or risks.
The ICAR with sincere cooperation of the State Agricultural
Universities (SAU) has been maintaining the excellence in
upgrading the agricultural education.

Soil science research accordingly needs to be upgraded
through training, demonstration and soil museum following
the concept with bullock ploughing. The simple definition of
any scientific research is to perform a methodical study in
order to establish and prove a hypothesis or answer for a
specific but relevant question. Such answer would be the
central goal of an experiment. In other words, research is a
process of relating a theory (in classroom) to fact (in labo-
ratory or experimental plot). The research must be system-
atic following a set of steps. Soil-based research works are
almost in open system and so it is full of risk, fear, uncer-
tainties, doubts and limitations. Management strategies for
agricultural production must be based on a reliable skill for
input integration through step-by-step evaluation of resour-
ces involved. Soil, for example, is a basic resource con-
tributing as the foundation to sustainable production and its
evaluation for actual as well as potential productivity may be
undertaken well before suitability identification of land use
choice. More often research projects suffer from misinter-
pretation of basic principles, methodology and evaluation on
timescale, viz. logframe matrix. Under the present scenario
when soils in India are by and large threatened, research,
either for degree or for project must yield reliable
recommendations.

Technology is simply the assemblage of scientific laws
and principles in the form of a tool or device or machine or
even procedure to attain the goal targeted. So, the technol-
ogy works in a system that is developed within a set of
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inputs or components or may be interacting set of
sub-systems too in order to yield or generate outputs of
interest. Reliable recommendations of a research programme
may often facilitate in developing a technology. Soil science
in this respect is currently more emerging in generating
technologies for keeping the soil resource healthy, produc-
tive and sustainable.

It is of high relevance that ICAR should promote a soil
science-based medical education in view of the fact that
type-specific soil or clay behaves like a protective medical
tool or even treatment, but need scientific validation criti-
cally. There is further need to promote relevance of indus-
trial uses of soil in selected areas including soil battery and
earth generator in order to enrich opportunities for generat-
ing the clean energy. The Indian Institute of Soil Science
(IISS) is the pioneer national institute under [CAR providing
scientific base for enhancing and sustaining productivity of
soil resource with minimal environmental degradation (IISS
2018) under the following key objectives: (i) to carry out
basic and strategic research on soils especially physical,
chemical and biological processes related to management of
nutrients, water and energy; (ii) to develop advanced tech-
nology for sustainable systems of input management in soils
those are most efficient and least environmental polluting;
(iii) to develop expertise and backstop other organizations
engaged in research on agriculture, forestry, fishery and
various environmental concerns; (iv) to exchange informa-
tion with scientists engaged in similar pursuits through
group discussions, symposia, conferences and publications;
(v) to collaborate with State Agricultural Universities,
National, International and other Research Organizations in
the fulfilment of the above objectives; (vi) develop database
repository of information on soils in relation to quality and
productivity (IISS 2018).

Importantly, education system in soil science must not be
static as in basic sciences. It must be dynamic and smart
based on reliable findings out of research and proven tech-
nology. So the relevant research findings within the
University must be well proven and subsequently translated
to course curriculum at least within three years. Besides,
education may control both research and technology, if such
practice is made more relevant and burning through ICAR.
Rattan (2013), Sanyal (2015) and Katyal (2015) have dis-
cussed the need and priority of smart Soil Science Education
in India.

Even to sustain the agricultural production, it is first
priority to look for a prime land that rests on healthy soil and
its functions. The comparative visibility of agriculture in
relation to medical and engineering sciences (Table 1.2) may
show how soil resource is the wheel of entire agricultural
development of a nation. Sanyal (2015) stressed that despite
good schemes of exercises being achieved through
ICAR/SAU and the targeted results being achieved in
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Table 1.2 Comparative visibility of agriculture in relation to medical science and engineering

Distinguishing traits
Origin/genesis

Importance and use

In case of failure

Alternative

Education

Academic goal

Bottleneck in
profession

Choice/option of
student for admission

Road map of
agriculture

What needs to be done
to make agriculture
more realistic?
Linking soil to
consumers via supply
chain

Food quality versus
soil quality

Climate change
mitigation

Agriculture
Close to nature

Nourishment and survival of life

Existence of life ends

It cannot be substituted

Student—teacher—farmer

Farming as self-business—entrepreneur—
employment

Lack of confidence in farming practice and
entrepreneurship

Poor or last option for admission in agriculture

Soil-based strategic planning to be formulated

Reliable and well-proven approach towards
productivity, profitability and sustainability in
agriculture through land use planning

Point of produce (soil) to point of consumption
(market)

Food chain directly linked to soil

Soil has immense potential to mitigate and adapt

Medical science
Synthetic and natural

Maintenance, cure and
repairing for life

Sick person at risk or die

Medicinal plants, Yoga and
even soil in some cases

Student—teacher—patient

Medical practice—private
clinic—-employment
Almost nil due to
professional satisfaction

First option (biology group)

Integration with soil, clay
and medicinal plants

Linking medical to food,
water, soil, clay, medicinal
and aromatic plants

Produce must be medically
sound

Soil being protective
medical treatment is seldom
appreciated

Virtually nil

Table 1.3 Shifts in approaches between the First and Second Green Revolutions in India
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Engineering
Artificial

Comfort/luxury and energy
support to life

Life style may be hard and
uncomfortable

Indigenous and traditional
means

Student—teacher—industry

Corporate sector,
self-industry—employment
Only in some cases due to
shortage of placement

First option (mathematics
group)

Mechanization and
processing tools

Linking engineering to
agricultural mechanization
and processing options

Produce preferably
processed/value added

Physical manipulation of
soil and food processing

May help in technology
generation

First Green Revolution

High yielding varieties demanding high water and nutrients coupled
with intensive tillage, and sufficient crop protection measures to meet
the quantitative requirements of growing population

Least or no care of changing soil health on whole soil basis (pedon)

Horizontal and vertical production approach based on availability of
land to get more and more yield

Attraction for organic farming is confined to integrated nutrient/pest
management options

Rice, wheat and maize to have been the main attraction

Conservation agriculture (CA) has been least appreciated

Land use planning (LUP) practically insignificant

Second Green Revolution (proposed)

Quantitative requirements of food to be met by maintaining the
productivity, quality, safety, profitability and overall sustainability of
land/soil besides climate change mitigation

Both edaphological and pedological interventions in managing the
soil health mandatory

Horizontal, vertical, mixed farming, value addition and food
processing followed by agri-business approach through
demand-supply chain framework

Efforts to be made to grow the crops organically in order to minimize
degradation, pollution/health risks

Improved cultivars in differing soils for cereals, oilseed, pulses,
millets, cucurbits, vegetables and others besides value addition and
marketing

Conservation agriculture with mixed/integrated farming as the main
thrust area including milk, fishery, honeybee and related agri-business
based activities

Land use planning be the prerequisite for the most remunerative land
use choice in each land unit

(continued)
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Table 1.3 (continued)
First Green Revolution

Labour plight due to mechanization in farming process

Sustainability undermined at the actual farming level

Maximum tillage practice on priority

Social, economic, environmental and soil health-related issues were
least cared

Social and regional imbalance causing price differentials

Life-sustaining approach

Second agricultural succession (ploughing to harvesting) to get the
produce

Poverty alleviation not assured

respect of desired quality education of soil science, one has
still remained largely handicapped to implement such smart
recommendations at the grass-root level. Katyal (2015)
emphasized that the education in soil science must include
topics linking and strengthening the public policies on
resource management by providing professional inputs. He
further stressed that the development of soft skills on cre-
ative thinking, strategic planning, problem-solving and
public communication is the topics that may inspire con-
vergence of science.

Logical perception on comparative linkage of agriculture
with medical science and engineering under relevant dis-
tinguishing traits (Table 1.2) clearly indicates the relevance
of soil resource for healthy, prosperous and quality food
secured India and there is thus a logistic to shift Indian
agriculture towards Second Green Revolution. However,
even with scarce and threatened land resources, India must
look for a golden twenty-first century in agriculture, pro-
vided that the soils should be made responsive by restoring
the soil health and resilience, and accordingly, the soil sci-
ence education and research need to be strengthened. The
possible shifts in approaches between the First and the
projected Second Green Revolutions are given in Table 1.3.

1.10 Conclusions

Soils in India occur with wide diversities. Both the human
nutrition and food security depend on our efforts to protect
and restore the qualities of soils within their diversities. The

Second Green Revolution (proposed)

Labour and woman empowerment due to adoption of CA,
organic/integrated farming approach and value addition following the
demand-supply chain framework

Sustainability is priority towards technology generation under LUP

Minimum or zero tillage/no till as mandatory in conservation
agriculture and organic farming

All these issues are integral to LUP, besides promotion to soil
biodiversity, soil carbon stock followed by carbon sequestration to
minimize C-emission, emerging threats of heavy metals, partial factor
productivity, potassium depletion in soils, etc.

Social harmony, peace and overall prosperity expected in a balanced
manner due to emerging opportunities in farming system under LUP

Business-oriented approach with the involvement of information
technology, corporate sector and related investment
agencies/marketing at farmer’s door

Third agricultural succession (ploughing—harvesting—threshing—
processing—marketing to enhance farmer’s income) for economic
growth and livelihood security

Poverty alleviation may be assured, if all the above practices are
ensured with LUP

health and protection of soils should also be the part of our
public health agenda. Soil may have disease promoting
quality like soil-borne pathogens, or it may have
health-promoting quality. The land use planning process
following the adoption of conservation agriculture through
land evaluation would lead to poverty alleviation, steadily
carbon sequestration, organic farming options and quality
food production by restoring the overall soil health. Let India
be the “employment provider” through strong employment
base under land use planning programme. The soils in India
are by and large deficient in soil organic carbon and surely
need high-tech approaches for enhancement of soil carbon
stock and thus make India a “Buffer Nation” in slowing
down the impact of climate change, since these soils need
more and more carbon stock. If the Second Green Revolu-
tion is the mission for the twenty-first century, each chapter
in the book will be the pillar to construct “Ever Green India”.
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