
                   Fundamentals of Soil Science (APS 320) 

 Introduction: As early as 5000 BC, the Vedas and Upnishads as well as other ancient documents mention 

soil as synonymous with land- the mother –supporting and nourishing all life on the earth.  

 

Views/or concept of soil: 

The term SOIL was derived from the Latin Word "SOLUM" Means FLOOR 

 For a Layman soil is dirt or debris 

 For the farmer, soil is that portion of earth`s surface which he can plough and grow crops  for his own 

needs 

 For the poor man, soil is the ingredient of mud walls of his house 

 For rich man, the same soil is used for making brick  

 For the potter, soil is raw material  with which he fabricates earth wares, utensils and objects of arts 

 For an Agriculturist soil is a habitat for plant growth (to grow crops) 

 For a Mining Engineer soil is a debris covering the rocks 

 For a Civil Engineer soil is a material on which road bed or house bed is formed 

 For a child, soil is thing of play or with which he/ she plays or fabricates toys  

 And for most of us, soil is a place for burying toxic waste or a waste dumping site 

 

Scientific study/ concept of soil 

    The scientific study of soil probably started in the 19
th
 century and was dominated by geologists, chemists 

and plant physiologists. 

Justus von Liebig (1840) in his famous publication, Chemistry Applied to Agriculture and Physiology, put 

forward the theory that plants assimilate mineral nutrients from soils which unknowingly, he laid the 

foundation of “Soil Fertility’’. 

As early as 1860, E.W. Hilgard told that soils not simply as media for plant growth but as dynamic entities 

subject to study and classification in their field setting. 

The fundamental principles of soil science were first laid down by Sir V.V. Dokuchaev / Dokuchaiev and his 

students in the Union of Soviet Socialist Republics (USSR) in 1879. These scientists found unique horizontal 

layering in soils- layering associated with the climate, vegetation and underlying material. Russian scientists 

also gave the concept of soil as natural body. 

 

Soil is natural body 

 Soil is formed naturally and is the product of both destructive and synthetic forces. Weathering and microbial 

decay of organic residues are examples of destructive processes, whereas the formation of new minerals such 

as certain clays and the development of characteristic layer patterns are synthetic in nature. These forces have 

given rise to distinctive entity in nature called the ‘soil’. Soil formation equation: 

            

      weathering                                    Soil F.F.          

Rock                              Parent material                                 Soil Profile 

Mineral                                                         Soil F.P. 



Where, F.F. = Forming factors 

             F.P. = Forming processes 

 

Soil is dynamic body 

Soil is dynamic natural body developed as a result of 

pedogenic processes during and after weathering of rocks, 

consisting of minerals and organic constituents, possessing 

definite chemical, physical, mineralogical and biological 

properties having a variable depth over the surface of the 

earth and providing a medium for plant growth for land 

plants. 

 

Soil is three dimensional body  

Pedon is the smallest volume that can be recognized as a soil 

individual. It has three dimensions and its lateral cross 

section is hexagonal, ranging from 1 to 10 m
2
 in size. It is 

very small in size so, group of pedon called polypedon can 

serve the purpose.  

 

Modern Concept and Approaches of Soil Study 

The previous section suggests that two basic concepts of soil have evolved through two centuries of 

scientific study. The first considers soil as a natural body, weathered and synthesized product in 

nature (Pedology) and the second considers soil as a medium/or natural habitat for plant growth 

(Edaphology). These two conception illustrate the two approaches that can be used in studying soils- 

that of the Pedologist and that of the Edaphologist. 

Pedological Approach: The origin of the soil, its classification and its description are involved in 

Pedology. (From Greek word pedon, means soil or earth). Pedology is the study of soil as a natural 

body and does not focus on the soil's immediate practical use. A Pedologist studies, examines and 

classifies soil as they occur in their natural environment.  

Edaphological Approach: Edaphology (from Greek word edaphos, means soil or ground) is the 

study of soil from the stand point of higher plants. Edaphologists consider the various properties of 

soil in relation to plant production.  

Definition of Soil: 

Generally soil refers to: According to  

Dokuchaiev (1900): Russian scientist - Father of soil science - Soil is a natural body composed of mineral 

and organic constituents, having a definite genesis and a distinct nature of its own. 

 

Joffe (1936): Soil is a natural body of mineral and organic constituents differentiated into horizons - usually 

unconsolidated - of variable depth which differs among themselves as well as from the underlying parent 



material in morphology, physical makeup, chemical properties and composition and biological 

characteristics". 

 

Jenny (1941): Soil is a naturally occurring body that has been formed due to combined influence of climate 

and living organisms acting on parent material as conditioned by relief over a period of time. 

 

N. C. Brady: Soil is a dynamic natural body composed of mineral and organic solids, gases, liquids and 

living organisms which can serve as a medium for plant growth. 

  

Mineral Vs Organic soil 

         A soil consisting predominantly of and having its properties determined predominantly by 

mineral matter. Usually contains < 20% organic matter (o.m. by wt.)) but may contain an organic 

surface layer up to 30 cm thick, called mineral soil. The mineral soils are classified into 11 soil 

orders. 

          A soil consisting o.m. > 30% and mineral fraction has 50% or > clay or the o.m. content is 

>20% and mineral fraction has low clay, called organic soil. Organic soils are classified in to one 

order. 

Surface soil vs subsurface soil or top soil vs subsoil 

The organically enriched ‘A’ horizon at the soil surface is some time referred to as top soil when a 

soil is plowed and cultivated the natural state of the upper 12-25 cm is modified. In this case, the top 

soil may also be called the plow layer or furrow slice. In cultivated soils, the majority of plant roots 

are found in top soil. The top soil contains a large part of nutrients and water supplies needed by 

plants. The top soil can be easily altered or improved by mixing inorganic/ organic amendments. 

          The soil layers that underlie the top soil are referred to as subsoil. The sub soil is not normally 

seen from the surface even in plowed crop land. The subsoil can greatly influence most land uses. 

Much of the water needed by plants is stored in sub soil and some time nutrients also. Subsoil has 

more significance to grow tree plants. 

Functions of Soil 

          Soils not only serve for agriculture and forestry, but also for filtering, buffering and 

transformation activities between the atmosphere and the ground water, protecting the food chain and 

drinking water against pollution and biodiversity. 

       As soil provides nutrients, water, air and anchorage and supports life on Earth, it can be called as  

Soul Of Infinite Life (SOIL) 

Soil Science: 

 “The science dealing with soil as a natural resource on the surface of the earth, including Pedology 

(soil genesis, classification and mapping), physical, chemical, biological and fertility properties of 

soil and these properties in relation to their management for crop production.”  



                                                                                                                             By: J.L. Sehgal 

Branches of Soil Science: 

Soil Science has six well defined and developed disciplines 

Soil fertility        : Nutrient supplying properties of soil 

Soil chemistry         :  Chemical constituents, chemical properties and the chemical reactions 

Soil physics             :  Involves the study of physical properties 

 Soil microbiology    :  Deals with micro organisms, its population, classification, its role in transformations 

Soil conservation    : Dealing with protection of soil against physical loss by erosion or against chemical    

deterioration i.e excessive loss of nutrients either natural or artificial means. 

Soil Pedology         :   Dealing with the genesis, survey and classification 

 

Soil as a medium for plant growth: 

As per the edaphological study of soil science soil act as medium for plant growth and provide the following 

things to the plant growth:- 

i) Essential elements: plants absorb CHO from water (soil solution). N from air and soil and 

other essential elements from soil 

ii) Water: Water is universal solvent and plants uptake as soil solution. It participates in 

nutrients absorption, biochemical reactions, metabolic reaction, cell division, 

photosynthesis, regulation/control of soil air and temperature. 

iii) Oxygen for roots respiration: Oxygen is necessary for respiration for all organisms and its 

replenishment is necessary for optimum supply. 

iv) Soil temperature: soil heat / soil temperature plays an important role in nutrient 

absorption, water uptake, seed germination root growth and microbial growth. 

v) Mechanical support:  Soil extends physical support to roots and plant can stand erect.  

Soil helps in root penetration and growth. 

 

 

 

 

 

 

 

  



Components of Soil:  

      Although all soils differ in some way but if they have some similarities then those are three 

phases i.e. solid, liquid and gaseous phase. Solid and liquid phases are most important phases out of 

these three for the nutrient and water point of views. 

       Infact there are four major components of soil and these are air, water, mineral matter and 

organic matter. The relative proportion of these components greatly influences the behaviour and 

productivity of soils. In a soil, the components are mixed in complex pattern. 

Composition of Soil 

On volume basis the composition of a mineral soil is as: 

 

  

                                                                                                                                                            

Sand            Primary minerals e.g quartz, micas feldspars etc.                                                                                                                                                                                        

Mineral component or                       Silt                    

Inorganic component                         Clay             Secondary minerals 

 

 

                                                         Micro organisms 

Organic component or                     Decomposed organic matter (o.m.) and humus 

Organic matter                                 Decomposing o.m. 

  

On weight basis the soil composition is as:  

Mineral: 77 % 

O.M.    : 03 %                                                

Water   : 16 % 

Air       : 04 %  

  

 Soils with much more than 50% of their volume in solids are likely to be too compacted for good 

plant growth. 

     The spaces between the particles of solid material are just as important to the nature of a soil as 

are the solids themselves. It is in these pore spaces that air and water circulate, roots grow and 

microscopic creature live. Plant roots need both air and water. If there is more water than this the soil 

will be waterlogged. If much less water is present, plants will suffer from drought. The air 



component is controlled by water component. 

Solid Phase/ Solid component: 

 The solid phase of soil consists of two components i) Mineral matter (ii) Organic matter 

 Mineral matter form bulk of the solid phase and consists of primary and secondary minerals. 

Primary minerals are found generally in coarse fraction (2- 0.005 mm size) of soil and most abundant 

are quartz, feldspars, with relatively small proportion of pyroxene, amphiboles, mica olivine etc. 

 Secondary minerals are present mostly in finer fraction (0.005- 0.002 mm  size) which is dominated 

by crystalline clay minerals. Oxides and hydroxides of Al and Fe dominant in tropical area under 

highly weathered condition. The principle forms of amorphous material in soil are oxides and 

hydroxides of Fe & Al. Allophane is also amorphous structure wise and found in volcanic soils. Salts 

are also present in soil released during weathering. 

 

Organic constituents: Only a small fraction of solid phase is organic origin. Source of organic 

constituents are plants and animals. Organic matter converts into humus which is more resistant 

material. Soil is the habitat for enormous number of micro organisms and population is dominated by 

Bacteria > Actinomycetes > Fungi etc. 

Liquid Phase: Forty to fifty percent of the bulk volume of soil body is generally occupied by voids 

or soil pores which may be completely or partially filled with water. The rain and irrigation water 

received by soil is absorbed and stored in to be returned to atmosphere by transpiration by plants. 

The soil acts as reservoir for supplying water to plants. 

Soil water contains salts in solution which supplies plant nutrients then water performs various 

important roles in plant life. 

 When all soil pores are filled water then soil is called saturated and when pores are drained they are 

filled with air.   

Gaseous phase of the soil: The air filled pores consisting of gaseous phase of the soil. The volume 

of gaseous phase is depends on liquid phase. The N2 and O2 content of soil air is almost same to the 

atmospheric content but CO2 content is very high in soil (which may be toxic). 

Gaseous phase is necessary for respiration (roots). The gaseous exchange between soil and 

atmospheric air ensure fresh supply of oxygen and thereby prevents CO2 toxicity. 

   In conclusion, solid phase provides mechanical support and nutrients to the plants. The liquid phase 

supplies water along with dissolved nutrients to plants. The aeration need of plant is satisfied by 

gaseous phase.  

                                      

 

 

 



Soil Profile: The vertical section of the soil showing the various layers from the surface to the 

unaffected parent material is known as a soil profile. 

Horizon: A soil horizon is a layer parallel to the soil surface whose physical, chemical and 

biological characteristics differ from the layers above and beneath. 

There are five master horizons viz., O, A, E, B and C. These horizons are designated by uppercase 

letters. 
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Fig: Soil Profile  
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Relationship between Soil and Plants 

 

• Soil provides with minerals and water and plants help soil formation and development 

through their mutual relationship. 

 Of the six major factors affecting the growth of plants light is not supplied by water, air, and 

mechanical support for plant roots as well as heat to enhance chemical reactions. 

  It also supplies essential plant nutrients that are essential for plant growth and development. 

 The plants hold soil particles to gather preventing soil erosion and helping to retain nutrients.  

 Presence of organic matter added by plants, roots and root hairs into soil help in the retention 

of water.  

 Protects from microclimatic change.  

 Release exudates which are used by soil organisms, help in soil formation.  

 Fix atmospheric nitrogen and recycle the nutrients.  

 



                                                    Soil components: 

Although all soils differ in some way but if they have some similarities then those are three phases i.e. solid, 

liquid and gaseous phase. Solid and liquid are more important from the nutrient and water availability point of 

views. 

Infact there are four major components of soil are i) mineral matter ii) organic matter iii) liquid iv) air. The 

relative proportion of these components greatly influences the behaviour and productivity of soils. These 

components are mixed in complex pattern in soil. 

1) Solid phase (or Solid component): 

The solid phase of soil consists two components i) mineral matter (45%) and ii) organic matter (5%). 

i) The mineral matter component of soil forms bulk of the solid phase and consists primary and secondary 

mineral.  The primary minerals are found generally in coarse fraction (0.05-2.00 mm) of soil and most abundant 

are quartz, feldspars with relatively small proportion of pyroxene, amphiboles, mica, olivine etc. 

Secondary minerals are present mostly in the fine fraction (0.002 -0.05 or <0.002 mm) dominated by crystalline 

clay minerals and oxide and hydroxide of Fe and Al and Si. Allophane is also amorphous structure wise and 

found in volcanic soil. 

Soluble salts are also present in soil, released during weathering.  in high rainfall area salts leached down to lower 

depth, whereas, in low rainfall area salts accumulate and give rise to salinity. 

ii) Organic matter: Only a small portion of solid phase is organic origin. Source of organic constituents are plants 

and animals. Organic matter coverts into a more resistant material called humus. Soil is habitat for enormous 

number of organisms. Population is dominated by bacteria>actinomycetes> fungus>others. The live wt. Of 

microorganisms may be about 4000.00kg/ha and may contribute to about0.01-0.4% of the total soil mass. 

2. Liquid phase: Forty to fifty percent of the bulk volume of soil body is generally occupied voids or soil pores 

which may completely or partially filled with water. The rain and irrigation water received by soil is absorbed and 

stored in to be returned to atmosphere by transpiration. The soil acts as reservoir for supplying water to plants. 

Soil water contains salts in solution which act as plant nutrients. Water performs various role in plant life. When 

all soil pores are filed with water soil is called saturated. When pores are not filled with water (drained) then they 

are filled with air. 

3.Gaseous phase: 

The air filled pores constitute the gaseous phase of the soil. The volume of the gaseous phase is depends on liquid 

phase. The N2 and O2 content of soil air is almost similar to atmospheric air but CO2 content is very high in soil 

air. 

Gas Soil Atmosphere 

CO2 0.5 0.03 

N2  78.6 78.03 

O2 20.0 21.0 

Others   



  

Gaseous phase is very necessary for respiration (roots).The gaseous exchange between soil and atmospheric air 

ensure fresh supply of oxygen and thereby prevent CO2toxicity. 

 In conclusion, the solid phase provides mechanical supports and nutrients to plants. The liquid phase supplies 

water along with dissolved nutrients to plants. The aeration need of plants is satisfied by gaseous phase. 

 Composition of Soil 

From the physical stand point soil may comprise: i) Solid phase ii) Liquid phase iii) Gaseous phase 

 Approximate composition of soil (surface soil): In an ideal surface soil these components are observed in amts 

(vv) as follow: 

Composition of Soil

On volume basis the composition of a mineral soil is as:

 

                                                   Soil 

 
            Solid                                                Liquid                                                         Gases 
           (50%)                                                (25%)                                                          (25%)                                                                                               
     
                                                                                      

Organic (5%)                                                         Inorganic (45%)   
     
          Fresh residue 
          Decomposing 
          Decomposed                            Stone &Gravel               Sand                   Silt                                         Clay 
         Macro & Microorganisms                                                                                                                                                                                                                            
                                                                                                 
                                                                                                       Primary minerals                                Secondary minerals 

                                                                                    (e.g. Quartz, pyroxene, mica etc.)               (e. g. Clay minerals, 
oxides &               hydroxides of Fe& Al) 

 



 

 

i. The proportion of these above mentioned soil components may vary from time to time and place to place. 

ii. Of the total solid space 45% is mineral matter and 5% is organic matter. 

iii. Mineral matter ranged in amount up to over 99% in sandy soils and dropped as little as 5% or less in 

organic soils. 

iv. This 5% by wt of organic matter (o.m.) in a soil occupy nearly 25% of the volume of the solid because 

o.m. density is 0.5 g/cm
3
, whereas, the density of mineral matter is 2.7 g/cm

3
. 

v. This inorganic material is relatively permanent but the organic material may vary in amt rather rapidly. 

vi. Liquid and gaseous phases make up about half the soil volume and varying rapidly 

vii. Liquid phase occupies about 25% volume of soil and also called soil solution, which id drained away or 

used by plants. 

viii. The gas phase of soils which occupies about 25% of the total soil volume has a composition of 

approximately 78.6 % N2, 20% O2 and 0.5% CO2. Traces of rare gases Ne, Xe, Ar and Kr may also occur.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Study of soil in natural landscape 

 

Pedon: A pedon is the smallest volume that can be called "a soil".  It is three dimensional body used to illustrate 

the arrangement and properties of horizons. Size varies from 1-10 m
2 
.
  

Polypedon: Similar pedons are bounded together to form polypedon . A polypedon is a soil individual. The range 

of properties is observed in several similar pedons has a minimum area of more than 1 sq. km and an unspecified 

maximum area.  

 

Soil Profile: The vertical section of the soil showing the various 

layers from the surface to the unaffected parent material is known 

as a soil profile. 

Horizon: A soil horizon is a layer parallel to the soil surface 

whose physical, chemical and biological characteristics differ from 

the layers above and beneath. 

There are five master horizons viz., O, A, E, B and C. These 

horizons are designated by uppercase letters. 

 

 

 

 

 

 

Fig: Soil Profile 

 

 

 

Fig: Natural landscape 



Relationship between Soil and Plants 

 

• Soil provides with minerals and water and plants help soil formation and development through their 

mutual relationship. 

 Of the six major factors affecting the growth of plants light is not supplied by water, air, and mechanical 

support for plant roots as well as heat to enhance chemical reactions. 

  It also supplies essential plant nutrients that are essential for plant growth and development. 

 The plants hold soil particles to gather preventing soil erosion and helping to retain nutrients.  

 Presence of organic matter added by plants, roots and root hairs into soil help in the retention of water.  

 Protects from microclimatic change.  

 Release exudates which are used by soil organisms, help in soil formation.  

 Fix atmospheric nitrogen and recycle the nutrients.  

 
 
 



Father of Indian Soil Science: Dr. J. W. Leather 

Mineral: 

Definition: Mineral is an inorganic body produced by the processes of nature, usually having definite chemical composition, a 

crystalline structure and physical properties.   or 

A mineral is a naturally occurring homogeneous element or inorganic compound that has a definite chemical composition and 

a characteristic geometric form.  

Most of the minerals consist two or more elements to form a compound such as gypsum and olivine. Some mineral however 

may consist of only one of the naturally occurring elements, which may be metal such as Cu, Fe, Ca or non-metal such as C, S 

etc. 

Formation of minerals: When the molten magma solidifies the different elements present therein freely arrange themselves in 

accordance with attractive forces and geometric form. The silicate tetrahedron s the fundamental building block of all the 

silicate minerals of the earth`s crust. The basic tetrahedral arrange themselves in an orderly manner, according to fixed plan 

forming different minerals which are called primary minerals. 

Magma: is defined as a complex hot solution of silicates containing water vapour and gases having a temperature ranging 

from 700 – 1400 
0
C and originating at great depts. In the earth`s crust. 

Type of Minerals: Of the more than 2000 known minerals only a few occur in abundance in the earth`s crust. The minerals are 

chiefly of two types: 

(1) Primary mineral (2) Secondary mineral 

(1).Primary minerals: Are those minerals which are formed owing to crystallization of molten magma. The earth`s crust 

contains dominant amount of oxygen (46.5%) and silicon (27.6%) This explain the dominance (90%) of silicate minerals 

(compounds containing Si & O and one more metal cations) in the earth`s crust. 

Type of Primary Minerals: depending upon tetrahedron linkage the silicate minerals are classified into following four groups: 

(i) Orthosilicates: The structure consists of individual silicon tetrahedron (SiO4
-
) alternating with positive charged metal 

ions(Fe, Mg)which balance the negative charge of tetrahedron. e.g. Olivine 

(ii) Inosilicates: the silicon tetrahedrons join together forming long chains. These are of two kinds:- 

(a) - Single chain inosilicates e.g. Pyroxene – tetrahedron bonded to one another with metallic ions Fe, Mg, Ca etc. 

(b) - Double chain inosilicates e.g. Amphiboles -tetrahedron bonded to one another with metallic ions Fe, Mg, and also by Ca, 

Na,  Al etc. 

(iii) Phyllosilicates: The basic structural unit is formed by two sheets of Si-tetrahedron with one sheet of Al or Mg octahedron. 

eg. Micas (muscovite and biotite).  

(iv) Tectosilicates: In its structure, all the four oxygens of the silica tetrahedral are shared by the neighbouring silicon 

tetrahedral. It is represented by the formula SiO2 

Important rock forming minerals and their relative abundance: 

1. Primary Minerals 

Ferromagnesians 

 Ortho-, Ino silicates                            

     -Olivines                                                            16.8% 

     -Pyroxenes and Amphiboles etc. 

 

 Phyllosilicates 

-Biotite                                                                3.6% 

-Muscovite( Non ferromagnesian) 

 



 

Non Ferromagnesians 

 Tectosilicates 

 Feldspars: 

-Anorthite, Albite                                     61% 

and Orthoclase                                 

 

-Quartz                                                      11.6% 

 

 

2. Secondary Clay Minerals                                    6% 

 

3. Others                                                                     1%               

 

(2) Secondary minerals: The secondary minerals are formed on the earth`s surface by weathering of pre-existing primary 

minerals under variable conditions of temperature and pressure. 

                             Some Important secondary Minerals: 

A. Silicates 

– Clay minerals 

Kaolinite Montmorillonite, Iliite etc. 

B. Nonsilicates 

- Oxides, Hydroxide of Fe, Al &  Si 

                     Haematite Fe2O3, Goethite FeO (OH)n H2O, Gibbsite Al(OH)3 

             - Carbonates: CalciteCaCO3 and Dolomite Ca . Mg (CO3)2 

              -Sulphates:   Gypsum CaSO4.2H2O 

                - Phosphates: Apatite Ca3(PO4)3 

Average chemical (elemental) composition of earth crust : 

Average chemical composition of the earth crust 

S. No. Element %age 

 O 46.5 

 Si 27.7 

 Al 8.1 

 Fe 5.1 

 Ca 3.6 

 Mg 2.1 

 Na 2.8 

 K 2.6 

 Ti 0.6 

 H 0.14 

 P 0.12 

 Mn 0.09 

 S 0.06 

 Cl 0.05 

 C 0.04 

 others 0.40 

 Total 100.00 

 



Rocks: 

 
Petrology: is the science of rocks which form the units of the earth`s crust. Petrology like Pedology consists of :- 

i) Petrography- which deals with the description of rocks. 

ii) Petrogenesis- which is the study of the origin of rocks. 

 
Definition: A rock is defined as a hard mass of mineral matter comprising of two or more rock forming minerals. Most of the 

rocks are made up of two or more minerals; some may be mono mineralic e.g. olivinite, dunite etc. 

Originally, the whole surface of the earth passed through a molten stage and the first solid mineral was derived from this 

molten material, known as magma. 

Each rock possesses certain characters such as structure, colour, specific gravity, cleavage or fracture, and mineralogical make 

up, which help in their identification. These characters are not so well defined as in minerals. 

Formation: the various processes that lead to the formation of rocks are: 

 Cooling  and consolidation of magma- Igneous rock 

 Transportation and cementation of fragmentary material- Sedimentary rock 

 Alteration of pre existing rocks- Metamorphic rocks 

 

Type of Rocks: On the basis of mode of formation the rocks are divided into three main groups: (I) Igneous or primary rocks 

(II) Sedimentary or secondary rocks (III) Metamorphic rocks 

 

(I) . Igneous Rocks: formed from cooling and crystallization of molten magma.  

Types of igneous rock: (i) On the basis of mode of origin (ii) On the basis of chemical composition 

 

(i) On the basis of mode of origin: They are of two types on the basis of magma consolidation. 

1. Plutonic (Intrusive): these rocks are formed by the solidification of molten  magma within the earth`s crust. Slow and 

time taking process for cooling and solidification. Coarse structured. e.g. Granite and Syenite 

2. Volcanic (Extrusive): these rocks are formed by the solidification of molten  magma on the earth`s surface. Fast 

process for cooling and solidification. Fine size crystals. e.g. Basalt and Dacite 

 

(ii) On the basis of chemical composition: They are of three types depending on the relative amounts of acid and 

basic components. On the basis of silica content, chiefly responsible for acidity these are classified as follow:- 

 

Acid (over saturated) Si >60% Neutral( saturated) Si 50-60% Basic ( Under saturated) Si 40-50% 

Plutonic(coarse grained) 

Granite, Tonelite Syenite, Diorite Gabro 

Volcanic (Fine grained) 

Rhyolite, Dacite Trachite, Andesite Phonolite, Basalt 

 

II. Sedimentary Rocks: These rocks formed from sediments, derived from the breaking down of pre-existing rocks. The 

sediments are transported to new places and deposited in new arrangements and cemented to form new rocks. Stratification is 

the most common feature of these rocks and as such these are termed as stratified rocks 

 

Formation: Four stages of formation (i) weathering (ii) transportation (iii)deposition (iv)digenesis (cementation and 

compaction) . 

 

Types of Sedimentary rocks: Based on their origin they are grouped into two main classes:- 

(i) Fragmental, Detrital or Mechanically Formed: these are formed by the deposition of erosion products of pre 

existing rocks. The fragments may be residual products of weathering or may be transported by air water or ice. 

e.g. sand stone conglomerate and shale. 

 

(ii) Chemically formed: the rocks may be inorganic or organic or biochemical origin. 

(a) Inorganically formed: Rocks may be formed by evaporation or precipitation of material dissolved on sea 

water. Lake water. e.g. 

- Rocks formed by evaporation are halite(NaCl), CaSO4 and CaSO4.2H2O 

- Rocks formed by precipitation and flocculation are lime stone and dolomite 

(b) Organically or Biochemically Formed: the rocks may be formed by the accumulation and partial 

decomposition of organic remains under anaerobic conditions. Many animals use calcium for shells, bones, 



and teeth. These bits of calcium can pile up on the seafloor and accumulate into a thick enough layer to form 

an "organic" sedimentary rock. 

e.g. peat, lignite coal etc. 

 

 

III. Metamorphic Rocks: Those rocks which have formed through metamorphism from pre existing rocks are known as 

metamorphic rocks. 

 

Metamorphism: some physic-chemical changes which gives rise to formation of new materials. 

 

Pre existing rock Metamorphic rock Pre existing rock Metamorphic 

rock 

Conglomerate Gneiss Basalt Schists 

Sandstone Schist Gabbro Gneiss 

Shale Slate Granite Gneiss 

Limestone Marble Syenite Gneiss 

Dolomite Marble Coal Graphite 

 

Relative abundance of rocks in earth crust: The composition of upper 5 km of the earth`s crust is as follow: 

Igneous                                                                        % 

-   Granite                                15                             = 18% 

-   Basalt                                   3 

Sedimentary 

- Shale                                      52 

- Sand stones                           15                                = 74% 

- Lime stone &Dolomite         7 

 

- Others                                    8 

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

Total                                   100                         

The composition of earth crust as a whole differs significantly from the one as described as above and  given as below: 

 

-Igneous rock    = 95% 

- Sedimentary   = 05% 

       Although sedimentary rock form only 5% of the total earth crust, yet they are important as they occur to the extent of 

74% at or near the earth surface of the earth (upper 5km. As we go deeper we find the predominance of Igneous rocks 

  

         

 

                                                                                   

 

 

 

 

 

 

 

 

 

 

 

                                                           

                                     

                                                        

 

 

 

                                          



 

                                                           Weathering of Rocks 
         Weathering is the physical breakdown (disintegration) and chemical alteration (decomposition) of rocks to form soil or 

loose particles at or near Earth's surface.                                                           Or 

All physical and chemical changes produced in rocks at or near the earth`s surface by atmospheric agents. 

 

Rate of Weathering 

The rate at which weathering processes decompose and break down a solid rock body depends on three main factors: (1) 

susceptibility of the constituent minerals to weathering, (2) climate, and (3) the amount of surface exposed to the atmosphere. 

 

Types of weathering: there are two basic processes of weathering: physical or mechanical and chemical. Another process 

which plays its role is biological disintegration and decomposition. All these processes work hand in hand, although in some 

environments one may be predominant over the other. The work of one is supported by the other and there is continuous chain 

of reactions. 

    Mechanical weathering always involves fracturing--but that can occur by a whole host of causes.  Chemical weathering 

tends to weaken rock, thereby making it easier to break. Likewise, mechanical weathering creates additional surface area that is 

prone to chemical attack. In this way, the two processes work together. 

                                                           Weathering Agents 

 

Physical /Mechanical (Disintegration) Chemical (Decomposition) Biological (Disintegration 

&Decomposition) 

1. Physical condition of rock 

2. Chang in temperature 

3. Action of water 

 Fragmentation and transportation 

 Action of freezing 

 Alternate wetting and drying 

 Action of glaciers 

4. Action of wind and sand blast 

5. Atmospheric electric phenomena 

 

1. Hydration 

2. Hydrolysis 

3. Solution 

4. Carbonation 

5. Oxidation and reduction 

1. Man and animals 

2. Higher plants and their roots 

3. Microorganisms 

 

Physical /mechanical weathering: 

 Physical disintegration or degradation of  rocks into comparatively small  pieces without a change in composition /without 

producing any new substance . 

                 or 

The rocks are disintegrated and are broken down to comparatively smaller pieces, without producing any new substances 

1. Physical condition of rocks:  

 The permeability of rocks is the most important single factor. 

 Coarse textured (porous) sand stone weather more readily than a fine textured (almost solid) basalt. 

 Unconsolidated volcanic ash weather quickly as compared to unconsolidated coarse deposits such as gravels 

 

2. Action of Temperature: The variations in temperature exert great influence on the disintegration of rocks. 

 During day time, the rocks get heated up by the sun and expand. At night, the temperature falls and the rocks get 

cooled and contract. 

 This alternate expansion and contraction weakens the surface of the rock and crumbles it because the rocks do not 

conduct heat easily. 

 The minerals within the rock also vary in their rate of expansion and contraction e.g. the cubical expansion of quartz 

is twice as feldspar 

 Dark coloured rocks are subjected to fast changes in temperature as compared to light coloured rocks 

 The differential expansion of minerals in a rock surface generates stress between the heated surface and cooled 

unexpanded parts resulting in fragmentation of rocks. 

 This process causes the surface layer to peel off from the parent mass and the rock ultimately disintegrates. This 

process is called exfoliation 

 

3. Action of Water: Water acts as a disintegrating, transporting and depositing agent. 

i) Fragmentation and transport:  



 Water beats over the surface of the rock when the rain occurs and starts flowing towards the ocean 

 Moving water has the great cutting and carrying force. 

 It forms gullies and ravines and carries with the suspended soil material of variable sizes. 

 Transporting power of water varies, the greater the speed of water, more is the cutting power and carrying capacity 

 The disintegration is greater near the source of river than its mouth 

 Transported materials deposited at different location and form different type of parent materials. 

ii) Action of freezing: 

 Frost is much more effective than heat in producing physical weathering 

 In cold regions, the water in the cracks and crevices freezes into ice and the volume increases by 9%. 

 As the freezing starts from the top there is no possibility of its upward expansion. Hence, the increase in volume 

creates enormous out ward pressure which breaks apart the rocks and exfoliation takes place. 

 

Ice wedging occurs under the following conditions: (1) when there is an adequate supply of moisture; (2) where pre existing 

fractures, cracks, or other voids into which water can enter occur within the rock; and (3) where temperatures frequently rise 

and fall beyond the freezing point. 

 

iii) Alternate wetting and Drying:  

 Some natural substances increase considerably in volume on wetting and shrink on drying.(e.g.) smectite, 

montmorillonite 

 During dry summer/ dry weather – these clays shrink considerably forming deep cracks or wide cracks. 

 On subsequent wetting, it swells. 

 This alternate swelling and shrinking/ wetting or drying of clay enriched rocks make them loose and eventually breaks 

iv) Action of glaciers: 

 In cold regions, when snow falls, it accumulates and changes into ice sheet so called glaciers. 

 These big glaciers start moving owing to the change in temperature and/or gradient. 

 On moving, these exert tremendous pressure over the rock on which they pass and grind the underlying materials, 

loosened the materials and then wear it away. 

 These materials get deposited on reaching the warmer regions, where its movement stops with the melting of ice. The 

material left behind form structure less mass termed as Moraine 

4. Action of wind: 

 Wind has an erosive and transporting effect.  

 Very often when the wind is laden with fine material viz., fine sand, silt or clay particles, it has a serious abrasive 

effect and the sand laden winds itch the rocks and ultimately breaks down under its force 

 The dust storm may transport tons of material from one place to another. The shifting of soil causes serious wind 

erosion problem and may render cultivated land as degraded (e.g.) Rajasthan deserts  

5. Atmospheric electrical phenomenon: 

 It is an important factor causing break down during rainy season and lightning breaks up rocks and or widens cracks. 

 

Chemical weathering: 
      The process of chemical weathering may be defined as the transformation of original rocks and minerals into new 

compounds having different chemical composition and physical properties. 

                                     or 

Decomposition of rocks and minerals by various chemical processes is called chemical weathering.  

          It is the most important process for soil formation. Chemical weathering takes place mainly at the surface of rocks and 

minerals with disappearance of certain minerals and the formation of secondary products (new materials). This is called 

chemical transformation. 

Feldspar + water                   clay mineral + soluble cations and anions 

Chemical weathering becomes more effective as the surface area of the rock increases. Since the chemical reactions occur 

largely on the surface of the rocks, therefore the smaller the fragments, the greater the surface area per unit volume available 

for reaction. The effectiveness of chemical weathering is closely related to the mineral composition of rocks. (e.g.) quartz 

responds far slowly to the chemical attack than olivine or pyroxene. 

 

Chemical Processes of weathering: 

1. Hydration:  

Hydration is a process of chemical combination of water molecules with a particular substance or mineral leading to a 

change in structure. Soil forming minerals in rocks do not contain any water and they undergo hydration when 

exposed to humid conditions. Up on hydration there is swelling and increase in volume of minerals. The minerals 

loose their lustre and become soft. 



     It is one of the most common processes in nature and works with secondary minerals, such as aluminium oxide and 

iron oxide minerals and gypsum. e.g. 

           

             a) 2Fe2O3 + 3HOH                         2Fe2O3 .3H2O  

                 (Hematite) (Red)                        (Limonite) (Yellow) 

             b) Al2O3 + 3H2O                                    Al2O3 .3H2O  

                   (Bauxite)                                           (Hy. Aluminium oxide)            

             c) CaSO4 + 2H2O                                CaSO4 .2H2O  

              (Anhydrite)                                     (Gypsum) 

  

  

2. Hydrolysis: Most important process in chemical weathering. It is due to the dissociation of H2O into H+ and OH- ions 

which chemically combine with minerals and bring about changes, such as exchange, decomposition of crystalline structure 

and formation of new compounds. Water acts as a weak acid on silicate minerals. 

  

                      KAlSi3O8 + H2O                  HAlSi3O8                        +   KOH  

                  (Microcline)                           (Acid silicate clay)        v. soluble 

                v. slow soluble                            more soluble               

 

                   2HAlSi3O8 + 8 HOH                Al2O3 .3H2O        +      6 H2SiO3 

                        (Recombination)                   (Bauxite)                   (Silicic acid) 

  

Hydrolysis is a double decomposition process. All other silicate also changed in similar way. 

 

3. Solution: Some substances present in the rocks are directly soluble in water. The soluble substances are removed by the 

continuous action of water and the rock no longer remains solid and form holes, rills or rough surface and ultimately falls into 

pieces or decomposes. The action is considerably increased when the water is acidified by the dissolution of organic and 

inorganic acids. (e.g) halites, NaCl  

 

          NaCl + H2O                  Na+, Cl
-
 , H2O (dissolved ions, surrounded by water molecules) 

 

4. Carbonation: Carbon dioxide when dissolved in water it forms carbonic acid. 

  

                  2H2O + CO2                   H2CO3  

This carbonic acid attacks many rocks and minerals and brings them into solution. The carbonated water has an etching effect 

up on some rocks, especially lime stone. The removal of cement that holds sand particles together leads to their disintegration. 

             CaCO3       +     H2CO3 -                    Ca(HCO3)2  

        (Calcite) slightly soluble                                     readily soluble 

  

5. Oxidation: The process of addition and combination of oxygen to minerals. The absorption is usually from O2 dissolved in 

soil water and that present in atmosphere. The oxidation is more active in the presence of moisture and results in hydrated 

oxides.(e.g) minerals containing Fe and Mg. 

  

4FeO (Ferrous oxide) + O2                    2Fe2O3 (Ferric oxide)  

4Fe3O4 (Magnetite) + O2                       6Fe2O3 (Hematite)  

2Fe2O3 (Hematite) + 3H2O                   2Fe2O3 .3H2O(Limonite) 

 

6. Reduction: The process of removal of oxygen and is the reverse of oxidation and is equally important in changing soil 

colour to grey, blue or green as ferric iron is converted to ferrous iron compounds. Under the conditions of excess water or 

water logged condition (less or no oxygen), reduction takes place. 

  

2Fe2O3 (Hematite) - O2                   4FeO( Ferrous oxide) - reduced form 

  

In conclusion, during chemical weathering igneous and metamorphic rocks can be regarded as involving destruction of primary 

minerals and the production of secondary minerals. 

  

 

 



Biological weathering 
 The activity of human such as: he cuts rocks  to build dams, channels and construct roads and buildings,all his 

activities results in weathering of rocks. 

 Animals and plants play a variety of relatively minor roles in physical weathering. Burrowing animals, such as 

rodents, mechanically mix the soil and loose rock particles, a process that facilitates further breakdown by chemical 

means.  

 Pressure from growing roots widens cracks and contributes to the rock breakdown.  

 Lichens can live on the surface of bare rock and extract nutrients from its minerals by ion exchange; the presence of 

lichens, therefore, results in both physical and chemical alteration of the minerals.  

 These processes may seem trivial, but the work of innumerable plants and animals over a long period of time adds 

significantly to the disintegration of the rock.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

What's the difference between rocks and minerals? 

A mineral is a naturally occurring, inorganic solid with a definite chemical composition and a crystalline structure 

formed by geological processes. A rock is an aggregate of one or more minerals whereas a rock may also include 

organic remains and mineraloids. Some rocks are predominantly composed of just one mineral. For example, 

limestone is a sedimentary rock composed almost entirely of the mineral calcite. Other rocks contain many 

minerals, and the specific minerals in a rock can vary widely. Some minerals, like quartz, mica or feldspar are 

common, while others have been found in only one or two locations worldwide. An easier explanation would be 

that a rock can contain minerals whereas a mineral has a unique specific makeup and always has the same 

composition if it's the same mineral. Rocks are always minerals, but not all minerals are rocks. Like all chemicals, 

minerals have a chemical formula; for example amethyst's formula is SiO2. 

 

 

 

 

 

 



Soil Forming Factors 

The soil formation is the process of two consecutive stages. 

1. The weathering of rock (R) into regolith 

2. The formation of true soil from regolith 

The evolution of true soil from regolith takes place by the combined action of soil forming factors and 

processes. 

1. The first step is accomplished by weathering (disintegration & decomposition) 

2. The second step is associated with the action of Soil Forming Factors 

Soil Forming Factors 

  

Dokuchaiev (1889) established that the soils develop as a result of the action of soil forming factors 

  

S = f (Cl, O, P ) 

Further, Jenny (1941) formulated the following equation  

 

S = f (cl, o, r, p,t, …)  

Where, 

 cl – environmental climate  

o – Organisms and vegetation (biosphere)  

r – Relief or topography  

p – Parent material  

t- Time  

… - additional unspecified factors 

  

The five soil forming factors, acting simultaneously at any point on the surface of the earth, to produce soil 

and these are classified into Two groups – 

  

  1.Passive i) Parent material, ii) Relief, iii) Time  

  2. Active i) Climate, ii) Vegetation & organism 

Passive Soil forming factors 

The passive soil forming factors are those which represent the source of soil forming mass and conditions 

affecting it. These provide a base on which the active soil forming factors work or act for the development of 

soil. 

  



Parent Material: It is that mass (consolidated material) from which the soil has formed. 

 Types of parent material: Three groups of parent material 

i) Cumulose – organic deposits that have developed in place from plant residues and have been preserved 

by a high water table (or some other factor retarding decomposition). These deposits are widespread and 

not restricted to any climatic zone. Examples include peat (undecomposed or slightly decomposed organic 

matter) and muck (highly decomposed organic material). 

  

ii) Sedentary: Formed in original place. It is the residual parent material. The parent material differ as 

widely as the rocks 

  

iii) Transported: The parent material transported from their place of origin. They are named according to 

the main force responsible for the transport and redeposition. Different types of transported parent material 

are: 

a) By gravity - Colluvial  

b) By water - Alluvial, Marine, Locustrine  

c) By ice - Glacial  

d) By wind – Eolian 

 a) By gravity: 

Colluvium: It is the poorly sorted materials near the base of strong slopes transported by the action of 

gravity. 

 b) By water: 

i) Alluvium: The material transported and deposited by water is, found along major stream courses at the 

bottom of slopes of mountains and along small streams flowing out of drainage basins. 

  

ii) Lacustrine: Material is deposited in lake water and later exposed either by lowering of the water level 

or by the elevation of land. 

iii) Moraine: Consists of all the materials picked up, mixed, disintegrated, transported and deposited through 

the action of glacial ice or of water resulting primarily from melting of glaciers. 

 c) By ice: 

i) Glacial Till and Moraine: Ice is the agent. 

Moraine, accumulation of rock debris (till) carried or deposited by a glacier. 

        Till- material deposited directly by the glacier and it is usually unsorted heterogeneous mixtures made 

up of many particle sizes. Glacial till resembles to Colluvial material except coarse fragments which are 

more rounded and compacted in case of till. 

       Moraine- consists of all the materials picked up, mixed, disintegrated, transported and deposited 

through the action of glacial ice or of water resulting primarily from melting of glaciers. Glaciers are 

similar to a bulldozer. When a glacier scraps along the ground it will pick up and destroy anything in its 



path. A deposit such as a moraine is formed by the accumulation of sediment (till) collected by a glacier 

and later deposited.  

 

ii) Glacial outwash: Ice is the agent. Melting glaciers carried vast load of sediments and this sediments are 

deposited in valley and formed an outwash plain. 

d) By wind: 

Eolian/ Aeolian: Wind is the agent. Wind picks up material at one site and deposits it at another. The 

material which is loose, dry and unprotected by vegetation is easy to pick up and transport. 

  

         The soils developed on such transported parent materials bear the name of the parent material; viz. 

Alluvial soils from alluvium, Colluvial soils from Colluvium etc. In the initial stages, however, the soil 

properties are mainly determined by the kind of parent material. 

  

Soil properties as influenced by parent material: Different parent materials affect profile development and 

produce different soils, especially in the initial stages. 

1. Acid igneous rocks (like granite, rhyolite) produce light-textured soils (Alfisols). 

2. Basic igneous rocks (basalt), alluvium or Colluvium derived from limestone or basalt, produce fine-

textured cracking-clay soils (Vertisols). 

3. Basic alluvium or aeolian materials produce fine to coarse-textured soils (Entisols or Inceptisols). 

4. The nature of the elements released during the decaying of rocks has a specific role in soil formation. 

(e.g.) Si and Al form the skeleton for the production of secondary clay minerals. 

5. Iron and manganese are important for imparting red colour to soils and for oxidation and reduction 

phenomena. 

6. Sodium and potassium are important dispersing agents for day and humus colloids. 

7. Calcium and magnesium have a flocculating effect and result in favourable and stable soil structure 

for plant growth. 

Endodynamomorphic soils: Soils whose properties are influenced mainly by parent material.  

Ectodynamomorphic soils: Soils whose properties are influenced mainly by factors other than 

parent material. The normal development of soil profile takes place under the influence of climate 

and vegetation.  

 

2. Relief or Topography: The relief and topography sometimes are used as synonymous terms. They denote 

the configuration of the land surface. The topography refers to the differences in elevation of the land surface 

on a broad scale. 



  

The prominent types of topography designations, as given in FAO Guidelines (1990) are: 

 

Sr. No Land surface with slopes of 

1 Flat to Almost flat 0 – 2 % 

2 Gently undulating 2 - 5 % 

3 Undulating 5 – 10 % 

4 Rolling 10 – 15 % 

5 Hilly 15 –3 0 % 

6 Steeply dissect >30% with moderate range of elevation( <300 m) 

7 Mountainous >30% with great range of elevation(>300 m) 

Soil formation on flat to almost flat position: On level topographic positions, almost the entire water 

received through rain percolates through the soil. Under such conditions, the soils formed may be considered 

as representative of the regional climate. They have normal solum with distinct horizons. But vast and 

monotonous level land with little gradient often has impaired drainage conditions. 

  

Soil formation on undulating topography: The soils on steep slopes are generally shallow, stony and have 

weakly- developed profiles with less distinct horizonation. It is due to accelerated erosion, which removes 

surface material before it has the time to develop. Reduced percolation of water through soil is because of 

surface runoff, and lack of water for the growth of plants, which are responsible for checking of erosion and 

promote soil formation. 

  

Soil formation in depression: The depression areas in semi-arid and sub humid regions reflect more moist 

conditions than actually observed on level topographic positions due to the additional water received as 

runoff. Such conditions (as in the Tarai region of the Uttar Pradesh) favour more vegetative growth and 

slower rate of decay of organic remains. This results in the formation of comparatively dark- coloured soils 

rich in organic matter (Mollisols). 

  

Soil formation and exposure/ Aspect: Topography affects soil formation by affecting temperature and 

vegetative growth through slope exposures (aspect}. The southern exposures (facing the sun) are warmer and 

subject to marked fluctuations in temperature and moisture. The northern exposures, on the other hand are 

cooler and more humid. The eastern and western exposures occupy intermediate position in this respect. 

  

3. Time: Soil formation is a very slow process requiring thousands of years to develop a mature pedon. The 

period taken by a given soil from the stage of weathered rock (i.e. regolith) up to the stage of maturity is 

considered as time. The matured soils mean the soils with fully developed horizons (A, E, B, C). It takes 

hundreds of years to develop an inch of soil. The time that nature devotes to the formation of soils is termed 

as Pedological Time. 



 All soils don`t age at same the time. 

 Aging is more rapid in warm and moist climate than hot or cold and dry climate 

 Aging is fast on gentle slope and flat uplands than on flat slope lands or on steeply sloping positions  

 Soils on river flood plain remain young as long as flood water inundate them periodically 

 Similarly the soils on aeolian material remain young so long as the winds remain active and erosion 

continues  

 At any point of time the differences in all mature soils are a reflection of a particular 

combination of soil forming factors and processes. 

    It has been observed that rocks and minerals disintegrate and/or decompose at different rates; the coarse 

particles of limestone are more resistant to disintegration than those of sandstone. However, in general, 

limestone decomposes more readily than sandstone (by chemical weathering).   

1. The soil properties also change with time, for instance nitrogen and organic matter contents increase 

with time provided the soil temperature is not high. 

2. CaCO3 content may decrease or even lost with time provided the climatic conditions are not arid 

3. In humid regions, the H+ concentration increases with time because of chemical weathering. 

 

Active Soil Forming Factors: 

The active soil forming factors are those which supply energy that acts on the mass for the purpose of soil 

formation. These factors are climate and vegetation (biosphere). 

  

1. Climate: Climate is the most influential factor controlling the type and rate of soil formation.  

Climate affects the soil formation directly and indirectly. Directly, climate affects the soil formation by 

supplying water and heat to react with parent material. 

Indirectly, it determines the fauna and flora activities which furnish a source of energy in the form of organic 

matter. This energy acts on the rocks and minerals in the form of acids, and salts are released. The indirect 

effects of climate on soil formation are most clearly seen in the relationship of soils to vegetation. 

Precipitation and temperature are the two major climatic elements which contribute most to soil formation. 

Precipitation: Leaching and percolation of water are two outstanding processes in soil formation. There 

contribution in soil formation is governed by/or depend upon amount of precipitation. 

 On steep slopes, the precipitation affects the profile development by causing erosion and producing 

thin soils 



 There is no horizonation in arid zones (with little rainfall) because there is no water for percolation 

and leaching. In other hand with increasing precipitation horizonation takes place and gypsic and 

calcic horizon are developed. 

 In humid region with high rainfall deep soils and distinct horizons are formed. 

 High rainfall- high weathering rate, high mobilization of substances, high vegetation, clay content in 

solum increases decrease in bases and pH.  

 Although soils of arid region are rich in mineral constituents (Ca, Mg, Na and K) due to no 

translocation.  

Temperature: Van`t Hoff law states that for every 10 0C rise in temperature the speed of each chemical 

reaction increases by a factor of two to three 

In the tropics with high rainfall throughout the year, weathering of primary minerals and leaching of soil 

materials are rapid. Organic matter decomposition is fast and released acid increases the dissolving power of 

soil water. 

In cold humid climates, low temperature retard chemical reactions in soils. But leaching just as in tropics is 

pronounced so much so that it gives soils as distinct acid reaction. Organic matter decomposition is slow, 

activity of fungi is high and bacteria is low. 

In hot and arid climatic zones, the high temperature without rainfall results in excessive evapotranspiration 

losses causing the brackish groundwater (which is close to surface) to move upward through capillaries thus 

bringing the salts to the surface and rendering the best agricultural land as degraded salty land. 

Jenney (1941) computed that in the tropical regions the rate of weathering proceeds three times faster than in 

temperate regions and nine times faster than in arctic. 

  

 

2. Organism & Vegetation: Active factor 

Organism: 

1. The active components of soil ecosystem are plants, animals, microorganisms and man. 

2. The role of microorganisms in soil formation is related to the humification, N-fixation, 

ammonification, nitrification, denitrification, oxidation reduction and mineralization of vegetation 

3. Macro organisms (especially burrowing animals) interrupt horizonation through pedoturbation 

4. Micro organisms bring about various transformation reactions and change soil properties 

5. Man influences the soil formation through his manipulation of natural vegetation, agricultural 

practices etc. 

Vegetation: 



1. The vegetation adds organic matter as a source of energy which acts on rocks and minerals in the 

form of acid and salts are released. 

2. The type of vegetation in initial stages influenced by p.m. than with time it is climate. 

3. Grass land adds more organic matter than forest land vegetation. 

4. Coniferous vegetation forms acidic soils as they don`t take up bases and they leached down 

5. Grassland (under low rainfall) returns high amount of bases and check the soil from becoming acidic 

(e.g. Tarai soils) 

6. Addition and transformation of humic substances helps in horizonation 

7. The roots of the plants penetrate into the parent material and act both mechanically and chemically. 

8. They facilitate percolation and drainage and bring about greater dissolution of minerals through the 

action of CO2 and acidic substances secreted by them. 

9. The decomposition and humification of the materials further adds to the Solubilization of minerals 

10. Forests – reduces temperature, increases humidity, reduce evaporation and increases precipitation. 

 

 



                          Soil Forming Processes 

The pedogenic processes, although slow in terms of human life, yet work faster than the geological processes 

in changing lifeless parent material into true soil full of life. 

The pedogenic processes are extremely complex and dynamic involving many chemical and biological 

reactions, and usually operate simultaneously in a given area. One process may counteract another, or two 

different processes may work simultaneously to achieve the same result. Different processes or combination of 

processes operate under varying natural environment. The collective interaction of various soil forming factors 

under different environmental conditions set a course to certain recognized soil forming processes. The basic 

process involved in soil formation (Simonson, 1959) includes the following. 

Gains or Additions: of water, mostly as rainfall, organic and mineral matter to the soil. 

Losses: of the above materials from the soil. 

Transformation: of mineral and organic substances within the soil. 

Translocation or the movement: of soil materials from one point to another within the soil. It is usually 

divided into- (i) Movement of solution (leaching) and 

(ii) Movement in suspension (eluviation) of clay, organic matter and hydrous oxides 

Generalized pedogenic processes in soil formation

Gains:

• Water

• Oxygen

• Organic & mineral 

matter

• Solar energy

Transformation:

• Weathering

• Mineral & organic 

substances

• Structure development

Losses:

•Evaporation (water)

•Soil erosion

•CO2 (o.m. Oxidation)

Translocation:

•Clay

•Organic matter

•Hydrous oxides

O
A

E

B

C

R
 

 



 Fundamental Soil forming Processes 

Humification: Humification is the process of transformation of raw organic matter into humus. It is extremely 

a complex process involving various organisms. 

      First, simple compounds such as sugars and starches are attacked followed by proteins and cellulose and 

finally very resistant compounds, such as tannins, are decomposed and the dark coloured substance, known as 

humus is formed. 

 Eluviation: It is the mobilization and translocation of certain constituent’s viz. Clay, Fe2O3, Al2O3, SiO2, 

humus, CaCO3, other salts etc. from one point of soil body to another. Eluviation means washing out. It is the 

process of removal of constituents in suspension or solution by the percolating water from the upper to lower 

layers. The eluviation encompasses mobilization and translocation of mobile constituents resulting in textural 

differences. The horizon formed by the process of eluviation is termed as eluvial horizon (E horizon).  

Translocation depends upon relative mobility of elements and depth of percolation. 

  

Illuviation: The process of deposition of soil materials (removed from the eluvial horizon) in the lower layer 

(or horizon of gains having the property of stabilizing translocated clay materials) is termed as Illuviation. The 

horizons formed by this process are termed as illuvial horizons (B-horizons, especially Bt). The process leads 

to textural contrast between E and Bt horizons, and higher fine: total clay ratio in the Bt horizon.  

Horizonation: It is the process of differentiation of soil in different horizons along the depth of the soil body. 

The differentiation is due to the fundamental processes, humification, eluviation and Illuviation. 

 

                                

 

 

Humus rich layer 

Fig. : Humification Fig.: Eluviation and Illuviation 



Specific Soil Forming Processes: 

The basic pedogenic processes provide a framework for later operation of more specific processes 

  

1. Calcification: It is the process of precipitation and accumulation of calcium carbonate (CaCO3) in some 

part of the profile. The accumulation of CaCO3 may result in the development of a calcic horizon.  Calcium is 

readily soluble in acid soil water and/or when CO2 concentration is high in root zone as: 

    CO2 + H2O                    H2CO3  
  H2CO3 + Ca                         Ca (HCO3)2  
                                               (soluble)  
                          Temp.  
Ca (HCO3)2                           CaCO3 + H2O + CO2            (in acid soil water and under higher CO2 conc. in root                    
                          CO2                         (insol. precipitates)              zone Ca is readily soluble) 
 
    The process of precipitation after mobilization under these conditions is called calcification and the 
resulting illuviated horizon of carbonates is designated as Bk horizon (Bca). 
  
2. Decalcification: It is the reverse of calcification that is the process of removal of CaCO3 or calcium ions 
from the soil by leaching  
 
                                       Temp.  
CaCO3 + CO2 + H2O                          Ca (HCO3)2 (soluble)  
(insoluble ppt)              CO2 
 
3. Podzolization: It is a process of soil formation resulting in the formation of Podzols and Podzolic soils. In 

many respects, podzolization is the negative of calcification. The calcification process tends to concentrate 

calcium in the lower part of the B horizon, whereas podzolization leaches the entire solum of calcium 

carbonates. 

Apart from calcium, the other bases are also removed and the whole soil becomes distinctly acidic. In fact, the 

process is essentially one of acid leaching. The process operates under favourable combination of the 

following environment. 

i) Climate: A cold and humid climate is most favourable for Podzolization 

ii)  Parent material: Siliceous (Sandy) material, having poor reserves of weather able minerals, 

favour the operation of podzolization as it helps in easy percolation of water. 

iii) Vegetation: Acid producing vegetation such as coniferous pines is essential  

iv) Leaching and translocation of sesquioxide: In the process of decomposition of organic matter 

various organic acids are produced. The organic acids thus formed act with sesquioxide and the 

remaining clay minerals, forming organic- Sesquioxide and organic clay complexes, which are 

soluble and move with the percolating water to the lower horizons (Bh, Bs). Aluminium ions in a 

water solution hydrolyze and make the soil solution very acidic. 

 2Al +6H2O              2 Al(OH)3 + 6H
+
 

As iron and aluminium move about, the A horizon gives a bleached grey or ashy appearance. The Russians 

used the term Podzols (pod means under, the Zola means ash like i.e. ash-like horizon appearing beneath the 

surface horizon) for such soils. 



To conclude, the Podzolization is a soil forming process which prevails in a cold and humid climate where 

coniferous and acid forming vegetations dominate. The humus and sesquioxides become mobile and leached 

out from the upper horizons and deposited in the lower horizon. 

 

                             

 

 

 

 

 

Fig.: Podzolization Fig.: Laterization 

Fig.

:  



4. Laterization: The term laterite is derived from the word later meaning brick or tile and was originally 

applied to a group of high clay Indian soils found in Malabar hills of Kerala, Tamil Nadu, Karnataka and 

Maharashtra. 

It refers specifically to a particular cemented horizon in certain soils which when dried, become very hard, like 

a brick. Such soils (in tropics) when massively impregnated with sesquioxides (iron and aluminium oxides) to 

extent of 70 to 80 per cent of the total mass, are called laterite or latosols (Oxisols). The soil forming process 

is called Laterization. Laterization is the process that removes silica, instead of sesquioxides from the upper 

layers and thereby leaving sesquioxides to concentrate in the solum. The process operates under the following 

conditions:- 

i) Climate: Unlike podzolization, the process of laterization operates most favourable in warm and humid 

(tropical) climate with 2000 to 2500 mm rainfall and continuous high temperature (25°C) throughout the year. 

ii) Natural vegetation: The rain forests of tropical areas are favourable for the process. 

iii) Parent Material: Basic parent materials, having sufficient iron bearing ferromagnesian minerals (pyroxene, 

amphiboles, biotite and chlorite), which on weathering release iron, are congenial for the development of 

laterites. 

  

5. Gleization: The term glei is of Russian origin means blue, grey or green clay. The Gleization is a process of 

soil formation resulting in the development of a glei (or gley horizon) in the lower part of the soil profile 

above the parent material due to poor drainage condition (lack of oxygen) and where waterlogged conditions 

prevail. Such soils are called hydromorphic soils. The process is not particularly dependent on climate (high 

rainfall as in humid regions) but often on drainage conditions. The poor drainage conditions result from: 

 Lower topographic position, such as depression land, where water stands continuously at or close to 

the surface. 

 Impervious soil parent material, and. 

 Lack of aeration. 

Under such conditions, iron compounds are reduced to soluble ferrous forms. The reduction of iron is 

primarily biological and requires both organic matter and microorganisms capable of respiring anaerobically. 

The solubility of Ca, Mg, Fe, and Mn is increased and most of the iron exists as Fe
++

 - organo complexes in 

solution or as mixed precipitate of ferric and ferrous hydroxides. This is responsible for the production of 

typical bluish to grayish horizon with mottling of yellow and or reddish brown colours. 

  

6. Salinization: It is the process of accumulation of salts, such as sulphates and chlorides of calcium, 

magnesium, sodium and potassium, in soils in the form of a salty (salic) horizon. It is quite common in arid 

and semi arid regions. It may also take place through capillary rise of saline ground water and by inundation 

with seawater in marine and coastal soils. Salt accumulation may also result from irrigation or seepage in 

areas of impeded drainage. 

 

 



 

                                 

 

 

7. Desalinization: It is the removal by leaching of excess soluble salts from horizons or soil profile (that 

contained enough soluble salts to impair the plant growth) by ponding water and improving the drainage 

conditions by installing artificial drainage network. 

8. Solonization or Alkalization: The process involves the accumulation of sodium ions on the exchange 

complex of the clay, resulting in the formation of sodic soils (Solonetz). As the concentration of Na+ 

increases, it replaces the other adsorbed cations in. 

 The reaction can be presented as: 

  

Ca                                 + 2Na
+  

                 2Na                                + Ca
+ +  

   

 

9. Solodization or dealkalization: The process refers to the removal of Na+ from the exchange sites. This 

process involves dispersion of clay. Dispersion occurs when Na+ ions become hydrated. Much of the 

dispersion can be eliminated if Ca++ and or Mg++ ions are concentrated in the water, which is used to leach 

the soonest. These Ca and Mg ion can replace the Na on exchange complex, and the salts of sodium are 

leached out as: 

                   2Na                               + CaSO4                        Ca                               + Na2SO4 

                                                                                                                                        (leachable) 

 

Clay or o.m. Clay or o.m. 

Clay or o.m. Clay or o.m. 

Fig.: Gleization Fig.: Salinization 



 

 

10. Pedoturbation: Another process that may be operative in soils is pedoturbation. It is the process of ixing 

of the soil. Mixing to a certain extent takes place in all soils. The most common types of pedoturbation are: 

 Faunal pedoturbation: It is the mixing of soil by animals such as ants, earthworms, moles, rodents, and 

man himself 

 Floral pedoturbation : It is the mixing of soil by plants as in tree tipping that forms pits and mounds 

 Argillic pedoturbation: It is the mixing of materials in the solum by the churning process caused by 

swell shrink clays as observed in deep Black Cotton Soils. 

 

Fig.: Solonization or Alkalization:  



Parent Material: 

Parent material is defined as the unconsolidated and more or less chemically weathered mineral or 

organic matter from which the solum of soils is developed by pedogenic processes.  

 

Types of parent material: Two Groups: 

A. Residual/or Sedentary: It is the residual parent material and formed in original place 

from weathering of the underlying rock. The parent material is differing widely as the 

rocks. 

B.  Transported: The parent material is transported from its place of origin. Different types 

of agencies transport the materials from one place to another and form different types of 

parent materials. They are named according to the main force responsible for the transport 

and redeposition. Types of transported parent material: 

I. By water - Alluvium, Marine, Lacustrine  

II. By ice - Glacial   

III. By gravity – Colluvial 

IV. By wind – Eolian 

C. Cumulose – organic deposits that have developed in place from plant residues and have been 

preserved by a high water table (or some other factor retarding decomposition). These deposits are 

widespread and not restricted to any climatic zone. Examples include peat (undecomposed or slightly 

decomposed organic matter) and muck (highly decomposed organic material). 

I. By water - Alluvium, Marine, Lacustrine  

 

 Alluvium: The material transported and deposited by water, is found along major stream courses at 

the bottom of slopes of mountains and along small streams flowing out of drainage basin. There are 

three types of alluvial deposits:- 

i) Flood Plains (Fluvial deposits):  The land bordering a river and subjected to flooding. Sediments 

carried by the swollen stream is deposited during the flood, with the coarser materials being laid 

down near the river channel where the water is deeper and flowing with more turbulence and 

energy. Finer materials settle out in the calmer flood water farther from the channel. Each major 

flooding episode lays down a distinctive layer of sediment, creating the stratification that 

characterizes alluvium. The major area of alluvial p.m. found in the Ganges and Brahmaputra river 

valleys. 

Parent material is the state of soil system at time zero of soil formation. 

                                                                                                                    (Jenny) 



ii) Alluvial Fans: Stream that leave a narrow valley in an upland area and suddenly descend to a 

much broader valley below deposit sediment in the shape of a fan as the water spreads out and slow 

down. The rushing water tends to short the sediment particles by size, first dropping the gravels and 

coarse sand then depositing the finer materials toward the bottom of the alluvial fan. Alluvial fans 

found in areas in mountainous and hilly region. 

iii) Delta deposit: Is an alluvial deposit formed where a stream or river drops its sediments load 

upon entering a lake/ reservoir/ or ocean. Simply, when a stream enters the water body the 

suspended material settles near the mouth of the river forming a delta or some time it is in 

continuation of flood plain. It is clayey in nature and likely to be poorly drained as well. 

iv) Lacustrine: Water and ice both are agents. Material is deposited in lake water and later exposed 

either by lowering of the water level or by the elevation of land. 

v) Marine: Streams eventually deposit much of their sediment loads in oceans and gulfs. The 

coarser fragments settle out near the shore and the finer fraction at a distance. Over longer periods of 

time, this process gives rise or creates a coastal plain or island. Marine deposits are quite variable in 

texture and chemical properties may be saline or acidic (SO4
-2 

presence). 

 

II. Glacial Till and Moraine: Ice is the agent. 

Moraine, accumulation of rock debris (till) carried or deposited by a glacier. 

  i)      Till- material deposited directly by the glacier and it is usually unsorted heterogeneous 

mixtures made up of many particle sizes. Glacial till resembles to Colluvial material except coarse 

fragments which are more rounded and compacted in case of till. 

       Moraine- consists of all the materials picked up, mixed, disintegrated, transported and 

deposited through the action of glacial ice or of water resulting primarily from melting of glaciers. 

Glaciers are similar to a bulldozer. When a glacier scraps along the ground it will pick up and 

destroy anything in its path. A deposit such as a moraine is formed by the accumulation of sediment 

(till) collected by a glacier and later deposited.  

 

ii) Glacial outwash: Ice is the agent. Melting glaciers carried vast load of sediments and this 

sediments are deposited in valley and formed an outwash plain. 

III. By gravity 

 i) Colluvial deposits / colluviums: 

Gravitational force is the agent. Colluvium is made up of poorly shorted rock fragments detached 

from the height above and carried down slope mostly by gravity, assisted in some cases by frost 

action. Avalanches are made up of such accumulation. Colluvium is more/ v. coarse b/c physical 

weathering is more dominant. 



IV. By wind 

i) Eolian/ Aeolian: Wind is the agent. Wind picks up material at one site and deposits it at another. 

The material which is loose, dry and unprotected by vegetation is easy to pick up and transport. 

Types of Eolian:- 

(a) Dune sand/sand dune- a dune is a hill of loose sand built by wind or the flow of water. Along the 

beaches of the oceans large lakes and over vast barren deserts strong winds pick up medium and fine 

sand grains and pile them into hills of sand called dunes. Dunes ranging up to 100m height and may 

continue to slowly shift their location. 

(b) Loess: Windblown material called loess is composed of silt with very fine sand and coarse clay. 

(c) Aerosolic dust:  An aerosol is a colloid of fine solid particles or liquid droplets, in air or 

another gas.  

(d) Volcanic ash: It is also windblown material. The volcanic ejecta contains different sizes particles, 

transported from one place to another. 

 Endodynamomorphic soils: Soils whose properties are influenced mainly by parent material. 

Ectodynamomorphic soils: Soils whose properties are influenced mainly by factors other than parent 

material. The normal development of soil profile takes place under the influence of climate and 

vegetation. 
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Physical Properties of Soils 

Physically, a mineral soil is a porous mixture of inorganic particles, decaying organic matter, and air and water. The 

larger mineral fragments usually are embedded in and coated over with colloidal and other fine materials. Where the 

larger mineral particles predominate, the soil is gravelly or sandy; where the mineral colloids are dominant, the soil has 

clayey characteristics; and all gradations between these extremes are found in nature. Organic matter acts as a binding 

agent between individual particles, thereby encouraging the formation of clumps or aggregates. 

    Two very important physical properties of soils will be considered in this chapter: soil texture and soil structure. 

Soil texture is concerned with the size of mineral particles. Specifically, it refers to the relative proportions of particles of 

various sizes in a given soil. No less important is soil structure, which is the arrangement of soil particles into groups or 

aggregates. Together, these properties help determine not only the nutrient-supplying ability of soil solids but also the 

supply of water and air so important to plant life. 

              Soil Texture: The relative proportion of particles of various sizes in a given soil is known as soil texture. 

The size of particles in mineral soil is not subject to ready change. Thus, a sandy soil remains sandy, and a clay soil 

remains clay. The proportion of each size group in a given soil (the texture) cannot be altered and thus is considered a 

basic property of a soil. 

To study successfully the mineral particles of a soil, scientists usually separate them into convenient groups according to 

size. The various groups are spoken of as separates. Or one of the individual-sized groups of mineral soil particles- sand, 

silt and clay are known as soil separates. 

As might be expected, a number of different classifications have been devised. The classification established by the U.S. 

Department of Agriculture is used in this text.  

 

Soil Texture
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Table: Classification of soil particles according to size. The U.S. Department of Agriculture system is used in this text. 

 

Particle 

size (mm) 
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0.05 

              

0.10 

              

0.25 
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2.0 

 

 Clay Silt Very fine Fine Med. Coarse V. coarse Gravel 

                                                               Sand 

 

The analytical procedure by which the particles are separated is called particle-size analysis. A particle-size analysis yields a 

general picture of the physical properties of a soil. It also is the basis for assigning the textural class name—that is, whether a 

soil is a sand, sandy loam, loam, and so on. 

Stone and gravel figure amounts are usually rated separately. The organic matter, ordinarily comparatively small in 

quantity, is usually removed by oxidation before the mechanical separation. 

Sand, when dominant, yields a coarse-textured soil that has properties known to everyone as sandy. Such soils are 

sometimes referred to as light since they are easily tilled and cultivated. On the other hand, a fine-textured soil is made up 

largely of silt and clay, and its plasticity and stickiness indicate that it is likely to be difficult to till or cultivate; it is therefore, 

termed heavy. The terms light and heavy refer to ease of tillage or manipulation and not to soil weight.  

Textural classes are recognized—sands, loams, and clays. Within each group specific textural class names have been 

devised. 

Sands: The sand group includes all soils of which the sand separates make up at least 70% and the clay separate 15% 

or less of the material by weight. The properties of such soils are therefore characteristically sandy in contrast with the 

stickier nature of clays. Two specific textural classes are recognized— sand and loamy sand—although in practice two 

subclasses are used: loamy fine sand and loamy very fine sand. 

Clays: In such soils the characteristics of the clay separate are distinctly dominant, and the class names are clay, sandy 

clay, and silty clay. Note that sandy clays may contain more sand than clay. Likewise, the silt content of silty clays 

usually exceeds that of the - clay fraction itself.  

Clay soil textural class containing > 40% clay, <40% silt and <45% sand 

Loams: The loam group, which contains many subdivisions, is more difficult to explain. An ideal loam may be 

defined as a mixture of sand, silt, and clay particles that exhibits light and heavy properties in about equal proportions. 

Roughly, it is a half-and-half mixture on the basis of properties. 

As per USDA system  
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Most soils of agricultural importance are some type of loam. They may possess the ideal makeup described above 

and be classed simply as loam. Thus, a loam in which sand is dominant is classified as a sandy loam of some kind; in 

the same way there may occur silt loams, silty clay loams, sandy clay loams, and clay loams. 

Loam soils contains 7-27% clay, 28-50% silt and < 52% sand 

Sands: Sand grains may be rounded or quite irregular depending on the amount of abrasion they have received.  

Clay particles commonly are platy in shape and highly plastic when moist.  

Silt particles are irregularly fragmental, diverse in shape and seldom smooth or flat.    

Table: General terms used to describe soil texture in relation to the basic soil textural class names 

                            U.S. Department of Agriculture classification system 

 

 

 

 

  

 

 

 

 

 
      Importance: The soil texture is important from the 

 Cultivation point of view 

 Tillage/ agricultural implements  

 Soil aeration 

 Soil temperature 

 Water holding capacity 

 Microorganisms growth and their activities 

 Ultimately plant growth/ production 
 

Basic soil 
textural class 
names 

Common 
names Texture 

Sandy soils               Coarse- 

                          
                          Moderately coarse- 

Medium- Loamy soils 

                            Moderately fine- 

Clayey soils                 Fine- 

/Sands, Loamy sands   

 

 

Sandy loam , Fine sandy loam 
 

 

Very fine sandy loam, Loam, Silt loam, Silt 

 

 

Sandy clay loam, Silty clay loam, Clay loam 
 

 

Sandy clay, Silty clay, Clay 



Soil Physical Properties: 

 

 

Bulk Density, Particle Density and Pore Space: 

Bulk density (BD): Bulk density of a soil is defined as the mass per unit volume of soil consisting of solid and gas 

phases. Particle density of a soil is the mass per unit volume occupied by the soil particles alone.  

Bulk density is variable and changes with the degree of compaction and is an index for measuring soil structure. It 

increased with soil depth.  

Bulk density of soil is influenced by soil texture, organic matter content and cultivation practices. The bulk density 

of fine textured surface soils are commonly in the range of 1.1 to 1.3 (Mg m-
3
) and that of the coarse textured soils 

from 1.4 to 1.8 (Mgm-
3
) and that of organic soils (peat) is low as 0.5 (Mg m-

3
).  To express Bd and PD Mg m-

3
 

(mega gram per cubic meter) unit is used (the mega gram is equal to 1000 kg). High bulk density indicates 

compactness of soil. Soil organic matter having low density lowers the bulk density of soil. 

Why it is important: Bulk density reflects the soil’s ability to function for structural support, water and 

solute movement, and soil aeration. Bulk densities above thresholds indicate impaired function.  

Table 1. General relationship of soil bulk density to root growth based on soil texture. 

Soil Texture 
Ideal bulk densities for plant 

growth (Mg m
-3

 ) 
Bulk densities that restrict root 

growth (Mg m
-3

 ) 

Sandy < 1.60 > 1.80 

Silty < 1.40 > 1.65 

Clayey < 1.10 > 1.47 

Harmful effects of poor (high) bulk density: High bulk density is an indicator of low soil porosity and 

soil compaction. It may cause restrictions to root growth, and poor movement of air and water through the 

soil. Compaction can result in shallow plant rooting and poor plant growth, influencing crop yield and 

reducing vegetative cover available to protect soil from erosion. By reducing water infiltration into the 

soil, compaction can lead to increased runoff and erosion from sloping land or waterlogged soils in flatter 

areas. In general, some soil compaction to restrict water movement through the soil profile is beneficial 

under arid conditions, but under humid conditions compaction decreases yields. 

The following practices can lead to poor bulk density: 

 Consistently plowing or disking to the same depth, 

 Allowing equipment traffic, especially on wet soil, 

 Using a limited crop rotation without variability in root structure or rooting depth, 

 Incorporating, burning, or removing crop residues, 

 Overgrazing forage plants, and allowing development of livestock loafing areas and trails, and 

 Using heavy equipment for building site preparation or land smoothing and leveling. 

What you can do: Any practice that improves soil structure decreases bulk density. On cropland, long-

term solutions to bulk density and soil compaction problems revolve around decreasing soil disturbance 

and increasing soil organic matter. A system that uses cover crops, crop residues, perennial sod, and/or 

reduced tillage results in increased soil organic matter, less disturbance and reduced bulk density. 

Additionally, the use of multi-crop systems involving plants with different rooting depths can help break 

up compacted soil layers. 



To reduce the likelihood of high bulk density and compaction: 

 Minimize soil disturbance and production activities when soils are wet, 

 Use designated field roads or rows for equipment traffic, 

 Reduce the number of trips across the area, 

 Subsoil to disrupt existing compacted layers, and 

 Use practices that maintain or increase soil organic matter. 

Grazing systems that minimize livestock traffic and loafing, provide protected heavy use areas, and 

adhere to recommended minimum grazing heights reduce bulk density by preventing compaction and 

providing soil cover. 

Conservation practices resulting in bulk density favorable to soil function include: 

 Conservation Crop Rotation 

 Cover Crop 

 Deep Tillage 

 Prescribed Grazing 

 Residue and Tillage Management 

 

The soil core method is most widely used for the determination of bulk density in the field. Undisturbed 

soil core is excavated from the field by a core sampler. From the known volume of the core and weight of 

oven-dry soil, bulk density is calculated:  

                                         Mass (wt) of oven dry soil (soil solid + pore space)        

      BD (Mg m
-3

 )   =  

                                           Volume of soil sample 
 

Particle density (PD):  

 

Definition: Particle density of a soil is the mass per unit volume occupied by the soil particles alone. or  

 Is the mass (wt) of unit volume of soil solids and is expressed in metric units in Mg m
-3

. 

 Particle density is fixed but bulk density varies with pore volume. 

Particle density is dependent on the chemical and mineral composition of soil. Because of its variation 

within narrow limits (2.60 to 2.75 Mg m
-3

 the value of 2.65 Mg m
-3

 is commonly taken as the value of 

mineral soils.  

        Soil containing high amount of organic matter will have particle density around 2.4 Mg m
-3

, as one 

cubic centimeter of organic matter weighs less than an equal volume of mineral solids. For this reason 

subsurface soils have higher particle density than surface soil. Fineness and arrangement of the soil solids 

does not affect particle density. Particle density is useful in calculation pore space.  

                                         Mass (wt) of oven dry soil solids  

      PD  (Mg m
-3

 )   =  

                                           Volume of oven dry soil solids 

 

 



Pore space: The space in the soil occupied by air and water is termed as pore space. 

The relationships between bulk density, particle density and pore space of soil can be deduced in the following 

way. Let us consider an undisturbed soil core, having bulk volume, V cm
3
, bulk density d g cm-

3
, particle density 

D g cm-
3
, water content being nil. Then, weight of soil = (Vxd)g and volume of soil particles = 

(Vxd)/D cm
-3

. If total pore volume is v then; 

 

Hence percent pore space = (1- BD) x 100 

                                                 PD 

The pore space of a soil is largely determined by the arrangement of solid particles and varies from 30-60% (on an 

average 50%). Pore space is helpful in water, air and heat movement in soil, root development in soil and growth 

of organisms.  

Example: Calculation of BD, PD, PS on the basis of following information- 

 

 

                  1.33       

% Pore Space =1 -          x100   = 50%                                                                                               

2.66  

 

 



Structure of Mineral Soils: 

 Soil Structure: The term structure relates to the grouping or arrangement of soil particles. The 

combination or arrangement of the primary soil particles into secondary particles, units, aggregates or peds is 

known as soil structure. 

A profile may be dominated by a single type of aggregate. More often, several types are encountered in the 

different horizons. The soil conditions and characteristics such as water movement, heat transfer, aeration, 

bulk density, and porosity are much influenced by structure. In fact, the important physical changes 

imposed by the farmer in plowing, cultivating, draining, liming, and manuring his land are structural 

rather than textural. 

Types of Soil Structure: Based on shape of aggregates or peds and their arrangement in soil profile. The four 

principal types of soil structure are spheroidal, platy, prism-like and block-like. A brief description of each of 

these structural types with schematic drawings is given in Figure. A more detailed description of each follows. 

1. Plate-like (Platy): In this structural type the aggregates (peds) are arranged in relatively thin 

horizontal plates, leaflets, or lenses. Platy structure is most noticeable in the surface layers of virgin 

soils, but may characterize the subsoil horizons as well.  

2. Prism-like (columnar and prismatic subtypes): These subtypes are characterized by vertically 

oriented aggregates or pillars that vary in length with different soils and may reach a diameter of 15 

cm or more. They commonly occur in subsoil horizons in arid and semiarid regions. They also occur 

in some poorly drained soils of humid regions. When the tops of the prisms are rounded, the term 

columnar is used. When the tops of the prisms are still plane, level, and clean cut, the structural 

pattern is designated prismatic. 

3. Block-like (blocky and subangular blocky subtypes): in this case the original aggregates have been 

reduced to blocks, irregularly six-faced, with their three dimensions more or less equal. In size these 

fragments range from about 1 to 10 cm in thickness.  

      When the edges of the cubes are sharp and the rectangular faces distinct, the subtype is designated 

blocky. When sub-rounding has occurred, the aggregates are referred to as subangular blocky. These 

types usually are confined to the subsoil, and their stage of development and other characteristics have 

much to do with soil drainage, aeration, and root penetration. 

 

4. Spheroidal (granular and crumb subtypes): All rounded peds or aggregates may be placed in this 

category, although the term more properly refers to those not over about 1 cm in diameter. These 

rounded complexes usually lie loosely and are readily shaken apart. Ordinarily the aggregates are 

called granules and the pattern granular. However, when the granules are highly porous, the term 

crumb is applied. Granular and crumb structures are characteristic of many surface soils, particularly 

those high in organic matter, and are especially prominent in grassland soils. They are the only types 

of aggregation that are commonly influenced by practical methods of soil management. 



 

Soil Structure Classes: The peds in each structural type and subtype are further classified according 

to their size into soil structure classes as follows: (a) very fine or very thin, (b) fine or thin, (c) 

medium, (d) coarse or thick, and (e) very coarse or very thick. While the exact dimension for each 

class varies from one type or subtype to another, the class designation assures accurate description of 

the nature of the soil structural units. 

Soil Structure Grades: Soil structure grades relate to the degree of  inter- aggregate adhesion and to 

aggregate stability. Four grades are recognized. 

1. Structureless: Particles not arranged into peds or aggregates. If separates are not bound together 

(not coherent), as in a coarse sand, the term       single   grain is used. If they are tightly bound 

(coherent), as in very compact subsoil or in a puddled surface soil, massive is used. 

2. Weak: Poorly formed peds or aggregates barely observable in place. 

3. Moderate: Well-formed and moderately durable peds that are not very distinct in undisturbed soil. 

4. Strong: Durable peds that are quite evident in undisturbed soil and become separated when the 

soil is disturbed. 



Genesis of Soil Structure: The mechanics of structure formation is exceedingly complicated and 

rather obscure. The nature and origin of the parent material play significant roles, as do the physical 

and biochemical processes of soil formation. Climate is also a prime consideration. Soluble salts 

influence the development of structural units, particularly in the soils of arid regions. In more humid 

areas the downward migration of clay, iron oxides, and lime is a factor. Undoubtedly, the 

accumulation of organic matter and its type of decay are significant, too, especially in the development 

of the crumb structure so common in the surface soils of grasslands. The need to preserve and 

encourage this particular structural type  

 



SOIL COLOUR 

Colour: The property possessed by an object of producing different sensations on the eye as a result of the way it reflects or 

emits light.                               or 

      The appearance that things have and results from the way in which they reflect light is called as the colour of the things.  

   Colour of soil is probably the first soil property for the human perception. Even today soil is described by its colour, such as, 

black, red and yellow soil.  

The colour of soil is due to organic matter, mineral matter and mixture of these two. Red, brown and yellow colour of soil is 

mainly due to compounds of iron. Silica, lime and salts provide white or light colour to the soil. Organic matter gives black, 

grey and brown and other dark colour to the soil. Minerals of manganese and titanium also enhance to dark colouration of soil.  

The three variables that combine to give colour are hue, value and chroma. 

 Hue: is the dominant spectral colour (rainbow) and is related to wavelength of light.  

Value: refers to the relative lightness of colour and is a function of total amount of light. 

 Chroma: is the relative purity or strength of the spectral colour.  

     It is rather difficult to quantify soil colour. The present practice is to match colour of a soil with that in Munsell Colour 

Charts. In the Munsell colour charts, three basic hues are considered, viz. red (R), yellow-red (YR), and yellow (Y), preceded 

by numbers 0 to 10. Increase in the number indicates that the hue becomes more yellow and less red. The notation for Value 

consists of numbers from 0 for absolute black to 10 for absolute white. The extremes are not usually met with in soils. The 

notation for Chroma consists of numbers beginning at 0 for neutral gray increasing at equal intervals to 8.  

In some soils, viz. dark grey soils and a few others, colour deepens with increase of moistness. Dark grey colour becomes 

greyish under dry conditions. For precise description, therefore, it is necessary to record soil colour on air-dry soil and soil at 

field capacity. 

The colour of soil has some relevance to soil constituents viz., organic matter, and oxides of iron. Black colour of organic 

and peat soils is due to organic matter. Dark colours of a soil are associated with one or a combination of several factors, 

including impeded drainage conditions, content and state of decomposition of organic matter, the presence of titaniferous 

magnetite etc. Under tropical conditions, black soils are rather low in organic matter and the black colour, rather dark grey 

colour, is due to a combination of base status (Na, Ca), humus, and montmorillonitic clay mineral. Iron oxides occur in several 

hydrated and coloured forms, which may impart red to yellow colour to soils. 

Hematite (Fe2O3)                          – Red or Black color 

Turgite (2Fe2O3.H2O)                   – Red, Red almond 

Goethite(Fe2O3.H2O)                    – Yellow, Almond, Almond black 

Limonite(2Fe2O3.3H2O)               – Yellow, Almond 

Xanthosiderite(Fe2O3.2H2O)        – Golden yellow, Almond 

Limnite (Fe2O3.H2O)                    – Yellow 

 



Importance of soil colour 
 Soil colour indicates the fertility status of soil 

 It indicates about the status of organic matter (organic carbon) 

 It indicates about the presence of some mineral nutrients 

 It indicates about the drainage condition of soil 

 It indicates the redox status of soil 

 It indicates  the moisture status of soil 

 It indicates  about the presence of different salts and problem soils 

 

 



 

Soil Consistence 

Soil consistence is a term used to describe the resistance of a soil at various moisture contents to mechanical 

stresses or manipulations.         or 

It may be defined as the resistance of soil offered, against the forces that tend to deform or rupture the soil 

aggregate.  

It is a composite expression of those cohesive and adhesive forces that determine the ease with which a 

soil can be reshaped or ruptured.  

The consistence of soils is generally described at three soil moisture levels: wet, moist, and dry. 

Wet Soils: For wet soils, consistence is described in terms of stickiness and plasticity.  

Stickiness: The degree of stickiness is indicated by nonsticky, slightly sticky, sticky, and very sticky. 

Plasticity: is the capacity of soil to be molded—that is, to change shape in response to stress and to keep 

that shape when the stress is removed. It is evidenced when a thin rod is formed by rolling soil between 

the thumb and forefinger. Terms used to describe the degree of plasticity are nonplastic, slightly plastic, 

plastic, and very plastic. 

Moist Soils: The consistence of moist soils is most important since it best describes the condition of 

soils when they are tilled in the field. In practice it is a general measure of the resistance of the soil to 

crushing between the thumb and forefinger. Consistence of a moist soil is described in the following 

terms. 

1. Loose: noncoherent. 

2. Very friable: coherent but very easily crushed. 

3. Friable: easily crushed. 

4. Firm: crushable under moderate pressure. 

5. Very firm: crushable only under strong pressure. 

6. Extremely firm: resistant to crushing between thumb and forefinger. 

Dry Soils: When dry, soils resist crushing or other manipulation. The degree of this resistance is related 

to the attraction of the particles for each other and is expressed in such terms as rigidity and brittleness. 

In describing the consistence of dry soils, the following terminology is used, starting with a condition of 

little interparticle attraction and moving to a state of high cohesive forces. 

1. Loose: noncoherent. 

2. Soft: breaks under slight pressure between thumb and forefinger to a powdery mass. 

3. Slightly hard: breaks under moderate pressure. 

4. Hard: breaks with difficulty under pressure. 

5. Very hard: very resistant to pressure; cannot be broken between thumb and forefinger. 



6. Extremely hard: extreme resistance to pressure; cannot be broken in the hand. 

 

Cohesion: Is a force of attraction which hold a solid or liquid together, owing to attraction between like 

molecules. 

Adhesion: Molecular attraction that holds the surfaces of two substances (e.g. water and sand particles) 

in contact 

        The cohesive and adhesive forces in soil undergo change with the relative proportions of soil and 

water. Soil particles are held together by cohesive force and water molecules are held by soil by adhesive 

force. Together, these forces make it possible for the soil solids to retain water and control its movement 

and utilization. The forces of adhesion and cohesion play their role in determining the physical behaviour 

of soil-water system e.g. a soil may be hard when dry, friable when moist and plastic when wet.  

 



Soil Classification 

Classification: Classification is defined as the grouping of objects in some orderly and logical manner. Soil 

classification is to classify soils in some systematic manner so as to remember their properties and understand their 

relationship.  

Historical developments in soil classification  

1. Early systems of classification: 

i. Economic classification: This classification was adopted by revenue departments, for grouping soils 

according to their productivity for the purpose of taxation. 

ii. Physical classification: It was based on soil texture. The soils were termed as loamy soils, sandy soils, 

clayey soils etc.  

iii. Chemical classification: It is grouping of soils according to chemical composition eg. Calcareous 

soils, acid soils, alkaline soils etc.  

iv. Physiographic classification: In this system characteristics of the landscape were considered e.g. 

terrace soils, mountain soils, upland soils, lowland soils etc.  

 

2. Recent systems of classification: Dokuchaiev (1900), Coffey`s (1912) and Marbut`s (1935) classified the 

soils on the basis of zonality , their own properties and morphology emphasizing the need for examination 

of actual soils for their characteristics like soil colour, texture, structure, consistency drainage conditions 

etc. respectively. 

The first classification was proposed by Dokuchaev (1870) and known as Genetic classification of soils as 

their main focus was on soil genesis. Divided the soil into three categories 

 1. Normal: Formation influenced by climate and vegetation 

 2. Transitional: More developed than Azonal. Formation controlled by local factors like parent material 

and topography 

 3. Abnormal: Poorly developed soils 

This approach was based on the principle of soil genesis, role of vegetation and climate.  

Marbut’s morphogenetic system of soil classification: 

• Both soil morphology and soil genesis were considered and introduced the concept of “Great Soil Group”. 

The classification of soils based on their own intrinsic properties. The highest category was divided into 

two classes i.e. Pedalfers and Pedocals  

1. Pedalfers- Aluminium and iron accumulation (highly leached soil) 

2. Pedocals- Calcium carbonate accumulation (soils of arid and semiarid) 

But this system was based on assumed soil genesis which could not find places for most of the soils.  

 

 Baldwin and associates gave genetic approach.  Marbut`s morphogenesis soil classification system was 

revised and elaborated by Baldwin, Kellog and Thorp (1938): They emphasized the Marbut’s system and 

returned to the zonality concept. They gave emphasis on soil as a three dimensional body. They introduced 



the concept of “Soil Family” between the Great Soil Group and Soil Series. The concept of “Great Soil 

Group” was revised. But still this system was also not completely based on soil measurable properties.  

 There are three orders in this system: 

1. Zonal soils: 

2. Intrazonal soils  

3. Azonal soils: 

Zonal: soils are developed under similar climatic conditions and distributed in a climatic belt. soils have developed 

soil profile reflecting influence of climate and vegetation. E.g. laterites and podzoles. 

Azonal: soils have poorly developed profiles because of time as limiting factor. e.g. Alluvial soils 

Intrazonal: soils occur with in a zone and reflect the influence of some local conditions such as topography and 

parent material. e.g. saline, and alkaline soils. 

                               

                       Soil Taxonomy 

Soil classification: It is the grouping of soils based on their characteristics. 

Soil Taxonomy: Is a classification of soils according to natural relationships among the soil characteristics. 

 

What is the need of Taxonomy? 

 Classification allows scientist to accurately identify individual soil wherever they are. 

  Taxonomy provides basic understanding about the components of different soils which is necessary for 

effective decision-making about conservation and sustainable use.  

Soil Taxonomy: A Comprehensive US System of Soil Classification. Dr G. D. Smith is regarded as Father of Soil 

Taxonomy.  

                   In order to overcome the shortcomings of previous systems, the US Soil Survey Staff in cooperation 

with many other institutions, under the leadership of Guy D. Smith, have been working since 1951 to arrive at a 

classification that narrows the differences in different viewpoints. Each year, starting from 1953, an approximation 

was produced and tested. In 1960, a comprehensive system of soil classification, popularly known as “7
th
 

Approximation” was published. A supplement to 7
th
 Approximation appeared in 1964 and another in 1967. 

Ultimately in 1975, the system was brought out as Soil Taxonomy. 

 The attributes of new system: 

1. This system is based on measurable soil properties as they exist today. 

2. It considers all such properties which affect soil genesis or are the outcome of soil genesis.  



3. The nomenclature is derived mainly from the Greek or Latin languages. Each taxon should have the same 

meaning to every user. 

4. The system is multi-categorical. The hierarchy of the categories is such that broad groups are taken in 

higher category and more detailed separations in lower categories.  

5. This system is an open system and is capable of modification to accommodate new knowledge with a 

minimum disturbance to other parts of the system.  

 

7
th

 Approximation or Soil Taxonomy or New system of classification The latest comprehensive classification 

system, Soil taxonomy, maintains the natural body concept and has two major features that make it most useful. 

 (1) It classify the soils based on their properties, founds in lab and field 

   (2) Nomenclature is simple and self explanatory. 

The bases of classification 

 The advantages of this system (7
th
 approximation) over those based primarily on soil genesis or presumed 

soil genesis are as follows: 

1. It permits classification of soil rather than soil forming processes. 

2. It focuses on the soil rather than related sciences such as geology and climatology. 

3. It permits the classification of unknown genesis-only the knowledge of their soil properties is needed. 

4. It permits greater uniformity of classification as applied by a large number of soil scientists. Differences in 

interpretation that how a soil was formed does not influence its classification under this scheme.  

  

Structure of the system: There are six categories in the taxonomy: order, suborder, great group, sub group family 

and series.  

 

                                       Fig.: Structure of Soil Taxonomy 

 

Diagnostic horizons: The horizons used to identify and classify soils into different orders are called diagnostic 

horizons. They are found in the surface or the sub-surface. The diagnostic surface horizons are called epipedons 

(Gk. Epi = over, pedon = soil). There are six epipedons. 



Diagnostic horizon (and 

designation) 

Major features 

1. Mollic:     L, mollis, shoft Thick, dark coloured, high base saturation (>50%) soil upto 1.8 m depth, P2O5 

< 250 ppm, strong structure.  

2. Umbric:    L. umbra, shade/dark Same as Mollic except low base saturation (<50 %) 

3. Ochric :    Gk. Ochros,pale Light coloured, low organic matter content may be hard and massive when dry 

4. Histic :   Gk. Histos, tissue  

5.Melanic :Gk. Melas, melon/black                                                                                                                           

Very high in organic matter (>30%), wet during some part of year 

Thick, black, high in organic matter (> 6% organic carbon),common in 

volcanic ash soils  

6. Anthropic: Man-modified, Mollic-like horizon, P2O5 > 250 ppm 

7.Plaggen : Man made sod-like horizon created by years of manuring (50 cm thickness) 

                             Sub surface horizon (Endopedon) 

Argillic Silicate clay accumulation, at least 8% more clay than the eluvial horizon 

Natric Argillic, high in sodium (>15%), columnar or prismatic structure 

Spodic Organic matter, Fe and Al oxide accumulation 

Cambic Changed or altered by physical or chemical reaction, blocky structure. 

Agric  Organic and clay accumulation just below plow layer resulting from cultivation 

Oxic Highly weathered, primarily mixture of Fe, Al oxides, 1:1 type minerals 

Calcic Accumulation of CaCO3 or CaCO3. MgCO3 

Albic A surface or sub surface horizon of light colour 

Gypsic Accumulation of gypsum 

Salic  Accumulation of salts 

Sulfuric Accumulation of sulfide minerals 

Duripan Hard pan, strongly cemented by silica 

Fragipan Brittle pan, usually loamy texture, weakly cemented  

Sombric Organic matter accumulation 

Petrocalcic:  Cemented calcic horizon 

Petrogypsic:  Cemented gypsic horizon                                                                                                                                

     

Order: The order category is based largely on soil forming processes as indicated by the presence or absence of 

major diagnostic horizons. An order includes soils whose properties suggest that they are not too dissimilar in their 

genesis. There are 12 soil orders in soil taxonomy. 



U S A V I A H O M E A G or A V A A M I H O U S E G 

Name                                                              

(Formative 

element) 

 

Derivation Pronunciation Major characteristics 

1.Entisols  

  (ent) 

Meaningless Recent The little profile development undeveloped ochric 

epipedon 

2.Inceptisols  

 (ept) 

L. Inceptum- 

beginning 

Inception Slightly developed chambic horizon  

3.Mollisols  

  (oll) 

L. Mollis-soft Mollify Mollic epipedon, high base saturation dark soils of 

grass land, fertile and leached 

4.Alfisols  

  (alf) 

Meaningless Pedalfer Argillic and natric horizon, high to med. base 

saturation, forest soils 

5.Ultisols  

  (ult) 

L.Ultimus-Last  Ultimate Argillic horizon, low base saturation, forest soils  

6.Oxisols  

 (ox) 

Fr. Oxide Oxide Oxic horizon, no argillic horizon, highly weathered 

7.Vertisols  

  (ert) 

L. Verto-turn Invert High in dark swelling clay(30%), deep cracks when 

dry 

8.Aridisols  

  (id) 

L. Aridus-dry Arid Dry soil, ochric epipedon sometime argillic and 

natric horizon 

9.Spodosols  

  (od) 

Gk. Spodos- 

woodash  

odd Spodic horizon with Al, Fe and humus accination  

10.Histosol 

   (ist) 

Gk. Histos- 

tissue 

Histology peat or bog >20% organic matter 

11.Andosols 

  (and)  

Jap. Ando- 

black soil              

Ando 

 

From volcanic ejecta, dominated by allophone or Al-

humic complex  

 

  12.Gelisols 

   (el)                                   

 

Gk. Gelare- to 

freeze  

 

Jelly Permafrost, often with  cryoturbation (frost churning) 

 

  

1. Entisols: These are very recently developed, mineral soils with no diagnostic horizonation. The main 

feature of Entisols is a very slight degree of soil formation, either because of limiting time available for 

development or because of unfavourable conditions eg. steep rocky slopes, along streams. 

2. Inceptisols: (Latin-Inceptum = beginning). These soils represent beginning stage in soil formation. They 

form in lower parts of landscape, which are comparatively stable. 

3. Mollisol: (L. Mollis = soft). The Mollisols have a dark coloured, well developed, base rich, well structured 

surface horizon rich in organic matter (Mollic epipedon). Mollisols are formed under grassland vegetation 

in semi-arid to sub-humid climatic conditions. These are inherently the best agricultural soils of the world. 

4. Alfisols: These are base rich, mineral soils of sub-humid and humid regions. These are characterized by 

light coloured surface horizon, over a clay enriched, argillic sub-surface horizon that is rich in 

exchangeable cations with base saturation of more than 35%. Alfisols are very productive soils for 

agriculture eg. Red soils of Andhra Pradesh, Himachal Pradesh, Assam, MS, Bihar, Karnataka, T.N., M.P., 

Orrisa etc. 

5. Vertisols: These are uniform, thick tropical black and other dark coloured cracking clay mineral soils that 

have high content (>30%) of clay. These soils swell on wetting and shrink on drying, inducing 



development of wide, deep cracks. These soils are dominated by Smectite clays. These soils are very 

productive, provided, they are managed well.  

6. Aridisols: (L. Aridus = dry). These are mineral soils of dry places. The soils remain dry for most part of 

the year, and salts accumulate at the surface. Without irrigation, these soils do not support crop production. 

One crop can be taken on conserved moisture. 

7. Histosols: Soils composed mainly of organic material. They contain atleast 20-30 % organic matter by 

weight and are more than 40 cm thick. Histosols typically form in areas where poor drainage inhibits the 

decomposition of plant and animal remains, allowing these organic materials to accumulate over time. 

Histosols are often referred as Peats and Mucks. Eg. Kerala, Andaman and Nicobar. These soils can be 

used for growing vegetables after draining excess water. 

8. Spodosols: (Gk. Spodos = wood ash). These soils often occur under coniferous forests in cool, moist 

climates. Usually of coarse textured, Spodosols are acid soils characterized by a sub-surface accumulation 

of humus and Al & Fe oxides eg. N. Europe, N.U.S.A., Canada etc. Spodosols are naturally infertile soils, 

and are used for forestry. 

 

 

Fig: Soils of 12 orders of soil taxonomy 

 

9. Oxisols: (Fr. Oxide). These are highly weathered soils found in humid tropics. These soils contain few 

weatherable minerals and are rich in Fe and Al oxide mineral, imparting it red colour. Extremely low level 

of native soil fertility. The clay content of these soils is very high but is non-sticky as dominated by 1:1 

type Kaolinite. These soils are mainly used for grazing, forestry and plantation crops.  



10. Ultisols: (L. Ultimum = last). These are acid soils formed under forest vegetation. They are found in humid, 

temperate and tropical areas, typically on old, stable landscapes. Ultisols exhibit very strong horizon 

development and have a clay-enriched sub-surface horizon having base saturation < 35% (unlike Alfisols) 

e.g. Kerala, T.N., Orissa. Because of low fertility and low base status, these soils are used for forestry and 

for plantation crops like coffee, cocoa, pineapple, coconut, rubber etc. 

11. Andisols: (Japanese an = black, do = soils). These are dark coloured, low bulk-density soils and have 

developed on volcanic ash parent material. The typical characteristic of these soils is the high content of 

allophane, which gives them a very low bulk density and fluffiness. These soils possess very high water 

holding capacity and ability to fix Phosphorus eg. Japan, Indonesia, Andaman. They are easy to cultivate 

and are generally very fertile. Better to grow low P requiring crops like sweet potato.  

12. Gelisols: These are soils of very cold climate that contain ‘permafrost’ within 2 metres of the surface. 

These soils are limited to polar areas. Low soil temperature causes soil forming processes to proceed very 

slowly.  

 



Soil Survey: 

       Definition:    Soil Survey is “a systematic examination, description, classification, and mapping 

of the soils in a given area.” 

Objectives of Soil Survey: In a broad sense the objective of soil survey are both fundamental and 

applied. 

Fundamental soil survey includes in expanding knowledge and understanding of different types of 

soils in relation to their    genesis, development, classification and nomenclature. 

Applied soil survey includes soil maps in addition to fundamental objectives of soil survey. Soil 

survey and mapping help in: 

i. To get the soil information such as soil conditions composition and their properties 

ii. Providing information about present and future use of soil based on their evaluation  

iii. Soils are classified on the basis of collected information 

iv. Analysis of collected data and then on that basis planning for their use for agriculture, pasture 

development, forestry, urban development and recreational centre. 

v. Delineating the problematic soils, such as saline-sodic, waterlogged, eroded and waste lands 

and in suggesting soil and water conservation measures. 

vi. Demarcating nutrient deficient areas which may indirectly help in correction of particular 

nutrient deficiency 

vii. Informations are used in irrigated soil management.  

Use of Soil Survey: 

i. Future Planning and polices for Agriculture can be prepared on the basis of soil survey 

reports. 

ii. Soil survey bulletins and maps are useful as a basis for other scientific work.  

iii. Useful in land evaluation and productivity assessment  

iv. Nutrient index coupled with soil survey may be used to determine fertilizers  

v. On the basis of survey maps and bulletin extension people can guide in making suggestions 

and recommendations. 

vi. Predictions can be made of hydrologic changes in relation to modification in land-use 

patterns. 

vii. Estimates of water runoff and infiltration can be made on the basis of soil characteristics 

enumerated in soil survey bulletins. 



Types of Soil Survey: Depending upon the objective, method, type of base map available and the 

intensity of observations, three types of soil survey are recognised which are given below: 

(i) Detailed soil survey (ii) Reconnaissance soil survey (iii) Detailed-reconnaissance soil survey 

(i) Detailed Soil Survey: In detailed soil survey boundaries of soil units are delineated from 

observations by actual traverses throughout the course of the boundary. Detailed soil surveys are 

conducted to furnish information required for a proper assessment of soil properties, terrain features, 

erosional aspects and other related factors that can help in working out the use capability and the 

management practices for soil. Cadastral maps ((1: 8,000 or 1 : 4,000 scale) or aerial photographs (1 : 

15,000 scale) are generally used as base material for preparing soil maps for detailed soil surveys. The 

mapping units on a detailed soil map show soil series, types and phases. Detailed soil surveys are 

laborious, time consuming and much expensive. Detailed soil survey is of two types, i.e. low and high 

intensity survey. 

(ii) Reconnaissance Soil Survey. In these surveys the soil boundaries are not totally traversed, but 

drawn partly by extrapolation. The scale of mapping is 1: 50,000, using topographical maps of the 

survey of India as base material or aerial photographs of similar scale wherever available. 

Reconnaissance soil surveys give information for detailed soil surveys and broad land use planning 

and agricultural development. The mapping unit is soil association. 

(iii) Detailed-Reconnaissance Soil Survey. It is a combination of reconnaissance and detailed 

soil surveys and is undertaken for understanding distribution of basic soil classes of series and their 

phases. 

                                              Land:  

          A broad term, embodying the total natural environment of the areas of the earth not covered by 

water. In addition to soil, its attributes include other physical conditions, such as mineral deposits and 

water supply ; location in relation to centre of commerce, populations, and other land; the size of other 

individual holdings; and existing plant cover, works of improvement, and the like. 

                       Land-capability classification (LCC): The farm plans for effective soil and water 

conservation are based largely on the capability of the land. The land-capability classification map is 

normally prepared by interpreting a standard soil-survey map.  

Land-capability classification is a systematic arrangement of different kinds of lands according to 

those properties that determine the ability of the land to produce crops on a virtually permanent basis.       

Or 



Klingebiel and Montgomery (1961) stated that the L.C.C. is the grouping of land units into defined 

classes based on its capability. It is a broad grouping of soils based on their limitations and is designed 

to emphasize the hazards in different kinds of soils. It serves as a guide to assess suitability of the land 

for arable crops, grazing and forestry.  

Need for Land Capability Classification:   

 The classification of land is quite essential and rather a pre requisite in any land use planning 

and development. 

 It relates the climate factors, soil characteristics, slope and degree of erosion, water supply 

and drainage and similar environment conditions affecting land use and productivity. 

 It enables us to predict as how different soils can be utilised with safety according to 

qualification of class or sub class into which they are placed.  

 

Importance: This is a system of technical grouping of soils, which is specially suited to management 

of land for following reasons. 

i. Easy understanding of Hazards and difficulties of an area  

ii. Practices and treatment can be planned properly 

iii. Factors of erosion and wetness are considered for action.  

The factors determining land-capability:   These are the major soil characteristics of the land such 

as (i) the texture of the top soil and its effective depth (ii) permeability of the top soil and subsoil and 

(iii) associated land features like the slope of the land, the extent of erosion, the degree of wetness and 

susceptibility to overflowing and flooding.  

Classification: In the capability system, soils are generally grouped at three levels—capability class, 

subclass, and unit. 

Capability classes: the broadest groups are designated by the numbers I through VIII. The numbers 

indicate progressively greater limitations and narrower choices for practical use. The land-capability 

classes are based on the intensity of hazards and the limitations of use. The land-capability classes 

range from the best and most easily farmed land to that which has no value for cultivation, grazing or 

forestry, but which may be suited to wild-life, recreation or for watershed protection. They all fall into 

two broad groups: one suitable for cultivation and other land uses, and the other not suitable for 

cultivation, but suitable for other land uses. The classes are defined as follows: 



Class I (Green color): soils have slight limitations that restrict their use. These soils are suitable for all 

purposes and need ordinary management practices to maintain productivity.  

Class II (Yellow color):  soils have moderate limitations that restrict the choice of plants or that 

require moderate conservation practices. 

Class III (Red color):  soils have severe limitations that restrict the choice of plants or that require 

special conservation practices, or both. 

Class IV (Blue color): soils have very severe limitations that restrict the choice of plants or that 

require very careful management, or both. 

Class V (dark green or uncolored):  soils are subject to little or no erosion but have other limitations, 

impractical to remove, that restrict their use mainly to pasture, rangeland, forestland, or wildlife 

habitat. 

 

Class VI (Orange color):  soils have severe limitations that make them generally unsuitable for 

cultivation and that restrict their use mainly to pasture, rangeland, forestland, or wildlife habitat. 

Class VII (Brown color):  soils have very severe limitations that make them unsuitable for cultivation 

and that restrict their use mainly to grazing, forestland, or wildlife habitat. 

Class VIII (Purple color):  soils and miscellaneous areas have limitations that preclude commercial 

plant production and that restrict their use to recreational purposes, wildlife habitat, watershed, or 

esthetical purposes. 

Capability subclasses:  are soil groups within one class. They are designated by adding a small letter; 

e (erosion), w (wetness or excessive water), s (stoniness), or c (climate), to the class numeral, for 

example, 2e. The letter e shows that the main hazard is the risk of erosion unless close-growing plant 

cover is maintained; w shows that water in or on the soil interferes with plant growth or cultivation (in 



some soils the wetness can be partly corrected by artificial drainage); s shows that the soil is limited 

mainly because it is shallow, droughty, or stony; and c, shows that the chief limitation is climate that 

is very cold or very dry. 

In class I there are no subclasses because the soils of this class have few limitations. Class V contains 

only the subclasses indicated by w, s, or c because the soils in class V are subject to little or no 

erosion. They have other limitations that restrict their use to pasture, rangeland, forestland, wildlife 

habitat, or recreation. 

Capability units: are soil groups within a subclass. The soils in a capability unit are enough alike to 

be suited to the same crops and pasture plants, to require similar management, and to have similar 

productivity.  

 



















Soil Water 

Sources of water: 

The major sources of water available either for agriculture or for human consumption is obtained from the 

precipitation in the form of rainfall or snowfall. Water of tanks or ponds streams, and stored in reservoirs directly 

regulated for irrigation through suitable conveyance system. Of the annual rainfall of 400 (m. ha. m) about 215 

(m. ha. m) infiltrates into the soil. A major part of it amounting to about 165 (m. ha. m) is retained as a soil 

moisture, which is essential for growth of plants.  

Functions of water:  

Water is essential for plant growth. Plants need water continually and requirement varies depending upon the 

atmospheric condition and nature of plants. Soil acts as storehouse and becoming the main source of water for 

land plants. Water plays important roles which are as follows: 

 It is a constituent of protoplasm: Water Constitutes 80 to 90 Percent of fresh weight of most herbaceous 

plant parts and 50 percent of the fresh weight of woody plant.  

 It is a very good solvent: Water is a universal solvent in which gases, minerals (plant nutrients) and other 

solutes are dissolved. The dissolved plant nutrients are absorbed by plants through soil solution.  

 It is a reagent: Water acts as a reagent in many important processes, such as photosynthesis and 

hydrolysis of starch and sugar. 

 It maintains turgidity of plant: Maintenance of turgidity is essential for cell enlargement and growth. 

Turgidity is also important in opening of the stomata, movement of leaves, flower, petals etc. 

 It controls the temperature of plant and soil. 

Structure of Water:  

               Water is a simple compound, its individual molecules containing one oxygen atom and two much 

smaller hydrogen atoms. The elements are bonded together (H-O-H) covalently, each hydrogen atom sharing its 

single electron with the oxygen. The hydrogen atoms are attached to the oxygen in short of ‘V’ shaped 

arrangement at an angle of only 104.5
0
. Due to ‘V’ shaped structure of water the side on which the hydrogen 

atoms are located tends to electropositive and apposite side electronegative. Because of nonlinear position of H+ 

ions water is polar. Because of polar character, water is most import for carrying out many reactions in soil and 

plants.                                    +ve Hydrogen nucleus.                                                      

                                                                   

         Oxygen nucleus      104.5
0
   

               
                           

-ve
                     

                     

                                                 +ve   Hydrogen nucleus 

 



    Classification of Soil Water or Kinds of Soil Water 

There are two type of soil water classification based on drying of wet soils and growing plants therein. 

(A) Physical classification (B) Biological classification 

(A) Physical classification 

I. Hygroscopic water 

II. Capillary water a) Inner capillary b) outer capillary  

III. Gravitation water 

IV. Water vapour 

 I) Hygroscopic water: The water which is held tightly by the soil solids at a tension values >31bars.It is mostly 

in          vapour form and not used by the plants. 

II) Capillary water: Capillary water is held in the pores of capillary size at tension between 0.1 to 31 bars. The 

force of retention of water molecules by the soil particles is high and part of it is available and part of it is 

unavailable. So, all capillary water is not available to the plants but even then it is most useful water for plants. 

III) Gravitational water: It is free water held at a tension below 1/3 bar. It saturates the soil and percolates 

downwards under the influence of gravity. It is superfluous and as such, it is of no use to the plants. Gravitational 

water is of little use to plants, water occupies large pores and resulting in poor aeration and some plant nutrients 

are also leached out.  

IV)Vapour form: In this category, the water is present in gaseous form in the soil atmosphere but it is not 

directly used by plants and is therefore, not important unlike the first three kinds. 

(B) Biological classification: This classification is based on the availability of soil moisture to plants 

 I) Available water: is defined as the portion of water which is retained in the soil between field capacity (1/3 bar 

tension) and the permanent wilting point (15 bar tension). 

II) Unavailable water: is defined as the portion of water which is held at soil moisture tension >15 bar. It 

includes whole of the hygroscopic water plus a part of capillary water below the wilting point. 

 III) Superfluous water: is defined as the water which is retained in the soil beyond field capacity soil moisture 

tension. This water includes gravitational water plus a portion of capillary water removed from large pores. This 

water is unavailable water and long term presence is harmful. 

Water Movement: 

i) Flow of water into soil/ Infiltration (ii) Water movement through soil  (iii) Water retention by soil 

Flow of water into soil:  

Infiltration: Water infiltration is the process of water entry into soil through the surface and the direction of entry 

may be either downward or lateral or both. Simply, downward flow into soil from the top is called infiltration. 



 Water infiltration characteristics of soil are of practical significance in soil and water conservation, irrigation and 

watershed management. Water infiltration may be from ponded water or from flowing water over the surface. The 

infiltration rate is the distance travelled by water through a soil column and usually expressed as cm/hr. It is 

initially high but decreases with time. 

Factors affecting infiltration: (i) Porosity is the determining factor (ii) Montmorillonite clay mineral- swelling 

reduces the pore size thereby reduces the infiltration rate. (iii) Coarse textured and well aggregated soil usually 

have high infiltration rate; dry soil condition is conducive to rapid infiltration (iv) vegetative covers help in 

infiltration (v) Presence of impervious layer in subsoil reduces infiltration rate. (vi) Infiltration slows as the soil 

wets 

Water Movement through Soil:  

Terminology:  

Water intake:  Movement of water from soil surface into and through the soil is called water intake. It is the 

expression of several factors including infiltration and percolation. 

Percolat ion: It is the downward movement of water through saturated or nearly saturated soil in response to the 

gravity. Simply, it is water flow through the wetted soil. Percolation occurs when water is under pressure or when 

the tension is less   

Seepage: it is infiltration downward and lateral movements of water into soil or substrata from a source of supply. 

Such water may reappear at the surface as wet spot. 

Leaching: Transporting soluble material in percolating water is leaching. 

     Water Movement:  The water component of soil is dynamic and movement of water with in soils take place 

as (I) Saturated flow (II) Unsaturated flow (III) Vapour movement. Both saturated and unsaturated flow involve 

liquid water in contrast to vapour flow. At first, we shall consider liquid flow. 

 The flow of liquid water is due to a gradient in soil water potential from one soil zone to another. The direction 

of flow is from a zone of higher to one of lower moisture potential.  

 

(I) Saturated Flow: 

The saturated flow of water takes place when the soil pores are completely filled (or saturated) with water. When soil water 

moves mainly due to gravity, which is at moisture potentials greater than -1/3 bar, the movement is called “Saturated flow”. 

Saturated flow starts with water infiltration, which is the movement of water into the soil when precipitation 

or irrigation water is on the soil surface. When the soil profile is completely saturated with water, the movement 

of more water flowing through the saturated soil is termed percolation. 

The flow of water under saturated conditions is determined by two major factors—the hydraulic force driving 



the water through the soil and the ease with which the soil pores permit water movement. This can be expressed 

as follows: 

                 V = kf 

Where, V is the total volume of water moved per unit time,  f is the water moving force and k is the 

hydraulic conductivity of the soil or permeability of the soil. This can be explained by using Darcy`s 

law given by H. Darcy in 1856. The law stated that the rate of flow of liquid or flux (q) through a porous 

medium is proportional to the hydraulic gradient in the direction of flow of liquid. 

                                  H 

                  q = k.   

                                      L 

Where,         H is head differential, L is soil column length,        H          is hydraulic gradient and k is Hydraulic 

conductivity.                                                                                                 

                                                                                                   L 

Hydraulic conductivity is the rate of flow of liquid through a porous medium under unit hydraulic gradient. 

In this flow of water, more vertical flow occurs than that of horizontal flow because the force of gravity does 

not help the latter flow. 

  (II)Unsaturated Flow:  

 Unsaturated flow occurs when the pores even in the wettest soil zones are partially filled with water. The two 

forces responsible for this movement are the attraction of soil solids for water (adhesion) and capillarity. It is the 

flow of water held with water potentials lower than -1/3 bar. Water will move toward the region of lower 

potential (towards the greater “pulling” force). In a uniform soil this means that water moves from wetter to drier 

areas. The water movement may be in any direction. The rate of flow is greater as the water potential gradient 

(the difference in potential between wet and dry) increases and as the size of water filled pores also increases. 

The flow rate is directly proportional to the difference in water potential between two points along the path of 

greatest change in potential. For the unsaturated flow equation may be written as: 

               q =   -k ψ (ψm + ψg) 

                                  L 

 Where, L is the path of greatest change in potential. The –ve sign indicates the flow of water from higher 

potential to lower potential 

(III)Water Movement in Vapour Phase:  

Water vapour is present in unsaturated soil and flow in vapour form increases as moisture content decreases 

due to drying. Vapour flow is diffusive process in response to diffusion pressure gradient from high pressure 

zone to low pressure zone and from high temperature to low temperature zone.  

Retention of water in soil: When water is added to dry soil either by rain or irrigation, it is distributed around the 

soil particles, where it is held by adhesive and cohesive forces. It displaces air in the pore spaces and eventually 

fills the pores. When all the pores, large and small are filled, soil is said to be saturated and it is at its maximum 

retentive capacity. Water that enters in the soil is retained by means of the following three forces: 



i) Force of adhesion: It is the attraction of solid surface of water molecules (It is the attraction of unlike materials 

to each other). Due to the force of adhesion, the water molecules are attached to the surface of soil particles and 

thus a thin film of water is tightly held around the soil particles. Finer the soil particles, greater the surface area 

and consequently, the water film is held or retained more tightly. 

ii) Force of cohesion: It is attraction between similar molecules of like characteristics. Cohesion is attraction of 

water molecules for each other. When more water is added to the moist soil, the cohesive force comes into action 

and the freshly added molecules get attracted towards already existing water molecules. This results in thickening 

of water film around the soil particles. 

iii) Soil colloids: (Clay or humus particles): The water is also retained in the soil due to soil colloids like clay or 

humus particles. The water thus retained in the soil is called imbibitional moisture. Such retention of moisture is 

different in different soils. Fine textured soils having greater aggregation and more organic matter or humus retain 

much more quantity of water than those coarse textured single grained soils which are poor in organic matter. 

                    Soil Moisture Constants: 

i) Oven dry weight Oven dry weight is the basis for all soil moisture calculations. The equilibrium tension of 

the moisture at oven dryness is 10,000 atmospheres or bars (-10,000 bars of soil moisture potential). It is 

determined by placing the soil in an oven at 105°C until it loses no more water. 

ii) Air dry weight: Air dry weight is a somewhat variable term, mainly because the moisture in the air 

fluctuates. Moisture at air dryness is held with a force of 1,000 atmospheres or bars (-1,000 bars of soil-moisture 

potential). This water is not available to plants. 

iii) Hygroscopic co-efficient: Hygroscopic coefficient is determined by placing an air-dry soil in a nearly 

saturated atmosphere at 25°C until soil absorbs no more water. The soil-moisture tension at this point is equal to 

31 bars (soil moisture potential-31 bars) and this water is not available to plants, but available to certain micro-

organisms. 

iv) Wilting co-efficient: Sometimes it is also used as permanent wilting point. The wilting point is defined as 

that amount of water which is held with water potential at or less than -15 bars and it is held so strongly that 

plants are not able to absorb it for their needs. At this point of soil-moisture potential, the plants begin to wilt and 

at the very beginning of the wilting condition are sometimes it is recovered with the addition of water and it is 

than called temporary wilting. 

V) Field capacity: is defined as the capacity of a soil to retained water against the downward pull of the force 

of gravity and water is held with soil water potential less than -1/3 bar(-0.1to - 0.3 bar). It is used to determine the 

amount of irrigation water needed and the amount of reserve soil water available to plants. 

                     

 



             Methods of Soil Moisture Estimation Laboratory and Field Methods 

         By measuring soil moisture at regular interval and at several depths within the root zones, information can 

be obtained as to the rate at which moisture is being used by the crops at different depths. This provides the base 

for determining when to irrigate and how much water to be applied. The methods of measuring soil moisture are 

divided in to: 

   A) Feel and appearance method:  

B) Direct method: Measurement of moisture content in the soil (wetness)  

C) Indirect methods: Measurement of water potential or stress or tension under which water is held by the soil. 

A) Feel and appearance method: A practical estimate of moisture content is obtained by the feel and appearance 

of soil samples taken from the desired depths. The soil sample is squeezed in the hand and its feel and appearance 

are taken into consideration. In this method, actual moisture content is not determined. 

B) Direct methods: 

I) Gravimetric methods: In the gravimetric method, basic measurement of soil moisture is made on soil samples 

of known weight or volume. Soil sample from the desired depths are collected with a soil auger. They are 

collected in aluminum moisture box. The soil samples are weighed and they are dried in an oven at 105 
o
C for 

about 48 hours or until all the moisture is driven off. After removing from oven, they are cooled slowly to room 

temperature and weighed again. The difference in weight is amount of moisture in the soil. The moisture content 

in the soil is calculated by the following formula:- 

% Moisture content                    Wet weight of soil – oven dry weight of soil 

on weight basis                =                                                                                         X 100 

                                                                  oven dry weight of soil 

 C ) Indirect methods: 

In these methods, no water content in the soil is directly measured but the water potential or stress or tension 

under which the water is held by the soil is measured. The most common instrument used for estimating soil 

moisture by indirect methods are: 

1) Tensiometer 

2) Gypsum block 

3) Neutron probe 

4) Pressure plate and pressure membrane apparatus 

In all these methods, the reading from above instruments and corresponding soil moisture content is determined 

by oven drying method are plotted on a graph. Subsequently, these calibration curves are used to know soil 

moisture content from the reading of these instruments. 

 



                                                                      Soil Air 

  Soil air is an essential component of soil which occupy 20-30 % portion of the total volume of soil. This phase/component is 

regulated by liquid phase. The two important biological reactions involving gases that take place in soils are (i) the respiration of 

higher plants and (ii) the decomposition by microorganisms of incorporated organic residues. In each case, the oxygen is utilised 

and carbon dioxide is generated and there should be a mechanism to replenish O2 and permit the escape of CO2. The soil aeration 

is the mechanism of gas exchange in soils that prevent O2 deficiency and toxicity of CO2. 

Definition: Soil aeration may be defined as the exchange of carbon dioxide and oxygen gases between the soil pore space and the 

aerial atmosphere.  

       So, a well aerated sol is one in which gas exchange between the soil air and the atmosphere is sufficiently rapid to prevent 

deficiency of oxygen or toxicity of carbondioxide and thereby permits normal functioning of plant roots and of aerobic 

microorganisms. 

For satisfactory aeration, first, sufficient spaces free of solids and water should be present. Second, there should be ample 

opportunity for the ready movement of gases into and out of these spaces. The activities of the roots of many plants are hampered 

when the oxygen content of soil air is less than 10%. At the same time the concentration of CO2 must not be allowed to build up 

excessively in the air spaces.  

                                        Composition of soil air 

The gaseous constituents of soil atmosphere are as important for crop growth as nutrients and water. The composition of soil air 

changes with the soil conditions, organic matter, microbial activities, location and the season. The composition is given as below: 

Name of gas               Percentage by volume 

Soil air Atmospheric air 

Oxygen 20.00 21.00 

Nitrogen 78.60 78.03 

Carbon dioxide 0.50 0.03 

Argon and others 0.90 0.94 

 

Soil aeration problem in the field: 

There are generally two reasons by which poor aeration results. 

(i) Excess moisture: Due to presence of very high amount of soil moisture resulting flooded condition which in turn 

develops poor soil aeration the most of the plant cannot grow. Such poor aeration can be prevented through the removal 

of excess water either by drainage or by controlled runoff. 

(ii) Gaseous interchange: the exchange of gases between the soil and the atmosphere above it is facilitated by two 

mechanisms: (a) mass flow and (b) diffusion 

(a) Mass flow: mass flow of air is apparently due to pressure differences between the atmospheric air and the soil air 

and is relatively unimportant in determining the total exchange that occurs. The extent of mass flow is determined 

by such factors as soil and air temperatures (from warm air to cold), barometric pressure(Increase in Barometer 

pressure of air decreases soil air volume and movement from atmosphere to soil), and wind movements (high speed 

high movement). 

 

 

(b) Diffusion: Apparently most of the gaseous interchange (>90%) in soils occurs by diffusion. This is due to pressure 

gradient of particular gas between soil and atmosphere. Through this process each gas tends to move in a direction 

determined by its own partial pressure. Diffusion allows extensive movement from one area to another even though 

there is no overall pressure gradient. There is , however, a concentration gradient for individual gases which may be 

expressed as a partial pressure gradient. 

Diffusion can be explained by applying Fick`s Law, which stated that diffusion is a function of the concentration 

gradient, the diffusion coefficient of the medium, and the cross sectional area. 

           dc/dt = De A dc/dx 

where, dc/dt = rate of diffusion; De = effective diffusion coefficient; A = cross sectional area and dc/dx 

concentration gradient. 



Since the gradient is in the direction of lower concentration, dc/dx become negative. The similarity between this and 
Darcy’s law may be noted. 
 

       On heavy textured topsoils, especially if the structure is poor and compact subsoils, the rate of gaseous 

movement is seriously slow. 

 

Characterization of soil aeration:  

The aeration status of a gas can be characterised conveniently in three ways: 

(a) The content of oxygen and other gases in atmosphere (b) the oxygen diffusion rate (ODR) and (c) the oxidation-reduction 

(redox) potential.  

(a) Gaseous oxygen of the soil: The amount of oxygen gas in a soil is determined by the quantity of air filled pore 

space and the proportion of that space that is filled with oxygen. The O2 content may be slightly below 20% in 

the upper layers of a soil with stable structure and ample quantity of macropores. It may drop less than 5% or 

even zero in the sub soil and low lying areas where water tend to accumulate. There is general inverse 

relationship between the O2 and CO2 content of soil air, that O2 increases CO2 decreases and vice-versa. 

(b) Oxygen diffusion rates:  Perhaps the best measurement of the aeration status of a soil is the oxygen diffusion 

rate (ODR). This determines the rate at which oxygen can be replenished if it is used by respiring plant roots or 

by microorganisms, or is replaced by water. 

             Oxygen diffusion rate decreases with soil depth and root growth ceased when the ODR dropped to about 

20 x 10
-8

 g/cm
2
 per minute. ODR is of critical importance to growing plants. Top growth is normally satisfactory so 

long as the ODR remains above 30-40 x 10
-8

 g/cm
2
 per minute. 

(c) Oxidation-Reduction (Redox) Potential (Eh). Oxidation-reduction potential, indicating the oxidized or reduced 

condition of the soil. It is an important chemical characteristic of soils which is related to soil aeration is the 

reduction and oxidation states of the chemical elements in these soils. If a soil is well aerated, oxidized states of 

ferric iron (Fe
3+

), manganic manganese (Mn
4+

), nitrate (NO3
-
), and sulphate (SO4

2-
) dominate. In poorly drained and 

poorly aerated soils the reduced forms of such elements are found, for example, ferrous iron(Fe
2+

), manganous 

manganese (Mn
2+

), ammonium (NH4
+
),and sulphides (S

2-
). Presence of these reduced forms is an indication of 

restricted drainage and poor aeration. An indication of the oxidation and reduction status is given by redox potential 

(Eh). It is usually measured in volts or millivolts. If it is positive and high, strong oxidizing conditions exist. If it is 

low even negative, reducing conditions exist. 

      In a well-drained soil the Eh is in the 0.4- 0.7 volt (V) range. As aeration is reduced, the Eh declines to a level of 

about 0.3-0.35 V when gaseous oxygen is depleted. At even lower Eh levels, oxygen dissolved in soil water is used 

by the microbes and finally combined oxygen in nitrates, sulphates, and ferric oxides is utilized for microbial 

metabolism. Under drastic waterlogged conditions, the Eh may be lowered to an extreme of -0.4 V. 

 

Soil Aeration and Plant Growth: 

 Oxygen is required by microbes and plants for respiration.  

 Proper aeration is necessary for various aerobic reactions and processes in the soil 

 Oxygen taken up and carbon dioxide evolved and if soil air is not replenished CO2 may be toxic to some plants 

 Root elongation is particularly sensitive to aeration conditions.  

 Oxygen deficiency disturbs metabolic processes in plants, resulting in the accumulation of toxic substances in plants 

  Uptake of water and nutrients may get reduced under low aeration.  

 Certain plants such as rice are adapted to grow under submerged conditions where the external source of oxygen for 

the root is particularly absent. These plants have large internal air spaces which facilitate oxygen transport to the 

roots. 

 Under low aeration reduced form of Fe and Mn become toxic and Cu and Zn show deficiency. 

                 Improvement in Soil Aeration: 

 Maintain proper moisture content in soil 

 Installation of drainage system 

 Addition of organic matter  

 Green manuring 

 Application of vermicompost and insitu vermicomposting 

 Minimum use of heavy machinery  

 Proper ploughing and Subsoiling or chiselling 



Soil Temperature: 

Heat is a form of energy and temperature is a measure of the heat energy. Heat energy refers to kinetic energy of random motion 

(vibration) of molecules of a substance. The speed is directly proportional to temperature. The unit of heat is calories or joules and 

that of temperature is 
0
C. 

 Sources of Soil Heat: There are various sources of soil heat, namely, solar radiation, biochemical reactions, conduction, 

precipitation, exposure and vegetation etc. 

(i) Solar radiation: Radiant energy from the sun is the power source that determines the thermal regime of the soil and the 

growth of plants. So, solar radiation is the greater and main source of soil heat. The heat absorbed by the surface of the earth from 

the solar radiation is affected by several parameters like latitude, distribution of land and water, slope of the land etc. 

The presence of large amount of water in soil tends to stabilize the temperature because of the high specific heat of water, 

which is responsible for the absorption of large amounts of heat. 

(ii) Bio-chemical reactions: In the soil atmosphere a variety of chemical reactions are going on and during such reaction 

liberation of large amount of heat in the soil environment results. Besides decomposition of organic matter and other crop 

residues in the soil and other microbial processes liberate large amounts of heat in the soil and thus contributes soil heat. 

(iii) Conduction: The inner atmosphere of the earth is very hot, the conduction of the heat to the soil environment is very 

slow. Generally, during night, the upper most surface soil becomes cooler than sub-surface soil. Thus heat flows from the regions 

of sub-soil to the region of surface soil (cooler soil layer). 

(iv) Precipitation: During the winter season precipitation increases soil heat because of its higher specific heat. 

(v) Exposure: Exposure is of little importance in the tropics because of the high elevation of the sun. It is of significance in 

the middle latitude where the elevation is lower. The greater the percentage of diffuse sky radiation in the global radiation, the 

smaller is the difference in the incoming solar energy per unit area for slopes of different exposures. 

(vi) Vegetation: Vegetation plays a significant role of soil heat because of the insulating properties of plant cover. Bare soil is 

unprotected from the direct rays of the sun and becomes very warm during the hottest part of the day. 

Soil thermal properties: For calculation of heat flow, a discussion of individual soil thermal properties aids in understanding 

how the solid, liquid, and gas phases interact to influence the dynamics of heat energy in soils. 

(i) Specific Heat: may be defined as the amount of heat required raise temperature of one gram of a substance by 1 
0
C.the specific 

heat of dry soil (0.2 cal/g) is 1/5 that of water (1 cal/g). Hence, moist is cooler due to higher heat capacity and due to heat energy 

spent into evaporation. Sp. heat of mineral matter = 0.181; organic matter = 0.462; water = 1 and air = 24 cal/g 

(ii) Heat Capacity:  The heat capacity of given material is equal to its sp. Heat multiply by its mass. If m1, m2 and m3 are the 

mass s1and, s2 and s3 are the corresponding specific heat then heat capacity of soil = m1s1+ m2s2 + m3s3 cal/g. 

Higher the water content of soil higher will be the heat capacity. 

(iii) Thermal Conductivity (λ): 

Thermal conductivity is defined as the amount of heat transferred through a unit area in unit time (heat flux density) under a unit 

temperature gradient. The soil thermal conductivity (λ) is dependent primarily upon the bulk density and the soil water content. 

Increasing soil bulk density hence the contacts between solid particles increases the thermal conductivity. 

The thermal conductivity also increases with increasing water content. Soil water improves the thermal contact between the soil 

particles, and replaces air which has 20 times lower thermal conductivity than water. 

 

 



 (iv) Thermal Diffusivity (DH): 

Thermal diffusivity is the ratio of the thermal conductivity λ to the volumetric heat capacity cV. 

Thermal diffusivity at first increases rapidly with increasing water content, then decreases at a slower rate. This 

behaviour results from the fact that while heat capacity cV increases linearly with water content, λ increases most rapidly at low 

water contents.  

Amount and flow of heat in soil : 

Let us consider a rectangular section of soil, in which heat is flowing under study state condition, from one end at a temp. T1 
0
C to 

the other end at a temp. T2 
0
C, through L cm, and a cross section A cm

2
. If Q is the quantity of heat flowing in t seconds, then,  

                            Q                              T1-T2 

                                          =  q  =   k 

                           At                                 L  

Where, T1-T2     is the temperature gradient and k is the thermal conductivity. in differential form it is written as 

                  L 

                                               q  = -k dT/dL 

The negative sign indicating flow of heat is from high to low temperature; q is the quantity of heat flow per unit time through one 

unit of cross sectional area. Similarly, with Darcy`s and Fick`s laws to be noted; k is thus equal to q under unit thermal gradient, 

its unit being cal cm
-1

 sec
-1

 
0
C

-1
. Thermal conductivity depends on the physical properties of soils and follows the order: sand > 

loam > clay > peat. 

 

Loss of Soil Heat: There are various factors that influence the loss of soil heat like, radiation conduction, evaporation and 

precipitation etc. 

(i) Radiation: The quantity of heat is absorbed by the surface soil does not remain constant Sane portion of the absorbed soil heat 

is lost to the atmospheric environment by radiation. 

(ii) Conduction: Here heat is transmitted to the subsurface horizon of the soil from the surface soil layer by the conduction 

process and thereby results the loss of soil heat from the surface soil. 

(iii) Evaporation: The major portion of the global radiation in humid climates is used in the process of evapo-transpiration. This 

process consumes 580 cal/g of water that is changed from the liquid to heat energy is lost to the soil and ultimately returned 

to the atmospheric air resulting loss from the soil mass. This results a cooling effect especially at the surface.  

(iv) Precipitation: During summer months, precipitation has generally a cooling action in soil, because rain water usually have a 

lower temperature than soil. 

Factors Influencing Soil Temperature: The temperature that a soil attains depends on (a) heat supply — how much heat reaches 

the soil surface and (b) dissipation of heat—what happens to that heat within the soil mass. So, there are various factors that 

influence the soil temperature which are as follows: 

(i) Composition of the soil: The thermal regimes of the soil will depend upon its volumetric composition, the size and 

arrangement of the solid particles and also interface relationship between the solid and liquid phases. Among the solid 

materials, the soil is composed of partly mineral matter and partly organic matter. The specific heat of mineral matter like 

iron (sp. heat 0.11) is less than that of organic matter, humus (sp. heat 0.44). So, soils containing much more mineral matter 

get heated very easily than those soils containing higher amount of organic matter. 

(ii) Albedo: The fraction of incident radiation that is reflected by land surface is termed as Albedo and ranges from 0.1 to 0.2 for 

dark coloured, rough soil surfaces to as high as 0.5 or more for smooth light coloured surfaces. Vegetation colour also affect 



the Albedo, high green colour low Albedo and vice versa. 

(iii) Soil texture: A light textured sandy soils, in general, absorb heat very quickly than heavy textured clayey soils. A heavy soil 

carries a greater quantity of water and due to this reason it warms up very slowly. 

(iv) Soil moisture: Soil moisture plays a vital role in controlling its thermal regime. The specific heat of water is high than the 

soil. Moist soils have a higher heat than dry soils. Consequently, a moist soil has a lower temperature than dry soil. Moist soil 

gets heated very slowly and it is cooler than the dry soils. 

(v) Soil colour: In a dark soil where colour is caused by large amounts of humus, the larger amounts of water held by the 

humus may offset the increased heat absorption due to the dark colour. 

(vi) Vegetation: Soils covered with different types of vegetation absorb less heat as compared to soils without vegetation cover. 

Vegetation acts as an interceptor of heat on the soil surface and thereby reduces the thermal regime of the soil. 

(vii) Irrigation and drainage: Irrigation raises the humidity of the air, lowers the air temperature over the soil and reduces the 

daily soil temperature variations. 

       Drainage decreases the heat capacity of wet soils, which raises the soil temperature. This plays an important role in warming 

up the soil in the spring. 

(viii) Topography: The slope of the land especially ground slope also influence the soil temperature. The temperature of the 

ridged fields is higher than those that are level. 

(ix) Compactness of the soil: Compactness of the soil surface increases the density and the thermal conductivity. Compacted 

soils have better heat conductivity than loosened soil. Tillage, on the other hand, cereals a surface mulch which reduces heat 

flux from the surface to the sub-surface layers. 

(x) Climate: Climate has a profound influence on the thermal regime of the soil. Soils in temperate climate are cooler than those 

soils in tropical climate. 

(xi) Season: Soil temperature differs with the seasonal variations of the year. The summer months (June to July) in the northern 

hemisphere) like midday, represent the peak of the global radiation and the maximum temperatures. The winter months have 

an effect similar to daily night temperatures which is much lower. The temperature of the surface soil is always higher than 

the air temperature. 

(xii) Evaporation: The evaporation causes significant cooling of soil because the heat of vaporization of water is high (580 k 

cal/kg of water at 25 
0
C. 

Influence of Soil Temperature on Plant Growth and Nutrition: 

There are various influences of soil temperature on soil fertility by changing the soil environment which in turn affects plant 

growth. 

(i) Germination of seeds: The germination of different seeds is greatly influenced by the variation in soil temperature. If the 

temperature is too low, the seed fails to germinate or germinate at a slow rate. On the other hand seeds may be injured if the 

temperature will be very high. 

(ii) Physical properties of soil: Soil structure is greatly influenced by the temperature. The temperature has a great influence on 

the aggregation of the soil as well as on the binding materials present in it. 

(iii) Microbial activity: The activity of micro-organisms having thermophobic and thermophilic nature is influenced by the 

variation in soil temperature. Various microbiological processes like mineralization of nitrogen, nitrogen fixation, pesticide 

degradation etc. are influenced by the temperature. 

       The activity of micro-organisms is lowest when soil temperature is below 5°C and above 54°C. The optimum temperature for 

the activity of most of the micro-organisms is in the range of 25-35°C. 

(iv) Decomposition of organic matter in soil: organic matter decomposition is largely influenced by the soil temperature. The 



decomposed products vary with the rate of decomposition of organic matter. At low temperature the rate of organic matter 

decomposition is low resulting various toxic organic substances in soil and at the high temperature the rate of the same is 

very fast resulting beneficial products of organic matter decomposition and hence influence the plant growth. 

(v) Absorption of water: Variation in soil temperature (very low to high temperature) affects the absorption of soil water by the 

plant roots. The effect of temperature in reducing the rate of water uptake may be important in spring time resulting strong 

transpiration. 

(vi) Availability of nutrients: Various physico-chemical and chemical reactions are greatly influenced by soil temperature. 

Temperature influences the solubility reactions of different nutrients and releases larger amount of nutrient elements in the 

soil solution at higher temperatures. The rate of nutrient uptake, however, is almost different for each crop, but it appears to 

be known about the relative effect of temperature on the uptake of nutrients. 

(vii) Root growth: Soil temperature affects the type of root growth. Low temperature encourage white succulent roots with little 

branching, while high temperatures encourage a browner, finer and much more freely branching root system. However, the 

soil temperature at which roots grow fastest is usually higher than the temperature which encourages the most extensive root 

system. 

(viii) Plant diseases: Development of various diseases are also related to the soil temperature e.g. at low temperatures, the soil 

contain many weekly parasitic fungi which will grow actively and very rapidly and so those will kill the seedlings. 

Importance of Soil Temperature: 

Soil temperature is a factor of primary importance for many physical, chemical, and biological processes. It governs: 

1) Evaporation and soil aeration 

2) All kind of chemical processes and reactions within the soil 

3) Biological processes such as seed germination, seedling emergence and growth, root development, microbial activities. 

Movement of Heat in Soil: 

There are three major heat transport processes in soils: 

1) Heat Conduction: The transfer of heat by physical contact between two or more objectives. 

Conduction of heat through matter involves transfer of kinetic energy at the molecular level, where molecules in warmer 

regions vibrate rapidly resulting in collisions with, or excitation of, their colder "neighbours".  

2) Heat Convection: The transfer of heat through gas or solution because of molecular movement (water or vapour). During 

transfer of water vapour in soils, heat in the form of latent heat of vaporization is absorbed from some locations during 

vaporization of liquid water, and is released in cooler locations during condensation. 

3) Heat Radiation: Emission of energy in form of electromagnetic waves. All bodies with temperatures above 0
o
K emit 

energy according to the Stefan-Boltzmann law. The Earth emits most of its radiation in a wavelength band between 0.5 

and 30.0 micrometers (μm) i.e. long- wave radiation. 

 

Management of Soil temperature: The practices which control the soil temperature are: 

(i) Mulching (ii) Irrigation (iii) drainage (iv) Vegetation cover (v) Tillage (loosened the Soil) 



                                                  Soil Reaction  

      Soil reaction is term used to indicate the acid-base reactions in soils. Soil reaction is measured by pH of 

suspension of soil in water. The concept of pH may be explained with reference to pure water which is 

amphoteric and in which hydrogen and hydroxyl ions are in equilibrium with dissociated water molecules: 

                          H2O                  H
+
 + OH

-
 

Applying Law of Mass Action 

         [H
+
] x [OH-]      =   Kw   

                 [H2O]                             (in pure water and dilute solution activity coefficient is low and activity   

coefficient may be put equal to unity) 

Therefore; 

[H
+
] x [OH-]      =   Kw  = 1 x 10 

-14
 at 25 

0
C 

By taking – log the above eqn will be 

-log [H
+
]  –  log[OH

-
]  =  - log 10

-14
 

or    pH  +  pOH = 14   where, p = -log 

          Since in pure water the conc. of H
+   

ions 
 
must be equal to that of OH

-
 ions conc. This eqn. shows that the 

conc. of each is 10
-7

 (as 10
-7

 x 10
-7

 = 10
-14

). It shows the inverse relation between the conc. of these two ions e.g. 

if we increase H
+
 conc. by 10 times from  10

-7
 to 10

-6
 , the OH

-
  ions would be decreased by 10 times from  10

-7
 to 

10
-8

 , since the product of theses two conc. must be equal to 10
-14

 i.e. 10
-6

 x 10
-8

 = 10
-14

. 

        Scientist have simplified the means of expressing the very small conc. of the H
+
 ions and OH

- 
ions by using –

log of the H
+
 ions conc. termed as pH . Thus, if the H

+
 conc. in a solution is 10

-5
 the pH is 5. 

Definition of pH (Puissance de hydrogen): 

 The term pH was suggested by Sorensen in 1909 and defined as the negative logarithm of hydrogen ion activity. 

                                     pH =  -log10 [H
+
] 

In pure water pH + pOH = 14 and pH = pOH = 7.  The pH scale thus is spread over 0 to 14. Therefore, acid 

solution has pH < 7, alkaline solution pH >7 and solution having pH = 7 is neutral. In simple words the pH value 

(also called soil reaction) tells whether soil is acid or alkaline and to what degree. The relative ratings of degree of 

acidity or alkalinity are as follow:  

S. No. Soil reaction description pH range 

1.  Extremely acid < 4.5 

2.  Very strongly acid 4.5 -5.0 

3.  Strongly acid 5.1 -5.5 

4.  Medium acid 5.6-6.0 

5.  Slightly acid 6.1 -6.5 

6.  Neutral 6.6 -7.3 

7.  Slightly alkaline 7.4 -7.8 

8.  Moderately alkaline 7.9 -8.4 

9.  Strongly alkaline 8.5 -9.0   

10.  Very strongly alkaline   > 9.0 



       The pH of mineral soils varies from values of 3 or less in very acid soils of some coastal areas > 10 in alkali 

soils of some arid and semi arid areas. The range for productive cultivated soils is much narrow; however, 

generally 5-7 for humid region soils and 7-9 for soils of arid region. 

 
Sources of hydrogen ions and acidification: 

 

The H
+
 ions are responsible for acidification of soil and there are different sources of H

+
 ions which are as : 

1. Carbonic acid: carbonic acid (H2CO3) formed when   i) CO2 from soil air dissolves in soil water  ii) 

root respiration  iii) o.m. decomposition 

     CO2 + H2O                 HCO3
- 
+H

+
 

2. Acid from biological metabolism: On o.m. decomposition several organic acids are produced 

  RCOOH                RCOO
-  

+ H
+
 

3. Accumulation of organic matter: i) Accumulation of om forms soluble complexes with non acid 

nutrient cations such as Ca
++

 and Mg
++

, thus facilitating the loss of these cations by leaching. 

i) Organic matter contains several acid functional groups from which H
+
 ions can dissociate 

                                   OH                                                O
-
       +  H

+
 

                                   COOH                                           COO
-
  +  H

+
 

4. Nitrification: During nitrification process nitric acid produces and on its dissociation it gives H
+
 ions. 

       NH4
+
 +2O2                                  H2O + H

+
 + H

+
 + NO3

-
  (in case of ammonical fertilisers application) 

 

5. Oxidation of sulphur: Sulphur from decomposition of plant tissues and minerals  on oxidation forms 

acid which on dissociation  gives H
+
 ions. 

FeS2 + 3½ O2 + H2O                     FeSO4 + 2H
+
 + SO4

--
 

6. Acid in precipitation: Precipitation contains varieties of ions that contribute H
+
 ions to the soils 

H2SO4                       2H
+
 + SO4

--   
    

HNO3                         H
+
 + NO3

-
 

7. Plant uptake of cations:  

 

Root Interior Root Soil Solution  

 

Example 1     NH4
+
 

    H
+
 

The uptake of cations is balanced 

by release of H+ ions from root. 

These processes give acidifying 

effect. 

 

Example 2      Ca
++

 

    2H
+
 

o.m. o.m. 



Example 3      Ca
++

 

    SO4
--
 

The uptake of cations is balanced 

by uptake of anions. 

No effect on pH 

 

8. Role of aluminium in soil acidity: 

Aluminium plays indirect role in soil development of soil acidity i.e. through hydrolysis process 

The H
+
 ions replace the Al

+++
 ions from the lattice of the clay minerals. Then Al

+++
 ions subsequently 

hydrolysis with the liberation of H
+ 

. 

Al
3 +

 + H2O                               Al (OH)
2+

 + H
+
 

Al (OH)
2+

 + H2O                      Al (OH)2
+
 + H

+
   

Al (OH)2
+
 + H2O                      Al (OH)3  + H

+
   

 

Major changes in soil pH: 

   The major changes in soil pH take place due to following reasons:- 

(1) Acid forming factors: i) Acidic  parent material  ii) organic matter decomposition  iii) Inorganic acids  iv) 

Leaching in humid region and several others factors 

(2) Base forming factors: i) Parent material  ii) Soil forming factors and processes  iii) ET > annual R.F. in 

arid and semi arid regions 

Factors affecting soil pH:  

ii) Parent material         ii) O.M. decomposition       iii) leaching          iv) Vegetation   v) Crop nature 

(fodders do not but legumes decreases pH)               vi) Soil depth (except arid and semi arid pH decreases 

with depth but in some cases it increases)                 vii)  Nitrogenous fertilisers             vii) Water logging 

( pH moves toward neutral value 

 

Effect of pH on nutrients availability: 

The pH range of 6.5 to 7.5 is the optimum for availability of most of the nutrient elements. 

Nitrogen: Ammonifiers, nitrifiers and fixers are become active at pH 5.5 -6.0  

Phosphorus: 6.5-7.5 

K, Ca and Mg: governed by exchange equilibria  

S: 6.5-7.5 

Fe, Mn, Zn, Cu Co and Ni: high at low pH 

B: pH 5-7 but also high above 8.5 

Mo: above pH 6.5 

         Soil pH affects the availability of essential nutrients in the soils and thereby the growth of plants. The 

“ideal” soil pH is close to neutral, and neutral soils are considered to fall within a range from a slightly acidic pH 

of 6.5 to slightly alkaline pH of 7.5. It has been determined that most plant nutrients are optimally available to 

plants within this 6.5 to 7.5 pH range, plus this range of pH is generally very compatible to plant root growth. 

Nitrogen, K, and S are major plant nutrients that appear to be less affected directly by soil pH than many others, 

but still are to some extent. Phosphorus, however, is directly affected. At alkaline pH values, greater than pH 7.5 



for example, the HPO4 
2-

 phosphate ions tend to react quickly with calcium (Ca) and magnesium (Mg) to form 

less soluble compounds. At acidic pH values, the H2PO
4-

 phosphate ions react with aluminium (Al) and iron (Fe) 

to again form less soluble compounds. Most of the other nutrients (micronutrients especially) tend to be less 

available when soil pH is above 7.5, and in fact are optimally available at a slightly acidic pH, e.g. 6.5 to 6.8. The 

exception is molybdenum (Mo), which appears to be less available under acidic pH and more available at 

moderately alkaline pH values. 

 

                                   Fig.: Effect of pH on nutrients availability and microbial species 

 

 Soil Acidity: 

The degree or intensity of acidity of a soil is expressed by a value < 7.0 on the pH scale. 

The acidity is usually quantified using the pH scale which expresses the activity of H
+ 

ions present in the 

solution. 

Type of soil acidity/ Pools of soil acidity: 

There are three types of soil acidity and the total acidity is constituted by these three types of acidity:- 

i) Active soil acidity: This acidity is due to the activity of H+ ions in aqueous phase of a soil. It is measured 

and expressed as a pH value.  

ii) Acidity exchangeable (Salt replaceable): this type of acidity is primarily associated with exchangeable Al
3+

 

and H+ ions that are present in large quantities in very acid soils. These ions can be released into soil 

solution by cation exchange with an unbuffered salt such as KCl. Exchangeable acidity is more than 100 

times greater than active acidity. 



iii) Residual acidity: Together exchangeable and active acidity accounts for only a fraction of the total acidity. 

The remaining residual acidity which is defined as the soil acidity that can be neutralised by lime or other 

alkaline materials but can not be replaceable by unbuffered salt solution. The residual acidity is generally 

associated with H
+ 

and Al
3+

 ions (including Al-hydroxy ions) that are bound in nonexchangeable forms by 

o.m. and clays. As the pH increases bound hydrogen dissociates and bound aluminium ions are released. 

         Residual acidity may be 1000 times greater than the soil solution or active acidity in a sandy soil and 50000 

to 100000 times greater in a clay soil high in o.m.  

 

 

 
 

Fig: Different type of acidity/or different pools of acidity 

 

Acid soil: A soil with a pH value < 7 usually applied to surface layer or root zone but may be used to characterize 

any horizon 

Characteristics of acid soils: 

i) Low pH    ii) High proportion of exch-H
+
 and Al

3+
    iii) Kaolinite and illitic type minerals are dominant   

iv) Low CEC   v) Low % BS 

Effect of acidity on plant growth: 

i) Adverse effects are mainly related to the presence of Mn, Fe and Al toxicity. 

ii) Deficiency of Ca, Mg, P ,B and Mo and nutrients imbalance 

iii) Microbial population imbalance (affect N- fixation, N- transformation and nutrients solubilisation). 

Management of acid soils: 

        Acid soils can be managed in two ways viz, either by growing suitable crops or ameliorating the soil through 

the application of amendments i.e. application of lime, basic material (NaNO3, basic slag*, CaNO3, Calcium 

ammonium nitrate), biofertilizers (phosphorus solubilising microorganisms and VAM). 

 

 



 

 

 

Buffering Capacity of Soil: 

                Buffering capacity is defined as the ability of a soil to resist changes in pH. BC is commonly   

determined by presence of clay, humus and other colloidal materials. 

Mechanism of buffering capacity of soil: 

                Exchangeable acidity                                   Active acidity 

       

   Visualise a situation where lime is added neutralise H+ ions in the soil solution, the above equation is shifted to 

right resulting in more H+ ions moving out into solution. Consequently the resulting rise in pH would be 

negligible and remain until enough is not added to deplete the exchange acidity. Secondly, when H+ ions are 

added (through decomposition, fertiliser and chemical materials), the H+ ions increase in solution and the 

equation shifted to left and more H+ ions adsorbed on micelle. Again the resulting pH change would be very 

small. 

Importance of buffering capacity of soil: 

     The buffering capacity is important for two primary reasons. First, buffering tends to ensure some stability in 

the soil pH, preventing drastic fluctuation that might be detrimental to plants, soil microorganisms and aquatic 

ecosystems. 

  Secondly, buffer in influences the amount of amendments, such as lime or sulphur, required to bring about a 

desired change in soil pH. 

 

 

 



                    Reaction of Alkaline Soils or Reaction of Saline and Sodic Soil or Salt Affected Soils 

 

Soil salinity: The amount of soluble salt in a soil, expressed in terms of percentage, parts per million or other 

convenient ratio.  

Soil Alkalinity: The degree of intensity of alkalinity of a soil, expressed by a value > 7.0 on the pH scale is known 

as soil alkalinity. 

 

 

           When the soils of arid region receive less than 500 mm/ annum rainfall, drainage is impeded, and surface 

evaporation becomes excessive, soluble salts accumulate in the surface horizon. Such soils are classified under three 

categories saline, saline sodic and sodic. 

Characterization of Saline, Saline sodic and Sodic Soils: 

Several means are used to characterize these soils and at present, pH, ECe, ESP and SAR are used very commonly. 

pH: The activity of OH
-
 ions in the soils if high or exceed the activity of H

+ 
ions the pH will be high (> 7)and soil is 

termed as alkaline soil. However the pH of saline, saline sodic and sodic soils are < 8.5, < 8.5 and > 8.5 

respectively. 

ECe: Soil salinity (the presence of soluble salts) is measured by the electrical conductivity (ECe) of a saturated soil 

extract, expressed in dSm
-1

, is an important characteristic of saline and saline sodic soils. The ECe values for saline, 

saline sodic and sodic soils are > 4, > 4 and < 4 dSm
-1 

respectively. 

Sodium Status: Two means are used to characterize the sodium status of these soils. 

(i) Exchangeable Sodium Percentage (ESP): It is a measure of the degree to which the exchange 

complex is saturated with Sodium.  

                   Exchangeable Sodium (cmol/kg)  

ESP  =                                                                           x 100 

     CEC (cmol/kg) 

ESP value of 15 yields pH values of 8.5 or above. 

 (ii)Sodium Adsorption Ratio (SAR): The ratio of exchangeable (Na
+)

 to the (Ca
++

) and (Mg
++

) in soil extract or 

irrigation water.  

SAR =                 (Na
+
)                   . 

                         √  (Ca
2+

 + Mg
2+

) 

                                 2 

Parentheses indicate conc. in cmol/kg in soil extract or irrigation water. 

SAR takes into consideration that the adverse effect of sodium is moderated by the presence of Ca and Mg.  

Table: Summary of Salt Affected Soil Classification 

Classification Conductivity (dS/m) Soil pH ESP SAR 

Saline  > 4 < 8.5 < 15 <13 

Saline-Sodic > 4 < 8.5 > 15 >13 

Sodic  < 4 > 8.5 sometime >10 > 15 >13 

 

Saline soils: These soils contain a concentration of neutral soluble salts sufficient to seriously interference with the 

growth of most plants. These salts accumulate in some surface soils of arid and semi-arid regions where the rainfall 



is insufficient to flush them out from upper soil layers. The salts are primarily chlorides and sulphates of Ca, Mg, 

Na and K. The sources of these salts are the weathering of rocks and minerals, rainfall, ground water and irrigation. 

Once deposited or released in the soil, the salts are brought to or near the surface by upward-moving water, which 

then evaporates, leaving the salts behind. The EC of a saline soil is more than 4 dS/m. ESP is less than 15 and pH 

usually less than 8.5 (due to low Na
+
 and dominance of/or high conc. of neutral salt). Saline soils are also called 

“white alkali” soils because of white surface incrustation. These soils can be reclaimed by merely leaching out the 

salts.  

Saline Sodic Soils: They contain appreciable amount of neutral soluble salts and enough sodium ions to seriously 

affect most plants. ESP >15, ECe > 4 dSm
-1

 and pH is likely < 8.5 due to the repressive effect of neutral soluble 

salts. Leaching of saline-sodic soils will raise the pH, unless Ca or Mg salt concentrations are high in the soil or in 

the irrigation water. Increase of pH occurs because once the neutral soluble salts are removed; the exchangeable 

sodium readily hydrolyzes and increases the OH
-
 ion concentration of the soil.  

 

Na                     +    H2O   ↔     H
                                          

+  Na
+
 + OH

-
 

   Soil solid   Soil solution          Soil solid       Soil solution 

 

Sodic Soils: A soil that contains sufficient Na to interfere with the growth of most crop plants and in which Na 

percentage is 15 or greater. The pH, ECe and SAR values are >8.5, < 4 dSm
-1 

 and >13 respectively. 

Sodic soils do not contain great amount of neutral soluble salts, the detrimental effect of sodic soils is due to the 

toxicity of Na
+
, HCO3

-
, OH

-
 ions and also due to reduced water infiltration and aeration. The high pH is largely due 

to the hydrolysis of Na2CO3.  

 Na2CO3 + H2O        2Na
+
 + HCO3

-
 + OH

-
  

Or 

 Na                    + H2O     H                    + Na
+
 + OH

-
  

The adsorbed sodium is free to hydrolyze, because the concentration of neutral soluble salts is very low. Due to 

deflocculating influence of the Na, sodic soils are in a poor physical condition. The surface of sodic soils is usually 

discolored by the dispersed humus carried upward by the capillary water and deposited when it evaporates, thus 

also called black alkali.  

Growth of Plants in Saline and Sodic soils:  

A. Saline and saline-sodic soils:   

(i) These soils detrimentally influence plants largely because of their high soluble salt concentration. 

When a soil solution containing large amount of dissolved salts is brought into contact with a 

plant cell, it shrinks the protoplasmic lining, which is known as plasmolysis and increased with the 

conc. of the salts.  

(ii) Amount of available moisture content is low. 

(iii) Nutrients and water absorption is low as the osmotic pressure increases. 

(iv) During drying period exoosmosis takes place due to increased conc. of salts. 

       (B) Sodic soils: 

Micell

e 
 

Micelle 

Micelle Micelle 



 Soil dominated by active sodium, exert a detrimental effect on plants in four ways:  

(i) Caustic influence of the high alkalinity induced by sodium carbonate and bicarbonate. 

(ii) Toxicity of the bicarbonate and other anions. 

(iii) The adverse effects of the active sodium ions on plant metabolism and nutrition and low micronutrient 

availability due to high pH. 

(iv) Oxygen deficiency due to breakdown of soil structure (deflocculation) in sodium dominated soils. 

(v) High pH decreases the availability of plant nutrients like P, Ca, N, Fe, Cu, Zn etc. 

 

Management of saline and sodic soils: First step in reclamation programme is land development work. 

Three types of management are used: (1) Eradication, (2) Conversion and (3) Control 

(1). Eradication (salt removal): Salts are removed by installation of (i) drainage system and (ii) leaching or 

flushing. Salts must be leached below the root zone. The irrigation water used must not be high in soluble salts, 

especially those containing sodium. The salts that dissolve are leached from solum and drained away. If there is a 

dense calcareous or gypsiferous layer or the soil is impervious, deep chiseling or ploughing may be used to improve 

infiltration.  

(i) Drainage: It is the removal of excess water from soil. Drainage may be surface or sub-surface. The former is for 

draining off excess surface run-off, whereas, the latter is for lowering water table.  

 

(ii) Leaching is the process of transporting soluble salts by downward movement of water in the soil by the 

application of water. 

 (2) Conversion: This method is applicable especially for reclamation of sodic soil. The problem of sodic soils is 

the high exchange sodium percentage. Thus excess sodium should be replaced by Ca (application of gypsum or 

pyrite as chemical amendments) and the exchange Na thus released as sodium salt should be leached out of the root 

zone. 

Control: Salt buildup can be prevented by retarding the evaporation. Slowing evaporation will not only save 

moisture but also will retard the translocation upward of soluble salts into the root zone. Frequent but light 

irrigations are provided to keep the salts sufficiently dilute to allow normal plant growth. Young seedlings are 

generally sensitive to salts. After plants are well established, their salt tolerance is somewhat greater. Use of salt-

resistant crops is the best management strategy. eg. Sugar-beet, Cotton, Sorghum etc.  

Relative tolerance of certain plants to salty soils:  

 

 

 

 

 

 

 

 

Tolerant Mod Tolerant Mod Sensitive Sensitive 

Barley grain Barley forage Clover, 

berseem 

Rice, Corn, Cowpea Onion Carrot 

Cotton  Broccoli Broad bean, cauliflower, cabbage, 

pea, potato, tomato, cucumber 

Apple Apricot Orange 

Grape  Pear Peach 

Date  Sugar 

beet 

Wheat, Oats, Rye 

Sorghum Soybean 

Clover, Alfalfa Potato Bean 

 



                                                                  Soil Organic Matter 

Soil organic matter is that fraction of the soil composed of anything that once lived. It includes plant and animal remains 

in various stages of decomposition, cells and tissues of soil organisms, and substances from plant roots and soil microbes. 

Well-decomposed organic matter forms humus and in most soils, the organic matter accounts for less than about 5% of the 

volume. 

Composition of soil organic matter: The primary source of soil organic matter is plant tissue and animals are usually 

considered secondary source. The composition of green plant tissues added to the soil is as follow: 

                                                                                           SOM 

 

 

    Bio chemicals composition                                                                                        Elemental composition 

  - Carbohydrates (sugars and starch 1-5%,                                                            - Carbon              44% 

       Hemicelluloses 10-30%, Cellulose 20-50%)                                                  - Oxygen              40%                                                                                                                   

   - Protein (water soluble and crude protein) 1-15%                                             - Hydrogen          08%               

   - Fats, Waxes, and Tanins 1-8%                                                                          - Ash                    08% 

   - Lignins 10-30%                                                                                  

 

Soil organic matter components: 

Soil organic matter consists of a variety of components. These include, in varying proportions and many Intermediate 

stages:  

 Fresh organic residues (< 10 %) 

 Living microorganisms (<5%) 

 Active fraction/or decomposing organic matter (33 to 50 %)  

 Resistant or stable organic matter (33 to 50 per cent) also referred to as humus.  

Role or functions of organic matter and its influence on soil properties: 

Organic matter is an essential component of soils because it: 

 provides habitats, carbon and energy source for soil microbes; 

 stabilizes and holds soil particles together, thus reducing the hazard of erosion;  

 makes soil more friable, less sticky, and easier to work; 

 aids the growth of crops by improving the soil’s ability to store and transmit air and water; 

 maintains soil in an uncompacted condition with lower bulk density 

 Soil organic matter also improves tilth in the surface horizons, reduces crusting, increases the rate of water 

 infiltration, reduces runoff, and facilitates penetration of plant roots. 

 stores and supplies such nutrients as nitrogen, phosphorus, and sulfur, which are needed for the growth of plants 

and soil organisms; 

 retains nutrients by providing cation-exchange and anion-exchange capacities; 

 retains carbon from the atmosphere and other sources; 

 reduces the negative environmental effects of pesticides, heavy metals, and many other pollutants. 

            Water 75% 

Dry matter 25% 



                                                   Sources of organic residues  

       Plants produce organic compounds by using the energy of sunlight to combine carbon dioxide from the atmosphere 

with water from the soil. Soil organic matter is created by the cycling of these organic compounds in plants, animals, and 

microorganisms into the soil. 

The different sources of soil organic matter are as follow: 

1. Cattleshed wastes, viz. dung, urine and slurry from a biogas plant. 

2. Human habitation wastes, viz. night soil, human urine, town refuse, sewage, sludge and sullage. 

3. Poultry litter, droppings of sheep and goat. 

4. Slaughterhouse wastes, viz. bone meal from animal carcasses, mea: meal, blood meal, horn and hoof meal. 

5. Fisheries waste. 

6. Byproducts of agro-industries, viz. oil cakes, bagasse and pressmud from sugar industries, wastes from fruit and               

vegetable processing, tea wastes, cotton wastes and any such vegetable matter. 

7. Crop wastes, like sugarcane trash, stubbles and miscellaneous refuses available in the farm such as spoilt fodder, etc. 

8. Water hyacinth and tank silt. 

9. Sea weeds 

10. Green manuring crops. 

 

Carbon : Nitrogen Ratio 

The ratio of the weight of organic carbon to the weight of total nitrogen in the soil or in organic material, obtained by 

dividing the percentage of organic carbon (C) by the percentage of total nitrogen (N). 

                      Total soil carbon (%) 

C:N Ratio =  

                     Total soil nitrogen (%) 

 

 There is close relationship between soil organic matter and soil nitrogen, and very important for crop production. Carbon 

provide energy and nitrogen is an important plant nutrient. C:N ratio is very dynamic in nature. In cultivated soil it ranged 

from 8:1 to 15:1 and on an average it is 10 AND 12:1. This difference is generally due to variation in temperature and 

rainfall. The C:N ratio of arid region soils is low than that of humid region soils. 

C:N ratio                                                                      mineralization /  immobilization 

 

  <20                                                                            Net mineralization of organic N 

  20-30                                                                         No gain /loss of inorganic N 

  >30                                                                            Net immobilization of inorganic N 
 

 

 

 

 

 

 



 

Inorganic Soil Colloid: Soil clay minerals 

Structural Units of clay minerals and their organization: 

Two basic structural units of clay minerals are : 

i) Tetrahedron (plural: tetrahedra): A four sided building block comprising of a silicon ion surrounded by 

four oxygen ions. An interlocking array or group of a series of silica tetrahedral tied together horizontally by 

shared oxygen anions gives a tetrahedral sheet.  

                       Silica Sheet 

• = Silicon             = Oxygen  

 

ii) Octahedron (plural: Octahedra): A eight sided building block comprised of an aluminium (or Mg) ion 

surrounded by six hydroxyl or oxygen ions. This gives eight sided face structure as the name. 

 

The octahedron sheet is of two types: 

a). dioctahedral sheet: An aluminium dominated octahedral sheet is called dioctahedral sheet. This is due to 

the fact that two Al
+++

 ions have the same charges as the three Mg
++

 ions. 

b). Trioctahedral Sheet: A Mg dominated octahedral sheet is known as trioctahedral sheet. This is due to the 

fact that three Mg
++

 ions have the same charges as the two Al
+++

. 

Description of a mineral structure: 

Plane of atoms: a flat (planer) array of one atomic thickness. 

Sheet:  a flat array of more than one atomic thickness and composed of one or more levels of linked 

coordination polyhedral. A sheet is thicker than a plane and than a layer. e.g. tetrahedral and octahedral sheets.  

Layer: A combination of tetrahedral and octahedral sheets in 1:1, 2:1and 2:1:1 or 2:2 combination. 

Unit Cell: Unit layer is referred to unit cell. 



Crystal: A homogeneous inorganic substance of definite chemical composition bounded by plane surfaces 

that form definite angles with each other, thus giving the substance a regular geometrical form. 

Crystal structure/lattice structure: The orderly arrangement of atoms in crystalline materials. 

Basal spacing (C-spacing): Thickness of the unit cell.  

 

                                                                      (a) 

 

(b) 

Fig: Formation of mineral crystal (a) and different minerals (b). 

 

             In clay crystals, thousands of these tetrahedral and octahedral building blocks are connected to give 

horizontal planes of Si and Al (or Mg). These planes alternate with planes of oxygen and hydroxyl ions. The 

silica and associated hydroxyl/ oxygen planes make up a tetrahedral sheet. Similarly, the Al/Mg planes and 



associated hydroxyl/oxygen planes comprises the octahedral sheet. Different combinations of tetrahedral and 

octahedral sheets are termed as layer. In some silicates these layers are separated by interlayer space in which 

water and adsorbed cations are found. Many layers are found in each crystal or micelle (microcell). 

Mineralogical organization of silicate clays: 

          On the basis of number and arrangement of silica tetrahedral and Al/or Mg octahedral sheets contained 

in the crystal units or layers, silicate clays are classified in to three different groups. 

a) 1:1- type clay minerals 

b) 2:1- type minerals 

c) 2:1:1 or 2:2- type minerals 

 

1:1 type clay minerals – Kaolin Group: The most important minerals in this group are kaolinite 

followed by halloysite, nacrite and dickite. Let consider the example of kaolinite which is described as 

below-:  

Kaolinite: A unit kaolinite crystal lattice consists of one sheet of silica and one sheet of alumina and 

is hence called 1:1 type layer silicate. The tetrahedral and octahedral sheets in a layer of kaolinite 

crystal are held together tightly by oxygen atoms, which are mutually shared by the silicon and 

aluminium cations in their respective sheets oxygen atoms. These layers in turn are held together by 

strong hydrogen bonding and consequently the structure is fixed and no expansion occurs when the 

mineral is wetted. Cations and water do not enter between the structural layers of 1:1 type mineral 

particle. There is little isomorphous substitution.  

      The basal spacing is 7.2 A
0
. It has a low specific surface (10-20 m

2
/g) and a low cation exchange 

capacity (1-10 cmol / kg). Similarly, plasticity, cohesion, shrinkage and the swelling properties of 

kaolinite are low. 

Kaolinites are found in Ultisols, Oxisols, and to some extent in Vertisols and Alfisols. 

 

 Fig:        Kaolinite                                                           Montmorillonite 

 

Basal spacing is 14 A
0 

(9.6-18A
0
) 



2:1 type clay minerals:  

          Crystal units (layers) of these minerals are characterised by an octahedral sheet sandwiched between 

two tetrahedral sheets. Three general groups have this basic crystal structure. Two of them, smectite and 

vermiculite, include expending type minerals, while the third, fine grained mica (illite) is relatively 

nonexpanding type. 

Smectite group: this group contains montmorillonite, beidellite, nontronite and saponite. The most important 

mineral in this group is montmorillonite, which is described as below: 

 

 Montmorillonite: A unit montmorillonite crystal lattice consists 1 sheet of alumina octahera sandwiched 

between 2 sheets of silica tetrahedra (hence 2:1-layer silicate). The layers are held together by weak oxygen-

oxygen and cation – to-oxygen linkages. Exchangeable cations and associated water molecules are attracted 

between layers (interlayer space) causing expansion of the crystal lattice. Internal surface than exposed and 

exceed the external area of this mineral. Isomorphic substitution of Fe
2+

 or Mg
2+

 for Al
3+

 ions  in the alumina 

sheet accounts for most of the –ve charge, although some substitution of Al
3+

 ions for Si
4+

  has occurred in 

tetrahedral sheet.  

        The basal spacing is 14A
0 
(9.6-18A

0
). Montmorillonite has high order of colloidal properties viz; specific 

surface (600-800 m
2
/g) and cation-exchange capacity (80-120cmol/kg). Similarly, plasticity, cohesion, 

shrinkage and swelling properties are high. 

       Montmorillonite is formed under gley conditions and mostly dioctahedral. Montmorillonites are found in 

Vertisols, Mollisols, Alfisols and Entisols. 

Vermiculite: 

        Vermiculites are 2:1 type minerals in that an octahedral sheet occurs between two tetrahedral sheets. 

Water molecules along with Mg and other ions are strongly adsorbed in the interlayer spaces. However, they 

act primarily as bridges, holding the units together rather than as wedges, driving them apart. The degree of 

swelling is therefore, considerably less than that of montmorillonite but more than kaolinite. In most soils 

vermiculites, the octahedral sheet is Al dominated (dioctahedral), although Mg dominated (trioctahedral) 

vermiculites are also dominated. 

       In the tetrahedral sheet of most of the vermiculites considerable substitution of Al for Si has taken place. 

This accounts for most of the very high –ve charge associated with the mineral. 

        The basal spacing is 14 A
0
 (10-15 A

0
). The vermiculites have high order colloidal properties. The specific 

surface area is 600-800 m
2
/g and CEC 120-150 cmol/kg, usually exceeds that of all other silicate clays 

because of the very high –ve charge in the tetrahedra sheet. Vermiculites are found in well drained soils of 

Ultisols, Mollisols and Aridisols. 

 

 



 

Mica Group: 

Illite is the important mineral of this group which is described as below: 

Illite: Illite is also 2:1 type clay mineral in that an octahedral sheet occurs between two tetrahedral sheets. The 

20% silicon sites in tetrahedral sheet are occupied by Al, which results in a high –ve charge in the tetrahedral 

sheet even higher than that found in vermiculites. To satisfy this charge, K+ ions are strongly attracted in the 

interlayer space and fit into the certain spaces in the adjoining tetrahedral sheets. The potassium thereby acts 

as a binding agent, preventing expansion of the crystal. Hence, it is non expandable type mineral.  

  

                      Fig.:    Illite                                                          Vermiculite 

         The basal spacing is 10 A
0
.The mineral has medium order of colloidal properties. The specific surface 

area is 70-120 m
2
/g and CEC is 20-40 cmol/kg. Under high rainfall and temperature conditions illite alters to 

montmorillonite and kaolinite minerals. 

Ilites are found in Alfisols, Spodosols, Aridisols, Inceptisols and Entisols 

2:1:1 or 2:2 type clay minerals: 

Chlorite is an important member of this group, which is described as below: 

Chlorite: Chlorite is basically a Fe-Mg silicate with some Al is present. In a typical chlorite crystal, 2:1 layers 

alternate with Mg dominated trioctahedral sheet (brucite sheet) giving 2:1:1 ratio. Magnesium also dominates 

the trioctahedral sheet in the 2:1 layers of chlorite. Thus, the crystal units contain two Si-tetrahedral sheet and 

two Mg-octahedral sheets giving rise to the term 2:1:1 or 2:2 type structure. There is no water adsorption 

between the crystal units which account for the nonexpandable nature of this mineral. They are mostly 

trioctahedral. Chlorites are found in Alfisols, Mollisols and Aridisols. 

 



 

                                                Fig. Chlorite:  

Mixed and Interstratified layers: Specific groups of minerals do not occur independently of one another. In 

a given soil it is common to find several clay minerals in an intimate mix. Furthermore, some mineral colloids 

have properties and composition intermediate between those of well defined minerals. Such minerals are 

defined as mixed layer or interstratified because the individual layer within the given crystal may be of more 

than one type. Term such as chlorite-vermiculite and vermiculite-smectite are used to describe mix layer 

minerals. e.g. 

                             -K                                            -K leached                                                           

                     Mica                      Fine grained mica                                 interstratified Illite-Vermiculite                             

                                                                         +Mg (bind layer)                                                         -K 

                                                                                                                                               +H2O + cations 

                                                      

                                                                                   -H2O                         -Mg                 interstratified 

            Oxides of Fe & Al                   Kaolinite                      Smectite                         Vermiculite- Smectite 

                                           weathering                  weathering                   weathering 

 

 

 

Hydrous oxide of iron and aluminium: 

     These clays are commonly dominant in the highly weathered soils of the tropics and semitropics and are 

also present in significant quantities in the soils of some temperate regions. Less is known about these clays 

than the layer silicate clays. Some have definite crystalline structure but others are amorphous.  

        The Fe and Al clays are not as sticky and plastic as the layer silicate clays. At high pH values, the 

microcell caries small –ve charge and surrounded by a corresponding equivalent of cations. In very acid soils 

Fe and Al clays are +vely charges and attract –ve ions instead of +ve ions.  

      Examples of oxides and hydroxides of Fe and Al are: Hematite (Fe2O3), Goethite (α-Fe2O3), Maghemite 

(γ-Fe2O3), Diaspore (α-AlOOH), Gibbisite (Al(OH)3) etc. They are simply referred to asthe Fe&Al oxide 

clays.      

They are classified under Oxisols and Ultisols. 
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Amorphous Clays: 

              Amorphous clays are noncrystalline or amorphous. The most important type of clay in this group is 

perhaps Allophane. It is found especially in volcanic ash soils. Allophane is basically hydrous aluminium 

silicates. The chemical composition is characterised by molecular Al:Si ratio of 1:1 or1:2. The formula is 

proposed to be SiO2.Al2O3.2H2O or Al22SiO2.H2O. 

        The presence of allophone gives to soil unique properties. Allophane has a large variable charge. It also 

behaves amphoterically and reported to fix considerable amount of phosphorus.  

          Soils high in allophonic clays are characterized by low B.D. values, high plasticity, nonsticky, good 

water holding capacity. The specific surface area is 70-300 m
2
/g, CEC is between 20-150 cmol/kg and AEC 

ranges from 5-30 cmol/kg. The most soils containing allophone have black A horizon extremely high in 

organic matter. They are classified under Andisols. 

 



Charge Characteristics of Soils 

The charge on the surface of soil particles arise from defects in the interior of the particle or from adsorption of 

potential determining ions. When the charge developed from internal defects the charge is permanent and constant. 

The permanent charge is assumed to be constant in magnitude and –ve, zero or +ve in sign (generally the sign of 

permanent charge is –ve). 

When the net surface charge develops from adsorption of potential determining ions (H
+
 or OH

-
 generally) the charge 

is pH dependent or variable. pH dependent charge is permitted to vary in magnitude and sign with pH and electrolyte 

concentration and sign can be –ve, zero or +ve. Both types of charge may occur on a single particle. The unit is 

esu/cm
2
. 

Source of constant charges on silicate clays: 

The isomorphous substitution phenomenon is responsible for the development of permanent or constant charges on 

the soil particles or silicate clay particles. For example:  

1. Permanent negative charge development: A net –ve charge is found in minerals where there has been an 

isomorphous substitution of a lower charged ion (e.g. Mg
2+

for a higher charged ion (e.g. Al
3+

). Such 

substitution commonly occurs in Al-octahedral. The substitution of Mg
2+

 for Al
3+

 is an important source of 

–ve charge on the smectite, vermiculite and chlorite clay micelles.  

  

                                                                                                                                                                                                              

A second example is the substitution of Al
3+

 for Si
4+

 in the tetrahedral sheet, which also leaves one –ve charge 

unsatisfied. 

Si-tetrahedral sheet (no substitution)                                Si-tetrahedral sheet (substitution of Al for Si)      

                             No charge                                                                                   One excessive –v charge 

Such substitution is common in several important soil silicate clays such as illite, vermiculite and some smectite. 

2. Permanent positive charges: 

Isomorphous substitution can also be a source of + ve charge if the substituting cation has higher charge than 

the ion for which it substitutes. For example: 

Trioctahedral sheet (no substitution)                                Trioctahedral sheet (substitution of Al for Mg)      

                                   No charge                                                                   One excessive + v charge 

SI2O4 SiAlO-
4 

Mg3O2(OH)2 Mg2AlO2(OH)2 

 



Such + ve charge are characteristics of the trioctahedral in some vermiculite and chlorites. 

Variable or pH dependent charges: 

There are second sources of charges on some silicate clays (e.g. Kaolinite), humus, allophone and Fe, Al 

hydroxides. Because these charges are dependent on pH, they termed as variable or pH dependent charges in 

contrast to the constant or more permanent charges resulting from isomorphous substitution. 

1. pH dependent negative charges: 

Some of the pH dependent charges are associated primarily with OH groups on the edges and surfaces of the 

inorganic and organic colloids. The OH groups are attached to iron and /or aluminium in the inorganic 

colloids (ÅAl–OH) and CO groups in humus (e.g. –CO–OH). Under moderately acidic conditions, there is 

little or no change on these particles, but as the pH increases the hydrogen dissociates from these colloid OH 

group and –ve charges result. 

ÅAl–OH + OH
-
                  ÅAl–O

- 
 +  H2O 

–CO–OH + OH
-
                  –CO–O

-
 +  H2O 

As indicated by the arrow the reaction is reversible 

 As the pH increases more OH
-
 ions are available to force the reaction to  

the right and the –ve charge on the surfaces increases and vice versa.  

 

 

Fig.:  Diagram of a broken edge of a kaolinite crystal, showing oxygen as the source of 

negative charge. At high pH values, the hydrogen ions tend to be held loosely and can be exchanged for other ions  

 

2. pH dependent Positive  charges: 

Under moderate to extreme acid soil conditions some silicate clays and iron and aluminium oxides may 

exhibit + ve charges. Once again exposed OH groups are involved. But in this case as the soils become 

more acid the attachment of H+ ions (protonation) to the surface of OH groups takes place. 

  ÅAl–OH + H
+
                 ÅAl– OH

+
2 

 

 

In case of oxides Fe is substituted by Ti and positive charge is developed. 

 

Thus in some cases he same site on the inorganic colloid may be responsible for –ve charge (high pH), 

no charge (intermediate pH), or +ve charge (very low pH). The reaction as the pH od a highly alkaline 

soil is reduced may be illustrated as follows: 

 

ÅAlO
- 
     + H

+                                    
ÅAlOH       + H

+
                 ÅAl OH

+
2 

-ve charge                             No charge                               +ve charge 

High pH                             Intermediate pH                            Low pH   



                                                                   

                                                     Ion exchange in soils: 

Soils or soil colloids have various surface locations that have unneutralized – ve & + ve charges. The ions are 

adsorbed on these oppositely charged sites by electrostatic or coulombic attraction (attraction of + ve to - ve & 

- ve to + ve). These ions resist removal by leaching water but can be replaced (exchanged) by other ions 

(cations by cations and anions by anions) in solution by mass action (competition for the opposite charged site 

because of the large number of ions present). This exchange of ion by similar charge ion is called ion 

exchange. Exchange is always less than adsorption.  

The proportion of these ions is constantly changing (on colloidal surface or in soil solution) as ions are added 

from dissolving minerals or by additions of lime, gypsum, or fertilizers. Losses by plant absorption or by 

leaching also change ions proportions. 

          It must be noted that (i)  the exchanging ions must be different from exchanger ions (ii) Ions exchange 

on chemically equivalent basis (iii) Exchange takes place between + ve & + ve ions and between –ve & -ve 

ions. 

Stages of ion exchange:  

There are five stages in ion exchange reactions of solution cations and anions with cations and anions on the 

soil adsorption complex: 

1). Transfer of displacing ions from bulk of solution to the surface of the adsorption complex. 

2). Transfer of displacing ions with in the solid phase of the soil adsorption complex to exchange site. 

3). Chemical reaction of ions 

4). Transfer of exchangeable ions within the solid phase from the exchange site to the surface of the soil 

adsorption complex. 

5). Transfer of exchanging ions from the surface of the exchanger into the soluble solution.  

 

                                        Fig.: Stages of ion exchange 



 

Type of ion exchange in soils: there are two type of ion exchange in soils: (i) Cation exchange (ii) Anion 

exchange  

Cation Exchange: It is defined as the interchange between a cation in a solution and another cation on the 

surface of any surface active material such as clay or organic matter. For example H+ ions generated as 

organic matter decomposes can displace calcium and other metallic cations from the colloidal complex. 

                                                                                         H    
                    Ca                       + 2H+                                                    + Ca++ 

                                                                                            H 

  Or    Ca-Soil + 2NH4
+

                                      (NH4)2-Soil + Ca
++ 

The interchange of calcium and hydrogen ions is chemically equivalent and reaction takes place rapidly. This 

reaction is reversible and will go to left if Ca is added to the system. 

Cation Exchange Capacity (CEC): 

Cation exchange capacity is defined as the sum total of the exchange able cations that a soil can adsorb. Unit; c 

mol/kg 

Means of expression:       The CEC is expressed in terms of centimoles of positive charge per kilogram (c 

mol/kg). Thus, if a soil has cation exchange capacity of 30 c mol/kg, 1 kg of this soil is capable of adsorbing 

30 c mol of H
+
 ion, for example, and of exchanging it with 30 c mol of another uni-charged ion, such as K

+
 or 

Na
+
 or with 15 c mol of an ion with two charges such as Ca

++
 or Mg

++ 
or 10 c mol of an ion with three charges 

such as Al
+++

. In each case, the 30 c mol of –ve charges associated with 1 kg soil is attracting 30 c mol +ve 

charges, whether they come from any cation. This reemphasizes the fact that cations adsorbed and exchanged 

on chemically equivalent basis. 

        

  H                       + 1/2 Ca
++

                                               1/2 Ca + H
+
       

       i.e. 1 mol of charge associated with the H
+
 ion is replaced by the equivalent charge associated with 

1/2Ca
++

. 

              For most minerals, the strength of cation adsorption when they present in equivalent quantities or 

Lyotropic series is: Al
+++

 > H
+
 > Ca

++
 >Mg

++  
> K

+
 = NH

+
4 > Na

+ +
 
 

Factors affecting CEC:  

(i) Type of colloids Humus> Vermiculite > Montmoriilonite > Illite > Kaolinite > Sesquoxide 

(ii) Type of Texture: Organic soils > Clay & clay loams > silt loams > loams > sands      

Clay (>30 cmol/kg),clay loam (15-30), loam (10-15), sandy loam (10-15) and sand (1-5 cmol/kg) 

Plant roots 10-100 cmol/kg 

Micelle Micelle 

Micelle Micelle 



(iii) pH: CEC increases with pH     

 (iv) Size and charge of ions: with increasing size of hydrated ions replacing power decreases, whereas, with 

increasing charge the replacing power increases.                              

          Importance of CEC: 

The information on CEC and ion exchange properties can be utilized for a wide range of purposes:    

(i) Base unsaturation of soil is an indicator of the degree of weathering  

(ii)  Information can be utilized for the approximation of the dominant clay mineral.      

(iii) The CEC of the soil together with exchangeable bases provides a measure for evaluating the 

fertility status of the soil or an indicator of nutrient storage capacity of soil. 

(iv) Information on exchangeable cations can be utilized for the  classification of soils    

(v) Information can be utilized for the prediction of Na and salinity hazard  

(vi) Information can be utilized for the reclamation of sodic soils 

(vii) Information can be utilized for the amendment of acid soils and lime requirement 

Anion Exchange: 

 Anion exchange is defined as the interchange between a anion in a solution and another anion on the surface 

of any surface active material such as clay or organic matter. For example H2PO
-
4 ions released from minerals 

or added as fertiliser nutrient can displace SO
2
4

-
 and other anions from the colloidal complex. 

                                                                                                         H2PO-
4   

                 SO4                        + 2H2PO-
4                                                       H2PO-

4  + SO2
4

-                                           
 

The interchange of orthophosphate and sulphate ions is chemically equivalent and reaction takes place rapidly. 

This reaction is reversible and will go to left if SO2
4

-  
is added to the system. 

Anon Exchange Capacity (CEC): Anion exchange capacity is defined as the sum total of the exchangeable 

anions that a soil can adsorb. Unit; cmol/kg 

                     

Percentage base saturation of soils (%BS): 

One of the most important properties of a soil is its base saturation. Among cations H
+
 and Al

3+
ions are not 

bases but they are acid forming cations. As they contribute H+ ions in soil solution. Aluminium ions do so 

indirectly through hydrolysis which may be illustrated as follow: 

Al
3+

 + H2O                       Al(OH)
2+

 + H
+ 

 Al(OH)
2+

 + H2O                       Al(OH)2
+
 + H

+ 

Al(OH)2
+
 + H2O                       Al(OH)3 + H

+ 

Both
 
H

+
 and Al

3+ 
ions tend to dominant to very acid soils. And most of the other cations i.e. Ca

2+
, Mg

2+
, K

+
 and 

Na
+
 ions are called exchangeable bases; neutralize soil acidity and dominant in neutral and alkaline soils.

 

Micelle Micelle 



Definition of %BS: 

The percent proportion of CEC occupied by bases (Ca
2+

, Mg
2+

, K
+
 and Na

+
) is called the percentage base 

saturation. 

                                  Exchangeable bases (cmol kg-1) 
 (%BS)   =                                                                               x 100 
                                                  CEC (cmolkg-1) 
 
                                                                                                Individual cation (cmol kg-1) 
Percent individual cation saturation              =                                                                              x 100 
                                                                                                                 CEC (cmol kg-1) 
   

Thus if the % BS is 80, four fifth of the exchange capacity is satisfied by bases, the other by H
+
 and Al

3+
ions 

The base saturation is a good indication of soil fertility. The ease with which adsorbed cations are released to 

plants depends on the degree of base saturation. A soil is considered very fertile if the %BS is > 80%, medium 

if %BS is 80 to 50 and nonfertile if %BS is < 50. Liming is the common means by which the %BS of soils is 

increased.    

 The relation between %BS and cations availability is modified by the nature of the soils. As a rule, soils with 

large amount of organic or 1:1 colloids can supply nutrient cations to plants at a much lower %BS than soils 

high in 2:1 colloids.  

 

 As a general rule the degree of %BS of normal uncultivated soils is high for arid than for humid region soils. 

Although not always true, especially in humid regions the %BS of soils formed from lime stones or basic 

igneous rocks is more than that of soils formed from sand stones or acid igneous rocks. 

pH and %BS: 

pH has direct correlation with %BS. As the percent Ca
2+

, Mg
2+

 and K
+
 on the exchange sites increases the pH 

increases, as the soil of arid and semiarid region. In the other hand if bases reduce in soils due to runoff and/or 

leaching the pH also reduces, as in humid region and tropical region soils. 

Ion Exchange and Availability of Nutrients: 

Cation Exchange and the Availability of Nutrients 

Exchangeable cations generally are available to both higher plants and microorganisms. By cation exchange, 

hydrogen ions from the root hairs and microorganisms replace nutrient cations from the exchange complex. 

They are forced into the soil solution, where they can be assimilated by the adsorptive surfaces of roots and 

soil organisms, or they may be removed by drainage water. 

Cation Saturation and Nutrient Adsorption by Plants. Several factors operate to expedite or retard the release 

of nutrients to plants. Higher the proportion of CEC is occupied by a particular ion, higher will be the 

availability and absorption. 

Influence of Associated Ions. A second important factor influencing the plant uptake of a given cation is the 



effect of the ions held in association with it. For example, potassium availability to plants has been shown 

to be limited by excessive quantities of exchangeable calcium. Likewise, in some cases, high-exchangeable-

potassium contents have depressed the availability of magnesium. 

Effect of Type of Colloid. Third, the several types of colloidal micelles differ in the tenacity with which they hold 

specific cations and the ease of cation exchange. At a given percentage base saturation, smectite holds 

calcium much more strongly than does kaolinite. As a result, smectite clay must be raised to about 70% base 

saturation before calcium will exchange easily and rapidly enough to satisfy growing plants. A  kaolinite clay, 

on the other hand, seems to exchange calcium much more readily, serving as a satisfactory source of this 

constituent at a much lower percentage base saturation.  

Availability of applied nutrients: 

     When fertilizers are applied to supply plant nutrients elements like K, Ca, Mg and NH4 dissolve in soil 

solution. These nutrients in soil solution are, exchanged for other cation like H+ present in the exchange 

complex. If there is no cation exchange the applied nutrients would be lost in drainage water. Similar is the 

case with anion radicals like PO4, NO3, SO4 etc. Soils with high CEC can adsorb higher amounts of nutrients. 

Hence, in clay soils we can apply larger quantities of fertilizers in a single dose. Sandy soils have very low 

CEC and in such soils fertilizers should be applied in splits. 



Soil Colloids 

Thomas Graham (1861) divided the water soluble substances into two groups on the basis of their diffusion 

across the semipermeable membrane. These two groups are (i) the substances those diffuses freely across the 

semipermeable membrane are known as crystalloids and (ii) the substances those do not diffuses freely across 

the semipermeable membrane or diffuse very slowly are known as colloids ( particle size is between the true 

solution and suspension). 

Colloid: Colloid is Greek word (Kolla = glue; Eidos = like) which means glue like. 

Definition: Organic and inorganic matter with very small particle size (< 1 um or <0.001mm or <1000nmin 

dia) and a correspondingly large surface area per unit of mass is called colloid . 

 Since clay fraction of soil is ≤ 0.002 mm / or ≤ 2 um. Not all clay is colloidal, although larger particles have 

colloidal like properties. 

Colloidal state: It refers to a two phase system in which one phase (dispersed phase) in a very finely divided 

state is dispersed through a second phase (dispersion medium). 

 

The examples of colloids are: 

Emulsion: fat globules in water- milk 

Aerosol: Liquid in gas -Fog or clouds in atmosphere 

Gel: Solid in liquid - Clay in water (dispersion of clay in water) 

The clay fraction of the soil contains particles less than 0.002 mm in size. Particles less than 0.001 mm size 

possess colloidal properties and are known as soil colloids. 

General Properties of Soil Colloids: 

1. Size: The most important common property of inorganic and organic colloids is their extremely small size. 

2. Surface area: Because of their small size, all soil colloids expose a large external surface per unit mass.  

3. Surface charges: Soil colloidal surfaces, both external and internal characteristically carry negative and/or 

positive charges. 

 4. Adsorption of ions: As soil colloids possess negative charge they attract the ions of an opposite charge to 

the colloidal surfaces.  

5. Adsorption of water: In addition to the adsorbed cations, a large number of water molecules are associated 

with soil colloidal particles.  

5. Cohesion: Cohesion is the phenomenon of sticking together of colloidal particles that are of similar nature. 

Cohesion indicates the tendency of clay particles to stick together.  

6. Adhesion: Adhesion refers to the phenomenon of colloidal particles sticking to other substances. It is the 

sticking of colloida1 materials to the surface of any other body or substance with which it comes in contact. 



7. Swelling and shrinkage: Some clay (soil colloids) such as smectites swell when wet and shrink when dry.  

8. Dispersion and flocculation: As long as the colloidal particles remain charged, they repel each other and 

the suspension remains stable. If on any account they loose their charge, or if the magnitude of the charge is 

reduced, the particles coalesce, form flocs or loose aggregates, and settle out. This phenomenon of 

coalescence and formation of flocs is known as flocculation. The reverse process of the breaking up of flocs 

into individual particles is known as deflocculation or dispersion. 

9. Brownian movement: colloidal particles show Brownian movement., but retains the colloidal particles. 

 

Types of Soil Colloid: The most reactive portions of soil are those in the colloidal state and two distinct types 

of colloidal matter are:- 

i) Organic colloids:- This type is represented humus 

ii) Inorganic colloids:- Presented almost exclusively as clay minerals- layer silicate clay, Fe & Al oxides 

allophane and associated amorphous clay.  

                                        Organic Colloids: 

The organic colloids in soils are represented by humus. 

Definition of humus: Humus is defined as a complex and rather resistant mixture of brown or dark brown 

amorphous and colloidal substances modified from the original tissues or synthesized by the various soil 

organisms. 

Importance:  

1. Humification is an important soil forming process which is accomplished through the illuviation of humic 

substances in the soil profile. 

2. Humus reduces the soil bulk density, increases the porosity and reduces the soil compaction. 

3. It improves the water infiltration, water holding capacity, water movement, aeration, heat movement. 

4. Impart darker colour to the soil. 

5. It acts as a storehouse of nutrients and through its chemical actions it increases the nutrients availability. 

6. It has high cation exchange and fixation capacity and reduces the leaching loss of nutrients. 

7. It improves soil fertility. 

8. It acts as a source of energy to the various soil microorganisms.  

9. It stimulates plant growth. 

10. It improves soil and crop health. 

 

Formation of Humus: 

    As the organic matter decomposition occurs, two major types of organic compounds tend to stabilised in 

the soil. 

     First are the microbial resistant compounds of higher plant origin that have been modified by 

biochemical reactions. These are modified lignin and to some extent wax and oil compounds. 

     Second are new compounds such as polysaccharides and polyuronides, which are synthesized by 

microorganisms and held as a part of their tissue. Thus two kinds of group provide the basic framework for 

humus. 

 

 

Nature and Characteristics/ Properties of Humus:  

1. The colloidal humus particles are composed of C, H &O (probably in the form of modified lignins, 

polysaccharides and polyuronides). 



2. The surface area of humus colloid is very high, generally exceeding that of silicate clays. 

3. The colloidal surfaces of humus are generally –ve charged, the source of charge being carboxylic (-

COOH) or phenolic groups. The extent of charge is pH dependent (high at high pH). 

4. At high pH value the CEC of humus far exceeds that of most silicate clays (150-300 cmol/kg). 

5. The water holding capacity of humus on a weight basis is 4-5 times that of the silicate clays. 

6. Humus has low plasticity& cohesion, which helps account for its very favourable effect on aggregate 

formation & stability. 

7. The humus compound have high molecular weight varies from few to thousands. 

8. The black colour tends to distinguish it from most of the colloidal constituents in soils. 

 

Functional groups of humic substances: Humus contains different types of functional groups among 

which the first three are most important. The groups are: carboxyl, phenolic, amino, amide, alcohol, 

aldehyde, carboxylate, keto, methoxy, quinon, hydroxyl, peptide etc. 

 Classification of Humus: Study suggests that there are two general groups of compounds that 

collectively make up humus and these are (i) Humic group and (ii) Non humic group- protein, 

carbohydrates, lipids, fat, lignins etc. 

Humic group: on the basis of resistance to degradation and of solubility in acid and alkali humic 

substances have been classified into three chemical groups. 

(i) Fulvic acid: Lowest in mol. wt., lightest in colour and soluble in both acid and alkali. Most 

susceptible to microbial attack. 

(ii) Humic acid:  Medium in mol. wt., and in colour. It is soluble in both alkali but insoluble in 

acid. Intermediate resistant to microbial attack. 

(iii) Humin: Highest in mol. wt., darkest in colour and insoluble in both acid and alkali. Most 

resistant to microbial attack. 

Nutrients availability affected by humus: 

Humus acid increases nutrients availability which is one of the most important role of humus acid. When this 

colloid is saturated with H+ ions this increases the availability of certain nutrients bases such as Ca
++

, Mg
++

, 

K
+
 etc.  

i) KAlSi3O8  +  H                                              HAlSi3O8 +  K 

Microcline        H
+ 

adsorbed act as                                              K
+
 adsorbed readily exchangeable  

                         a ordinary acid                                                 and available to plants 

 

It seems that an H                     of humus, like as    H                      of clay act much like as an ordinary acid 

and can react with soil minerals  in such a way as to extract their bases. Once the exchange is made the bases 

so affected are held in a loosely adsorbed condition and are easily available to higher plants. 

ii)            Humus is the most reactive  seat of  physico-chemical and biological processes of soil ant it also act 

as a store house of plant nutrients         

Micelle Micelle 

Micelle Micelle 



                        Organisms and Ecology of the Soil: 

         A soil is an ecosystem in which thousands of different creatures interact and contribute to the global 

cycles that make all life possible. The soil ecosystem consist organisms both flora and fauna. All the 

organisms of soil cause important effects both on soil properties and on the functioning of larger 

ecosystems.   

Types of Soil Organisms: Soil organisms are creatures that spend all or part of their lives in the soil 

environment. Every handful of soil is likely containing billions of organisms with representatives of nearly 

every phylum of living things.  General classification of some important groups of soil organisms is given in 

following table:     

1. Animals (fauna), all 

heterotrophs 

 

Macrofauna:  

Largely herbivores and detritivores: 

Vertebrates 

Arthropods 

 

Annelida 

Mollusca 

Largely predators: 

Vertebrates 

Arthropods 

 

 

Gophers, mice, squirrels 

Ants, beetles and their larvae, maggots, termites, grubs, 

spiders, millipeds, woodlice 

Earthworms 

Snails slugs 

 

Moles, snakes 

Beetles, ants, centipedes 

Mesofauna: 

Largely detritivores: 

Arthropods 

Annelida 

Largely predators: 

Arthropods 

 

 

 

Mites, collembolla (springtails)  

Pot worms 

 

Mites, protura 

 

Microfauna:  

Detritivores, predators, fungivores, 

bacterivores: 

Nematoda 

Roterifera 

Protozoa 

 

 

Nematodes 

Rotifers, water bears 

Amoebae, ciliate 

2. Plants (Flora)  

Macroflora: 

Largely autotrophs: 

 

 



Vascular plants 

Bryophytes 

Feeder roots 

Mosses 

Microflora: 

Largely autotrophs: 

Vascular plants 

Algae 

Largely heterotrophs, aerobic: 

Fungi 

Actinomycetes 

Autotrophs and heterotrophs: 

Bacteria 

Cyanobacteria 

 

 

Root hairs 

Greens, yellow-greens, diatoms 

 

Yeasts, mildews, molds, rusts, mushrooms 

Many kinds of actinomycetes 

 

Aerobes, anaerobes 

Blue green algae 

 

Density of population: The soil organisms vary in number from a few per hectare to many millions per 

gram of soil. The density of population is determined by food supply, moisture, temperature, physical 

condition and the reaction of the soil. In neutral soils, bacteria dominate over other types of microscopic life. 

If the soil is acidic and rich in organic matter, fungi predominate. Algae abound on the soil in constantly 

moist or shady situations.  

 As among the soil microflora, it is estimated that bacteria form about 90% of the total population, 

actinomycetes about 9%, and fungi and algae together about one percent. Among the soil fauna, protozoa 

are the most abundant, followed by nematodes, worms, and insects.  

                     Table: Relative number of soil flora and fauna: 

S.No. Organisms No. /m
2
 No./g 

Microflora 

 Bacteria 10
13 

-10
14

 10
8
-10

9
 

 Actinomycetes 10
12 

-10
13

 10
7
-10

8
 

 Fungi 10
10 

-10
11

 10
5
-10

6
 

 Algae 10
9   

-10
10

 10
4
-10

5
 

Microfauna 

 Protozoa 10
9  

-10
10

 10
4
-10

5
 

 Nematoda 10
6   

-10
7
 10-10

2
 

 Other fauna 10
3   

-10
5
  

 Earthworm 30-300  

Bacteria: bacteria are singled cell organisms, one of the simplest and small forms of life known. They are 

very small; the larger individuals seldom exceed 4-5um in length and smaller one approaches the size of 

clay particle. The shape of bacteria is varied in that may be nearly round, rod like (dominant in soil) spiral. 

They grow well in moderate temperature, well aerated soil and in neutral to alkaline soil pH range. 

http://www.krishiworld.com/html/nematodes1.html
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Soil bacteria are either (i) autotrophic – obtain their energy from the oxidation of mineral constituents and 

carbon from carbon dioxide.  Although low in population but more important to the sustenance of higher 

plants (ii) Heterotrophic- obtained both carbon and energy from organic matter. 

They play an important role in organic matter decomposition, mineralization, nutrient transformation, and 

nutrient solubilisation and, a very specific role of nitrogen fixation. 

Actinomycetes: They are similar in size to bacteria (unicellular and same in dia) but resemble to moulds in 

their growth and physiology (filamentous branched produced fruiting body). They can grow better at pH 

values between 6 - 7.5 in moist well aerated soils. Actinomycetes undoubtedly are of great importance in the 

decomposition of organic matter and thereby in release of nutrients. They are also said to synthesize 

chemical substances which produce the familiar odour when the cultivated soil receives its first shower of 

rain.  

Fungi: Fungi are unicellular/multicellular aerobic heterotrophic microscopic/semi microscopic organisms 

larger than bacteria. These organisms produce microscopic threads called mycelia which may be found in 

the decomposing organic matter on the surface of the soil or on the plant roots in the upper strata below the 

surface. They do not contain chlorophyll and depend for their energy and carbon on the organic matter of 

soil.  

For the convenience of discussion the fungi are grouped into three groups: (i) yeast- rarely found in soil (ii) 

Molds (iii) Mushrooms. The last two are considered important in soils. 

Many of the fungi are harmless saprophytes living on dead organic matter. The fungi play an important role 

in organic matter decomposition, nutrient transformation, nutrient solubilization and mobilization. Some 

fungi are parasites which attack live plants and produce highly destructive epidemic diseases.  

Algae: Soil algae are microscopic, chlorophyll containing organisms. An alga is a simplest chlorophyll 

plants.  They are phototrophic aerobic organisms. Soil algae are occur as unicellular organisms or filaments 

or as colonies are seen on the surface soil. A few algae may be found as heterotrophs below surface soil. Soil 

algae are divided into four general groups (i) Cynophyta -blue green algae (ii) Chlorophyta- grass green 

algae (iii) Xanthophyta –Yellow green algae (iv) Bacillariophyta- Golden brown algae or diatom. They are 

found in large numbers in the top layer of constantly moist soils such as paddy fields. The most important 

function of blue green algae is the fixation of atmospheric nitrogen and then contribution of organic matter 

to soil. They also play a role in soil formation (rock weathering) and building up of soil structure. 

Nematodes: They are microscopic creature and commonly called as threadworms or eelworms are found 

almost in all soils. On the basis of food requirement,  groups are found (i) Saprophytes-live on decaying o.m. 

(ii) Predator- predatory on other nematodes, bacteria, algae’ protozoa (iii)Parasites- those who attacks on the 

roots of higher plants. They are important primarily because of their relationship with soil microflora. 

http://www.krishiworld.com/html/plant_crops1.html
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Protozoa: Soil protozoa is the simplest form of animal life unicellular animals (5-100 mm dia) feeding 

either on soil organic matter or on bacteria thus regulating the number of the latter in the soil. They are 

grouped into (i) amoebae (ii) ciliates (iii) flagellates. The larger forms are found in the very wet conditions 

or in the swamps.  

Roots of higher plants: 

The roots of higher plants grow and die in soil and so doing supply the soil fauna and microflora with food 

and energy. They form path for air and water transmission, improve the soil aggregation, recycle the 

nutrients. Plant add 15-40% organic root residue after harvesting. The origin of the organic materials in the 

rhizosphere including- (i) Simple exudates- which leaks from plant cells to the soil (ii) Secrations- simple 

compounds released by simple metabolic processes (iii) Plant mucilages-originating in root cells or from 

bacterial degradation (iv) Mucigel- a gelatinous layer composed of mucilages and soil particles intermixed 

(v) Lyzates- compounds released through digestion of cells by bacteria. 

Soil Macroanimals: 

Earthworms: The ordinary earthworm is probably the most important macro animal. More than 200 species 

are known. They are used as biological health indicators. They help to understand the causes and effects of 

management practices and land use on plant productivity. Earthworms have been shown to be important in 

organic matter decomposition, particularly by soil movement that results in incorporation and mix of 

residues. They cast on cultivated soil 18000 kg/ha/year. Earthworms are recognized as a key factor in the 

way many terrestrial ecosystems work. They help in aggregate stability, to improve water-holding capacity, 

pore size and infiltration rate. Earthworms are used in preparation of vermicompost valuable organic 

manures used as a source of nutrients, vitamins and growth regulators. It improves physico – chemical and 

biological properties of soils and thereby crop production.  

 Ants and termites: 

Likewise, other invertebrates in soil, ants, have been used as biological indicators of soil quality and soil 

management changes. Ant exerts significant effects on the resident soil biota through the movements of 

nutrients to the soil surface. Their presence depends on the diversity and composition of plant communities 

making them a better predictor of microbial biomass than plant species diversity. 

      On the other hand, ants along with termites have been recognized as indicators of land recovery, as their 

presence probably increase carbon and nutrient levels, especially nitrogen, phosphorus and potassium, as 

well as calcium and magnesium exchange due to transport and decomposition of fresh material by their 

enzymatic system. 

Worms and Insects: Most of the soils are inhabited by worms, insects and other animals of different sizes. 

They feed on plant remains which are ingested along with large quantities of earth. Their excrements in the 

form of casts is brought up and deposited on the surface. Insects and some other large animals promote 

http://www.krishiworld.com/html/insect_pest_crops1.html
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aeration and water percolation. They make channels and burrows in the soil primarily for their protection or 

in quest of food.  

                       Functions / activities of soil microorganisms: 

                 Some common functions of beneficial and harmful soil microorganisms as they affect soil quality, 

crop production, and plant health. 

 Functions of beneficial soil microorganisms • Fixation of atmospheric nitrogen • Decomposition of 

organic wastes and residues • Solubilization of insoluble nutrient sources • Mobilization of nutrients  • 

Suppression of soil-borne pathogens • Recycling and increased availability of plant nutrients • Degradation 

of toxicants including pesticides • Production of antibiotics and other bioactive compounds • Production of 

simple organic molecules for plant uptake • Complexation of heavy metals to limit plant uptake  • 

Production of polysaccharides to improve soil aggregation. 

 

Fixation of atmospheric nitrogen (BNF):BNF refers to reduction of atmospheric N2 into NH3 , occurs 

through a number of microorganism systems with or without direct association with higher plants. Included 

systems are: 

 

 

          N2 + 6H
+
 +6e

-
                                2NH3 

1. Symbiotic 

 Legumes (nodulated)                : Rhizobium (aerobic) 

 Nonlegumes (nodulated):  

Alders (Alnus)                         : Actenomycetes (Frankia) 

Gunnera                                  : BGA (Nostoc) 

 Non legumes (non nodulated): 

Pangola grass and rice              : Azospirillum 

Azolla                                    : Anabaena 

 

2. Non symbiotic                               : Azotobacter (aerobic)   

                                                        : Clostridium (anaerobic)   

 

Solubilization of insoluble nutrient sources: Microorganisms synthesize some organic compounds and 

particularly organic acids which solubilize the insoluble forms of nutrients and make them 

available to plants. The microorganisms are: 

Phosphorus solubilizing bacteria: Bacillus circulans, B. megaterium and Pseudomonas 

Phosphorus solubilizing fungi: Aspergillus awamori, A. fumigates, A. niger and Penicillium   

 

Fe, Mo 

Fe 



Mobilization of nutrients: The symbiotic association between fungus and roots of higher plants is known 

as mycorrhizae. This relationship is helpful in nutrients and water uptake by plants. 

The involve fungus are: 

Glomus mosseae, G. fasciculatum, Gigaspora nigra etc. 

 

Decomposition of organic matter: Perhaps the most significant contribution of soil organisms is that of 

organic matter decomposition. The nutrient held in organic combination within theses residues are released 

for use by plants.  

 

The decomposed organic matter coverts into humus, which improves soil quality. The microbial species 

particularly of bacteria, fungus and actinomycetes are participated in organic matter decomposition. These 

are: 

Bacillus sp., Pseudomonas and Cellulomonas 

Trichoderma, Aspergillus and Penicillium 

Streptomyces, Nocardia and Micromonospora 

And many more 

Biochemical transformation of nutrients: 

Nitrification, oxidation and reduction of nutrients carried out by various types of microorganisms. 

Soil formation: Weathering of rocks and minerals (through acid production) and formation of humus. 

 

Disease suppression:  

i) Predation: Feeding on pathogen 

ii) Antagonisms: Competition for space and nutrients 

iii) Rhizosphere competency: Blocking pathogen access to plant roots 

iv) Induced systematic resistance: Stimulate or priming the plant`s own natural defense system. 

 

Functions of Harmful Microorganisms • Induction of plant diseases • Stimulation of soil-borne pathogens 

• Immobilization of plant nutrients • Inhibition of seed germination • Inhibition of plant growth and 

development • Production of phytotoxic substances 

 



                                   Soil pollution 

 

Definition:  Soil pollution is the contamination of soil with harmful substances that can adversely affect the 

quality of the soil and the health of those living on it. 

 

 Sources of soil pollution: 

Soil pollution usually originates from the development of industry, intensive agriculture associated with 

modern systems of cultivation like use of high analysis chemical fertilizers, use of pesticides, use of sewage, 

sludge, city composts and other industrial wastes etc.  

The contaminants produced by industrial processes reach the soil by three ways :  

(a) Through the air—gaseous and particulate contaminants are emitted from chimneys and exhausts or are 

deflated from spoil heaps and are blown away by the wind ultimately to sink or be washed by rain to the soil 

environment. 

 (b) Through drainage system—industrial effluents and water drainage from spoil and rubbish heaps either 

washes direct on to nearby fields or enters the local streams and rivers and ultimately enter into the soil.   

(c) Through direct mechanical or gravitational effects on the soil—solid materials like refuses from mines, 

animal slurries or sewage-sludges etc. can be dumped directly on to the agricultural land and thereby creates 

soil pollution. 

Once pollutants enter and are incorporated into the soil, their concentrations in soil are continuously increasing and 

accumulating as toxic to all forms of life like plants, micro-organisms, human beings etc.  

 

Kinds of soil pollution 

There are generally five different kinds of pollution namely (1) Pesticides pollution in soil—those are mostly 

used as soil application for agricultural purposes and all of which reach the soil, (2) Fertilizers and other salts—

contamination of soils with different soluble salts is one form of soil pollution primarily agricultural in origin, 

(3) Inorganic contaminants or pollutants—mostly heavy metal pollution in the soil, (4) Organic wastes—those 

from concentrated feed lots and food processing plants along with municipal and industrial wastes, some of 

which may be dumped on soil, (5) Radionuclides—nuclear fission associated with atomic weapons testing 

provides another kind of soil pollution. 

 

 

(1) Pesticides: Pesticides, legally termed economic poisons, include insecticides, fungicides, herbicides, 

rodenticides and nematocides and many other chemical like disinfectants, antibiotics, defoliants, 

chemosterilants and juvenile hormones etc.  

Behaviour/ fate of pesticides in soil: When these are applied in soils they undergo following reactions; (i) 

chemical may vaporize and be lost to the atmosphere without chemical changes (ii) may be adsorbed by soil 



colloids (iii) may move downward through the soil in liquid or solution form and be lost by leaching (iv) may 

undergo various chemical reactions with in the soil environment or on the soil surface (v) may be degraded by 

soil micro organisms. These pesticides are not only lethal to the targeted pest but they also entered in to food 

chain and their concentration continuously increases and poses serious threat to the ecosystem. Some 

commonly used pesticides are show below: Insecticides: Malathion, Parathion, Carbofuran, Permethrin etc. 

Fungicides: Maneb, Ferbam copper sulphate etc. Herbicides: 2,4-D, Atrazine Alachlor Dalapon etc. 

 

(2) Fertilizer: the accumulation of excessive salts through the application of chemical fertilizers leads to salinity 

and alkalinity. Heavy application of nitrogenous and phosphatic fertilizers leads to eutrophication. Nitrate 

contaminates the runoff and ground water. Some of the fertilizers also contribute heavy metals (as impurity) to 

the soil environment.  

(3) Inorganic contaminants: There are number of inorganic contaminants including heavy metals like Hg, Cd, 

Pb, As, Ni, Cu, Zn, Mn etc. Among these Cd & As are extremely poisonous, Mercury, Pb and Ni are moderately 

poisonous and Cu, Zn and Mn are relatively lower in toxicity. The sources of heavy metal pollution in soil are- 

Agrochemicals, effluent, fertilizers, fuel etc. 

(4) Waste: 

(i) Organic waste: contains detergents, water softeners, borates, phosphates etc. Sewage effluents, 

sludge, agriculture waste like animal and crop residues etc. causes serious soil pollution. The urban waste 

contains garbage and rubbish material like papers, fibers, plastics, glasses, bottles and dried sludge of sewage. 

As the rain water runs from top of the uncovered   garbage this causes soil pollution. 

(ii)Industrial waste: Most of the industrial waste rejected materials like calcium carbonate, magnesium, 

sulphate, heavy metals, organic chemicals etc. This industrial waste are all dumped over the soil surface or 

buried in the soil by almost all industries, which causes soil pollution. 

(5) Radioactive waste: 

Storage and disposal of radioactive waste from nuclear power plants causes soil pollution. They gets 

deposited on the top soil and emits continuously gamma radiations. 

Examples: strontium 90, iodine 131, barium 140. 

(6) Others: 

(i) Acid rain: It is caused by air pollution. The acidic water falls on the soil and pollutes it by making the soil 

acidic. Soil lost its nutrients due to high solubility in acidic water and microbial activities are got affected. 

(ii) Waste from mining: Huge tunnels/holes are excavated in the land. Waste obtained from mining left on site in 

the form of spoil heaps. This waste contains toxic and poisonous substances, entered into soil through wind and 

water. 

 (iii) Leakage of toxins: Faulty landfills, bursting of underground bean and seepage from faulty sewage system. 

(iv) Dumping of solid waste: Solid waste includes garbage, domestic refuse, discarded solid material from 

commercial, industry & agricultural operation. These degrade the appearance of an area and pollute the soils. 

(v)Oil and Petroleum spills: Petroleum spills from gas stations, fuel tanks or other activities can result in 

elevated levels of contaminants in the soil. Such as Benzene, Toluene, Xylene etc. Oil spills cause poor 

growth of plants.  



 

Effect of Pollution: 

 1. Effect on microorganisms: Loss of variety of micro-organisms due to: Change in genetic make-up of the 

soil. Certain animals die. The loss of supply chain of food. Imbalance in food chain. 

2. Effect on soil: Changes biochemical behaviour and physical properties are deteriorated. 

3. Effect on photosynthesis: Acid rains and imbalance in nutrition affect the photosynthesis process. 

4. Effect on bio-accumulation: Plants-grown in polluted soil absorbs molecules of the pollutants. Pollutants 

accumulate in the plants.  

Animals -by eating these polluted plants, pollutants may get accumulated in animal body. 

Human- by eating these plants or animals large amount of pollutants may get accumulated in the body. 

5. Effect on crops: Soil pollution reduces crop yields.30% of irrigated land of world is affected by salinity of 

the soil. 

It decreases nutritive values of soil as well as crops. 

6. Economic loss: The polluted soils converted to waste land/unproductive land. Polluted soil with heavy metals 

is not used for crop production and polluted produce cannot be consumed /easily sale out. This ultimately 

caused economic damage. 

  

Control of Soil Pollution: 

 Overuse of these chemicals leads to soil pollution, therefore, reduce use of pesticides, insecticides & 

fungicides. 

 Manures & biofertilizers like rhizobium can be used to increase fertility of soil, use them judiciously 

and on recommendation basis. 

 Waste should be disposed off properly to avoid pollution. 

 Acidic & alkaline waste should be neutralized before they are disposed of so they don’t contaminate 

the soil.  

 Biodegradable waste should be broken down before disposing it off. 

 Bio-augmentation is the practice of  inoculating contaminated soil with large numbers of appropriate 

microorganisms. It is cheaper than pollution cleanup methods which involve physically moving the 

soil. This may not work in some types of soil as it requires plenty of soil, moisture & oxygen to work 

effectively. 

 Proper disposal of industrial waste. 

  Waste reduction techniques.  

 Recycling. 

 Proper drainage, large holes, renovation of drains and keep clean and clear. 

 Reforestation i.e. more plantation.  

 Animal waste to be used as manure.  

 3 R`s  should be implemented  i.e. (i) recycling of waste paper, (ii) reuse plastic waste and (iii) reduce 



toxic wastes. 

 Proper disposal of waste at home i.e. segregate wet and dry waste. 

 

Prevention Measures: 

 Obey the laws. 

 Greener technologies.  

 Biological remedial processes. 

 Bio-composting. 

 


