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NEW DELHI-110067

Professor Santishree D. Pandit
Vice-Chancellor

FOREWARD

The problem of Soil Pollution is global and more so developing countries like India, which
is majorly an agriculture based economy is facing the brunt of this challenge. Current unsustainable
agricultural practices lead to over exploitation and pollution of natural resources including soil.

To address the challenge of soil pollution and to train the youth work force in the area of
soil science and soil pollution management a course under Green Skill Development Programme
(GSDP) was formulated by the Ministry of Environment Forest and Climate Change, Government
of India in consultation with the National Skill Development Agency (NSDA). This course is
GSDP Pollution Monitors: Soil Pollution and is NSQF level 6.

Under GSDP Pollution Monitors: Soil Pollution a training programme was organized from
March 14, - April 03, 2022 by ENVIS RP on Geodiversity and Impact on Environment. School of
Environmental Sciences, JNU. The training programme was attended by 18 trainees from different
parts of our country, such as Uttar Pradesh. Bihar, Chhattisgarh, Haryana, West Bengal, Odisha,
Rajasthan, Assam, Karnataka. states. The training was imparted by resource persons, experts of
the area, representing different reputed organisations. As a reference material for the benefit of
GSDP participants and others as well as professionals working in the area of Soil Pollution, a detail
training manual is developed. The manual covers the theoretical and practical aspects of the soil
science and soil pollution.

I am sure this manual will be handy resource for our trained GSDP participants and will be
useful for them in their future endeavors as Green Skilled professionals. It will assist them in
solving the challenging issue of Soil Pollution and help the achieve sustainable development goals
and promoting sustainable lifestyle for Environment.

| congratulate all those involved in the preparation of this Training Manual on Soil

Pollution.
swm%@ 2
New Delhi Prof. Santishree Dhulipudi Pandit

Tel.: 2674 1500, 2670 4001 e Fax: +91-11-2674 2580 e E-mail: vec@mail.inu.ac.in
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JAWAHARLAL NEHRU UNIVERSITY
' SCHOOL OF ENVIRONMENTAL SCIENCES
® NEW DELHI - 110 067, INDIA
Preface

In line with the Skill India Mission of the Hon’ble Prime Minister, Ministry of

" Environment, Forest & Climate Change (MoEF&CC) took initiative for Skill Development in

the green sector as Green Skill Development Programme (GSDP). GSDP was formulated in

consultation with the National Skill Development Agency (NSDA) and all the courses are
National Skill Qualification Framework (NSQF) compliant.

GSDP “Pollution Monitors: Soil Pollution™ is a NSQF Level- 6 course. The major
objective of this course is to train and equip candidates with the skill and knowledge to
understand and resolve the issue of Soil Pollution. To work on the strategies, technologies and
policy to mitigate Soil Pollution. After completing this course employability of candidates would
increase in soil science and allied sectors.

To fulfill the above objectives we conducted GSDP “Pollution Monitors: Soil Pollution”
course at ENVIS RP on Geodiverstiy and Impact on Environment, School of Environmental
Sciences, Jawaharlal Nehru University, during March — April 2022.

We are pleased to present before you GSDP “Pollution Monitors: Soil Pollution™
Training Manual. This is to mention that this Manual has been prepared by International and

material for theory aspect as well as practical and hands-on-training sessions. It covers basic and

Best Wishes.

I G Ubouon

Prof. Pa Dr. Usha Mina
Course Coordinator Course Co-coordinator
ENVIS Coordinator & Dean SES Associate Professor, SES,
Jawaharlal Nehru University Jawaharlal Nehry University

Telephone : 011-26741538 (Direct) 26704302, 4303, 4304 | E-mail : dean-ses@mail.jnu.ac.in
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Introductory Remark on GSDP PollutionMonitor: Soil Pollution
Bhupinder Singh
Division of Environment Science, ICAR\RI, New Delhi-110012
One of the greatest problems that the world is facing today is that of environmental pollution,
which is causing grave and irreparable damage to the natural world and human society with
about 40% of deaths worldwide being caused by wateandirsoil pollution and coupled with
human overpopulation has contributed to the malnutrition of 3.7 billion people worldwide,
making them more susceptible to disease. A polluted environment is a polluted socetye
created and one only we can rertbe same. Pollution can affect the air we breathe, the water
we drink, the soil we use to grow our food, all of which can contribute to health problems and
a lower quality of life with major disruptions and effects on wildlife and ecosystems. Soil
pollution is defined as the presence of toxic chemicals (pollutants or contaminants) in soil, in
high enough concentrations to pose a risk to human health and/or the ecosystem. lllegal dumping
of the solid wastes, polluted water absorbed by the soil, use of dlefartlizers and
pesticides, dumping of minerals, oils, and radioactive wastes are the major causes of soll
pollution. Soil fertility is severely affected due to the abawentioned factors. Soil pollution
causes a chain reacdriint.y,l tr eadlutceerss ssooiill sadr gb:
capacity to act as a filter. It also contaminates the water stored in the soil and groundwater, and
causes an imbalance of soil nutrients. Soil and human health are further linked to each other.
Soil can havéoth a positive and negative impact on human health. Healthy soils provide the
necessary nutrients and clean water to plants in order to produce our nutritious food. Human

beings are increasingly aware of the influence of their diet on their general health

Soils and subsequently the plants are often polluted with PAHs and trace elements
including cadmium, cobalt, chromium, copper, iron, lead, mercury, molybdenum and zinc. PAH
pollution may come from industrial use and unregulated discharge of machine fyrebaed
oils etc. But can we stop the soil pollution, can we cleanse our soils, can we prevent its adverse
effect on the ecosystem diversity and the human health. The answer to all the above questions
lies in our ability to monitor soil pollution and lueé we dahat,we must actualize the target
attributes or most important determinants of soil pollution monitoring, the attributes that are not
principally affected by the physiechemical or structure of the soil. Later is important
particularly when inndia we have a variety of soils and that the pollution monitoring has to be
robust and not affected by the genetic variability in soil type. It is also imperative to monitor

pollution as sodwater and air pollution are all linked and a polluted soil alithost certainly
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lead to a polluted ground water owing to leaching of pollutants to deeper soil layers and a

suspension of contaminated soil dust will lead to air pollution impacting human health.

Several approaches to soil contamination monitoring éuetuchemical, geophysical,
and biological techniques are known. While the chemical techniques are used to measure
specific organic, inorganic, or radioactive contaminants in the soil using instruments such as a
gas chromatograph, atomic absorption spewiter, or mass spectrometer, geophysical
techniques examine the changes in physical properties of the soil and the contaminants to
address large areas of soil contamination. They may not require any disturbance to the soil, but
may not be useful for idefying each contaminant. Biological techniques on the other hand use
organisms as indicators of soil contamination, or by products of contaminant biodegradation
processes to monitor or predict changes in soil contaminant concentrations over time. The major
difficulty in soil pollution monitoring arises because of the complexity of the soil matrix, and
thus, a thorough understanding of the soil properties in general and its ptiysmial and
biological transformations and their determinants is criticatdpid and reliable measurement

of soil pollutants across matrices.

Recent developments in the field of soil pollution monitoring coupled with the
Government of I ndiabés soil test analysis schi
our focus ad drive to have a better soil health to support not just today's generation for at least
next seven generations to come. Efforts are on t@umgesfor monitoring soil contamination,
use of Al and remote sensing techniquesaddressvarious aspects ofoé contamination
monitoring over space and time. Presently remote sensing tools are being used for direct
detection of chemical contamination via its impacts on soil properties; Indirect detection of soll
chemical contamination based on variation of va@h health and associated traits (e.g.,
biochemical, structural, phenological, morphological); use of radiative transfer models, machine
or deep learning algorithms, and other processing tools to discriminate chemical stress from
other biotic and abiotistresses; assessment of soil properties related to contaminant mobility,
uptake, translocation, and accumulation in plant tissues; quantification of chemical contaminant
concentrations in soils; monitoring of contaminated, remediated or restored agesgstbécand
nonvegetated), e.g., industrial or urban brownfiellsyto managedites. The remote sensing
techniques are also in use for soil mapping and this area of work presents sufficient

entrepreneurship opportunities.

10
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Number ofstartupsin the ara of soil monitoring are growing with each passing day. Major
breakthrough and innovations have been made in the area of developing the Soil Quality
Monitoring Probes which help in measuring both the above and lglound factors such as
pathogens, pardss, root feeders, nutrient imbalance, temperature, and saturation, among
others, which help the farmers to accurately predict problems ahead of time. As a result, they
are only able to make reactive decisions regarding crop damage. Due ttdttigps are
developing soil probes that collect a range of data, allowing farmers to plan and manage their
soil quality. Development of soil moisture sensors is another important innovative area which
plays a vital role in plant cell division and transportatiomwatrients through the plant. These
probes help us understand the optimal or precise level of irrigation required for crops and
regulate the water supply accordingly. These sensors enable farmers to manage and control
irrigation practices. A reliable soguality analysis is critical for achieving any favourable
amends in the farm soil. The farming industry is increasingly adopting smart technologies and
precision agriculture practices to increase yields while reducing costs and these precise and
accurate @il analytics help farmers to practice smart and precision farming to achieve a higher
yield and produce quality without affecting the soil health, where soil organic carbon is given a

prime importance and any increment in the same is considered a rewpodterity.

It is thus clearly apparent that soil is a scarce resource which will continue to decline in
terms of its availability and quality to feed the burgeoning population. What we can do at best
is to limit the damage to this natural resourcewbich a thorough knowledge of soils and the
technologies available for monitoring its quality assume paramount importance. In addition to
the outlined challenges, the area also presents numerous opportunities for entrepreneurships and

agritechstartupsfor young students and enthusiasts.

*kk
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Soil and itsComponents

Usha Mina and Deepti Singh
School of Environmental Sciences, Jawaharlal Nehru University, New Delhi

Soils aredynamic open habitats that provide plants with physical supp@ter, nutrients,

andair for growth. Soils also sustain an enormous population of microorganisms such
asbacteriaand fungi that recyclehemical elements to sustain the nutrient cycling. There ar

five basic components of soil that, when present in the proper amounts, are the backbone of all
terrestrial plant ecosystems.

important for supporting plant growth, microbial communities, and chemical decomposition. Image
courtesy of FAO.

1. Mineral
The largest component of soil is the mineral portion, which makes up approximately 45%
to 49% of the volume. Soilminerals are derived from two principal mineral
types.Primary minerals, such as those found in sand and silt, are those soil materials that
are similar to the parent material from which they formed. They are often round or
irregular in shapeSecondary mnerals, on the other hand, result from the weathering of
the primary minerals, which releases important ions and forms more stable mineral forms
such as silicate clay. Clays have a large surface area, which is important for soil chemistry
and watetholding capacity. Additionally, negative and neutral charges found around soil
mi ner al s influences the soil 6s ability toc
contributing to a soilds cation exchange ¢

Thetexture of a soil is based on theeggentage of sand, silt, and clay found in that soil. The
identification of sand, silt, and clay are made based on size. The following is used in the United
States:

Sand 0.05 2.00 mm in diameter

Silt 0.002i 0.05 mm in diameter

Clay < 0.002 mm in diamete

12
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Figure 2. The U.S. Department of Agriculture Soil Texture Triangle is used to determine the overall
texture of soil based on the percentage of sand, silt, and clay.

The texture of a soil can be determined from its sand, silt, and clay content using a textural
triangle. Percent clay in the triangle is read oneftehandside of the triangle, the percent silt

is read on theight-handside, and the percent sand istbe bottom. For example, if a soil
contains 20% clay, 40% sand, and 40% silt (total = 100%), then libdsra

2. Water

Water is the second basic component of soil. Water can make up approximately 2% to 50% of

the soil volume. Water ignportant for transporting nutrients to growing plants and soil
organisms and for facilitating bobiological and chemical decompositi®oil water
availability is the capacity of a particular soil to hold water that is available for plant use.

The capacity of a soil to hold water is largely dependent on soil teXtieesmaller particles

in soils, the more water the soil can retain. Thus, clay soils have the greatedtolditey

capacity and sands the least. Additionally, organic matter also influences théholdieg
capacity of soil s shighafinitysfa wabef. The highexr the percemtage t e r 0

of organic materi al I nholding capacity.t he hi gher t he
The point where water is held microscopically with too much energy for a plant to
extract is called fdper mavidriti nwi Ictoied d i goiemtt .00

so tightly to solil particles, it is not available for most plants to extract, which limits the amount
of water available for plant use. Although clay can hold the most water of all soil textures, very
fine micropores on clay surfaces hold water so tightly that plants have great difficulty
extracting all of it. Thus, loams and silt loams are considered some of the most productive soil
textures because they hold large quantities of water that is availablarits @ use.

13
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3. Organic matter

Organic matter is the next basic component that is found in soils at levels of approximately 1%

to 5%. Organic matter is derived from dead plants and animals and as such has a high capacity
to hold onto and/or provide the essal elements and water for plant growth. Soils that are

high in organic matter also have a high CEC and are, therefore, generally some of the most
productive for pl ant gr owt h. Organi c -matter
holding capacitywhich can enhance the growth potential of soils with poor waikting

capacity such as sand. Thus, the percent of decomposed organic matter in or on soils is often
used as an indicator of a productive and fertile soil. Over time, however, prolonged
deconposition of organic materials can lead it to become unavailable for plant use, creating
what are known as recalcitrant carbon stores in soils.

4. Gases

Gases or air are the next basic component of soil. Because air can occupy the same spaces as
water, it canmake up approximately 2% to 50% of the soil volume. Oxygen is essential for
root and microbe respiration, which helps support plant growth. Carbon dioxide and nitrogen
also are important for belowground plant functions such as for nitiixjag bacteria If soils

remain waterlogged (where gas is displaced by excess water), it can prevent root gas exchange
leading to plant death, which is a common concern after floods.

5. Microorganisms

Micro-organisms are the final basic element of soils, and they ard fiotine soil in very high
numbers but make up much less than 1% of the soil volume. A common estimate is that one
thimble full of topsoil may hold more than 20,000 microbial organisms. The largest of these
organisms are earthworms and nematodes and thiéestrare bacteria, actinomycetes, algae,
and fungi. Microorganisms are the primary decomposers of raw organic matter. Decomposers
consume organic matter, water, and air to recycle raw organic matter into humus, which is rich
in readily available plant ritents.

Other specialized microorganisms such as nitrdo@mg bacteria have symbiotic
relationships with plants that allow -plants
fixingo plants are a maj or srosolrdeveoprent overo i | ni
time. Mycorrhizae are fungal complexes that form mutualistic relationships with plant roots.
The fungus grows into a plantdés root, where
return, the fungus provides the plant rootwitater and access to nutrients in the soil through
its intricate web of hyphae spread throughout the soil matrix. Without microbes, a soil is
essentially dead and can be limited in supporting plant growth.

Soil Analysis

Analysis of soil of a particular place gives insights to take further actions and it can be useful
in various areas such as constructions of buildings and roads, mapping of an area, land use
planning etc. Most importantly in the field of agriculture, smiblysis helps in evaluating soil
fertility, fertilizer recommendations for crops, prediction of likely crop response to applied

14
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nutrients, assessment of degree and type of problems related to soil at a particular place such
as salinity, acidity, sodicitgtc. Thus,Soil analysis is important to sustain an agricultural field

or to suggest a suitable land use practice.

Soil analysis is possible through testing of soil in the field as well laboratory conditions.
Different soil physicechemical andbiological properties are measured through various
standard testing methods. The first necessary step for soil analysis is the sampling of soil to be
tested.

Soil Sampling
The sample collected should be truly representative of the field atibé@ dueonsiderations
should be taken:
1.Afield can be treated as a single sampling unit if it is appreaigtigrm. Generally an area
not exceeding 0.5 ha is taken as one sampling unit.
2.Variations in slope, colour texture, crop growth and managemenicpsashould be taken
into consideration while planning for sampling.
3.An area of about-2 m along all sides of the field should be left.
4.Large area may be divided into appropriate number of smaller homogenous units for better
representation.
Depth of eampling: Following factors should be kept in mind while considering the sampling
depth:
1. For cereals, vegetables and other seasonal crops the sampling depth shdil8dcche 0
that is a plough layer.
2. For deep rooted crops or longer duration crops sikgacane,samples should be
collected from different depths depending upon requirements.
3. For saline or alkali soils, if salt crustussible, it should be sampled separately.

Soil Sampling Procedure

1.First of all remove the surface litter at the place of sampling and the divide the area into 15
20 well distributed spots (depending on the area) moving inzagidashion and thesollect
samplefrom each point for the desired depth and the mix thepkain a tray to make the
composite sample for each depth.

2. From fields having standing crops in a row, collect samples in between the rows.

3.Reduce the bulk sample to the required amount (around 500g) by coning and quartering. For
this spread the emdé soil mass, divide into four quarters, discard two opposite ones and remix
the remaining two. Repeat this process until about 500 g soll is left.

Sampling Equipment
Different tools can be used Br.aw soil samples such as:
1. Soil tubeauger For moist ad soft soil)
Soil coreauger For bulk density samples)
Screw typeauger For hard oDry soil)
Post holeauger (forexcessive wet area such as rice fields)
Kassi or phawadgpade) (V shape cut up to 15 cm depth is required for any soil type)
Khurpi (V shape cut up to 15 cm depth is required for any soil type)

o gk wnN
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Precautions while sampling

1.

2.

Proper labelling of the sample is needed through permanent marker or by using
aluminium sheet labels consisting of date, depth and sample name id.

An information sheett®uld be maintained for each sample consisting of location
name, field number, name of cultivator, identification marks, coordinate sample points,
information about irrigation, previous cropping history, fertilizer, manure etc.

Sample storage andProcessing

1.

All the samples brought from the field should be immediately store®Caadd then
segregate the samples for physical, chemical and biological properties analysis.
Samples for physicohemical analysis should be diied

After airdrying, crush the soil sample clods with the help of mortar and pestle and then
pass the entire taken amount through a 2mm sieve and then sample can be stored at
room temperature.

Sample for biological analysis should be analysed within a week if keP€ anl if t

can be analysed then transfer the sample2®ftC and there it can be stored for up to

3 months. If any molecular analysis needed to be done the soil sample should be kept
at-80°C for a longer period aime. Butit is recommended to perform soil bigical

tests as early as possible.

For certain types of analysis such as Organic Carbon analysis and heavy metal analysis
soil samples need to be sieved through 0.2mm sieve or less respectively.

*%k%k
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Soil Pollution: Causes and Effects
Sanjeev Agrawal
Former Prof. & Head Amity University Haryana,
Former Additional Director, CPCB, MoEF&CC, New Delhi

Soil pollution or Soil contaminationis caused by the presermiexenobiotics(humanmade)
chemicals or other alteration in the natural soil environment. It is typically caused by industrial
activity, agricultural chemicals or improper disposal of waste. The most common chemicals
involved are petroleumhydrocarbons polynuclear aromt& hydrocarbons (such as
naphthalene and Benzo(p)pyrene, solvents, pesticides, lead, and other heavy metals.
Contamination is correlated with the degree of industrialization and intensity of chemical
substance. The concern over soil contamination steimsuply from health risks, from direct
contact with the contaminated soil, vapours from the contaminants, or from secondary
contamination of water supplies within and underlying the soil. As per the CPCB guidelines,
managing and mapping of contaminated sites or TSDF Storaged SDF-Treatment,
Storage, Disposal Facility)and the resultingleanups are timeconsuming and expensive
tasks, requiring extensive amounts of geoldayydrology, chemistry, computer modelling
skills, and GIS in Environmental Carhination, as well as an appreciation of the history of
industrial chemistry.

A number of earth science sources identify and name geomorphic regions, which are
grouped by geologic and landform similarity (Fenneman, 1931, 1938, 1946; Hunt, 1967;
Wahrhaftg, 1965). The value of relating soil patterns to these regions is\gadnt. Such
terms as Basin and Range, were made with World Landscape etc. (Piedmont, Columbia
Plateau, and Atlantic Coastal Plain provide both a geologic and geographic context for
communicating regional soil and landform knowledge). Soils occurrence can be accurately
predicted and mapped using observable landscape features (e.g., landforms, vegetation, slope
inflections, parent materialpedrock outcrops, stratigraphyPrainage and oto tonal
patterns). During a soil survey, soil scientists develop a tacit knowledge of soil occurrence
generally based on landscape relationships. Soil occurrence is consistently linked to a number
of geomorphic attributes. Among these are landform tigpelscape position, parent material
distribution, slope shape, slope gradient, Bmdinagepattern. A clear, concise geomorphic
description effectively conveys soil location within a landscape to other soil scientists and soil
users. A comprehensive amwnsistent system for describing geomorphic and landscape
attributes for soil survey is described here (refer National Soil Survey Handbook, Part 629
USDAI NRCS, 2013).

Geomorphology is an integral part of all soil survey processes and stages. Preliminary
or initial knowledge about soil patterns is commonly basedandscape or geomorphic
relationships. Observations during a soil survey refine existing landscape models or
sometimes compel and create new models. Map unit design includes recognition argd nam
of landforms and also includes observations of landscape position, parent materials, and
landscape and sdilydrology: Soil scientists capture this observational and expert knowledge
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through soil map units ar@edon(Sampling Landscape patterns) dgstoons, which should
convey relationships among soil properties, soil horizons, landscapes, geomorphology, and
parent materials. Any study plan, site selection, or pedon sampling must also consider and
addresghe geomorphology. Study or sampling objedivwan vary. Every sampled pedon
should include a complete description of both soil and geomorphology. In a characterization
project, the sample pedals should be representative of the landscape unit (e.g., stream terrace,
back slope) they occur upon. Noteat the landscape unit that is sampled can be {sudte.

The unit could be a landform (e.g., stream terrace, dulmponlin), a geomorphic component

(e.g., nose slope), a hillslope position (e.g., foot slope), or all of these. Sampled pedons
represenboth a taxonomic unit and a landscape unit. Both the landscape unit and taxonomic
unit should be considered in site selection. Note that a single landscape unit (e.g., backslope)
may contain more than one taxonomic unit. A landscape unit is easier taireciogthe field

and to map than a soil taxonomic unit. For a characterization project, select the dominant
taxonomic unit within a given landscape unit. The existence of other soils or taxa can and
should be included in the soil description and the maip description. Soil patterns on
landscapes follow catenary relationships. It is important to characterize not only the individual
pedon properties but also the soil relationships both above and below on the landscape. This
goal requires that soils be spied as a catenary sequence (i.e., multiple samples across the
same hillslope). This sampling scheme appears intensive, but it serves multiple purposes. A
sample pedon or set of pedons provides vital characterization data and also can quantify the
catenarypattern and processes. As such, it is an efficient use of sampling time and effort as
well as laboratory resources. Moreover, it provides an understanding of the entire soil
landscape.

Lastly, and perhaps most importantly, soil geomorphic relationsh#gsrde and
sometimes demaddspecific study during a soil survey. Crucial problems caadoiressed
by appropriately designed study of geomorphology, stratigraphy, or parent material. For
example, a silty or sandy mantle over adjacent soils and/or landfiosamnbe of eolian origin.
A well-designed geomorphic study can test this hypothesis. In another geomorphic setting, soll
distribution andhydrology may be controlled by stratigraphic relationships rather than by
elevation or landscape patterns. DXill core or backhoe pit sequence camdressthis
hypothesis. These studies need not be elaborate, but they require forethought and planning.
Such studiesare applicable and necessary to tajor Land Resource Area(MLRA)
approach to soil survey.

Soils form a vital, complex continuum acr 0!
Soil Survey is to segregate the soil continuum into individual araabkake similar properties,
and therefore, similar use and management. Soils cannot be fully understood or studied using
a single observation scale. Instead, soil scientists use multiple scales to study and segregate
soils and to transfer knowledge to saders. To accomplish the task of Soil Survey at
reasonable cost and time, soil scientists extend knowledge from point observations and
descriptions to larger land areas. Soil ruat delineations are the individual landscape areas
defined during and degtied in a soil survey. Soil observation, description, and classification
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occur at the pedon scale (1 to &7 m) and re
10006s hectares). Further, pedons selected,
represent only a small subset of the observation points. Pedon descriptions and classifications
along with measured lab data, however, accurately apply to a named soil map unit or landscape
areas (soil component) within the map unit. Soil scientists danrabl y pr oj ect (7
pedon information to soil map units based on experience and the strong linkages among soils,
landforms, sediment bodies, and geomorphic processes. Thus, soil geomorphology serves
several key functions in Soil Survey. These fiorg can be summarized as:

1. Provides a scientific basis for quantitatively understanding soil landscape
relationships, stratigraphy, parent materials, and site history.

2. Provides a geologic and geographic context or framework that explains regional soil
patterns.

3. Provides a conceptual basis for understanding and reliably predicting soil occurrence
at the landscape scale.

4. Communicates effectively and succinctly about soil location within a landscape.

During a Soil Survey, soil scientists achieve these functions both tacitly and by deliberate
effort. Geomorphic functions are best explained by citing examples. The first function listed
above involves planned, detailed soil landscape studies (e.g., Ralhel®67; Daniels et al.,

1970; Gamble et al., 1970; Parsons et al., 1970; Gile et al., 1981; Lee et al., 2001, 2003a,
2003b), which are an important component of the Soil Survey. Such studies quantify and
explain the links between soil patterns andtgjraphy, parent materials, landforms, surface
age, landscape position, ahgidrology Studies of this nature provide the most rigorous,
guantitative, and complete information about soil patterns and landscapes. The required time
and effort are significanbut they are justified by the quantitative information and scientific
understanding acquired.

Causes of Soil Pollution

Soil pollution can be caused by the following (nocexhaustive list)

1) Micro-pollutants

2) Oil spills

3) Mining and activities by other heauydustries

4) Accidental spills may happen during activities, etc.

5) Corrosion of underground storage tanks (including piping used to transmit the contents)
6) Acid rain

7) Intensive farming

8) Agrochemicals, such gmesticidesherbicidesandfertilizers

9) Petrochemicals

10)Industrial accidents
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11)Road debris
12)Drainageof contaminategurface wateinto the soil
13)Ammunitions,chemical agentsand other agents of war;
14)Waste disposal
i.  Oiland fuel dumping
i.  Nuclear wates
ii.  Direct discharge ahdustrial waste$o the soill
iv.  Discharge of sewage
v.  Landfill andillegal dumping
vi.  Coal ash
vii.  Electronic waste

The most common chemicals involved pegroleumhydrocarbonssolvents pesticideslead

and other heavy metals. Any activity that leads to other fornseibdegradatior{erosion
compaction etc.) may indirectly worsen the contamination effects in slodt remediation
becomes more tedious. Historical depositiosad| ashused for residential, commercial, and
industrial heating, as well as for industrial processes sudneasmelting were a common

source of contamination in areas that wedustrializedbefore about 1960Coal naturally
concentrates lead anzinc during its formation, as well as other heavy metals to a lesser
degree. When the coal is burned, most of these metals become concentrated in the ash (the
principal exception being mercury). Coal ash astag may contain sufficient lead to qualify

as a "characteristildazardous waste defined in the US as containing more tham@/| of
extractable lead using the TCLP procedure. HoweVELP procedure is detailed out in the
book entitled ASolid and Liquid Wastla Manac
addition to lead, coal ash typically contains variable but significant concentrations of
polynuclear aromatichydrocarbons(PAH and its derivatives; e.g., benzo(a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, indeno(cd)pyrene,
phenanthrene, anthracene, and others). These PAHs are known ¢ancieogensand the
acceptable concentrations of them in soil are typically around/kg. Coal ash and slag can

be recognised by the presence ofwffite grains in soil, grey heterogeneous soil, or (coal slag)
bubbly, vesicular pebblsized grains. Treated wage sludge, known in the industry as
Biosolids, has become controversial as a "fertilizer". As it is kg@roduct of sewage
treatment, it generally contains more contaminants such as organisms, pesticides, and heavy
metals than other soil.

Trace Pollutants in Soil

Pesticides, Herbicides and Insecticides

A pesticideis a substance used to kill a pest. A pesticide may be a chemical substance,
biological agent (such as a virus or bacteria), antimicrobial, disinfectant or device used against

any pest. Pests include insects, plant pathogens, wesdlsiscs birds, mammia, fish,
nematodes (roundworms) and microbes that compete with humans for food, destroy property,
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spread or are a vector for disease or cause a nuisance. Although there are benefits to the use of
pesticides, there are aldoawbackssuch as potential taity to humans and other organisms.

Herbicidesare used to kill weeds, especially on pavements and railways. The most are
biodegradable by soil bacteria. However, one group derived from trititent® (2:4 D and
2:4:5 T) have the impurity dioxin, which is very toxic and causes fatality even in low
concentrations. Another herbicide is Paraquat. It is highly toxic but it rapidly degrades in soil
due to the action of bacteria and does not kill saih.

Insecticides are used to rid farms of pests which damage crops. The insects damage not
only standing crops but also stored oard, in the tropicgt is reckoned that one third of the
total production is lost during food storage. As witihgicides the first insecticides used in
the nineteenth century were inorgaeig., Paris greenand other compounds d@frsenic.
Nicotine has also been used since the late eighteenth century.

There are row two main groups of synthetic insecticides:

1) Organochlorine include DDT,AIDr.in, DielDr.in and BHC: They are cheap to produce,
potent and ersistent. DDT was used on a massive scale from the 1930s, with a peak of
72,000 tonnes used 1970. Then usage fell as the harmful environmental effects were
realized. It was found worldwide in fish and birds and was even discovered in the snow in
the Antactic. It is only slightly soluble in water but is very soluble in the bloodstream. It
affects the nervous and endocrine systems and causes the eggshells of birds to lack calcium
causing them to be easily breakable. It is thought to be responsible farctiree df the
numbers of birds of prey likespreysand peregrine falcons in the 1980gy are now
recovering. As well as increased concentration via the food chain, it is known to enter via
permeald membranes, so fish get it through their gills. As it has low water solubility, it
tends to stay at the water surface, so organisms that live there are most affected. DDT found
in fish that formed part of the human food chain caused concern, but theftaved in the
liver, kidney and brain tissues was less than 1 ppm and in fat was 10 ppm, which was below
the level likely to cause harm. However, DDT was banned in the UK and the United States
to stop the furthebuild-up of it in the food chain. U.S. mafacturers continued to sell
DDT to developing countries, who could not afford the expensive replacement chemicals
and who did not have such stringent regulations governing the use of pesticides.

2) Organophosphatesg.g.,parathion, methyl parathion and about 40 other insecticides
are available nationally. Parathion is highly toxic, metpgdathion is less so and
Malathion is generally considered safe as it has low toxicity and is rapidly broken down in
the mammalian live This group works by preventing normal nerve transmission as
cholinesterasas prevented from breaking down the transmitter substance acetylcholine,
resulting in uncontrolled muscle movements.
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Health effects

Contaminated or polluted solil directly adte human health through direct contact with soil or

via inhalation of soil contaminants which have vaporized; potentially greater threats are posed
by the infiltration of soil contamination into groundwataguifers used for human
consumption, sometimes in areas apparently far removed from any apparent source of above
ground contamination. This tends to result in the developmetlloftion-related diseases

Health consequences from exposure to soil contamination vary greatly depending on
pollutant type, pathway of attack and vulnerability of the exposed population. Chronic
exposure tachromium lead and other metals, petroleum, solvents, and many pesticide and
herbicide formulations can be carcinogenic, can caosgenital disords, or can cause other
chronic health conditions. Industrial or marade concentrations of naturally occurring
substances, such agrate andammoniaassociated with livestock manure from agricultural
operations, have also been identified as health hazards in soil and groundwater.

Chronic exposure to benzene at sufficient concentrations is known to be associated with
higher incidence deéukaemia. Mercury anatyclodienesire known to induce higher incidences
of kidney damage and some irreversible diseases. PCBs and cyclodienes are linked to liver
toxicity. Organophosphates arghrbonatescan induce a chain of respses leading to
neuromuscular blockage. Many chlorinated solvents induce liver changes, kidney changes and
depression of the central nervous system. There is an entire spectrum of further health effects
such as headache, nausea, fatigue, eye irritatidrskan rash for the above cited and other
chemicals. At sufficient dosages a large number of soil contaminants can cause death by
exposure via direct contact, inhalation or ingestion of contaminants in groundwater
contaminated through soil.

Ecosystem effets

Not unexpectedly, soil contaminants can have significant deleterious consequences for
ecosystems. There are radical soil chemistry changes which can arise from the presence of
many hazardous chemicals even at low concentration of the contaminans.sjéese
changes can manifest in the alteration of metabolism of endemnumorganismsand
arthropods resident in a given soil environment. The result can be virtual eradication of some
of the primary food chain, which in turn could have major consequences for predator or
consumer species. Even if the chemical effect on lower life forms is shealgwer pyramid

levels of thdood clain may ingest alien chemicals, which normally become more concentrated
for each consuming rung of the food chawtany of these effects are now well known, such as
the concentration of persistent DDT materials for avian consumers, leading to weakening of
egg shells, increased chiotortality and potential extinction of species.

Effects occur on agricultural lands which have certain types of soil contamination.
Contaminants typically alter plant metdibm, often causing a reduction in crop yields. This
has a secondary effect upsail conservationsince the languishing crops cannot shield the
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Earth's soil fromerosion Some of these chemical contaminants have laifjlives and in
other cases derivative chemicals are formed from decay of primary soil contaminants.

Treatment & Clean-up options for Soil

Treatment, Storage and Disposal facility could be referred to CPCB Guidelines, whereas

Cleanup or environmental remediation &alysedby

environmental scientists who utilize field measuremen
soil chemicalsand also apply computer models (GIS
Environmental Contamination) foanalysingtransport
and fate of soil chemicals. Various technologies h
been developed for remediation of-odntaminated soil
and sedimentslThere are several principal strategies
remediation:

1)

2) Aeration of soilsat the contaminated site (wit

3)

4)

5)

6)
7)
8)

9)

Excavate soil and take it to a disposal site away fi
ready pathways for human or sensitive ecosys
contact. This technique also appliesdieedging of
bay mudscontaining toxins

attendant risk of creatingr pollution)

Thermal remediation by introduction of heat to ra
subsurface temperatures sufficiently high to volatil
chemical ontaminants out of the soil for vapc
extraction. Technologies include ISTD, electrig
resistance heating (ERH), and4BBP;
Bioremediation, involving microbial digestion ¢
certain organic chemicals. Techniques used
bioremediation include, Land FarmingBio-
stimulation and Bb-augmenting Soil biota with
commercially available microflora;

Extraction of groundwater or soil vapour with &
active electromechanical system, with subsequ
stripping of the contaminants from the extract;
Containment of the soitontaminants (such as b
capping or paving over in place);
Phytoremediation, or using plants (such as willow

rof
in

nve

or

om
em

)

se
ze
r
al

—h

N

y

to

extract heavy metals;

Box -1: India Uranium
Contamination

In March 2009, the issue of Uranium
poisoning in Punjab attracted press
coverage. It was abed to be
caused by fly ash ponds of thermal
power stations, which reportedly
lead to severe birth defects in
children in the Faridkot and
Bhatinda districts of Punjab. The
news reports claimed the uranium
levels were more than 60 times the
maximum safe imit. In 2012, the
Government of India confirmed that
the ground water in Malwa belt of
Punjab has uranium metal that is
50% above the trace limits set by the
United Nations' World Health
Organization (WHO). Scientific
studies, based on over 1000 samples
from various sampling points, could
not trace the source to fly ash and
any sources from thermal power
plants or industry as originally
alleged. The study also revealed that
the uranium concentration in ground
water of Malwa district is not 60
times the WHQimits, but only 50%
above the WHO limit in 3 locations.

ent This highest concentration found in

samples was less than those found
naturally in ground waters currently
used for human purposes elsewhere,
such as Finland. Research is
underway to identify natura or

Mycoremediation or using fungus to metabolize

contaminants and accumulate heavy metals;

Remediation of oil contaminated sediments with-selfapsing air Micro bubbles and

Surfactant leaching
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Some World Examples:

European Union

According to the receivkdata from Member states, in the European Union the number of
estimated potential contaminated sites is more than 2.5 million and the identified contaminated
sites around 342 thousand. Municipal and industrial wastes contribute most to soil
contamination(38%), followed by the industrial/commercial sector (34%). Mineral oil and
heavy metals are the main contaminants contributing around 60% to soil contamination. In
terms of budget, the management of contaminated sites is estimated to cost around 6 billion
Euros( ) annual ly.

United Kingdom

Generic guidance commonly used in theited Kingdomare the Soil Guideline Values
published by theéDepartment for Environment, Food and Rural AffiBEFRA) and the
Environment AgencyThese are screening values that demonstrate the minimal acceptable
level of a substance. Above this there can be no assurances in terms of significant risk of harm
to human health. These have been derived using the Contaminated Land Exposure Assessment
Modd (CLEA UK). Certain input parameters such as Health Criteria Values, age and land use
are fed into CLEA UK to obtain a probabilistic output. Guidance by the Inter Departmental
Committee for the Redevelopment of Contaminated Land (ICRCL) has been formally
withdrawnby DEFRA, for use as a prescriptive document to determine the potential need for
remediation or further assessment.

To date, the first ten of ffiy-five contaminant SGVs have been published, for the
following: arsenic,cadmium chromium, lead, inorganic mercury, nickel, selenium ethyl
benzene, phenol and toluerigraft SGVs for benzene, nagtalene and xylene have been
produced but their publication is on hold. Toxicological data (Tox) has been published for each
of these contaminants as well as for benzo[a]pyrene, benzene, dioxins, furans antikdioxin
PCBs, naphthalene, vinyl chloride, 12,2 tetrachloroethane and 1,1,1,2 tetrachloroethane,
1,1,1 trichloroethane, tetrachloroethene, carbon tetrachloride,-dich®roethane,
trichloroethene and xylene. The SGVs for ethyl benzene, phenol and toluene are dependent on
the soil organic matte(SOM) content (which can be calculated from the total organic carbon
(TOC) content). As an initial screen the SGVs for 1% SOM are considered to be appropriate.
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Soil Sampling Process andSampling Designs
B Chakrabarti t and SP Mazumdar

ICAR-Indian Agricultural Research Institute, New Delhi
2ICAR-Central Research Institute for Jute and Allied Fibres, Barrackpore

Introduction

Soil is a natural body composed of minerals, organic matter, gases, water and living organisms
that together support life. It sustains biological diversity and regulates water and solute flow.
Soil has a filtering, buffering, and detoxifying function. Seila storehouse of nutrients and

also provides support to socio economic structures.

Soil analysis

Soil analysis is a set of physical, chemical and biological analyses that determine the amount
of available nutrients in soil and also its physical, chamémd biological properties. Soil
testing/analysis is done to evaluate the fertility status of soil, for making fertilizer
recommendations, to predict crop response to fertilizer application, to identify problems like
salinity, alkalinity, acidity, pollubn etc. and to investigate the effect of environmental changes
on soll.

Soil samplingis the process of collecting a small sample of soil which is further analyzed in a
laboratory. Sampling of soil is a critical step.

Points to be taken care of while soil sampling:

Collected soil samples should represent the total area of sampling.

Faulty soil sampling is the biggest error in soil testing and result interpretation.

A uniform field can be a single sampling unit not exceeding 0.5 ha.

An area of 2 to 3 m along the sides should be left.

Variations in slope, color, texture, crop growth, ngaraent should be taken into account
while sampling.

Recently fertilized plots, bunds, marshy tracts, channels, compost pits anchother
representativeoints should be avoided.

Larger area to be divided into smaller homogeneous units.

Soil sampling bols: Several tools are used for soil sampling.

Khurpi: Itis used to collect soil samples from the surface.

Spade:Used for collecting soft soil samples from the surface.

Tube auger: Used to collect soil samples from different depths.

Screw auger: For ollection of samples frordry soill.

Posthole auger: Used for ollecting samples from very wet areas like rice fields.

Core sampler: For ollecting undisturbed soil samples for determination of root biomass,
bulk density of soil etc.

ok wNE

Sampling Procedure:Scrape away the litter from the soil surface. Make a V shaped cut with
khurpi or spade. Take out a uniform 2.5 cm thick slice. Put it in the collection bucké.
thisway collect samples from all the points (Fig 1).
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Fig 1. Collection of soil sam from surface

Quartering technique: After collecting soil samples from different sampling points,
guartering technique is followed to reduce the volume of the composite soil sample. First the
samples collected from different points are thoroughly mixdwbnTit is spread on a clean
polythene sheet or thick paper. A dome shape is made by hand. Then it is divided into four
guarters. The two opposite quarters are discarded and the remaining two quarters are again
mixed (Fig 2). The process is repeated utttdwt 500 g sample is left.

Fig 2. Quartering technique

Steps in soil sample collection

Collect separate samples from each field.

Use appropriate sampling tools.

Collect samples from different points from each field in a zigzag maavering the
entire area.

Collect samples from in between the rows from fields having crops.

Mix the sample thoroughly and reduce the sample size by quartering technique.
Transfer the samples in clean bags and label them properly.

In case of soil sampleollection in horticultural crops, dig pits upto 90 cm &@rchw

separate samples from different depths. Depth of soil sampling also varies with the type of
crops. For cereal crops it isSocm and 180 cm. In case aleeprootedcrops like

sugarcane, saples should be collected from different depths. For plantation crops, fruit trees,
sampling should be done from different deptbs0-15 cm; 3060 cm; 6690 cm. In case of
saline or salin@lkali soils, salt crust is visible to be sampled separateygid@s this soil

samples are collected upto 15 cm depth.
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Labelling of samples:Samples collected should be labelled propdrhe label / sheet
accompanying the sample must include information on:

Sample number

Name of the field

Name of the farmer

Date of sampling

Nature of soil

Soil depth

Crop or plant cover
Relief / topography

Soil management history
Cropping history

Too Joo oo oo Too Too Too Too Too Too

Processing of samplesAir dry the samples in shade. Discard the plant residue, gravels etc.
Crush the soil clods and grind with the help of mortar and pestle. Pass the entire soil through
a 2 mm sieve. For analysis of organic carbon, micronutrients pass through 0.2 to 0.5 mm
sieve. Remix the entire quantity of soil before analysis. Store in plastic jars.

Storage of samplesSamples should be stored in clean, preferably new cloth or polythene
bags. For determination of microbial parameters samples should be stored preferdbly at 4"
in the refrigerator for a short time. Freezing2°C should be preferred for longer storage.
Precautions in soil sample collection & storage

Avoid contact with chemicals, fertilizers, manures.

Do not use rusted sampling tools.

Store samples in cleapreferably new cloth or polythene bags.

Do not store samples in bags or boxes previously used for storing other chemicals.

Precautions while collecting soil samples from polluted site

Disposable gloves should be worn during sample collection.

Containes with high concentration of contaminant to be stored separately.
Store samples in a secure container.

Containers to be sealed in caséoofg-termstorage.

Documentation of the field to be done properly.

A control sample should be collected fromanpollutedsite close to the polluted
area.

Too oo Too Too Too Too

Soil Sampling DesignsThere are different designs followed for collection of soil samples.

1. Simple random sampling:In this casesampling is done on uniformsites where variability

is nonsignificant Sampling procedures involve collection of randomly selected soil cores
which are mixed together into composite soil samples avoiding areas like anthills, bunds,
boundaries etc. (Fig 3). Sample produced from aarapiing area consists of -AD sub
samples. Samples are collected randomly in the area following a zigzag pattern.
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Fig 3. Simple random sampling

2. Stratified random sampling: The area is divided into a number of subunits, called strata
using prior information of the area. For example, the strata may be a ridge, a slope, a low area
or a level area. Then simple random sanplis done for eachtratum The groups can be
based on spatial or temporal proximity, or on-exeting information or professional
judgment. This method is preferred because it gives more accuracy as stratification becomes
more well defined and strattfation eliminates the variations.

3. Grid sampling: Ste specific nutrient management (SSNM) demands that soil sampling be
organized into a systematic grid pattern. In order to achieve systematic soil sampling a square
or rectangular grid is overlaid omaap or photograph of the field. Samples are to be collected
either within the grid cell or at the intersection points between the grid cells (Fig 4). A grid of
equally spaced lines established. Withim 3m radius, 8 to 10 cores are taken. The soilscore

are composited and bagged as one soil sample for analysis at a laboratory.

Fig 4. Grid sampling

Although it is easy to implement in the field, this practice can lead to bias. Cropping pattern,
tillage, fertilizer application etc. occur in regular intervals. In order to represent the variability
in the field, sampling points can be organized in a-di@nond pattern.

Soil sampling based on GIS/GPS Techniques:

The GIS and GPS techniques along with remote sensing are utilized in mapping and monitoring
of natural resources. Useful in monitoring larger areas like watershed, waterlogging, soll
salinity erosion, pollution. Using thiechniquewe can get getaggedsoil samples. Useful

for preparation of digital physiographic soil maps and helps in optimum land use planning.
GPS enabled soil sampling was also prescribed in soil health card scheme (SHC). The grid size
is 2.5 ha for irrigated area and 10 ha for rairdezh.

Systematic unaligned sampling (Webster and Oliver, 1990 his method combines both
systematic sampling and random sampling. In this case a constant interval was kept both along
the rows and down the columaremaintained without alignment (Fig.5The field is divided

into cells of a coarse grid. A finer grid is superimposed on each coarse cell. A corner of the
coarse grid is chosen randomly and a reference cell is selected. Then move horizontally to the
next coarse cell, keeping the X coordinsaéene but randomly select a new Y coordinate. The
process is repeated for all the coarse cells in the top row. Then return to the upper left corner
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and repeat the process down the first column keeping the Y coordinate the same, but changing
the X coordinge. The remaining positions are determined by the X coordinate of the point in
the left square of its row and the Y coordinate of the point in the uppermost square of its
column.
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Fig 5. Systematic unaligned sampling (Webster and Oliver, 1990)

Referene

Webster R. and Oliver M. A. "Statistical Methods in Soil and Land Resource Survey, Oxford
University Press"”, 1990, pp 4& .
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Soil Physical Properties Texture, Aggregates
Dr. Anshuman Gunawat

Motilal Nehru CollegelUniversity of Delhi

What is soil?

Solil is the loose surface material that covers most land. It consists of inorganic particles and
organic matter. Soil provides the structural support to plants used in agriculture and is also their
source of water and nugnts. Soils vary greatly in their chemical and physical properties.
Processes such as leaching, weathering and microbial activity combine to make a whole range
of different soil types. Each type has particular strengths and weaknesses for agricultural
production.

Soil physical properties and processes
The physical characteristics of soils include all the aspects that you can see and touch such as:

colour, texture, structure, porosity, density, consistence, aggregate stability, and temperature.
These properties affect processes such as infiltration, erosion, nutrient cycling, and biologic
activity. These properties also affect suitability of soildibferent uses, such as stormwater
infiltration, subgrade for roads, and strength for building.

Soil structure

Soil structure describes the arrangement and organization of soil particles in the soil, and the
tendency of individual soil particles to bitmbether in aggregates. Aggregation affects water
and air transport, which affects the movement of solutes and pollutants and affects biological
activity, including plant growth. Soil with a structure beneficial to plant growth, has stable
aggregates bewen 0.5 and 2mm in diameter. Such soils have good aeratiainandge

The development of soil structure is influenced by:

o The amount and type of clay, as well as the exchangeable ions on the clay.

The amount and type of organic matter, which provided for soil fungi and bacteria
and their secretion of cementing agents (polysaccharides)

The presence of cementing agents such as iroalamdniumoxides.

Vegetation, which produces organic matter and binds soil particles together through
rooting.

O«

O« O«

Soil structure is typically divided into one of the following groups:

Granular T roughly spherical, like grape nuts. Usualll@ mm in diameter. Most common

in A horizon, where plant roots, microorganisms, and sticky products of organic matter
decomposibn bind soil grains into granular aggregates. Granular structure is the most common
in surface soil layers, especially those with adequate organic matter. Granular structures offer
the most pore space of any structure.
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Aggregated- this structural type isften not included in classifications, but represents a soil
where some granular components have aggregated, but not to the extent found in prismatic or
columnar structures.

Platy 1 flat peds that lie horizontally in the soil. Platy structure can be faud B and C
horizons. It commonly occurs in an A horizon as the result of compaction. Platy structure has
the least amount of pore space and is common in compacted soils.

Blocky T roughly cubeshaped, with more or less flat surfacesedfjes and corners remain
sharp, we call it angular blocky. If they are rounded, we call it subangldeky. Sizes
commonly range from-50 mm across. Blocky structures are typical of B horizons, especially
those with a high clay content. They form by eafed expansion and contraction of clay
minerals.

Prismatic i larger, vertically elongated blocks, often with five sides. Sizes are commonly 10
100mm across. Prismatic structures commonly occur in fragipans.

Columnar i the units are similar to prisms and are bounded by flat or slightly rounded vertical
faces. The tops of columns, in contrast to those of prisms, are very distinct and normally
rounded. Soil structure affects water and air movement in soil and is tiedrefimrtant to soil

biota. Platy and massive soils have restricted air and water movement, while granular and
aggregated soils have enhanced air and water transport. Columnar structure is often found in
soils with excessive sodium. Due to the dispersifigcts of sodium, which destroys soil
structure, rendering the soil effectively sealed to air and water movement.

Figure shows the different types of soil aggregates, and how easily water typically moves
through each of these types

o

l‘f"“
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Granular (high permeability)

Blocky (moderate permeability) Columnar/prismatic (moderate permeability)

Platey (low permeability) Massive (low permeability)

35



Pollution Monitor: Soil Pollution | GSDRaining Manual JNU ENVIS Resource Partner (2022)
elSSN 09741356, pISSN 09741364

How does soil structuredevelop?

Soil structure refers to how patrticles of soil are grouped together into aggregates (also called
peds). They are cemented or bound together by physical, chemical, and biological processes.
Physicalchemical processes thatildl soil structure include:

Polyvalent cations like Ca2+, magnesium Mg2+, ahgminium Al3+ bind together clay
particles. Solil particles are pushed closer together by freezing and thawing, wettingagd

and by roots pushing through the soil as tiew in length and width.

How soil structure deteriorates: Factors tlen deteriorateor destroy soil structure
include, for example:

0 Compaction

0 Cultivation

0 Removal of vegetation

0 Excessive moving and handling of soil
0 Screening

0 Excessive sadm

0 Excessive (Na)

A high proportion of sodium to calcium and magnesium causes clay particles to repel each
other when wet, so aggregates are dispersed and the process of soil structure formation is
reversed. Soils with too much sodium become atmmpermeable to water because the
dispersed clay and small organic particles clog up remaining soil pores (Donahue et al 1983).
Excessively high sodium levels can result from irrigation and salting roads.

Different types of soil structure: Soil strutus classified by type (shape), class (size) of
peds, and grade (strength of cohesion) of aggregates. The shape, size, and strength of
aggregates determine pore structure, and how easily air, water, and roots move through soil
(Donahue et al 1983).

Thefollowing particle size distribution, based on sieve analysis, is commonly used to define
soll particles

gravel > 2 mm

sand 0.05 2 mm

very coarse 12 mm

coarse 0.51 mm

medium 0.25 0.5 mm

fine 0.1- 0.25 mm

very fine 0.05 0.1 mm

silt 0.002- 0.05 mm

clay < 0.002 mm (< Znicrometré
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Soil texture, structure, drainage characteristics

The texture of soil is a property which is determined largely by the relative proportions of
inorganiccomponents.

Inorganic component of soils

Inorganic material is the major component of nsmsls. Itconsists largely of mineral particles

with specific physical and chemical properties which vary depending on the parent material
and conditions under which the soil was formed. It is the inordaaition of soils which
determines soil physical properties such as texture. This has a large effect on structure, density
and wateretention. Theeombination of mineral fractions (gravel, sand, silt and clay particles)
and organic matter fraction giveikits texture. Texture grades depend upon the amount of
clay, sand, silt and organic matter present. The solid part of the soil is made up of particles such
as organic matter, silt, sand and clay which form aggregates.

Sand

Quartz is the predominant naral in the sand fraction of most soils. Sand particles have a
relatively small surface area per unit weight, low water retention, little chemical activity
compared with silt and clay.

Silt

Silt has a relatively limitegurface area with little chemical activity. Soils high in silt may
compact under heavy traffic. This affects the movement of air and water in the soil.

Clay

Clays have very large surface areas compared with the other inorganic fractions. As a result,
clays arechemically veryactive and able to hold nutrients on their surfaces. These nutrients
can be released into soil water to be used by plants. Like nutrients, water also attaches to the
surfaces of clays but this water can be hard for plants to use dtgemany different types of

clays. Clays are distinguished from sand and silt by their ability to swell and retain a shape they
have been formed in as well as by their sticky nature.

Organic component of soil:
The organic matter of soil usually makap less than 10% of the soil. It can be subdivided into

living and the nodiving fractions. The no#living fraction contributes to the soil's ability to
retain water and some nutrients and to the formation of stable aggregates.
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Soil textural class

The relative proportion of sand, silt and clay particles determines the physical properties of soill
including the texture. The surface area of a given amount of soil increases significantly as the
particle size decreases. Consequently, the soil textura alas gives an indication of soil
chemical properties. The exact proportions of sand, silt and clay in a soil can only be
determined in a laboratory. However, a naming system has been developed to approximately
describe the relativeroportions. Thiglassification of soil can be undertaken in the field where
particular properties indicate possible textural classes. To estimate texture in the field, crush a
small sample of soil (10 to 20g) in one hand. After removing any gravel or root matter, work
the sol in the fingers to break down any aggregates. With the sample moist but not sticky, the
textural class can be estimated by the feel of the sample between the fingers.

Soil Textural class determination

A simple way to determine a soil texture and its abtaristics is by hand texturing. When
texturing soil it is important to understand the behaviour feel, colour, sound and cohesiveness
of the soil, which is achieved by making a bolus (wetting the soil and forming a ball).

For example, a sandy loam will lgrjust stick together (slightly coherent) and there will be
noticeable sand grains which can be seen and felt and heard if you place the bolus close to your
ear and squeeze it. It is then important to form a ribbon from the bolus to determine the clay
cortent of the soil. The longer the ribbon the higher the clay content. The length of the ribbon
is measured against a ruler and along with the behaviour of the soil can be compared with the
descriptions on the soil texture table.

Bolus: the ball of soil forned by manipulating the soil by hand.

Coherence the ball or bolus of soil holds together.

What is bolus test?

A simple field test to determine your soil type is called the Bolus Test and is widely used as a
guide when full laboratorparticulate analysis is not available. Take a small amount of soil in
hand. Wet soil to field capacity (just damp).

a8 |

The bolus is at the appropriate
Add small amounts of water moisture content when the 50
10 8 smal hancaful of sod bolus surface just gistens
working 1o form a bolus

CLAY

V

CLAY LOAM

LOAM

Squeeze between thumb
and forefinger to form a ribbon

SANDY LOAM

LOAMY SAND

1cmiong
7 em long (sand sofl)
(clay soil)
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Table: Common soil textures

S. No. | Texture grade | Behaviour of moist bolus (ball formed in palm of
hand)

1 Sand Coherence, nil. Single sand grains adhere to fingers
If you press the bolus between your fingers, holding
close to yourear, you will hear the sand grains
rubbing against each other.

2 Loamy sand Slight coherence. Discolours fingers with dark
organic stain. Ribbon length 1.0cm.

3 Slight coherence; sticky when wet. Many sand grain:
Clayey sand stick to fingers. Discolours fingers with clay stain.
Ribbon length 1.0cm.

4 Bolus just coherent but very sandy to touch. Ribbon
Sandy loam length 1.3
to 2.5cm. Can hear sand grains.

5 Bolus coherent. Sand can be felt and heavehen
Fine sandy manipulated. Ribbon length 1.3 to 2.5cm.
loam
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Bolus strongly coherent but sandy to touch.
Ribbon length 2 to
2.5cm.

Bolus coherent and spongy. Smooth feel, me
be greasy. Ribbon length 2.5cm.

Bolus coherent and slightly spongy. Fine
sand can be felt and heard when
manipulated. Ribbon length 2.5cm.

Coherent bolus, very smooth to silky when
manipulated.
Ribbon length 2.5cm.

Strongly coherent bolus sandy to touch.
Medium sand grains visible. Ribbon length
2.5t0 3.8cm.

Coherent plastic bolus, smooth to
manipulate. Ribbon length 4 to 5cm.

Coherent smooth bolus, plastic andilky to
touch. Ribbon length 4 to 5cm.

Coherent bolus, fine sand can be felt and
heard. Ribbon length
4 to 5¢cm.

Plastic bolus, fine medium sands can be
seen, felt or heard in
clay matrix. Ribbonlength 5 to 7.5cm.

Plastic bolus, smooth and silky to
manipulate. Ribbon length 5
to 7.5cm.

Plastic bolus, smooth to touch; slight
resistance to shearing between thumb and
forefinger. Ribbon length 5 to7.5cm.

Plastic bolus, smooth to touch, slightly
greater resistance to
ribboning. Ribbon length 7.5cm.
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18 Smooth plastic bolus, handles like
Medium clay plasticine. Has some resistance to
ribboning. Ribbon length 7.5cm.
19 Smooth plastic bolus, handles like stiff
Heavy clay plasticine. Has firm resistance to ribboning.

Ribbon length 7.5cm or more.

It should always be remembered that soil texture often varies with depth
and

that the properties of the topsoil areaffected by the properties of the
subsoil.

Soil aggregate

Aggregates are held together by clay particles and organic matter. Organidsvateaf the

major cementing agents for soil aggregates. The size and shape of aggregates give soil a
characteristic called soil structure. Soil structure influences plant growth by affecting the
movement of water, air and nutrients to plants. Sandy soilslitteer no structure but are

often freeDraining With higher clay contents the soil structural strength increases, but its
drainageability often decreases. Heavy clays can hold a large amount of water and as
infiltration rates are slow, they tend notlie wellDrained unlike sand or loam soils with no

or a lower clay content. The amount of soil pores and the pore size related@ittege
capacity of the soil. The larger size and fewer the number of pores the easier it is for water to
move throughhe soil profile. It is not just the soil type that affects structuredaaidiagebut

also the activities or environmental factors occurring to them. Root and earthworm activity can
improve soil structure through creating large pores. Excessive cultiyagmoval of crop
residues and increased traffic contribute to soil structural decline, through compaction of soils,
reducing pore size and breaking down of soil aggregates. The chemicalimaksoils also
determines structure. When high amounts ofwsadare present (>6% exchangeable sodium
percentage) clay particles separate and move freely about in wet soil. These soils are known as
sodic soils. When sodic soils come in contact with water, the water turns milky as the clay
disperses and when the stilesout a crust is formed on the surface. Sodicity can be overcome

by applying gypsum.
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