
Course:- M.Sc. Chemistry 2nd Year
Paper:- 16th

Topic: Composition of soil, waste treatment of soil, Inorganic and Organic 

Components in Soil & Soil Pollution by addition of pesticides and fertilizers,
Prepared by:- Dr. Kamal Kishor Singh, Chief Coordinator Chemistry  
                         NOU & 
                         Dr. Ashok Kumar, Scientist BSPCB, PATNA
-------------------------------------------------------------------------------------------

Topic: Composition of soil, waste treatment of soil, Inorganic and Organic 
Components in Soil & Soil Pollution by addition of pesticides and fertilizers,   

1



2



1. Mineral Matter
Mineral  matter is  the predominant component of mineral soils.  It  constitutes
about 45% of total soil  composition. It  is made up of a number of particles
which vary in size, shape and chemical composition. These particles range from
the microscopic colloidal clays to the coarse fraction of sand and gravel.  In
nature,  mineral  matter  exists  as  a  dispersed  phase,  implying  that  it  can  be
separated into the individual particles that comprise it. Along with soil organic
matter, it makes up the solid materials phase of the soil.

Generally, mineral matter is divided into sand, silt and clay, which are often
considered  as  the  main  mineral  particles.  These  are  collectively  called  soil
separates and they are often cemented or aggregated together to form peds and
aggregates.  All  the  constituents  of  mineral  matter  are  products
of weathering and as  such,  they  share  a  common  origin  –  the  massive  soil
forming rocks. They are therefore mineral in nature.

The constituents of mineral matter are mostly divided into primary minerals and
secondary minerals:

The primary  minerals are  the  broken-down  remains  of  massive  rocks  which
retain  much  of  the  composition  of  the  rocks  from  which  they  originated.
Primary minerals are products of  accelerated physical weathering and they are
often bigger and of a coarser texture. Primary minerals make up gravel, sand
and some of silt.

On  the  other  hand, secondary  minerals result  from  the  weathering  of  less
resistant minerals. Unlike the primary minerals, secondary minerals do not bear
any resemblance to the original material,  as they do not retain the structure,
properties or composition of the original mineral. Secondary minerals are the
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products of chemical weathering and are often smaller and of a finer texture.
Secondary minerals make up the clays and some of silt.

Some important functions of mineral matter in soils are:
        –     It  forms  a  greater  part  of  the  body  of  mineral  soils  therefore;  they

contribute more to soil mass.
      –  It determines, through its composition, the soil texture and therefore, the soil

texture class of a soil.
       –     It holds and supplies nutrients to the plants it supports.
    –   It  also gives support to erected structures and other constructions on the

earth’s surface.
     –    It  strongly  influences  –  through  its  composition  –  the  use  to  which  a

particular soil is suited.

2. Organic Matter
Soil organic matter is an important component of soils; although it constitutes
only about 5% of total soil composition of mineral soils (it could constitute as
much as 95% in organic soils like peat, muck etc). Along with mineral matter, it
constitutes the soil solids.

Soil organic matter (especially humus) is important because its water holding as
well as its nutrient holding capacity greatly exceeds that of clay, its inorganic
counterpart. Therefore, small amount of humus increases the soil’s ability to
support plant growth. In addition, it is involved in many chemical reactions that
take place in the soil.

Contributions towards soil organic matter comes from all biological organisms,
whose bio-products and/or remains are deposited on or in the soil. This is the
reason  why  soil  organic  matter  levels  may  be  higher  in  areas  with  higher
population of living organisms.
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Soil organic matter is composed of the following:

     –    All freshly deposited bio-materials of plants, animals, microorganisms, and
other living organisms,

     –     Deposited bio-materials that are partly decomposed, and
     –    Humus, the fully decomposed product of all deposited bio-materials – it is

dark coloured (usually black or brown) and colloidal.
Soil  organic  matter  is  dynamic  both  in  amount  (percentage  of  total  soil
composition) and in its composition (the materials that make up soil organic
matter). 
There are several reasons for this and some of the reasons are:

     –   Deposition of bio-materials is affected by seasonal variations and its effects
on living organisms (the depositors).

   –  Soil organic matter is constantly being transformed from freshly deposited and
identifiable bio-materials, into humus through the process of decomposition by
soil microorganisms.

     –     Mineralization  –  the  release  of  oxide  solids  through  decomposition  of
organic matter – reduces the levels of organic matter in soils.

     –     Soil organic matter is also involved in the nutrient cycle of several nutrients
such as the Nitrogen, Phosphorus and Sulphur cycles.

The above, are also reasons for the rare/no accumulation of soil organic matter
in soils. However, a large accumulation of soil organic matter can only occur
under conditions unfavourable to decomposition e.g.  anaerobic conditions or
extreme cold. The accumulation of organic matter under these conditions often
leads to the formation of organic soils.

Some of the major functions of soil organic matter are:

   –     It is a major source of plant nutrients, supplying trace elements like copper
(Cu), Molybdenum (Mo), Zinc (Zn), Manganese (Mn), Iron (Fe), Boron (B),
and Chloride (Cl) alongside some of the essential nutrients like Nitrogen (N),
Phosphorous (P), and Sulphur (S).

     –     It acts as a binding agent, promoting the development of good soil structure.
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     –     It increases the water holding capacity of soils through its granulating effect
on the soil.

   –  It  is  the  primary  source  of  energy  for  soil  microorganisms,  thereby
encouraging the biological and biochemical processes operating in the soil.

3. Soil Water
Soil water is mainly found within the pore spaces of the soil. It competes with
air for pore spaces and therefore occupies the pore spaces not occupied by soil
air. It is also found in the spaces between the mineral grains of the soil.

The volume of water in soil is highly dynamic. It depends on many factors, such
as; the volume and frequency of water entering the soil, rate of soil drainage,
which depends on the abundance of the large-sized pores in the soil, plant and
microorganism  utilization,  soil  temperature  and  rate  of  evaporation  etc.
However,  the  average  amount  of  soil  water  in  the  ideal  mineral  soil  is
approximated 25%, fluctuating with soil air.

Rainfall and irrigation are the major means through which water enters the soil
from the surface. However, water may enter the soil from the underground table
water through capillarity and negative atmospheric water demand due to low
relative humidity of the atmosphere.

In a well-drained soil, soil water will be found in the micro-pores (the small-
sized  pores)  and  to  some  extent,  in  the  meso-pores  (the  mid-sized  pores).
However, flood irrigation and heavy rainfall often leads to soil water occupying
the large-sized pores (macro-pores), albeit for a short while.

Soil  water  is  held  around  mineral  particles  by  the  force  of  matric  suction,
measured in bars. The strength of this force varies, depending on the amount of
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water  in  the  soil.  Based on this  variation,  soil  water  is  classified  into  three
categories:

–     Gravitational water: This refers to water that has occupied all the pore spaces
in the soil. In other words, this water constitutes 50% of total composition of
mineral  soils  (i.e.  100% pore spaces).  It  is  of  little  use  to  plants  because  it
supplants  soil  air,  thereby  impairing  soil  aeration.  Heavy  rainfall  and  flood
irrigation  often leads  to  gravitational  water.  However,  it  drains  freely under
gravity especially in soils with a good abundance of macro-pores. Here, suction
is less than 0.1 bars.

–     Capillary water: Otherwise known as field capacity water, this water is held in
the micro-pores after gravitational water has drained from the macro-pores. This
water behaves according to the laws governing capillarity, and it is useful to
plants as they can absorb this water. Here, suction is between 0.1 and 31 bars.

–     Hygroscopic  water: This  water  is  held  very  tenaciously  around  mineral
particles at suction greater than 31 bars. It exists mostly in the vapour form and
is similar to water remaining in the soil after air-drying. Higher plants cannot
absorb  this  water  but  some microbial  activities  have  been observed in  soils
containing only this category of water.

Biologically,  all  water  held  between  0.1  and  15  bars  in  the  soil  is  termed
available water, while that held under suction greater than 15 bars is termed
unavailable water.
From the above, it can be seen that the strength of matric suction increases with
a decrease in volume of soil water.

Soil water has some of the following functions:

–     It is involved in all soil reactions.
–     As a universal solvent, it creates soil solution by dissolving nutrient elements,

thus making them available for plant use.
–  Soil water influences the soil’s response to soil-modifying treatments such as

ploughing etc.
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4. Soil Air
Soil air is an important component of soils. It occupies those pore spaces not
occupied by soil water. Soil air competes with soil water for the pore spaces in
the soil, hence it moves in as water moves out.

For optimum plant growth,  soil  air has to be adequate in both amount and
composition.

Similar to soil water, the volume of soil air present in the soil is highly dynamic.
However, the volume of air in the soil depends on only one factor, which is, the
volume of water present in the soil. Therefore, the more of water a soil has, the
less  of  air  it  will  have  and  vice  versa.  This  makes  the  soil’s  air-water
relationship to be inverse as well as dynamic.

The major source of soil air mostly is the atmosphere above the soil. However,
the content and composition of soil air differs from that of atmospheric air as it
determined  largely  by  the  soil-water  relationship.  In  addition,  reactions
involving gases can greatly modify the composition of soil air.

Ordinarily, soil air occupies the large sized pores (macro-pores) and as the soil
dries  out,  the intermediate  sized  pores (meso-pores):  the micro-pores do not
readily dry out. This explains why soils with a high proportion of micro pores
tend to be poorly aerated.

Soil air has the following characteristics:

             –   It exists in assort of discontinuous phase, separated by soil solids. This
accounts for variations in its composition from place to place.
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         –   It generally has higher moisture content than atmospheric air, with its
relative humidity approaching 100% when the soil moisture is optimum.

             –    It has a higher carbon dioxide concentration than the 0.03% of the
atmospheric air and an oxygen concentration lower than that of the atmospheric
air.
Therefore, it is important that soils be aerated for pants roots to have adequate
supplies of oxygen through soil air.

Inorganic & Organic Components in Soil 
oil is a mixture of organic and inorganic constituents. The inorganic 
components come from the weathering of various rock types. Organic particles
are the result of both plants and animals inhabiting the area. While some soil 
has only one particle type, the most fertile soil is a mixture of several organic 
and inorganic components.

Inorganic Sand:
Sand is a medium to coarse-grained sediment that is visible to the naked eye. 
Sand particles range in size from 0.05 millimeters to 2.0 millimeters and 
consist of pieces of weathered rock, such as quartz, magnetite or other mineral 
or shell fragments. Sand in your garden soil will help promote good drainage 
and aeration of the area. However, sand alone will not retain significant 
amounts of moisture to support plant growth. In addition, sand does not 
contain nutrients that promote healthy plants.

Inorganic Silt:
Silt is a fine-grained sediment that you cannot see with the naked eye. Silt is 
larger than clay and smaller than sand and may feel gritty between your 
fingers. Silt particles range from 0.002 millimeters to 0.05 millimeters. Like 
sand, silt results from the weathering of rocks and consists of grains of quartz, 
feldspar and other minerals. Silt-rich soil will retain moisture for plant growth,
but at times, it can limit drainage and make the soil difficult to till. Silt itself 
does not contain plant nutrients; however, existing nutrients in the area may 
adhere to the surface of the silt particles in the garden soil. 

Inorganic Clay:
Clay is another fine-grained sediment that is smaller than silt. Clay particles 
are smaller than 0.002 millimeters and result from significant weathering of 
rocks. Minerals, such as feldspars, degrade over time to form clay. Like silt, 
clay-rich soil will retain moisture for plant growth and may limit drainage in 
the area. You can amend fine-grained soils with sand and organic matter to 
improve the drainage quality of the area. Unlike sand and silt, the aluminum-
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silicate minerals that degrade to clay will provide important plant nutrients 
such as iron, calcium, magnesium and potassium. Existing nutrients will cling 
to the clay soil particles and help to feed plant growth in the root area.

Organic Matter:
Organics in soil are due to the presence and decomposition of plant and animal
matter in the area. Humus, a partially decomposed organic matter, is a 
common form of organics in garden soil that will continue to decompose over 
time. While the percent of organic matter in most topsoil is only 2 to 4 percent,
it plays an important role in the garden. Organic matter is good for promoting 
aeration, drainage and soil moisture retention in the soil. The organic matter 
also reduces erosion and supplies plant nutrients such as sulfur, phosphorous 
and nitrogen to the plant’s root zone. The organics will also help to reduce the 
threat of plant disease in the garden by promoting a healthy growing 
environment.

WHAT IS SOIL POLLUTION

This invisible affliction appears when the concentration of pollutants on the 
surface becomes so high that it harms land biodiversity and endangers 
health, particularly through food. Activities such as stock breeding and intensive
farming use chemicals, pesticides and fertilisers that pollute the land, just as 
happens with heavy metals and other natural and man-made chemical 
substances.

Treatment of Soil Pollution:

Several technologies have been developed to tackle soil remediation. Some 
important strategies followed for the decontamination of polluted soil are listed 
below.

 Excavation and subsequent transportation of polluted soils to remote, 
uninhabited locations.

 Extraction of pollutants via thermal remediation – the temperature is 
raised in order to force the contaminants into the vapour phase, after 
which they can be collected through vapour extraction.

 Bioremediation or phytoremediation involves the use of microorganisms 
and plants for the decontamination of soil.

 Mycoremediation involves the use of fungi for the accumulation of heavy
metal contaminants.
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