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Introductory Remark on GSDP Pollution Monitor: Soil Pollution
Bhupinder Singh
Division of Environment Science, ICAR-IARI, 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 water, air and soil 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 society - one we
created and one only we can renew the 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. Illegal dumping
of the solid wastes, polluted water absorbed by the soil, use of chemical fertilizers and
pesticides, dumping of minerals, oils, and radioactive wastes are the major causes of soil
pollution. Soil fertility is severely affected due to the above-mentioned factors. Soil pollution
causes a chain reaction. It alters soils’ biodiversity, reduces soil organic matter and soils’
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 have both 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 grease, fuel and
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 before we do that, we must actualize the target
attributes or most important determinants of soil pollution monitoring, the attributes that are not
principally affected by the physico-chemical or structure of the soil. Later is important
particularly when in India 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 soil-water and air pollution are all linked and a polluted soil will almost 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 including chemical, 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 spectrometer, 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 identifying 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 physico-chemical and
biological transformations and their determinants is critical for rapid and reliable measurement
of soil pollutants across matrices.
Recent developments in the field of soil pollution monitoring coupled with the
Government of India’s soil test analysis scheme for the farmers of our country has brought back
our focus and 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 to use Drones for monitoring soil contamination,
use of AI and remote sensing techniques to address various aspects of soil 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 soil
chemical contamination based on variation of vegetation 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 abiotic stresses; 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 areas (vegetated and
non-vegetated), e.g., industrial or urban brownfields, Phyto managed sites. The remote sensing
techniques are also in use for soil mapping and this area of work presents sufficient
entrepreneurship opportunities.
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Number of start-ups in the area 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 below-ground factors such as
pathogens, parasites, 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 to this, start-ups 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 transportation of nutrients 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 soil quality 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 soil 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 reward for posterity.
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 resource for which 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
agri-tech start-ups for young students and enthusiasts.
___***___
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Soil and its Components
Usha Mina and Deepti Singh

School of Environmental Sciences, Jawaharlal Nehru University, New Delhi

Soils are dynamic, open habitats that provide plants with physical support, water, nutrients,
and air for growth. Soils also sustain an enormous population of microorganisms such
as bacteria and fungi that recycle chemical elements to sustain the nutrient cycling. There are
five basic components of soil that, when present in the proper amounts, are the backbone of all
terrestrial plant ecosystems.

Figure 1. Soil is composed of a matrix of minerals, organic matter, air, and water. Each component is
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. Soil minerals 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 shape. Secondary minerals, 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 water-holding capacity. Additionally, negative and neutral charges found around soil
minerals influences the soil’s ability to retain important nutrients, such as cations,
contributing to a soil’s cation exchange capacity (CEC).
The texture of a soil is based on the percentage 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 0.002 – 0.05 mm in diameter
Clay < 0.002 mm in diameter
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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 on the left-hand side of the triangle, the percent silt
is read on the right-hand side, and the percent sand is on the bottom. For example, if a soil
contains 20% clay, 40% sand, and 40% silt (total = 100%), then it is a loam.
2. Water
Water is the second basic component of soil. Water can make up approximately 2% to 50% of
the soil volume. Water is important for transporting nutrients to growing plants and soil
organisms and for facilitating both biological and chemical decomposition. Soil 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 texture. The smaller particles
in soils, the more water the soil can retain. Thus, clay soils have the greatest water-holding
capacity and sands the least. Additionally, organic matter also influences the water-holding
capacity of soils because of organic matter’s high affinity for water. The higher the percentage
of organic material in soil, the higher the soil’s water-holding capacity.
The point where water is held microscopically with too much energy for a plant to
extract is called the “wilting coefficient” or “permanent wilting point.” When water is bound
so tightly to soil 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 available for plants to use.
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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 essential 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 plant growth. Organic matter also has a very high “plant available” waterholding capacity, which can enhance the growth potential of soils with poor water-holding
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
decomposition 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 can make 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 nitrogen-fixing 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 are found in the 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 the smallest are 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 nutrients.
Other specialized microorganisms such as nitrogen-fixing bacteria have symbiotic
relationships with plants that allow plants to extract this essential nutrient. Such “nitrogenfixing” plants are a major source of soil nitrogen and are essential for soil development over
time. Mycorrhizae are fungal complexes that form mutualistic relationships with plant roots.
The fungus grows into a plant’s root, where the plant provides the fungus with sugar and, in
return, the fungus provides the plant root with water 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, soil analysis helps in evaluating soil
fertility, fertilizer recommendations for crops, prediction of likely crop response to applied
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nutrients, assessment of degree and type of problems related to soil at a particular place such
as salinity, acidity, sodicity etc. 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 physico-chemical and biological 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 and for these due considerations
should be taken:
1.A field can be treated as a single sampling unit if it is appreciably uniform. Generally, an area
not exceeding 0.5 ha is taken as one sampling unit.
2.Variations in slope, colour texture, crop growth and management practices should be taken
into consideration while planning for sampling.
3.An area of about 2-3 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 sampling: Following factors should be kept in mind while considering the sampling
depth:
1. For cereals, vegetables and other seasonal crops the sampling depth should be 0-15 cm
that is a plough layer.
2. For deep rooted crops or longer duration crops like sugarcane, samples should be
collected from different depths depending upon requirements.
3. For saline or alkali soils, if salt crust is visible, 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 1520 well distributed spots (depending on the area) moving in a zig-zag fashion and then collect
sample from each point for the desired depth and the mix the sample in 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 entire soil mass, divide into four quarters, discard two opposite ones and remix
the remaining two. Repeat this process until about 500 g soil is left.
Sampling Equipment
Different tools can be used to Dr.aw soil samples such as:
1. Soil tube auger (For moist and soft soil)
2. Soil core auger (For bulk density samples)
3. Screw type auger (For hard or Dry soil)
4. Post hole auger (for excessive wet area such as rice fields)
5. Kassi or phawada (Spade) (V shape cut up to 15 cm depth is required for any soil type)
6. Khurpi (V shape cut up to 15 cm depth is required for any soil type)
15
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Precautions while sampling
1. Proper labelling of the sample is needed through permanent marker or by using
aluminium sheet labels consisting of date, depth and sample name id.
2. An information sheet should 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 and Processing
1. All the samples brought from the field should be immediately stored at 40C and then
segregate the samples for physical, chemical and biological properties analysis.
2. Samples for physico-chemical analysis should be air dried.
3. After air drying, 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.
4. Sample for biological analysis should be analysed within a week if kept at 40C and if it
can be analysed then transfer the samples to -200C 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 -800C for a longer period of time. But it is recommended to perform soil biological
tests as early as possible.
5. 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.
__***__
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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 contamination is caused by the presence of xenobiotics (human-made)
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 petroleum hydrocarbons, polynuclear aromatic 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 stems primarily 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 soil sites or TSDF Storages (TSDF-Treatment,
Storage, Disposal Facility) and the resulting clean-ups are time-consuming and expensive
tasks, requiring extensive amounts of geology, hydrology, chemistry, computer modelling
skills, and GIS in Environmental Contamination, 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;
Wahrhaftig, 1965). The value of relating soil patterns to these regions is self-evident. 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 material, bedrock outcrops, stratigraphy, Drainage, and photo 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 type, landscape position, parent material
distribution, slope shape, slope gradient, and Drainage pattern. A clear, concise geomorphic
description effectively conveys soil location within a landscape to other soil scientists and soil
users. A comprehensive and consistent system for describing geomorphic and landscape
attributes for soil survey is described here (refer National Soil Survey Handbook, Part 629 USDA–NRCS, 2013).
Geomorphology is an integral part of all soil survey processes and stages. Preliminary
or initial knowledge about soil patterns is commonly based on landscape or geomorphic
relationships. Observations during a soil survey refine existing landscape models or
sometimes compel and create new models. Map unit design includes recognition and naming
of landforms and also includes observations of landscape position, parent materials, and
landscape and soil hydrology. Soil scientists capture this observational and expert knowledge
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through soil map units and Pedon (Sampling Landscape patterns) descriptions, 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
address the geomorphology. Study or sampling objectives can 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. Note that the landscape unit that is sampled can be multi-scale.
The unit could be a landform (e.g., stream terrace, dune, or Drumlin), a geomorphic component
(e.g., nose slope), a hillslope position (e.g., foot slope), or all of these. Sampled pedons
represent both 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 to recognize in the 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 map unit 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 sampled 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
catenary pattern 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 relationships deserve and
sometimes demand—specific study during a soil survey. Crucial problems can be addressed
by appropriately designed study of geomorphology, stratigraphy, or parent material. For
example, a silty or sandy mantle over adjacent soils and/or landforms may be of eolian origin.
A well-designed geomorphic study can test this hypothesis. In another geomorphic setting, soil
distribution and hydrology may be controlled by stratigraphic relationships rather than by
elevation or landscape patterns. A Drill core or backhoe pit sequence can address this
hypothesis. These studies need not be elaborate, but they require forethought and planning.
Such studies are applicable and necessary to the Major Land Resource Area (MLRA)
approach to soil survey.
Soils form a vital, complex continuum across the Earth’s landscape. The prime goal of the
Soil Survey is to segregate the soil continuum into individual areas that have 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 soil users. 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 map-unit delineations are the individual landscape areas
defined during and depicted in a soil survey. Soil observation, description, and classification
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occur at the pedon scale (1 to ≈7 m) and represent a small portion of any map unit (10’s to
1000’s hectares). Further, pedons selected, described, and sampled for laboratory analysis
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 can reliably project (“scale up”)
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 functions 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., Ruhe et al., 1967; 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 and stratigraphy, parent materials, landforms, surface
age, landscape position, and hydrology. Studies of this nature provide the most rigorous,
quantitative, and complete information about soil patterns and landscapes. The required time
and effort are significant, but they are justified by the quantitative information and scientific
understanding acquired.

Causes of Soil Pollution
Soil pollution can be caused by the following (non-exhaustive list)
1) Micro-pollutants
2) Oil spills
3) Mining and activities by other heavy industries
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 as pesticides, herbicides and fertilizers
9) Petrochemicals
10) Industrial accidents
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11) Road debris
12) Drainage of contaminated surface water into the soil
13) Ammunitions, chemical agents, and other agents of war;
14) Waste disposal
i.
Oil and fuel dumping
ii.
Nuclear wastes
iii.
Direct discharge of industrial wastes to the soil
iv.
Discharge of sewage
v.
Landfill and illegal dumping
vi.
Coal ash
vii.
Electronic waste
The most common chemicals involved are petroleum hydrocarbons, solvents, pesticides, lead,
and other heavy metals. Any activity that leads to other forms of soil degradation (erosion,
compaction, etc.) may indirectly worsen the contamination effects in that soil remediation
becomes more tedious. Historical deposition of coal ash used for residential, commercial, and
industrial heating, as well as for industrial processes such as ore smelting, were a common
source of contamination in areas that were industrialized before about 1960. Coal naturally
concentrates lead and zinc 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 and slag may contain sufficient lead to qualify
as a "characteristic hazardous waste", defined in the US as containing more than 5 mg/l of
extractable lead using the TCLP procedure. However, TCLP procedure is detailed out in the
book entitled “Solid and Liquid Waste Management in India (Rajaram et. al., 2015). In
addition to lead, coal ash typically contains variable but significant concentrations of
polynuclear aromatic hydrocarbons (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 human carcinogens and the
acceptable concentrations of them in soil are typically around 1 mg/kg. Coal ash and slag can
be recognised by the presence of off-white grains in soil, grey heterogeneous soil, or (coal slag)
bubbly, vesicular pebble-sized grains. Treated sewage sludge, known in the industry as
Biosolids, has become controversial as a "fertilizer". As it is the by-product 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 pesticide is 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, weeds, molluscs, birds, mammals, 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 also drawbacks, such as potential toxicity to humans and other organisms.
Herbicides are used to kill weeds, especially on pavements and railways. The most are
biodegradable by soil bacteria. However, one group derived from trinitrotoluene (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 soil fauna.
Insecticides are used to rid farms of pests which damage crops. The insects damage not
only standing crops but also stored ones and, in the tropics, it is reckoned that one third of the
total production is lost during food storage. As with fungicides, the first insecticides used in
the nineteenth century were inorganic e.g., Paris green and other compounds of Arsenic.
Nicotine has also been used since the late eighteenth century.
There are now two main groups of synthetic insecticides:
1) Organochlorine include DDT, AlDr.in, DielDr.in and BHC: They are cheap to produce,
potent and persistent. 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 Antarctic. 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 for the decline of the
numbers of birds of prey like ospreys and peregrine falcons in the 1950s-they are now
recovering. As well as increased concentration via the food chain, it is known to enter via
permeable 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 the levels found 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 further build-up of it in the food chain. U.S. manufacturers 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) Organophosphates, e.g., parathion, methyl parathion and about 40 other insecticides
are available nationally. Parathion is highly toxic, methyl-parathion is less so and
Malathion is generally considered safe as it has low toxicity and is rapidly broken down in
the mammalian liver. This group works by preventing normal nerve transmission as
cholinesterase is prevented from breaking down the transmitter substance acetylcholine,
resulting in uncontrolled muscle movements.
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Health effects
Contaminated or polluted soil directly affects 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 groundwater aquifers used for human
consumption, sometimes in areas apparently far removed from any apparent source of above
ground contamination. This tends to result in the development of pollution-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 to chromium, lead and other metals, petroleum, solvents, and many pesticide and
herbicide formulations can be carcinogenic, can cause congenital disorders, or can cause other
chronic health conditions. Industrial or man-made concentrations of naturally occurring
substances, such as nitrate and ammonia associated 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 of leukaemia. Mercury and cyclodienes are known to induce higher incidences
of kidney damage and some irreversible diseases. PCBs and cyclodienes are linked to liver
toxicity. Organophosphates and carbonates can induce a chain of responses 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 irritation and skin 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 effects
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 contaminant species. These
changes can manifest in the alteration of metabolism of endemic microorganisms and
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 small, the lower pyramid
levels of the food chain may ingest alien chemicals, which normally become more concentrated
for each consuming rung of the food chain. Many 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 chick mortality and potential extinction of species.
Effects occur on agricultural lands which have certain types of soil contamination.
Contaminants typically alter plant metabolism, often causing a reduction in crop yields. This
has a secondary effect upon soil conservation, since the languishing crops cannot shield the
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Earth's soil from erosion. Some of these chemical contaminants have long half-lives 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
Clean-up or environmental remediation is analysed by
environmental scientists who utilize field measurement of
soil chemicals and also apply computer models (GIS in
Environmental Contamination) for analysing transport
and fate of soil chemicals. Various technologies have
been developed for remediation of oil-contaminated soil
and sediments. There are several principal strategies for
remediation:

to CPCB Guidelines, whereas

Box-1: India Uranium
Contamination
In March 2009, the issue of Uranium
poisoning in Punjab attracted press
coverage. It was alleged 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 limit. 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 WHO limits, but only 50%
above the WHO limit in 3 locations.
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 natural or
other sources for the uranium.

1) Excavate soil and take it to a disposal site away from
ready pathways for human or sensitive ecosystem
contact. This technique also applies to dredging of
bay muds containing toxins
2) Aeration of soils at the contaminated site (with
attendant risk of creating air pollution)
3) Thermal remediation by introduction of heat to raise
subsurface temperatures sufficiently high to volatilize
chemical contaminants out of the soil for vapor
extraction. Technologies include ISTD, electrical
resistance heating (ERH), and ET-DSP;
4) Bioremediation, involving microbial digestion of
certain organic chemicals. Techniques used in
bioremediation include, Land Farming, Biostimulation and Bio-augmenting Soil biota with
commercially available microflora;
5) Extraction of groundwater or soil vapour with an
active electromechanical system, with subsequent
stripping of the contaminants from the extract;
6) Containment of the soil contaminants (such as by
capping or paving over in place);
7) Phytoremediation, or using plants (such as willow) to
extract heavy metals;
8) Mycoremediation or using fungus to metabolize
contaminants and accumulate heavy metals;
9) Remediation of oil contaminated sediments with self-collapsing air Micro bubbles and
Surfactant leaching.
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Some World Examples:
European Union
According to the received data 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 (€) annually.
United Kingdom
Generic guidance commonly used in the United Kingdom are the Soil Guideline Values
published by the Department for Environment, Food and Rural Affairs (DEFRA) and the
Environment Agency. These 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
Model (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
withdrawn by DEFRA, for use as a prescriptive document to determine the potential need for
remediation or further assessment.
To date, the first ten of fifty-five contaminant SGVs have been published, for the
following: arsenic, cadmium, chromium, lead, inorganic mercury, nickel, selenium ethyl
benzene, phenol and toluene. Draft SGVs for benzene, naphthalene 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 and dioxin-like
PCBs, naphthalene, vinyl chloride, 1,1,2,2 tetrachloroethane and 1,1,1,2 tetrachloroethane,
1,1,1 trichloroethane, tetrachloroethene, carbon tetrachloride, 1,2-dichloroethane,
trichloroethene and xylene. The SGVs for ethyl benzene, phenol and toluene are dependent on
the soil organic matter (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 and Sampling Designs
B Chakrabarti1 and SP Mazumdar2
1

2

ICAR-Indian Agricultural Research Institute, New Delhi
ICAR-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. Soil is a 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, chemical and 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, pollution etc. and to investigate the effect of environmental changes
on soil.
Soil sampling is 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, management should be taken into account
while sampling.
● Recently fertilized plots, bunds, marshy tracts, channels, compost pits and other nonrepresentative points should be avoided.
● Larger area to be divided into smaller homogeneous units.
●
●
●
●
●

Soil sampling tools: Several tools are used for soil sampling.
1.
2.
3.
4.
5.
6.

Khurpi: It is 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 collection of samples from dry soil.
Post-hole auger: Used for collecting samples from very wet areas like rice fields.
Core sampler: For collecting undisturbed soil samples for determination of root biomass,
bulk density of soil etc.

Sampling Procedure: Scrape away the litter from the soil surface. Make a V shaped cut with
khurpi or spade. Take out a uniform 2 - 2.5 cm thick slice. Put it in the collection bucket. In
this way collect samples from all the points (Fig 1).
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Fig 1. Collection of soil sample from surface
Quartering technique: After collecting soil samples from different sampling points,
quartering technique is followed to reduce the volume of the composite soil sample. First the
samples collected from different points are thoroughly mixed. Then it is spread on a clean
polythene sheet or thick paper. A dome shape is made by hand. Then it is divided into four
quarters. The two opposite quarters are discarded and the remaining two quarters are again
mixed (Fig 2). The process is repeated until about 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 manner covering 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 sample collection in horticultural crops, dig pits upto 90 cm and Dr.aw
separate samples from different depths. Depth of soil sampling also varies with the type of
crops. For cereal crops it is 0-5 cm and 15-30 cm. In case of deep-rooted crops like
sugarcane, samples should be collected from different depths. For plantation crops, fruit trees,
sampling should be done from different depths i.e., 0-15 cm; 30-60 cm; 60-90 cm. In case of
saline or saline-alkali soils, salt crust is visible to be sampled separately. Besides this soil
samples are collected upto 15 cm depth.
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Labelling of samples: Samples collected should be labelled properly. The 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

Processing of samples: Air 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 samples: Samples should be stored in clean, preferably new cloth or polythene
bags. For determination of microbial parameters samples should be stored preferably at 4''C
in the refrigerator for a short time. Freezing at -20°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 clean, preferably 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.
• Containers with high concentration of contaminant to be stored separately.
• Store samples in a secure container.
• Containers to be sealed in case of long-term storage.
• Documentation of the field to be done properly.
• A control sample should be collected from a non-polluted site close to the polluted
area.
Soil Sampling Designs: There are different designs followed for collection of soil samples.
1. Simple random sampling: In this case, sampling is done on uniform sites where variability
is non-significant. 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 one sampling area consists of 10-20 subsamples. 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 sampling is done for each stratum. The groups can be
based on spatial or temporal proximity, or on pre-existing information or professional
judgment. This method is preferred because it gives more accuracy as stratification becomes
more well defined and stratification eliminates the variations.
3. Grid sampling: Site 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 on a map 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 is established. Within a 3m radius, 8 to 10 cores are taken. The soil cores
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 grid-diamond 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, soil
salinity erosion, pollution. Using this technique, we can get geo-tagged soil 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 rainfed area.
Systematic unaligned sampling (Webster and Oliver, 1990): This method combines both
systematic sampling and random sampling. In this case a constant interval was kept both along
the rows and down the columns are maintained without alignment (Fig 5). The 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 coordinate same 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 coordinate. 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.

Fig 5. Systematic unaligned sampling (Webster and Oliver, 1990)
Reference
Webster R. and Oliver M. A. "Statistical Methods in Soil and Land Resource Survey, Oxford
University Press", 1990, pp 46-47.

---------*****-------

33

Pollution Monitor: Soil Pollution | GSDP Training Manual

JNU ENVIS Resource Partner (2022)
eISSN 0974 - 1356, pISSN 0974 - 1364

Soil Physical Properties- Texture, Aggregates
Dr. Anshuman Gunawat
Motilal Nehru College, University of Delhi
What is soil?
Soil 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 nutrients. 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 soil for different 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 bind together 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 between 0.5 and 2mm in diameter. Such soils have good aeration and drainage.
The development of soil structure is influenced by:
●
The amount and type of clay, as well as the exchangeable ions on the clay.
●
The amount and type of organic matter, which provides food for soil fungi and bacteria
and their secretion of cementing agents (polysaccharides)
●
The presence of cementing agents such as iron and aluminium oxides.
●
Vegetation, which produces organic matter and binds soil particles together through
rooting.
Soil structure is typically divided into one of the following groups:
Granular – roughly spherical, like grape nuts. Usually 1-10 mm in diameter. Most common
in A horizon, where plant roots, microorganisms, and sticky products of organic matter
decomposition 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 is often 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 – flat peds that lie horizontally in the soil. Platy structure can be found in A, 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 – roughly cube-shaped, with more or less flat surfaces. If edges and corners remain
sharp, we call it angular blocky. If they are rounded, we call it subangular blocky. Sizes
commonly range from 5-50 mm across. Blocky structures are typical of B horizons, especially
those with a high clay content. They form by repeated expansion and contraction of clay
minerals.
Prismatic – larger, vertically elongated blocks, often with five sides. Sizes are commonly 10100mm across. Prismatic structures commonly occur in fragipans.
Columnar – 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 therefore important 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 dispersing effects 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
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How does soil structure develop?
Soil structure refers to how particles of soil are grouped together into aggregates (also called
peds). They are cemented or bound together by physical, chemical, and biological processes.
Physical-chemical processes that build soil structure include:
Polyvalent cations like Ca2+, magnesium Mg2+, and aluminium Al3+ bind together clay
particles. Soil particles are pushed closer together by freezing and thawing, wetting and drying,
and by roots pushing through the soil as they grow in length and width.
How soil structure deteriorates: Factors that can deteriorate or destroy soil structure
include, for example:
● Compaction
● Cultivation
● Removal of vegetation
● Excessive moving and handling of soil
● Screening
● Excessive sodium
● 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 almost impermeable 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 structure is 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).

The following particle size distribution, based on sieve analysis, is commonly used to define
soil particles
gravel > 2 mm
sand 0.05 - 2 mm
very coarse 1 - 2 mm
coarse 0.5 - 1 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 (< 2 micrometre)
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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
inorganic components.

Inorganic component of soils
Inorganic material is the major component of most soils. It consists 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 inorganic fraction of soils which
determines soil physical properties such as texture. This has a large effect on structure, density
and water retention. The combination of mineral fractions (gravel, sand, silt and clay particles)
and organic matter fraction give soil its 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 mineral 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 limited surface 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 are chemically very active 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. There are many different types of
clays. Clays are distinguished from sand and silt by their ability to swell and retain a shape they
have been formed into — as well as by their sticky nature.

Organic component of soil:
The organic matter of soil usually makes up less than 10% of the soil. It can be subdivided into
living and the non-living fractions. The non-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 soil
including the texture. The surface area of a given amount of soil increases significantly as the
particle size decreases. Consequently, the soil textural class also 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 relative proportions. This classification 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 soil 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 characteristics 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 only just 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
content 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 formed 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 laboratory particulate analysis is not available. Take a small amount of soil in
hand. Wet soil to field capacity (just damp).
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• The soil texture triangle attempts to classify soil according to its constituent
particles. A simplified soil triangle is shown in Figure.
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 your ear, 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
Clayey sand

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

Sandy loam

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

4

5

Fine sandy
loam

Bolus coherent. Sand can be felt and heard when
manipulated. Ribbon length 1.3 to 2.5cm.
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6

Light sandy clay
loam

7

Loam

8

9

10

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

Silt loam

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

14

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

Clay loam

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

Silty clay loam

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

12
13

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

Loam fine sandy

Sandy clay loam

11

Bolus strongly coherent but sandy to touch.
Ribbon length 2 to
2.5cm.

Fine sandy clay
loam

Sandy clay

Coherent bolus, fine sand can be felt and
heard. Ribbon length
4 to 5cm.
Plastic bolus, fine medium sands can be
seen, felt or heard in
clay matrix. Ribbon length 5 to 7.5cm.

15
Silty clay

16

17

Light clay

Light medium
clay

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 to 7.5cm.
Plastic bolus, smooth to touch, slightly
greater resistance to
ribboning. Ribbon length 7.5cm.
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18

19

Medium clay

Smooth plastic bolus, handles like
plasticine. Has some resistance to
ribboning. Ribbon length 7.5cm.

Heavy clay

Smooth plastic bolus, handles like stiff
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 are affected by the properties of the
subsoil.
Soil aggregate
Aggregates are held together by clay particles and organic matter. Organic matter is one of 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 soils have little or no structure but are
often free Draining. With higher clay contents the soil structural strength increases, but its
drainage ability often decreases. Heavy clays can hold a large amount of water and as
infiltration rates are slow, they tend not to be well Drained, unlike sand or loam soils with no
or a lower clay content. The amount of soil pores and the pore size relate to the drainage
capacity of the soil. The larger size and fewer the number of pores the easier it is for water to
move through the soil profile. It is not just the soil type that affects structure and drainage but
also the activities or environmental factors occurring to them. Root and earthworm activity can
improve soil structure through creating large pores. Excessive cultivation, removal 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 chemical make-up of soils also
determines structure. When high amounts of sodium are 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 soil dries out a crust is formed on the surface. Sodicity can be overcome
by applying gypsum.
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Soil Colour
Soil colour can indicate the organic matter content of soil. The colour of the soil is the main
indicator of how soils Drain. Lighter coloured soils can generally indicate low fertility for
example white sands. While darker soils (like black clays) are quite fertile. There is a large
range in between.

Soil colour and indications
S No

Colour

Indications

1

Dark Brown

High organic matter content

2

Black

Humus

3

Red

•
•
•

Presence of iron
Phosphorous may be less available to the plant
Free draining

4

Yellow

•
•
•

Moist conditions
Restrictive drainage
Less weathering

5

Grey,
Blue/Green
hues

•
•

Poor drainage
Waterlogging

Soil drainage
The drainage of a soil is an important characteristic to assess, as many plants prefer welldrained soils. If a soil is poorly drained, sufficient oxygen cannot get to the plant roots which
can stunt or kill the plant. Soils that are very well drained can limit plant capture of water in
Drier environments or in dry years due to insufficient water holding capacity.
Soil density
Soil density is related to the mineral and organic composition of a soil and to soil structure.
The standard measure of soil density is bulk density, defined as the proportion of the weight of
a soil relative to its volume. It is expressed as a unit of weight per volume, and is commonly
measured in units of grams per cubic centimetre (g/cm3). Bulk density is an indicator of the
amount of pore space available within individual soil horizons, as it is inversely proportional
to pore space
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Table: Bulk Density
Soil type

Bulk density (gram per cubic cm)

Urban lawns

1.5 to 1.9

Urban fill soils

1.8 to 2.0

Silty sands

1.4

Silt loams

1.2 to 1.5

Silt

1.3 to 1.4

Sandy soil

1.1 to 1.3

Peat

0.2 to 0.3

Concrete pavement

2.2

compost

1.0

Athletic Fields

1.8 to 2.0

Increase in soil bulk density as a result of different land uses or activities.
Activities

Increase Bulk density

Grazing

0.12 to 0.20

Crops

0.25 to 0.35

Construction

0.34 to 0.35

Construction traffic

0.17 to 0.40

Athletic field

0.38 to 0.54

Urban lawn

0.30 to 0.40

Reported Activities that Decrease Soil Bulk Density
Activities

Decrease bulk density

Tilling of soil

0.00 to 0.02

Specialized soil loosening

0.05 to 0.15

Soil amendments

0.17

Compost amendments

0.25 to 0.35

Time

0.20

Reforestation

0.25 to 0.35
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Soil porosity
● Pore space is that part of the bulk volume of soil that is not occupied by either mineral or
organic matter but is open space occupied by either gases or water.
● Soil porosity is inversely related to bulk density.
● In a productive, medium-textured soil the total pore space is typically about 50% of the
soil volume.
● Porosity does not vary widely across soil textures.

Soil consistence (plasticity):
Plasticity – when wet, readily deformed by moderate pressure but can be pressed into a lump;
will form a “wire” when rolled between thumb and forefinger
Sticky – when wet, adheres to other material and tends to stretch somewhat
and pull apart rather than to pull free from other material
Soil temperature:
Soil temperature is affected by climate, water content of a soil, soil colour, soil cover (e.g.,
presence or absence of mulch), depth in the soil profile, and air and water flow within a soil.
Dark coloured soils warm more quickly and attain higher temperatures than light coloured soil.
Organic matter imparts a darker colour to soil, leading to increased warming, but also retains
water, which can slow warming. Soils with high porosity and well-connected pores will warm
faster and cool quicker. Soils on south facing slopes are subject to greater thermal inputs
compared to north facing soils. Soil temperatures fluctuate less with depth in the soil profile.
Soil temperatures fluctuate daily.
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Soil Pollution impact on physical properties
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. In the case
of contaminants which occur naturally in soil, even when their levels are not high enough to
pose a risk, soil pollution is still said to occur if the levels of the contaminants in soil exceed
the levels that should naturally be present.
There are numerous causes of soil pollution that occur every day or even every minute.
For ease of reference, they are generally split into two: man-made (anthropogenic) causes and
naturally occurring causes. All soils, whether polluted or unpolluted, contain a variety of
compounds (contaminants) which are naturally present. Such contaminants include metals,
inorganic ions and salts (e.g., phosphates, carbonates, sulphates, nitrates), and many organic
compounds (such as lipids, proteins, DNA, fatty acids, hydrocarbons, PAHs, alcohols, etc.).
These compounds are mainly formed through soil microbial activity and decomposition of
organisms (e.g., plants and animals). Additionally, various compounds get into the soil from
the atmosphere, for instance with precipitation water, as well as by wind activity or other types
of soil disturbances, and from surface water bodies and shallow groundwater flowing through
the soil. When the amounts of soil contaminants exceed natural levels (what is naturally present
in various soils), pollution is generated. Two main causes through which soil pollution is
generated: anthropogenic (man-made) causes and natural causes.
Natural processes can lead to an accumulation of toxic chemicals in the soil. This type
of contamination has only been recorded in a few cases, such as the accumulation of higher
levels of perchlorate in soil from the Atacama Desert in Chile, a type of accumulation which is
purely due to natural processes in arid environments. Apart from the rare cases when a natural
accumulation of chemicals leads to soil pollution, natural processes may also have an influence
on the human released toxic chemicals into the soil, overall decreasing or increasing the
pollutant toxicity and/or the level of contamination of the soil. This is possible due to the
complex soil environment, involving the presence of other chemicals and natural conditions
which may interact with the released pollutants.
Natural accumulation of compounds in soil due to imbalances between atmospheric deposition
and leaking away with precipitation water (e.g., concentration and accumulation of perchlorate
in soils in arid environments). Natural production in soil under certain environmental
conditions (e.g., natural formation of perchlorate in soil in the presence of a chlorine source,
metallic object and using the energy generated by a thunderstorm). Leaks from sewer lines into
subsurface (e.g., adding chlorine which could generate trihalomethanes such as chloroform).
Anthropogenic (man-made) soil pollution originates in several types of processes, some
deliberate (industrial) and some accidental. Human-caused soil pollution can work in
conjunction with natural processes to increase the toxic contamination levels in the soil. Manmade contaminants are the main causes of soil pollution and consist of a large variety of
contaminants or chemicals, both organic and inorganic. They can pollute the soil either alone
or combined with several natural soil contaminants. Man-made soil pollution is usually caused
by the improper disposal of waste coming from industrial or urban sources, industrial activities,
and agricultural pesticides. Accidental spills and leaks during storage, transport or use of
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chemicals (e.g., leaks and spills of gasoline and diesel at gas stations). Foundry activities and
manufacturing processes that involve furnaces or other processes resulting in the possible
dispersion of contaminants in the environment. Mining activities involving the crushing and
processing of raw materials, for instance, heavy metals, emitting toxic substances. Agricultural
activities involving the diffusion of herbicides, pesticides and/or insecticides and fertilizers.
Transportation activities, releasing toxic vehicle emissions. Chemical
waste
dumping,
whether accidental or deliberate – such as illegal dumping. The storage of waste in landfills,
as the waste products may leak into groundwater or generate polluted vapours. Cracked paint
chips falling from building walls, especially lead-based paint.
Construction activities
Construction sites are the most important triggers of soil pollution in urban areas, due to their
almost ubiquitous nature. Almost any chemical substance handled at construction sites may
pollute the soil. However, the higher risk comes from those chemicals that can travel more
easily through the air as fine particulate matter. The chemicals that travel as particulate matter
are more resistant to degradation and bioaccumulate in living organisms, such as PAHs.
Additionally, construction dust may easily spread around through the air and is especially
dangerous because of its lower particle size (less than 10 microns). Such construction dust can
trigger respiratory illnesses such as asthma and bronchitis, and even cancer. Moreover, the sites
that involve the demolition of older buildings can release asbestos, a toxic mineral that can act
as a poison in soil. Asbestos particles can be redistributed by the wind.

Types of Soil Pollutants
Soil pollution consists of pollutants and contaminants. The main pollutants of the soil are the
biological agents and some of the human activities. Soil contaminants are all products of soil
pollutants that contaminate the soil. Human activities that pollute the soil range from
agricultural practices that infest the crops with pesticide chemicals to urban or industrial wastes
or radioactive emissions that contaminate the soil with various toxic substances.

BIOLOGICAL AGENTS
Biological agents work inside the soil to introduce manures and digested sludge (coming
from the human, bird and animal excreta) into the soil.

AGRICULTURAL PRACTICES
The soil of the crops is polluted to a large extent with pesticides, fertilizers, herbicides, slurry,
debris, and manure.

RADIOACTIVE POLLUTANTS
Radioactive substances such as Radium, Thorium, Uranium, Nitrogen, etc. can infiltrate the
soil and create toxic effects.
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URBAN WASTE
Urban waste consists of garbage and rubbish materials, dried sludge and sewage from
domestic and commercial waste.

INDUSTRIAL WASTE
Steel, pesticides, textiles, Drugs, glass, cement, petroleum, etc. are produced by paper mills,
oil refineries, sugar factories, petroleum industries and others as such.

Examples of Soil Contaminants:
There is a large variety of pollutants that could poison the soil. Examples of the most
common and problematic soil pollutants can be found below.
LEAD (PB)
Potential sources: lead paint, mining, foundry activities, vehicle exhaust, construction
activities, agriculture activities.
MERCURY (HG)
Potential sources: mining, incineration of coal, alkali and metal processing, medical waste,
volcanoes and geologic deposits, accumulation in plants & vegetables grown on polluted
soils
ARSENIC (AS)
Potential sources: mining, coal-fired power plants, lumber facilities, electronics industry,
foundry activities, agriculture, natural accumulation
COPPER (CU)
Potential sources: mining, foundry activities, construction activities
ZINC (ZN)
Potential sources: mining, foundry activities, construction activities
NICKEL (NI)
Potential sources: mining; foundry activities; construction activities
PAHS (POLYAROMATIC HYDR.OCARBONS)
Potential sources: coal burning, vehicle emissions, accumulation in plants & vegetables
grown on polluted soils; cigarette smoke; wildfires, agricultural burning; wood burning,
constructions.
HERBICIDES/INSECTICIDES
Potential sources: agricultural activities; gardening
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The Effects of Soil Pollution
Soil pollution affects plants, animals and humans alike. While anyone is susceptible to soil
pollution. Soil pollution effects may vary based on age, general health status and other factors,
such as the type of pollutant or contaminant inhaled or ingested. However, children are usually
more susceptible to exposure to contaminants, because they come in close contact with the soil
by playing in the ground; combined with lower thresholds for disease, this triggers higher risks
than for adults. Therefore, it is always important to test the soil before allowing your kids to
play there, especially if you live in a highly industrialized area.

Diseases Caused by Soil Pollution
Humans can be affected by soil pollution through the inhalation of gases emitted from soils
moving upward, or through the inhalation of matter that is disturbed and transported by the
wind because of the various human activities on the ground. Soil pollution may cause a variety
of health problems, starting with headaches, nausea, fatigue, skin rash, eye irritation and
potentially resulting in more serious conditions like neuromuscular blockage, kidney and liver
damage and various forms of cancer.

Soil Pollution Facts
Soil acts as a natural sink for contaminants, by accumulating and sometimes concentrating
contaminants which end up in soil from various sources. Tiny amounts of contaminants
accumulate in the soil and - depending on the environmental conditions (including soil types)
and the degradability of the released contaminant - can reach high levels and pollute the soil.
If the soil is contaminated, home-grown vegetables and fruits may become polluted too. This
happens because most of the soil pollutants present in the soil are extracted by the plants along
with water every time they feed. Thus, it is always prudent to test the soil before starting to
grow anything edible. This is especially important if your garden is located near an industrial
or mining area, or within 1 mile of a main airport, harbour, landfill, or foundry.
Effect of Pollution on Physical Properties of Soil
Soil acts as a base for sustaining life on Earth. Through various means, humans exploited every
possible resource on the planet and emitted out the used wastes that became pollutants. These
pollutants altered the normal functioning of ecological services, especially affecting soil health
and productivity, and all kinds of pollution are interrelated with soil. The application of waste
or polluted water into the soil alters its physical and chemical, thereby affecting the growth of
agricultural crops and other living organisms. Even the extensive agricultural practices such as
fertilizer and pesticide application deteriorate the soil quality. Dumping of garbage and
municipal solid waste openly on the land results in leaching of unwanted elements into the soil,
hence intoxicating it to an extent that is irreversible. Moreover, air pollution too, directly or
indirectly, affects the soil properties.
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Effect of Water Pollution on Physical and Chemical Properties of Soil
The major sources of water pollution are household sewage, industrial and commercial
chemical plants, and agricultural runoff. Polluted water is used for irrigation purposes,
construction, and aquaculture and even for groundwater recharge, without any prior treatment,
hence disturbing the natural properties of soil in most of the developing countries.

Case Study-1
According to an analysis of soil samples from Goa and six cities, including New Delhi and
Mumbai, the average concentration of polychlorinated biphenyls (PCBs) in Indian soil was
almost twice the amount found globally—12 ng/g (nanogram per gram) dry weight as against
6ng/g. The study was carried out by the SRM University (Tamil Nadu) in collaboration with
international institutes. PCBs are synthetic organic chemicals used in electrical equipment,
adhesives, paints and several other products. In April 2016, India said manufacturing and
importing polychlorinated biphenyls (PCBs) will be banned after December 31, 2025.

Case study -2
Recently, a joint study by the researchers at the James Hutton Institute and University of
Aberdeen found that even the bottom of the ocean is not safe from PCB contamination with
“extraordinary” levels of contamination found in two of the deepest trenches in the ocean—
Mariana Trench in the North Pacific and Kermadec Trench in the South Pacific. This polluting
chemical persisted and found its way into the remotest corner of the earth even though the US
had banned its use back in 1979.
Different location studies
Chennai: the city was found to be most contaminated in terms of PCB concentration in soil,
with an informal e-waste shredding site recording maximum concentration.
Located close to the port, the city imports e-waste and also generates nearly 47,000 tonnes of
e-waste annually.
Bengaluru: the second highest contamination was reported in a village in Bengaluru,
which was home to an open solid waste dumping ground.
Delhi: while soil PCB concentration was less in New Delhi and Mumbai, these cities
showed high levels of PCB in the air, primarily due to emission during informal e-waste
recycling.
Eastern Delhi is home to several informal electronic waste recycling units. The city,
alone, generates 15,000 tonnes of e-waste every year, in addition to the e-waste imported for
recycling purpose. High levels of tetra and penta PCB congeners were found in soil samples
from eastern Delhi.
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What’s the solution we have in hand?
“Informal e-waste recycling process is an emerging problem and it is growing. Still, it is one
of the sources of PCBs in developing nations today. Besides proper waste disposal, open
burning of dumped waste should be stopped. Not only PCBs, but several other organic
pollutants can be released due to incomplete combustion of waste, particularly plastics, e-waste
and biomedical waste,” says Chakraborty.
Minimizing pesticides
Due to the overuse of pesticides and chemical fertilizers the soil will lose its fertility. Moreover,
the presence of excess chemicals will increase the alkalinity of soil thus degrading the soil
quality.
Composting organic matter
Compost helps retain the moisture, suppressing plant diseases and pests naturally without
chemical usage. Encourages the production of beneficial bacteria and fungi that break down
organic matter to create humus, a rich nutrient-filled material.
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Persistent Organic Pollutants (POPs): Sources, Impact and Assessment
Niveta Jain, Disha Sandilaya and Ruchira Joshi
Division of Environment Sciences
ICAR-Indian Agricultural Research Institute, New Delhi, India
Persistent Organics Pollutants (POPs)
Persistent organic pollutants (POPs) are chemicals of global concern due to their potential for
long-range transport, persistence in the environment, ability to bio-magnify and bioaccumulate in ecosystems, as well as their significant negative effects on human health and the
environment.
Characteristics of Persistent Organic Pollutants: 1.
2.
3.
4.
5.
6.
7.

They are highly toxic
They are persistent as the name suggests
They resist normal processes that break down contaminants
They accumulate in the body fat of people, marine mammals and other animals
They can easily pass from mother to fetus
They can travel great distance through wind and water and lead to global pollution
POPs are lipophilic synthetics with long half-experiences that can bio-accumulate up the
food chain.

Classifications of POPs: POPs are broadly being classified into intentionally produced POPs, Unintentionally
Produced POPs and New/Candidates POPs. In 1995, the UNEP broadened the study of POPs
and they called it the “Dirty Dozen”. These were a group of 12 highly persistent and toxic
chemicals: alDr.in, chlordane, DDT, dielDr.in, enDr.in, heptachlor, hexachlorobenzene,
mirex, polychlorinated biphenyls, polychlorinated dibenzo-p-dioxins, polychlorinated
dibenzofurans, and toxaphen. Many of the pesticides in this group are no longer used for
agricultural purposes but a few continue to be used in developing countries.
The intentionally produced chemicals are either currently or once used in agriculture,
disease control, manufacturing, or industrial processes. Examples include PCBs, which have
been useful in a variety of industrial applications (e.g., in electrical transformers and large
capacitors, as hydraulic and heat exchange fluids, and as additives to paints and lubricants)
and DDT, which is still used to control mosquitoes that carry malaria in some parts of the
world. In addition, unintentionally produced chemicals, such as dioxins and furans are
produced as a by-product as a result of some industrial processes and from combustion (for
example, municipal and medical waste incineration and backyard burning of trash). Later on,
a few more chemicals were added to the list of POPs in the year 2009 onwards. These
includes
α-HCH,
ß-HCH,
Chlordecone,
Hexabromobiphenyl,
Hexa
and
heptabromodiphenylethers,
Lindane,
Pentachlorobenzene,
Tetra
and
penta
bromodiphenylethers, Perfluoro octanesulfonic acid and its salts.
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Fig 1: Classification of Persistent Organic Pollutants
Source: Adapted from www.chem.unep.ch/pops/default.html
Sources of POPs
Since the last few decades several studies have been conducted to identify sources and
emissions of Persistent organic pollutants (POPs) at regional and global scale. Principal
sectoral sources of POPs are Hospital industry (local incineration/plastic), Hazardous waste
incinerators, Cement kilns burning hazardous wastes, Chemical waste – by-products,
Pesticides (9 of 12), Secondary smelting, Pulp and paper (e.g., chlorine bleaching) and
Automobiles – chlorinated scavengers in leaded gas burn to produce dioxin; 2-stroke motors
blend synthetic oils with various chlorinated compounds.
Specifically, PCBs and PBDEs are produced in high volumes by the chemical industry.
The production of PCBs started in the USA, Germany and France in the 1930s (de Voogt and
Brinkman, 1989) and ceased when the production in Russia ended in 1993 (AMAP, 2000).
Moreover, two key classes of unintentional by-products from various combustion and
industrial processes are the PCDD/PCDFs (polychlorinated dibenzo-p-dioxins and
dibenzofurans) and the PAHs (polycyclic aromatic hydrocarbons).
Impact of POPs on Biota
POPs do not degrade easily both in the environment and in the human body and tend to bio
accumulate within the food chain. It has been stated in several studies that POPs cause a variety
of adverse health effects, including cancer, immune system suppression, decrements in
cognitive and neurobehavioral function, disruption of reproductive hormones and thyroid
function, and increase the risk of chronic diseases, such as hypertension, cardiovascular
disease, and diabetes (Lee et al., 2006). According to Fry and Power (2017 the direct exposure
of higher concentration of beta-hexachlorocyclohexane, an organochlorine pesticide, is
associated with increased mortality and higher exposure to four organochlorine pesticides is
associated with increased cerebrovascular disease mortality in U.S. in adults of age 60 years or
older.
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The adverse effect of POPs is not only observed on human health but several studies have
reported their impact on animal or bird health. Lab research and epidemiological examinations
infer that POPs have effects on birds by disrupting their endocrine system, central nervous
system and brain framework, and their development processes (Hao, Y., et al., 2021). In the
USA, studies from the heavily polluted Great Lakes region revealed that predators, including
birds such as eagles and cormorants, suffered significant health impacts due to exposure to
POPs. Douthwaite (1992) investigated that at Lake Kariba in Zimbabwe, African Fisheagle Haliaeetus vocifer showed significant eggshell thinning and consequent breeding failure
due to accumulation of DDT residues, following heavy spraying of this insecticide in adjacent
woodland for the purpose of disease control. A study shows that POP exposures influence the
regenerative framework and endurance through resistant concealment and endocrine
disturbance, which have prompted populace level consequences for seals and white-followed
eagles in the Baltic (Sonne, C; et al.,2020).
Environmental Fate of Persistent Organic Pollutants

Fig 2: Fate and transport of organic pollutants in the environment
A complex interaction exists between the environmental compartments in relation with
POPs transport and fate, where the atmosphere acts as the main actor for transport of POP’s in
remote sites. Ecological cycles also contribute to transport of these pollutants in the
environment and their fate. The fate of pollutants / contaminants in the climate relies on the
'compartment' in which they are found: air, water, soil, silt (the 'mud' at the lower part of water
bodies), or living organic entities. The fate and transport of contaminants in soils occur by
various biotic or abiotic processes and depend on a few elements (RF Turco et al., 2011). The
most important mechanisms of transport of contaminants through soil are volatilization,
leaching, and erosion or suspension of soil particles. However, the organic pollutants are
degraded in water bodies through different change processes in the indigenous habitat like
biodegradation, microbial debasement, and enzymatic debasement (Singh et al., 2021). Even
several anthropogenic, agricultural and industrial activities lead to the introduction of
pollutants in the marine and atmospheric environment.
Figure 2 shows the process of removal of POPs from the environment through different
processes namely Photo degradation, Deposition (Wet and Dry deposition) and Gas exchange.
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Photo degradation is degradation of a photodegradable molecule caused by the absorption of
photons, particularly those wavelengths found in sunlight, such as infrared radiation, visible
light, and ultraviolet light.
Dry deposition refers to gasses and particles containing POPs. The wind blows these
POP’s particles and gases onto buildings, cars, homes, and trees. Dr.y deposited POP’s can
also be washed from trees and other surfaces by rainstorms. When that happens, the runoff
water adds those POPs to the rain water, making the combination more harmful. The
wet deposition refers to rain, fog, and snow containing POPs. If the POPs in the air are blown
into areas where the weather is wet, the POPs can fall back to the ground in the form of rain,
snow, fog, or mist.
Lastly, the exchange of chemical compounds between gas phase and ground surface is
controlled by the tendency of compounds to be absorbed/adsorbed by the ground surfaces. The
ratio of vapor pressure to water solubility can be used as an indicator between levels in the
atmosphere and water surface. The ratio between POP levels in octanol and water is used as an
estimate for distribution of POP’s.
Laws, Regulations, and Policy related to POPs
POPs are the organic substances that can persist in the environment and can easily
accumulate to the food chain. Hence International risk management is vital as no locale can
deal with the dangers presented by these substances alone. Several conventions and policies
have been developed worldwide to deal with cons and pros of exposure of POPs.
Listed below are some of the International Conventions dealing with POPs: 1.
Stockholm Convention on Persistent Organic Pollutants (POPs). Its aim is to
reduce releases of POPs chemicals on a global basis. The convention entered into force
on May 17th, 2004. The POPRC has met annually in Geneva, Switzerland, since its
establishment. The Stockholm Convention also aims to ensure the sound management of
stockpiles and wastes that contain POPs. Here are a few examples of POPs targeted by
Stockholm
convention;
AlDr.in,
Decabromodiphenyl
ether,
Lindane,
Pentachlorobenzene etc. The chemicals targeted by the Stockholm Convention are listed
in the annexes of the convention text.
2.
Rotterdam Convention on the Prior Informed Consent (PIC) Procedure for
Certain Hazardous Chemicals and Pesticides in International Trade. Aim to promote
shared responsibilities in relation to importation of hazardous chemicals and contribute
safe use. The Convention entered into force on 24 February 2004. As of now, the total
number of States Parties to this Convention has risen to 154 with a great
participation. The “Draft Law on Ratification of Rotterdam Convention on the Prior
Informed Consent Procedure for Certain Hazardous Chemicals and Pesticides in
International Trade” was referred to the Turkish Grand National Assembly in July, 2010.
3.
The Basel Convention on the Control of Transboundary Movements of
Hazardous Wastes and their Disposal. Aims to protect human health and the environment
against the adverse effects resulting from the generation, management, transboundary
movements and disposal of hazardous and other wastes. It has 170 Parties and came into
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force in 1992. Technical guidelines provide for the foundation upon which countries can
operate at a standard that is not less environmentally sound than that required by the Basel
Convention. The Convention defines "environmentally sound management" of wastes
subject to its control as taking all practicable steps to ensure that these wastes are managed
in a manner which will protect human health and the environment against the adverse
effects which may result from such wastes.
4.
Convention on Long-Range Transboundary Air Pollutants (LRTAP),
Protocol on Persistent Organic Pollutants (POPs). The aim of the Convention is that
Parties shall endeavour to limit and, as far as possible, gradually reduce and prevent air
pollution including long-range transboundary air pollution. The aim of the protocol on
POPs is to control, reduce, or eliminate discharges, emissions, and losses of persistent
organic pollutants. The protocol entered into force on 23 October 2003.
5.
Globally Harmonized System (GHS) for Classification and Labelling of
Chemicals. Is a Globally Harmonized System (GHS) of Classification and Labelling of
Chemicals promoting standard criteria for classifying chemicals according to their health,
physical and environmental hazards.
6.
International Convention on the Control of Harmful Anti-Fouling
Systems on Ships. Aim to prohibit the use of harmful organo-tins in anti-fouling paints.
It entered into force on 17 September 2008. Under the terms of the Convention, Parties
to the Convention are required to prohibit and/or restrict the use of harmful anti-fouling
systems on ships flying their flag, as well as ships not entitled to fly their flag but which
operate under their authority and all ships that enter a port, shipyard or offshore terminal
of a Party.
7.
The Vienna Convention for the Protection of the Ozone Layer & The
Montreal Protocol on Substances that Deplete the Ozone Layer. Aims protect the ozone
layer by phasing out the production of a number of substances believed to be responsible
for ozone depletion. Entered into force on January 1, 1989.
Case studies 1
PCBs (Polychlorinated biphenyl)
●

●
●
●
●
●

Polychlorinated biphenyls (PCBs) are combinations of chlorinated hydrocarbons that
have been utilized widely beginning around 1930 in an assortment of modern purposes,
incorporating as dielectrics in transformers and enormous capacitors, as hotness trade
liquids, as paint added substances, in carbonless duplicate paper and in plastics. PCBs
can have released into the environment by different means such as (adapted from
epa.gov/pcbs/learn-about- polychlorinated- biphenyls-pcbs): Poorly maintained hazardous waste sites that contain PCBs
Illegal or improper dumping of PCB wastes
Leaks or releases from electrical transformers containing PCBs
Disposal of PCB-containing consumer products into municipal or other landfills not
designed to handle hazardous waste
Burning some wastes in municipal and industrial incinerators
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PCBs can cause a variety of adverse health effects. They have a high carcinogenic tendency, it
can affect an animal's immune system, reproductive system, nervous system and endocrine
system. Studies have shown the significant decrease in size of the thymus gland which is
critical to the immune system due to exposure of infant monkeys to PCBs. In Japan (1968)
and Taiwan (1979), the rice oil was contaminated by PCBs which resulted into enlargement
and hyper secretion of the Meibomian glands of the eyes leading to swelling of the eyelids,
pigmentation of the nails and mucous membranes, occasionally associated with fatigue, nausea
and vomiting. Youngsters born up to 7 years after maternal exposure in the Taiwan episode
had hyperpigmentation, distorted nails and natal teeth, intrauterine development delay, more
unfortunate mental advancement as long as 7 years old. Further, people exposed in the
Yucheng incident of PCBs had low immune resistance power, and suffered from a variety of
infections. The study shows the decrease in concentration IgM and IgA and also decrease the
active T-cells and helper T-cells. A significant increase in haematological neoplasms and
gastrointestinal cancers was observed in male workers. A non-significant increase in lung
cancer was also observed. In addition, Mink fed Lake Michigan Coho salmon containing
between 10 and 15 ppm PCBs as 30% of their diet for five months failed to whelp as did those
fed a diet containing 5 ppm Aroclor 1254. The clinical signs and lesions observed in mink fed
with diet containing Lake Michigan coho salmon included anorexia, bloody stools, fatty liver,
kidney degeneration and gastric ulcers, and were similar to those fed a diet supplemented with
PCBs.
DDT (dichloro-diphenyl-trichloroethane)
DDT (dichloro-diphenyl-trichloroethane) was developed as the first of the modern synthetic
insecticides in the 1940s. Initially, it was used to combat malaria, typhus and vector borne
disease. It is highly insoluble in water and is soluble in most organic solvents. It is semivolatile and can be expected to partition into the atmosphere. Generally, people are exposed to
DDT
through
food
such
as
meat,
fish,
and
dairy
products
(cdc.gov/biomonitoring/pdf/ddt_factsheet.pdf). The breakdown products of DDT, 1,1dichloro-2,2-bis (4-chlorophenyl) ethane (DDD or TDE) and 1,1-dichloro-2,2bis (4chlorophenyl) ethylene) (DDE), are also present everywhere in the environment and are more
persistent than the parent compound. It has been banned in approximately 34 countries. It can
cause vomiting, tremors or shakiness, and seizures. Laboratory studies showed effects on the
liver and reproductive behaviour of animals. DDT is considered as a possible human
carcinogen. In a general survey of 16 separate compounds in the breast milk of lactating
mothers in four remote villages in Papua, New Guinea, DDT was detected in 100% of samples
and was one of only two organochlorines detected. DDT has also been detected in the breast
milk of Egyptian women, with an average total concentration of 57.59 ppb and an estimated
daily intake of total DDT for breast feeding infants of 6.90 µg/kg body weight /day. In an
ecologic study, Cocco et al. (2000) found that standardized mortality rates (SMRs) for liver
cancer were elevated in whites but not in African Americans who lived in states with high
population-level adipose tissue DDE concentrations.
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Dioxins and Furans
Dioxins are environmental pollutants. They belong to the class of “dirty dozen” - a group of
dangerous chemicals known as persistent organic pollutants (POPs). The chemical name for
dioxin is: 2,3,7,8- tetrachlorodibenzo para dioxin (TCDD). Dioxins are predominantly byproducts of industrial activities however can likewise result from natural cycles, like volcanic
ejections and woodland fires. As far as dioxin discharge into the climate, uncontrolled waste
incinerators (strong waste and emergency clinic squander) are regularly the most prominent
source. Dioxins are highly toxic and can cause reproductive and developmental problems,
damage the immune system, interfere with hormones and also cause cancer. Numerous nations
screen their food supply for dioxins. This has prompted early identification of contamination
and affects a bigger scope. In 1999, elevated degrees of dioxins were found in poultry and eggs
from Belgium. In this way, dioxin-contaminated creature-based food (poultry, eggs, pork) were
recognized in a few different nations. In 1957, a secretive sickness was killing a huge number
of youthful chickens in the eastern and Midwestern U.S. The side effects were inordinate liquid
in the heart sac and stomach cavity, and the reason was followed by the unsaturated fats that
had been added to the chicken's feed. After several attempts it was concluded that 1,2,3,7,8,9hexachlorodibenzo-p-dioxin was behind this hazard. The sources of this dioxin in the
unsaturated fat material were traced to the tanning industry.
Furans are heterocyclic organic compound, consisting of a five-membered aromatic
ring with four carbon atoms and one oxygen atom. Furan and furan derivatives have long been
known to occur in heated foods and contribute to the sensory properties of food (Maga et al.,
1979). Furans can cause skin diseases, such as chloracne; Liver problems; Weakened immune
system, the endocrine system and reproductive functions; Effects on the developing nervous
system and other developmental; Certain types of cancers.
In addition to POPs, and dioxins and furans, few other chemicals are also characterized
by their persistence in the environment known as persistent toxic substances. Persistent toxic
substances (PTS) include the Stockholm persistent organic pollutants, like
dichlorodiphenyltrichloroethane, polychlorinated biphenyls, dioxin/furan, etc., and
organometallic compounds, like organomercury, organotin, and organolead, which all share
the same characteristics of being persistent, toxic, bio accumulative, and able to travel long
distances through different media. They can accumulate in the food chain and are found in
waste generated, sewage and traffic.
Polybrominated diphenylethers are an important class of flame retardants, widely used in a
variety of consumer products. PBDEs are structurally very similar to PCBs, and have similar
neurotoxic effects. These chemicals can get into the air, water, and soil during their
manufacture; they can leak from products that contain them or escape when the products that
contain them break down. Traces of several PBDEs are found in human breast milk, fish
aquatic birds and elsewhere in the environment.
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Figure 3: Lifetime Exposure pathways to POPS

Quantification of POPs
Quantification of any pollutant from a matrix requires sampling, extraction and clean-up
followed by analysis
Sampling: Method of selection and collection of a few individuals from a large population
or small part from the whole lot should be drawn in such a way that it truly represents the
population or the whole lot.
Extraction: Separation of POPs from the matrix by using different solvent.
Clean-up: Series of steps in the analytical procedure in which the bulk of the potentially
interfering co-extractives (moisture, coloured pigment like chlorophyll, xanthophylls and
anthocyanins, colourless compounds like oil, fat and waxes, etc.) are removed by physical or
chemical methods
Detection and Quantification: Spectrophotometric / Chromatographic methods
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Fig 3: Various extraction methods of POPs

Fig 4: Different clean up techniques of POPs

Dioxins and furans: Sampling and Analysis
1. Liquid samples should be collected in narrow-mouth amber glass bottles. The level of the
liquid in the bottle should be marked just after collection to allow for assessment of
possible loss during shipment. Liquid samples should be processed as a whole, no subsampling is recommended.
2. Representative Solid samples should be collected in wide-mouth amber glass bottles.
Care should be taken to exclude as much water as possible.
3. Fish / vegetables / other biota should be wrapped in clean aluminium foil and frozen.
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4. Special type amber glass bottles with teflon lined lid, already cleaned and screened for
possible contamination should be used for PCDDs & PCDFs.
5. Air samples (filter papers, Thimbles, PUFs and XAD-2 Adsorbent) should be wrapped
with aluminium foil and kept in a dark cool place at 1 – 5 ° C.
6. All the samples (except tissues) must be maintained at 1 – 5 ° C in the dark from the time
of collection till extraction. Tissue samples should be kept frozen during shipment.
Recommended sample size, volume of final extract and achievable

Fig 5: Extraction of Dioxins and Furans from Liquid samples and Solid samples
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Fig 6: Clean-up and analysis of Dioxins and Furans
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Soil Pollution and Soil Organic Matter Relationships
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Soil organic matter (SOM) is any material produced originally by living organisms (plant or
animal) that is returned to the soil and goes through the decomposition process. At any given
time, it consists of a range of materials from the intact original tissues of plants and animals to
the substantially decomposed mixture of materials known as humus. Most soil organic matter
originates from plant tissues. Plant residues contain 60–90 percent moisture. The remaining
dry matter consists of carbon (C), oxygen, hydrogen (H) and small amounts of sulphur (S),
nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg). Although
present in small amounts, these nutrients are very important from the viewpoint of soil fertility
management. Soil organic matter consists of a variety of components. These include, in varying
proportions and many intermediate stages, an active organic fraction including microorganisms
(10–40 percent), and resistant or stable organic matter (40–60 percent), also referred to as
humus.
For practical purposes, organic matter may be divided into aboveground and
belowground fractions. Aboveground organic matter comprises plant residues and animal
residues; belowground organic matter consists of living soil fauna and microflora, partially
decomposed plant and animal residues, and humic substances. The C:N ratio is also used to
indicate the type of material and ease of decomposition; hard woody materials with a high C:N
ratio being more resilient than soft leafy materials with a low C:N ratio. Although soil organic
matter can be partitioned conveniently into different fractions, these do not represent static end
products. Instead, the amounts present reflect a dynamic equilibrium. The total amount and
partitioning of organic matter in the soil is influenced by soil properties and by the quantity of
annual inputs of plant and animal residues to the ecosystem. For example, in a given soil
ecosystem, the rate of decomposition and accumulation of soil organic matter is determined by
such soil properties as texture, pH, temperature, moisture, aeration, clay mineralogy and soil
biological activities. A complication is that soil organic matter in turn influences or modifies
many of these same soil properties.
Organic matter existing on the soil surface as raw plant residues helps protect the soil
from the effect of rainfall, wind and sun. Removal, incorporation or burning of residues exposes
the soil to negative climatic impacts, and removal or burning deprives the soil organisms of
their primary energy source. Organic matter within the soil serves several functions. From a
practical agricultural standpoint, it is important for two main reasons: (i) as a “revolving
nutrient fund”; and (ii) as an agent to improve soil structure, maintain tilth and minimize
erosion. As a revolving nutrient fund, organic matter serves two main functions:
● As soil organic matter is derived mainly from plant residues, it contains all of the
essential plant nutrients. Therefore, accumulated organic matter is a storehouse of plant
nutrients.
● The stable organic fraction (humus) adsorbs and holds nutrients in a plant available
form.
Organic matter releases nutrients in a plant-available form upon decomposition. In
order to maintain this nutrient cycling system, the rate of organic matter addition from crop
residues, manure and any other sources must equal the rate of decomposition, and take into
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account the rate of uptake by plants and losses by leaching and erosion. Where the rate of
addition is less than the rate of decomposition, soil organic matter declines. Conversely, where
the rate of addition is higher than the rate of decomposition, soil organic matter increases. The
term steady state describes a condition where the rate of addition is equal to the rate of
decomposition. In terms of improving soil structure, the active and some of the resistant soil
organic components, together with micro-organisms (especially fungi), are involved in binding
soil particles into larger aggregates. Aggregation is important for good soil structure, aeration,
water infiltration and resistance to erosion and crusting.
Recently, techniques have been developed to fractionate C on the basis of lability (ease
of oxidation), recognizing that these subpools of C may have greater effect on soil physical
stability and be more sensitive indicators than total C values of carbon dynamics in agricultural
systems The labile carbon fraction has been shown to be an indicator of key soil chemical and
physical properties. For example, this fraction has been shown to be the primary factor
controlling aggregate breakdown in Ferrosols (non-cracking red clays), measured by the
percentage of aggregates measuring less than 0.125 mm in the surface crust after simulated rain
in the laboratory. The resistant or stable fraction of soil organic matter contributes mainly to
nutrient holding capacity (cation exchange capacity [CEC]) and soil colour. This fraction of
organic matter decomposes very slowly. Therefore, it has less influence on soil fertility than
the active organic fraction.
Effects of organic matter on soil properties
Organic matter affects both the chemical and physical properties of the soil and its overall
health. Properties influenced by organic matter include: soil structure; moisture holding
capacity; diversity and activity of soil organisms, both those that are beneficial and harmful to
crop production; and nutrient availability. It also influences the effects of chemical
amendments, fertilizers, pesticides and herbicides. Soil organic matter consists of a continuum
of components ranging from labile compounds that mineralize rapidly during the first stage of
decomposition to more recalcitrant residues (difficult to degrade) that accumulate as they are
deposited during advanced stages of decomposition as microbial by-products. Freshly added
or partially decomposed plant residues and their non-humic decomposition products constitute
the labile organic matter pool. The more stable humic substances tend to be more resistant to
further decomposition. The labile soil organic matter pool regulates the nutrient supplying
power of the soil, particularly of nitrogen (N), whereas both the labile and stable pools affect
soil physical properties, such as aggregate formation and structural stability.
When crops are harvested or residues burned, organic matter is removed from the
system. However, the loss can be minimized by retaining plant roots in the soil and leaving
crop residues on the surface. Organic matter can also be restored to the soil through growing
green manures, cuttings from agroforestry species and the addition of manures and compost.
Soil organic matter is the key to soil life and the diverse functions provided by the range of soil
organisms.
(i) Biological properties
Soil micro-organisms are of great importance for plant nutrition as they interact directly in the
biogeochemical cycles of the nutrients. Increased production of green manure or crop biomass
aboveground and belowground increases the food source for the microbial population in the
soil. Agricultural production systems in which residues are left on the soil surface and roots
left in the soil, e.g., through direct seeding and the use of cover crops, therefore stimulate the
development and activity of soil micro-organisms. The roots of most plants are infected with
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mycorrhizae, fungi that form a network of mycelia or threads on the roots and extend the
surface area of the roots. In undisturbed soil ecosystems, e.g., in conservation agriculture,
colonization with mycorrhizal fungi increases strongly with time compared with colonization
under natural vegetation. Fine roots are the primary sites of mycorrhizal development as they
are the most active site for nutrient uptake. This partly explains the increase in mycorrhizal
colonization under undisturbed situations as rooting conditions are far better than under
conventional tillage. Other factors that might stimulate mycorrhizal development are the
increase in organic carbon (C) and the rotation of crops with cover crop/green manure species.
Increased organic matter content is an increase in the earthworm population.
Earthworms rarely come to the soil surface because of their characteristics: photophobia, lack
of pigmentation and tolerance to periods of submergence and anaerobic conditions during
rainfall. Soil moisture is one of the most important factors that determine the presence of
earthworms in the soil. Through cover crops and crop residues, evaporation is reduced and
organic matter in the soil is increased, which in turn can hold more water. Residues on the soil
surface induce earthworms to come to the surface in order to incorporate the residues in the
soil. The burrowing activity of earthworms creates channels for air and water; this has an
important effect on oxygen diffusion in the rootzone, and the drainage of water from it.
Furthermore, nutrients and amendments can be distributed easily and the root system can
develop, especially in acid subsoil in the existing casts. The shallow-dwelling earthworms
create numerous channels throughout the topsoil, which increases overall porosity, and thus
bulk density.
(ii) Chemical properties
Many important chemical properties of soil organic matter result from the weak acid nature of
humus. The ability of organic matter to retain cations for plant use while protecting them from
leaching, i.e., the cation exchange capacity (CEC) of the organic matter, is due to the negative
charges created as hydrogen (H) is removed from weak acids during neutralization. Many acidforming reactions occur continually in soils. Some of these acids are produced as a result of
organic matter decomposition by microorganisms, secretion by roots, or oxidation of inorganic
substances. Commonly used N fertilizers through microbial conversion of NH4+ to NO3-. In
particular, ammonium fertilizers, such as urea, and ammonium phosphates, such as
monoammonium and diammonium phosphate, are converted rapidly into nitrate through a
nitrification process, releasing acids in the process and thus increasing the acidity of the topsoil.
When acids or bases are added to the soil, organic matter reduces or buffers the change in pH.
This is why it takes tonnes of limestone to increase the pH of a soil significantly compared with
what would be needed to simply neutralize the free H present in the soil solution. However,
with large values of soil organic matter, the pH will decrease less rapidly and the field will
have to be limed less frequently.
Organic matter may provide nearly all of the CEC and pH buffering in soils low in clay
or containing clays with low CEC.
Organic matter releases many plant nutrients as it is broken down in the soil, including
N, phosphorus (P) and sulphur (S). Leguminous species are very important as part of a cereal
crop rotation in view of their capacity to fix N from the atmosphere through symbiotic
associations with root-dwelling bacteria.
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(iii) Physical properties
Organic matter influences the physical conditions of a soil in several ways. Plant residues that
cover the soil surface protect the soil from sealing and crusting by rain drop impact, thereby
enhancing rainwater infiltration and reducing runoff. Increased organic matter also contributes
indirectly to soil porosity (via increased soil faunal activity). Fresh organic matter stimulates
the activity of macrofauna such as earthworms, which create burrows lined with the glue-like
secretion from their bodies and intermittently filled with worm cast material. Surface
infiltration depends on a number of factors including aggregation and stability, pore continuity
and stability, the existence of cracks, and the soil surface condition. Organic matter also
contributes to the stability of soil aggregates and pores through the bonding or adhesion
properties of organic materials, such as bacterial waste products, organic gels, fungal hyphae
and worm secretions and casts. Moreover, organic matter intimately mixed with mineral soil
materials has a considerable influence in increasing moisture holding capacity. The quality of
the crop residues, in particular its chemical composition, determines the effect on soil structure
and aggregation.
Benefits of soil organic matter
As noted above, the benefits of a soil that is rich in organic matter and hence rich in living
organisms are many. Direct organic matter amendments include: compost; animal manure; use
of vermicompost; use of waste sludge. Crop management practices that contribute to organic
matter include: improved cropping systems and rotations; plant cover crops; maximizing crop
residues and their management; improved rooting systems. The effects of the management
practices depend largely on the agroclimatic situation as temperature and moisture influence
speed of decomposition and general cycling of organic matter and nutrients. Benefits of soil
organic matter for farmers include:
● Reduced input costs: reduced fertilizer needs owing to improved nutrient cycling and
reduced leaching from the rootzone; reduced pesticide needs owing to pest–predator
interactions among organisms and natural biocontrol; reduced tillage costs owing to
reliance on biotillage by macrofauna under conservation agriculture approaches.
● Improved yield and crop quality: soil organic matter and soil biodiversity contribute to
improved soil structure, root growth and mycorrhizal development, access to water and
nutrients and hence improved root and tuber development and aboveground plant
production. Improved soil and crop health reduce impacts of disease-causing organisms
(pathogens and viruses and harmful bacteria).
● Pollution prevention: soil organic matter enhances biological activity of soil organisms
that detoxify and absorb excess nutrients that would otherwise become pollutants to
groundwater and surface water supplies. Soil organic matter is an important means of
C sequestration, and organic matter management practices contribute to C storage (up
to 0.5 tonnes/ha/year) and reduced greenhouse gas emissions.
Decomposition of soil organic matter
Soil organic matter consists of living parts of plants (principally roots), dead forms of organic
material (principally dead plant parts), and soil organisms (micro-organisms and soil animals)
in various stages of decomposition. It has a great impact upon the chemical, physical and
biological properties of the soil. Organic matter in the soil gives the soil good structure, and
enables the soil to absorb water and retain nutrients. It also facilitates the growth and life of the
soil biota by providing energy from carbon compounds, N for protein formation, and other
nutrients. Some of the nutrients in the soil are held in the organic matter, comprising almost all
the N, a large amount of P and some S. When organic matter decomposes, the nutrients are
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released into the soil for plant use. Therefore, the amount and type of organic matter in the soil
determines the quantity and availability of these nutrients in the soil. It also affects the colour
of the soil. Dead matter constitutes about 85 percent of all organic matter in soils. Living roots
make up about another 10 percent, and microbes and soil animals make up the remainder.
Organic matter that has fully undergone decomposition is called humus. The origins of the
materials after formation of humus cannot be recognized. Humus is dark in colour and very
rich in plant nutrients. It is usually found in the top layers of a soil profile. The dark colour of
humus absorbs heat from the sun, thereby improving soil temperature for plant growth and
microbial activity under cooler climatic conditions. Some of the most important functions of
organic matter in the soil are:
● It increases soil fertility as it retains cations and conserves nutrients in organic forms
and slowly releases required nutrients for plant uptake and growth.
● It binds soil particles together; the cementing and aggregation functions improving soil
structure and aeration.
● It acts as a sponge in the soil, retaining soil moisture. Soils with high organic matter
content can hold more water than those low in organic matter.
● It provides food for micro-organisms living in the soil.
Decomposition is the general process whereby dead organic materials are transformed
into simpler states with the concurrent release of energy and their contained biological nutrient
and other elements in inorganic forms. Such forms are directly assimilable by micro-organisms
and plants, and the remaining soil organic matter may be stabilized through physical and
chemical processes or further decomposed. These transformations of dead organic materials
into assimilable forms involve the simultaneous and complementary processes of
mineralization and humification:
● Mineralization is the process through which the elements contained in organic form
within biological tissues are converted to inorganic forms such as nitrate, phosphate
and sulphate ions.
● Humification is an anabolic process where organic molecules are condensed into
degradation-resistant organic polymers, which may persist almost unaltered for decades
or even centuries.
Decomposition is essentially a biological process. Nutrients taken up by plants
are derived largely from the decomposition process. Micro-organisms are by far the major
contributors to soil respiration and are responsible for 80–95 percent of the total carbon dioxide
(CO2) respired and, consequently of the organic C respired. Therefore, decomposition is a
process determined by the interactions of three factors: organisms, environmental conditions
(climate and minerals present in the soil); and the quality of the decomposing resources. These
factors operate at different spatial and temporal scales. Living organisms are made up of
thousands of different compounds. Thus, when organisms die, there are thousands of
compounds in the soil to be decomposed. As these compounds are decomposed, the organic
matter in soil is gradually transformed until it is no longer recognizable as part of the original
plant. The stages in this process are:
1. Breakdown of compounds that are easy to decompose, e.g., sugars, starches and proteins.
2. Breakdown of compounds that take several years to decompose, e.g., cellulose (an
insoluble carbohydrate found in plants) and lignin (a very complicated structure that is part
of wood).
3. Breakdown of compounds that can take up to ten years to decompose, e.g., some waxes
and the phenols. This stage also includes compounds that have formed stable combinations
and are located deep inside soil aggregates and are therefore not accessible to soil
organisms.
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4. Breakdown of compounds that take tens, hundreds or thousands of years to decompose.
These include humus-like substances that are the result of integration of compounds from
breakdown products of plants and those generated by microorganisms.
The easily decomposable sugars, starches and proteins are quick and easy for fungi and
bacteria to decompose, hence the C and energy they provide is readily available. Most of the
microbes living in the soil can secrete the enzymes needed to break up these simple chemical
compounds. The larger mites and small soil animals often help in this first stage of degradation
by breaking up the organic matter into smaller pieces, thereby exposing more of the material
to colonization by bacteria and fungi. Some of the energy or nutrients released by the
breakdown of molecules by enzymes can be used by the bacteria and fungi for their own
growth. For example, when an enzyme stimulates the breakdown of a protein, a microbe may
be able to use the C, N and S for its own physiological processes and cell structure. If there are
nutrients that the microbes do not use, they will be available for other soil organisms or plants
to take up and use. When microbes die, their cells are degraded and the nutrients contained
within them become available to plants and other soil organisms.
The second stage of decomposition involves the breakdown of more complicated
compounds by many fungal and bacteria species. These compounds take longer to decompose
because they are larger and are made up of more complicated units. Specific enzymes, not
commonly produced by most micro-organisms, are required to break down these compounds.
Decomposition only takes place where conditions are suitable. Abiotic conditions have a
considerable effect on the rate of breakdown. There must be some moisture available, soil
temperatures must be suitable (usually between 10 and 35 °C) and the soil must not be too
acidic or alkaline. Decomposition also occurs at higher temperatures, as in composts, or under
waterlogged conditions through anaerobic processes. Thus, the types of organisms involved in
breaking down the organic matter also depend on the conditions. The type of organic matter,
the way it is applied or incorporated into soil and the way it is decomposed influence the
physical, chemical and biological balances in the soil and determine the various impacts. It can
change:
● the amount of N available to plants;
● the amount of other nutrients available;
● how the soil binds together (soil aggregation);
● the number and type of organisms present in the soil.
Micro-organisms can access N in the soil more easily than plants. This means that where
there is not enough N for all the soil organisms, the plants will probably be N deficient. When
soils are low in organic matter content, application of organic matter will increase the amount
of N (and other nutrients) available to plants through enhanced microbial activity. The number
of microbes in the soil will also multiply, as they can use the organic matter as a source of
energy. Where the number of fungi and bacteria associated with the breakdown of organic
matter increases, there may be some improvements to the soil structure. Adding organic matter
can also increase the activity of earthworms, which in turn can also improve soil aggregation.
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Table. Essential functions performed by different members of soil organisms (biota)
Functions

Organisms involved

Maintenance of soil structure

Bioturbating invertebrates and plant roots, mycorrhizae and
some other micro-organisms

Regulation of soil
hydrological processes

Most bioturbating invertebrates and plant roots

Gas exchange and carbon
sequestration (accumulation
in soil)

Mostly micro-organisms and plant roots, some C protected in
large compact biogenic invertebrate aggregates

Soil detoxification

Mostly micro-organisms

Nutrient cycling

Mostly micro-organisms and plant roots, some soil- and litterfeeding invertebrates

Decomposition of organic
matter

Various saprophytic and litter-feeding invertebrates
(detritivores), fungi, bacteria, actinomycetes and other microorganisms

Suppression of pests,
parasites and diseases

Plants, mycorrhizae and other fungi, nematodes, bacteria and
various other micro-organisms, collembola, earthworms, various
predators

Sources of food and
medicines

Plant roots, various insects (crickets, beetle larvae, ants,
termites), earthworms, vertebrates, micro-organisms and their
by-products

Symbiotic and asymbiotic
relationships with plants and
their roots

Rhizobia, mycorrhizae, actinomycetes, diazotrophic bacteria
and various other rhizosphere micro-organisms, ants

Plant growth control (positive Direct effects: plant roots, rhizobia, mycorrhizae,
actinomycetes, pathogens, phytoparasitic nematodes,
and negative)
rhizophagous insects, plant-growth promoting rhizosphere
micro-organisms, biocontrol agents Indirect effects: most soil
biota
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Table. Classification of soil organisms
Micro-organisms

Macro-organisms

Plants

Microflora

<5 µm

Bacteria
Fungi

Microfauna

<100 µm

Protozoa
Nematodes

Meso-organisms

100 µm - 2 mm

Springtails
Mites

Macro-organisms

2 - 20 mm

Earthworms
Millipedes
Woodlice
Snails and slugs

Algae

10 µm

Roots

> 10 µm

Note: Clay particles are smaller than 2 µm;
Products of soil organic matter decomposition
Fresh residues consist of recently deceased micro-organisms, insects and earthworms, old plant
roots, crop residues, and recently added manures. Crop residues contain mainly complex
carbon compounds originating from cell walls (cellulose, hemicellulose, etc.). Chains of
carbon, with each carbon atom linked to other carbons, form the “backbone” of
organic molecules. These carbon chains, with varying amounts of attached oxygen, H, N, P
and S, are the basis for both simple sugars and amino acids and more complicated molecules
of long carbon chains or rings. Depending on their chemical structure, decomposition is rapid
(sugars, starches and proteins), slow (cellulose, fats, waxes and resins) or very slow (lignin).
During the decomposition process, microorganisms convert the carbon structures of fresh
residues into transformed carbon products in the soil. There are many different types of organic
molecules in soil. Some are simple molecules that have been synthesized directly from plants
or other living organisms. These relatively simple chemicals, such as sugars, amino acids, and
cellulose are readily consumed by many organisms. For this reason, they do not remain in the
soil for a long time. Other chemicals such as resins and waxes also come directly from plants,
but are more difficult for soil organisms to break down. Humus is the result of successive steps
in the decomposition of organic matter. Because of the complex structure of humic substances,
humus cannot be used by many micro-organisms as an energy source and remains in the soil
for a relatively long time.
Non-humic substances: significance and function
Non-humic organic molecules are released directly from cells of fresh residues, such as
proteins, amino acids, sugars, and starches. This part of soil organic matter is the active, or
easily decomposed, fraction. This active fraction is influenced strongly by weather conditions,
moisture status of the soil, growth stage of the vegetation, addition of organic residues, and
cultural practices, such as tillage. It is the main food supply for various organisms in the soil.
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Carbohydrates occur in the soil in three main forms: free sugars in the soil solution, cellulose
and hemicellulose; complex polysaccharides; and polymeric molecules of various sizes and
shapes that are attached strongly to clay colloids and humic substances. The simple sugars,
cellulose and hemicellulose, may constitute 5–25 percent of the organic matter in most soils,
but are easily broken down by micro-organisms.
Polysaccharides (repeating units of sugar-type molecules connected in longer chains) promote
better soil structure through their ability to bind inorganic soil particles into stable aggregates.
Research indicates that the heavier polysaccharide molecules may be more important in
promoting aggregate stability and water infiltration than the lighter molecules. Some sugars
may stimulate seed germination and root elongation. Other soil properties affected by
polysaccharides include CEC, anion retention and biological activity.
The soil lipids form a very diverse group of materials, of which fats, waxes and resins make up
2–6 percent of soil organic matter. The significance of lipids arises from the ability of some
compounds to act as growth hormones. Others may have a depressing effect on plant growth.
Soil N occurs mainly (> 90 percent) in organic forms as amino acids, nucleic acids and amino
sugars. Small amounts exist in the form of amines, vitamins, pesticides and their degradation
products, etc. The rest is present as ammonium (NH4-) and is held by the clay minerals.
Compounds and function of humus
Humus or humified organic matter is the remaining part of organic matter that has been used
and transformed by many different soil organisms. It is a relatively stable component formed
by humic substances, including humic acids, fulvic acids, hymatomelanic acids and humins.
Humus cannot be decomposed readily because of its intimate interactions with soil mineral
phases and is chemically too complex to be used by most organisms. One of the most striking
characteristics of humic substances is their ability to interact with metal ions, oxides,
hydroxides, mineral and organic compounds, including toxic pollutants, to form water-soluble
and water-insoluble complexes. Through the formation of these complexes, humic substances
can dissolve, mobilize and transport metals and organics in soils and waters, or accumulate in
certain soil horizons. This influences nutrient availability, especially those nutrients present at
microconcentrations only. Accumulation of such complexes can contribute to a reduction of
toxicity, e.g., of aluminium (Al) in acid soils, or the capture of pollutants – herbicides such as
Atrazine or pesticides such as Tefluthrin – in the cavities of the humic substances.
Humic and fulvic substances enhance plant growth directly through physiological and
nutritional effects. Some of these substances function as natural plant hormones (auxins and
gibberellins) and are capable of improving seed germination, root initiation, uptake of plant
nutrients and can serve as sources of N, P and S. Indirectly, they may affect plant growth
through modifications of physical, chemical and biological properties of the soil, for example,
enhanced soil water holding capacity and CEC, and improved tilth and aeration through good
soil structure. About 35–55 percent of the non-living part of organic matter is humus. It is an
important buffer, reducing fluctuations in soil acidity and nutrient availability. Compared with
simple organic molecules, humic substances are very complex and large, with high molecular
weights. The characteristics of the well-decomposed part of the organic matter, the humus, are
very different from those of simple organic molecules. While much is known about their
general chemical composition, the relative significance of the various types of humic materials
to plant growth is yet to be established. Humus consists of different humic substances:
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● Fulvic acids: the fraction of humus that is soluble in water under all pH conditions.
Their colour is commonly light yellow to yellow-brown.
● Humic acids: the fraction of humus that is soluble in water, except for conditions more
acid than pH 2. Common colours are dark brown to black.
● Humin: the fraction of humus that is not soluble in water at any pH and that cannot be
extracted with a strong base, such as sodium hydroxide (NaOH). Commonly black in
colour.
The term acid is used to describe humic materials because humus behaves like weak
acids.
Fulvic and humic acids are complex mixtures of large molecules. Humic acids are
larger than fulvic acids. Research suggests that the different substances are differentiated from
each other on the basis of their water solubility.
Fulvic acids are produced in the earlier stages of humus formation. The relative
amounts of humic and fulvic acids in soils vary with soil type and management practices. The
humus of forest soils is characterized by a high content of fulvic acids, while the humus of
agricultural and grassland areas contains more humic acids.
Functions of humus:
● improved fertilizer efficiency;
● longlife N – for example, urea performs 60–80 days longer;
● improved nutrient uptake, particularly of P and Ca;
● stimulation of beneficial soil life;
● provides magnified nutrition for reduced disease, insect and frost impact;
● salinity management – humates “buffer” plants from excess sodium;
● Organic humates are a catalyst for increasing soil C levels.
Factors influencing the amount of organic matter
The transformation and movement of materials within soil organic matter pools is a dynamic
process influenced by climate, soil type, vegetation and soil organisms. All these factors
operate within a hierarchical spatial scale. Soil organisms are responsible for the decay and
cycling of both macronutrients and micronutrients, and their activity affects the structure, tilth
and productivity of the soil.
In natural humid and subhumid forest ecosystems without human disturbance, the
living and non-living components are in dynamic equilibrium with each other. The litter on the
soil surface beneath different canopy layers and high biomass production generally result in
high biological activity in the soil and on the soil surface. Mollison and Slay (1991)
distinguished the following five mechanisms:
● a continuous soil covers of living plants, which together with the soil architecture
facilitates the capture and infiltration of rainwater and protects the soil;
● a litter layer of decomposing leaves or residues providing a continuous energy source
for macro- and micro-organisms;
● the roots of different plants distributed throughout the soil at different depths permit an
effective uptake of nutrients and an active interaction with microorganisms;
● the major period of nutrient release by micro-organisms coincides with the major period
of nutrient demand by plants;
● nutrients recycled by deep-rooting plants and soil macrofauna and microfauna.
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This equilibrium creates almost closed-cycle transfers of nutrients between soil and the
vegetation adapted to such site conditions, resulting in almost perfect physical and hydric
conditions for plant growth, i.e., a cool microclimate, increased evapotranspiration, good
rooting conditions with good porosity and sufficient soil moisture. This facilitates water
infiltration and prevents erosion and runoff. Thus, it results in clean water in the streams
emanating from the area, a relatively smooth variation in streamflow during the year, and
recharge of groundwater.
(i) Climate (temp. & rainfall)
Several field studies have shown that temperature is a key factor controlling the rate of
decomposition of plant residues. Decomposition normally occurs more rapidly in the tropics
than in temperate areas. The relatively faster rate of decomposition induced by the continuous
warmth in the tropics implies that high equilibrium levels of organic matter are difficult to
achieve in tropical agro-ecosystems. Hence, large annual rates of organic inputs are needed to
maintain an adequate labile soil organic matter pool in cultivated soils. Soils in cooler climates
commonly have more organic matter because of slower mineralization (decomposition) rates.
Soil organic matter levels commonly increase as mean annual precipitation increases.
Conditions of elevated levels of soil moisture result in greater biomass production, which
provides more residues, and thus more potential food for soil biota. Soil biological activity
requires air and moisture. Optimal microbial activity occurs at near “field capacity”, which is
equivalent to 60-percent water-filled pore space. On the other hand, periods of water saturation
led to poor aeration. Most soil organisms need oxygen, and thus a reduction of oxygen in the
soil leads to a reduction of the mineralization rate as these organisms become inactive or even
die. Some of the transformation processes become anaerobic, which can lead to damage to
plant roots caused by waste products or favourable conditions for disease-causing organisms.
Continued production and slow decomposition can lead to very large organic matter contents
in soils with long periods of water saturation (e.g., peat soils, and tea crops in India).
With the exception of the hyper humid regions, the climates of vast areas of the humid,
subhumid and semi-arid tropics are characterized by distinct wet and dry seasons. In the wetdry tropics, large amounts of nitrate often occur in the surface soil during the first part of the
rainy season. This accelerated nitrogen mineralization caused by a large increase in microbial
activity is the result of the first few rains activating the labile soil organic matter. Farmers who
practice “slash and burn” agriculture often choose early planting in order to take advantage of
this flush of inorganic N before it is lost through leaching and runoff. In these low-input
systems, the amount of nitrate present in the soil during the early part of the rainy season is
related closely to the organic matter content of the soil. N availability diminishes during the
latter part of the rainy season.
(ii) Soil texture
Soil organic matter tends to increase as the clay content increases. This increase depends on
two mechanisms. First, bonds between the surface of clay particles and organic matter retard
the decomposition process. Second, soils with higher clay content increase the potential for
aggregate formation. Macroaggregates physically protect organic matter molecules from
further mineralization caused by microbial attack. For example, when earthworm casts and the
large soil particles they contain are split by the joint action of several factors (climate, plant
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growth and other organisms), nutrients are released and made available to other components of
soil micro-organisms.
Under similar climate conditions, the organic matter content in fine textured (clayey)
soils is two to four times that of coarse textured (sandy) soils (Prasad and Power, 1997).
Kaolinite, the main clay mineral in many upland soils in the tropics, has a much smaller specific
surface and nutrient exchange capacity than most other clay minerals. Therefore, kaolinitic
soils contain considerably fewer clay-humus complexes. In addition, the unprotected labile
humic substances are vulnerable to decomposition under appropriate soil moisture conditions.
Thus, high levels of organic matter are difficult to maintain in cultivated kaolinitic soils in the
wet-dry tropics, because climate and soil conditions favour rapid decomposition. In contrast,
organic matter can persist as organo-oxide complexes in soils rich in iron and aluminium
oxides. Such properties favour the formation of soil microaggregates, typical of many finetextured, oxide-rich, high base-status soils in the tropics. These soils are known for their low
bulk density, high microporosity, and high organic-matter retention under natural vegetation,
but also for their high phosphate fixation capacity on the oxides when used for crop production.
Current knowledge suggests that whereas organic matter contributes to the dark colour
of Vertisols, it is not considered important in determining either the development, robustness
or resilience of structure in these soils. Organic matter levels tend to be low in Vertisols; even
as low as 10 g/ kg. Parent material influences organic matter accumulation not only through its
effect on soil texture. Soils developed from inherently rich material, such as basalt, are more
fertile than soils formed from granitic material, which contains less mineral nutrients.
Moreover, the former experience more organic matter accumulation because of abundant
vegetative growth.
(iii) Topography
Organic matter accumulation is often favoured at the bottom of hills. There are two reasons for
this accumulation: conditions are wetter than at mid- or upper-slope positions, and organic
matter is transported to the lowest point in the landscape through runoff and erosion. Similarly,
soil organic matter levels are higher on north facing slopes (in the Northern Hemisphere)
compared with south-facing slopes (and the other way around in the Southern Hemisphere)
because temperatures are lower.
(iv) Salinity and acidity
Salinity, toxicity and extremes in soil pH (acid or alkaline) result in poor biomass production
and, thus, in reduced additions of organic matter to the soil. For example, pH affects humus
formation in two ways: decomposition, and biomass production. In strongly acidic or highly
alkaline soils, the growing conditions for micro-organisms are poor, resulting in low levels of
biological oxidation of organic matter. Soil acidity also influences the availability of plant
nutrients and thus indirectly regulates biomass production and the available food for soil biota.
Fungi are less sensitive than bacteria to acid soil conditions.
(v) Vegetation and biomass production
The rate of soil organic matter accumulation depends largely on the quantity and quality of
organic matter input. Under tropical conditions, applications of readily degradable materials
with low C:N ratios, such as green manure and leguminous cover crops, favour decomposition
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and a short-term increase in the labile nitrogen pool during the growing season. On the other
hand, applications of plant materials with both large C:N ratios and lignin contents such as
cereal straw and grasses generally favour nutrient immobilization, organic matter accumulation
and humus formation, with increased potential for improved soil structure development.
Plant constituents such as lignin and other polyphenols retard decomposition. In an
experiment in southern Nigeria to compare management effects on soil organic matter
accumulation, a three-year fallow with Guinea grass (Panicum maximum), which has a high
lignin content, maintained a carbon level comparable to that under forest fallow. However,
following with leguminous species such as pigeon pea (Cajanus cajan) caused a significant
decline in soil total C.
Root turnover also constitutes an important addition of humus into the soil, and
consequently it is important for carbon sequestration. In forests, most organic matter is added
as superficial litter. However, in grassland ecosystems, up to two-thirds of organic matter is
added through the decay of roots.
(vi) Cropping, tillage and residue management
Management practices that alter the living and nutrient conditions of soil organisms, such as
repetitive tillage or burning of vegetation, result in a degradation of their microenvironments.
In turn, this results in a reduction of soil biota, both in biomass and diversity. Where there are
no longer organisms to decompose soil organic matter and bind soil particles, the soil structure
is damaged easily by rain, wind and sun. This can lead to rainwater runoff and soil erosion,
removing the potential food for organisms, i.e., the organic matter of the topsoil. Therefore,
soil biota is the most important property of the soil, and “when devoid of its biota, the
uppermost layer of earth ceases to be soil”.
The factors leading to reduction in soil organic matter in an open cycle system can be grouped
as factors that result in:
● a decrease in biomass production;
● a decrease in organic matter supply;
● increased decomposition rates.
A consequence of clearing forest for agriculture is the disappearance of the litter layer,
with a consequent reduction in the numbers and variety of soil organisms. While many
temperate forest species appear to adapt well to grassland, the effects of deforestation in the
tropics appear to be more marked. Studies have shown that as soil biodiversity declines,
adapted species may take over from the indigenous species and the composition may change
drastically. The simplification of vegetation and the disappearance of the litter layer under
grassland and monocrop production systems lead to a decrease in faunal diversity. Although
root systems (especially of grasses) can be extensive and explore vast areas of soil, the root
exudates from one single crop will attract only a few different microbial species. This in turn
will affect the predator diversity. The more opportunistic pathogen species will be able to
acquire space near the crop and cause harm. Continuous cultivation and grazing also leads to
compaction of soil layers, which in turn affects the circulation of air. Anaerobic conditions in
the soil stimulate the growth of different micro-organisms, resulting in more pathogenic
organisms.
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One of the consequences of the green revolution was the replacement of indigenous
varieties of species with high-yielding varieties (HYVs). These HYVs often produce more
grain and less straw, compared with locally developed varieties; the harvest index of the crop
(ratio of grain to total plant mass aboveground) is increased. From a production point of view,
this is a logical approach. However, this is less desirable from a conservation point of view.
Reduced amounts of crop residues remain after harvest for soil cover and organic matter, or for
grazing of livestock (which results in manure). Moreover, where animals graze the residues,
even less remains for conservation purposes.
Traditionally, a fallow period is used after a period of crop production to give the land
some “rest” and to regenerate its original state of productivity. Usually, this is necessary in
production systems that have drawn down the nutrient supply and altered the soil biota
significantly, such as in slash-and-burn systems or conventional tillage systems.
Some farmers use bare fallow to regenerate their lands. However, apart from spontaneous weed
growth, this means there is no energy source for the soil biota present on the land. Instead of
recovering the soil food web, the soil organic matter is degraded further and the lack of cover
can result in severe erosion and runoff when the rains start after the dry season.
The burning of maize, rice and other crop residues in the field is a common practice.
Residues are usually burned to help control insects or diseases or to make fieldwork easier in
the following season. Burning destroys the litter layer and so diminishes the amount of organic
matter returned to the soil. The organisms that inhabit the surface soil and litter layer are also
eliminated. For future decomposition to take place, energy has to be invested first in rebuilding
the microbial community before plant nutrients can be released. Similarly, fallow lands and
bushes are burned before cultivation. This provides a rapid supply of P to stimulate seed
germination. However, the associated loss of nutrients, organic matter and soil biological
activity has severe long-term consequences.
There is a tendency throughout the world to overstock grazing land above its carrying
capacity. Cows, Draught animals and small ruminants graze on communal grazing areas and
on roadsides, stream banks and other public land. Overgrazing destroys the most palatable and
useful species in the plant mixture and reduces the density of the plant cover, thereby increasing
the erosion hazard and reducing the nutritive value and the carrying capacity of the land.
Many farmers remove residues from the field for use as animal feed and bedding or to
make compost. Later, these residues return to contribute to soil fertility as manures or
composts. However, residues are sometimes removed from the field and not returned. This
removal of plant material impoverishes the soil as it is no longer possible to recycle the plant
nutrients present in the residues.
Tillage is one of the major practices that reduces the organic matter level in the soil. Each time
the soil is tilled, it is aerated. As the decomposition of organic matter and the liberation of C
are aerobic processes, the oxygen stimulates or speeds up the action of soil microbes, which
feed on organic matter.
This means that:
When ploughed, the residues are incorporated in the soil together with air and come into contact
with many micro-organisms, which accelerates the carbon cycle. The decomposition is faster,
resulting in the formation of less stable humus and an increased liberation of CO2 to the
atmosphere, and thus a reduction in organic matter. The residues on the soil surface slow the
carbon cycle because they are exposed to fewer micro-organisms and thus wane more slowly,
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resulting in the production of humus (which is more stable), and liberating less CO2 to the
atmosphere.
In terms of short-term organic matter loss, the more a soil is tilled, the more the organic
matter is broken down. There are also longer-term losses, attributed to repeated, annual
cultivation. Cropping systems that return little residue to the soil accelerate this decline. Many
modern cropping systems combine frequent tillage with small amounts of residue, with
resultant reductions in the organic matter content of many soils. Historically, manure
application (from farm livestock) was common, and it was a dynamic way of maintaining
organic matter levels despite repeated cultivation and low residue returns to the soil. Increased
on-farm mechanization has reduced livestock numbers, so this source of organic material has
been reduced considerably.
Organic matter production and conservation is affected dramatically by conventional
tillage, which not only decreases soil organic matter but also increases the potential for erosion
by wind and water). The impact occurs in many ways: Ploughing leaves no residues on the soil
surface to lessen the impact of rain. Ploughing reduces the quantity of food sources for
earthworms and disturbs their burrows and living space, hence populations of certain species
decrease drastically. Moreover, reduction of earthworm numbers reduces their impact, through
burrowing, in increasing porosity and aeration (particularly continuous macropores) and lowers
their ability to bury and incorporate plant residues, which facilitates rapid decomposition of
organic matter. Tillage by repeated hoeing or discing smoothes the surface and destroys natural
soil aggregates and channels that connect the surface with the subsoil, leaving the soil
susceptible to erosion. Old root channels and earthworm holes are eliminated, as are the cracks
between natural aggregates. The large pores, the ones destroyed by conventional tillage
practices, are necessary to conduct water into the soil during rainfall. The development of a
plough pan or hoe pan, a layer of compacted soil resulting from smearing action at the bottom
of the plough or hoe, may retard both root penetration and water infiltration.
Ploughing or discing under dry conditions exacerbates the pulverization of the soil,
causing the soil surface to crust more easily, leading to greater water runoff and erosion. This
is exacerbated by reduced soil surface roughness, which leaves few depressions for temporary
storage of water during intense storms. Increased runoff during rainstorms may also increase
the possibility of drought stress later in the season, because water that runs off the field does
not infiltrate into the soil to remain available to plants.
In some circumstances, imbalances of certain soil organisms can disrupt soil structure and
processes, e.g., certain earthworm species in rice fields or pastures.
Decomposition of organic matter occurs more slowly in poorly aerated soils, where
oxygen is limiting or absent, compared with well-aerated soils. For this reason, organic matter
accumulates in wet soil environments. Soil drainage is determined strongly by topography soils in depressions at the bottom of hills tend to remain wet for extended periods of time
because they receive water (and sediments) from upslope. Soils may also have a layer in the
subsoil that inhibits drainage, again exacerbating waterlogging and reduction in organic matter
decomposition. In a permanently waterlogged soil, one of the major structural parts of plants,
lignin, does not decompose at all. The ultimate consequence of extremely wet or swampy
conditions is the development of organic (peat or muck) soils, with organic matter contents of
more than 30 percent. Where soils are drained artificially for agricultural or other uses, the soil
organic matter decomposes rapidly.
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Initially, the use of fertilizer and pesticides enhances crop development and thus
production of biomass (especially important on depleted soils). However, the use of some
fertilizers, especially N fertilizers, and pesticides can boost micro-organism activity and thus
decomposition of organic matter. The chemicals provide the microorganisms with easy-to-use
N components. This is especially important where the C: N ratio of the soil organic matter is
high and thus decomposition is slowed by a lack of N.
Practices that increase soil organic matter
Different approaches are required for different soil and climate conditions. However, the
activities will be based on the same principle: increasing biomass production in order to build
active organic matter. Active organic matter provides habitat and food for beneficial soil
organisms that help build soil structure and porosity, provide nutrients to plants, and improve
the water holding capacity of the soil. Several cases have demonstrated that it is possible to
restore organic matter levels in the soil. Activities that promote the accumulation and supply
of organic matter, such as the use of cover crops and refraining from burning, and those that
reduce decomposition rates, such as reduced and zero tillage, lead to an increase in the organic
matter content in the soil.
Ways to increase organic matter contents of soils
● compost
● cover crops/green manure crops
● crop rotation
● perennial forage crops
● zero or reduced tillage
● agroforestry
(A) Increased biomass production
(i) Increased water availability for plants: water harvesting and irrigation
In dry conditions, water may be provided through irrigation or water harvesting. The increased
water availability enhances biomass production, soil biological activity and plant residues and
roots that provide organic matter. The concept of water harvesting includes various
technologies for runoff management and utilization. In this way, the water captured for crop
production during runoff periods can be stored either directly in the soil for subsequent use by
plants or in small farm reservoirs or collection tanks. This aids stabilization of crop production
by enhancing soil moisture availability or allowing irrigation during a dry period within the
rainy season or by extending crop production into the dry season.
(ii) Balanced fertilization
Where the supply of nutrients in the soil is ample, crops are more likely to grow well and
produce large amounts of biomass. Fertilizers are needed in those cases where nutrients in the
soil are lacking and cannot produce healthy crops and sufficient biomass. Unbalanced
fertilization, for example mainly with N, may result in more weed competition, higher pest
incidence and loss of quality of the product. Unbalanced fertilization eventually leads to
unhealthy plants. Therefore, fertilizers should be applied in sufficient quantities and in
balanced proportions. The efficiency of fertilizer use will be high where the organic matter
content of the soil is also high. In very poor or depleted soils, crops use fertilizer applications
inefficiently. When soil organic matter levels are restored, fertilizer can help maintain the
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revolving fund of nutrients in the soil by increasing crop yields and, consequently, the amount
of residues returned to the soil.
(iii) Cover crops
Growing cover crops is one of the best practices for improving organic matter levels and, hence,
soil quality. The benefits of growing cover crops include:
● They prevent erosion by anchoring soil and lessening the impact of raindrops.
● They add plant material to the soil for organic matter replenishment.
● Some, e.g., rye, bind excess nutrients in the soil and prevent leaching.
● Some, especially leguminous species, e.g., hairy vetch, fix N in the soil for future use.
● Most provide habitat for beneficial insects and other organisms.
● They moderate soil temperatures and, hence, protect soil organisms.
A range of crops can be used as vegetative cover, e.g., grains, legumes and oil crops.
Leguminous crops enrich the soil with N and their residues decompose rapidly because of their
low C:N ratio.
The term green manure is often used to indicate the same plant species that are used as
cover crops. However, green manure refers specifically to a crop in the rotation grown for
incorporation of the non-decomposed vegetative matter in the soil. In general, the greater the
production of green manure or crop biomass, the greater is the microbial, mesofauna and
macrofauna population of the soil - from fungi and micro-organisms to earthworms and
termites. The dynamics of surface residue decomposition depend inter alia on the activity of
micro-organisms and also on soil mesofauna and macrofauna. The macrofauna consists mainly
of earthworms, beetles, termites, ants, millipedes, spiders, snails and slugs. These organisms
help integrate the residues into the soil and improve soil structure, porosity, water infiltration,
and through-flow through the creation of burrows, ingestion and secretions.
(iv) Improved vegetative stands
In many places, low plant densities limit crop yields. Wide plant spacing is often practiced as
“a way to return power to the soil” or “to give the soil some rest”, but in reality, it is an indicator
that the soil is impoverished. Plant spacing is usually determined by farmers in relation to soil
fertility and available water or expected rainfall (unless standard recommendations are
enforced by extension). This means that plants are often spaced widely on depleted soils in arid
and semi-arid regions with a view to ensuring an adequate provision of plant nutrients and
water for all plants. However, it is important to maintain the recommended plant spacing in
order to optimize biomass production and rooting density and, hence, organic matter for food,
moisture retention and habitat for soil organisms.
(v) Agroforestry and alley cropping
Agroforestry is a collective name for land-use systems where woody perennials (trees, shrubs,
palms, etc.) are integrated in the farming system. Alley cropping is an agroforestry system in
which crops are grown between rows of planted woody shrubs or trees. These are pruned during
the cropping season to provide green manure and to minimize shading of crops. Besides adding
organic matter to the system, perennial trees and shrubs recycle plant nutrients from deeper soil
layers through their rooting system. Through litter and pruning, these can be used again by
annual crops. Probably the most important contribution of perennials in a production system
lies in the fact that throughout the whole year their roots excrete root exudates and decaying
root cells, which in turn are used as an energy source by soil microorganisms. The food web in
the soil is maintained, even during dry seasons when no annual crops are grown. The result is

79

Pollution Monitor: Soil Pollution | GSDP Training Manual

JNU ENVIS Resource Partner (2022)
eISSN 0974 - 1356, pISSN 0974 - 1364

that soil biota are in place to provide the crop with nutrients at the beginning of the next
cropping season.
(vi) Reforestation and afforestation
Afforestation means the establishment of a forest on land that has not grown trees recently. It
can serve two principal soil and water conservation purposes: protection of erosion-prone areas,
and revegetation and rehabilitation of degraded land. Afforestation is specifically used to
provide protective cover in vulnerable, steep and mountainous areas. Afforestation helps to
replenish timber resources and provide fuelwood and fodder. The establishment of a forest
cover under good management is an effective means of increasing organic matter production.
(vii) Regeneration of natural vegetation
Regeneration of natural grasslands and forest areas increases biomass production and improves
the plant species diversity, resulting in more diverse soil biota and other associated beneficial
organisms. Natural regeneration may be more reliable where land is not very productive. In
some cases, natural regeneration of a given area may lead to the infestation of plots by weeds.
Increasingly, natural vegetation is being recognized for its multipurpose benefits, for example,
fuelwood, fiber, biocontrol (e.g., neem) and medicinal species, as well as restoration of soil
fertility (Acacia albida and other leguminous species) and habitats for various beneficial
species (pollinators and natural enemies) as well as wildlife.
(B) Increased organic matter supply
(i) Protection from fire
Burning affects organic matter recycling significantly. Fire destroys almost all organic
materials on the land surface except for tree trunks and large branches. In addition, the surface
soil is sterilized, loses part of its organic matter, the population of soil microfauna and
macrofauna is reduced, and no ready-to-use organic matter is available for rapid restoration of
the populations. However, this practice is widely used (e.g., in Africa) in order to enhance
pasture regrowth for livestock (using residual P), to control pests and diseases, and even to
catch small animals for food.
(ii) Crop residue management
In systems where crop residues are managed well, they:
● add soil organic matter, which improves the quality of the seedbed and increases the
water infiltration and retention capacity of the soil, buffers the pH and facilitates the
availability of nutrients;
● sequester (store) C in the soil;
● provide nutrients for soil biological activity and plant uptake;
● capture the rainfall on the surface and thus increase infiltration and the soil moisture
content;
● provide a cover to protect the soil from being eroded;
● reduce evaporation and avoid desiccation from the soil surface.
The most appropriate method for managing crop residues depends on the purpose of
the crop residues and the experience and equipment available to the farmer. Where the aim is
to maintain a mulch over the soil for as long as possible, the biomass is best managed using a
knife roller, chain or sledge in order to break it down but not kill it. Where the decomposition
process should commence immediately in order to release nutrients, the residues should be
slashed or mown and some N applied because dry residues have a high C:N ratio. However, in
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order to avoid nitrate emission, urea should not be broadcast on the surface but injected where
possible.
(iii) Utilizing forage by grazing rather than by harvesting
In many places, there is competition for the use of crop residues that can be used as fodder, for
roofing, artisan handicrafts, etc. Where residues are to be used for animal feed, either the
animals graze the residues directly, or they are stall- or kraal-fed. Removal of the residues from
the field can lead to a considerable loss of organic matter where animal manure is not returned
to the field. By controlled grazing, the animal manure is returned to the field without a high
labour input.
(iv) Integrated pest management
As with balanced fertilization, proper pest and disease management results in healthy crops.
Healthy crops produce optimal biomass, which is necessary for organic matter production in
the soil. Diversified cropping and mixed crop-livestock systems enhance biological control of
pests and diseases through species interactions. Through integrated production and pest
management farmers learn how to maintain a healthy environment for their crops. They learn
to examine their crops regularly in order to observe ratios of pests to natural enemies (beneficial
predators) and cases of damage, and on that basis to make decisions as to whether it is necessary
to use natural treatments (using local products such as neem or tobacco) or chemical treatments
and the required applications.
(v) Applying animal manure or other carbon-rich wastes
Any application of animal manure, slurry or other carbon-rich wastes, such as coffee-berry
pulp, improves the organic matter content of the soil. In some cases, it is better to allow a period
of decomposition before application to the field. Any addition of carbon-rich compounds
immobilizes available N in the soil temporarily, as micro-organisms need both C and N for
their growth and development. Animal manure is usually rich in N, so N immobilization is
minimal. Where straw makes up part of the manure, a decomposition period avoids N
immobilization in the field.
(vi) Compost
Composting is a technology for recycling organic materials in order to achieve enhanced
agricultural production. Biological and chemical processes accelerate the rate of decomposition
and transform organic materials into a more stable humus form for application to the soil.
Composting proceeds under controlled conditions in compost heaps and pits.
Successful composting depends upon the sufficient availability of organic materials,
water, manure and “cheap” labour. Where these inputs are guaranteed, composting can be an
important method of sustainable and productive agriculture. It has ameliorative effects on soil
fertility and physical, chemical and biological soil properties. Well-made compost contains all
the nutrients needed by plants. It can be used to maintain and improve soil fertility as well as
to regenerate degraded soil.
(vii) Mulch or permanent soil cover
One way to improve the condition of the soil is to mulch the area requiring amelioration.
Mulches are materials placed on the soil surface to protect it against rainDr.op impact and
erosion, and to enhance its fertility. Crop residue mulching is a system of maintaining a
protective cover of vegetative residues such as straw, maize stalks, palm fronds and stubble on
the soil surface. The system is particularly valuable where a satisfactory plant cover cannot be
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established rapidly when erosion risk is greatest. Mulching adds organic matter to the soil,
reduces weed growth, and virtually eliminates erosion during the period when the ground is
covered with mulch.
(C) Decreased decomposition rates
(i) Reduced or zero tillage
Repetitive tillage degrades the soil structure and its potential to hold moisture, reduces the
amount of organic matter in the soil, breaks up aggregates, and reduces the population of soil
fauna such as earthworms that contribute to nutrient cycling and soil structure. Avoiding
mechanical soil disturbance implies growing crops without mechanical seedbed preparation or
soil disturbance since the harvest of the previous crop. The term zero tillage is used for this
practice synonymously with terms such as no-till farming, no tillage, direct Drilling, and direct
seeding.
Compared with conventional tillage, reduced or zero tillage has two advantages with
respect to soil organic matter. Conventional tillage stimulates the heterotrophic microbiological
activity through soil aeration, resulting in increased mineralization rate. Through breakdown
of soil structure, it decreases upward and downward movements of soil fauna, such as
earthworms, which are largely responsible for “humus” production through the ingestion of
fresh residues. Reduced or zero tillage regulates heterotrophic microbiological activity because
the pore atmosphere is richer in CO2/O2, and facilitates the activity of the “humifies”.
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Geochemical Aspect of Soil
Jayant Kumar Tripathi and Md Maroof Azam

School of Environmental Sciences, Jawaharlal Nehru University
Grain size distribution
Grain size distribution was based upon dry sieving method. Relation between sedimentary
processes and textural responses is very helpful in interpretation of depositional environmental
conditions.
Dry sieving method
Weathering profile samples were collected and dried up in natural conditions in laboratory.
After removing roots of plants and the bigger grains, if any, the bulk samples were systemically
mixed using coning and quartering method and a fraction of it was weighed for dry sieving.
The weighed 50 g of sample was passed through a set of screens/sieves placed with coarsest at
the top and finest at the bottom held by a pan on a mechanical shaker. The bulk of all the
samples were placed in the entire sieve (i.e. 0.50, 0.35, 0.25, 0.171, 0.125, 0.088 and 0.063 µm)
and their weight was taken separately.
Table: Grain size ranges and their aggregate name used for geochemical and
mineralogical study.
Size ranges

Aggregate name (Wentworth Classification
system)

500 – ≥88 micrometer (named as 88)

Coarse to fine sand

88 – ≥ 63 micrometer (named as 63)

Very fine sand

<63 micrometer (named as pan)

Silt + clay

Pre-treatment
Pre- treatment was done by using the method of Jackson (1956) and Tessier (1979).
1. Removal of soluble salts carbonates
2. Removal of organic matter
3. Removal of free iron oxides
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Removal of soluble salts carbonates
In soil samples containing soluble salts, it may be difficult to disperse and fractionate as a result
of the flocculating action of the salts. Removals of these soluble constituents will simplify X
ray diffraction and differential thermal analysis as well as other mineralogical analysis. The
carbonates commonly encountered in soils in quantities sufficient to cause difficulties are those
of calcium and magnesium.
Soluble salts are most simply removed by dissolution in water. Carbonates may be removed
by treatment with acid sodium acetate or hydrochloric acid. Soluble salts may be removed as
part of the same treatment.
Reagent
Hydrochloric acid (HCl), 1.2N
Procedure
50 g air dried sample are placed in a 500 ml plastic bottle. Added 250 ml of 1.2N HCl and keep
it for 2-3 hrs. Then centrifuged it at 7000 rpm for 15 min and decant the supernatant. After
removal of excess salts and carbonates, samples followed the treatment of H2O2 for removal of
organic matter.
Removal of organic matter
Organic matter has an aggregating effect. Therefore, it is necessary to remove them if the
analysis requires dispersion of the sample. Removal of organic matter is required for, or at least
expedites, most mineralogical analysis, such as differential thermal, X-ray diffraction etc.
Hydrogen peroxide is used to oxidize organic matter. Efficient use of H2O2 requires an acid
medium, which means that the soil needs prior treatment for removal of carbonates and soluble
salts imparting an alkaline reaction to the soil suspension.
Reagent
Hydrogen peroxide (H2O2), 30%
Procedure
50 ml of H2O2 was added in a sample previously treated to remove soluble salts and carbonates.
Now keep it overnight and centrifuge it to remove supernatant. The reaction of soil particle
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with H2O2 is supposed to be completed when its dark colour decreases or stop effervescence.
The sample is ready for iron oxide removal.
Removal of free iron oxides
The samples which are coated by Iron oxide were treated with sodium dithionite citrate method
to remove free iron oxides. This will reduce iron to ferrous form.
Reagent
1. Na-citrate dehydrate, 0.3 M (88 g in 1 L).
2. Sodium bicarbonate (NaHC03), 1 N (84 g in 1 L).
3. Sodium dithionite (Na2S204)
Procedure
Add 100 ml of 0.3 M Na- citrate solution and 18 ml of 1N NaHCO3 solution to the treated
sample. Warm the suspension up to 75-80 0C in a water bath and then add 2 g of solid Na2S2O4
and then stir the sample for 1 minute.
Now centrifuge the sample and decant the supernatant. Repeat this 2-3 times for samples which
are having more than 5% extractable Fe2O3. Then wash the sample with distilled water. The
sample is now ready to analyse further.

Particle size analysis
Grain size analysis is done for sizes and number of particles present in a soil or sediment sample
(Fredlund et al. 2000). The grain size distribution of the sediment is a function of the size range
of available material, its accessibility for weathering, erosion and transportation, and the energy
input into the sediments (Pandey et al. 2002). The sediments can be classified on the basis of
grain size, or the diameter of individual grain of sediments. This classification is based on φ
logarithmic scale (which is Krumbein’s modification of the Wentworth scale).
Ф = -log2 D/Do
Where Ф is the Krumbein phi scale, D is the diameter of the particle and Do is a reference
diameter. If the samples are having a great proportion of clay and clumps then the
deflocculation of the sample is done by pre-treatment with HCl and H2O2 as mentioned below.
Particle size analysis requires dissolution of material into elementary particles that
involves destruction of aggregates by removing carbonate, organic matter and clay clumps or
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aggregates. The de-flocculation is done by pre-treatment (modified after Jackson 1971) with
HCl and H2O2 to remove the carbonate and organic content. Pre-treatment varies according to
type and characteristics of soil and sediment so modifications are done according to their
property.
Table: Sediment Classification based on particle size.

Carbonate Leaching and organic matter removal
This method is adopted and modified after Jakson (1971). 30 g of dry sediment sample was
weighed in centrifuge tubes (500 ml). To this 1.3 N HCl (50 ml) was added and left overnight
to remove the carbonate content. The sample was centrifuged at 5000 rpm (modified after
Tessier et al. 1979) for 15 min (after disappearance of effervescence). Supernatant was
discarded and the same was centrifuged with Milli-Q to wash out the traces of HCl. To this, 50
ml of H2O2 (30%) was added in next step to remove the organic matter. The samples are kept
in 500 ml beaker and 30% w/v H2O2 was added. Beakers were shaked well and covered with
watch glasses so that sample may not come out with effervescence. The same was left overnight
and next day again 30% w/v H2O2 was added, cleaning the corners of beaker and watch glasses.
The beakers were then kept on a water bath at 60 °C with covers for about 30 min to start the
reaction and then left until the reaction stops and allowed to cool (Jackson, 1971). The samples
were filtered and washed with Milli-Q water. The sample is now appropriate for dry sieving.
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Dry Sieving
The samples >0.063 mm were sieved through a set of American Society for Testing and
Materials (ASTM) sieves having pore size of 0.5mm, 0.35mm, 0.25mm, 0.171mm, 0.125mm,
0.088mm, 0.063mm screens which are placed with coarsest at the top and finest at the bottom
held by a pan. The sample was dropped into the topmost sieve having largest screen openings.
The column is typically placed in a mechanical shaker. After 15 minute shaking the material
on each sieve was separated and weighed. This weight was used for grain size calculations.
The calculated weight of Dry sieving was analysed statistically by using GRADISTAT Version
8.0 programme (Blott et al., 2001).

Fig. Sieves and Mechanical shaker
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Application of QGIS Software in Geotagging of Soil Data
Satya Raj
School of Sciences, IGNOU, Maidan Garhi, New Delhi
After going through this lecture cum training session, you should be able to:
● install QGIS software and know its functionality in soil studies;
● define geoinformatics and describe the process of remote sensing;
● explain GNSS and discuss other regional satellite navigation systems;
● define GIS and illustrate the geotagging of soil date in QGIS software; and
● differentiate between georeferencing, geocoding, geotagging etc.
A Brief Introduction to QGIS Software
QGIS or Quantum GIS is free and open source GIS software that runs cross platform (Unix
platforms, Windows, and MacOS) and is very user friendly. It is licensed under the GNU
General Public License and is an official project of the Open Source Geospatial Foundation
(OSGeo). By free we mean that Installing and using the QGIS program costs no initial fee and
no recurring free that is, it’s totally free of cost. It is constantly updating itself as new versions
come up with new features and new extensions to improve the functionality. It supports storing,
viewing, editing, analysis and retrieval of geospatial information just like any other geospatial
software. QGIS supports both raster and vector layers; vector data is stored as point, line,
or polygon features. QGIS

supports shapefiles, coverages,

personal

geodatabases, dxf, MapInfo, PostGIS, and other formats.
The development of the software was initiated in the year 2002 by Gary Sherman. Finally,
version 1 was released in 2009. As mentioned earlier, new versions of software keep coming,
version 2 was released in 2013. The same year also marked the change in name of Quantum
GIS to QGIS. At present, its latest release is QGIS 3.24. As per records, QGIS has been
translated into 48 languages and the application is used internationally in academic and
professional environments. QGIS can display multiple layers containing different sources or
depictions of sources.
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Fig. 1: Multiple layers in a QGIS Platform
(Source: https://commons.wikimedia.org/wiki/File:Creating_maps_with_Qgis.svg)

The final output map is prepared with the help of Print Layout feature by which multiple layers
can be added in multiple views, labels, legends, scale, north arrow etc.
Before we start with geotagging of soil data, first let us understand the terminologies like
Geoinformatics, Remote Sensing, Global Navigation Satellite Systems or Global Positioning
System, Geographical Information System, Georeferencing, Geocoding, Geotagging etc.
Geoinformatics
Geoinformatics is the science and the technology which develops and uses information
science to address the problems of geography, cartography, geosciences and other related
branches of science and engineering. It includes technologies like Remote Sensing, Global
Positioning System (GPS) and Geographical Information Systems (GIS). It deals with the
acquisition, storage, processing, production, presentation and dissemination and retrieval of
geoinformation.
Remote Sensing
In simple words remote sensing is the science of acquiring information about an object without
actually being in contact with it. It is the non-contact recording of information from the
ultraviolet, visible, infrared and microwave regions of the electromagnetic spectrum by means
of instruments such as cameras, scanners, lasers, linear arrays and or area arrays located on
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platforms such as aircraft or spacecraft and the analysis of acquired information by means of
visual and digital image processing.

Fig. 2: Basics of Remote Sensing
(Source: http://slideplayer.com/slide/236364/1/images/4/Component+of+Remote+Sensing.jpg)

Satellite sensor not only receives electromagnetic radiation emanating from the objects, but
also receives the reflected radiation from an external source by the same object. This external
source of radiation can be sun which is a natural source and accounts for most of the
electromagnetic energy recorded by remote sensing systems. Another external source of
radiation can be the satellite itself which illuminates up the object to be studied and receives
the reflected radiation from the object. This gives rise to active and passive remote sensing.
When a satellite sensor generates its own energy to illuminate the surface and records that
reflected energy from the target objects, it is called an active remote sensing. These radiations
operate in microwave region of electromagnetic spectrum and include wavelengths longer than
1mm.

Satellites and their Orbits
A satellite is an object put into orbit around the earth or any other planet in order to relay
communication signals or transmit scientific data. Based on different orbits, altitudes and
inclination of the orbital plane with the earth’s equatorial plane, there are basically two types
of weather satellites. They are:
● Polar Satellites
● Geosynchronous or Geostationary Satellites
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Polar or more appropriately near-Polar orbits have an inclination near 90o and follow a circular
orbit from pole to pole. It can see every part of the earth in a cycle of the satellite. These
satellites are basically inserted into sun-synchronous orbits which place the spacecraft in a
relatively constant relationship to the sun. It enables the satellite to pass over a section of the
earth at the same time (that is, local time of the place) of the day. They orbit at an altitude of
about 700-800 km and it takes about 100 minutes for these satellites to orbit the earth. So they
complete about 14 orbits in a day.

Fig 3: Sun-Synchronous Orbit
Source: https://earthobservatory.nasa.gov/Features/OrbitsCatalog/images/sun-synchronous.png

Geosynchronous satellites orbit the earth at the same rate as the earth spins. So its orbital period
is equal to one sidereal day (23 hours, 56 minutes and 4.09 seconds). Its orbit is at an altitude
of about 36,000 km above the earth. In order to maintain a constant height and equilibrium,
these satellites are located over the equator. These satellites are capable of viewing an entire
hemisphere at a time. Most of the satellite images shown on weather channel are through these
satellites. The difference between the geosynchronous and geostationary satellites is that a
geostationary satellite is having no eccentricity and has zero inclination while geosynchronous
satellites are given a small eccentricity and inclination. Geosynchronous satellites make tiny
figure “eights” in the sky instead of staying stationary like geostationary satellites.

Figure 4: Geosynchronous and Geostationary Orbit
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Source: https://www.quora.com/What-is-the-difference-between-geostationary-and-geosynchronous-orbits

Global Navigation Satellite System (GNSS)
It is a general term used to describe any satellite constellation that provides positioning,
navigation, and timing services on a global or regional basis. The constellation of satellites
provides signals from space that transmit positioning and timing data to GNSS receivers. The
receivers then use this data to determine location. GNSS include Europe’s Galileo, the USA’s
NAVSTAR Global Positioning System (GPS), Russia’s Global'naya Navigatsionnaya
Sputnikovaya Sistema (GLONASS) and China’s BeiDou Navigation Satellite System etc.
IRNSS (NavIC) is an independent regional navigation satellite system developed by India. It
is designed to provide accurate position information service to users in India as well as the
region extending up to 1500 km from its boundary.

Fig. 5 A 2-dimensional location fix requires three satellites. Adding a fourth satellite allows 3dimensional location (horizontal + elevation).
(Source: https://www.e-education.psu.edu/geog160/node/1923)

Basics of GIS
A Geographical Information System or GIS is a computer system for capturing, storing,
querying, analyzing, retrieving and displaying the geospatial data. Components of GIS include
hardware, software, network, data, people and procedures. Geospatial data is also called
geographically referenced data and describes both geographical location and attributes of
different entities. The geographical location gives the coordinate information (x,y) on a plane
coordinate system or the information about the longitude (x) and latitude (y) of any entity.
Spatial information also relates to their geometry or shape. Whereas attributes of the geospatial
features include their properties or characteristics which distinguishes one entity from the other.
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Fig 5: Spatial and Attributes Data in a GIS
Source: http://mjcetce409.blogspot.in/2015/10/diagram-depicting-linkage-between.html

Spatial data in GIS has two primary data formats: raster and vector. Raster uses a grid cell
structure, whereas vector is more like a Dr.awn map.

Fig. 6: Raster and Vector Data
(Source: https://commons.wikimedia.org/wiki/File:Raster_vector_tikz.png)

In a GIS platform, different layers are overlaid on one another just after they are aligned in the
same coordinate system and projection and all layers are integrated (Refer to Fig. 1).
Georeferencing
Georeferencing is the process of assigning locations to geographical objects within a
geographic frame of reference. By georeferencing your raster data, you define its location using
map coordinates and assign the coordinate system of the map frame. Georeferencing raster data
allows it to be viewed, queried, and analyzed with your other geographic data.
Geocoding
Geocoding is an important type of georeferencing technique, usually refers to relating street
addresses to geographic coordinates
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Transformation
It transforms the raster dataset to the map coordinates of the target data. Several types of
transformations, such as polynomial, spline (rubbersheeting), adjust, projective, or similarity,
to determine the correct map coordinates location for each cell in the raster.
Root Mean Square Error
It is a measure of the residual error. It is the difference between the actual locations of the
control point to the place where the point ended up. The total error is computed by taking the
root mean square (RMS) sum of all the residuals to compute the RMS error.
Geotagging
Geotagging is the process of appending geographic coordinates to media based on the location
of a mobile device. Geotags can be applied to photos, videos, websites, text messages, and QR
codes, and could also include time stamps or other contextual information. The data usually
consists of coordinates like latitude and longitude, but may even include bearing, altitude,
distance and place names. Some social networking sites and services give out the location of
their users, which allows users to know exactly where their friends are as they are logged on to
that website. Tagging of photos may be done by the camera after processing the shot, or it can
be applied when the photo is posted online. Most cell phones have built-in GPS, so they can
geotag any photos taken using the phone’s camera.
Now-a-days geotagging is also done for soil samples which are fed to web based
portals. These portals are developed to generate soil health cards for different states in India.
Soil Health Management (SHM) is an important programme under National Mission for
Sustainable Agriculture (NMSA). SHM aims at promoting Integrated Nutrient Management
through judicious use of chemical fertilizers including secondary and micro nutrients in
conjunction with organic manures and bio-fertilizers for improving soil health and its
productivity.
Now let us gain some hands-on experience related to geotagging of soil samples.
Some pictures of soil samples were collected from IGNOU campus from a GPS enabled
mobile phone. So all photos were having coordinate information in terms of latitudes and
longitude. Now follow the steps shown below to open geotagged photos in QGIS.
QGIS software can be easily downloaded and installed using google search. Type QGIS
software download on google search and download the latest released version of the software
and install it.
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Open QGIS Desktop
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Open a new project and go to project properties to set the CRS value.

Set CRS value as WGS 84 EPSG 4326 for the entire project. WGS84 comprises a standard
coordinate frame for the Earth, a datum/reference ellipsoid for raw altitude data. EPSG 4326
defines a full coordinate reference system, providing spatial meaning to otherwise meaningless
pairs of numbers. It means "latitude and longitude coordinates on the WGS84 reference
ellipsoid."

After setting this value go to processing and open toolbox. The processing toolbox will open
on the right side of the QGIS panel as shown below.
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In the processing toolbox go to vector creation and click on import geotagged photos.

After this, a window will open where you need to give the path of input folder where geotagged
photos are kept
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Now under photos (optional), go to the Dropdown and click on save to file.

After this give the file name of geotagged photos and this will give the path to save the file
containing geotagged photos and then run the process.
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After the process is complete, the photos will open in the form of points to the QGIS window
as layer which in this case is named as geotagphotos_ignou. You can click on the layer styling
panel and change the colour of the layer as shown below.
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Now add a base map. In this case a previously georeferenced Google satellite image (named as
bigmap) was used. To add this base raster map, go to Layer and then add layer and add raster.

Now give the location of georeferenced raster image so that it opens as a layer. You should
note one thing that this layer will open on the top of the layer containing geotagged photos. So
you can adjust the ordering of the layer in the layer panel by bringing the raster layer down so
that the vector layer, that is the geotagged photos layers opens on the top of raster layer as
shown below.

If you do not have a georeferenced raster layer with you, no need to worry, QGIS has a feature
through which you can add Open Street Maps as the base layer. For doing this go to the browser
and click on XYZ Tiles and from there click on the open street map. You will see that a base
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map of the area is opened. Again the base map has opened on the top of your geotagged photos
layer. Now once again change the ordering of the layer in the layers panel by bringing the open
street map below the geotagged photos layers so that photos open on the top of the base map
here now as open street map.
Note: OpenStreetMap is a tool for creating and sharing map information. Anyone can
contribute to OSM, and thousands of people add to the project every day. Users Dr.aw maps
on computers, rather than paper, but as we will see in this guide, drawing a map on a computer
is not all that different from drawing on paper. We still Dr.aw lines to represent roads, fields,
and anything else, and we still represent schools and hospitals with symbols. The important
thing is that OSM maps are saved on the internet, and anyone can access them at any time,
totally free.

Now since the photos are opening in the form of points and you actually want to open the actual
photos instead of point symbols at their respective places or locations so that soil samples taken
at different places can be easily seen and displayed. For this, first go to properties of
geotagphotos_ignou layer and set symbology as Raster Image Marker. Under data defined
override, click field string type as photo. You may alter the size by altering width and height.
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Now you will see that geotagged photos are opening in place of points that denoted the actual
location of the soil samples.

You can also right click on the layer geotagphotos_ignou and open its attribute table.

102

Pollution Monitor: Soil Pollution | GSDP Training Manual

JNU ENVIS Resource Partner (2022)
eISSN 0974 - 1356, pISSN 0974 - 1364

Attribute table has information regarding the path of the photos kept in your computer, file
name, altitude, latitude longitude information, time of taking photo etc. You can add other
important attributes of the soil sample based on your requirement like soil colour, soil texture
etc as in this case you are collecting soil sample. For doing this, you have to set the layer in
toggle editing mode and then click on add field. Give the name of the field, comment and type
and save the edits.

In this manner, you can use QGIS software for geotagging of soil data. In the above hands-on
exercise you did with the help of photos taken from a GPS enabled mobile phone where lat-
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long information was given. You can also do this alternately with the help of hand held GPS
device. With the help of GPS device you can take locations of soil samples and feed that to
QGIS software and display the geotagged photos as done above.

References:
Mapping
and
Viewing
Geotagged
Photos
in
QGIS,
https://opengislab.com/blog/2020/8/23/mapping-and-viewing-geotagged-photos-inqgis#:~:text=In%20QGIS%3A%20Go%20to%20the,click%20on%20Import%20Geot
agged%20Photos, accessed March 25, 2022
Raj, Satya. (2017) Progress in Climatology: Satellite Climatology and GIS, Climatology,
ePGPathshala,
https://www.youtube.com/watch?v=1Cm4Y9ovZLU
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Role of Soil Alkalinity in Atmospheric Ammonia Levels in India
Umesh Chandra Kulshrestha*
School of Environmental Sciences, Jawaharlal Nehru University, New Delhi 110067
(*Email: umeshkulshrestha@gmail.com)
Soils are essential for the occurrence of several plants and animals. Soils provide a medium for
growth of plants by supplying their nutritional requirements. Soil contains air, water, minerals,
dead organic matter and various types of living organisms. Soil is essentially a silicate mineral
consisting of Si and O2 (74%). Other major constituents of soil include Al, Fe, Ca, Mg, K, Na.
Major soil types in India include mountain, alluvial, red, laterite and desert. Except laterite, all
soils are highly alkaline. Soils are affected by some factors such as vegetation, climate,
topography, time duration, parent material, fauna, human activities. During lower soil moisture
and high wind conditions, soils are transported from one place to the others. Dry weather
conditions favour the presence of soil particles in the atmosphere. Dusty atmosphere in India
is primarily due to soil particles suspended into the air (Kulshrestha and Sharma, 2015). This
adds to high particulate matter into air resulting in poor air quality (Sharma and Kulshrestha,
2014). However, the alkalinity of soil-dust is good as it controls acid rain by buffering the
acidity generated due to sulphuric and nitric acids. It is to mention that fossil fuel combustion
emits acidic gases such as SO2 and NOx which form sulphuric and nitric acid respectively and
give rise to acid rain. Due to the buffering effect of alkaline soils, the pH of rain water is
recorded above 5.6 (Kulshrestha, 2013) which is higher than acidified regions of the globe. The
pH value of 5.6 is considered as a reference of neutral nature due to dissolution of atmospheric
CO2 forming H2CO3 (Charlson and Rodhe, 1982).
Recently, due to rising demand for food and energy worldwide, apart from emissions of a
number of pollutants, NH3 emissions have also increased. NH3 is an alkaline gas. In general,
the major sources of NH3 include fertilizers, excreta, agriculture activities, livestock etc. (Singh
and Kulshrestha, 2012; 2014). Abundance of atmospheric dust rich in carbonates and
bicarbonates of Ca2+ and Mg2+ affects atmospheric abundance of NH3 positively resulting in
NH3/NH4+ ratios higher than the acidified regions (Singh and Kulshrestha, 2012). Dominance
of Ca2+ in neutralization reactions resulted in a low equivalence NO3-/ SO42- ratios (< 1) in the
dustfall indicating the affinity of Ca2+ for SO42- over NO3-. However, NH4+ being a weak base
cation, had an overall weak affinity which could be attributed to the predominance of Ca 2+ as
a major base cation in the dustfall (Tiwari et al., 2016).
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Our studies may be helpful in fulfilling the gap existing in the global deposition budget of NH3
and other reactive nitrogen species. This will further add to strengthening our understanding
about NH3-dust interactions under dry weather conditions in the tropics.
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Pesticide Residues in Soil and Their Management
Indu Chopra1*, Reena Chauhan2 and Beena Kumari2
1Division of Soil Science and Agricultural Chemistry, ICAR-Indian Agricultural Research
Institute, New Delhi-110012, India.
2Department of Entomology, CCS Haryana Agricultural University, Hisar 125004, India
*Corresponding author email: tinaindu@gmail.com

Introduction
Pesticides are the chemical products used for plant protection i.e., to manage pest problems has
become a common practice around the world. These are the only toxic chemical substances
which we are releasing intentionally into our environment to kill living things. They include
weeds (herbicides), insects (insecticides), fungus (fungicides), rodents (rodenticides), plant
growth regulators and others. They are used nearly in all places not only in agricultural fields,
but also in homes, parks, schools, buildings, forests, and roads. It is difficult to find somewhere
where pesticides aren't used. From the can of bug spray under the kitchen sink to the airplane
crop dusting acres of farmland, our world is filled with pesticides. In addition, pesticides can
be found in the air we breathe, the food we eat, and the water we drink. The harmful effects of
the pesticides are now established worldwide. The harm caused may be acute or chronic in
nature. Farmers and agricultural laborers are the direct users of pesticides and are more likely
to get affected by the acute toxicity of pesticides. The chronic toxicity affects the whole
population. The residues left in the crops, soil and water after use get into the human food
chain. Intake of pesticide residues through food and water has been linked to birth defects,
toxicity to fetus, cancers, genetic defects, blood disorders, neurotoxicity and endocrine
disruption. India ranks 10th in the world in pesticide consumption as its total consumption
amounts to about 500 million tonnes. India is presently the largest manufacturer of basic
pesticides among the South Asian and African countries, with the exception of Japan. The
Indian pesticides market is the 12th largest in the world with a value of US$0.6 bn, which is
1.6% of the global market pie. Currently there are 299 pesticides registered, 589 registered
pesticide formulations and 46 banned pesticides in India under section 9(3) of the Insecticides
Act, 1968 (updated as on 01.07.2021).
Though India uses very less quantity of pesticides in comparison to developing
countries, the problem of contamination of environment and crop produce is much more than
other countries which clearly reflect the lack of adoption of Good Agricultural Practices (GAP)
by the farmers.
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Classification of Pesticides according to Degree of Hazard to Human Beings
The World Health Organization in 1990 and the Council of Europe in 1984 have grouped
formulated pesticides by degree of hazard (Table 1) and the hazard class of a pesticide has now
been incorporated into legislation in many countries.
Table 1 Classification of pesticides according to degree of hazard to human beings
LD50 (rat) (mg kg-1 of body weight)a
Hazard Class

I (a)

Extremely Hazardous

I (b)

Highly Hazardous

II

Moderately Hazardous

III

Slightly Hazardous

Oral

Dermal

Solidb

Liquidb

Solidb

Liquidb

5 or less

20 or less

10 or less

40 or less

5-50

20-200

10-100

40-400

50-500

200-2000

100-1000

400-4000

Over 500

Over 2000

Over 1000

Over 4000

a- A dosage of 5 mg kg-1 of body weight is equal to a few drops ingested or a splash in the eye,
5-50 mg kg-1 of body weight up to one teaspoonful and 50-500 mg kg-1 of body weight
corresponds up to two teaspoonfuls.
b- The terms Solid and Liquid refer to the physical state of the product or formulation being
classified.
How Pesticides Reach the Environment?
When a pesticide is applied to a crop, many things happen to it. It may interact with the plant
surfaces and may be exposed to the environmental factors such as adsorption, transfer,
breakdown, degradation and washed off during rainfall. They may move downward in the soil
and either adhere to particles or get dissolved or vaporize and enter the atmosphere, or break
down via microbial and chemical pathways. While still on the surface of the crop, the pesticide
can undergo volatilization, photolysis chemicals, runoff, leaching, absorption and microbial
degradation. All these processes not only reduce the original concentration of pesticides from
the target site but also introduce some metabolites in the crops.
Why Pesticide Residues Occur in Different Agricultural Commodities?
There are many reasons that can lead to pesticide residues in food, feed and different
agricultural commodities. Few of them include:
Non-judicious and indiscriminate use of pesticides
Insufficient time between pesticide application and harvest
Frequent application of pesticides- more than recommended
Recommendation of non-approved pesticides by SAU’s/ICAR/State Agricultural
Departments
● Use and application of non-recommended pesticides (CIB & RC)
● Use and application of spurious pesticides
●
●
●
●
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Monitoring of Pesticide Residues
Various strata get contaminated due to unbridled use of the chemical pesticides. Due to an
increase in awareness regarding the side effects caused by different contaminants (pesticides,
heavy metals, dyes, etc.) on human health, precise estimation of their residues in fruits and
vegetables is essential (Abdul Ra'uf et al., 2012). Regular monitoring of environmental and
foodstuff samples is, therefore, of supreme importance. Pesticide monitoring, is just to ensure
that the pesticide residues do not exceed maximum residue level (MRLs) in different
agricultural commodities allowed by the government and no misuse of pesticides is there that
could result in unexpected residues in different environmental components and food
commodities following the good agricultural practices (GAP). For monitoring studies in the
general survey, all the samples are monitored for residues for all the applied pesticides. The
analysis of pesticide residues in soil is complicated, primarily because of the high and variable
level of interfering components of organic matter such as humic and fulvic acids. The accurate
and precise analysis and estimation of pesticide residues present in different matrices is done
through multiple steps. The steps include:
1.
2.
3.
4.
5.

Sampling
Sample preparation
Extraction
Clean up
Estimation

1. Sampling
Sample preparation plays a crucial role during the analysis of any biological or chemical
samples and is the most time-consuming step in performing the whole analytical task. The
purpose of sample preparation is to bring the analyte in a suitable form for its detection after
the removal of potential interferences. Sampling requires a detailed plan to carry out sampling.
A poorly defined sampling strategy, can lead to wastage of both time and money, along with
wrong estimation of the residues. For effective sampling, one should set specific objectives
first. For effective sampling, number of sites, number of samples required, approach to collect
the samples (random, systematic or judgmental), collection of appropriate blank samples etc.
should be kept in mind. In addition, different parameters like characteristics of the sample,
replications of the sample, time element, type of commodity, storage of samples and
maintenance of records should also be considered for sampling. Multiple factors, related to the
physical properties of not only tested active ingredients (volatility, solubility in water and
organic solvents, stability, acid-base properties, etc.), but also sample matrix (water, lipids,
pigments content etc.), must be considered during an experiment planning. The choice of
sample treatment depends not only on mentioned factors directly, but also on analysis purpose
i.e. on required detection method sensitivity (limits of detection) and quantification accuracy
(whether the aim is to establish the exact concentration value regardless maximum residues
limits (MRLs), or just to establish if result is above or under MRLs).
2. Sample Preparation
The selection of the gross sample may lead to accumulation of a large quantity of material
that cannot be simply mixed or quartered to get a laboratory sample, the representative of the
gross sample. The sample of interest should be worked up systematically to reduce the sample
size to 250g without alteration in the average residue levels of the sample.
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3. Extraction
After collection/ preparation of representative samples of the commodity (soil, water, fruit or
vegetable), it is processed for the isolation of pesticide or its metabolites that are
toxicologically significant. The extraction technique to be used strongly depends upon the
nature of the matrix and the compound of interest. Before selecting the technique, one should
consider:
● Matrix (whether soil, plant and water etc.).
● The analyte is related to which group and whether it is thermally stable or not.
● Safety (method to be adopted should not be hazardous).
● Co-extractives (whether extracting more extractives which can create problems in
analysis due to improper clean up).
For extraction, the solvent should be selected depending on the nature of the substrate and
the type of pesticide to be extracted. For a non-polar analyte, the solvent should be non-polar
and vice versa. Also, the solvent should have high solubility for the pesticide and least
solubility for co-extractives. It should not change the pesticide chemically or react with it. It
should be economical, easily removable from the substrate, low boiling and compatible with
the method of final determination. Conventional extraction techniques include liquid-liquid
extraction, Soxhlet extraction, tumbling, blending or combination tumbling and blending. But
these methods are laborious, time consuming, expensive, require large amounts of organic
solvents and usually involve many steps, leading to loss of some analyte quantity.
Additionally, consequences of hydrocarbon solvents use, such as ozone depletion and
generation of considerable cancer waste, lead to reduction of not only their use but also their
manufacture. As a result, modern sample preparation procedures, such as accelerated solvent
extraction (ASE), supercritical fluid extraction (SFE), microwave assisted extraction (MAE),
solid phase extraction (SPE), solid phase microextraction (SPME), matrix solid phase
dispersion (MSPD) extraction and Quenchers (quick, easy, cheap, effective, rugged and safe),
have been developed to overcome the drawbacks of the traditional approaches.
It should be indicated that SFE, ASE and MAE are instrumental techniques, and often use
SPE and SPME for purification of obtained extracts, and also its concentration in case of
SPME
4. Clean up
Clean -up involves the removal of water-soluble impurities, colored and other unwanted
impurities/ compounds from the extract of the analyte by physical or chemical methods. The
degree of clean-up required depends upon the scope of the analysis, the complexity of the
sample along with the sensitivity and selectivity of detection methods available for the pesticide
of interest. For clean-up there are four approaches basically:
i.
Clean-up required when the pesticide is evaluated by direct measurement
ii. Clean-up required when the pesticide can be measured only after all the interfering
substances have been removed.
iii. Clean-up required when the pesticide can be measured after being converted to a
suitable derivative
iv.
Clean-up required when methods of compensation can be used.
Thus, the type and extent of clean up will depend greatly on the final method of pesticide
residue analysis. Also, the clean-up method should be chosen depending on the cost, time and
reagent availability. Different clean-up techniques include
● Liquid-Liquid Partitioning: In this technique, co-extractives from the extract are
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removed by partitioning the residues between two immiscible solvents.
● Chemical Treatment: In these techniques, the co-extractives are either precipitated and
separated by filtration or made water-soluble so that pesticide can be partitioned into
water miscible organic solvent. These methods include saponification, coagulation,
oxidation, reduction and hydrolysis.
● Physical Separation: it includes solvent- solvent partition, steam distillation and
freezing or crystallization at low temperature.
● Chromatographic techniques: These techniques are used to make the extracts free from
plant pigments. Different techniques used for clean-up include adsorption
chromatography, thin layer chromatography, channel-layer chromatography, gelpermeation chromatography and ion- exchange chromatography.
Recent advances include the usage of Solid phase extraction (SPE) cartridges that serves
the dual purpose of extraction and clean up. Advantages of SPE device over other conventional
solvent extraction and clean- up of pesticides includes better reproducibility, reduction in
solvent use, high speed, versatility, freedom from interferences and field applications.
5. Estimation
Chromatographic techniques such as TLC, spectrometry, HPLC and GC have been
successfully used for residue estimations all over the world. But GC and HPLC techniques are
very popular for pesticide residue analysis as these are dynamic methods for separation and
detection of micro quantities of residues, less cost and ability to detect wider groups of
pesticides. In addition, advanced methods including electrochemical sensors, optical sensors,
and immunosensors are also finding application for pesticide residue estimation. The Partition
of an analyte/molecules between gas (mobile phase) and liquid (stationary phase).
Table 2 Classification of Chromatographic Techniques for Pesticide Residue
Estimation
Mobile Phase

Stationary phase

Gas
Gas Chromatography (GC)

Liquid
Gas-Liquid Chromatography (GLC)
Solid
Gas-Solid Chromatography (GSC)

Liquid
Liquid Chromatography (LC)

Liquid
Liquid-Liquid Chromatography (GLC)
Solid
Liquid-Solid Chromatography (GLC)
Gas Chromatography

Gas chromatography (GC) is a common type of chromatography used in analytical chemistry
for separating and analyzing compounds that can be vaporized without decomposition. GC
method is applicable for non-polar, volatile and easily vaporized compounds. The gas
chromatograph utilizes a capillary column which depends on the column's dimensions (length,
diameter, film thickness) as well as the phase properties (e.g., 5% phenyl polysiloxane). The
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difference in the chemical properties between different molecules in a mixture will separate the
molecules as the sample travels the length of the column. The molecules take different amounts
of time (called the retention time) to come out of (elute from) the gas chromatograph,
Gas Chromatograph
The key parts of a gas chromatograph include:
● Carrier gas: Gas chromatography requires supply of carrier gas of sufficient quality
and pressure to get desired separations. The selection of best carrier gas is important,
as it affects both column separation process and detector performance. The gas chosen
should be inert to avoid interaction with sample or stationary phase. It should be
available in its purest form. It should be better than 99.99% and 99.999% (Referred as
five 9s or 99999 grade). It should be moisture free and suitable for the detector being
applied in a particular analysis.
● Injector: The injection step establishes the initial (and best possible) peak width for the
GC measurement. Thus, delivery of samples into the column should be controlled,
reproducible, and rapid. Gas samples can be injected into the column using gas-tight
syringes or using rotary gas switching valves that offer enormous flexibility for GC
instruments. The temperature of the sample port is usually about 50 °C higher than the
boiling point of the least volatile component of the sample.
● Column/ Oven: Liquids or solids must be converted to vapor state and maintained as a
vapor throughout the GC separation. Therefore, most gas chromatographs are equipped
with ovens to keep the column at temperatures from 40 to 350 °C. Efforts to create
isothermal conditions, i.e., no thermal gradients inside the oven volume, are essential
for reproducible chromatography and are criteria in evaluating good oven designs.
Gradients in excess of a few degrees between various regions of an oven are practical
in the best of oven designs and can be more than a few degrees in poorly designed
ovens.
● Detector: Effluent from the column enters a detector where the composition of the
carrier gas stream is characterized through one of several possible chemical or physical
properties of molecules. Analysis of pesticides is done by GC usually coupled with
specific detectors such as electron capture detector (ECD), flame photometric detector
(FPD), nitrogen phosphorus detector (NPD) and flame ionization detector (FID) etc.
ECD has been used for detection of halogenated compounds and suitable for
organochlorine pesticides residues. FPD is mainly used for determination of sulphur
and phosphorus containing pesticides compounds. The NPD is a thermionic detector
which is particularly selective towards molecules containing nitrogen and phosphorus
elements and thus providing several advantages for detection of nitrogen-containing
pesticides like organophosphates and other nitrogenated pesticides. FID is generally
applicable to monitor almost all pesticides. In comparison with ECD, FPD, NPD and
FID, MS detector has superior points which have greater sensitivity and accuracy, good
reproducibility, better anti-interference effect. Moreover, the employment of tandem
MS has improved the sensitivity and has a greater effect in getting rid of the
interference.
● Computer
● Other important accessories - Gas purification system, Septa, Ferrules, Liners, Syringes
etc.
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Fig 1 Schematic Diagram for GC
Factors for Ensuring Good Chromatography
● Careful injection of the sample into the injection port gives good reproducibility.
● Proper rinsing of the syringe to avoid contamination of column and noise peaks.
● Septum should be checked frequently for leakage.
● Temperature of the injection port should be at least ten degrees higher than column
temperature to ensure rapid vaporization of the sample.
● Increase in temperature improves peak shape but tends to bunch rapidly eluting peaks.
Lowering of temperature leads to increase of retention time and broadening of peak, so
the effect on resolution tends to be small, but in case peaks are partially resolved a
change of temperature can sometimes have a beneficial effect.
Advantages of GC
● GC is a highly efficient technique which can separate complex mixtures.
● Sharp reproducible peaks are obtained.
● Highly sensitive detectors are available
Disadvantages of GC
● GC can be used for analysis of thermally stable and volatile compounds.
● Most GC detectors are destructive in nature.
High Performance Liquid Chromatography (HPLC)
HPLC is the improved form of column liquid chromatography. In this technique, the solvent is
forced through under pressures to make it much faster. HPLC operates under the basic principle
of sample separation into its constituent parts because of the difference in the relative affinities
of different molecules for the mobile phase and the stationary phase used in the separation. The
analyte retention time is based on how strong it has interaction with the stationary phase, the
composition of solvent utilized, and rate of flow of the mobile phase.
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Fig 2 Schematic Diagram for HPLC
HPLC instrumentation includes a pump, injector, column, detector and integrator or acquisition
and display system. The heart of the system is the column where separation occurs.
● Solvent Reservoir: Mobile phase contents are contained in a glass reservoir. The mobile
phase, or solvent, in HPLC is usually a mixture of polar and non-polar liquid components
whose respective concentrations are varied depending on the composition of the sample.
● Pump: A pump aspirates the mobile phase from the solvent reservoir and forces it through
the system ‘s column and detector. Pump can be a binary pump where at a time two solvents
are pooled together to create a gradient and is accomplished by having two independent
pumps, with each pump providing flow for a specific solvent. However, a quaternary pump
has one pump, which is used to deliver the mobile phase to the system and gradient is
created through a device called a proportioning valve.
● Sample Injector: The injector can be a single injection or an automated injection system.
An injector for an HPLC system should provide injection of the liquid sample within the
range of 0.1-100 mL of volume with high reproducibility and under high pressure (up to
4000 psi).
● Column: A column is the most critical component of the HPLC system. Columns are
usually made of stainless steel, are between 50 and 300 mm long and have an internal
diameter of between 2 and 5 mm. They are filled with a stationary phase with varying
particle size (3–10 μm). Columns with internal diameters of less than 2 mm are often
referred to as microbore columns.
● Detector: The HPLC detector detects the analytes as they elute from the chromatographic
column. Among the number of columns available for analyzing compounds depending on
their chemical nature, the commonly used HPLC detector for pesticide analysis is UV
detector.
● Data Collection Devices: Signals from the detector are collected electronically and have
ability to process, store and reprocess chromatographic data. The computer integrates the
response of the detector to each component and places it into a chromatograph that is easy
to read and interpret.
Separation modes in HPLC
Depending upon the stationary phase system there are following variants of HPLC:
1. Normal Phase HPLC: The normal phase HPLC uses polar stationary phase and non-polar
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mobile phase. The stationary phase is usually silica and typical mobile phases are hexane,
methylene chloride, chloroform, diethyl ether, and mixtures of these. Polar samples are thus
retained on the polar surface of the column packing longer than less polar materials.
2. Reverse Phase HPLC: The stationary phase is nonpolar (hydrophobic) in nature, while the
mobile phase is a polar liquid, such as mixtures of water and methanol or acetonitrile. It works
on the principle of hydrophobic interactions hence the more nonpolar the material is, the longer
it will be retained.
Applications
It can used for:
● Measuring levels of hazardous compounds such as insecticides or pesticides
● Monitoring of environmental samples
● Measuring the levels of active drugs, synthetic by-products, or degradation products in
pharmaceutical industry
● Purifying compounds from mixtures
● Separating polymers and determining the molecular weight distribution of the polymers in
a mixture
● Measuring levels of certain compounds such as amino acids, proteins and nucleic acids in
physiological samples
Limitations
● Resolution can be difficult to attain with complex samples
● Compound identification may be limited unless HPLC is interfaced with mass
spectrometry
Advances in Pesticide Residue Analysis and Monitoring
Although chromatographic based methods are conventional methods, often, they need a
concentration step to enhance the detection sensitivity which in turn causes the samples in
ruins. However, the methods are also relatively complicated, requiring expensive instruments
and highly trained technicians to handle it. Thus, few advanced methods have been introduced
as an alternative way for the traditional chromatographic techniques coupled with selective
detectors in pesticide analysis. The development of advanced methods has become a promising
tool indeed for a simple and rapid use, relatively low-cost and provide suitability for in-situ
monitoring. Moreover, they also provide satisfactory results in sensitivity and specificity in
pesticides detection.
Electrochemical biosensors
Electrochemical biosensors mainly involve a selective interaction between the target or analyte
compound and recognition element. Electrochemical transducers, especially based on enzymes
are most commonly used. Electrochemical enzymatic biosensors have been developed based
on different types of nanomaterials dropped on the surface of electrodes for determination of
pesticide residues in various matrices. Several forms of sensors have been applied to monitor
the pesticide residues including potentiometric, amperometric, and voltammetric biosensors.
Optical biosensors
Optical biosensor has received intensive attention and has rapidly been applied in different
areas including food safety, security, life science, environment monitoring and medicine. The
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optical transducers, in response to the analyte, will be changed in their optical properties such
as absorption, reflectance and fluorescence emission. A lot of studies conducted for detection
of pesticides by using optical biosensors, especially enzyme-based biomolecules.
Piezoelectric biosensor
Designation of piezoelectric quartz crystal is known to be quite simple. Generally, detection of
analyte is commonly based on recognizing the adsorbate where selective binding could lead to
a mass change in which will be identified by a corresponding change in the quartz crystal.
Molecular imprinted polymer (MIP) biosensor
Molecularly imprinted polymers (MIPs) have gained high application as selectively sensing
materials and widely used to identify substances including pesticides from various molecularweight ranges. MIPs have basically produced artificial materials that resemble the function of
biological receptors, with restricted stability. The MIP has been considered as an advanced
technique in biosensing methods for overcoming the drawbacks exhibited by typical
antibodies, peptides and enzymes which are commonly used as molecular recognition
elements.
Management of Pesticide Residues
At Manufacturer’s Level
●
●
●
●
●

Development of safer low dose chemicals having reduced risk to mammals
Development of pesticides with moderate persistence in soil, water and food commodities
Development of new molecule which are safe to honeybees, parasites and predators
Development of bio-pesticides of plant origin which are safer to mammals and environment
Subsidy to vegetable growers from Govt. for new safe molecules

At Farmer’s Level
The farmers should be made aware through different ways to follow:
●
●
●
●
●
●
●
●
●
●
●
●

Correct identification of insect pests or disease
Wherever possible, prefer non-chemical methods of pest control
Use pesticide only when absolutely necessary.
Purchase good quality products with valid date of expiry
Apply only recommended pesticides at recommended dosages.
Proper dilution of formulations and precautions during application
Use less persistent pesticides
Use of bio-pesticides should be encouraged
Pluck ripe fruits and vegetables before pesticide application
Follow the recommended waiting period while harvesting the crop
Adoption of good agricultural practices
The dumping of industrial effluents in river and canals should be avoided

At Consumer’s Level
Removing the pesticides largely is the first step forward as the perception of food safety is
shifting significantly. Consumers should do/ follow below mentioned instructions to reduce
pesticide residues in food commodities.
● Avoid off-season vegetables
● Washing: About 75-80% of pesticide reduces are removed by cold water washing. Surface
residues on the fruits like grapes, apples, guava, plums, mangoes, peaches and pears and
fruity vegetables like tomatoes, brinjal and okra require two to three washings.
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● Boiling: Fruit samples contained in a stainless-steel basket are dipped and kept in boiling
water (100 °C) for 5 min to remove pesticide residues.
● Vinegar Soak: Soak vegetables and fruits in white vinegar and water solution (10:90) and
rinse thoroughly. Be careful while washing fruits like berries, and others with a thin peel
as the solution might damage their porous outer-skin.
● Blanching: Certain pesticide residues can effectively be removed by blanching. Before
blanching thoroughly, pre-wash the vegetables and fruits with water.
● Peeling: Peeling is highly recommended especially when there might be some residue in
the crevices of the fruit. Also, when cooking chicken or meat, cut off the excess fat and
skin as it may have absorbed unwanted pesticide residues.
● Cooking: Animal products like meat, chicken, eggs are contaminated with pesticide
residues. Pressure cooking, frying and baking will remove pesticide residues from the
animal fat tissues. Boiling of milk at elevated temperatures destroys the persistent pesticide
residues.
Conclusion
We need to make our food, air, water, and soil free from toxic chemicals. The real solution to
our pest and weed problems lies in non-toxic and cultural methods of agriculture, not in pulling
the pesticide trigger. The pesticides usage should be the last resort to prevent the losses.
Organically grown foods and sustainable methods of pest control are key to our families’ health
and the health of the environment.
Some Terms in Pesticide Residues
Acceptable Daily Intake (ADI)
It is the amount of a pesticide in food and drinking water which can be ingested daily
over a lifetime by humans without appreciable health risk. It is usually expressed in milligrams
per kilogram of body weight.
Maximum Residue Limit (MRL)
Maximum concentration of a residue that is legally permitted or recognized as
acceptable in, or on, a food, agricultural commodity or animal feedstuff as set by Codex or a
national regulatory authority. The term tolerance used in some countries is, in most instances,
synonymous with MRL. Normally expressed as mg/kg fresh weight.
No Observable Adverse Effect Level (NOAEL)
It is the highest dose of a substance that does not cause any detectable toxic effect in
experimental animals and is usually expressed in milligrams per kilogram of body weight per
day.
Food Factor
The average fraction of the total diet made up by the food or class of food. First the food
consumption pattern/data of different areas in a country is worked out on the basis of which an
average dietary intake values are calculated.
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Limit of Detection (LOD)
This is defined as the lowest concentration of an analyte in a sample that can be detected. It is
a limit test that specifies whether an analyte is above or below a certain value. It is expressed
as a concentration at a specified signal-to-noise ratio (S/N ratio), usually 3.
Limit of Quantitation (LOQ)
This is defined as the lowest concentration of an analyte in a sample that can be determined
with acceptable precision and accuracy under the stated operational conditions of the method.
The S/N ratio of 10:1 is used to determine the LOQ and is considered as a good rule of thumb.
References
FSSAI (2015) Manual of Methods of Analysis of Foods- Pesticide Residues.
(http://old.fssai.gov.in/Portals/0/Pdf/Dr.aft_Manuals/PESTICIDE_RESIDUE.pdf)
Samsidar, A., Siddiquee, S., and Shaarani, S. M. (2018). A review of extraction, analytical and
advanced methods for determination of pesticides in the environment and foodstuffs. Trends
in Food Science & Technology, 71, 188-201.
Kumari, B. and Kathpal, T.S. (2010). Pesticides: Methods Of Their Residues Estimation. New
India Publishing.
Abdul Ra'uf LB, Hammed WA, Tan GH (2012) SPME Fibers for the Analysis of Pesticide
Residues in Fruits and Vegetables: A Review. Critical Rev in Anal Chem 42 (2) pp. 152–161.
https://doi.org/10.1080/10408347.2011.632315

---------*****-------

118

Pollution Monitor: Soil Pollution | GSDP Training Manual

JNU ENVIS Resource Partner (2022)
eISSN 0974 - 1356, pISSN 0974 - 1364

Soil Pollution and Soil Microbes
Kasturi Mukhopadhyay
School of Environmental Sciences, Jawaharlal Nehru University, New Delhi.

Soil is the thin layer that covers the earth’s rocky surface mainly consists of inorganic particles
and organic matter. It is one of the basic resources like air and water which we need to survive.
The organic matter originated from the decomposition of plants and animals. They are mostly
concentrated on the topsoil which is uppermost. While the inorganic portions are produced
from rock-fragments. They are formed by physical and chemical weathering of rock layers over
thousands of years. This thin layer contains all nutrients that plants and other living organisms
including microorganisms need to grow. Growing capacity of plants, animals and microbes is
an indicator of the quality of soil.
Soil generally appears as non-living material but it is full of life and home of animals,
plants, insects, microorganisms. Soil can be imagined as the stomach of the earth: like it is
consuming, digesting, and cycling nutrients. A handful of soil contains more living organisms
than the human population on planet Earth. Living organisms in soil are archaea, bacteria
including actinomycetes, fungi, protozoa, algae, nematodes, earthworms and different types of
insects and even larger organisms. All soil organisms are interacting with each other and impact
the soil’s properties in a complex nature.
Unfortunately, soil is the dumping ground of most of the waste products. All over the
world, industrial wastes, urban and domestic waste, hazardous chemicals are being dumped
into the soil and this is increasing at a frightening rate. These are getting leached and polluting
ground water. This problem is further multiplied by the use of fertilizer or agrochemicals, like
pesticides, bactericides, insecticides, fungicides, and so on. In contrast to air and water
pollution, soil pollutants remain in the soil for a longer time. There are several ways by which
soil becomes contaminated, such as: i) landfill seepage ii) release of domestic and industrial
waste, iii) sewage sludge, iv) entry of polluted water into the soil, v) breaking of storage tanks
which is underneath, vi) overuse of pesticides/herbicides/fertilizer and so on. The most
hazardous chemicals involved in soil pollution are heavy metals, persistent organic pollutants,
solvents etc.
Heavy metals are defined whose density is greater than 5 g/cc. However, some metals
for example Co, Cu, Zn, Mn, Cr are required in very small amounts by plants for their different
metabolic actions and if they are present in excess amounts that causes pollution. Natural
processes like weathering of minerals erosion, volcanic activities, and forest fire also cause
heavy metal pollution. Among the anthropogenic sources, mainly industrial and urban waste,
burning of fuels, mining wastes, agricultural chemicals etc. are causing heavy metal pollution.
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Heavy metals generally cause common toxic effects on plants, such as inhibition of
photosynthesis and growth and nutrient assimilation; altered water balance, chlorosis, necrosis,
which ultimately cause plant death. These occur mainly because heavy metals cause oxidative
damage to plant-tissues by producing ROS (reactive oxygen species) that include: (i) increased
lipid peroxidation in membranes, (ii) DNA damage and (iii) oxidation of sulfhydryl groups of
proteins. And these effects alone or in combination lead to damage or death of plans. Plants
particularly hyper-accumulator plants adopt two main tactics to cope with excess heavy-metal
ions: (i) complexation of the toxic heavy-metal with organic compounds and (ii) their
compartmentation within the cell vacuoles.
The other most important components of soil pollution are Persistent Organic Pollutants
(POPs). These are synthetic compounds and exceptionally resistant to breakdown processes by
microbes. Many POPs continue to remain in soil even for decades. Many of them are highly
poisonous and bioaccumulate in the fatty tissues of animals. For this reason, many of them are
banned in agriculture but their remains are still present in soil. POPs can be arranged in two
major groups: hydrophobic and polar. Hydrophobic POPs are very persistent, bio-accumulable
pesticides and strongly bound to soil. For example, organochlorine pesticides: DDT, alDr.in,
dielDr.in chlordane, enDr.in, heptachlor, mirex etc. In contrast, polar pesticides, moved from
soil by overflow and leaching, thereby creating a problem for the adjacent water bodies. They
are mostly herbicides, organophosphorus pesticides, insecticides and fungicides including
carbamates. Parathion, diazinon, chlorpyrifos, dichlorvos, phosmet etc. are examples of
organophosphate pesticides.
Though pesticides are introduced to increase crop production, excess use of them leads
to destruction of the soil ecosystem and a big threat to microbes present in soil. Important
processes like recycling of nutrients, mineralization are done mostly by microbes present in the
soil. Moreover, they disturb/inactivate soil enzymes which are very fundamental for the above
processes. Most importantly, due to repeated application, insects/herbs are becoming resistant
to the different pesticides/herbicides and that compels us to use more of them. Further, because
of the presence of these high concentrations of pesticides, plants tend to absorb them and result
in total disturbance of the entire ecosystem.
As already stated, soil is a dynamic habitat for massive numbers of life forms. Soil
provides shelters for many animal types, from invertebrates to mammals. It also provides
habitats for a variety of microorganisms and most of them have not been discovered yet. One
gram of fertile soil can contain up to one billion bacteria. But because of their tiny size, they
have a very small biomass. Most of these bacteria are aerobic, however, there are other types
of bacteria which do not need oxygen for living. Next, Actinomycetes, which are 10 times
smaller in number but as they are larger in size, and thus amount to the same biomass as
bacteria. Soil fungi are also a large part of the soil microbes which are in various shapes and
sizes. Thus, 95% of nutrients which are manufactured by plants are consumed by
microorganisms, whereas only 5% is consumed by other organisms. If we look at the pyramid
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of the food chain in most soils, the base contains micro-organisms, which are the most abundant
and support life for organisms above. Upward through each level, organisms become fewer.
All these life forms interact with each other and play a critical role to keep soil and plants
healthy.
The major roles of soil micro-organisms are to break organic residues and incorporate
them into the soil so that plants get the nutrients. In this procedure of organic matter
decomposition and nutrients availability to plants, soil aggregates and humus are formed
resulting in better aeration passages for water infiltration, and residues from the surface are
transported deeper into the soil. Thus, they cause tremendous effects on promoting good
structure of soil. Furthermore, they maintain the soil by degrading pesticides, chemicals,
sequestering metals etc.
Nitrogen is a most important element for plant growth and production. Even though it
is one of the most abundant elements, plants can only utilize its reduced form. Nitrogen fixation
i.e., conversion of atmospheric nitrogen to ammonia further to nitrogenous biomolecules, is
carried out by bacteria through their nitrogenase enzyme. The examples of such bacteria are
cyanobacteria, free-living soil bacteria, such as azotobacter, and most importantly, symbiotic
bacteria, such as rhizobium and bradyrhizobium. In this context another very important spore
forming Gram-positive bacteria is Actinomycetes which are aerobic, having aerial mycelium.
They are the most abundant organisms in the soil and are responsible for the “earthy” smell of
freshly turned healthy soil. They decompose cellulose matter including lignin and cellulose,
and most importantly capable of ammonia fixation and synthesis.
Fungi are another group of soil organisms. For the majority (> 95%) of plant life, the
nutrient uptake from the soil is also done by fungus present in the root that forms a very special,
symbiotic relationship with the plant. This symbiotic dependence between roots and fungi is
called a mycorrhizal relationship. These fungus colonize on the root tissues, i)
either intracellularly, as in arbuscular mycorrhizal fungi or ii) extracellularly as
in ectomycorrhizal fungi. The hyphae of these mycorrhizal fungi are very thin and take up
water and nutrients from the remote location in the soil that might be unreachable to roots. This
is particularly important for the phosphorus deficient soils where plants are unable to extract
phosphorus. In return the fungi receive sugars from plants. Mycorrhizal fungi also help the
nitrogen-fixing bacteria such as azospirillum and azotobacter. They also produce different
chemicals/proteins to stabilize soil aggregates. Most importantly they help hyperaccumulator
plants to increase their phytoremediation potential for heavy metals. These fungi enhance
tolerance of metals to plants by different approaches, like immobilization of metals, adsorption
of metals on their hyphal wall and other exudation strategies.
In summary, soil microbes play very important role in maintaining and promoting soil
and plant healthy by performing nutrient cycling like nitrogen-fixation, phosphorus
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solubilization, suppression of pests and pathogens, improvement of plant stress, and degrading
pesticides, chemicals, sequestering metals etc. and retaining good structure of soils.
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Metal Pollution with Special Emphasis on Soil Health and Plant Performances”.
4. Janeeshma E. and Puthur Jos T., 2020, Archives of Microbiology 202:1–16, “Direct
and indirect influence of arbuscular mycorrhizae on enhancing metal tolerance
of Plants' '.
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Bioremediation and Detoxification of Polyaromatic Hydrocarbons in Soil
Indu Shekhar Thakur
Amity School of Earth & Environmental Sciences,
Amity University Haryana, Manesar, Haryana-122413
Email: isthakur@hotmail.com; indushekhart@gmail.com; isthakur@ggn.amity.edu
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental pollutants. Produced
by incomplete combustion of organic materials (e.g. coal, oil, petrol, and wood). Natural
sources emissions from anthropogenic activities are also reported. Polycyclic aromatic
hydrocarbons have two or more single or fused aromatic rings. PAHs containing up to six fused
aromatic rings are often known as “small” PAHs, and those containing more than six aromatic
rings are called “large” PAHs. Many PAHs have toxic, mutagenic and/or carcinogenic
properties. PAHs are highly lipid soluble and thus readily absorbed from the gastrointestinal
tract of mammals. Several different remediation technologies have been tested in efforts to
remove these environmental contaminants. Remediation technologies to remove these
environmental contaminants failed. US Environmental Protection Agency (US EPA) as
primary pollutants due to their predominance. Basically, the PAHs are highly persistent, travel
long distances through air and water, bio-accumulate in fatty tissue, and are highly toxic, even
at low levels. UNEP is interested in eliminating PAHs from the environment because these
compounds are considered toxic, carcinogenic, and mutagenic, and degrade slowly in the
environment, posing a threat to the global environment.
The generation of waste is increasing day by day with rapid urbanization and population
growth. The generated waste is disposed off in landfills whether they are residual materials
from materials recovery facilities, residential waste, residue of the combustion of solid waste,
industrial waste or hospital waste. But due to un-engineered nature, Indian landfill sites are
posing a threat to the environment. The excessive rain water percolation through the different
layers of landfill generates a contaminant laden liquid called leachate (Kumari et al. 2016). The
leachate is the primary cause of mobilization of waste from landfill sites to the surrounding
environment causing soil and groundwater pollution (Swati et al. 2017). The most of the
hydrophobic contaminants such as persistent organic pollutants (POPs) including polycyclic
aromatic hydrocarbons (PAHs) present in landfill sites get accumulated in soil matrix and
leachate. PAHs are ubiquitously present hazardous organic pollutants that have carcinogenic
and toxic properties (Ghosh et al. 2017).
For years, sampling, extraction, clean up and chemical techniques for analyzing these
PAHs are very difficult due to several reasons. Still analysis of PAHs centered on the use of
gas chromatography (GC) coupled to various conventional detectors, typically the electroncapture detector (ECD). Similarly, sample preparation involving liquid-liquid extraction,
Soxhlet extraction and clean-up by gel-permeation chromatography, Florisil, alumina, silica
columns, etc are frequently adopted by different laboratories. With such a diversity of methods,
UNEP thus Drafted a revised guideline which briefly described the sampling procedures and
analytical methodologies for monitoring PAHs in the global environment. However, some of
these methods have the drawbacks of having tedious sample preparation and using non-specific
and insensitive detection. In these recent years, with the advent and popularity of chemical
instrumentation, particular to mass spectrometry, various chromatographies coupled to mass
spectrometry became the most sensitive and selective analytical tools for testing these types of
compounds.
Many researchers are working on eliminating PAHs from the environmental
compartments and have proposed various approaches to render or destroy these contaminants,
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such as solvent extraction, landfilling, various types of chemical decomposition and hightemperature incineration (Kumari et al. 2016). However, biodegradation is considered as the
major decomposition process, and represents a possible solution to the global PAH problem.
Many bacterial strains are known for degradation of low molecular weight PAHs but less
information is available on the degradation of high molecular weight (HMW) PAHs which are
thermodynamically stable, recalcitrant and more difficult to degrade (Swati et al. 2014).
Pyrene, a tetracyclic PAH compound, is widely used as a model compound for studying HMWPAH biodegradation by various researchers (Swati et al. 2014). It is a hydrophobic compound
and dense clouds of p-electrons on both sides of the ring structure render it resistant to
nucleophilic attack and hence are highly persistent.
Various studies have reported the removal of pyrene through bioremediation techniques
(Swati et al. 2017). The presence of indigenous microflora in the contaminated site outcompetes the other artificially introduced strains in the bioremediation capability. Hence, the
detailed knowledge of the indigenous bacteria of contaminated sites will be proved useful in
the design and implementation of any bioremediation scheme. In addition, metagenomic
approaches have been performed to identify microbial communities for degradation of PAH
(Rathour et al. 2017; Gupta et al. 2017). The degradation of PAH occurs via oxidation that
forms dihydrodiol by the action of the multicomponent dioxygenase enzyme system in bacteria.
The dihydroxylated intermediates thus formed are further processed either through ortho
cleavage pathway or a meta cleavage pathway that leads to the formation of central
intermediates such as protocatechuates and catechols. These intermediates are then converted
into tricarboxylic acid cycle intermediates by the action of peripheral pathway degradation
enzymes (Ghosh et al. 2017). Many researchers have identified initial PAH-degrading enzymes
and genes for them in different bacterial isolates such as an extradiol dioxygenase in
Sphingomonas sp. strain CHY-1 , nidA and nidB genes in Mycobacterium vanbaalenii PYR-1
(Stingley et al. 2004), Pdo1 and Pdo2 genes in Mycobacterium sp. strain 6PY1 (Krivobok et
al. 2003). The PAH degradation is highly complex and involves the interplay of a number of
enzymes which are yet to be identified and needs much more research exploration in different
bacterial species.
The biodegradation efficiency of a strain depends on a number of variables such as pH,
temperature, salinity etc. which in turn depends upon the microbe and enzymes involved in a
degradation of a particular compound. The biodegradation ability of a bacterial strain can be
enhanced by optimizing the variables affecting it which in turn can be done by various
mathematical modelling tools available like Response surface methodology, Artificial neural
network etc. Biological treatment processes include bioremediation and phytoremediation
(Ghosh and Thakur 2017). These techniques required long treatment durations as compared to
other techniques but the major advantages of these biological treatments are high potentiality
of in situ or onsite treatments and production of carbon dioxide, water and biomass as endproducts. So the waste generated in other techniques vanishes in these processes. Similarly,
chemical oxidation is an efficient technique to degrade PAHs but it leads to the production of
toxic by-products during the course of treatment (Ghosh et al. 2014).
The human health effects and risk assessment caused due to PAHs depends mainly on
the length and route of exposure, the amount or concentration of PAHs one is exposed to, and
of course the innate toxicity of the PAHs along with some subjective factors such as preexisting health status and age (Ghosh and Thakur 2017; Ghosh et al. 2015). Some short term
effects include eye irritation, nausea, vomiting, diarrhoea, confusion, skin irritation and
inflammation occur due to the exposure with a mixture of PAHs and high levels of other
pollutants which are found to be present with PAHs (Bolling et al. 2009). The chronic health
effects of PAHs includes cataracts, decreased immune function, breathing problems, kidney
and liver damage (e.g., jaundice), lung function abnormalities and asthma-like symptoms
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(Bolling 2009). Some other toxic effects of PAHs include teratogenicity, immunotoxicity,
genotoxicity and carcinogenicity. High levels of BaP exposure in mice during pregnancy
resulted in birth defects and decreased body weight in the offspring. Some other embryotoxic
effects of PAHs such as benzo(a)anthracene, BaP, and naphthalene have been described in
experimental animals (Das et al. 2012). In vitro bioassays using mammalian cells offer a rapid,
sensitive, and relatively cost-effective strategy over the in vivo test systems. Immortal human
cell lines of humans are able to mimic the toxic response to in vivo with fair reproducibility
(Das et al. 2014). Human cell lines like HepG2 expressing xenobiotic metabolising enzymes
(cytochrome P450 monooxygenase) are indeed more likely to be predictive of human
susceptibility to the biological effects of chemicals. The Cytotoxicity assay generally used for
in vitro analysis of complex organic mixture is MTT (Methyl tetrazolium) assay which is based
on the formation of purple formazan crystal by metabolically active cells that contains
mitochondrial succinate dehydrogenase (Das et al. 2012). Alkaline comet assay is a widely
used technique for assessing genotoxicity of the mixture of compounds and can detect even a
very minute level of DNA damage which includes DNA damages like DNA double-strand
breaks (DSB), alkali-labile sites (ALS), single-strand breaks (SSB), SSB associated within
complete excision repair and DNA-DNA and DNA-protein crosslinks (Das et al. 2012). Based
on the above described literature, the objectives of the present presentation would be
persistence, fate, degradation, detoxification and risk assessment analysis of pyrene, a high
molecular weight PAH.
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Soil Micronutrients and their Assessment Methods
Y.S. Shivay
Principal Scientist, Division of Agronomy, ICAR-Indian Agricultural Research Institute, New
Delhi 110 012
(Email: ysshivay@hotmail.com)
Introduction of high yielding crop varieties in the mid-sixties brought a stirring green
revolution that remarkably enhanced agricultural production and made the country selfsufficient in food grain production. But in the process, it caused a greater depletion of soil
fertility and soon deficiency of micronutrients, especially that of zinc, cropped up in many
areas. In the quest of further enhancing crop production to feed millions of people, more and
more marginal lands were brought under intensive cultivation by extensive use of
micronutrients free high analysis fertilizers which further aggravated the deficiencies of
micronutrients all over the country. These deficiencies became a serious obstacle in achieving
higher crop yields. In order to ensure correct diagnosis, proper delineation of micronutrient
deficient areas and develop suitable amelioration practices in soils and plants, ICAR initiated
“All India Coordinated Research Project of Micronutrient in Soils and Plants” in the year 1967
with six Cooperative centres. Later, two more new centres at Ludhiana and Hyderabad were
added in 1975. Initially the project was functioning with its headquarter at HAU, Hisar which
was subsequently shifted to PAU, Ludhiana during the year 1975.
Realizing the adverse effect of emerging sulphur deficiencies on crop yields and
increased incidences of heavy metal pollution in agricultural soils, water and plants, the
mandate of project was subsequently enlarged and its name was changed to “All India
Coordinated Scheme of Micro- and Secondary- Nutrients and Pollutant Elements in Soils and
Plants from 1988 onwards.
The post green revolution scenario of Indian agriculture is characterized by the
problems, often referred to as second generation problems, of stagnation or even decline in
productivity growth rates of major crops, deterioration in soil fertility and decline in factor
productivity. Among these, emergence of multi micronutrient deficiencies in soils, plant,
animal and human chain are increasingly reported and are posing threat to the nutritional
security of the country.
Presently, the coordinating unit of the project is functioning at IISS, Bhopal w.e.f.
28.4.1988. Three more cooperative centres were added in the year 1996, five new outsourcing
centres were added in the year 2009, thus our project remains dynamic to serve current issues
and problems of micronutrients nutrition and minimizing heavy metal pollution. The project is
functioning at 16 cooperative centres (Table 1 a & b).
Of these 16 centres, one centre at Lucknow University, Lucknow is involved mainly in
physiological research on micronutrient nutrition of plants while the remaining
15 centres are conducting research on micro- and secondary- nutrients and pollutant elements
in soils and plants.
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Table 1 a. Location of the Project Head quarter and Cooperative centers
Location

Dat
e of
star
t

State

Agro-ecological region

Soil type

Mad
hya
Prad
esh

Central high land (Malwa
and Bundelkhand) hot
sub-humid,
Grid
Northern
Plain
and
Alluvial
central hot semi-arid
region

Medium and deep
black alluvial soil

Project Coordinating Unit
IISS, Bhopal

24.4.198
8

Cooperative Centres
CCSHAU,
Hisar

01.01.19
67

Haryana

Western plain and Kutch
peninsula hot arid

Desert & saline
soils,
silty-alluvial soils

RAU, Pusa

01.12.19
67

Bihar

Eastern plain, hot subhumid

Alluvial, clayey,
red
and lateritic

TNAU,
Coimbatore

14.08.19
67

Tamil
Nadu

Eastern Ghats T.N.
upland) & Deccan
Plateau, hot semi-arid
and hill soils

Red loamy soil
black clay and
red & lateritic
soils

AAU,
Anand

01.01.19
67

Gujarat

Central (Malwa)
highlands and
Kathiawar

Medium and deep
black, alluvial
soils

Lucknow
University

01.04.19
67

Uttar
Pradesh

Northern plain, hot subhumid
( Plant physiological
research)

Alluvium derived
and
Tarai soils

JNKVV,
Jabalpur

01.01.19
67

Mad
hya
Prad
esh

Central highlands
(Malwa & Bundel
khand hot sub-humid)

Medium and deep
black soil, red
and black,
alluvial

PAU,
Ludhiana

10.10.19
70

Punjab

Northern plain and
Central highland
hot semi-arid

Alluvium
derived
(Alluvial, sand
to sand
loam soils)
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ANGAU,
Hyderabad

01.08.19
75

Andhra
Pradesh

Deccan plateau & Eastern
Ghats,
hot semi-arid

Red and black
soils

GBPUAT,
Pantnagar

01.04.19
96

Uttaranch
al

Hill and tarai region,
hot sub-humid

Alluvium derived
and
Tarai soils

PDKV,
Akola

01.04.19
96

Maharash
tra

Deccan Plateau,
Hot semi-arid

Medium &
Shallow
black soil

OUAT,
Bhubaneswa
r

01.04.19
96

Orissa

Eastern Ghat hot subhumid

Red loam, red and
lateritic soils

Table 1 b. Location of the new ad-hoc centres
Location

Date

State

Agro-eco. region

Soil type

CSKHPKV
Palampur,
H.P.

1-4-2009

Himachal
Pradesh

Hill, sub humid

Hill &
mountainous
soils, alfisol

CSUAT,
Kanpur.
U.P.

1-4-2009

Uttar
Pradesh

Northern plain, hot semiarid

Alluvium derived
Indo
Gangetic alluvial
soil

Assam
Agril.
Univ.
Johrat,
Assam

1-4-2009

Assam

Hot sub-humid

Alluvium,
hill, red,
lateritic soils

BAU,
Ranchi,
Jharkhand

1-4-2009

Jharkhan
d

Eastern Santhal pargana
hot
semi-arid,

Red loam, red and
laterite soils

BCKV,
Mohan- pur,
West
Bengal

1-4-2009

West
Bengal

Hot sub-humid

Alluvium, hill,
red and lateritic
soils

Mandate and Objectives of All India Coordinated Research Project of Micronutrient in
Soils and Plants
The mandate of the Project to provide scientific basis for enhancing and sustaining
productivity of soil resources with minimal environmental degradation with special
reference to micro- and secondary nutrients and pollutant elements with following
objectives.
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1. To delineate micro and secondary nutrient deficient areas using GPS/GIS in the states so
far remained uncovered.
2. Reassessment of micro- and secondary- nutrients (MSN) deficient/toxic areas by soil and
plant analysis as well as through biological responses of crops in different soils.
3. Micronutrient indexing for forecasting emerging micro- and secondary- nutrients
disorders and developing decision support systems under different soil-croppingmanagement systems.
4. Standardize suitable soil test methods and establish critical levels for micro and secondary
nutrient deficiencies and heavy metal toxicities in different soils and crops.
5. Developing suitable techniques for increasing fertilizer-use-efficiency including organic
manures, sewage, and sludge added for ameliorating the MSN deficiencies in crops and
soils.
6. Monitoring heavy metal pollution and trace element toxicities in soils, plant and animal
health.
7. Inducing deficiency/ toxicity symptoms for diagnosing micro- and secondary- nutrient
deficiencies in field crops.
8. Identifying mechanism of micronutrient interactions in soils and their role in reproductive
physiology of plants.
9. Screening of crop species and genotypes tolerant to micronutrient stress and heavy metal
toxicities.
Thrust areas of All India Coordinated Research Project of Micronutrient in Soils and
Plants
● Development of GPS/GIS based soil fertility maps for five elements zinc, iron,
manganese, copper and boron for eight states of the country. Total approximately 100
districts' soil fertility data will be made available.
● Total 10 – 12 agro ecological regions micronutrient deficiencies data will be made
available.
● Delineation of micro and secondary nutrient deficient areas will be undertaken for two
districts per year per centre for assessing micronutrient deficiencies in soil and crops, thus
75-80 districts additional districts will be covered.
● Reassessment of micro- and secondary- nutrients (MSN) deficient/toxic areas by soil and
plant analysis as well as by crop response will be carried out for 14-18 districts to know
periodic changes in micronutrient deficiency.
●
Amelioration techniques will be developed for increasing fertilizer-use-efficiency
including organic manures, Sewage, sludge for ameliorating the MSN deficiencies in
major (six) cropping systems.
● Studies will be planned to monitor health hazards from heavy metal pollution and trace
element toxicities on soils, plant and animal health at some selected sites.
● Studies will be planned to characterize visual deficiency symptoms in crops, interaction
among nutrients and their role in metabolism in plants and reproductive physiology for
improving better diagnosis and understanding mechanisms of seed setting.
● Screening of crops and germ plasms tolerant to micronutrient stress and heavy metal
toxicities will be carried out in major crops like wheat, rice, maize, pigeon pea, green gram
for zinc, manganese, copper, etc.
● Newer technologies generated by the project will be demonstrated among the farmers,
researchers, educationists, common people and literature will be published.
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Major Research Achievements of AICRP Micronutrients
1. Diagnosis of Micronutrient Disorders in Plants and Soils
● Proper diagnosis is the key for suggesting suitable corrective measures. Therefore,
characteristic visual deficiency symptoms of zinc, copper, iron, manganese and boron in
major cereals, oilseed, and pulses crops have been characterized. Zinc, copper, iron boron
and molybdenum deficiency symptoms in major vegetable and horticultural crops like
potato, tomato, cauliflower, coriander, mango, citrus, French bean, brinjal, onion and of
sulphur deficiency symptoms in oilseed, pulses and in cereals crops have also been
characterized for precise diagnosis of nature of deficiency.
● Toxicity symptoms and their impact on growth, grain, shoot and root development was
studied in refined sand culture.
2. Changes in plant metabolic and enzymatic activities from micronutrient supply
● Micronutrient supply influences the metabolic and enzymatic changes in plants and their
quality. Studies were carried out to evaluate such changes due to differential nutrient
supply in several crops. Owing to zinc deficiency in onion, the activity of peroxidase,
carbonic anhydrase and acid phosphatase decreased in leaves and that of ribonuclease
increased significantly at low levels of zinc supply. Similarly copper deficiency in
rapeseed developed chlorosis from base to apex that influenced the activity of catalase and
polyphenol oxidase in rapeseed leaves. With an increase in Cu supply from low to excess,
the activity of peroxidase, ribonuclease and acid phosphatase decreased.
3. Critical concentration of micronutrients in plants
● The critical concentration for deficiency, threshold of deficiency, threshold of toxicity and
toxicity were established under refined sand culture for crops like oilseeds, pulses and
vegetables on which information was lacking. Critical limits of micronutrients in
groundnut, horse gram, rapeseed, and mustard and brinjal crops were established for
various micronutrients.
4. Critical limits of micronutrient in soil
● Field and greenhouse experiments were conducted to establish critical levels of micro and
secondary nutrients for various soils and crops.
5. Delineation of Micro and Secondary Nutrients deficient areas
● In collaboration with NBSSLUP Nagpur, 55 GIS based soil fertility maps have been
prepared at taluka/ district, state level/ national level and agro ecological zone wise. These
have been given to the Secretary (Fertilizer), Ministry of Chemicals and Fertilizer for
developing strategies for micronutrient manufacturing and supply under the Prime
minister's mission on agriculture. Development. These maps are given to ICAR and
Agriculture commissioner, Govt. of India for developing suitable strategies for correction
of micronutrient deficiencies.
● Average deficiency of zinc, iron, copper, manganese was found in 48. 12, 5, and 4 percent
soils, respectively in India. The deficiency of zinc was more in soils having low organic
carbon, high soil pH, High calcium carbonate etc. Zinc deficiency is most widely spared.
Its deficiency was recorded as less than 40% in AEZ 1, 2, 5, 15, 16, 18, 19; 4050% in AEZ
9, II, 12; 50-55% in AEZ 4, 7, 13 and > 55% in remaining zones of the country.
● Analysis of 90419 surface soil samples from AEZ 4, 9, 13, 16 mainly for Indo- Gangetic
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alluvial plain (IGAP) showed 55, 47 and 36% deficiency of zinc in Trans- northern,
Central and Eastern parts of IGAP. Reverse trend was found for boron deficiency showing
8, 37, 68% deficient soils, respectively.
Most soils have been tested to be adequate in available iron; but its deficiency in all AEZ
as well as toxicity in some coastal, sub-montane and red lateritic soils is quite common.
Studies summarize the occurrence of micronutrient deficiencies amongst and within Agroecological zones and magnitude of crop response for formulating suitable micronutrient
management strategies for specific AEZ, soil types and cropping systems for maximizing
crop production. Deficiency of boron was found in 33% soil samples tested all over the
country.
Deficiency of boron is reported in several areas. Its deficiency is found widespread in
acidic soil and highly calcareous soils of Bihar, Saurashtra, parts of central India too.
Boron deficiency varied from 2% in AER 2; 24-48% in highly calcareous soils of AEZ 2,
9 and 14 but most widespread (39-68%) in red and lateritic soils of AEZ 6, 13, 16, 17, 19.
Over all 33% soil samples out of 50,000 soil samples.
Deficiencies of Cu and Mn are not widespread and response of crops was found sporadic.
Iron deficiency accounts for 12% of the soil of the country which needs attention.
Deficiency of Mn has been found widespread in sandy alkaline soils having low organic
matter under rice-wheat cropping system in Punjab. So wheat crops suffer badly from
manganese malnutrition.
Molybdenum deficiency is found sporadic and as such 13% soils are suffering with
molybdenum deficiency.
With continuous use of sulphur free high analysis fertilizer and lesser use of organic
manure sulphur deficiency has appeared in many Indian soils. As such 41 percent of soils
are suffering with low sulphur status in the country. Oilseed and pulses growing areas in
different states are more prone to its deficiency. Map showing sulphur deficiency has been
prepared and published for the benefit of various user agencies.
The knowledge about micronutrient deficiencies and its impact on crop yields was well
visualized by the farmers so in several states use of micronutrients, mainly zinc sulphate,
became a common practice. With the results the status of zinc is improving and deficiency
of zinc is declining in several soil-crop-management systems. On the other hand,
deficiency of multi micronutrients surfaced in several areas due to continuous depletion
of micronutrient reserves of the soils.
Nutrient indexing for micro- and secondary- nutrients in low and high productivity areas
of different AER has been initiated in different soil-crop-management systems. The
programme has been initiated at all 11 centres with respect to monitoring of 20 benchmark
sites for emerging micronutrient deficiencies at 2-3 sites representing different soil-cropmanagement systems. Data from periodic surveys in the initial years revealed that more
and more areas are suffering with multi-nutrient deficiencies.

6. Amelioration of micronutrient deficiencies in cropping system
● Several field experiments were conducted to evaluate optimum rate, better source and
method of application so as to enhance nutrient use efficiency. New products like
Teprosyn zinc phosphate, Granubor II and Gromor sulphur bentonite were tested and
found useful in correcting their deficiencies more efficiently. Integrated nutrient
management and zinc enrichment to organic manure was tested. Zinc enrichment found
better in enhancing zinc use efficiency by 25-50% over inorganic zinc application alone.
Details of these experiments are given below.
● Amelioration of micronutrients is becoming a costly affair. The use efficiency of
micronutrients is very low. So seed treatment is one of the promising techniques to
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enhance the use efficiency of micronutrients. Total 22 field experiments were conducted
at various centres. Micronutrient Teprosyn formulations having composition of Teprosyn
F-2498 ( 600 g ZnL-1), Teprosyn ZnP F-3090 (300 g Zn + 200 g P205 L-1). Teprosyn Mn
F-2157 (500 g Mn L-1) and Teprosyn Mo F-1837 (250 g Mo L-1) were tested. High quantity
of micronutrients is partially dissolved in acid and slurry is prepared to get desired
concentration level of micronutrients such as Zn 300-600 g L-l, Mn 500 g L-1 and Mo 250
g L-1 for seed coating. Result showed that seed treatment with Teprosyn Zn+P at the
recommended level (8ml/ kg seed) increased the yields of several crops having bigger seed
size and found beneficial. It is not suitable for small seed crops.
● Thus, considering the benefits accrued from seed coating treatments with above
micronutrient formulations, the zinc phosphate (suspension) has been notified in the
Fertilizer (Control) Order (FCO) 1985 vide amendment order notification under section 3
of the Essential Commodity Act, 1955 of Govt. of India with following specifications in
respect to provisional fertilizer mentioned at sl.no. 3 in the FCO order dated New Delhi
12th May, 2003 with specification as zincated phosphate (suspension), specification under
FCO for agricultural use:
Total phosphate as P2O5) percent by weight, minimum
Total zinc (as Zn) percent by weight, minimum
Neutral Ammonium citrate sulphate phosphate
Lead (as Pb) percent by weight, maximum

300 g Zn L-1
200 g P205 L-1
3.9 % as P2O5
0.0038 +- 1.0

● Sulphur deficiency is commonly corrected though gypsum, SSP or ammonium sulphate.
There is no sulphur fertilizer to correct its deficiency. A research network was therefore
initiated to study the efficiency of a new source as Gromor sulphur bentonite having 90%
S in elemental form. Field studies showed direct use of S bentonite to improve the grain
yield of crops. The effect was significantly superior or at par to SSP and gypsum but better
over S control. Among the levels, all the three levels of Bentonite – S significantly
increased the yield over S control and response was at par to gypsum and SSP. Highest
grain yield was found under the treatment of 40-60 kg S ha-1 applied through BentoniteS. In case of residual effect of sulphur in maize-mustard sequence, application of S through
different sources increased mustard seed yield over the S control and superior over 20 kg
S/ha. Application of gypsum gave a lower residual effect than SSP and bentonite.
● Information is limited on Mo deficiency and its correction. So a field experiment was
initiated at RARS, Chintapalli in a Mo deficient acid soil to know the direct and residual
effects of Mo in the maize-niger cropping system at high altitude zone. Results indicated
that foliar spray of 0.1 per cent sodium molybdate after applying lime to soil initially
proved to be better in increasing in the yields of maize (37%), while in rabi soil application
of
0.25 kg ha-1 sodium molybdate to maize and Niger after liming the soil was found
beneficial in Niger and showed a yield response of 40 percent. Significant difference in
Mo content and built up of Mo in the soils was recorded with Mo levels.
● In the Ustipsamment of Badaun, the optimum dose of Zn fertilizer rice (cv. PD-10) was
found 5.83 kg Zn/ha. Application of Zn improved yield attributes, seed yield and oil
content in following mustard (cv. Kranti). Application of Zn increased the grain yield of
rice and also increased protein and amylose content of milled rice. In Pearl Millet – wheat
rotation, application of 2.5 kg Zn +5 tonnes FYM ha-1 gave highest yields. Applications
of zinc (2.5 kg Zn ha-1) together with 5 tonnes FYM ha-1 were much effective in increasing
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grain yields in the Pearl millet-wheat system. Under rice-wheat rotation, application of 2.5
kg Zn + 5 t FYM ha-1 after two crop cycles was found optimum.
In a 3 year study, fertilizer use efficiency of Zn-using low doses of organics in rice-wheat
rotation in Mollisol of Tarai indicated that application of Zn @ 1.25, 2.5 and 5.0 kg Zn
enriched to 200 kg cow dung ha-I increased the pooled grain yield of rice significantly by
17.62, 26.06 and 24.32 per cent over NPK control, respectively. No significant response
of Zn application was recorded on the subsequent wheat crop.
Field studies to develop IPNS technology for ameliorating zinc deficiency in sugarcane
ratoon system at Bareilly showed that total millable cane yield of both main and ratoon
crop was significantly higher on application of 2.5 tonnes PMC along with 5.5 kg Zn ha-1
The yield was statistically at par with the highest millable cane yield recorded for treatment
receiving 10 tonnes PMC + 11 kg Zn ha-1.
Rate and frequency of boron application was studied in different cropping systems. Soil
application of borax at 0.25 to 1.0 kg B ha-1 to maize significantly increased the grain yield
in over NPK. Significant influence of boron was seen on the residual crop of groundnut.
Application of 1.0 kg B ha-1 to each of maize and groundnut crops gave significantly
higher yield and showed higher buildup in the available boron in the soil.
Ludhiana center observed a significant seed yield increase of Holes sarson from 140-220
kg ha-I (10.9 15.6%) to the application of 20-40 kg S ha-1. Lentil also showed significant
response to sulphur in sandy loam soils and gave 92 to 119 kg ha-1 (11-15%) extra grain
yield with the application of 20-40 kg S ha-1. Similarly in Haryana chickpea showed
response to S application, in Hisar and gave 147 to 197 kg ha-1 (10-14%) extra grain yield.
In medium black soils of Kheda districts chickpea gave 80-458 kg ha-1 (11-26) extra grain
yield with the application of 20-40 kg S ha-1.
In Coimbatore application of FYM @ 12.5 t ha-1 recorded the highest grain yield of 5483
kg ha-1 and it was on par with the addition of sewage sludge @ 2.5 t ha-1+ FYM @ 12.5 t
ha-1 and sewage sludge @ 2.5 t ha-1 + raw coirpith @ 12.5 t ha-1. The micronutrient
availability ranged in the order of Mn > Fe > Cu > Zn. Deficiency of Zn was noticed in all
the treatments. The heavy metal availability in the post-harvest soil showed non-toxic
levels irrespective of metals analyzed.
Root and seed yield of Ashwagandha increased from 363 kg ha-1 in control to 595 and
517 kg ha-1 respectively with soil application of 5.5 kg Zn ha-1. Minimum seed yield of
232 kg ha-1 was recorded in the control plots. Root yield increased significantly with the
application of zinc either through soil or foliar sprays over the control. Increase in yield
was recorded up to 63.9 % with the soil application and 23.69 % with foliar spray of zinc.
Foliar application of 0.2% ZnSO4 had increased the root yield but it was on par with the
soil application of zinc by 10 kg ha-1. Soil application of zinc resulted in higher seed yield
compared to foliar application of zinc.
Mentha (Tagetes minuta) is an important medicinal plant. Application of B and Zn
significantly increased the dry matter yield of mentha but effect of S application alone was
statistically not significant. The conjoint application of two nutrients together or all three
nutrients also resulted in a significant increase in the dry matter yield over the control.
Zinc application (5 kg Zn ha-1) increased the oil yield of Tagetes minuta significantly by
45.0 and 41.6 percent over control. Oil yield was highest (78.7 to 84.8 kg ha-1) in
treatment receiving or Zn + B. Oil yield is related to Zn./B ratio in plant tissue but no
significant relationship was noted with either Zn/S or B/S. This indicated that the
balance of Zn and B in the plant tissue of Tagetes minuta played a determining role in
governing oil yield and Zn/B value around 1.09 to 1.23 resulted in the highest oil yield
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7. Efficacy of Multi Micronutrient Mixture in Improving Crop Production
● Multi micronutrient mixture grades for foliar and soil application were prepared in the
laboratory equivalent to Govt. recognized grades for their testing in important crops under
different agro-climatic situations of Gujarat. Network studies in general indicated the
superiority of different grades in increasing crop yields. Amongst the foliar grades, Grade
– II (for Fe deficient soils) and Grade – IV (For Zn and Fe deficient soils) were found
more effective in most of the crops of various groups viz., cereals (maize, sorghum, bajra
and wheat), vegetables (potato, cabbage okra) and pulse like pigeon pea. The soil
application Grade–V was also found more useful in oilseed like castor and mustard and
found equally effective with foliar Grades–II and IV to cereal crops. Further, the general
foliar grade (Grade – I) was also found effective in paddy and summer groundnut.
● Amongst the cereals, the maximum improvement in kharif paddy grain was recorded up
to 766 kg ha-1 over control due to general foliar grade–I. In case of vegetables, potato tuber
yield was increased by 8190 kg ha-1 equivalent to 22.6 % increase over control (362.5 q
ha-1) due to foliar grade–III. The multi micronutrient grades have also been found
beneficial in increasing yield of oilseeds. The maximum increase was due to soil
application of grade- V to the tune of 579 kg ha-1 over control (2091kg ha-1) in castor
The increase in pigeon pea grain yield was by 436 kg ha-1 due to grade – IV over control
(1250 kg ha-1). These grades were also found effective in fodder crops viz. maize and
sorghum. Thus, the use of multi micronutrient mixture foliar grade-IV at the rate of 1 %
and soil application Grade–V @ 20 kg ha-1 have shown their usefulness in increasing yield
of different crops in soils of Gujarat.
8. Monitoring health hazards from heavy metals and trace element pollution
● Survey in and around the Adilabad district, where pollution is caused mainly due to
ginning mills, cement industries etc. revealed that the water samples are neutral to alkaline
in reaction with normal soluble salt status. Micro nutrients and heavy metal status is within
the permissible range. Soils are slightly alkaline in reaction and non- saline. Soils are
polluted with cadmium (46%), cobalt (50%), lead and manganese (7%). Water and soil
samples collected near cement factories are more polluted compared to other industries.
Pollution hazard decreased both in soils and waters as the distance away from the factory
is increased
9. Remediation of heavy metals and critical toxic concentrations in soil and plant tissues
● Studies to evaluate efficacy of different crop species for phytoremediation of cadmium
contaminated soil indicated that spinach and marigold showed higher tolerance to Cd
accumulation as compared to fenugreek and ladyfinger. Among the crop species tested,
spinach appears to be the best for remediation of Cd contaminated soils although marigold
merits attention because of its non-consumable nature. Considering 25% dry matter yield
decrease was encountered, approximately around 15, 16, 14 and 13 mg kg- 1 DTPAextractable cadmium level was found critical for fenugreek, spinach, marigold and
ladyfinger, respectively. A decrease of 25% in dry matter yield was recorded
approximately around 20.41, 63.62, 72.09 and 24.82 mg kg-1 Cd content in plant tissue for
fenugreek, spinach, and marigold and lady finger, respectively.
● Bioremediation measures are now adopted to reduce the heavy metal load in agricultural
fields. Keeping in view, a laboratory experiment was also conducted to know the biosorption capacity of heavy metals (cadmium and chromium) by different fungi viz.
Pleurotus florida, Fussirum oxiporum, Penicillium sp. and Aspergillus awamorii to
mitigate the problem of heavy metals accumulation in soils and crops irrigated with
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sewage water. Growth of those fungi was studied with the graded doses of Cd (2.5, 5, 10,
15 and 20 mg/L) and Cr (2.5, 5, 10, 15 and 20 mg/L). It was found that amongst the fungi,
Pleurotus florida sorbed highest amount of heavy metals and can survive at higher levels
of heavy metals. So Pleurotus florida can be used as a bio-filter to remove the heavy
metals from sewage water.
10. Front line demonstration
● More than 120 FLDs were conducted to show responses of zinc, iron, and boron,
manganese on oilseeds, pulses and major cereal crops in different agro-ecological zones.
Application of 5-10 kg zinc/ha, 1.0-1.5 kg boron /ha and 20-40 kg sulphur/ha was found
optimum and is widely recommended to the farmers.
● Spectacular response of cereals, pulses, oilseeds and cash crops to B application (0.52.5 kg/ha) have largely been observed on B-deficient soils of Bihar, Orissa, West Bengal,
Assam and Punjab. The rates of B application for achieving optimum yield varied with
crops, season, and type of soil. Mustard, maize, sunflower, onion and lentil gave optimum
yields at 1.5 kg/ha of B application and that of kharif (summer) crops groundnut, maize,
onion, yam bean and black gram gave the best yield at 2.0-2.5 kg B/ha. Application of 2.5
kg B/ha causes reduction in yield due to boron injury.
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Soil Pollution Bioindicators: Soil Enzymes
Prof. Arun S. Kharat
School of Life Sciences, Jawaharlal Nehru University, New Delhi - 110 067
Introduction
● Nutrient (re)cycling in soil involves biochemical, chemical, and physicochemical
reactions being mediated by soil microbes.
● Biochemical reactions are catalyzed by enzymes, with catalytic properties owing to
their power of specific activities.
● Enzymes are catalysts, without undergoing permanent alteration that accelerates the
rate of biochemical reactions.

Fig: Enzyme participation significantly reduces activation energy of a reaction
● Urease is the First enzyme, Sumner 1923
● Presently nearly 2,000 enzymes have been isolated, 25 enzymes with fully elucidated
3-dimensional structure.
Properties of Enzymes:

137

Pollution Monitor: Soil Pollution | GSDP Training Manual

JNU ENVIS Resource Partner (2022)
eISSN 0974 - 1356, pISSN 0974 - 1364

Distinguishing features of Enzymes as the Catalyst:
⮚ Extremely efficient
⮚ Under optimum conditions, they can catalyze reactions at rates that are 108 to 109
times (up to 10 billion times) more rapid than those of comparable reactions without
enzymes and up to106 fold more than the normal chemical catalyst.
⮚ Specificity of Reaction.
⮚ For example, a specific enzyme may be capable of hydrolysing a peptide bond only
between two specific amino acids.
⮚ Enzyme specificity results from the three-dimensional shape of the active site. the
“key–lock” hypothesis, was proposed by German chemist Emil Fischer in 1899 and
explains one of the most important features of enzymes, their specificity
⮚ Enzyme specificity is dictated by the nature of the groups attached to the susceptible
bonds, e.g. Maltase hydrolyses maltose to glucose, whereas cellobiase hydrolyses
cellobiose to glucose but not vice versa (Maltose a-1-4 glycosidic, cellobiose b-1-4
glucosidic)
⮚ Differences between the 2 substrates is slight in that maltase is an α-glycoside and
cellulose is a β-glucoside.
⮚ Subject to Cellular Regulation
⮚ Thus act to control metabolite concentration and flow. Enzyme Regulation: self,
direct, indirect, etc
⮚ Based on Substrate
⮚ Many enzymes are named by adding the suffix -ase to the name of the substrate i.e.
the molecule on which the enzyme exerts catalytic action, e.g.
1. Cellulase - acts on cellulose
2. Chitinase - acts on chitin
3. Urease - catalysis hydrolysis of urea to ammonia and CO2.
⮚ Based on the Substrate and Type of Reaction
⮚ e.g. Succinic Dehydrogenase - removes hydrogen from succinic acid.
⮚ Based on Site of Action.
1.
Intracellular enzymes - perform functions within the confines of the cell.
2.
Extracellular enzymes - Concerned with reactions outside of the organism.
Secreted across the membrane and functioning in the exterior milieu.
⮚ Distinction based on when they are produced.
⮚ 1.
Constitutive enzymes - Always produced by the cell –most of the house
keeping functioning
⮚ 2.
Inducible enzyme - Formed only in the presence of specific substrate or under
certain physiological conditions. Otherwise, quantity is maintained at basal level,
threshold below the desired functioning amounts
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Soil Enzymes

Fig-Garden, Agricultural Field, Manure, Humus, Playground, Sediments, etc.
•

•
•

▪

▪

▪

▪
▪

Soil enzymes are the key players in biochemical process of
organic matter recycling in the soil system and their activities
are closely related to soil organic matter (SOM), soil
physical properties, soil chemistry and biochemical activity largely owing to
microbial biomass and their metabolism.
Depending on their location, enzymes can be extracellular
or intracellular.
Intracellular enzymes are found in cells
cytoplasm or bound to the cell walls of living and metabolically
active cells, viable but non-proliferating cells (differentiated dormant form, spores)
and dead cells
Extracellular enzymes are released into the soil and are “permanently” immobilized
on clay and humic colloids via ionic interactions, covalent bonds, hydrogen bonding,
entrapment, and other mechanisms.
Soil enzymes are necessary catalysts for decomposition of SOM and nutrient cycling
and strongly influence energy transformation, environmental quality, and agronomic
productivity. However, mechanical tillage, monoculture, and residue removal
adversely impact enzymatic activity and availability of plant nutrients. In general,
enzymatic activity decreases with an increase in soil depth (quality of nutrients, water
and air).
Further, soil enzymes serve as an early indication of changes in soil health because
they respond to soil management changes and environmental factors much sooner
than other soil quality parameters.
Moreover, availability of well-documented assays for a large number of soil
enzyme activities make them the preferred tool for assessing soil health.
However, it is necessary to understand the relationship between different enzyme
pools, biotic and abiotic factors to predict the potential impact of soil management
and environmental changes on ecosystem functions and productivity.

139

Pollution Monitor: Soil Pollution | GSDP Training Manual

JNU ENVIS Resource Partner (2022)
eISSN 0974 - 1356, pISSN 0974 - 1364

Importance of Soil Enzymes
1. Release of nutrients to the environment e.g. urease breaks down urea to NH3, CO2
which are plant nutrients.
2. Identification of soils
3. Indication of microbial activity
4. Sensitive indicator of ecological changes.
Origin of Soil Enzyme Activity
» Actively secreted by microbes and roots.
» Remain in decaying organic tissue.
» Made up of extracellular and intracellular enzymes.
1.Soil microorganisms - living and dead
2.Plant roots and residue.
3.Soil animals.
» Poor correlation between microbial numbers and enzyme activity.
» Microbial activity difficult to measure
Soil enzymes play a key role in the energy transfer through decomposition of soil organic
matter and nutrient cycling, and hence play an important role in agriculture.
These enzymes catalyze many vital reactions necessary for the life processes of soil
microorganisms and also help in stabilization of soil structure.
Although microorganisms are the primary source of soil enzymes, contribution by the plants
and animals contributes equal to the enzyme pool.
Soil enzymes respond rapidly to any changes in soil management practices and
environmental conditions. Their activities are closely related to physio-chemical and
biological properties of the soil.

Soil enzymes are used as sensors for
a. soil microbial status,
b. soil physico-chemical conditions,
c. influence of soil treatments
d. climatic factors on soil fertility.
Understanding the possible roles of different soil enzymes in maintaining soil health can
help improve soil health and fertility management, particularly in agricultural ecosystems.

Location of Soil Enzyme Activity
1. Associated with bacteria/fungi cell walls, capsule of bacteria, cytoplasmic debris
from lysed cells, the root-soil interface, root cell walls, plant and microbial cell
remnants and non-specific materials found in soils.
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2. May be also associated with discrete soil particle size fractions primarily associated
with the clay fraction, while less activity with the silt and little activity with sand.
3. Enzyme proteins are readily adsorbed by clay minerals. The activity of adsorbed
enzymes is affected by the type of clay mineral and the enzyme being studied, e.g.
montmorillonite clay has a large surface area and tends to adsorb more enzymes than
kaolinite, a clay with less surface area.

State of Enzyme in Soil
● Soil enzymes are very persistent i.e. very stable. Has been found to persist for
1000 yrs.
● e.g. Urease and Phosphatase have been demonstrated to be 9,000 yrs old in
permafrost in Alaska. Phosphatase and Catalase between 4,000 and 10,000 yrs
old have been observed in old lake sediments in Romania.
● Very resistant to destruction

Theories of Enzyme Stability in Soils.
Several theories have been suggested for the stability of soil enzymes in soils. Several of
the mechanisms suggested involve the interaction of enzyme protein with clay minerals,
organic matter and clay organic-matter complexes.

1. Role of Clays:
a. Most activity is associated with the clay fraction of soil.
b. Adsorption of proteins readily occurs.
c. Are more resistant to proteolysis and microbial attack
d. Form ESI-complexes which become stabilized but lower in activity.
e. Increases inactivation temperature by 10oC

2. Role of Organic Matter:
Much of the information dealing with this hypothesis has been derived from studies
with synthetic polymer enzyme complexes. Traps protein molecules in tertiary
structure thus stabilizing the protein.
a. Humus material known to stabilize soil-N compounds e.g. protein.
b. Enzymes attached to insoluble organic matrices exhibit pH and temperature
changes, specificity change, like soil enzymes.
c. Protected by globular humus complexes.
d. Inability to purify soil enzymes free of soil organic matter.
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3. Role of Organic Matter-Clay Complexes:
a. Lignin plus bentonite (clay) protect enzymes against proteolytic attack but not
bentonite alone.
b. Enzymes are bound to organic matter which are bound to clay.
4 Measurement of Soil Enzyme Activity
1.

Measured in similar fashion to that of other enzymes except for the problem of
the existence of viable enzymes.

2.

Problems In Methodology:
a. Cannot separate extracellular from intracellular enzyme activity.
b. Cannot measure specifically free, accumulated enzyme activity in soils.
c. Cannot separate chemicals from biological catalysis. Cannot overcome
setting appropriate control.

by

d. Storage and treatment of samples greatly affect activity.

Application of Soil Enzyme Assays
1.Correlation with soil fertility. Difficult to show correlation especially fertility with enzyme
activity.
2.Use to correlate microbial activity. Used as index of soil microbial population, Enzyme
which correlated best 3; amidase, peroxidase and alkaline phosphatase
3.Correlate with biogeochemical cycling of various elements in soil (C, N, S). has met
with only limited success.
4.Degree of pollution Impact of numerous chemicals on the biological cycling of elements in
soil can also be easily and sensitively assessed by determining their effect on soil enzyme
activity. Nitrification is one of the sensitive assays toward pollution i.e. sensitive to acidity
NH4 +, NO35.Forensic Purposes Can determine where soil comes from by looking at activity, Km value
of sample size.
6.To Assess Ecological Succession As the ecosystem changes the enzyme activity changes
and this is due to O.M. changes.
7.Degradation of Herbicides? e.g. Enhance herbicide degradation.
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Table-Major soil enzymes and their functions.
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Table- Response of soil enzymes in different condition/ecosystems
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EFFECT OF AGRO-TECHNIQUES AND CROPPING SYSTEMS ON SOIL
ENZYMES
► Soil enzymes, being necessary catalysts for organic matter recycling, strongly influence
soil fertility and agronomic productivity. Qualitative and quantitative changes in soil
enzymes determine the availability of nutrients and crop productivity. Different
agricultural practices like tillage, cropping systems, and nutrient management influence
the soil enzyme activities, thereby influencing yield sustainability. Adverse impacts of
mechanical tillage, cropping systems, and residues removal have been observed in soil
enzymatic activities and availability of plant nutrients.
► Management-induced changes in soil moisture, temperature,
► and soil organic carbon (SOC) input influences microbial biomass carbon (MBC),
nutrient availability, and SOC turnover.
► Ploughing disrupts macroaggregates and accentuates mineralization of the labile SOC
pool whereas stable aggregation protects SOC and influences SOM turnover and soil
fertility.
► There is a close relationship between SOC concentration and soil enzyme activities,
which is influenced within particular horizons by other factors (i.e., pH, texture, and
gleying). As the enzymatic activity decreases with increase in soil depth, managementinduced differences are observed more in the surface than in the subsoil.
► Thus enzyme activities can be used to evaluate the degree of alteration of soils in both
natural and agroecosystems.

Cropping systems have a definitive bearing on soil enzymatic activity.
In general, soils under legume-based systems contain relatively higher MBC than those
under other systems. Similarly, integrated use of chemical fertilizers and FYM for 3–7
yr increased MBC and microbial activity under jute (Corchorus capsularis)–rice–
wheat system in some tropical agricultural soils.
In a study conducted in tropical region of Colombia, Vallejo, Roldan, and Dick
observed that silvi pastoral system stimulated soil MBC and enzymatic (β-glucosidase,
UA, and alkaline and
acid phosphatase) activities and provided more favourable microbial habitat as
compared to monoculture pasture.
Monoculture practices cause decrease in soil enzyme activities when compared with
legume-based rotations. Reducing the duration of fallow in a fallow-wheat rotation
enhanced enzyme activities and accentuated cycling of C and phosphorus (P), Soil
biological properties and DHA are enhanced by management systems, which add
biomass through legume-based rotations, agroforestry systems, or conservation tillage.
It is precisely because of its rapid response to management that the DHA is considered
a good biological indicator of soil quality.
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SOIL ENZYMES AND YIELD SUSTAINABILITY
▪

Many studies have reported significant correlation between soil enzymatic activity and
plant yield, whereas some studies show no close relationship. For example, mean grain
yields of different crops across rainfed production systems were positively correlated
with DHA, arylsulfatase activity (ASA), and UA in soil.

▪

Grain yields of groundnut-finger millet, finger millet mono cropping, winter sorghum,
soybean, and upland rice were significantly and positively correlated with DHA, ASA,
and UA activities whereas groundnut mono cropping and pearl millet with three
enzymes were not. The probable reason was that the latter two cropping systems were
practiced under semiarid
conditions with relatively low rainfall (*500 mm annually) and high mean annual
temperatures as compared with the other five systems.

SOIL FAUNA IN RELATION TO SOIL ENZYME ACTIVITY
•

The role of soil fauna as indicators of soil health is gaining importance.

•

This group comprises the invertebrate community that plays roles in supplying pretransformed organic material to the microorganisms after fragmentation, resulting from
their feeding process.

•

Besides increasing the contact surface, the fauna helps in bioturbation of litter and also
contributes to soil enzymes. The most representative organisms normally studied as
indicators of soil health belong to the mesofauna, which lives in soil macropores and
spaces in the soil–litter interface, feeding on fungal hyphae and organic matter, and thus
taking part in nutrient cycling and soil aggregation.

•

The macrofauna includes bigger soil organisms which sometimes are active in soil
functioning. Increasing number of studies on effects of soil fauna on soil health
parameters have been reported with some studies emphasizing on the influence of soil
fauna on soil enzymes.

•

An increase in invertase, protease (during rice and wheat cultivation), and alkaline
phosphatase (during rice cultivation) activity was observed in the presence of
earthworms

•

when maize was used as residue whereas no change in DHA observed in the presence
of earthworms. Additionally, the five enzyme activities in earthworm casts were
significantly higher than those in the surrounding soil, especially DHA and invertase
activity. This result suggests that the increased degradation of maize residues by
earthworms enhanced substrate concentrations in soil resulting in high microbial
activity.

•

Species-specific fungal enzymatic responses have also been recorded in soil.
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•

Lignocellulolytic enzyme production by saprotrophic basidiomycetes colonizing leaf
litter

•

increased during macrofauna and collembola activity.

•

This may be attributed to litter comminution and to fungal physiological responses to
grazing. Hypholoma fasciculare and Phanerochaete velutina (exhibiting fast and
extensive

•

growth) increased production of cellulolytic and phosphorolytic enzymes during
macroinvertebrate grazing, whereas the slow-growing species, Rhizoctonia bicolor
reduced enzyme production. Contrasting enzymatic responses of fungal species suggest
the impacts of soil fauna on fungal-mediated nutrient mineralization.

Fig-Some important soil enzymes and their functions in both nutrient cycling and soil
organic matter decomposition
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Enzymes associated with clay minerals via different types of bonds
Amylase
Amylase is a starch hydrolysing enzyme (Ross 1976). It is known to be constituted by
amylase and amylase (Pazur 1965; King 1967; Thoma et al. 1971). Studies have shown that
amylases are synthesized by plants, animals, and micro-organisms, whereas amylase is
mainly synthesized by plants (Pazur 1965; Thoma et al.1971). This enzyme is widely
distributed in plants and soils so it plays a significant role in the breakdown of starch. The
roles and activities of amylase and amylase enzymes may be influenced by different factors
ranging from cultural practices, type of vegetation, environment, and soil types (Ross 1968;
Ross and Roberts 1970; Pancholy and Rice 1973; Ross1975). For example, plants may
influence the amylase enzyme activities of soil by directly supplying enzymes from their
residues or excreted compounds, or indirectly providing substrates for the synthetic activities
of microorganisms.
Cellulase
Cellulose is the most abundant organic compound in the biosphere, comprising almost 50%
of the biomass synthesized by photosynthetic fixation of CO2 (Erikssonet al. 1990). The
growth and survival of microorganisms that are important in most agricultural soils depend
on the carbon source contained in the cellulose occurring in the soils (Deng and Tabatabai
1994). Cellulose in plant debris has to be degraded into glucose, cellobiose and high
molecular weight oligosaccharides by cellulase enzymes (White 1982). Cellulases are a
group of enzymes that catalyze the degradation of cellulose; polysaccharides build up of four
linked glucose units (Deng and Tabatabai 1994). Currently, it is accepted that the cellulase
system comprises three major types of enzymes. They are: endo-1,4-b-glucanase which
attacks the cellulose chains at random, exo-1,4-bglucanase which removes glucose or
cellobiose from the non-reducing end of the cellulose chains, and b-D-glucosidase which
hydrolyses cellobiose and other water soluble cello dextrins to glucose.
Studies have shown that activities of cellulases in agricultural soils are affected by
several factors.
These include temperature, soil pH, water, and oxygen contents (abiotic conditions),
the chemical structure of organic matter and its location in the soil profile horizon (Rubidge
1977; Gomah 1980; Tabatabai 1982; Klein 1989;Deng and Tabatabai 1994; Alf and
Nannipieri 1995), quality of organic matter/plant debris and soil mineral elements (Burns
1978; Hope and Burns 1987; Klein 1989; Sinsabaugh and Linkins 1989; Deng and Tabatabai
1994) and the trace elements from fungicides (Deng and Tabatabai 1994; Petker and Rai
1992; Arinze and Yubedee 2000; Atlas et al. 1978; Vincent and Sisler 1968). Since cellulases
play an important role in global recycling of the most abundant polymer, cellulose in nature,
it would be of critical importance to understand this enzyme better so that it may be used
more regularly as a predictive tool in our soil fertility programmes.
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Chitinase
Chitinase or chitinolytic enzymes are key enzymes responsible for the degradation and
hydrolysis of chitin (poly b-1-4-(2-ncetamido-2-deoxy)-D-glucoside). They are also
considered as the major structural component of many fungal cell walls that use the hyper
parasitism mechanisms against pests/pathogen attack, (Bartinicki-Garcia 1968; Chet and
Henis 1969; Chet and Henis 1975; Chet 1987). For example, in plants, the chitinase enzyme
is induced and accumulated in response to microbial infections and it is thought to be
involved in the defence of plants against pathogen infections (Boiler et al. 1983; Boiler 1985).
As biological control of most pathogenic diseases is increasingly gaining popularity in recent
times due to their environmental friendliness, a better understanding of the chitinolytic
enzymes is likely to uncover more application avenues for this enzyme in agricultural
systems and, consequently, increase plant growth and final yields.

Dehydrogenase
The dehydrogenase enzyme activity is commonly used as an indicator of biological activity
in soils (Burns 1978). This enzyme is considered to exist as an integral part of intact cells but
does not accumulate extracellularly in the soil. Dehydrogenase enzyme is known to oxidize
soil organic matter by transferring protons and electrons from substrates to acceptors. These
processes are part of respiration pathways of soil microorganisms and are closely related to
the type of soil and soil air-water conditions (Doelman and Haanstra 1979; Kandeler 1996;
Glinski and Stepniewski 1985).
Studies on the activity of dehydrogenase enzymes in the soil are very important as it may
give indications of the potential of the soil to support biochemical processes which are
essential for maintaining soil fertility. A study by Brzezinska et al. (1998) suggested that soil
water content and temperature influence dehydrogenase activity indirectly by affecting the
soil redox status. The relationship between dehydrogenase activity and redox potential (Eh)
as well as Fe2+ content may also be used to illustrate the reactions of soil microorganisms to
the changes in soil environment. Additionally, dehydrogenase enzyme is often used as a
measure of any disruption caused by pesticides, trace elements, or management practices to
the soil (Reddy and Faza 1989; Wilke 1991; Frank and Malkomes 1993), as well as a direct
measure of soil microbial activity (Skujins 1978; Trevors 1984; Garcia and Herna´ndez
1997). It can also indicate the type and significance of pollution in soils. For example,
dehydrogenase enzyme is high in soils polluted with pulp and paper mill effluents
(McCarthyet al. 1994) but low in soils polluted with fly ash (Pitchel and Hayes 1990).
Phosphatase
Phosphatases are a broad group of enzymes that are capable of catalyzing hydrolysis of esters
and anhydrides of phosphoric acid (Schmidt and Laskowski 1961). Apart from being good
indicators of soil fertility, phosphatase enzymes play key roles in the soil system (Dick and
Tabatai 1992; Dick et al. 2000). In fungi, these phosphatases may be located in the
periplasmic space, cell wall, vacuoles, and culture medium. Acid and alkaline phosphatases
are the two forms of active phosphatase. Alkaline phosphatase, occurs in roots mainly after
mycorrhizal colonization and has been proposed as a marker for analyzing the symbiotic
efficiency of root colonization (Tisserant et al. 1993). A newly discovered fungus
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Piriformospora indica is known to produce one form of intracellular ACPase irrespective of
the phosphate concentration. The enzyme is possibly a constitutive enzyme showing a
molecular mass of 66 kDa (Malla et al. 2007). In soil ecosystems, these enzymes are believed
to play critical roles in P cycles (Speir and Ross 1978) as evidence shows that they are
correlated to P stress and plant growth.
Phosphatases are a broad group of enzymes that are capable of catalyzing hydrolysis of esters
and anhydrides of phosphoric acid (Schmidt and Laskowski 1961). Apart from being good
indicators of soil fertility, phosphatase enzymes play key roles in the soil system (Dick and
Tabatai 1992; Dick et al. 2000). In fungi, these phosphatases may be located in the
periplasmic space, cell wall, vacuoles, and culture medium. Acid and alkaline phosphatases
are the two forms of active phosphatase. Alkaline phosphatase, occurs in roots mainly after
mycorrhizal colonization and has been proposed as a marker for analyzing the symbiotic
efficiency of root colonization (Tisserant et al. 1993).A newly discovered fungus
Piriformospora indica is known to produce one form of intracellular ACPase irrespective of
the phosphate concentration. The enzyme is possibly a constitutive enzyme showing a
molecular mass of 66 kDa (Malla et al. 2007). In soil ecosystems, these enzymes are believed
to play critical roles in P cycles (Speir and Ross 1978) as evidence shows that they are
correlated to P stress and plant growth.
The amount of acid phosphatase exuded by plant roots has been shown to differ
between crop species and varieties, (Ndakidemi 2006; Izaguirre-Mayoral et al.2002) as well
as crop management practices (Ndakidemi 2006; Patra et al. 1990; Staddon et al. 1998;
Wright and Reddy 2001). For instance, research has shown that legumes secrete more
phosphatase enzymes than cereals (Yadav and Tarafdar2001). This may probably be due to
a higher requirement of P by legumes in the symbiotic nitrogen fixation process as compared
to cereals. In their studies, Li et al. (2004) reported that chickpea roots were also able to
secrete greater amounts of acid phosphatase than maize.
Proteases
Proteases in soil play a significant role in N mineralization (Ladd and Jackson 1982), an
important process regulating the amount of plant available N (Stevenson1986) and plant
growth. This enzyme in the soil is generally associated with inorganic and organic colloids
(Burns 1982; Nannipieri et al. 1996). Protease activities have been reported to occur partly
in soil as a human carbohydrate complex (Mayaudon et al. 1975; Batistic et al. 1980). The
amount of this extracellular enzyme activity may be indicative not only of the biological
capacity of soil for the enzymatic conversion of the substrate, which is independent of the
extent of microbial activity, but might also have an important role in the ecology of microorganisms in the ecosystem (Burns 1982).
Urease
Urease enzyme is responsible for the hydrolysis of urea fertilizer applied to the soil into NH3
and CO2 with the concomitant rise in soil pH (Andrews et al. 1989; Byrnes and Amberger
1989). Due to this role, urease activities in soils have received a lot of attention since it was
first reported by Rotini (1935), a process considered vital in the regulation of N supply to
plants after urea fertilization. Urease extracted from plants or micro-organisms is rapidly
degraded in soil by proteolytic enzymes (Burns et al. 1972; Pettit et al. 1976; Zantua and
Bremner 1977). Urease activity in soils is influenced by many factors. These include
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cropping history, organic matter content of the soil, soil depth, soil amendments, heavy
metals, and environmental factors such as temperatures (Tabatabai 1977; Bremner and
Mulvaney 1978; Yang et al. 2006). Generally, urease activity increases with increasing
temperature. It is suggested that higher temperatures increase the activity coefficient of this
enzyme. Therefore, it is recommended that urea be applied at times of the day when
temperatures are low. This is because during such times the activation energy is low, thus,
resulting in minimum loss of N by the volatilization process. A better understanding of this
enzyme would provide more effective ways of managing urea fertilizer especially in high
rainfall areas, flooded soils, and irrigated lands as well as where urea fertilizer is vulnerable
to urease enzymes.
Arylsulphatase
Sulphur uptake in plants is in the form of inorganic sulphate (SO4) and its availability
depends on its mineralization or mobilization (Williams 1975; Fitzgerald 1976) from
aromatic sulphate esters (RO–SO3). This is due to the fact that certain proportions of sulphur
in different soil profiles are bound into organic compounds and are indirectly available to
plants.

Optimization of cellulase production for Bacillus sp. and Pseudomonas sp. soil isolates
Nandimath, Kharat K. R., Gupta S. G. and Kharat A. S., 2016
This investigation deals with optimizing the cellulase producing bacterial isolates for better
enzyme yield. Cellulose degrading bacteria were isolated from garden soil (Aurangabad, MS,
India). Amongst 40 different bacterial isolates, two of the bacterial isolates, 2b and 38b, were
processed for preliminary identification with morphological, cultural and biochemical
characterization. Based on these studies, strain 2b was qualified to belong to Pseudomonas sp.
and strain 38b was qualified to belong to Bacillus sp. Optimization of the fermentation medium
for maximum cellulase production was carried out for both strains of 2b and 38b. The culture
conditions such as: pH, temperature, substrate concentration and incubation time were
optimized. The optimum conditions found for cellulase production were 30°C at pH 5. Studies
on partially purified cellulase, a high cellulolytic activity was observed
in Pseudomonas sp. The Km 22.11 and 14.36 were obtained for cellulase from 2b and 38b,
respectively. The Vmax was found to be 1 and 1.121 mmol (min mg)−1 for cellulase from 2b
and 38b, respectively.
Consortium inoculum of five thermo-tolerant phosphate solubilizing Actinomycetes for
multipurpose biofertilizer preparation Nandimath A. P., Karad D.D., Gupta S. G., and
Kharat A. S., 2017
► Background and objectives: Alkaline pH of the soil facilitates the conversion of
phosphate present in phosphate fertilizer applied in the field to insoluble phosphate
which is not available to plants. Problem of soluble phosphate deficiency arises,
primarily due to needless use of phosphate fertilizer. We sought to biofertilize with the
thermo-tolerant phosphate solubilizing actinomycetes consortium that could convert
insoluble phosphate to soluble phosphate at a wider temperature range.
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► Materials and methods: In the present investigation consortium of five thermotolerant phosphate solubilizing actinomycetes was applied for preparation of inoculum
to produce multipurpose bio-fertilizer. Phosphates solubilizing thermo-tolerant 32
actinomycetes strains were processed for identification with the use of PIBWIN
software and were screened for phosphate solubilizing activity.
► Results: Amongst these five actinomycetes were selected on the basis of their ability
to produce cellulase, chitinase, pectinase, protease, lipase, amylase and phosphate
solubilizing enzymes. Ability to produce these enzymes at 28°C and 50°C were
examined. Biofertilizer was prepared by using agricultural waste as a raw material.
While preparation of bio-fertilizer the pH decreased from 7.5 to 4.3 and temperature
increased up to 74°C maximum at the end of 4th week and in subsequent week it started
to decline gradually till it reached around 50°C, which was found to be stable up to
eighth week. This thermo-tolerant actinomycetes consortium released soluble
phosphate of up to 46.7 μg ml-1.
► Conclusion: As the mesophilic organisms die out at high temperature of composting
hence thormo-tolerant actinomycetes would be the better substitute for preparation of
phosphate solubilizing bio-fertilizer with added potential to degrade complex
macromolecules in composting.
Aerobic Degradation of Clothianidin to 2-Chloro-methyl Thiazole and Methyl 3(Thiazole-yl) Methyl Guanidine Produced by Pseudomonas stutzeri smk
Parte and Kharat 2019
► Overuse of pesticides in agriculture may harm environmental and agricultural yields.
Sustainable maintenance of soil fertility and management of the environment have
become a concern due to the persistence of pesticides in the soil. Microbes have various
mechanisms for the bioremediation of persistent organic pollutants from the
environment. A bacterium that degrades clothianidin was isolated from the pesticide
and applied to agricultural soil by the enrichment technique. The identity of the
bacterium was determined by studying morphological, cultural, and biochemical
characteristics and 16S rRNA gene sequences. The ability to metabolize clothianidin
was confirmed using UV-visible spectrophotometric, chromatographic, and
spectroscopic analyses. A Gram-negative bacterium, designated smk, isolated from
clothianidin-contaminated soil was confirmed to be a member of Pseudomonas stutzeri.
The biodegradation of clothianidin was studied using P. stutzeri smk. Approximately
62% degradation of clothianidin was achieved within two weeks when grown at 30°C
and pH 7. The effects of various physicochemical parameters, including pH,
temperature, and clothianidin concentrations, on catabolic rates were studied. The
biodegradation studies using UV-Vis spectrophotometry, HPLC, FTIR, and LC-MS
indicated the production of the following metabolites: 2-chloro-5-methyl thiazole
(CMT), methyl nitroguanidine (MNG), methyl 3-[thiazole-yl], and methyl guanidine
(TMG). Identification of specific degradation metabolites indicates that bioremediation
of toxic neonicotinoid insecticides may be achieved by application of P. Stutzeri smk.
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Aerobic dichlorvos degradation by Pseudomonas stutzeri smk: complete pathway and
implications for toxicity in Mus musculus Parte SG, Mohekar AD, Kharat AS, 2020
Excess use of pesticides in agricultural fields not only compromised soil fertility but also posed
a serious threat to water bodies and life in the surrounding environment. The leftover pesticide
residue needs to be remediated effectively. Compared to physical, chemical and enzymatic
remediation options the microbial remediation is more practical and sustainable.
► The Pseudomonas stutzeri smk strain was found to use dichlorvos as the solitary carbon
source. Minimal medium supplemented with dichlorvos was used to test the ability of
bacteria to degrade pesticide aerobically. The metabolites produced by the bacterium
were studied with UV-Vis spectrophotometry, HPLC, FTIR and GC-MS techniques.
The toxicity studies of neat dichlorvos and P. stutzeri smk degraded metabolites were
studied by subcutaneous injection in Mus musculus.
► The P. stutzeri smk strain was found to degrade as high as 80% of dichlorvos on the 7th
day of incubation, at 30 °C temperature and at pH 7. In five steps complete aerobic
degradation of 2,2dicholorvinyl dimethyl phosphate (dichlorvos) resulted in production
of free methyl and phosphate. The degradation intermediates produced are 2-
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Chlorovinyl dimethyl phosphate, vinyl dimethyl phosphate, dimethyl phosphate,
methylphosphate and finally free phosphate. The histopathological analysis of liver,
spleen and thymus of M. musculus were performed to study toxicity of dichlorvos and
degraded metabolites.
► P. stutzeri smk could result in the highest aerobic degradation of dichlorvos to
produce free methyl and phosphate. Degradation metabolites could reverse
largely toxic effects of dichlorvos when studied in M. musculus.

Conclusion
Physical, chemical, and biological properties of a soil are indicators of soil quality, while soil
fertility can be determined by its biological activity. Soil provides a natural environment for
the survival of microorganisms and they need favourable physical and chemical conditions for
their optimal function. An imbalance of soil microorganisms, nutrient deficiency, and change
in physicochemical properties, like a decrease in pH, can result in decreased soil fertility and
crop productivity.
Understanding other possible roles of soil enzymes is vital to soil health and fertility
management in ecosystems. These enzymes may have significant effects on soil biology,
environmental management, growth, and nutrient uptake in plants growing in ecosystems

---------*****-------
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Soil Bulk Density, Particle Density and Porosity
Usha Mina and Deepti Singh
School of Environmental Sciences, Jawaharlal Nehru University, New Delhi

Introduction: Soil physical properties control the mechanical behaviour of soils and it strongly
influences land use and management. Soils’ bulk density, particle density and porosity play a
huge role in determining the effectiveness of the soil and the future productivity of a farming
operation. These properties reflect the soil’s ability to function for structural support, water,
nutrient, microbial life movement, and soil aeration.
Principle:
Density is the physical property of any substance and in principle can be defined as density
is defined as the mass of a substance per unit volume.
Ρ=m/v
where ρ is the density (symbolized by the lowercase Greek letter rho), m is the mass, and V is
the volume. Units for density may be grams per cubic centimeter (g/cm3), kilograms per cubic
meter (kg/m3: MKS metric), or pounds per cubic feet.
Particle Density: The particle (ρs) density of a soil measures the mass of a soil sample in a
given volume of particles (mass divided by volume). Particle density focuses on just the soil
particles and not the total volume that the soil particles and pore spaces occupy in the soil. It is
reported in grams per cubic centimeter (g/cm3: metric).
Bulk Density: Bulk density(ρb) is the mass per unit volume of dry (moisture-free) soil in its
natural state. Bulk density is computed on a moisture-free (i.e. oven-dry) basis, the amount of
water in the soil is ignored (Note: Bulk density can be calculated on a dry or wet basis. When
reporting bulk density, soil scientists usually mean dry bulk density although the fact is not
always made explicit. Wet density is measured where information about the total mass of soil
+ water per unit volume is needed). In civil engineering practice, the term dry density is often
used instead of bulk density. However, in principle, the measurements are not different. Particle
density differs from bulk density because bulk density includes the volume of the solid
(mineral and organic) portion of the soil along with the spaces where air and water are found.

Soil porosity: Soil porosity, pore space, or void space, in a soil consists of that portion of the
soil volume not occupied by solid particles, either mineral or organic matter. An “ideal” soil
for crop production would contain 25 percent water and air each by volume, and 50 percent
consisting of solid particles including about 5% organic matter.
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Instruments/Apparatus:
1.Core auger sampler
2.Pycnometer (Or normal volumetric flask)
3.Knife/Spatula
4. Can moisture boxes
5.Oven
Procedure:
Particle density:
1.Place distilled water in a squirt bottle and note the length of time since the soil was dried in
an oven.
2. Measure the mass of the empty flask(volumetric)without its cap. Record the mass.
3.Measure 25 g of dried, sieved soil. Place soil in the flask using the funnel. Since it is important
to have all 25 g of soil in the flask, be careful to transfer all the soil into the flask and not to
spill any soil outside the flask (Note: if soil is spilled outside the flask, repeat this step with
another 25 g sample).
4.. Measure the mass of the flask containing the soil (without the stopper/cap). Record the
mass.
5.Use the squirt bottle to wash any soil sticking to the neck of the flask down to the bottom of
the flask. Add about 50 ml of distilled water to the soil in the flask.
6. Bring the soil/water mixture to a gentle boil by placing the flask on a hot plate or holding it
over a Bunsen burner. Gently swirl the flask for 10 seconds once every minute to keep the
soil/water mixture from foaming over.
7. Boil for 10 minutes to remove air bubbles. Remove the flask from the heat and allow the
mixture to cool. Once the flask has cooled, cap the flask and let it sit for 24 hours.
8. After 24 hours, remove the stopper/cap and fill the flask with distilled water so that the
bottom of the meniscus is at the 100 mL line. 11. Weigh the 100 mL-soil/water mixture in the
flask (without the stopper/cap).
9.Record the mass of the mixture. Place the bulb of the thermometer in the flask for 2-3
minutes. When the temperature has stabilized, record the temperature of the mixture.
Calculation:
A. Mass of soil + empty flask (g)
B. Mass of empty flask (g)
C. Mass of soil (g) (A - B)
D. Mass of water + soil + flask (g)
E. Mass of water (g) (D - A)
F. Temperature of water (0 C)
G. Density of water (g/mL) (approximately 1.0)
H. Volume of water (mL) (E/G)
I. Volume of soil (mL) (100 mL - H)
J. Soil particle density (g/mL) (C/I)
Bulk Density:
1.Dr.ive the core auger sampler vertically into the desired depth to fill the cores inside the
auger.
2.Dig out the auger carefully without disturbing the soil core.
3.Trim the extra soil from both ends of the sample core with a sharp knife or spatula.
4.Weigh the sample core along with the soil up to 0.1% accuracy.
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5.Place the sample core in the oven at 1050C for up to 2 days or till constant weight.
6.Take the dry weight of the sample core (with soil).
7.Take out the sample and weigh the empty core again.
8.Measure the length/height(l) and diameter(2r) of the core(volume=πr2l).

Calculation:
A. Depth of sample(cm)
B. Inner diameter of sample core(cm)
C. Length of sample core(cm)
D. Sample volume
E. Weight of core+ moist soil(g)
F. Weight of core(g)
G. Weight of core+ dry soil(g)
H. Weight of Moist sample(E-F)
I. Weight of dry sample(G-F)
J. Wet bulk density(H/D) g/cm3
K. Dry Bulk Density(I/D) g/cm3
Porosity: The formula for calculating the percentage of the total volume of soil occupied by
pore space is given by:
𝐵𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦(𝑓) = 1 − (𝑃𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦) × 100 %
Implications of Particle density, Bulk Density and Porosity:
● Typical particle densities for soils range from 2.60 to 2.75 g/cm3 for mineral particles.
However, they can be as high as 3.0 g/cm3 for very dense particles and as low as 0.9 g/
cm3 for organic particles.
● A low particle density(<1.0g/cm3) indicates the high organic matter content.
● Bulk density can provide insight to many other soil properties such as porosity,
water storage, fluid permeability, and compaction. Bulk density of surface mineral
soil typically falls within 1.0 to 1.6 g/cm3 range.
● Organic soils commonly have bulk density < 1.0 g/cm3. Bulk density levels for
cultivated, fine- textured soils range from 1.0 - 1.6 g/cm3, while sandy soils have bulk
densities greater than 1.4 g/cm3.
● Porosity values generally range between 30%—60%. Sandy soils generally vary in total
pore space from 30%-50% whereas fine textured soils vary from 40%-60%.
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Soil pH
Usha Mina and Deepti Singh

School of Environmental Sciences, Jawaharlal Nehru University, New Delhi

Introduction: Soil pH is a measure of the acidity or alkalinity of the soil. Natural soil pH
depends on the rock from which the soil was formed (parent material) and the weathering
processes that acted on it—for example climate, vegetation, topography and time. These
processes tend to cause a lowering of pH (increase in acidity) over time. Some agricultural
activities can also accelerate the acidification process.

Principle:
The pH value of an aqueous solution is the negative logarithm of hydrogen concentration.
Ion activity is measured by using a pH meter. Soil pH is determined in 1:2.5 soil/water
extract.
Implications and Practical uses:
Soil pH affects the amount of nutrients and chemicals that are soluble in soil water, and
therefore the amount of nutrients available to plants. Some nutrients are more available under
acid conditions while others are more available under alkaline conditions. However, most
mineral nutrients are readily available to plants when soil pH is near neutral. The development
of strongly acidic soils (less than 5.5 pH) can result in poor plant growth
Reagent:
Standard pH solutions with values 2, 4, 7, 9. Apparatus: pH meter, Beaker 50 ml, Glass
rods, Thermometer.
Procedure:
Extraction:
Add 25 ml distilled water to 10 g air-dried sample in a beaker 50 ml. Read the suspension
temperature by thermometer. Stir at regular intervals for 20-30 minutes. Wash the pH meter
electrode with distilled water. Open the contact switch, wait 5 minutes, adjust the temperature
knob to room temperature.
Calibration and measurement
Rinse the electrode and adjust the pH dial with a standard pH solution followed by
another acid or alkaline one. Rinse the electrode with distilled water, then with the soil
suspension after stirring. Read the pH value of the soil suspension.
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Soil Electrical Conductivity
Usha Mina, Deepti Singh,

School of Environmental Sciences, Jawaharlal Nehru University, New Delhi
Introduction:
Electrical conductivity is commonly used for measuring the electrical resistance in the solution
which indicates the total concentration of ionized constituents in solutions. It is closely related
to the sum of the cations and anions in the suspension. Accordingly, it can be used for indicating
the salinity in soil extracts. Electric conductivity can be expressed as millimhos/cm in 1:2.5
soil/water extract. Soil electrical conductivity (EC) is a measure of the amount of salts in
soil (salinity of soil).
Principle:
Electrical conductivity is based on the flow of electrons. Metals are good conductors of
electricity because they allow electrons to flow through the entire piece of material. Thus,
electrons flow like a “sea of electrons” through metals. In comparison, distilled water is a very
poor conductor of electricity since very little electricity flows through the water. Highly ionized
substances are strong electrolytes. Strong acids and salts are strong electrolytes because they
completely ionize (dissociate or separate) in solution. The ions carry the electric charge through
the solution thus creating an electric current.

Implications and Practical uses
It is an excellent indicator of nutrient availability and loss, soil texture, and available water
capacity. It affects crop yields, the suitability of the soil for certain crops, the amount of water
and nutrients available for plant use, and the activity of soil micro-organisms, which influences
key soil processes such as the emission of greenhouse gases, including nitrogen oxides,
methane, and carbon dioxide. Excessive salts hinder plant growth by affecting the soil and
water balance. Soils containing excessive salts occur naturally in arid and semiarid climates.
Salt levels can increase as a result of cropping, irrigation, and land management. Although EC
does not provide a direct measurement of specific ions or salt compounds, it has been correlated
to concentrations of nitrates, potassium, sodium, chloride, sulphate, and ammonia. For certain
nonsaline soils, determining EC can be an easy, economical way to estimate the amount of
nitrogen (N) available for plant use. Soil EC can also be an effective way to determine the
texture of the surface layer because smaller clay particles conduct more electrical current than
larger silt and sand particles.
Apparatus:
Conductivity meter, immersion type with platinized platinum electrodes (direct indicating
bridge), Beakers 100 ml, Thermometer, Glass rode, Funnels & filter paper.
Reagents:
1- Potassium chloride solution 0.01 N: Dissolve 0.7456 g of dry potassium chloride in
distilled water and make to 1 L at 25oC. This is a standard reference solution, which at 25oC
has an E.C. of 1411.8 × 10-6 (0.0014118) mhos/cm or 1.4118 m mhos/cm.
2- Calcium sulphate dehydrate saturated solution. At 25oC it has an E.C. of 2.2 mmhos/cm.
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Procedures:
Extraction:
1- Put 10 g air-dry soil in a 100 ml beaker, add 25 ml distilled water.
2- Stir for 10 minutes, repeat stirring 4 times in 30 minutes intervals.
3- Measure the suspension temperature by thermometer.
Operation:
Before measuring, rise and fill the cell with reagent 1,
1- Set the temperature compensation dial.
2- Open the contact switch, wait for 5 minutes.
3- Balance the bridge with the main dial.
Calibration:
4- Measure the accuracy of the conductivity meter by using reagent 2, it should give an E.C.
2.2 mmhos/cm.
Measurement:
5- Rinse the electrode with the suspension solution.
6- Read the conductivity of the soil suspension.
Remarks:
1- mhos/cm = 1000 mmhos/cm.
mmhos/cm = 1000 micromhos/cm.
2- The electrode must be full of the reagent (till the mark before reading).
3- At switching the contact on, if the bridge will not balance, the conductivity of the extract
may be below or over that of the scale limits. So, either set on reading with micromhos
instead of mmhos or dilute the extract.
4- The cell constant is calculated from the relation:
K = EC25× R25
Where K = cell constant, EC25 = electrical conductivity at 25oC and
R25 = reading of cell resistance at 25oC.
Note: It is preferable to determine pH and EC in the same soil suspension 1: 2
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Soil Total Nitrogen
Usha Mina, Deepti Singh, Ankita Singh

School of Environmental Sciences, Jawaharlal Nehru University, New Delhi
Introduction
In view of the high N requirements of crops and the low levels of available-N in many soils, N
is the most important nutrient in agriculture. Monitoring N fertilizer dynamics in soils is also
important from the environmental perspective, as Nitrate is one of the major pollutants of
Groundwater, river water, lakes etc. Nitrogen in soils occurs in many forms, it is either organic
or inorganically bound. Organic N constituents up to 90-98% of the total N in the surface layer
of mineral soil and only 1-4% is mineralised. With increasing aridity, organic and total soils N
tend to decrease. The organic fraction constitutes the majority of total N in soils (usually >95
%). It is composed mostly of plant and microbial remains, in variable composition. The
inorganic phase of soil N is composed of ammonium (NH4), nitrate (NO3), and-very little
though-nitrite (NO2) forms.
Principle
Total soil N (mainly organic) is generally measured after wet digestion using the well-known
Kjeldahl procedure which is comprised of two steps. In the first step, the soil is digested with
concentrated H2SO4 using a digestion mixture. In the second step, the acid digest is distilled
with 40% NaOH and the liberated NH3 is absorbed in either 4% boric acid or standard acid. A
mixture of K SO4 and catalyst in the ratio of 5:1 i.e. 5g K2SO4 + 1g of catalyst CuSO4 powder
is normally used. A known quantity of representative sample is then digested with concentrated
H2SO4 using a digestion mixture to bring the organic N into an inorganic form of N (NH4+ N). During digestion, part of H2SO4 is reduced to SO2, which in turn reduces N-material to
ammonia (NH3). Ammonia is then combined with H2SO4 and converted into (NH4)2SO4 at the
end of digestion.
Organic materials + H2SO4 —→ CO2

(Oxidised)

(↑) + H2O + Inorganic-N

(Reduced)
H2SO4 —→ SO2
N-materials + SO2 —→ NH3
2 NH3 + H2SO4 —→ (NH4)2SO4
At the end of digestion, a clear solution of the acid digest is obtained where nearly all of N is
converted into (NH4)2SO4 form. It is then distilled with 40% NaOH as per the Kjeldahl method,
which is employed in macro, micro and ultra-micro procedures. During distillation NH3 is
liberated as in the reaction given below:
(NH4)2SO4 + 2NaOH —→ Na2SO4 + 2NH3 (↑) + 2H2O
Ammonia evolved in step (v) may be absorbed in excess of H2SO4 (0.1 N) containing 2-3 Drops
of methyl red indicator. The untreated acid is then back titrated with standard NaOH (0.1 N) to
find out the total N content of the sample. Alternatively, the liberated NH3 can be absorbed in
4% boric acid (H3BO3) containing mixed indicator (pH 4.5) and titrated with standard H2SO4
to find out the total N content of the sample. The reactions can be represented as follows:
2 NH3 + H2SO4 —→ (NH4)2SO4
NH3 + H3BO3 —→ NH4 H2BO3
2NH4 H2BO3 + H2SO4 —→ (NH4)2SO4 + 2 H3BO3
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The implication of Nitrogen in Soil
● Nitrogen is one of the most important nutrients for plant growth. It is a constituent of the
building blocks of almost all plant structures.
● It is an essential component of chlorophyll, enzymes, proteins etc.
● Knowing total N in the field, enables agricultural advisors and farmers to estimate the
amount of N fertilizer that is required as well as the number of applications and timing.
Reagents
1. Concentrated H2SO4
2. Digestion mixture: Mix K2SO4 and CUSO4 in the ratio of 5:1 in a porcelain pestle
and grind with mortar to make homogeneous powder.
3. Mixed indicator (methyl red and bromocresol green): Mixed indicator is
prepared by dissolving 0.066g methyl red and 0.099g bromocresol green in 100ml
of 95%ethyl alcohol.
4. 4%boric acid (H3BO3) solution (pH 4.5): Dissolve 40g H3BO3 in approximately
900ml hot dissolved water in the one-litre volumetric flask. Add 20ml of mixed
indicator to it. Boric acid (4% H3BO3) has a pH of 4.0, should be raised to 4.5 by
adding a dilute NaOH solution using a pH meter. Finally, make up the volume to a
one-litre mark.
5. 0.1 N H2SO4 solution: Take 3ml conc.H2SO4 in sufficient DDW and make the final
volume to one litre with DDW.
Procedure for Digestion
1. Place 1g of processed soil sample in 250 ml nitrogen digestion and distillation flask
(micro-Kjeldahl digestion and distillation tube).
2. Run a blank sample without soil.
3. Add 2g of digestion mixture to the micro-Kjeldahl flask.
4. Add 2ml of concentrated h2so4 and digest the contents of the flask in a digestion
block setting the temperature at about 390 ±5°C.
5. Open the water tap connected with the digestion block for scrubbing the acid fumes
during the digestion. Continue the digestion for 1hr or till a clear solution (greenish
colour) is obtained.
6. Take out the digestion tube from the digestion block and allow it to cool to room
temperature.
Procedure for distillation:
1. Run the distillation unit with water only for cleaning.
2. Set optimum values for different parameters of distillation unit related to the volume
of water and NaOH to be added, distillation time (4minutes) for each set. Open the
water tap for the cooling system.
3. Place the distillation tube properly in the distillation unit (micro-Kjeldahl
assembly).
4. Pipette out about 25 ml of 4% boric acid-containing mixed indicator in a 250ml
conical flask. Place the conical flask in the distillation unit in such a way so that the
outlet of the distillation unit in such a way so that outlet of the condenser should be
dipped inside the boric acid.
5. Add about 50-70ml of 40% NaOH solution automatically.
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6. Run the distillation unit and collect the distillate by absorbing liberated NH3 in 4%
boric acid.
7. Titrate the NH3 absorbed against standard H2SO4 (0.1 N) solution.
8. Record the amount of 0.1 N H2SO4 consumed.
Calculation
Total N can be calculated from the formula given below:
N (%) in soil = (T-B) × N × 1.4/W
Were,
T = volume of standard H2SO4 consumed for the sample.
B = volume of standard H2SO4 consumed for blank.
N = Normality of H2SO4
W = Weight of the sample taken.
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Soil Potassium
Usha Mina and Deepti Singh

School of Environmental Sciences, Jawaharlal Nehru University, New Delhi
Introduction: Availability of potassium in soil mainly depends on mineralogy. weathering,
crop and its growth period. There are large reserves of potassium in soil minerals particularly
in heavy-textured soils. Availability of potassium is dependent on (i) the amount of K in the
chemical pools from which plant uptake occur, i.e., solution (water soluble), exchangeable and
some slowly exchangeable K*, and (ii) its accessibility to roots. There are a number of methods
used for extraction of different forms of K from soil. The method described here is the most
commonly used to quantify the different forms of potassium in soil.
Principle: The principle underlying this is that a large number of elements when excited in a
flame, emit radiation of characteristic wavelength. The excitation causes one of the outer
electrons to be neutral. Atoms move to an outer orbit of higher energy level or the atoms may
be excited. sufficiently to loose an electron completely from the attractive force of the nucleus
where excited atom returns to lower energy level, light at characteristic wavelength is emitted.
Excited atoms or ions give line radiation at very definite wave length and thus K gives at 404.4
and 767 mu. The flame photometer. employees a relatively low temperature excitation and
measures with a photocell the emission intensity which is proportional and to concentration in
selected wavelength (767 mu) and for this red filter is used.
Instruments
1. Mechanical shaker
2. Flame photometer
3. pH meter
Implications and Practical Uses
Potassium (K) is an essential element for plant growth and is important to food crops.
Potassium, often called potash, helps plants use water and resist drought and enhances fruits
and vegetables. If soluble Potassium is deficient in soil, it can stunt growth and cause other
symptomatic issues. Potassium is essential in nearly all processes needed to sustain plant
growth and reproduction. Plants deficient in potassium are less resistant to drought, excess
water, and high and low temperatures. They are also less resistant to pests, diseases and
nematode attacks. Because potassium improves the overall health of growing plants and helps
them fight against disease, it is known as the "quality" nutrient. Potassium affects quality
factors such as size, shape, colour and vigour of the seed or grain, and improves the fiber quality
of cotton.
Reagents
1. AMMONIUM ACETATE (pH 7.0)
1. Dissolve 77.08 g of AR grade ammonium acetate in about 700 mL of distilled water in a
beaker.
2. Adjust the pH to 7.0 with ammonia solution or glacial acetic acid.
3. Transfer the pH adjusted solution entirely to a 1000 mL volumetric flask and make up the
volume with distilled water.
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2. STANDARD K SOLUTION
1. Prepare a stock solution of 1000 mg K L in the same way as mentioned earlier in water
soluble K determination.
2. Take 0.5, 1, 1.5, 2, 2.5, 3 and 4 mL of 1000 mg K L solution in 100 mL volumetric flasks
and make up the volume with I N ammonium acetate (pH 7.0) to prepare working standard
solutions containing 5, 10, 15, 20, 25, 30 and 40 mg L-¹, respectively.
Procedure
1. Water Soluble Potassium (K)
In soil, potassium is present in water soluble form, on the exchange sites of soil colloids as
exchangeable K, in the interlayers of some 2:1 minerals as non-exchangeable K and as a
structural component of some silicate minerals as lattice K. The water soluble K fraction in soil
can be easily extracted by shaking the soil with distilled water and can be determined through
flame emission spectroscopy.
1.1 Preparation of Standard Curve
Recently available models of flame photometer directly give the readings in the same unit as
of the working standard solutions, hence does not require any standard curve to be prepared.
For older versions of flame photometer, one has to record the flame photometer readings for
each working standard solution of K after adjusting the blank (distilled water) to zero and the
highest concentration among the working standards (4 mg K L¹ in this case) to hundred. Then
one can Dr.aw a standard curve by plotting the flame photometer readings against the K
concentrations.
1.2 Calculation
Water soluble K (mg kg ¹) = C x 25/2.5 = C*10
Water soluble K (kg ha-¹) = C × 25/2.5 x 2.24 = C x 22.4
Water soluble K (emol[+] kg-¹) = C × 25/2.5 × 1/390 = C × 1/39 where, C denotes the K
concentration (mg L-¹)' in the sample
2. Ammonium Acetate Extractable K (NH4 OAc-K) (Hanway and Heidel, 1952) and
Exchangeable K (Kex)
Potassium present in soil on the exchange sites of soil colloids can be replaced by suitable
cations and thus can be brought into solution for subsequent determination. The most
commonly used extractant for extracting the exchangeable K is neutral normal ammonium
acetate solution. The NH, ions provided by the extractant very effectively replaces the K ions
present on the exchange sites, which then associate with the acetate ions and remain in the
solution. Along with the exchangeable K, the neutral normal ammonium acetate solution also
extracts the water-soluble K from soil. Hence, the amount of exchangeable K in soil can be
obtained by subtracting the amount of water-soluble K from the amount of ammonium acetate
extractable K.
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2.1 Procedure
1. Take 5 g of soil in a 100 mL conical flask.
2. Add 25 mL of 1 N ammonium acetate solution (pH 7.0) and shake in a mechanical shaker
for five minutes.
3. Filter the content through a Whatman No. 1 filter paper.
Determination of Different Forms of Potassium in Soil 79
4. Measure the K concentration in the filtrate using flame photometer.
2.2 Preparation of Standard Curve
For older versions of flame photometer, record the flame photometer readings for each working
standard solution of K after adjusting the blank (1 N NH4 OAc, pH 7.0) to zero and the highest
concentration among the working standards (40 mg K L-1 in this case) to hundred. Then Dr.aw
a standard curve by plotting the flame photometer readings against the K concentrations.
2.3 Calculation
NH4 OAC-K (mg kg ¹) = C x 25/5 =Cx5
NH4 OAC -K (kg ha-¹) = C x 25/5 x 2.24 = C x 11.2
NH4 OAC -K (cmol[+] kg ¹) = C × 25/5 × 1/390 =Cx 1/ 78 where C denotes the 'K concentration
(mg L-¹)' in the sample filtrate
Exchangeable K (Kex) = NH4 OAC -K -Water soluble K (Kws)
when all three are expressed in same unit
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Determination of available Iron, Manganese, Zinc and Copper in Soils
Y.S. Shivay
Principal Scientist
Division of Agronomy, ICAR-Indian Agricultural Research Institute, New Delhi 110 012
(Email: ysshivay@hotmail.com)
Aim: To Determination of available Iron, Manganese, Zinc and Copper in Soils as per Lindsay
and Norvell (1978) method
Objectives: At the end of this exercise the students shall understand/learn:
1. To determine available Fe, Mn, Zn and Cu in soils;
2. To understand the relative available amounts of these plant nutrients in soil.
Principle
Chelating agents offer great promise for assessing readily available micronutrient cations in
soils. These agents combine with free metal ions in solution to form soluble complexes. DTPA
offers a most favourable combination of stability constants for the simultaneous complexing
of Zn, Cu, Mn, and Fe. To avoid excessive dissolution of CaCO3 can release occluded
micronutrients (not available for plants), the extractant is buffered in a slightly alkaline pH
range and in part by including soluble Ca2+. Triethanolamine (TEA) is used as a buffer because
it burns cleanly during atomization and has a pka = 7.8. At the selected pH of 7.3, three fourths
of TEA is protonated and is present as HTEA+. When the extractant is added to the soil,
additional Ca2+ and some Mg2+ enter the solution, largely because the protonated TEA
exchanges with Ca2+ and Mg2+ from soil exchange sites. This raises the concentration of ionic
Ca2+ by two to three-fold and aids in suppressing the dissolution of CaCO3 in calcareous soils
with a 2:1 solution to soil ratio. The capacity of DTPA to complex each of the micronutrient
cations is 10 times its atomic weight and ranges from 550 to 650 ppm depending on the
micronutrient cation. Thus, DTPA is present in excess of the micronutrient metal cations that
are normally solubilized during an extraction. This excess reduces the possibility that the
extraction of one micronutrient might significantly affect the amount of other micronutrient
extracted.
Reagents
1. DTPA = 0.0005 M (formula weight 393.35)
2. CaCI2.2H2O = 0.01 M solution,
3. TEA = 0.1 M solution.
Extracting Solution
To prepare 1 litre of DTPA extracting solution, dissolve 13.1 ml reagent grade TEA, 1.967 g
DTPA (AR grade) and 1.479 of CaCl2.2H2O in 100 ml of glass distilled water. Allow some
time for the DTPA to dissolve and dilute to approximately 900 ml. Adjust the pH to 7.3 ± 0.05
with 1:1 HCI while stirring and dilute to 1 litter. Addition of approximately 4 ml of 1 N HCI
will bring the pH of the solution to 7.3. This solution is stable for several months.
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Standard Solutions
Zinc Standard Solution: Dissolve 0.439 g AR grade ZnSO4.7H2O in 200 ml of glass distilled
water in a beaker. Add 5 ml of 1: 5 H2SO4. Transfer to a litre measuring flask and make volume
to the mark to have a standard solution of l00 μg Zn ml–1 (100 ppm). Transfer 10 ml of this
standard solution to 100 ml volumetric flask and dilute to the mark with DTPA extracting
solution to have a stock solution of 10 μg Zn ml–1 (10 ppm). For preparing working standards,
transfer 1, 2, 4 and 5 ml of stock solution (10 μg Zn ml–1) to a series of clean 100 ml volumetric
flasks and dilute each to the mark with DTPA extracting solution.
Volume of stock Zn solution taken: 0, 1, 2, 4, 6 ml
Concentration of Zn now in solution: 0, 0.1, 0.2, 0.4, 0.6 μg ml–1 (ppm)
Iron Standard Solution: Dissolve 0.702 g of AR grade ammonium ferrous sulphate (NH4)2 SO4
Fe2SO4.6H2O in 300 ml deionized or glass distilled water in a beaker. Add 5 ml of 1:5 H2SO4.
Transfer to a litre measuring flask and make volume to the mark. This is a standard solution of
100 μg Fe ml–1 (100 ppm). To prepare working standards, transfer 1, 2, 4 and 6 ml of stock
solution and dilute each to the mark with DTPA extracting solution.
Volume of stock Fe solution taken: 0, 1, 2, 4, 6 ml.
Concentration of Fe in solution: 0, 1, 2, 4, 6 μg ml–1 (ppm)
Manganese Standard Solution: Dissolve 0.288 g potassium permanganate (KMnO4) AR grade
in 300 ml deionized water in a beaker. Add 20 ml concentrated H2SO4, warm to about 600 C
and add oxalic acid solution dropwise to make the solution colourless. Cool and transfer to a 1
litre measuring flask and make up the volume up to the mark. This solution contains 100 μg
Mn ml–1 (100 ppm). To prepare working standards, transfer 1, 2, 4, 6 and 8 ml of the standard
solution to a series of clean 100 ml volumetric flasks and dilute each to the mark with DTPA
extracting solution.
Volume of stock Mn solution taken: 0, 1, 2, 4, 8 ml
Concentration of Mn in solution: 0, 1, 2, 4, 8 μg ml–1 (ppm)
Copper Standard Solution: Dissolve 0.392 copper sulphate (CuSO4.5H2O) of AR grade in 400
ml glass distilled water in a beaker. Transfer it to a litre measuring flask and make up the
volume to the mark with glass distilled water. This is a standard solution containing 100 μg Cu
ml–1. To prepare the working standards, transfer 1, 2, 4 and 6 ml of stock solution to a series of
clean 100 ml volumetric flasks and dilute each up to the mark with DTPA extracting solution.
Volume of stock Cu solution taken: 0, 1, 2, 4, 6 ml
Concentration of Cu in solution: 0, 1, 2, 4, 6 μg ml–1 (ppm)
Standard curves and calibration
Usually at least 3 to 4 standards and a blank of each micronutrient cation are used for drawing
a calibration curve. The blank solution (0 μg ml–1) is used to zero the atomic absorption
spectrophotometer. The standards are then analyzed with lowest concentration first, and the
blank run between standards to ensure that the base line (zero point) has not changed. A graph
of absorbance versus concentration of standard solutions is plotted on a graph paper. The above
calibration can also be performed in the concentration mode in which case the concentration of
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the sample is read off directly on the instrument. After setting the instrument, aspirate the
sample, read the absorbance and find out the concentration against absorbance from the curve.
Suppose it is M.
Procedure
Weigh 10 g of finely ground air-dried soil in a 250 ml conical flask or polypropylene bottle.
Then add 20 ml of the DTPA extracting solution. Cork the bottles or flask and place them
upright on a horizontal shaker. Shake for two hours (120 minutes) with a speed of 120 cycles
per minute. Filter the suspension through Whatman number 42 filter paper. Keep the filtrate in
polypropylene bottles to be analyzed for Zn, Cu, Mn and Fe with an atomic absorption
spectrophotometer (AAS)†. Analyze the sample as described above under the standard curve.
When samples need dilution before measurement, they should be diluted with DTPA solution
to maintain a constant matrix. Experimental conditions such as shaking time, DTPA
concentration, pH and temperature during shaking influence the amount of Zn, Cu, Mn and Fe
extracted by DTPA (Table 2). The most suitable pH of the extracting solution is 7.3, shaking
time 2 hours (120 minutes) and temperature during shaking 25 ± 1°C. The values of the nutrient
extracted will change if these precautions are not followed.
Observations
____________________________________________________________________________________________________________

Available nutrient

mg kg–1 soil

____________________________________________________________________________________________________________

Fe
Mn
Zn
Cu

-------------------------------------------------

___________________________________________________________________________________________________________
†For

Atomic Absorption Spectrometry principles please refer Annexure V

Calculations
Concentration of element in soil = M x 2 (Or Dilution factor; 20/10 = 2) μg g–1 or ppm
Discussion
1. Critical limits of available Fe, Mn, Zn and Cu by DTPA extraction are 2.5–4.5 mg kg–1, 2.0
mg kg–1, 0.6 mg kg–1 and 0.2 mg kg–1 soil, respectively (Katyal and Rattan, 2003).
2. Deficiency symptoms of Fe, Mn, Zn and Cu in different crop plants.
3. Critical levels of deficiency (mg kg–1 in plant tissue) in plants are: Zn 10–20, Fe 50, Mn 15–
25 and Cu 2–5 (Katyal and Rattan, 2003).
4. Sources and methods of supplying Fe, Mn, Zn and Cu in different soils and crops.
5. Functions of reagents:
i. DTPA (Diethylene Triamine Penta Acetic Acid): Chelating agents offer great promise
for assessing readily available micronutrient cations in soils. These agents combine
with free metal ions in solution to form soluble complexes. DTPA offers the most
favourable combinations of stability constants for the simultaneous complexing of Zn,
Cu, Mn and Fe. (This extractant has been adopted by most soil testing laboratories in
India).
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ii. Calcium chloride (CaCl2.2H2O): The excessive dissolution of CaCO3 can release
occluded micronutrients (not available for plants). To avoid this extractant is buffered
in a slightly alkaline pH range and in part by including soluble Ca as CaCl2.
iii. TEA (Triethanolamine): It is used as a buffer because it burns cleanly during
atomization and has a pKa=7.8. At the selected pH of 7.3 about 75% of TEA is
protonated and is present as HTEA. When the DTPA extractant is added to the soil,
HTEA exchanges Ca2+ and Mg2+ from the soil and this raises the concentration of Ca2+
by two to three folds, which suppresses the dissolution of CaCO3 in calcareous soils.
iv. The DTPA is present in excess of the micronutrient cations that are normally extracted.
v. The capacity of DTPA to complex each of the micronutrient cations is 10 times of its
atomic weight and ranges from 550 to 650 μg g–1.
Table 2. Effect of shaking time, temperature and pH on DTPA extractable micronutrients
Nutrient (mg kg–1 soil)

Parameters
Zn

Cu

Mn

Fe

1.0

0.26

0.33

7.6

3.4

3.0

0.28

0.41

10.1

4.4

16.0

0.47

0.68

20.0

7.7

15

0.32

0.35

12.1

3.67

25

0.34

0.45

18.7

5.52

35

0.53

0.66

28.4

7.01

7.0

0.28

0.35

9.8

4.3

7.3

0.28

0.35

9.0

4.1

7.9

0.28

0.35

7.0

2.3

Shaking time (hours)

Temperature (0C)

pH of extractant

Source: Lindsay and Norvell (1978)
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Available Boron in Soils
Y.S. Shivay
Principal Scientist, Division of Agronomy, ICAR-Indian Agricultural Research Institute, New
Delhi 110 012
(Email: ysshivay@hotmail.com)
Aim: To determine boron levels in soil
Objectives: At the end of this exercise the students shall understand/learn:
1. To estimate available B in soils;
2. To understand the relationship between the amounts of available micronutrient cations
Fe, Mn, Zn and Cu.
Principle
Boron in soil exists in organic and inorganic forms. The compounds of B, which have high
availability, are water soluble. B deficiency is encountered in highly calcareous and acid soils,
while toxicity in salt-affected soils as well as soils irrigated with high B-water. Soil extraction
with cold or hot water continues to be the most acceptable method for determining the available
B in soils. In soil extract, B can be determined by azomethine-H method. The method employs
azomethine-H as the reagent to form a stable-coloured complex of H3BO3 at pH 5.1 in aqueous
medium, which retains proportional absorbance-concentration properties for several hours
independent of the presence of a wide variety of salts. The maximum absorbance occurs at 420
nm. This technique is rapid, reliable and more convenient to use.
Reagents
1. Azomethine-H reagent: Dissolve 0.45 g azomethine-H in 100 ml of 1% L-ascorbic acid
solution in polypropylene reagent bottle. Fresh reagents should be prepared weekly and
stored in the refrigerator.
2. Buffer solution: Dissolve 250 g of ammonium acetate (NH4OAC) and 15 g of ethylene
diamine tetra acetic acid (EDTA-disodium) in 400 ml of distilled water. Slowly add 125
ml of glacial acetic acid and mix well.
3. 0.01 M CaCl2.2H2O solution: Dissolve 1.47 g of CaCl2.2H2O in distilled water and adjust
the volume to 1,000 ml.
4. Boron standard solution: Dissolve 0.114 g of boric acid (H3BO3) in distilled water and
adjust the volume to 1,000 ml. Each ml of this solution contains 20 mg of boron. Dilute
0.5, 1, 2, 3, 4, 5, 10, 20, 30, 40, and 50 ml of stock solution to 100 ml with distilled water
to have solutions with concentrations of 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 2.0, 4.0, 6.0, 8.0 and
10 mg boron 1,000 ml–1, respectively.
Procedure (Hot-water soluble B; Singh et al., 1999)
1. Weigh 20 g of air-dried and 20 mesh sieved soil sample in a 250 ml B-free conical flask
2. Add 40 ml of 0.01 M CaCl2.2H2O solution
3. Attach a water-cooled reflux condenser
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1. Heat the flask until first sign of boiling, and then reflux the contents for exactly 5 minutes
2. Allow cooling without removing the condenser
3. Transfer a 1 ml aliquot of blank, diluted B standard or sample solution into 10 or 16 ml
polypropylene tube
4. Add 2 ml of buffer and mix well
5. Add 2 ml of azomethine-H reagent, mix and after 30 minutes read the absorbance at 420
nm on colorimeter or spectronic-20 or spectrophotometer
6. Refer these readings to that of the standard curve prepared with 0, 0.1, 0.2, 0.4, 0.6, 0.8,
1.0, 2.0, 4.0, 6.0, 8.0 and 10.0 mg of boron L–1 solutions for converting readings to boron
concentrations in soil extracts.
Observations
Hot water soluble B in soil: -----------------------------mg kg–1 soil
Discussion
1. The critical limits of hot water extractable B in soil is 0.5 mg kg–1 soil (Katyal and
Rattan, 2003).
2. Boron deficiency symptoms in crop plants
3. Sources of supplying B to crop plants

---------*****-------
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Water Holding Capacity of Soil
Usha Mina, Deepti Singh, Ankita Singh

School of Environmental Sciences, Jawaharlal Nehru University, New Delhi
Introduction
The water-holding capacity (WHC) is defined as the amount of water held in the soil after the
excess gravitational water has drained away and after the rate of downward movement of water
has materially ceased. Field capacity is the point where the soil water holding capacity has
reached its maximum for the entire field. The goal for agricultural producers is to maintain the
field at or near capacity. When there is a deficit in the amount of water in the soil, the soil
profile needs to be replenished by precipitation or irrigation.
Soil texture and organic matter are the key components that determine soil water holding
capacity. In terms of soil texture, those made up of smaller particle sizes, such as in the case of
silt and clay, have a larger surface area. The larger the surface area the easier it is for the soil
to hold onto water so it has a higher water holding capacity. Sand in contrast has large particle
sizes which result in a smaller surface area. The water holding capacity for sand is low.
Principle
The maximum water holding capacity (MWHC) or saturation capacity of a soil is the
maximum amount of water, soil is capable of holding under standard conditions (Piper, 1950).
Under this condition, the total pores i.e., both micro and macro-pores are filled with water. If
the moisture content is increased further, percolation starts, i.e., the excess water begins to flow
down under the action of gravity. The saturation capacity varies with the soil. It increases with
the presence of greater quantities of silt, clay, organic matter and colloidal matter.
Soil Texture

Plant-Available
Capacity

Very coarse sands

0.4-0.75

Coarse sands, fine sands, loamy sands

0.75-1.25

Sandy loams, fine sandy loams

1.20-1.75

Very fine sandy loams, loams, silt loams

1.50-2.30

Water

Holding

Clay loams, silty clay loams, sandy clay 1.75-2.50
loams
Sandy clays, silty clays, clays

1.60-2.50

Apparatus/Equipment
Soil sampling auger, Mortar and pestle, 2.0 mm sieve, Keen-Raczkowski box (or keen box)
with perforated bottom and ring, Filter papers. Spatula, Water tray, Electronic balance, drying
oven, Desiccator, Soil core sampler
Procedure
1. Collect the soil sample from the desired depth using a soil sampling auger.
2. Air-dry the sample, break the aggregates in a mortar and pestle as far as possible and pass
through a 2.0 mm sieve.
3. Mix the sieved material thoroughly and preserve it for filling the Keen box.
4. Cut out a Whatman No. 1 filter paper in such a way that it exactly fits at the perforated
bottom of the Keen box.
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5. Take the weight of the Keen box along with the filter paper placed inside on the perforated
bottom (A).
6. By means of spatula, transfer the soil in small lots into the keen box so as to fill the box.
For uniform packing, tap the box gently with each addition of soil during filling process.
When the box is full, slice of the extra quantity with the help of the spatula. Tap the box,
add a little more quantity of soil and again remove the surplus stuff to ensure a level surface.
7. Place the keen box containing soil in a water tray for saturation overnight. On next day
remove the box, wipe it dry from outside. Take their weights along with the soil (B). After
weighing, place the box in an oven at 105°C and dry it to a constant weight. Cool the brass
box in a desiccator and weigh (C).
8. Apply a correction for the amount of water absorbed by the filter paper as follows. Weigh
five filter papers together. Saturate them with water. Roll gently a glass rod over them to
squeeze out water uniformly. Weigh again. Calculate the average amount of water held by
the paper (D).
Calculation
Calculate the maximum water holding capacity with the following equation:
MWHC (%) = ((B-C-D)/(C-A)) × 100
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Soil Trace Elements and Micronutrient Extraction
Usha Mina, Deepti Singh, Ankita Singh

School of Environmental Sciences, Jawaharlal Nehru University, New Delhi
Introduction:
DTPA (Diethylene Triamine Pentaacetic Acid) soil test method is used to identify the potential
toxicities, nutrient deficiencies and presence of trace elements in soil. The DTPA micronutrient
extraction method is used for extracting copper, iron, manganese and zinc using its properties
as a chelating agent. DTPA stands for Diethylene Triamine Pentaacetic Acid. DTPA is a
chelating agent consisting of an aminopolycarboxylic acid with diethylene triamine backbone
and five carboxymethyl groups possessing the ability to extract exchangeable, carbonate and
organically bound metal fractions i.e., potentially mobile and phyto-toxic fractions. The role of
the chelant is to form soluble complexes with heavy metal ions.
Principle:
Chelating agents bind certain metals by forming coordination bonds with the metal ions EDTA
is a common chelator that forms 6 coordination bonds DTPA is a stronger chelator that forms
up to 8 coordination bonds. Aminopolycarboxylic acids contain several carboxylate groups
linked to one or more nitrogen atoms and are able to complex metal ions by forming stable
heteroatomic rings (known as the ‘chelate effect’). These metal complexes are stable and water
soluble (Fiorucci et al., 2002) and restrict the metal ion from normal chemical interactions. The
amount of micronutrients and trace metals extracted are affected by solution pH, temperature,
soil extraction ratio, shaking time, extraction time, and extractant concentration. Extracts are
analyzed by ICP-OES. The method has a detection limit of approximately 0.1 mg/kg for Zn,
Cu, Mn, and Fe and is generally reproducible within 10% for Cu and Zn and 15% for Fe and
Mn. The method is not well characterized for other elements.

DTPA Complex with Metals
Implications and Practical uses
Weathering of rocks is the principal resource from which soils derive their micronutrients
Micronutrient soil analysis is commonly conducted in agricultural laboratories to assess the
quality of soil for plant development and crop yield. Diethylenetriaminepentaacetic acid
(DTPA) constitute a class of metal-complexing agents used in a range of applications including
water treatment, pulp and paper manufacturing, agrochemicals, photographic chemicals,
industrial and domestic detergents, food processing, electroplating, textiles, cosmetics,
pharmaceuticals, and medical detoxification
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Administration of the calcium salt of diethylenetriaminepentaacetic acid (DTPA) can
accelerate removal of soluble forms of plutonium from body fluids and recent deposits. The
DTPA method has been adopted most frequently on alkaline, calcareous areas for most crops.
It is successful for evaluating soil nutritional status and separation deficient from non-deficient
soils. It also exhibits correlation with plant response to micronutrient fertilizers. Moreover,
only this method can extract all the 4 elements (Fe, Mn, Zn, and Cu) in one extraction.
Therefore, it is easier, simpler and more economical to follow in routine analysis.

Instruments required:
Volumetric Flask, pH Meter, Conical Flask, Whatman No. 42 filter paper, Mechanical Shaker
Atomic Absorption Spectrophotometer (AAS)/Inductively Coupled Plasma-Mass,
Spectroscopy (ICP-MS) or Atomic emission spectroscopy (ICP-OES)
Reagents required
1. 0.005 M DTPA solution: Take 1.967 g of DTPA and 13.3 mL of triethanolamine (TEA)
(14.92 g) in one litre of volumetric flask, and add 20 mL DDW. After complete dissolution of
DTPA, add 1.470 g of CaCl2.2H₂O. Add approx. 800 mL DDW. Adjust pH of solution with
diluted HCl (1:1) by trial-and-error method with the help of pH meter, and make final volume
up to one litre. Approximately 8.3 mL of HCl (1:1) is required to adjust the pH of extracting
solution. This gives an extracting solution of 0.005 M DTPA, 0.1 M TEA and 0.01 M
CaCl2.2H₂O.
2. Standard stock solution (1000 mg L-¹): Take 1.0 g of pure metal of specific element (example
Zn, Fe, Mn, Cu, Ni etc.) and dissolve it in minimum volume (about 10 mL) of dilute HCI (1:1)
and heat the content, if requires, make the volume to one litre.
3. Working standard solution: Prepare the working standard solution with DDW as per the
working range of the Atomic Absorption Spectrophotometer (AAS)/Inductively Coupled
Plasma-Mass Spectroscopy (ICP-MS) or Atomic emission spectroscopy (ICP-OES).
Procedure
1. Take processed 20 g soil and 40 mL DTPA solution in a 150 mL conical flask.
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2. Shake for 2 hours at 25 °C on mechanical shaker.
3. Filter the content with Whatman No. 42 filter paper.
4. Calibrate the AAS/ICP-OES/ICP-MS with appropriate working standard solution.
5. Take the reading on AAS/ICP-OES/ICP-MS etc.
6. Dilute the sample 18 times with 9% HNO3
7. Dilute and/or digest the extract to prevent the interference of DTPA before taking reading
on ICP.
8. If reading is not taken on same day, keep the extract in freezer to check the microbial growth.

Calculation:
Micronutrient/trace element content (mg kg'): (S-B) × 2
Where S and B stand for reading of test sample and blank, respectively.
Note: In case of diluted sample, subtract the blank reading from test sample reading after
multiplying the test reading with dilution factor.
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Cation Exchange Capacity of Soil
Usha Mina, Deepti Singh, Kakul Smiti
School of Environmental Sciences, Jawaharlal Nehru University, New Delhi

Introduction: The cation exchange capacity of a soil is the total quantity of cations it can
hold or its total negative charge. Cation Exchange Capacity is measured on the fine particle
fraction of soil, particles <2mm diameter. The higher the CEC, the more negative charge there
is and the more cations can be stored. Ions are charged particles that have an electrical charge.
Cations are positively charged ions, while anions are negatively charged. Calcium (Ca++),
magnesium (Mg++), potassium (K+), ammonium (NH4+), hydrogen (H+), and sodium (Na+)
are the most prevalent soil cations. Chlorine (Cl-), nitrate (NO3-), sulphate (S042-), and
phosphate (P-) are examples of common soil anions. There are various factors that affect the
cation exchange capacity of the soil namely texture of the soil, organic matter content, amount
and kind of clay, etc. Cations can replace other cations trapped on clay and organic matter
particles in soils, making them interchangeable. Potassium, for example, can be replaced with
cations like calcium or hydrogen, and vice versa. A Meq is the number of ions required to
produce a given amount of electrical charge. Millequivalents per 100 grams of soil (Meq/100g)
are used to calculate CEC.
Table 1: CEC of different soil types
Soil

CEC

Clay

1-5

Fine sandy loam

5-10

Loam and silt loams

10-15

Clay loams

15-30

Clay

7-10

Principle: Washing the soil’s matrix with sodium acetate leads to the exchange of soil’s
negative charges with positive sodium cations. Then the excess sodium ions are removed as
acetate by treating the soil with alcohol. At last, the soil matrix is treated with ammonium
acetate so, that sodium ions are replaced by the ammonium ions and then the free sodium ions
are detected by using flame photometer.
Significance of CEC
(i)

Retention of Nutrients: The nutrients cations after application in the soil in the soluble
form are retained by the soil colloid after adsorption by the cation exchange process and
thus the loss of nutrients by leaching is prevented.
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(ii)

(iii)

Absorption of Nutrients by Plants: Soil solution is a type of soil water that contains
soluble salts and nutrients ions. Plants have immediate access to nutrients in the solution
and exchangeable phases. Through the cation exchange mechanism, the nutrients from
each of these phases are utilized by the plant.
Reclamation of Acid and Alkali Soils: Due to the cation exchange phenomenon of the
soil, it is easy to reclaim acid and alkali soil by applying a suitable soil amendment. For
the reclamation of acid soil, calcium is added in the form of lime.
Instruments and glassware required:
Flame photometer, Centrifuge, centrifuge tubes (50ml), pH meter, Volumetric flasks, glass
rod, beakers

Reagents
1. Sodium acetate solution, 1.0 N (R1): Dissolve 82 grams of Sodium acetate trihydrate in 1
Litre of water. The pH value of the solution should be approximately 8.2 which is slightly
alkaline.
2. Ethanol 95% (R2)
3. Ammonium acetate solution (R3): Dissolve 77.08 g of ammonium acetate in 500 ml of
distilled water and make the volume up to one litre. The pH of the solution should be
adjusted to 7.0 with ammonia solution
4. Standard solution (100 me Na L-1): Dissolve 5.845g of AR grade dried Sodium chloride
(NaCl) in distilled water and make the volume up to one litre.
5. Working standards (Solution of Sodium): Dilute 5, 10, 15, 20, 30, 40, 50 ml portions of
the stock solution to 100 ml in volumetric flasks to get working solutions of 5, 10, 15, 20,
30, 40 and 50 me Na L-1 concentrations.
Procedure: This experiment consists of three major phases I, II, III
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Calculation
Sodium (Na) concentration of extract (me/L) *10= Na Conc. Of extract (in me/L) *10/ Weight
of sample (g)
References
This method is based on Chapman, H.D., "Cation-exchange Capacity," pp. 891-900, in C.A.
Black (ed.), Method of Soil Analysis, Part 2: Chemical and Microbiological Properties, Am.
Soc. Agron., Madison, Wisconsin (1965).
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Heavy Metal Analysis in Soil
Usha Mina and Deepti Singh

School of Environmental Sciences, Jawaharlal Nehru University, New Delhi
Introduction: Metals can be found on their own or in conjunction with other soil components.
Exchangeable ions absorbed on inorganic solid surfaces, non-exchangeable ions and insoluble
inorganic metal compounds such as carbonates and phosphates, soluble metal compounds or
free metal ions in the soil solution, a metal complex of organic materials, and metals attached
to silicate minerals are examples of these components. When compared to metals that exist as
independent entities or those present in high concentration in the other 4 components, metals
bound to silicate minerals represent the background soil metal concentration and do not
produce contamination/pollution problems. Heavy metals including Co, Cu, Fe, Mn, Mo, Ni,
V, and Zn are only needed in trace amounts by life. Excessive concentrations of these elements,
on the other hand, can be hazardous to organisms. Other heavy metals, such as lead, cadmium,
mercury, and asbestos (a metalloid but commonly referred to as heavy metal) have no
beneficial effect on organisms and are thus considered "primary hazards" because they are
extremely detrimental to both plants and animals. These heavy metal concentrations in soil can
be analyzed through Atomic Absorption spectroscopy or Inductively coupled Plasma
spectroscopy.

Principle:
Atomic Absorption Spectrophotometer (AAS)
It is based on the measurement of the absorption of light/radiant energy by free atoms in the
ground state. When a solution is aspirated into acetylene-air/acetylene-nitrous oxide flame, the
sample get separated into neutral atoms, ground state and excited state atoms and ions. Light
beam from hollow cathode lamp is passed through the atoms in the flame. The neutral
fundamental state atoms absorbed in the incident radiation and reach the excited state, The
decrease in the energy of hollow cathode lamp is then measured which follow Beer Lambert’s
Law (The absorption is proportional to the number of free or fundamental atoms in the ground
state.
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Inductively coupled plasma -optical emission spectroscopy (ICP-OES)
It is based on emission principle and involves the measurement of the intensity of characteristic
radiations of the element to be determined. The sample is aspirated by nebulizers and injected
into plasma, causing the excited neutral atoms/ions within the sample to emit radiation of
particular wavelengths. The emitted radiations are observed by the light tube through the
entrance slit of the spectrometer which illuminates the diffraction grating. The radiations
incident on photomultiplier tube which produces signal directly proportional to the intensity of
impinged light. This signal is then processed by computer system

Procedure:

I. Digestion (Open digestion Hot plate Method)
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II. ANALYSIS
1. Calibrate the instrument with the help of working standards diluted from stock standard
(1000ppm, single element in case of AAS and multielement in case of ICP).
2. Read the concentrations from the instrument, if needed dilute the sample solution.

Calculation:
Final concentration of metal = (Instrument reading of sample -Blank reading) x Dilution factor
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Fluorescein Diacetate (FDA) Assay in Soil
Usha Mina and Deepti Singh

School of Environmental Sciences, Jawaharlal Nehru University, New Delhi
Introduction: Soil biological and biochemical properties are highly sensitive to environmental
stress and thus can be used to assess quality. The Total microbial activity is generally a good
measure of organic matter turnover in natural habitats since more than 90% of the energy flow
passes through microbial decomposers. Soil enzymatic activities are sensitive to the impact of
agricultural management practices, presence of plants and anthropogenic pollutants, such as
heavy metals etc. Any management practice that influences microbial communities in soil may
be expected to produce changes in soil enzymatic activity.
Principle: Fluorescein diacetate (3',6'-diacetylfluorescein or FDA) has been used to determine
amounts of active fungi and bacteria and to locate acetyl esterases in living protist cells. FDA
is hydrolysed by a number of different enzymes, such as proteases, lipases, and esterases. The
product of this enzymatic conversion is fluorescein, which can be visualized within cells by
either fluorescence microscopy, fluorometry or spectrophotometry. The higher the
concentration of fluorescein formed would indicate the higher biological activity by living
microorganisms.

Instruments/Apparatus:
● Conical flasks (100 ml)
● Whatman no. 2 Filter paper
● Centrifuge tubes (50 ml)
● Volumetric flask (50 ml)
● Centrifuge machine
● Incubator
● Spectrophotometer
Reagents:
1.Sodium phosphate buffer (60mM, pH 7.6): Sodium phosphate buffer is prepared by
dissolving 22.74 g sodium phosphate tribasic (Na3PO4.12H2O) in approximately 700 ml of
deionized water in a 1 L volumetric flask. pH is to be adjusted to 7.6 with 1 M HCl solution
and then make the final volume to 1 L with deionized water.
2. FDA substrate stock solution: The FDA substrate stock solution (C24H16O7, SigmaAldrich Chemical Co., Milwaukee, WI) is made by dissolving 5 mg FDA in 10 ml of reagentgrade acetone for a final solution concentration of 12.01 mM FDA ml-1.
3. Fluorescein standard stock solution: It is prepared by dissolving 10 mg fluorescein
(C20H12O5, Sigma-Aldrich Chemical Co., Milwaukee, WI) into 10 ml of reagent-grade
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acetone in a 50 ml volumetric flask. The final volume IS adjusted to 50 ml with sodium
phosphate buffer (pH 7.6) for a 602 mM solution.
4. Working Fluorescein standards solutions: To prepare the working standards, pipette
0.15,0.5, 1.5, and 2.5 ml of the fluorescein standard stock solution into 50 ml volumetric flasks.
Bring to volume with sodium phosphate buffer (pH 7.6) and then add 2.5 ml of acetone. This
will contain 0.03, 0.1, 0.3, and 0.5 mg of fluorescein respectively.
Procedure:
● Weigh 1 g soil sample (air-dried, sieved 2.0 mm) and place into100 ml conical flasks.
● Add 50 ml of 60 mM sodium phosphate buffer, pH 7.6 and 0.50 ml of 4.9 mM FDA
lipase substrate solution (20 mg FDA lipase substrate in 10 ml acetone).
● Stopper the flask and swirl for a few seconds to mix the contents. Place in an incubator
for 3 h at 37 0C.
● Add 2 ml of acetone to the suspension and swirl to mix the contents and terminate FDA
hydrolysis.
● Transfer about 30 ml of soil suspension to a 50 ml centrifuge tube and centrifuge at
4000 rev/min for 10 min.
● Filter the supernatant through a Whatman No. 2 filter paper. Transfer the filtrate to a
colorimeter tube and measure the absorbance on a UV-Vis spectrophotometer set at a
wavelength of 490 nm.
Calculation:
Calculate the concentration of fluorescein released in each sample through the standard curve
obtained from standards’ OD at 490nm and the known concentrations of standards. Similarly
calculate the concentration of Blanks for each sample and subtract the concentration of blank
from the fluorescein concentration. This would indicate the hydrolytic activity of FDA lipase
as fluorescein released in mg ml-1h-1.
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Soil Organic Carbon
Usha Mina, Deepti Singh, Kakul Smiti

School of Environmental Sciences, Jawaharlal Nehru University, New Delhi
Introduction:
In comparison to the atmosphere, soil, which is an important medium in the global C cycle, has
double the potential to store C. The organic component of soil, the soil organic matter, includes
plant residues, small soil living organisms, and active and stable organic matters.
Principle:
(Walkley and Black 1934) is one of the major methods followed to determine the soil organic
carbon. At first, the organic matter is oxidized with chromic acid (potassium dichromate +
H₂SO4) and then unconsumed potassium dichromate is back-titrated against ferrous sulphate
or ferrous ammonium sulphate (redox titration). Carbon in the sample is oxidized as follows:
2H₂Cr₂O7+ 3C + 6H₂SO4 = 3Cr₂(SO4)3 + 3CO₂+ 8H₂O
Thus, 2H₂Cr₂O7, or 2K₂Cr₂O7 = 3C
or 588 g of K₂Cr₂O7 = 36 g of C
or 12 litres of 1N K₂Cr₂O7 = 36 g of C or 1 mL of IN K₂Cr₂O7, = 0.003 g of C

Implications and Practical Uses:
Higher soil organic carbon promotes soil structure or tilth meaning there is greater physical
stability. This improves soil aeration (oxygen in the soil) and water drainage and retention, and
reduces the risk of erosion and nutrient leaching.

Reagents:
1. 1N Potassium dichromate: Dissolve 49.04 g of AR grade K₂Cr₂O7 in about 500 mL of
distilled water and make the volume to one litre.
2. Conc. Sulphuric acid
3. 0.5N Ferrous ammonium sulphate: Dissolve 196 g of ferrous ammonium sulphate in distilled
water, add 20 mL of conc. H₂SO4 and make volume to one litre. The ferrous ammonium
sulphate should be from a fresh lot and light green in colour. Yellowing of the salt indicates its
oxidation.
4. Diphenylamine Indicator: Dissolve 0.5 g of the dye in a mixture of 20 ml. of distilled water
and 100 mL of conc. H₂SO4.
5. Orthophosphoric acid (85%) or sodium fluoride
Procedure:
1. Weigh 1 g of 0.2 mm soil sample into 500 mL dry conical flask of borosilicate glass e.g.
Corning, Borosil etc.
2. Add 10 mL of IN K₂Cr₂O7, and 20 mL of conc. H₂SO4
3. Swirl a little and keep on an asbestos sheet for 30 minutes.
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4. Add slowly 200 mL of distilled water and 10 mL of orthophosphoric acid.
5. Add 1 mL of diphenylamine indicator.
6. Take 0.5N ferrous ammonium sulphate solution in 50 mL burette.
7. Titrate the contents until green colour starts appearing. 8. If the titre value is <6, repeat taking
0.2 to 0.5 g of soil sample.
Note:
1. Use of NaF along with H3PO4, gives a sharper end point.
2. High chloride content, as in case of saline soils, interferes in the estimation. It can be
prevented by adding Ag₂SO4 @ 1.25 per cent to the conc. sulphuric acid.
Calculation:
Organic Carbon (%) in soil= {10*(B-S)/B} *0.003*{100/weight of soil sample (g)} Where,
B= titrate value of blank (ml) S= titrate value of the sample
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Soil Testing Kit
Usha Mina, Deepti Singh and Prachi Yadav

School of Environmental Sciences, Jawaharlal Nehru University, New Delhi
Soil testing is important to optimize the crop production, to protect the environment from
contamination by runoff and leaching of excess fertilizers, to aid in the diagnosis of plant
growth problems, to improve the nutritional balance of the growing soil and to save money and
conserve energy by applying only the amount of fertilizer needed. Soil nutrient analyses
provides an indication of potential nutrient deficiencies, pH imbalance or excess soluble salts.
For the maximum accuracy and benefit, soil testing must be conducted using reliable
conventional methods on correctly sampled soils. Test results must also be properly interpreted
for a specific crop. Interpretative guidelines are readily obtainable for many agronomic and
horticultural crops.
But many companies (Such as Himedia, Harvesto etc) also offer commercial test kits, ranging
in cost from 4000/- to 8000/- for multiple tests, so that the cost per test can be relatively
low. These commercial kits are also advantageous because results can be obtained
immediately. Commercial kits typically use a colorimetric method for indicating
macronutrient and pH levels. Soil is measured into a sample container, extractant is added,
and after a specified time for the reaction, the user compares the colour obtained to a colour
card corresponding to categorical nutrient and pH levels.
The soil parameters that could be tested using commercial kits are:
1. Soil pH
2. Oxidizable organic carbon
3. Available Phosphate (P2O5)
4. Available Potassium (K2O)
5. Ammoniacal Nitrogen (NH3-N)
6. Nitrate Nitrogen (NO3-N)
For testing these parameters, the manufacturers’ instructions provided in the kit manual are to
be followed. The range of the results obtained for each parameter is as given below:
1. Soil pH:

11.0

10.0

9.5

9.0

8.5

7.5

7.0

6.5

6.0

5.5

5.0

4.0

2. Oxidizable Organic Carbon (%)

Low
0.100-0.300

Medium low
0.300-0.500

Medium
0.505-0.750

Medium high
0.750-1.00

High
1.00-1.5
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3. Available Phosphate (Kg per hectare as P2O5)

Blank
Less than 22

Low

Medium

Medium high

22 to 56

56 to 73

Above 73

High

4. Available Potassium (Kg per hectare as K2O)
1.All three lines visible
visible
Low
Below 112

3. Last line faintly
High
280-392

2. Last two lines visible
Medium
112-280

4. No line visible
Very High
above 392

5. Ammoniacal Nitrogen (Kg per hectare as N)

Low = About 15

Medium = About 73

High = About 202

6. Nitrate Nitrogen (Kg per hectare as N)

High = About 50

Medium = About 20

Low = About 10

Very Low = About 04
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ANNEXURE I

READING MATERIAL:
1. https://pubs.rsc.org/en/content/articlehtml/2018/ra/c7ra10353k

RSC Advances PAPER
Cite this: RSC Adv., 2018, 8, 508

Biochar production and applications in soil fertility and carbon
sequestration – a sustainable solution to crop-residue burning in
India†
Dinesh Mohan,
Pittman Jrb

*a Kumar Abhishek,a Ankur Sarswat,a ManvenDr.a Patel,

a

Prachi Singha and Charles U.

A sustainable solution to biomass burning by converting agricultural residues into biochar was provided. Biochar application was
investigated to improve soil fertility, sequester carbon, and increase crop production. Rice husk (RHBC) and corn stover (CSBC) biochars
were obtained by slow pyrolysis at 650 and 550 C, respectively. RHBC and CSBC were characterized (SEM, SEM-EDX, TEM, FTIR, XRD,
elemental analyses, and SBET). Unpyrolyzed husks and stover were also used for soil amendments and compared to biochars in different
proportions under a controlled incubation environment over 107 days. Fertilizers were not applied. An increase in water holding capacity,
total organic carbon, cation exchange capacity, and a decrease in soil CO2 emission were observed after biochar application to soil versus
the application of the parent husks or stover. These biochars improved soil fertility and enhanced eggplant crop growth (height, leaf
number, fresh and Dr.y weight). In addition, carbon mitigation was achieved because the biochar remained stable in the soil achieving
longer term carbon sequestration. Both chars can be used for carbon sequestration and soil amendments.
Received 18th September 2017 Accepted 17th November 2017
DOI: 10.1039/c7ra10353k
rsc.li/rsc-advances

1 Introduction
Rising concentration of the greenhouse gas (GHG), carbon dioxide, in the atmosphere is a major anthropogenic cause of
climate change.1,2 The preindustrial atmospheric CO2 concen- tration of 255 to 280 ppm 1 has increased to $400 ppm.3,4 The
CO2 concentration could reach 700 ppm or more in the twenty- rst century.1
Every year worldwide anthropogenic CO2 emissions from energy generation increase. By 2020, 33.8 billion metric tons per
year could be emitted, up from 29.7 billion metric tons per year in 2007. 5 Added to anthropogenic CO2 emissions are those
from res, the natural carbon cycle, and deforestation. World agriculture accounted for an estimated emission of 5.1–6.1
109 metric tons (5.1–6.1 Pg) CO2 equivalents year 1, contributing 10–12% to the total global anthropogenic GHG emissions in
2005.6,7 The changing climate impacts society and ecosystems in many harmful ways.8
Research to mitigate CO2 emissions, reduce the CO2 atmo- spheric concentration, and enhance soil fertility, crop produc- tion
and bio-derived energy production would be welcome.9 Efforts to reduce CO2 emissions through carbon sequestration
School of Environmental Sciences, Jawaharlal Nehru University, New Delhi 110067, India. E-mail: dm_1967@hotmail.com; Fax: +91-11-26704616; Tel: +91-1126704616 bDepartment of Chemistry, Mississippi State University, Mississippi State, MS 39762, USA
a

include both reforestation10 and CO2 injection into under- ground saline and other geological formations or into the deep
ocean.11,12 Sequestering C in soils as biochar can improve soil fertility, supplementing adding biosolids, organic waste fertilizers and improving crop rotation.13,14 However, organic wastes and biosolids will decompose in the soil emitting CO 2.
Conversely, the carbon in biochars, originally removed from the atmosphere as CO2 during plant growth, persist in soils from
decades to millennia.15,16 Thus, if biochar application proves widely applicable at low cost in improving soil fertility in

___***___
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Lithosphere and Soil ---Case Study
Saumitra Mukherjee
School of Environmental Sciences, Jawaharlal Nehru University, New delhi-110067
Email: saumitramukherjee3@gmail.com
Abstract
Tectonically active areas in Delhi Haryana region have shown changes in pedological and groundwater
environment. Seismic microtremors in this area have changed the soil and groundwater quality. Micro
tremor activities change the flow direction and amount of groundwater which affects the soil texture,
its chemical composition and water retaining capacity. It is imperative that not only on the Earth but in
Mars also it is established that Smectites clay distortion in endorheic playa is possibly the host of origin
of life.
Micro tremor activity within the semi-arid area in a part of the National Capital Region has
been studied to infer probable changes in the hydrogeochemistry of the alluvial aquifers. Epicentral
clusters identified within Rohtak and Sonipat boundary as well as in the western Jhhajhar district show
water level fluctuations using the mean water level from (2004-2013) and comparing it with the water
level taken in pre (May, 2013) and post monsoon season (Jan 2014). The region with the water level
rise and fall coincide with the area of the epicentral clusters.
Further, it has been reported that the local topography of the area predisposes it to flooding events
falling in the linear transect of Rohtak-Sirsa-Hissar as the region forms a saucer shaped depression
causing the flood water to accumulate although no concrete evidence suggests so. The current study
suggests that the region has frequent seismic activity along the intersection of the MDSSF and the Axis
of the DSR causing abrupt water level fluctuations at these clusters.
The hydrogeochemistry of the region shows that the groundwater has high salinity in some
shallow and deeper aquifers probably due to the observed frequent water level fluctuations which could
be due to the combined effect of both anthropogenic factors (agricultural return flow, canal irrigation
etc.) and natural factors (seismicity, high mineral dissolution etc.) or both. The water of the alluvial
region of the study area where most of the seismic clusters are present has its major ion geochemistry
mainly influenced from rock water interaction. Efflorescence evaporation due to irrigation return flow
is also one of the main factors for the high salinity as well as the presence of some ionic concentrations
in the aquifer samples besides silicate and carbonate weathering and mineral dissolution. The scatter
plot of (Ca + Mg) versus (HCO3 + SO4) suggests that ion exchange is prevalent throughout the study
area. Majority of the samples from the study region for pre-monsoon show both carbonate and silicate
weathering as the processes controlling major ion chemistry whereas for post monsoon samples,
majority shows increase in silicate weathering. Therefore, both ion exchange and reverse ion exchange
processes are governing the chemistry of the aquifer waters in the pre-monsoon samples whereas the
post-monsoon water chemistry is predominantly controlled by reverse ion exchange processes for a
majority of the aquifer samples. The hydrochemical facies show increase in Na+ + K+ ion concentration
with decrease in Ca2+ + Mg2+ ion concentration from the pre to post monsoon periods which may be due
to ion exchange processes, silicate weathering of clay minerals and mineral dissolution at the rock water
interface. Fluoride ion concentration increased significantly from the pre to the post monsoon season
with a slight increase in the dissolved silica content suggesting increase in rock water interaction.
Fluoride bearing mineral dissolution is considered to be the primary source of fluoride in groundwater.
Mixing of atmospheric CO2 with rainwater which reaches the ground as carbonic acid and further
accelerates the weathering process leads to increase in HCO3- ion concentration in the post monsoon
samples. This validates observed increase in the post-monsoon HCO3- ion concentration. Further, nitrate
ion concentration which increases due to leaching of chemical fertilizers and sewage and septic
discharge remained stable and below permissible limits from the pre to the post monsoon season. This
further indicates that agriculture and canal irrigation, although being prevalent in the region, does not
majorly influence the nitrate ion concentration in the groundwater.
Therefore, in the pre monsoon season, evaporation along with mineral dissolution and
weathering processes control the groundwater chemistry of the study region. In the post monsoon
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season, major controlling factors for groundwater chemistry are rock-water interaction, mineral
dissolution and reverse ion exchange processes.
Introduction
Major and minor earthquakes resulting in disruptions along fault planes may significantly alter the
groundwater regime of an area. Ground layers movement influences the quality and quantity of
groundwater aquifers. This change can be brought about due to mixing of water between different
aquifers, influx of water from surrounding areas, changes in dissolved gas concentrations and mineral
dissolution at the rock-water interface from the stress generated or through infiltration of pollutants
from soil or ground surface. Further, changes in chemical properties of groundwater can be brought
about by change in local water circulation and change in temperature and water pressure trapped in
rocks and aquifers. Studies also suggest that when earthquakes occur repeatedly they leave a geological
signature in the recent stratigraphy and topography of an area, unequivocally related to the intensity of
the local seismicity.
Various physical, chemical, and isotopic characteristics of groundwater can be affected by
earthquake activity, suggesting that certain ground water properties can also be monitored as precursory
signatures Specific groundwater anomalies in tectonically active areas can be explained by general or
specific theoretical models linking structural characteristics and hydrodynamics. Seismic activity can
induce hadrochemical changes depending on the specific geological and hydrogeological peculiarities
of a seismogenic area. According to the elastic rebound theory, the accumulated energy spreads from
the stressed to the unstressed rocks upon disruption along the fault plains. Consequently, it has been
investigated in several studies that the frequent generation and release of the stress from the bedrock
would bring about hydrochemical dynamics in the local aquifers in terms of the mineral dissolution
brought about by the release or dissipation of this stress from the stressed bedrocks in the fault zone
towards the unstressed rock layers.
Studies by isotope methods indicated a linear increase in Cl-, SO42-, F- and depletion in deep
groundwater due to seismic activity in the Koyna region. This anomalous behavior was suggested to be
due to the aquifer response from the stress build-up before an earthquake event. Electrical Conductivity
changes in groundwater were also recorded to fluctuate 40 hours prior to a M5.1 earthquake which
continued 20 hr after the occurrence of the earthquake. Chemical variations in terms of cations, anions,
pH, EC, TDS have also been recorded before and after earthquake events. One such study within the
Bam region in southeastern part of Iran showed that most of the chemical parameters considerably
increased after the earthquake rather than before the earthquake. Groundwater level fluctuations also
occur, acting as precursors of the earthquakes occurring within the region.
Further, electromagnetic fluctuations in these regions can be linked to charged particles reaching up to
the surface and causing atmospheric as well as ionosphere perturbations. Several major earthquake
events have been linked to magnetic anomalies being recorded a few days before the occurrence of an
earthquake. Changes can also be seen using night-time infrared satellite images to map potential zones
of activity.
Therefore, this study proposes to monitor and infer the various hydrochemical changes brought
about by recurrent seismic activity in the epicentral clusters within Delhi and Haryana region. Due to
such seismic events and previous studies on the groundwater quality, the proposed study was carried
out in the old alluvial area falling in the Rohtak- Sonipat-Jhhajhar and part of Delhi region. For
comparative study samples from the hard rock region from Gurgaon and Faridabad were also collected.
Delhi and its adjoining areas have been seismically active since historical times and
experienced several damaging earthquakes of local origin. Besides, the region surrounding Delhi has
also been seismically susceptible and vulnerable to the great earthquakes originating in the far field
Himalayan Frontal Thrust system under geodynamic push associated with continent-continent collision
of Indian and Eurasian plates. As per Bureau of Indian Standards the region of Delhi and its environs
have been placed in seismic zone IV (Figure.1).
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Fig. 1: Seismic Hazard Zone Map of Delhi and Haryana with epicenter locations (2004-2013)

Therefore, the potential seismic hazard in Delhi and adjoining areas is attributed to the Himalayan
Thrust System and reactivation of fault systems of the Delhi Fold Belt. A broad ridge-type feature
known as Delhi-Haridwar Ridge (DHR) is observed between Delhi and Haridwar lying parallel to the
Mahendragarh Dehradun Subsurface Fault (MDSSF). The MDSSF is a strike-slip fault which marks a
dividing line between the Indus river system in the west and Ganga-Yamuna basin in the east. The
historical and modern seismicity records indicate that the MDSSF, Delhi-Sargodha Ridge (DSR) and
Aravalli-Delhi Fold axis are the most seismically active zones. The seismicity of the region is due to
bending of the lithosphere prior to underthrusting below the Himalayas.

Fig. 2: Map showing tectonic framework of Delhi and adjoining areas

Seismotectonics of the region and concluded that the area west of Delhi within the radius of 100 km is
of continuous seismicity in terms of space and time and generally associated with complex faulting.
The concentration of earthquake tremors close to the west of Delhi and Sonepat areas were associated
with the tectonic movements near the junction of Aravallis, possibly an extension of Aravalli fault
towards Sonepat area. The activity close to Rohtak was not clearly associated with any particular fault,
but was attributed possibly to the extension and intersection of several other faults buried under thick
alluvium and MDSSF (Fig. 2)
The MDSSF, a geologically inferred strike slip fault, has reactivated as “thrust” with a minor
strike slip component . Large and scattered distributions of smaller earthquake events in the Delhi Fold
Belt are also suggestive of presence of several lineaments buried under thick alluvium, possibly active
at one or the other time. DSR with its NW-SE trend shows similarity with the compression
seismotectonic behaviour of the thrust domain of the Himalayas. Therefore, several small to medium
scale earthquakes concentrated within this region have occurred.
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A study evaluating the seismic potentiality of Delhi-Rohtak area has also shown a high
percentage of Fe and Mn in active fault zones. This study also suggested that there was an anomalous
rise in groundwater level in RK Puram sector III, while water levels dropped in the JNU, VasantKunj
and Masudpur areas following the 1960 earthquake.
On 5th March 2012, a 4.9 Richter magnitude earthquake occurred, with Haryana’s Bahadurgarh
as the epicenter lying at the Haryana- Delhi border. The focus was reported to have originated at a
depth of 10 km. The area is traversed by several minor and major lineaments. MDSSF, trending in NESW direction is passing from the affected area. The intensity of the earthquake showed an increase in
movement westwards from Bahadurgarh. The maximum intensity was recorded from the area
encompassing Jhajjar to Rohtak towns while the localities lying northeast and south east of Delhi
recorded minimum intensity. The Delhi-Sargodha Ridge (DSR) is another prominent geological feature
passing through the area.
Due to the identified seismotectonic cluster, the study area encompasses a NorthWest –
SouthEast trending linear transect passing close to the Rohtak-Sonepat state boundary and reaching
upto the Jind district on the Northwest extreme at 29°18’39”N and 76°16’05”E approximately . The
southeast extreme reaches South West Delhi on the Western alluvial plain of the Yamuna river basin at
28°22’53”N and 77°29’03”E approximately. Further, for establishing the correlation the study region
will be extended to regions lying away from the identified seismic clusters for comparison and
identification of anomalies occurring due to the seismic activity.
Seismotectonics of Study Region
Several studies suggest that the area overlying the tri-junction of MDSSF (Delhi-Haridwar ridge), DSR
(Delhi-Sargodha Ridge) and the Delhi fold Belt (DFB) is the seismically most active region. According
to epicentral location maps, the region has shown a swarm of low seismic activity (Mw 2-3) primarily
at the boundary of Rohtak and Sonepat districts in Haryana. Another epicentral cluster of microtremors
(Mw < 4) lies in the Jhajjhar district. Further, several regions within Delhi also have recorded recurrent
microseismic events (Fig. 1).
Geomorphology of The Study Region
The study region largely comprises the older Indo-Gangetic alluvial plain. There are four districts of
Haryana which lie in the study region namely: Jind, Rohtak, Sonipat and Jhajjhar. The geomorphology
of each district falling in the study area is described as under:
Rohtak district: Rohtak is further divided into sand dunes, plain and depressions. The sediments
derived in the old alluvial plain are mostly from the Himalayan Rivers having a heterogeneous
composition. This landform is formed predominantly by fertile medium to fine textured soils. This
landform has been further divided into the following subunits:
● Dunal ridges/Plains: Dunal ridges, interdunal plains and plains with sandy Aeolian cover dominate
the western and south-western part of Rohtak district.
● Plains: These occupy mainly the northern, north-eastern and north central parts of the study area,
which are characterized by slight to moderate erosion, moderately distinct parceling and mixed
tones due to variable moisture conditions. The soils are mainly free from salt problems except in a
few small patches.
● Depressions: The post-Pleistocene age sediments, which filled the depression areas, are mostly
derived from the Himalayan Rivers from the north. The sediments itself is very deep and fine
textured. The majority of the surface drainage is seasonal, passing through linear depression areas.
This unit occupies the north-eastern and north-central part of Rohtak district.
Jhajjhar district: The study region lying within Jhajjhar district consists of a flat alluvial plain. The
soil comprises sand to sandy loam in Bahadurgarh and Jhajjar blocks. Soil contains massive beds of
pale reddish brown coloured clay in the southern eastern parts of the area. High potassium, medium
phosphorus occurs in the soils of the district. The soils of the district are classified as arid brown
(Solonized) and sierozem (CGWB Report, Jhajjhar, 2007).
Sonepat District: The area forms a part of the Indo-Gangetic plains and exhibits flat terrain with a
general slope from north to south. The area is devoid of any prominent topographic features. However,
a natural depression exists in the north & northwest of Gohana (CGWB Report, Sonepat, 2007).
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Delhi: Studies done by Prakash and Srivastava (2012) analyzing the ratio of the S and P wave velocities
concluded that the crust in Delhi and surrounding regions consists mainly of gneisses and schists up to
a depth of about 10 km. The union territory of Delhi has four distinct physiographic units described
briefly as follows:
● Delhi (Quartzitic) Ridge - The rocky ridge has a length of about 35 km and trends in a NNE-SSW
direction.
● Older alluvium on both sides of the Delhi Ridge - The alluvial plain in the area is almost flat and is
interrupted by clusters of sand dunes and quartzite ridges. The sand dunes which are more prominent
in the western part of the area are of varying dimensions and have a North-East to South-West trend.
The older alluvium comprises silt and clay with minor lenticular fine sand and kankar beds.
● Younger Alluvium –All along Yamuna Flood Plain Younger alluvium (Flood Plain) deposits are
confined all along the river Yamuna, demarcated by embankment on both sides of the river.
Virtually, this is an active flood plain domain covering an area of nearly 97 sq. km, characterized by
granular deposits with shallow depth to water level.
● Alluvium Deposits of Chattarpur Enclosed basin- The nearly closed alluvial basin of chattarpur
(28°25'30 " to 28°32'30'' N and 77°07'30'' to 77°13'00'' E) in South Delhi occupies an area of about
78 km2. This is a closed inland basin, the boundary of which is marked by the quartzite ridges.

Fig. 4. Geology of the study area

HYDROGEOLOGY
Three major geological groups are represented in the study region viz. Precambrian, Tertiary and
Quaternary. The Quaternary group comprises Alluvium which occupies 98% of the area of the state.
The tertiary group is represented by the outermost zone of the Siwalik system composed mainly of
sandstones, clay and boulders. The rocks of Precambrian age which form part of the Aravalli hill ranges
are exposed in Gurgaon, Mewat and Faridabad districts and as small outcrops in other Southern districts.
The thickness of alluvium deposits decreases from North to South. All the three major physiographic
units viz. Peninsula, Extra-Peninsula and Indo-Gangetic areas, terminating in the hard rock formations
of Delhi systems (Pre Cambrian age) towards South, Shiwalik system (Tertiary age) in the North and
in between the alluvial formations (Recent to sub recent age) are observed in the region. The district
wise hydrogeological setup is given below:
Jhajjhar: Clay group of formations dominate over the sand group in the district. The lithological
correlation clearly indicates the presence of a clay layer at the top of the surface. In general, the source
of groundwater in the area is rainfall, sub-surface inflow, seepage from the canal and return seepage
from irrigation. Granular zones that occur are interbedded with clays in alluvial formations, forming the
principal groundwater reservoir. Groundwater in the area occurs under the water table in semi-confined
or confined conditions.
Sonepat: Sonepat aquifers are divided into three groups depending on the depth. Ground water occurs
in alluvial sand, silt, kankar and gravel, which form potential aquifer zones. Water table elevations
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range from 230 to 220 m above mean sea level (amsl) and the general groundwater flow is from
northwest to southeast. In general, the quality of groundwater in shallow dug well zones is fresh in the
eastern and north, northwest parts and gradually deteriorates in the western and southwestern parts.
Also the deep zones below 150m depth contain brackish / saline ground water. The deepest aquifer
group is group III which is present at a depth of approximately 200-350m. This aquifer has saline water.
Rohtak: The district is occupied by Indo-Gangetic alluvial plain of Quaternary age, and falls in Yamuna
sub–basin of Ganga basin. The permeable granular zones comprise fine to medium grained sand and
occasionally coarse sand and gravel. Borehole data reveals that clay groups dominate over the sand
group in the district area. The bedrock in the district area was encountered at a depth of 370.0 m at
Hasangarh in Sampla block. Ground water in the district occurs in the alluvium under water table and
semi confined to confined conditions Delhi: West district is occupied by unconsolidated Quaternary
alluvium underlain by Precambrian meta-sediments of Delhi System. Quaternary alluvium comprises
sand, clay, silt, gravels/pebbles, kankars. The aquifer system includes sand fine to coarse grained mixed
with kankars with little amount of clay and silt. Clay is sticky and plastic in nature, light grayish in
color, mixed with a little sand and kankars, fine to medium grained. The depth of water level varies in
the district, 2m to 15m. The depth of fresh saline interface also varies from 25m to 50m at different
places. The depth of the freshwater zone varies from 10 m to 45m.
CONCLUSION
The results of the study show that there are considerable fluctuations in the groundwater level in the
region with a large cluster of microtremors falling close to the intersection of the MDSSF and axis of
Delhi Sargodha Ridge.
The fluoride ion concentration is also much above the BIS and WHO drinking water standards
(>1.5 ppm) in the alluvial region falling at the intersection of the faults.
It can be seen from the various graphical plots and geochemical modeling that the major
hydrochemical controlling groundwater chemistry of the study area is governed by mineral dissolution,
evaporation, ion exchange processes and other anthropogenic sources. The pre monsoon samples show
the abundance of calcium over sodium whereas the post monsoon samples show the abundance of
sodium over calcium. This suggests that the post monsoon sample hydrochemistry is largely influenced
by the efflorescent evaporation as the cause for the accumulation of salts as well as halite dissolution as
seen from the SI values for halite mineral for the post monsoon samples. Several samples show the rock
dominance from the Gibbs plot suggesting the interaction of the aquifer sediments with the
groundwater. Several samples from the alluvium show the dominance of evaporation as the major factor
influencing the major ion chemistry of the groundwater in that area. Further studies in the region are
suggested to validate the influence of neotectonic activity on groundwater quality observed from the
study.
___***___
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2.

https://www.qld.gov.au/environment/land/management/soil/soil-properties/ph-levels

Soil pH
Soils can be naturally acid or alkaline, and this can be measured by testing their pH value.
Having the correct pH is important for healthy plant growth. Being aware of the long-term effects of different soil
management practices on soil pH is also important. Research has demonstrated that some agricultural practices
significantly alter soil pH.

View larger image
The range of pH values found in soils.
What is pH?
Soil pH is a measure of the acidity or alkalinity of the soil.
A pH value is actually a measure of hydrogen ion concentration. Because hydrogen ion concentration varies over a
wide range, a logarithmic scale (pH) is used: for a pH decrease of 1, the acidity increases by a factor of 10.
It is a ‘reverse’ scale in that a very acid soil has a low pH and a high hydrogen ion concentration. Therefore, at high
(alkaline) pH values, the hydrogen ion concentration is low.
Most soils have pH values between 3.5 and 10. In higher rainfall areas the natural pH of soils typically ranges from
5 to 7, while in drier areas the range is 6.5 to 9.
Soils can be classified according to their pH value:

●
●
●

6.5 to 7.5—neutral
over 7.5—alkaline
less than 6.5—acidic, and soils with pH less than 5.5 are considered strongly acidic.

Acid sulfate soils can have extremely acidic pH values (pH less than 4).
Origins
Natural soil pH depends on the rock from which the soil was formed (parent material) and the weathering processes
that acted on it—for example climate, vegetation, topography and time. These processes tend to cause a lowering
of pH (increase in acidity) over time.
Some agricultural activities can also accelerate the acidification process.
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Effects
Soil pH affects the amount of nutrients and chemicals that are soluble in soil water, and therefore the amount of
nutrients available to plants. Some nutrients are more available under acid conditions while others are more available
under alkaline conditions.
However, most mineral nutrients are readily available to plants when soil pH is near neutral.
The development of strongly acidic soils (less than 5.5 pH) can result in poor plant growth as a result of one or more
of the following factors:

●
●
●
●
●

aluminium toxicity
manganese toxicity
calcium deficiency
magnesium deficiency
low levels of essential plant nutrients such as phosphorus and molybdenum.

Alkaline soils may have problems with deficiencies of nutrients such as zinc, copper, boron and manganese. Soils
with an extremely alkaline pH (greater than 9) are likely to have high levels of sodium.
The correct balance is where the soil pH is between 5.5 and 7.5, so every effort should be taken to check soil pH
levels regularly. Early identification of soil pH problems is important as it can be both costly and difficult to correct
long-term nutrient deficiencies.
Changing soil pH
Some fertilisers can change soil pH and increase or reduce the amount of nutrients available to plants.
Fertilisers such as crushed sulfur and some ammonium-based nitrogen fertilisers lower pH and make soil more acid.
They are, therefore, useful for soils with problems caused by high pH.
Lime and dolomite
When soils are too acidic for a particular crop, lime or dolomite can be used to increase the pH to the desired level.
The amount of lime or dolomite required to correct an acidic pH will vary from soil to soil.
Soils with high organic matter and clay content will be more resistant to changes in pH and will require larger
application rates. Therefore soil pH, while indicating the need for lime, is not a reliable guide as to how much lime
is required.
Trials
Field trials, in which good quality lime was cultivated into the soil surface to a depth of 0.1m, have been undertaken
on a number of acidic soils in Queensland.
Across all soils, for every tonne of lime added per hectare, soil pH increased from 0.1 to 0.8 pH units.
The most common change was an increase of 0.2 to 0.3 pH units. The larger pH increases were obtained on sandy
soils with low organic matter content.
Commercial applications
Typical commercial application rates of around 2 tonnes of lime per hectare are therefore likely to increase the pH
by only about 0.5 of a pH unit.
However, these small pH increases are often enough to result in an increased yield.
Liming tropical and subtropical acidic soils usually results in an increase in their capacity to hold nutrients. This is a
benefit that is not often realised.
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Measurement
Inexpensive and easy-to-use field kits are available to measure soil pH—these provide only an approximate soil pH
value.
Laboratory testing is required to obtain an accurate pH value.
Most Queensland laboratories use a 1:5 (soil:water) suspension method to determine pH.
However, some laboratories may use different testing methods, so professional advice should be sought when
interpreting test results and planning management strategies.
Last updated:24 September 2013
Last reviewed:7 June 2022

3. www.LSUAgCenter.com
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4.

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/health/assessment/?cid=nrcs142p2_053873
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4. https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/health/assessment/?cid=nrcs142p2_053873
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5.

https://www.nature.com/scitable/knowledge/library/soil-carbon-storage-84223790/
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6.

https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_052207.pdf
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7.

http://cceonondaga.org/resources/nitrogen-basics-the-nitrogen-cycle
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8.
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ANNEXURE II

Inauguration Function of GSDP in JNU ENVIS on March 16, 2022
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Day 1: March 14, 2022
Introductory remark on GSDP Pollution Monitors:
Soil Pollution by Dr. Sanjeev Aggarwal, exDirector CPCB, Ex-Additional Director CPCB,
MOEFCC.

Introductory remark on GSDP Pollution monitors:
soil pollution by Dr. Bhupinder Singh, IARI,

Pre training evaluation Ice break
by Dr. Usha Mina & Dr. Ilora Ghosh, JNU.

Lecture by Prof. Soumitra Mukherjee, SES, JNU
on Introduction of lithosphere and soil, Soil
component and soil type

Day 2: March 15, 2022
Lecture by Dr. M C Meena, IARI on Soil health and
its management & Soil pollution: Types and
sources
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Lecture by Dr. S P Datta, IARI on Soil
contamination: Impacts on human health & Site
specific ecological risk assessments

Day 3: March 16, 2022
Lecture by Prof. Indu Shekhar Thakur, Amity
University on Bioremediation and detoxification
of organic and inorganic contaminants in soil

Lecture by Dr. Satya Raj, IGNOU on QGIS.

Day 4: March 17, 2022
Lecture by Dr. Anshuman Gunawat, DU on Soil
Pollution and physical property -soil texture and
aggregate

Lecture by Dr. Niveta Jain, IARI on Persistent
Organic Pollutants (POPs) in soil: sources, impact
and assessment
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Lecture by Prof Neelam Saxena, Head Amity
Centre for Entrepreneurship Development on
Building entrepreneurship in soil conservation
Lecture by Dr. Sudesh Yadav, SES, JNU on Soil
Pollution and its management

Day 5: March 19, 2022
Lecture by Dr. Dinesh Kumar, ICAR-IARI on Soil
Pollution: Soil Chemical properties Organic matter
and Organic carbon & Soil pollution and Soil N P K
and C/N dynamics

Lecture by Prof. Jayant K Tripathi, SES, JNU on
Geochemical aspect of soil

Lecture by Dr. Arun Kumar Shrivastava, SES. JNU
on Introduction to Excel for data analysis and its
significance

Day 6: March 20, 2022
Lecture by Dr. Satyaraj, IGNOU on Application of
QGIS software in geotagging of soil data
Lecture by Dr. Ashwini Kumar Tiwari, SES, JNU on
Biogeochemical cycle of carbon and N &
Biogeochemical cycle of P and S nitrogen
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Lecture by Prof. Umesh Chandra Kulshrestha, SES,
JNU on Role of soil alkalinity in atmospheric
ammonia

Day 7: March 21, 2022
Lecture by Prof. Krishan Kumar, SES, JNU on
Introduction methods of Statistical data analysis

Lecture by Dr. Indu Chopra, ICAR-IARI on
Pesticide Residue in soil: assessment methods and
management

Lecture by Dr. Ashwini Kumar Tiwari, SES, JNU on
Soil chemical properties: Ph Conductivity and
salinity, Heavy metals and toxic ions

Lecture by Shailendri Yadav, Master Trainer &
Dr. Usha Mina, SES, JNU on Soil pollutants
Phytoremediation

Day 8: March 22, 2022
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Lecture by Prof. Kasturi Mukhopadhay, SES, JNU
on Soil Microbes and role in soil pollution

Dr. Ilora Ghosh, SES, JNU on Soil pollution
impact on DNA and ATP

Dr. Usha Mina, SES, JNU and Dr. Ashwini Kumar
Tiwari, SES, JNU Practical on Soil Sampling, soil
formation demonstration and bulk density
sampling

Day 9: March 23, 2022
Lecture by Dr. Y S Shivay, IARI on Soil

Micronutrients and assessment methods & Soil
pollution and Soil micronutrient dynamics

Lecture by Prof. Dinesh Mohan, SES, JNU on Soil
pollution management using cost effective
methods

Lecture by Prof Arun Sidaram Kharat, School of
Life Sciences, JNU on Soil pollution bioindicators:
Soil enzyme
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Day 10: March 24, 2022

Field Visit to NTPC Jhajjar, APPCL Power station,
Haryana.

Day 11: March 25, 2022
Field Visit to NTPC Jhajjar, APPCL Power station,
Haryana.

Day 12: March 26, 2022

Practical sessions on Soil physical properties by
Dr. Usha Mina, Ms Deepti Singh, Ms Ankita
Singh & Ms Kakul Smiti, SES, JNU
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Day 13: March 27, 2022

Practical on Soil Chemical Properties: Nitrogen,
Potassium, CEC, Organic carbon by Dr. Usha
Mina, Ms. Ankita Singh, Ms. Deepti Singh, SES,
JNU

Day 14: March 28, 2022
Field Visit- IARI experiments on phytoremediation
IARI VISIT- Dr. MC Meena
Soil testing laboratory by Dr. Abhirdey, ICAR-IARI
Biomass Composting Plant Dr. MC Singh, ICARIARI & Dr. Shiv Dhar Mishra, ICAR-IARI
Phytoremediation of Sanjay van

Day 15: March 29, 2022
Lecture & Practical on Soil particle size analysis,
Sediment sample collection and processing, grain
size analysis, clay separation, powder XRD for soil
minerology, pellet making for geochemical
analysis by Dr. Rachna, DST – Women scientist,
SES, JNU, Ms. Anuradha, & Mr. Arun Kumar, SES,
JNU

Day 16: March 30, 2022
Practical on Soil biological properties and
microbial populations isolation, plating. Staining,
identification and monitoring by Dr. Ilora Ghosh
& Mr. Prabhat Kumar, SES, JNU
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Day 17: March 31, 2022
Practical on Practical: Soil biological properties, soil DNA
extraction and metagenomics by Dr. Ilora Ghosh & Ms.
Komal Priya, SES, JNU

Field Visit Soil related eco-friendly products and
and biodiversity monitoring in Delhi

Day 18: April 01, 2022
Field Visit: Soil and biodiversity interlinkages
associated ecosystem services by Dr. Ashwini
Kumar Tiwari, Mr Saurabh Singh, SES, JNU

Prof Sandeep Saxena, AIRF, JNU on Advanced
Instrumentation Facility for soil pollution
monitoring

Day 19: April 02, 2022
Discussion, Presentation, Evaluation and
Feedback

Valedictory Function
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Group Photographs
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ANNEXURE III
List of GSDP Candidates- ‘Pollution Monitor: Soil Pollution’
S.No

Name

Gender

Unique ID

1.

Raja Babu Karmakar

M

Raja15041997

2.

Snigdha Dey

F

SNIG14071997

3.

Jitendra Kumar

M

JITE02021995

4.

Alok Kumar Behera

M

Alok13051999

5.

Shail Kumari

F

SHAI19101993

6.

Anuradha

F

ANUR16012000

7.

Sachendra Kumar

M

Sach12051999

8.

Kanhaiya Kumar

M

Kanh13011996

9.

Hemant Singh

F

Hema30081998

10.

Barkha Vashisth

M

BARK03092001

11.

Ankit Yadav

F

ANKI04092001

12.

Anshika Srivastava

F

ANSH18092002

13.

Aniket Baranwal

M

ANIK14052002

14.

Abhilasha

F

ABHI20072003

15.

Imran Khan

M

Imra19062002

16.

Riddhi

F

RIDD15082002

17.

B G Anand

M

B_G_25041993

18.

Gitanjalee Kumari

F

GITA08031997
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Website :

http://jnuenvis.nic.in/JNUENVISGSDP/
http://jnuenvis.nic.in/

Email :

jnu-env@nic.in, jnu.envis.gsdp@gmail.com

Contact :

011- 2670 4315, 2670 4302

Address :

ENVIS Resource Partner on Geodiversity & Impact on Environment
Room No 05, School of Environmental Sciences
Jawaharlal Nehru University, New Delhi-110067, INDIA.

Follow on Social
Twitter :
Facebook :
Instagram :
Researchgate :
Google Scholar :

Media Platform:
https://twitter.com/JnuEnvis (@Jnu Envis Geodiversity)
https://www.facebook.com/jnuenvis (@JnuEnvis)
https://www.instagram.com/jnu.envis.geodiversity/?hl=en (@jnu.envis.geodiversity)
https://www.researchgate.net/profile/Jnu-Envis-Geodiversity-And-Impact-On-Environment

https://scholar.google.co.in/citations?user=SNXgnnQAAAAJ&hl=en

“Essentially, all life depends on the soil ... There can be no life without soil and no soil
without life; they have evolved together.” — Charles E. Kellogg, 1938

*******
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