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Globally agriculture has been recognized as an engine of economic development
and is an integral part of any agenda for addressing global issues of 21st century.
According to numerous studies, pollution in agricultural soils has become a grow-
ing concern in most of the developed and developing nations due to enhanced
industrialization and urbanization. Intake of heavy metal via soil-crop system has
been considered as the predominant pathway of human exposure to environmental
heavy metals and organic pollutants in agricultural areas. The sources of heavy
metals and other pollutants in the environment are mainly derived from anthropo-
genic sources that include mining, smelting, waste disposal, urban effluent, vehicle
exhaust, sewage sludge, and pesticide and fertilizer application. Soils fulfill a wide
variety of environmental services as a foundation for biomass production, a filter
and buffer for water, an archive of natural and human history, and an important
store of carbon, and these ecosystem services have become core issues of modern
ecology. In India, agricultural soils may indeed be managed to enhance the pro-
ductive capacity and to reduce the vulnerability to pollution at farm level but are
often traded off against higher priority for short-term food and water security under
the pressure of increasing production goal. The farm system is a complex social-
ecological system wherein biophysical and socioeconomic concerns interact and
sometimes counteract in complex ways. Finding solution to check soil pollution
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requires integrated approaches, and it has to be at the national scale where regula-
tions are designed and implemented at the farm level.

I am sure that the book entitled Soil Pollution: An Emerging Threat to Agricul-
ture, authored by a group of professional experts from Indian Institute of Soil
Science, will serve as a useful reference material for researchers, developmental
officials, policy makers, and others engaged in soil protection endeavors.

4 j '’ w"
Dated the 8th March, 2017 / ———
New Delhi (T. MOHAPATRA)



Foreword

Post-liberalization India has recorded considerable industrial growth accounting for
more than 30% of its GDP. This impressive growth is, however, accompanied by an
increasing threat to its environment from emission, discharge and disposal of
pollutants from industries, higher consumerism, etc. Rapid urbanization in the
country has also posed a serious threat to its environment for unscientific disposal
of huge solid and liquid wastes to its precious water bodies and agricultural land.
Soil is the principal recipient of such wastes generated from industrial and urban
sectors either through direct discharge or through contaminated irrigation water.
Several toxic metals and compounds generating out of the above anthropogenic
activities are contaminating our precious natural resources which have evolved
through millions of years of pedogenic processes and also threatening the very
existence of different forms of life including human beings. Although India is
blessed with vast area of fertile land, plenty of water resources and favourable
climatic conditions for high agricultural growth, the above happenings are affecting
her natural capital at an alarming rate. The degradation of soil resources due to
faulty land management practices has been highlighted for long, but the same for
industrial and urban activities is, by and large, ignored. We cannot take no notice on
this for the fact that (i) though estimated land area affected with pollution is smaller
compared to other types of degradation, it occurs in more fertile land near cities and
towns and also (ii) reclamation of such land is very costly (even with low success)
compared to the degraded land caused by faulty management practices. The
pressure of increasing and sustaining agricultural productivity on every piece of
land in order to feed the ever-increasing population is again forcing us to pay almost
no attention towards this vital area of land degradation. To combat it and develop an
effective action plan for remediation of such area, we need to have first-hand
information on the status of soil pollution in the country.

Although sporadic information generated from some parts of the country indi-
cated the build-up of pollutants in agricultural land, a systemic and comprehensive
report on anthropogenic activities and the status of soil pollution is not available.

vii
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I am extremely happy that the Division of Environmental Soil Science at the Indian
Institute of Soil Science has compiled both primary and secondary information on
the topic and brought out a useful publication entitled ‘Soil Pollution: An Emerging
Threat to Agriculture’ and congratulate its authors. I hope researchers and policy
makers working on the subject will be highly benefitted from the contents of the
publication.

Former Vice Chancellor and Professor (Soil Science) OCN ~LC€_L%J/4&
Bidhan Chandra Krishi Viswavidyalaya, India (L. N. Mandal)
Kalyani, West Bengal, India



Preface

Due to the unique geographical location and climatological advantage, India is
bestowed with fertile land capable of producing diversified crops and food for the
second largest population of the world. Soil has been revered by mankind in the
Indian subcontinent since ancient times as evidenced in the Atharva Veda (12-1-12)
which solemnly declared the enduring filial allegiance of humans to Mother Earth
CHATAT 3{% : g‘:ﬁs%’ @FZIT:’. In tune to that, soil was cared for maintaining its
productivity through soil and water conservation and application of organic
manure. However, due to greed for growing more food, the need for sustainable
use of land has been ignored during the post-Green Revolution period. This, in
conjunction with increased developmental activities (mining, infrastructure, indus-
try, urbanization, etc.), has put considerable pressure on agricultural land causing
its degradation. Since the last decade of the previous century, the need for assess-
ment of soil quality was being felt to address the issue of declining partial factor
productivity of inputs during growing of agricultural crops. Although considerable
effort is being made to address the issues of soil conservation, nutrient mining and
soil organic matter maintenance through research, extension and modification of
the fertilizer policy, the issue of declining soil quality due to entry of harmful
contaminants is by and large ignored in spite of their accelerated generation and
spread in the environment. This is probably because soil is generally viewed mainly
as a medium of plant growth and is considered a domain of agricultural scientists
where enhancing food productivity from a fixed land area remains the major
challenge. However, limited researches conducted by ICAR-Indian Institute of
Soil Science gave enough indication that the area of soil pollution and its remedi-
ation needs to be addressed adequately in order to prevent permanent deterioration
of soil quality in vulnerable areas. However, this cannot be done without sincere
involvement of other stakeholders responsible for generation, monitoring and
control of the contaminants. Also, this requires considerable awareness among
different stakeholders like students, educationalists, environmentalists, industrial-
ists, policy makers and farmers on the importance of soil quality maintenance and
its protection from polluting activities so that right direction can be followed during

ix
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the country’s development in generations to come. This issue had been deliberated
considerably in Research Advisory Committee meetings of ICAR-Indian Institute
of Soil Science where the need for a publication on the status of soil pollution in the
country and on adoptable remedial measures for its protection was felt. Several
textbooks have been written in the perspective of imparting basic knowledge to
graduate students focussing on remediation technologies for polluted lands. How-
ever, a comprehensive book dealing on the subject of ‘soil pollution-pollutants,
their sources, impact, assessment methodology, status of soil pollution in India and
ways to address it in Indian context’ is meagre. Keeping this in mind, this book has
been written after analysis of vast research and other information generated in this
subject, which will hopefully be suitable both as textbook for students and as a
reference book for researchers in the field related to soil and environmental science,
as well as for experts involved in Environmental Impact Assessment and policy
making.

I, on behalf of all the authors, take this opportunity to express our gratitude to
members of the Research Advisory Committee of ICAR-Indian Institute of Soil
Science for their keen interest in bringing out this publication. I am also grateful to
the scientists and other staff of the Division of Environmental Soil Science for
extending their help during the preparation of the manuscript. It is hoped that the
community of students, researchers, policy makers, planners, farmers, environmen-
talists and EIA experts will find this publication useful.

Bhopal, Madhya Pradesh Jayanta K. Saha
India
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Chapter 1
Agriculture, Soil and Environment

Abstract Agriculture has always remained backbone of economy and socio-
political stability of low and middle income countries, and employs largest work
force in India. Maintenance of soil quality has been pointed out as one of the major
contributing factors for sustainability of agricultural production. Rising contribu-
tion of industry to India’s GDP has been speculated to cause adverse impact on the
precious land resources; though the issue has received less attention among the
policy makers. There is a complex relationship of Indian economy with industry
and agriculture, both of which competing for same natural resources with differ-
ential impact on land resources. This chapter highlights the need for reviewing
different developmental activities having direct or indirect impact on agricultural
productivity and the need for accelarating soil research to investigate upon migra-
tion of pollutants from source of generation and their impact on soil so as to devise
strategies for protection and remediation of precious non-renewable soil resources.

Keywords Agriculture ¢ Industry ¢ Economy ¢ India ¢« Land ¢ Environmental
Impact

1.1 Agriculture in Indian Economy

The economy of India is the seventh-largest in the world by nominal GDP with an
average growth rate of approximately 7% over the last two decades. Sources
contributing to Indian economy is normally categorized in three sectors—Agricul-
ture (also includes livestock, forestry, fishing and related activities), Industry and
Services. While contribution of agriculture and allied sector to GDP of the country
was 51.81% in 1950-1951 at current prices, the same has declined gradually to
18.20% by the year 2013-2014 which is still higher than similar figures from most
of the developed and developing countries (Table 1.1). Although contribution of
agriculture & allied sector in Indian economy is smaller as compared to industry
and service sector, it engages about 50% of the total workforce which is the highest
among major developed and developing countries. This emphasizes the role of
agriculture & allied sector in maintaining socioeconomic and sociopolitical stabil-
ity of the country. Due to integrated efforts through genetic manipulation of crop
varieties as well as nutrient, water and pest management during the last 30 years,
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1.1 Agriculture in Indian Economy 3

India’s food grains production nearly doubled from 102 megatonne (Mt) in 1973 to
nearly 200 Mt in 1999. In 20132014, India achieved a record food grains produc-
tion of 264 Mt in spite of continuous shrink in cultivated area due to its diversion for
non-agricultural use. However during the same period, Indian population increased
by about 3.4 times and is projected to be growing at 1.25% rate (Economic Survey
2014-2015 of Union Budget, Government of India). The massive increase in
population poses a challenge before the farmers and government to produce about
2.5 Mt of food grains extra each year; besides increasing supply of livestock, fish
and horticultural products. Being a source of livelihood and food for a vast majority
of low income, poor and vulnerable sections of society, performance of agriculture
assumes greater significance in view of the government’s target for ensuring food
security. In the last two 5-year plans, it has been clearly indicated that for the
economy to grow at the rate of 9%, it is important that agriculture should grow at
least by 4% per annum. In spite of the considerable emphasis given by government
in the agriculture sector, productivities of most of the crops are considerably lower
as compared to major countries of the world. This indicates that there is still a
considerable scope of increasing per-unit-area productivity in the country, provided
soil and water quality is maintained for achieving the targeted potential.

In this context, important issue that needs to be addressed is whether soil
resources of the country are adequate to meet the food demands for rapidly
increasing human population. Due to development of high yielding fertilizer
responsive cultivars and increased use of fertilizer nutrients and agrochemicals in
the post green revolution period in tandem with the enhanced availability of
irrigation water, agriculture witnessed major transformation in terms of increased
crop intensity and productivity per unit area during post 80s. However, sharply
declining partial factor productivity (yield response per unit quantity of NPK
applied) of fertilizer over the years (Fig. 1.1) has been attributed to rising concerns
for decreasing profitability and unsustainability of Indian agriculture, which is also
one of the major reasons for migration of human force from agriculture to other
sectors and causing the former a more vulnerable sector of Indian economy.
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1.2 Role of Soil in Sustainability of Agriculture in India

An earlier estimate indicated that 89.5% of land area in the country was considered
threatened due to human activity (Eswaran et al. 1999). In broader context of
environment management, Wackernagel et al. (2002) defined sustainability as
living within the regenerative capacity of the biosphere. Within micro-environment
also, regenerative capacity of the soil contributes towards sustainability of agro-
ecosystem. Thus, enhancement and maintenance of soil regenerative capacity is
essential for the sustainability of agriculture and for meeting basic needs of rising
population of country. Wackernagel et al. (2002) also indicated that human
demands for goods and services have exceeded the biosphere regenerative capacity
since the 1980s and quantified this analysis by suggesting that humanity’s load
corresponded to 70% of the global biosphere in 1961 and this ballooned to 120% in
1999. Although quantitative estimate is not available, contribution of soil in
agricultural production during pre-green revolution period was assumed to be
higher than during later period when seed, water, fertilizers and agrochemicals
played larger role (Yadav et al. 1998). As majority of essential nutrient elements are
taken up by plant roots, quality of rhizospheric environment is important for higher
fertilizer nutrient use efficiency and agricultural profitability. Optimum root prolif-
eration, proper vertical air diffusion and absence of any adverse interactions among
soil constituents are some of the soil criteria which determine rhizosphere quality
for higher nutrient use efficiency. Beside several inappropriate agricultural man-
agement practices, excessive build-up of several elements/compounds has been
attributed to declining soil quality in and around the root zone. Hence, resilience
(i.e. regenerative capacity) of soil resources to the degrading forces is an emerging
area of investigation due to emergence of such forces caused by increased anthro-
pogenic activities.

1.3 Threat to Soil and Environment

India has been identified by World Conservation Monitoring Centre under UNEP in
1988 as one of the 17 megadiverse countries that harbor the majority of the Earth’s
species and high numbers of endemic species. Wide variation in climates, land
topography, soil types are some of the major drivers responsible for such large
biodiversity. Soil is by far the most biologically diverse part of Earth and has been
evolved in the nature to perform several ecosystem services critical for life and
performs as filter for water; acts as medium and nutrient reserve for plant growth;
provides habitat for billions of organisms contributing to biodiversity; supplies
most of the antibiotics used to fight diseases and regulates the Earth’s temperature
as well as many of the important greenhouse gases. However, with the progress of
modern civilization, humans additionally use land as a dumping site for solid
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wastes, filter for wastewater, and foundation for our cities and towns. Except in
forest ecosystem at far away from pollution activities, positive balances of heavy
metals have been estimated during computation of trace elements budget (Kabata-
Pendias and Pendias 1992). This is due to their higher rate of inputs through
fertilizers, sludges, manures, residue recycling, atmospheric inputs etc. as com-
pared to the removal through crop uptake and infiltrating water, which indicates
gradual build-up of heavy metals in soils under agro-ecosystem.

In the quest of rapid growth in the national economy, India is increasingly
pushing forth for rapid urbanization, industrialization and transportation; all of
which are competing for agriculturally important natural resources like land and
water. From 2001 to 2010, it was observed that each state lost about 1% of its total
geographical area due to diversion of agricultural land for urban expansion and
magnitude of such diversion has been increasing steadily (Pandey and Seto 2015).
Large scale urbanization, industrialization and associated environmental alteration
and their impact on soil quality pose a threat to biodiversity as evident from the
extensive studies conducted at several developed countries. Although industry has
several adverse impacts on agriculture, their influential & dependency relationship
is many a times quite complex because of the unlimited human need. Different
agricultural and industrial requirements and activities affecting environment and
human life and their relationships are depicted below in Fig. 1.2.

Above complex relationships among different economic and social sectors and
associated activities indicate that most of the anthropogenic activities are essential
for meeting expectations and need of increasing population and socio-economic
development of the country; and any such developmental activities leaves irrepa-
rable damage to the environment including its natural resources. This is a transition
period for many developing economies like India to strike a balance between
industrial development and environmental protection so as to feed the bulging
population adequately with quality food as well as to improve the comfort and
quality of lifestyle. Although considerable researches are being conducted by
different institutes under Indian Council of Agricultural Research as well as by
State Agricultural Universities to address the issues of declining soil quality due to
faulty agricultural practices, insufficient research efforts have been put to address
the issue of soil and water pollution arising from high inputs of contaminated
fertilizers, soil amendments and agro-chemicals. Although long-term fertilizer
experiments at different agro-ecosystems across the country have conclusively
indicated that integrated and balanced fertilizer management systems in crop
production do not leave any adverse effect on soil quality (Swarup 1998), a study
conducted by ICAR-Indian Institute of Soil Science indicated groundwater con-
tamination with nitrate beyond permissible level at several places in high fertilizer
using districts of the country (Biswas et al. 2013).

In the early Anthropocene, rural population dominated but in the last
70-80 years, urban centers expanded rapidly with higher concentrations of people.
These urban centers and their encompassing ecosystems initiated a new set of
environmental problems mostly related to land surface sealing, water use, waste
management, and an insatiable appetite for food, fiber and energy needs.
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Widespread development of infrastructure such as housing, roads and railways have
contributed to environmental degradation by changing the general hydrology and
energy fluxes of the area. Apart from the threat of land consumption by
non-agricultural activities like urbanization, transport and industrialization, soil
contamination by different pollutants has become a major cause for deterioration
of its health; and in the long run the polluted soil may not be fit to grow food which
in turn may affect Indian economy directly or indirectly through reduction in raw
material supply to industries and emergence of several socio-economic problems.
Urbanization and industrialization exploited natural resources and damaged the
environment through their activities at every phases and processes of operation. It is
evident from several environmental tragedies that pollution from various sources
particularly from industries and mining had negative impact on environment which
was mostly irreversible in nature, and cause extinction of species resulting in loss of
unique genetic resources of valuable use. In agro-ecosystem, soil pollution is
caused by the presence of xenobiotic chemicals or other alteration in the natural
soil environment by industrial activity, agricultural chemicals, or improper disposal
of waste. The most common chemicals involved are petroleum hydrocarbons,
aromatic hydrocarbons, pharmaceutical products, solvents, pesticides, lead, and
other heavy metals. Impact of pollution on soil is quite alarming and introduction
of these hazardous chemicals into the soil environment results in huge disturbances
to the ecological balance of soil and injures health of living creatures on earth.

1.4 Addressing the Issue of Soil Pollution

To address issues related to land degradation, different countries have formulated
action plan and strategies to identify and combat soil pollution for the purpose of
protecting environment and organisms. United States Environmental Protection
Agency has taken up ‘Superfund’ program for cleaning up of some of the nation’s
most contaminated land and responding to anticipated environmental emergencies,
oil spills and natural disasters. The European Commission has established a frame-
work based on common principles and objectives to address the different facets of
soil degradation, where member countries identified the issues and location of
problems and devised their own strategies to address those problems. In India,
attention has been given to protect environment from different types of pollution in
the country through environmental laws and act like ‘Environment Protection Act,
1986°, as well as through awareness program and education. However, almost all
the emphasis has been given to air and water pollution, probably due to higher
mobility of toxicants towards organisms through these matrices. Unlike many
developed countries, the information and awareness on pollution of land resource
and it impact is lacking in the country. In most of the Environmental Impact
Assessment (EIA) of different industrial/mining/infrastructural projects, impact
on land resources and agroecosystems are largely ignored.
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Table 1.2 Degraded land areas of India

Area under arable Area under open forest with
Type of degradation land (million ha) <40% canopy (million ha)
1. | Water erosion (>10 t/ha) 73.27 9.30
Wind erosion (Aeolian) 12.40 -

3. | Physical degradation

(a) Mining and industrial 0.19 -
wastes

(b) Permanent surface 0.88 -
inundation

4. | Chemical degradation -

(a) Exclusively salt- 5.44 -
affected soils
(b) Salt-affected and water 1.20 0.10

eroded soils

(c) Exclusively acidic soils 5.09 -

(pH <5.5)

(d) Acidic (pH <5.5) and 5.72 7.13
water eroded soils
Total degraded area 104.19 16.53

NAAS (2010)

In India, information on extent of soil pollution, its impacts on other functional
area, plant and human health is not complete. About 60% of the geographical area
of the country is occupied by agricultural land, most of which is facing one or more
kind degradation stresses. The data given by different agencies on soil degradation
mainly focus on physical aspects of soil deterioration like erosion, waterlogging
etc. and in case of chemical degradation not much attention was given except
on soil salinity problems (Table 1.2).

In many developed countries like in North America and Western Europe, extent
of contaminated land been estimated with many of these having a legal framework
to identify and deal with the environmental problems. However, information on
magnitude of different developmental activities like mining, industries, urbaniza-
tion, transportation and others, and their impact on land/soil quality are meager in
India. Instances of soil pollution or chemical degradation are cited to be very
sporadic and region specific; and hence assessment of soil pollution, locating
their sources and impact across the country is specifically required for devising
suitable action plan for its protection and remediation. In India, each area is unique
in respect of nature and extent of anthropogenic interventions, climate, land mor-
phology, geology, hydrology and biodiversity. For precise EIA focusing land
degradation or soil pollution, one needs to have comprehensive knowledge on the
soil resources and its interaction with other environmental components as well as
pollutants so that protective/remedial soil management can be planned effectively.
To keep in view of the above, an attempt has been made to review the status of soil
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pollution in India under the background of ongoing anthropogenic activities with
appropriate interpretation using scientific knowledges generated on the subject and
to suggest future course of action.
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Chapter 2
Soil and Its Role in the Ecosystem

Abstract Soil is highly heterogeneous body in the terrestrial ecosystem that has
evolved through thousands of years of natural processes and has remained habitat
for enormous biodiversity. Due variability in seasonal temperature, rainfall, parent
materials and vegetation, different types of soils have been found in India; and each
of these soils have distinct mineralogical compositions, physical and chemical
properties. Such heterogeneity has resulted wide variations in the response of
soils to polluting activities which causes differential location specific impacts. To
understand the interaction of pollutants with soil constituents and their impact on
agroecosystems, basic knowledge on various aspects of soil resources and its
functions are essential. This chapter describes in brief, the major soil types of
India and their properties, role of soil constituents on its quality, different soil
forming processes, inhabiting organisms and their role in different soil nutrient
cycling processes affecting crop productivity.

Keywords Soil type * Ecosystem ¢ Organisms ¢ Pedogenic processes ¢
Agroecological zone ¢ India

Soil is a highly heterogeneous body in respect of physical, chemical and biological
characteristics as well as constituents and such heterogeneity arises both at micro-
and macro-scale in all three dimensions. Pollutants interact quite differently with
each of its constituents and hence, impact of anthropogenic activities on ecosystem
varies widely. This necessitates a comprehensive understanding on soil and its role
in the ecosystem by the personnel’s involved in environmental impact assessment.
This chapter briefly describes the important aspects of soil science mainly in the
perspective of crop productivity.

Soil is a resource on which every person’s life, well-being and fulfillment
depend. Poor management reveals itself in terms of social and economic costs
along with political repercussions. No sustainable agriculture and sustainable
development is possible without this awareness. Present societies show little inter-
est in this regard, and soil is often considered as no more than a support for human
activities. We abuse the land because we regard it as a commodity for use by us but
when we see it as a part of community to which we belong, we start looking at it
with respect. If soil is viewed as precious resource, its use should abide by certain
rules and a number of conditions so that different ecosystem functions are protected
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and sustained. In sum, soil is the source of life for humankind. Through the
intermediary of plants, animals, water and minerals, the soil shelters and nourishes
the people and their well being and health are dependent upon it. Soil is thus
essential for humanity, whether its uses are of an agricultural, forestry, industrial,
urban or ecological nature. No society can develop without using soils. Having said
this, all is a question of balance between functional and renovation capacities of soil
and anthropological pressure; the future is finely poised between the realization of
soil potential and the pressure of human activities. Indeed, the development of
human activity is linked with the functioning and properties of soils throughout the
world. Anthropogenic changes in the pedosphere influence the other spheres with
which it is interpenetrated viz.; lithosphere, hydrosphere, atmosphere and bio-
sphere. The soil cover is thus in a pivotal position in relation to whatever local,
regional or global changes the earth is undergoing. And here lies the importance of
soil, its quality and the immediate environment as a core element in the issues
related to sustainability and society.

The need to protect the environment will necessarily involve the knowledge
and the use of natural soil functions to ensure higher quality soils, better produce
quality, water and air quality and quality of life etc., through proper management
and rational use of soils. Since soil itself is a component of the ecosystem
comprising of soil, plant, animal, human and climate continuum, an impact on
any constituents is likely to have some effects on the other parts of system. The
environment of each of these components is intimately linked to one another so
much so that a change in one environment might adversely or benignly affect
other constituents. It is similar to throwing refuse into neighbor’s premises to keep
one’s own environment clean leading to ultimately to the peril of all. Goswami
and Rattan (1992) defined soil health, “as being a state of dynamic equilibrium
between organisms and its environment in which all the metabolic activities of the
former proceed optimally without any hindrance, stress or impedance from the
latter”.

The importance of soils to human well-being and cultural enrichment is glorified
in the ancient Indian scriptures dating back to the dawn of civilization. The “Prithvi
Sutra” in Artharva Veda narrates hymn as a prayer of goddess Prithvi, “O mother,
with yours oceans, rivers, and other bodies of water, you give us land to grow
grains, on which our survival depends”, and “May you, our motherland, on whom
are born five races of mankind, be nourished by the cloud, loved by the rain”
(Dwivedi and Tiwari 1987). Mahatma Gandhi reiterated this concept even more
directly by stating “Earth has plenty for every man’s needs but not for every man’s
greed” (Gandhi and Gandhi 1994).
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Soil and land, though related, are two different entities. Land is two dimensional
entity representing geographical area and landscape, while soil is a three-
dimensional body with length breadth and depth and is hidden below the land
surface. It is largely hidden from the outside world until it is lost and goes out of the
site. It is recognized by digging a pit and exposing its profile. ‘Soil’ a dynamic phase
of the earth’s outer crust serves as a delicate interface between atmosphere,
hydrosphere, lithosphere, and biosphere where various biogeochemical processes
occur that aid in its development to support key ecosystem functions such as plant
productivity, biotic activity and water quality. The soil fractionates the hydrologic
cycle in the terrestrial area into runoff, percolation and evapotranspirational com-
ponents. It is a source as well as a sink to absorb, desorb, fix or release mineral
elements and gases and grow plants and decompose crop residues incorporated into
it. It is a living factor where millions of tiny organisms are ceaselessly working day
and night, transforming the organic matter and participating in carbon and nitrogen
cycles. In our habitat planet of Earth, life could not exist without soil and no soil
without life. It is no wonder that the astronauts landing on the moon searched for
evidence of soil, life and water there and brought with them soil samples to make
detailed studies for an evidence of life. Soil is a limited and non-renewable resource
but a pivot for agriculture, food security, nutritional security, environmental safety
and quality of life. Since soil is pivot of natural resources, its management has to be
fully integrated with eco-friendly techniques.

2.1.1 Physical Properties of Soils

The physical properties of a soil play an important role in determining its suitability
for crop production. The characteristics like the supporting power and bearing
capacity, tillage practices, moisture storage capacity and its availability to plants,
drainage, and ease of penetration by roots, aeration, retention of plant nutrients are
all intimately connected with the physical properties of the soil. Soil as medium of
plant growth should also be physically fertile. The soil which supports plants is a
variable mixture of solids (mineral and organic matter), liquid (water) and gases
(air); and therefore is called three phase system. In a representative silt loam soil,
about 50% of the total volume is occupied by solids. At the optimum moisture for
plant growth, 25% of the volume occupied by water and 25% by air. Soil particle of
larger in size like sand are generally visible through unaided eye (naked eye),
whereas particles of colloidal in nature like clay can be seen only through electron
microscope. The liquid phase, consisting of soil water also contains dissolved salts
and thus it is called soil solution. The gaseous phase consists of soil air of varying
composition of oxygen and carbondioxide different from that of atmospheric air.
The important soil physical attributes are (a) bulk density, (b) texture, (c) structure,
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(d) water holding and transmission characteristics, (e) soil color, (f) soil aeration
and (g) soil temperature, which are briefly described below:

(a) Soil Bulk Density The bulk density of soil is defined as its oven dry weight per
unit volume which is normally expressed as g cm > or Mg m . Typically, a silty
loam soil has bulk density around 1.33 g cm . Soil organic matter, texture, density
of mineral matter and compaction influence bulk density of soil. Soils rich in
organic matter content have lower bulk density and with increase in soil profile
depth, the bulk density increases gradually. Compact soils like clayey soil have
higher bulk density than the light textured of sandy soil. Bulk density of a soil
influences several important soil properties related to rhizosphere quality and
consequently, to plant growth. Its value of more than 1.6 g cm™> may restrict
proper root growth in the soil.

(b) Soil Texture Quantitatively, soil texture refer