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CHAPTER 1: SOIL – AN INTRODUCTION 

 

1.1 Definition and concept of soil 

The noun soil is derived through old French from the Latin solum, which means floors or 

ground. What, a soil scientist calls soil, a geologist may calls fragmented rock, an engineer may 

calls earth, and an economist may call land. In general, soil is defined as the more or less loose 

and crumby part of the outer earth crust. Since time immemorial soils have been christened as a 

medium of plant growth to meet basic food, fuel and fiber needs of humans. Soil health care was 

central to ancient farmers, amply depicted in a quotation from Sanskrit believed to have been 

made in 1500 BC “Upon this handful of soil our survival depends. Husband it and it will grow 

our food, our fuel and our shelter and surround us with beauty. Abuse it and the soil will collapse 

and die taking man with it”. Some of the famous ancient and contemporary proverbs listed 

below highlight the importance of soil resource and its management: 

 
“We know more about the movement of celestial bodies than about the soil underfoot” – Leonardo da Vinci 

“A nation that destroys its soils destroys itself” – Franklin D. Roosevelt 

“To forget how to dig the earth and to tend the soil is to forget ourselves” – Mahatma Gandhi 

“Soil is a rock on its way to ocean” – W. L. Lindsay 

 

Soil is considered as a geomembrane of the earth, protective filter, buffer, mediator of energy, 

water, and biogeochemical compounds; sustainer of productive life, ultimate source of elements, 

and the habitat for most biota; foundation that supports humans; and the dust to which humans 

would finally return. Generally, soil refers to the loose surface of the earth as identified from the 

original rocks and minerals from which it is derived through weathering process.  

The widely accepted definition according to Buckman and Brady (1969) is:“Soil is a dynamic 

natural body on the surface of the earth in which plants grow, composed of mineral and organic 

materials and living forms”. 

 

Soil as a three dimensional entity 

Soil is a three dimensional body having length, breadth and depth. They form a continuation 

over the land surface and differ in properties from place to place. Its upper boundary is air or 

water and lower boundary is the rock lithosphere. 

 

“Soil is a three-dimensional, a natural and dynamic material on earth’s surface that has 

important function of serving as a substratum of plant, animal and human life and acts as 

a reservoir of nutrients and water” 

 

For a farmer, soil refers to the cultivated top layer (surface soil) only, that is, up to 15-18 cm of 

the plough depth. Soils widely vary in their characteristics and properties.  

 

Important functions of soil 

 Medium for plant growth – Supplies all essential plant nutrients 

 Recycling system for nutrients 

 Recycle of raw materials – assimilates great quantities of organic waste, and turning it into 

beneficial humus 

 Natural habitat for so many organisms –Home to organisms 

 Foundation for engineering structures 

 System for water supply and purification 

 Modifier of the atmosphere – major source of water vapour in the atmosphere 
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1.2 Soil Science – definition and approaches  

Soil science is the study of soil as a natural resource on the surface of the Earth including soil 

formation, classification and mapping; physical, chemical, biological, and fertility properties of 

soils; and these properties in relation to the use and management of soils. Sometimes, terms 

which refer to branches of soil science, such as pedology (formation, chemistry, morphology and 

classification of soil) and edaphology (influence of soil on organisms, especially plants), are 

used as synonymous with soil science. One treats soil as a natural body, weathered and 

synthesized product innature (Pedology) while other treats soil as a medium for plant growth 

(Edaphology). The two basic approaches –Pedological and Edaphologicalare used in studying 

the soils.  

 

(i) Pedological approach: The origin of the soil, its classification, and its description are 

examined in pedology (from the Greek word pedon, means soil or earth). Pedology is the 

study of the soil as a natural body and does not focus primarily on the soil‟s immediate 

practical utilization. A pedologist studies, examines, and classifies soils as they occur in 

their natural environment. 

 

(ii) Edaphological approach: Edaphology (from the Greek word edaphos, which means soil or 

ground) is the study of soil from the standpoint of higher plants. Edaphologists consider the 

various properties of soils in relation to plant production. They are practical and have the 

production of food and fiber as their ultimate goal. To achieve that goal, edaphologists must 

be a scientist to determine the reasons for variation in the productivity of soils and find 

means of conserving and improving productivity.  

 

Soil Science has major six well defined and developed disciplines: 

1. Soil Fertility : Deals with the nutrient supplying capacity of soils. 

2. Soil Chemistry : Studies of soil chemical properties and the chemical reactions. 

3. Soil Physics :Studies of soil physical properties. 

4. Soil biology : Deals with the soil organisms and their roles in soil fertility. 

5. Soil Conservation: Deals with protect and conserve the soils. 

6. Soil Pedology : Deals with the soil genesis, soil survey, mapping and classification. 

 

International Union of Soil Sciences highlighted following key facts of soils: 

 It can take more than 1000 years to form a centimeter of topsoil. 

 There are over 10000 different types of soil exist worldwide. 

 A handful of soil can contain billions of soil microorganisms. There are more individual 

organisms in a handful of fertile soil than world‟s human population. 

 Soil is one of the most complicated biological materials on our planet. 

 Soil stores 10% of world‟s CO2 emissions.Soil carbon is the largest global carbon pool. 
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CHAPTER 2: SOIL FORMING ROCKS AND MINERALS 

 

2.1 The Earth’s crust  

There are three divisions of earth‟s sphere corresponding to the solid, liquid and gas, which 

constitutes the Earth. The solid zone is called Lithosphere. The incomplete covering of water 

bodies, such as seas and oceans known as Hydrosphere and the gaseous envelope around the 

earth‟s surface is called Atmosphere.  

 

The Earth‟s crust is only about 3-5 miles (8 km) thick under the oceans (oceanic crust) and about 

25 miles (32 km) thick under the continents (continental crust). The first layer consists of 

approximately 16 km of rocks and loose materials, we call them the ‘Earth crust’. Underneath 

the continents, the crust is almost three time as thick as it is under the ocean (Figure 2.1). 

 

Figure 2.1: The Earth‟s crust layers 

 

Atmosphere 

An atmosphere (from Greek atmos, meaning „vapour‟, and sphaira, meaning „sphere‟) is a layer 

of gases surrounding a planet.The atmosphere is composed of nitrogen (~78%), oxygen (~21%), 

Argon (~0.9%) with carbon dioxide and other gases in trace amounts. Oxygen is used by most 

organisms in respiration process, nitrogen is fixed into the soil by bacteria and lightning to 

produce ammonia, that is used in the construction of nucleotides and amino acids of 

microorganisms, and carbon dioxide is used by plants, algae and cyanobacteria in the 

photosynthesis process. The atmosphere helps protect living organisms from the solar ultraviolet 

radiation, solar wind and cosmic rays. 

 

Hydrosphere 

It is the combined mass of waterfound on, under, and above the surface of the Earth. It is the 

layer of waterbodies such as seas, rivers, oceans, etc., surrounding the lithosphere. It covers 70% 

of the earth. It has been estimated that there are 1386 million cubic kilometers of water on the 

Earth.Saltwater accounts for 97.5% of this amount. Fresh water accounts for only 2.5%. Of this 

fresh water, 68.9% is in the form of ice and permanent snow cover in the Arctic, the Antarctic, 

and mountain glaciers. 30.8% is in the form of fresh groundwater. Only 0.3% of the fresh water 

on Earth is in easily accessible lakes, reservoirs and river systems. 

https://en.wikipedia.org/wiki/Water
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Lithosphere 

It is the rigid, outmost shell of the planet earth. That visible portion of the lithosphere, which 

rises above the seawater is known as land. The land is only about one-fourth of the total surface 

of the earth. Most land is situated in the northern hemisphere. The lithosphere consists of two 

portions, viz., (i) the upper or outer cool solid surface, and (ii) the inner hot and molten mass. 

In terms of density, it is the heaviest amongst the three spheres, having  density of 5.5 (water 

density is 1.0). The outer crust has density of ~2.5 to 3.0, while the inside core, consists of much 

heavier materials. The outer solid layer, called as the earth’s crust is estimated to be ~16 to 

32km thick. It consists various rocks together with thin mantle of soil enveloping them. On this 

crust that life, both animal and plant sustains. The inner mass, which forms the interior of the 

earth, is in molten condition. In short, the Earth's lithosphere includes the crust and the 

uppermost mantle, which constitute the hard and rigid outer layer of the Earth.The uppermost 

part of the lithosphere that chemically reacts to the atmosphere, hydrosphere and biosphere 

through the soil forming process is called the pedosphere. 

 

Biosphere 

The biosphere (from Greek bíos„life‟) which can also be termed as life on Earth, all the living 

things in or on the planet are categorized as biosphere. The entire ecological communities within 

the physical surrounding of the earth are within the umbrella of living things (biosphere). These 

ecological communities interactswith the hydrosphere, lithosphere, and the atmosphere. 

 

2.2 The Earth crust – elemental composition 

The earth‟s crust is principally composed of mineral matter. Altogether, There are 118 elements 

that have been identified, of which the first 94 occur naturally on the Earth and rest 24 are 

synthetic elements. These elements which are known to us are found in the earth crust in various 

combinations to form compounds. The oxygen is most abundant element, but it usually occurs in 

combination with other elements, which reflects the importance of silicate (SiO2-based) 

minerals. About 98.5% of the crust is comprised of just 8 elements: In decreasing concentration 

order of: O >Si >Al >Fe >Ca >Na >K >Mg >others (Table 2.1). 
 

Table 2.1: Elemental composition of the Earth’s crust 

Element O Si Al Fe Ca Mg Na K Others 

Content (%) 46 27 8 5 4 2 3 3 2 

 

The two elements occurring in greatest abundance are non-metallic (O and Si) and comprises 

75% of the total composition of the crust. In the process of cooling, the elements began to 

combine into compounds. The compounds so formed aggregated into large masses giving rise to 

a variety of minerals. These mineral masses got cemented or pressed into the rocks, as they are 

now present in the earth‟s crust. These rocks were then exposed to the action of weathering 

processes over thousands of years. The disintegrated rocks gradually evolved into the soils. 

Therefore, knowledge of soil forming rocks and minerals and the weathering processes is 

essential in the studying of soils. 

 

The materials of the earth‟s crust fall into two principal categories: Minerals and Rocks.  

Mineral is a solid, inorganic, naturally formed substance that has a crystalline structure and 

specific chemical composition. Rock is a solid, inorganic, naturally formed substance without a 

particular structure or chemical composition. Rock is a solid aggregate of one or more minerals. 

Most common minerals consist of silica (SiO2) mixed in varying proportions with other elements 

such as Fe, Mg, Al, Ca, K, and Na. 
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2.3 Soil formation 

The soil formation is the process of two consecutive stages: (i) the weathering of rocks into 

Regolith (layers of loose, heterogeneous materials including solid broken rocks; an 

unconsolidated residues of rocks and minerals lying on the surface of the earth at varying 

depths), and (ii) the formation of true soil from the regolith. 

 

In general, soils may be formed in place from rock or formed in weathered rock and minerals 

that have been transported from where the original rock occurred.  Rock is consolidated mass of 

one or more minerals. Rock is mixture of minerals and therefore, their physical and chemical 

compositions vary with the characteristics of minerals present in them. Rock is formed due to 

cooling and solidification of molten magma. It is mixture of one or more minerals. Term 

Petrology is referred to the science of rocks,includes the Petrography deals with the description 

and the Petrogenesis is the study of the origin of rocks. 

 

2.4 Rocks 

Geologists classify the Earth‟s rocks as igneous, sedimentary and metamorphic on the basis of 

their origin.  

 

2.4.1 Igneous rocks (Latin ignis, means fire) 

Igneous rocks are formed from solidification of molten materials (magma) (Figure 2.5). It 

includes common rocks, granite and diorite. They are characterized by non-laminar massive 

structure and as a whole, make-up 95% of the Earth‟s crust, and about 88% of the mass of these 

rocks consist of Feldspars, Quartz and Amphiboles. 

 

The igneous rocks contains primary minerals, e.g., light-coloured minerals (quartz, muscovite, 

and feldspar) and dark-coloured minerals (biotite, augite, and hornblende). Dark-coloured 

minerals contain Fe and Mg, are more easily weathered. So, dark-coloured igneous rocks such as 

Gabbro, Basalt and Peridolite are more easily broken down than light-coloured rocks such as 

Granite, Syenite, Rhyolite, Andesite, Felsite, and Diorite. Worldwide, light-coloured minerals 

are generally more prominent than the dark-coloured minerals. 

 

Igneous rocks have been grouped into several types based on: (i) Mode of origin or occurrence, 

and (ii) Chemical composition. Based on mode of origin, igneous rocks are classified into two 

categories (Table 2.2): Plutonic (intrusive) and volcanic (extrusive) igneous rocks.  

 

 

• Plutonic / Intrusive Igneous rocks 

Plutonic or intrusive rocks formed when magma cools and crystallizes slowly within the 

Earth's crust at moderate or greater depth. A common examples of this type are Granite, 

Syenite, and Gabbro. They are crystalline rocks and the size of crystals are relatively larger 

and light-coloured.  

 

When the rocks consolidated in vertical cracks and formed wall like masses termed as dikes 

or dykes, whereas those consolidated in horizontal cracks are called sills (Figure 2.4). In 

some cases the molten material is consolidated in irregular and narrow cracks is called a 

vein. 
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Figure 2.4 Formation of dike or dyke and sill 

 

• Volcanic / Extrusive igneous rocks  

Volcanic or extrusive rocks formed from magma reaching the surface either as lava or 

fragmental ejecta, forming rocks such as Pumice, Basalt and Rhyolite. They are crystalline 

rocks and the size of crystals are relatively smaller, and dark-coloured 

 

On the basis of percentage of silica content, igneous rocks are classified into four groups, viz., 

Acidic, Intermediate, Basic and Ultrabasic. The first rocks to form are relatively low in silica 

(<55%), and include Basalt and Dolerite. These are known as ultrabasic rocks, because of their 

relatively high content of basic cations, such as Mg, Fe and Ca. The silica content increases as 

crystallisation proceeds (Table 2.2). 

 

 

Table 2.2: Classification of igneous rocks 

Types of igneous rocks Descriptions Examples 

Based on 

mode of the 

origin 

Intrusive or 

plutonic 

Solidification takes place at 

moderate depth of the earth 

Granite, Gabbro, 

Syenite 

Extrusive or 

Volcanic 

Solidification takes place on 

the surface of the earth 
Basalt, Rhyolite 

Based on the 

chemical 

(Silica) 

composition 

Acidic 
>65% Silica content;  

Light in colour 
Granite 

Intermediate 
55 – 65% Silica content;  

Variable in colour 
Andesite, diorite 

Basic 
45 – 55% Silica content;  

Dark in colour 

Basalt, Dolerite, 

Gabbro 

Ultrabasic 
<45% Silica content;  

Dark in colour 
Basalt, Peridotite 
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2.4.2 Sedimentary rocks (Latin sedimentas, means settling) 

As soon as igneous rocks are exposed to weathering processes, they start breaking down 

physically and chemically into soluble and insoluble products. These products when transported 

by water or glaciers form new deposits which in time become cemented and solidified into new 

forms of rocks called the sedimentary rocks.The rocks are mostly deposited in characteristic 

layers or strata and stratification is the most common feature of these rocks – so called as 

stratified rocks, e.g., lime stone, sand stone, silt stone, shale and conglomerate.They are also 

known as Aqueous rock, since water plays important role in the formation of sedimentary rocks 

(Figure 2.5). 

 

Based on the grain size, sedimentary rocks are classified as: 

• Rudaceous: If the individual grains forming rocks are of the size of boulders and pebbles, 

called rudaceous. Gritis composed of sharp and angular pebbles, Shingle is composed of 

large rounded pebbles, Conglomerate consist of rounded or sub angular pebbles, and 

Breccia consists angular fragments.  

 

• Arenaceous: These rocks have individual grains of sand size, e.g., Sand stone  

 

• Argillaceous: These rocks have individual grain size of clay particles. These may either 

loose or consolidated rocks. China clayis formed from decomposition of feldspar, Pipe clay 

is Iron free clay, Fire clayis Free from lime and alkalies and Laterite isred-coloured clay 

formed by decomposition of basalt and granite. 

 

The sedimentary rocks are formed by the action of water, glacier, wind, etc. The rocks are, 

therefore, divided according to the agent of erosion that have played the major role in the 

formation of rocks. 

 

 

On the basis of formation by different agencies, sedimentary rocks are classified as: 

 

• Aqueous rocks: Water transports weathered rock particles from one place to another and 

formed the sedimentary rocks. The aqueous rocks are classified according to water 

reservoirs. 

 

• Lacustrine rocks: Rivers and winds bring weathered rock particles to the lakes. The 

particles accumulate at its floor. Finer rock material is found in the lakes situated in plains 

than on mountains. The nature of sediment deposited depends upon the stage of river valley 

development and the causes of lake formation. When the lake is filled up with sediment or 

its water is dried, the sediment can be seen deposited in the lakes in form of the stratified 

rocks. 

 

• Riverine rocks: When the rivers enter plains, its speed of flow is reduced and the sediment 

which it brings with it is deposited at the floodplains and deltas and formed the riverine 

rocks.  

 

• Chemically formed rocks:The rock mixture which is dissolved in water gets deposited 

when its water evaporates. For an example, Gypsum is formed through this process. 

 

• Glacial rocks: Glaciers scour the floor and adjoining areas and transport rock-mixture with 

them. The glaciers usually leave this material on its floors, on both the sides and at their 

terminals. The rock material, thus lift, forms glacial rocks.  
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• Aeoline rocks (also called ventifacts): Wind also transports weathered rock-mixture from 

one place to another. The fine particles flown by winds are carried to great distances and are 

deposited into rocks. Such rocks are formed only in those areas where the climate is arid 

(dry). 

 

2.4.3 Metamorphic rocks 

Metamorphic rocks are formed from the igneous and sedimentary rocks by a process of change 

(termed „metamorphism‟) due to intense temperature, pressure or chemically active liquids and 

gases. Metamorphism may change both, physicl and chemical compositiono of the original 

rocks. For example, igneous rock granite metamorphosed into Gneiss and sedimentary rocks 

sandstone and shale respectively modified to marble and slate. The changes due to water is 

called hydro-metamorphosis and due to pressure is called dynamo-metamorphosis (Figure 2.5). 

 

Original rocks Agents of metamorphism Metamorphic rocks 

Sand stone → Temperaure (heat) & Pressure → Quartzite 

Shale → Pressure → Slate 

Lime stone → Temperature (heat) → Marble 

Granite → Pressure → Gneiss (distinct layers) 

Basalt → Pressure → Schist (indistinct layers) 

The action of water tends to remove some material or introduce new materials. By the 

introduction of a cementing material like silica, lime or iron oxide, loose sand may be turned into 

sandstone or sandstone into a quartzite. By the removal of certain constituents by percolating 

waters, basalt or granite may be converted into a laterite.The action of heat hardens the rock 

and develops new crystals in it. Crystalline marble is produced this way from amorphous 

limestone by the action of heat and pressure.  

Types of metamorphic rocks  

• Foliated metamorphic rocks such as gneiss, phyllite, schist, and slate have a layered or 

banded appearance that is produced by exposure to heat and directed pressure. Foliation 

represent a distinct plane/layer, is caused by the re-alignment of minerals. The layering 

within metamorphic rocks is called foliation (Latin word folia, meaning “leaves”) when 

they are subjected to high pressure and temperature. Foliated metamorphic rocks often break 

easily along foliation planes, are identified on the basis of their texture: (i) Slate formed at 

very low temperatures and pressures, rock breaks along nearly perfect parallel planes; (ii) 

Phyllite formed at low to intermediate temperatures and pressures, slightly more crystallized 

with shiny appearance; (iii) Schistformed at intermediate to high temperatures and 

pressures, crystals are larger with the grains aligned in parallel to subparallel layers; (iv) 

Gneissformed at very high temperatures and pressures; coarse grained texture of alternating 

light and dark mineral bands. 

 

As the grade of metamorphism increases (more temperature and pressure), both crystal size 

and the coarseness of foliation increase. Therefore, gneiss represents more intense 

metamorphism (or a higher grade) than does schist. 

 

• Non-foliated metamorphic rocks such as hornblende, marble, quartzite, and novaculite do 

not have a layered or banded appearance.They do not have a platy or sheet-like structure. 
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Figure 2.5 : Rock cycle  

 

2.4.4 Occurrences of soil forming rocks 

The occurrences of rocks in the upper 5 km of the Earth‟s crust is given in Table 2.3. 

 

Table 2.3: Composition of the upper 5 km of the Earth‟s crust 

Sedimentary (74%) Shales 

Sandstones 

Limestone and Dolomite 

52% 

15% 

7% 

Igneous(18%) Granites 

Basalt 

15% 

3% 

Others, i.e., Metamorphic  8% 

 

2.5 Minerals 

Minerals are naturally-occurring inorganic substances composed of atoms having an orderly and 

regular arrangement with difinite chemical composition and characteristic geometic form such as 

Quatz (SiO2), Orthoclase (KAlSi3O8), Calcite (CaCO3), Olivine [(Mg, Fe)2SiO4] and gypsum 

(CaSO4·2H2O). Minerals that are the original components of rocks are called primary minerals. 

(e.g., feldspar, mica, etc.). Minerals that are formed from changes in primary minerals and rocks 

are called secondary minerals (e.g., clay minerals). 

 

2.5.1 Classification of soil minerals 

Minerals are classificed on basis of mode of origin, composition and specific gravity as follows. 

 

On the basis of origin and mode of formation 

• Primary minerals: When a mineral arises form the cooling and solidification of a molten 

mass is called primary minerals. They are inherited from the parent rock, make-up main 

part of the sand and silt fractions of soil. 
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Name of Primary Minerals Chemical Formula 

Quartz 

Orthoclase / Feldspar 

Plagioclase / Feldspar 

Muscovite / Mica 

Biotite / Mica 

Hornblende / Amphibole 

Augite / Pyroxine 

Olivine 

SiO2 

KAlSi3O8 

(Ca, Na)·AlSi3O8 

KAlSi3O10(OH)2 

KAl(Mg, Fe)3Si3O10(OH)2 

Ca2Al2Mg2Fe3Si6O22(OH)2 

Ca2(Al, Fe)4(Mg, Fe)4Si6O24 

(Mg, Fe)2SiO4 

 

• Secondary minerals:It arises through the metamorphism or weathering of primary or other 

pre-existing minerals, it is called secondary minerals. Most common example is Silicate 

clay minerals. 

 

Name of secondary mineral Chemical Formula 

Oxides 

Hematite 

Goethite 

Gibbsite 

Carbonates 

Calcite 

Dolomite 

Sulphates and Sulphides 

Gypsum 

Pyrites 

 

Fe2O3 

FeO(OH) 

Al(OH)3 

 

CaCO3 

CaMg(CO3)2 

 

CaSO42H2O 

FeS2, CuS2 

 

On the basis of chemical composition 

According to their chemical composition, minerals are divided into eight groups. 

• Silicates: These are the salts of silicic acid (H4SiO4). e.g. muscovite, biotite, epidote, 

orthoclase feldspar, zeolite, olivine and amphibole  

• Native elements: The minerals of this group are made up of only one element. e.g., graphite 

– C, diamond – C, sulphur – S 

• Oxides and hydrooxides: e.g., quartz, hematite, geothite, limonite– Fe2O3·3H2O, 

magnetite– Fe3O4, gibbsite – Al2O3·3H2O.  

• Sulphates: e.g. Gypsum – CaSO4·2H2O, Barite – BaSO4, Gypsum anhydrite – CaSO4 

• Carbonates: e.g., Calcite, magnesite – MgCO3, Dolomite – CaMg(CO3)2 

• Sulphides: e.g., Copper pyrite – CuS2, Iron pyrite – FeS2 

• Phosphates: e.g., apatite – Ca5(F,Cl,OH,O)(PO4)3 – is the source of phosphorus in soils. 

• Halides: e.g., Flurorite (flurospar) - CaF2, Rock salt (halite) – NaCl, Sylvite – KCl 

On the basis of specific gravity (g cm
3

; gram per cubic centimeter) 

• Light minerals: having specific gravity <2.85 g cm
3

. e.g. quartz (2.6 g cm
3

), feldspar 

(2.65 g cm
3

), muscovite (2.50-2.75 g cm
3

) 

• Heavy minerals: having specific gravity >2.85 g cm
3

. e.g., hematite (5.3 g cm
3

), pyrite 

(5.0 g cm
3

), limonite (3.8 g cm
3

), augite (3.1-3.6 g cm
3

), hornblende and amphiboles  

(2.9- 9.8 g cm
3

), olivine (3.5 g cm
3

) 
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2.5.2 Clay minerals  

Clay minerals in the soils are formed from primary and secondary minerals due to weathering 

processes. The clay fraction of the soil particles has a diameter less than 0.002 mm (2 µm). The 

mineral present in the clay fraction of the soil are called as clay minerals.Clay minerals are the 

most important secondary minerals. They are colloidal and crystalline in nature. They carry a 

negative electrical charge on their surface. Most of the physical, chemical and morphological 

properties of soils are influenced by these clay minerals.  

 

Table 2.4: Relative occurrence of minerals in soils 

Name of minerals ~ Distribution (%) 

Feldspars 60 

Quartz 12 

Amphiboles and pyroxenes  17 

Micas 4 

Silicates  6 

Rest of the minerals 1 

 

The three most important groups of silicate clay minerals are kaolinite, montmorillonite and 

illite. Among different minerals present in soil, Feldspars and Quartz dominates by about 72 %, 

followed by Amphiboles and pyroxenes about 17%  (Table 2.4).  
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CHAPTER 3: WEATHERING AND SOIL FORMATION 

 

3.1 Weathering of rocks and minerals 

Weathering is a natural process of breakdown and transformation of rocks and minerals into 

unconsolidated residues, called regolith – from which true soil formed. In simplest manner, the 

process of transformation of solid rocks into soils is known as weathering. Weathering refers to 

disintegration and decomposition of rocks and minerals. 

 

Weathering processes are of two types: (i) Physical weathering, brought about by the 

mechanical action of the various weathering agents, is designated as disintegration. 

Disintegration breaks down the rocks into small pieces without affecting their original 

composition (ii) Chemical weathering is designated as decomposition.The minerals decompose 

chemically, releasing soluble materials and synthesizing new minerals (Figure 3.1). 

Figure 3.1: Weathering and synthesis of rocks 

 

Weathering leads to the formation of regolith (i.e., unconsolidated residues of the weathered 

rock on the earth's surface or above the solid rock). Soil formation is caused by the action of 

atmospheric agents at or near the surface of the earth. When the rocks and minerals are exposed 

to the action of atmospheric agents. For example, formation of clay in soil,and hydrated 

aluminum silicates and free silica as a result of decomposition of feldspars.Biological agencies 

also accelerate physical and chemical weathering. 

 

Thus, weathering is a combination of destruction and synthesis. Rocks are first broken down into 

smaller particles of which they are composed (destructive processes). The mineral are attacked 

by chemical forces, result in the release of soluble constituents. The soluble constituents may 

either be lost in drainage waters or recombine to form new minerals (constructive process).  

 

Physical disintegration agent Chemical decomposition process 

• Temperature • Solution 

• Water • Hydration 

• Wind • Hydrolysis 

• Ice • Oxidation 

• Plants and animals • Reduction 

 • Carbonation 
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3.2 Physical weathering  

It is a mechanical process, causing disruption of consolidated massive rocks into smaller bits 

without any corresponding chemical change. 

 

• Temperature: The alternate expansion and contraction of rocks due to variation in 

temperature produce cracks. The number of cracks increases and the rock gets broken into 

pieces. This phenomenon is referred to as „exfoliation‟. The dark coloured rocks are 

subjected to fast changes in temperature as compared with light coloured rocks.  

 

• Water: In cold regions, water freezes in rock joints and cracks. On freezing, the water 

expands in volume by about 9% with a force of 150 tonnes per square feet or 1465 Mg per 

square metre. Due to such tremendous pressure, the rock splits up into a loose mass of 

stones. The moving water has a tremendous transport capacity which by rolling action 

further grinds the rocks into smaller pieces. Water through its erosion forces removes 

weathered parts of rock, thereby exposing fresh surface to weathering. The excavation and 

destructive action of water is called denudation. The amount material carried by water 

varies as the fifth power of its velocity, while the size of material carried varies as the sixth 

power of its velocity. Thus doubling the velocity increases the amount of material carried 32 

times (2
5
 = 32) and the size of materials by 64 times (2

6
 = 64). 

Physical Weathering 

 

 

 

 

• Wind: Wind carrying particles in suspension and blowing constantly over the rock at great 

speed exerts a grinding action, thereby the rock disintegrated. Loosely balanced rock 

boulders sometimes roll down by the action of wind and break into pieces. At a velocity of 5 

metre per seccond, particles of 0.25 mm size are transported, while at a velocity of 10 metre 

per seccond, the wind can carry particles of 1 mm size.  

 

• Ice: The moving ice is an erosive detachment and transporting agency with tremendous 

capacity. Snow received at higher elevations or polar regions accumulates and starts moving 

in the form of glaciers. Glaciers movement causes great deal of cutting and crushing of the 

bedrocks. Although glaciers are not so extensive in the present day environments; in the 

recent geological past, they had transported and deposited parent materials over millions of 

hectares on this planet. At present, glaciers are active in upper parts of the Himalayas. 

 

• Plants and Animals: Some plants, like mosses and lichens, grow on the exposed rock. 

They accumulate dust, which further encourages plant growth, and a thin film of highly 

organic material is formed. Sometimes, roots of higher plants exert a prying effect on rocks 

(as the root girth increases with plant growth), which results in rock disintegration. 
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Burrowing by rodents, movement of animals, and human activities (cultivation, quarrying, 

land levelling, construction of roads, buildings, railway lines, etc.) also result in physical 

weathering. Such influences, however, are of relatively limited importance in producing 

parent material when compared to the drastic physical effects of water, ice, wind, and tem-

perature changes. 

 

3.3 Chemical weathering 

While, the physical weathering is accentuated in very cold or very dry environments, the 

chemical weathering (reactions) are more intense where the climate is hot and humid (Wet). 

However, both types of weathering occur together, and each tends to accelerate the other. 

Chemical weathering is enhanced by such geological agents as the presence of water and 

oxygen, as well as by such biological agents as the acids produced by microbial and plant-root 

metabolism. That is why the term biogeochemical weathering is often used to describe the 

process. Below are basic types of chemical weathering reactions discussed: Hydration, 

Hydrolysis, Dissolution, Acid reactions, Oxidation-Reduction and Complexation. 

• Hydration: Hydration means chemical combination of molecules with a particular mineral. 

Soil forming minerals occurring in rocks undergo hydration when exposed to humid 

condition. For example, 

  2Fe2O3  +      3HOH  →  2Fe2O3·3H2O 
(Hematite)           (Dissociated water)   Limonite (Yellow) 

 

Due to this reaction, the minerals increase in the volume and become soft and more readily 

weatherable. 

 

• Hydrolysis: It is one of the important processes in chemical weathering. This reaction 

depends on the partial dissociation of water into H- and OH-ions. Increases in the H-ion 

concentration resulting in the accelerated hydrolytic action of water. Water thus, acts like a 

weak acid on silicate minerals.For example, 

KAlSi3O8          +     HOH      HAlSi3O8   +  KOH 
(Orthoclase)        (Dissociated Water)  (Acid silicate)   (Potassium) 

 

2HAlSi3O8       + 8 HOH    Al2O3·3H2O  +  6H2SiO3  
  (Acid silicate)   (Al-oxide clay)  (Silicic acid)   

 

The products of hydrolysis are either entirely or partially leached by percolating water. They 

may also recombine with other constituents to form clay. Hydrolysis may be considered as 

principal agents of clay formation. 

 

• Dissolution: Water is capable of dissolving many minerals by hydrating the cations and 

anions until they become dissociated from each other and surrounded by water molecules. 

For an example, Gypsum dissolves in water. 

CaSO42H2O  +  2H2O   Ca
2+

 + SO4
2

 +  4H2O 
(Solid Gypsum)  (Water)  (Solution)  (Water) 

 

• Oxidation: Oxidation means addition of oxygen to minerals. Oxidation is more active in the 

presence of moisture and results in hydrated oxides. Soil-forming minerals containing iron, 

manganese are more subjected to oxidation. For example, 

4FeO +     O2  2Fe2O3 
                  (Ferrous oxide)        (Oxygen) (Ferric oxide; Hematite)  

4Fe2O4 +     O2  2Fe2O3 
                       (Magnetite)        (Oxygen)  (Ferric oxide; Hematite) 
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A rusty-looking (red) crust is formed on the surface of the rock. The crust thickens and then 

slowly gets separated from the parent rock. As process continues, the change produced in 

the mineral weakens the rock and ultimately the rock itself crumbles to pieces. 

 

Chemical Weathering 

 

 

 

 

• Reduction: This means the removal of oxygen. Under condition of excess water (less or no 

oxygen), reduction takes place e.g. 

2Fe2O3   4FeO  +     O2 
               (Ferric oxide; Hematite)   (Ferrous oxide)        (Oxygen) 

 

    

• Carbonation (acid reactions): Carbon dioxide dissolved in water, it forms carbonic acid: 

H2O+     CO2  H2CO3 
   (Carbonic acid) 

The carbonic acid or carbonated water attacks many rocks and minerals and brings them into 

solution. Limestone, which is insoluble in water, is dissolved readily by carbonated water 

and is thus, removed from the parent rock. 

CaCO3  +     H2CO3  Ca(HCO3)2 
 (Calcite; slightly soluble)     (Calcium bicarbonate; readily soluble) 
 

• Complexation: Soil biological processes produce organic acids such as oxalic, citric, and 

tartaric acid, as well as the much larger fulvic and humic acid molecules, which tend to 

forms organic-complexes with elements, e.g., oxalic acid forms a soluble complex with Al 

from the mineral, muscovite. As the reaction proceed to the right, it destroy the muscovite 

structure and release dissolved K-ions as plant nutrient. 

 

K2[Si6Al2]Al4O20(OH)4 + 6C2O4H2 + 8H2O 
 (Muscovite; solid)   (Oxalic acid)  (Water)  
   

 2K
+     

+      8OH

 + 6C2O4Al

+
 + 6Si(OH)4

0
 

    (K-hydroxide; Solution)  (Complex)  (Solution) 

 

3.4 Soil formation factors 

The concept of soil as natural bodies was put-forward by a team of Russian Soil Scientists led by 

V. V. Dokuchaiev (1889), and they gave an equation for soil formation.  
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Soil formation = Function of (P, Cl, O) 

 Where, P = Parent material; Cl = Climate; O = Organism 

 

The concepts concerning the factors of soil formation are derived from the work of American 

Scientist, E. W. Hilgard (1921). Later on, Hans Jenny (1941) modified the Dokuchaiev‟s 

equation as: 

 

 Soil formation = Function of (Cl, O, P, R, T…) 

Where, P= Parent material; Cl= Climate; O= Organism; R= Relief / Topography; 

T=Time                                              where dots…. represents unspecified unidentified factors 

 

Joffe categorized above factors into passive and active factors. 

Active factors → Climate and Biosphere/Organisms/Vegetation  

Passive factors → Parent material, Relief/Topography, Time  

 

Soil are often defined in terms of factors (below discussed) as: Dynamic natural bodies having 

properties derived from the combined effects of climate and biotic activities, as modified by 

topography, acting on parent materials over periods of time”.  

 

Five factors that control the formation of soils are: 

• Parent materials (geological or organic precursors to the soil); Lithosequence 

• Climate (primarily precipitation and temperature); Climosequence 

• Biota (living organisms, plants, soil organisms, human beings); Biosequence 

• Topography (slope, aspect, and landscape position); Toposequence 

• Time (time since parent material began to undergo soil formation); Chronosequence 

 

These factors do not exert influences the soil formation independently. Indeed independence is 

the rule. For example, contrasting climate regimes are likely to be associated with contrasting 

types of vegetation, and perhaps differing topography and parent material as well. Nonetheless, 

in certain situation one of the factors has had the dominant influence in determining differences 

among a set of soils. Soil scientists refer to such set of soils as lithosequence, climosequence, 

biosequence, toposequence, or chronosquence. 

 

3.4.1 Passive soil forming factors 

(i) Parent materials (Geologic material in which a soil forms)  

Parent material is the unconsolidated weathered mineral or organic matter from which soil is 

developed. Two groups of parent material: Sedentary – parent material formed in-situ, at 

original place, residual parent material; and Transported – transported from their place of origin. 

They are named according to the main force responsible for the transport and redeposition. 

Following various terms are defined to relate this placement of parent materials via various 

agents. 

 

Terms used     Transporting agent/force 

Colluvial    Gravitational force / gravity 

Alluvial (flood-plains, Delta)  Water 

Marine     Water/Sea 

Lacustrine    Deposits settled into stagnant water of lakes 

Glacial (Moraines)   Ice 

Eolian (Sand dunes, loess)  Wind 

Peat     Organic deposits 
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The material transported and deposited by water is alluvium, found along major stream courses, 

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

Colluvium is used for poorly sorted materials near the base of strong slopes transported by the 

action of gravity. Lacustrine consists of materials that have settled out of the quiet water of 

lakes. Glacial consist 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. The wind blown materials are termed loess when the texture is silty and eolian sand 

when these are primarily sand. The materials deposited by the melting glaciers vary widely in 

particle size called as till or moraine. If the parent material is transported by water and fine 

sediments deposited at the bottom of the sea and get exposed at the surface due to change in sea 

level named as marine. The soils developed on such transported parent materials bear the name 

of the parent material, viz. alluvial soils from alluvium, colluvial soils from colluvium.  

 

(ii) Relief or topography 

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

determines the drainagecondition and the groundwaterlevel in the soil. On level topographic 

positions, almost the entire water received through rain percolates through the soil. Under these 

conditions, the soil formed may be considered asrepresentative of the regional climate. They 

have normal solum with distinct horizons. The soils on steep slopes are shallow, stony and have 

weakly-developed profiles with less distinct horizons. Soils on steep terrain tend to have rather 

shallow, poorly developed profile in comparison to soils on nearby, more level sites. On the 

steep terrain, water runoff and soil erosion removes surface material before it has time to 

develop, hence no distinct horizon observed at steep slopes. Red soils mostly developed at 

higher topographic position, while the black cotton soil developed at lower topographic 

position. In India black and red soils occur in close proximity, it is observed that red soils 

occupy higher elevated levels while the black soils are found at lower elevation levels. 

(iii) 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. By matured soils, we mean soils with fully developed horizons 

(A, B, C). Soil formation is very slow process, 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 (Figure 

3.2). 

 

 

Figure 3.2: Stages of soil development 
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3.4.2 Active soil forming factors 

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

process of soil formation. They are (1) climate and (2) biosphere – vegetation & organism.  

 

(i) Climate 

Climate is perhaps the most influential of the four factors acting on parent material because it 

determines the nature and intensity of the weathering that occurs over large geographical areas. 

The principal climatic variable influencing soil formation are effective precipitation and 

temperature, both of which affect the rates of chemical, physical and biological processes. The 

greater the depth of water penetration, the greater the depth of weathering soil and development. 

Percolating water stimulates weathering reactions and helps differentiate soil horizons. For every 

10 C rise in temperature, the rates of biochemical reactions more than double.  

 

(ii) Biosphere (vegetation and organisms) 

Organic matter accumulation, biochemical weathering, profile mixing, nutrient cycling, and 

aggregate stability are all enhanced by the activities of organisms in the soil.  Vegetative cover 

reduces soil erosion rates, thereby slowing down the rate of removal of surface soil-minerals. 

Organic acids produced from certain plants bring Fe and Al into solution by complexation and 

accelerate the downward movement of these metal and their accumulation in the „B‟ horizon. 

 

Burrowing animals (fauna) such as moles, earthworms, ants, termites, and rodents are highly 

important in soil formation. Old animal burrows in the lower horizons often become filled with 

soil materials from the overlying „A‟ horizon, creating profile features known as crotovinas.  

The organisms cause constant mixing within the soil profile. Ants and termites, as they build 

mounds, also transports soil materials from one horizon to another, and this mixing activities of 

animals called pedoturbation. 

 

The vegetation controls the erosion, thereby facilitates percolation as well as drainage and brings 

greater dissolution of minerals. Their role as soil formers is related to humification and 

mineralization.  

 

3.5 Soil formation process (Pedogenic process) 

Most natural processes, such as the upliftment of a mountain mass and the filling of an island in 

sea, take place rather slowly. In contrast, the pedogenic processes, 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. The 

ultimate result of soil formation is profile development.  

 

The pedogenic processes are grouped in two major categories as:  

 

(A) Fundamental soil forming processes  

(1) Humification  

Humification is the process of decomposition of raw organic matter into humus. It is extremely a 

complex process involving various organisms. First, simple organic compounds such as sugars 

and starches are decomposed by microorganisms 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. 

Humification is the process of decomposition of organic matter and synthesis of new organic 

substances. It is the process of transformation of raw organic matter into formation of surface 
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humus layer, called A0- horizon. The percolating water passing through this layer dissolves 

certain organic acids and affects the development of the lower A-horizon and the B- horizon.  

 

(2) Eluviation and illuviation  

Eluviation is the process of removal of constituents by percolation from upper layers to lower 

layers. This layer of loss is called eluvial and designated as the A-horizon. The eluviated 

producers move down and become deposited in the lower horizon which is termed as the illuvial 

or B-horizon. The eluviation produces textural differences. The process of illuviation leads to the 

textural contrast between A2 and B1 horizon. 

 

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 (A2 or E horizon). The degree of 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. 

 

(B) Specific soil forming processes 

(1) Podsolisation 

It is a type of eluviation in which humus and sequioxides become mobile, leach out from upper 

horizons and become deposited in the lower horizons. This process is favoured by cool and wet 

climate. It requires high content of organic matter and low alkali in the parent material. The 

process increases the proportion of silica, sesquioxide in A-horizons and accumulation of clay, 

iron and aluminium in B-horizons.  

 

(2) Laterisation 

In this process, silica is removed while iron and alumina remain behind in the upper layers. 

Laterisation is favoured by rapid decomposition of parent rocks under climates with high 

temperature and sufficient moisture for intense leaching, such as found in the tropics. The soil 

formed in this process is acidic in nature. 

 

(3) Calcification 

In this process, there is usually an accumulation of calcium carbonate in the profile. This process 

is favoured by scanty rainfall and alkali in parent material. 

 

(4) Gleization 

The term glei is of Russian origin, which 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. Under such condition, iron compounds are reduced to 

soluble ferrous forms. This is responsible for the production of typical bluish to grayish horizons 

with mottling of yellow and / or reddish brown colours. 
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(5) Salinization 

Salinization is the process of accumulation of salts, such as sulphates and chlorides of calcium, 

magnesium, sodium and potassium, in soils in the form of salty (salic) horizons. 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 area of impeded drainage. 

 

(6) Desalinization 

It is the removal by leaching of excess soluble salts from horizons or soil profile by ponding 

water and improving the drainage conditions by installing artificial drainage network. 

 

(7) Solonization (Alkalization) 
The process involves the accumulation of sodium ions on the exchange complex of the clay, 

resulting in the formation of sodic soils (solonetz).  

 

(8) Solodization (dealkalization) 

The process refers to the removal of Na
+ 

from the exchange sites. This process involves 

dispersion of clay. Dispersion occurs when Na
+
 ions becomes hydrated. Much of the dispersion 

can be eliminated if Ca
+
 and Mg

++
 ions are concentrated in the water, which is used to leach the 

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

are leached out.  

 

(9) Pedoturbation 

Another process that may be operative in soils is pedoturbation. It is the process of mixing of the 

soil. For example argillipedoturbation is observed in deep black soils. Mixing to a certain extent 

takes place in all soils. The most common types of pedoturbation are: 

 
 Faunal pedoturbation: Mixing of soil by animals such as ants, earthworms, moles, 

rodents, humans
 

 Floral pedoturbation : Mixing of soil by plants as in tree tipping that forms pits and 

mounds
 

 Argillic pedoturbation: Mixing of materials in the solum by the churning process 

caused by swell shrink clays as observed in deep Black Cotton Soils.
 

 

  



21 

 

CHAPTER 4: SOIL PROFILE 

 

4.1 Soil profile 

The soil formation results in the formation of distinct characteristic layers or horizons in the soil. 

The ultimate result of soil formation is the development of soil profile. The development of soil 

profile is constructive processes where in disintegrated material resulted from weathering of 

rocks and minerals get converted into different soil layers. 

 

Soil profile may be defined as a vertical section of the soil showing the various layers from the 

surface to the unaffected parent material. The various layers are known as horizons. Soil profile 

represents sequence of horizons or layers differentiated from one another, but genetically related 

and included to the parent materials from which soil profile developed. Master soil horizons are 

commonly recognized and are designated using capital letter O, A, E, B, C, and bed rocks 

(unweathered parent materials) as letter R (Figure 4.1). In general, organic matter is 

concentrated in the O and A horizons, making them the most critical for agriculture.The 

subordinate horizons may occur within a master horizon and these are designated by lowercase 

following the capital master horizon letter, e.g., Bt, Ap, or Oi (Table 4.1). 

 

 

  

Figure 4.1: Hypothetical well-developed soil profile showing the major horizons.  

 

The parent material from which the soil developed is horizon „C‟. The „A‟ (eluvial) horizon is 

present at or near the surface, and it is characterized as zone of „washing-out or maximum 

leaching or eluviation‟. The „B‟ (illuvial) horizon is the zone of „washing-in or illuviation‟, or 

accumulation of materials such as iron and aluminium oxides and silicate clays, from above 

horizon. 
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4.2 Soil horizons 

Each soil is characterized by a sequence of horizons; podsols contain well-developed horizons, 

which develop in cool regions. Different horizons are discussed below: 

 

• ‘O’ horizon: The „O‟ group is comprised of organic horizons that generally form above the 

mineral soil or occur in an organic soil profile. They derived from dead plant and animal 

residues. Absent in grassland soil, O horizons usually occur in forested area and are referred 

as forest floor. Three subordinate O horizons can be distinguished. 

 Oi horizon: organic horizon of fibric material – recognized plant and animal parts, only 

slightly decomposed. The Oi horizon is referred to as the litter or L layer. 

 

 Oe horizon: consists of hemic material – finely fragmented residues intermediately 

decomposed, but still much fibers recognized. This layer corresponds to the 

fermentation or F layer. 

 

 Oa horizon: contains of sapric materials – highly decomposed, smooth, amorphous 

residues that do not retain much fiber or recognizable tissue structure. This layer is the 

humidified or H layer. 

 

• ‘A’ horizon: The top-most mineral horizons, generally contain enough partially 

decomposed (humified) organic matter to give the soil a darker colour than lower horizons. 

This layer are often coarse in texture, having lost some of the finer materials by 

translocation to lower horizons and by erosion.Thesubordinatesof A-horizon are designated 

by numericals as A1, A2 and A3. 

 

 A1: Topmost mineral horizons, dark coloured horizon, usually contains a high 

proportion of organic matter. 

 

 A2: Light coloured horizons than horizon A1, maximum leaching or eluviation of clay, 

iron and aluminium oxides and a corresponding concentration of resistant minerals such 

as quartz. 

 

 A3: Transition layer between horizons A and B with properties more resemble to those 

of horizon A than of the underlying horizon B. Sometimes,horizon A3 is absent. 

 

• ‘E’ horizon: These are zones of maximum leaching or eluviation (from Latin ex or e, out) 

of clay, iron, aluminium oxides, which leaves a concentration of resistant minerals, such as 

quartz, in the sand and silt sizes. The E horizonis common in soils developed under forests, 

but they rarely occur in the soils developed under grassland. 

 

• ‘B’ horizon: Form below O, A, or E horizon, and have undergo sufficient changes during 

soil genesis. In this layer, materials have accumulated, typically by washing-in from the 

above horizons, a process termed illuviation (from Latin il, in). B horizonis the layers of 

maximum accumulation of materials such as Fe- and Al-oxides (Bo or Bs horizons) and 

silicate clays (Bt horizons). The B-horizon is also referred to as the subsoil. The 

subordinates of B horizon are designated as B1, B2 and B3. 

 

 B1: A transition layer between A and B with properties more nearly like B than A. Also 

referred to as E-horizon as discussed above. 
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 B2: Zone of maximum accumulation of clays and hydrous oxides. Organic matter 

content is generally higher than horizon A2. Maximum development of blocky or 

prismatic soil structure or both. 

 

 B3: Transition layer between horizons B and C with properties more resemble to 

horizon B, than those of horizons C underneath. 

 

• ‘C’ horizon: This layer is the unconsolidated materials underlying the solum (horizons A 

and B are collectively referred as solum). It may or may not be the same as the parent 

material from which the solum formed. The subordinates of C horizon are designated as C1 

and C2. 

 

 C1: Partially weathered parent material, contains accumulation of lime and gypsum in 

some soils. 

 

 C2: Unweathered parent material. It is also referred to as R horizon as discussed under. 

 

• ‘R’ horizon: These are consolidated rock, with little evidence of weathering. 

 

Table 4.1 Lowercase letter symbols to designate subordinate distinctions within horizons. 

Letter Distinction Letter Distinction 

a 

b 

c 

d 

e 

f 

ff 

g 

h 

i 

j 

ij 

k 

m 

Organic matter, highly decomposed 

Burried soil horizon 

Concentration or nodules 

Dense unconsolidated materials 

Intermediate decomposed OM 

Frozen soil 

Dry-permafrost 

Strong gleying (mottling) 

Illuvial accumulation or OM 

Slightly decomposed OM 

Jarosite (yellow sulphate mineral) 

Cryoturbation  (frost churning) 

Accumulation of carbonates 

Cementation or induration 

n 

o 

p 

q 

r 

s 

ss 

t 

u 

v 

w 

x 

y 

z 

Accumulation of sodium 

Accumulation of Fe- and Al-oxides 

Ploughing or other disturbance 

Accumulation of silica 

Weathered or soft bedrock 

Illuvial OM and Fe/Al-oxides 

Slickensides (shiny clay wedges) 

Accumulation of silicate clays 

Present of human artifacts 

Plinthite (high iron, red material) 

Structure without clay accumulation 

Fragipan (high bulk density, brittle) 

Accumulation of gypsum 

Accumulation of soluble salts 

 

By way of illustration, Bt horizon is a „B‟ horizon characterized by silicate clays accumulation (t 

from the German ton, meaning clay). Similarly, in a Bk horizon, carbonates (k) have 

accumulated.  
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CHAPTER 5: SOIL TAXONOMY AND SOIL CLASSIFICATION 

 

The primary objective of soil taxonomy is to establish hierarchies of classes that permit us to 

understand, as fully as possible, the relationship among soils and between soils and the factors 

responsible for their character. A second objective is to provide a means of communication for 

the discipline of soil science. Soil taxonomy was originally developed to serve the purposes of 

soil survey. Taxonomy is a narrower term than classification. Classification includes taxonomy, 

but it also includes the grouping of soils according to limitations that affect specific practical 

purposes. So, Taxonomy is the part of classification that is concerned primarily with 

relationships. 
 

The study of indigenous soil classification system is called Ethnopedology .It studies with an 

interest in soils that have documented earlier by local people. This system most commonly 

classify the soil using soil colour, texture, hardness, moisture, organic matter, and topography. 

  

5.1 Soil classification – Concept and history 

The Russian scientist V. V. Dokuchaiev and his associates first conceived the idea that soils 

exist as natural bodies in nature. Dokuchaiev (1900) divided soils into three categories: Normal, 

Transitional and Abnormal. These categories were later termed as Zonal, Intrazonal and Azonal 

soils, respectively.Russian soil scientist soon developed a system for classifying natural soil 

bodies, but poor international communications and the unwillingness of some scientist to 

acknowledge such fundamental ideas, delayed the universal acceptance of the natural bodies 

concept. In the United States, in 1920s, C. F. Marbut of the USDA, who grasped the concept 

of soils a natural bodies, developed a soil classification scheme based on these principles. 
 

Principles of soil classification:  

• There is really no soil „individual‟ as a self-standing object. 

• Thus, the emphasis is on defining mappable classes rather than on optimal classification 

ofindividuals. 

• There is no true inheritance or genetics as it is understood in biology. 

  

5.1.1 Dokuchaiev’s genetic system 

V. V. Dokuchaiev is considered as the founder of modern soil pedology. In later 19
th

 century, he 

observed an uniform loess parent material extended for hundreds of kilometres with increasing 

temperature gradient from north to south, and with increasing rainfall and moisture gradient 

from east to west. These differences in climatic conditions were associated with important 

vegetation patterns, varying from forest to prairie, which left their imprint on the parent 

materials, producing distinct soil differences. Such observations led Dokuchaiev to establish the 

concept of soil as an independent natural body and develop a series of publications on soil 

genesis and classification. The Russian approach tends to emphasize on soil genesis, and hence 

is termed as genetic system of soil classification. 
 

5.1.2 Marbut’s morphogenetic system 

Although the Dokuchaiev's approach was based on sound principles of soil genesis, it had 

weakness of putting excessive emphasis on climate and vegetation rather than on the intrinsic 

properties of the soils. Marbut in the USA was greatly influenced by the Dokuchaiev's approach 

and he accepted the concept of the Russian soil type, but gave it the name of great soil group. 

Joffe and Marbut classified soil on the basis of zonality, their own properties, and 

morphological characters like soil colour, texture, structure, consistency, drainage conditions etc. 

They also emphasized on the concept of pedalfers (Accumulation of Fe/Al Oxides) and pedocals 

(Accumulation of CaCO3).  
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5.1.2 Baldwin and his assoiciate’s genetic system 

The major limitation of Marbut's system was that it was based on assumptions concerning soil 

genesis. As such, many of the soil series, recognized in the USA, could not find a place in the 

system. Hence, the morphogenetic system was revised and elaborated by Baldwin et al. (1938) 

and Kellogg and Thorp (1949). The system marked the beginning of a comprehensive 

approach. The important characteristics of this system are: 

 

• A return to the Russian‟s zonality concept.  

• The pedocal & pedalfer concept was not given emphasis. 

• More emphasis was given on soil as a three-dimensional body with its characteristics. 

• A new category, viz. soil family, was introduced between great goil group and soil series; 

but neither soil families nor the higher categories were defined was defined in relation to 

soil properties. 

 

5.1.3 Zonality concept of genetic approach 

After modification, the soils can be grouped into three orders namely, Zonal, Intra-zonal and 

Azonal based on the zonality concept developed by V. V. Dokuchaiev. 

 

• Zonal soils: Zonal soils were groups of soils developed under similar climate conditions 

and distributed in a climatic belt. Soils in this group possess well developed profiles 

reflecting the influence of climate and vegetation. The only differences due to the parent 

material are rendered subordinate by dominating climate influences. For example, laterite 

soil,  podzol soil, chernozem soil, Seirozem soil etc. 

 
Podzol is a term given to the soils that are infertile and have a light-brown colour due to poor 

humus. Chernozem soil is a term given to the soils that are rich in humus and thus are fertile. 

Chernozem soil is black coloured because of the rich humus. Sierozem soil is a calcereous soil 

with low organic content. Sierozem soil is characteristic of temperate to cool arid regions with 

mixed shrub vegetation. 

 

• Intrazonal soils:The soils occur within a zone, but reflect the influence of some local 

conditions, such as topography and/or the parent material. Under these conditions, the 

characteristics of soils imparted by the local conditions and dominant viz., excess of water, 

salt, calcium carbonate etc. For example, saline soil, sodic soil etc. 

 

• Azonal soils:The soils have poorly developed profiles because of time as limiting factor. 

The group include young soils without horizon differentiation. For example, alluvial 

soils.The soils formed in regions, where time has been a limiting factor to produce 

fullydeveloped horizons  

 

5.1.4 Soil Taxonomy: Comprehensive soil classification system 

In 1951, in the USA, the soil survey staff of USDA began to collaborate with soil scientists from 

many countries to devise classification system to address all soils in the world. The 7
th

 

Approximation was published in 1960 with supplements in 1964 and 1967. As a result, Soil 

Taxonomy: A basic system of soil classification for making and interpreting soil survey was 

published in 1975, and revised in 1999,  is used in USA and approximately 50 other countries. 
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Salient  features of 7
th

 approximation 

The 7
th

 approximation system of soil classification has an edge over the earlier systems in the 

following  respects: 

 

• Unlike the genetic systems, this system is based on measurable soil properties that exist 

today. 

• It considers all soil properties which affect soil genesis or are the outcome of soil genesis. 

• The common definition of a class of taxonomic system is type or orthotype. 

• The nomenclature, using coined words, is derived mainly from Greek and Latin languages. 

Although it appears difficult, once understood, it is the most logical nomenclature and helps 

in relating the place of taxon in the system and in making interpretations. 

• A new category, viz.,subgroup, has been introduced to define the central concepts of great 

groups and their intergrades in order to express and recognize more clearly that soils are in 

continuum and show gradual change in many properties. 

 

5.2 Pedon  

There are seldom sharp demarcations between one soil individual to another. Soils in the field 

are heterogeneous, i.e., the profile characteristics are not exactly same in any two points within 

the soil individual you may choose to examined. Consequently, it is necessary to characterize a 

soil individual in terms of an imaginary three-dimensional unit called a pedon (from Greek word 

„pedon‟ means ground). Pedon is the smallest 3-dimentional sampling unit that displays the full 

range of properties of a particular soil. Pedon serves as the fundamental unit of soil 

classification. 

 

5.3 Diagnostic horizons of soils  

A diagnostic horizon is defined as one, formed through pedogenic processes and having distinct 

properties or features that can be described in terms of measurable soil properties. The 

diagnostic horizons are largely used for identifying soils and also in classifying them at various 

categoric levels, especially great groups. A number of diagnostic horizons have been defined in 

soil taxonomy. Based on their soil profiles, these horizons are of two types, viz., diagnostic 

surface and subsurface horizons. 

 

The diagnostic surface horizons are called epipedons (Greek epi, over, upon and pedon, soil). 

The epipedons are simply the upper most soil horizons and include the upper part of the soil 

darkened by organic matter. They are not synonymous with A-horizon. Nine epipedons, viz. 

folistic, histic, melanic, mollic, anthropic, umbric, ochric, plaggen and grossarenic are 

recognized (Table 5.1), but generally speaking, three of these, viz. mollic, ochric and umbric, 

are of importance in India. 

 

The diagnostic subsurface horizons are called endopedons (Greek endodermis, subsurface or 

deep-seated and pedon, soil). The endopedon includes the lower part of the soil where soil 

materials accumulate. Nineteen endopedons, viz. argillic, natric, agric, spodic, sombric, cambic, 

kandic, oxic, sulphuric, salic, placic, albic, glossic, calcic, gypsic, duripan, fragipan, petrocalcic 

and petrogypsic are recognized (Table 5.2). Of these, eight, viz. argillic, natric, cambic, kandic, 

oxic, salic, calcic and gypsic are commonly observed in India. 
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Table 5.1. Major features of epipedons in mineral soil used at higher levels of Soil Taxonomy  

Diagnostic 

horizons  
Major features 

Surface horizons (Epipedons) 

Anthropic  

Folistic  

Histic  

Melanic  

Mollic  

Ochric  

Plaggen  

Umbric  

Grossarenic 

Human-modified mollic-like horizon, high in available P 

Organic horizon saturated for less than 30 days per normal year 

Very high in organic content, wet during some part of year 

Thick, black, high in organic matter (>6% Organic C), common in volcanic ash soil 

Thick, dark-coloured, high base saturation, strong structure 

Too light-coloured, low organic content or thin  Mollic; may be hard and massive  

Human-made sod-like horizon created by years of manuring 

Same as Mollic except low base saturation 

Sandy (loamy fine sand or coarser) horizon, 100 cm thick over an argillic horizon 

 

Table 5.2. Major features of endopedons in mineral soil used at higher levels of Soil Taxonomy 

Diagnostic 

horizons  
Major features 

Subsurface horizons (Endopedons) 

Agric (A or B) 

Albic (E) 

Argillic (Bt) 

Calcic (Bk) 

Cambric(Bw, Bg) 

Duripan (Bqm) 

Fragipan (Bx) 

Glossic (E) 

Gypsic (By) 

Kandic (Bt) 

Natric (Btn) 

Oxic (Bo) 

Petrocalcic 

(Ckm) 

Petrogypsic 

(Cym) 

Placic (Csm) 

Salic (Bz) 

Sombric (Bh) 

Spodic (Bh, Bs) 

Sulfuric (Cj) 

Organic and clay accumulation just below plough layer resulting from cultivation 

Light-coloured, clay and Fe- and Al-oxides mostly removed 

Silicate clay accumulation 

Accumulation of CaCO3 or CaCO3MgCO3 

Changed or altered by physical movement or by chemical reactions, generally 

non-illuvial 

Hard pan, strongly cemented by silica 

Brittle pan, usually loamy textured, dense, coarse prisms 

Whitish eluvial horizon that tongues into a Bt horizon 

Accumulation of gypsum 

Accumulation of low-activity clays 

Argillic, high in sodium, columnar or prismatic structure 

Highly weathered, primarily mixture of Fe, Al oxides and non-sticky type silicate 

clays 

Cemented calcic horizon 

Cemented gypsic horizon 

Thin pan cemented with Fe alone or with Mn or organic mater 

Accumulation of salts 

Organic matter accumulation 

Organic matter, Fe and Al oxide accumulation 

Highly acid with Jarosite mottle 
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5.4 Categories and Nomenclature of Soil Taxonomy 

There are six hierarchical categories of classification in Soil Taxonomy: (i) order, the highest or 

broadest category, (ii) suborder, (iii) great group, (iv) subgroup, (v) family, (vi) series, the most 

specific category. Thus, each order has several suborder, each suborder has several great groups, 

and so on (Figure 5.1). 

 

Figure 5.1: The categories of Soil Taxonomy and appropriate number of units in each category. 

 

5.5 Nomenclature of Soil Taxonomy 

The names of the classification units are combination of syllable, most of which are derived 

from Latin or Greek, and are root words in several modern language. Since each part of a soil 

name conveys a concept of soil character or genesis, the name automatically describes the 

general kind of soil being classified. For example, soils of the order Aridisols (from the Latin 

aridus, dry and solum, soil) are characteristically dry soils in arid regions. Those of the order 

Inceptisols (from Latin, Inceptum, beginning, and solum, soil) are soils with only beginnings or 

inception of profile development. Thus, the names of orders are combinations of (i) formative 

elements, which generally defines the characteristics of the soils, and (ii) the ending „sols’. 

 

The names of suborders automatically identify the order of which they are a part. For example, 

soils of the suborder Aquolls are the wetter soils (from Latin aqua, water) of the Mollisols order. 

Likewise, the name of the great group identifies the suborder and order of which it is part. 

Argiaquollsare Aquolls with clay or argillic (Latin agrilla, white clay) horizons. In following 

illustration, note that the three letters „oll‟ identify each of the lower categories as being in the 

Mollisols order. So, if one is given only the subgroup name, the great group, suborder and order 

to which the soil belongs are automatically known. 
 

  Mollisols Order 

          Aquolls  Suborder 

     Argiaquolls  Great group 

    Typic Argiaquolls  Subgroup 
 

5.2.1 Soil order 

Each of the world‟s soils is assigned to one of 12 orders (A VAGAMI HOUSE – phrase to 

facilitate in remembering names of soil orders), is largely on the basis of soil properties that 

reflects a major course of development, with considerable emphasis placed on the presence or 

absence of major diagnostic horizons (Table 5.2). Note that all order names have a common 

ending, sols (from the Latin solum, soil). The general conditions that enhance the formation of 

soils in the different orders are shown in Figure 5.2. 
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Table 5.2: Names of soil orders in soil taxonomy with their derivation and major characteristics. 

(Source: N. C. Brady, The Nature and Properties of Soil) 

Name 
Formativ

e element 
Origin Major characteristics 

Alfisols alf  Agrillic, natric, or kandic horizon; high-medium base saturation 

Andisols and Jap. ando, black soils From volcani ejecta, dominated by allophane/Al-humic complex 

Aridisols id L. aridus, dry Dry soil, ochric epipedon, sometimes argillic or natric horizon 

Entisols ent  Little profile development, ochric epipedons common 

Gelisols* el Gk. gelid, very cold Permafrost, often with cryoturbation (frost churning) 

Histosols ist Gk. histos, tissue Peat or bog; >20% organic matter 

Inceptisols ept L. inceptum, start 
Embryonic soils with few diagnostic features, ochric or umbric 

epipedon, cambic horizon 

Mollisols oll L. mollis, soft 
Mollic epipedon, high base saturation, dark soils, some with 

argillic or natric horizon 

Oxisols ox Fr. oxide, oxide Oxic horizon, no argillic horizon, highly weathered 

Spodosols od 
Gk. spodos, wood 

ash 
Spodic horizon usually with Fe, Al oxides, humus accumulation 

Ultisols Ult L. ultimus, last Argillic or kandic horizon, low base saturation 

Vertisols Ert L. verto, turn High in swelling clays, deep cracks when soil is dry 

L. = Latin; Gk. = Greek; Fr. = French; Jap. = Japanese. The bold letters in the order names indicate the formative 

element used as the ending for suborders and lower taxa within that order. *recently added soil order. 

 

 

Figure 5.2: Degree of weathering and soil development in different soil orders. 
(Source: N. C. Brady, The Nature and Properties of Soil) 

 

5.2.2 Soil suborder 

Soils within each order are grouped into suborders (as mentioned above in each order detail) on 

the basis of soil properties that reflect major environmental control on current soil-forming 

processes. It is composed of formative element of order + any differentiating character like 

temperature, moisture, drainage, diagnostic horizon etc. For example, Aquolls–wet soil in order 

Mollisols (oll), Aquents– wet soil in order Entisols (ent), Argid – white clay soils in Aridisol (id) 
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5.2.3 Great groups 

The great groups are subdivisions of suborders. More than 400 great groups are recognized. 

They are defined largely by the presence or absence of diagnostic horizons and the 

arrangement of those horizons.  

 

5.2.4 Subgroups 

Subgroups are subdivisions of the great groups. More than 2500 subgroups are recognized. The 

central concept of a great group makes one subgroup, termed Typic. Thus, the Typic Hapludolls 

subgroup typifies the Hapludolls great group. 

 

Table 5.3: Names of soil suborders in soil taxonomy with their derivation and major 

characteristics. (Source: N. C. Brady, The Nature and Properties of Soil) 

Formative elements Derivation / origin Description of formative element 

alb 

anthr 

aqu 

ar 

arg 

calc 

camb 

cry 

dur 

fibr 

fluv 

fol 

gel 

gyps 

hem 

hist 

hum 

orth 

per 

psamm 

rend 

sal 

sapr 

torr 

turb 

ud 

ust 

vitr 

xer 

L. albus, white 

Gk. anthropose, human 

L. aqua, water 

L. arare, to plough 

L. argilla, white clay 

L. calcic, lime 

L. cambriare, to change 

Gk. kryos, icy cold 

L. durus, hard 

L. fibra, fiber 

L. fluvius, river 

L. folia, leaf 

Gk. gelid, cold 

L. gypsum, gypsum 

L. hemi, half 

Gk. histos, tissue 

L. humus, earth 

Gk. orthos, true 

L. per, throughout time 

Gk. psammos, sand 

Rendzina modified 

L. sal, salt 

Gk. sapros, rotten 

L. torridus, hot and dry 

L. turbidus, disturbed 

L. udus, humid 

L. ustus, burnt 

L. vitreus, glass 

Gk. xeros, dry 

Presence of albic horizon (a bleached eluvial horizon) 

Presence of anthropic or plaggen epipedon 

Characteristics associated with wetness 

Mixed horizons 

Presence of argillic horizon (horizon with illuvial clay) 

Presence of calcic horizon 

Presence of cambic horizon 

Cold 

Presence of a duripan 

Least decomposed stage 

Floodplains 

Mass of leaves 

Cold 

Presence of gypsic horizon 

Intermediate stage of decomposition 

Presence of histic epipedon 

Presence of organic matter 

The common ones 

Of year-round humid climates, perudic SMR 

Sand textures 

Rendzina-like high in carbonates 

Presence of salic (saline) horizon 

Most decomposed stage 

Usually dry 

Cryoturbation 

Of humid climates 

Of dry climates, usually hot in summer 

Resembling glass 

Dry summers, moist winters 

 

5.2.5 Families 

Within, a subgroup, soils fall into a particular family, if at a specified depth, they have similar 

physical and chemical properties affecting the growth of plant roots. About 8000 families have 

been identified. The criteria used include broad classes of particles size, mineralogy, cation 

exchange activity of the clay, temperature, and depth of the soil penetrable by roots. Table 

5.3gives examples of the classes used. 
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5.2.6 Series 

The series category is the most specific unit of the classification system. It is a subdivision of the 

family, and each series is defined by a specific range of soil properties involving primarily the 

kind, thickness, and arrangement of horizons. Some examples of the soil series identified and 

taxonomically grouped is shown below.  

 

Soil Series Subgroup Great group Suborder Order 

Bodali Vertic Ustorthents Ustorthents Orthents Entisols 

Eru Typic Chromusterts Chromusterts Usterts Vertisols 

Ilav Typic Ustorthents Ustochrepts Orthents Inseptisol 

Dandi Typic Halaquepts Halaquepts Aquepts Inseptisol 

 

Differentiating characteristics and description of soil classification system 

 

Order (12) 

There are 12 Orders "A VAGAMI HOUSE*" phrase suggested to facilitate 

naming of all the Orders. These are based largely on morphology, as prod-

uced by soil-forming processes, and indicated by the presence or absence of 

major diagnostic horizons. 

Suborder (63) 

There are 63 Suborders within 12 Orders. These emphasize genetic 

homogeneity, wetness, climatic environment, parent material and 

vegetational effects. The differentiate used vary, but most tend to emphasize 

wetness and moisture regime. 

Great Group 

(240+ 

approximately) 

There are 240 Great Groups within 63 Suborders of 12 Orders. The major 

emphasis is on the diagnostic horizons (except in Entisols which have no 

such horizon) and presence or absence of diagnostic layers, base status, soil 

temperature and moisture regimes. There are more than 1,000 Subgroups. 

The Typic is used to define the central concept of a great group; the others 

are used to indicate intergraded to great groups, suborders and orders, and the 

extra-graded to 'not soil'. 

Subgroup 

(1000+) 

Family 

The soil properties that are most important for plant growth (like texture, 

mineralogical class (dominant of solum), soil temperature class (based on 

MAST at 50 cm depth) and pH are used to differentiate families. They meet 

the need for making practical prediction for land-use planning. 

Series 

(Approximately 

200+ in India; 

and 12,000 in 

the USA) 

 

It is the lowest category in the system. The series is a collection of soil 

individuals, essentially uniform in differentiating characteristics (like colour, 

texture, structure, consistence, pH and EC) and in arrangement of horizons. It 

is the series which is most useful for making land-use plans of a small area. 

The series are named after the geographic name of the place where it was first 

recognized or where they have wide extent of distribution, e.g. Jodhan loam, 

Tigris silt loam. The textural name, along with the series name, suggest the 

surface phase. 
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CHAPTER 6: SOILS OF INDIA AND GUJARAT 

 

6.1 Soils of India 

India is a country of vast dimensions with varied conditions of geology, relief, climate and 

vegetation. Therefore, India has a large variety of soil groups, distinctly different from one 

another. Soils of India have been divided into the following major groups (Figure 6.1). 

 

1. Alluvial soils 

2. Tarai soils 

3. Black soils 

4. Red soils 

5. Laterites and lateritic soils 

6. Arid and desert soils 

7. Forest and mountain soils 

8. Peaty and marshy soils 

9. Saline and alkalinesoils 

 

Alluvial soils (soil order: Entisols, Inceptisols and Alfisols) 

Alluvial soils are by far the largest and the most important soil group of India. Covering about 

15 lakh square km (~45.6% of the total land area of the country), these soils contribute the 

largest share of our agricultural wealth and support the bulk of India‟s population.Most of the 

alluvial soils are derived from the sediments deposited by rivers as in the Indo-Gangetic plain. 

Although some alluvial soils in the coastal areas have been formed by the sea waves. Thus, the 

parent material of these soils is all of transported origin (Figure 6.1). 

 

Geologically, the alluvium of the Great plain of India is divided into younger khādir or khadar 

soils(sandy, generally light coloured and less calcareous) and older bhangaror bangar soils 

(More clayey, generally dark and calcareous). The khadar soils are found in the low areas of 

valley bottom which are flooded almost every year. Bhaggar soils, on the other hand, is found 

on the higher reaches about 30 metres above the flood level. 

 

In general alluvial soils are low in nitrogen except in Brahmaputra valley. Alluvial soils are 

found in Indo-gangetic plains of Uttar Pradesh, West Bengal, Bihar, Gujarat, Brahmaputra valley 

of Assam and along the coastal regions of India. Alluvial soils are fertile and suitable for most of 

the agricultural crops like lowland rice, wheat, oilseeds, pulses, sugarcane, banana, etc. 

 

Tarai soils (soil order: Mollisols) 

Along the Shiwalik foothills, there are alluvial fans having coarse, often pebbly soils. This zone 

is called bhabar. To the south of the bhabar is a long narrow strip of swampy lowland with silty 

soils. It covers an area of 56,600 square km and is called tarai. 

 

The tarai soils are rich in nitrogen and organic matter but are deficient in phosphate. These soils 

are generally covered by tall grasses and forests but are suitable for a number of crops such as 

wheat, rice, sugarcane, jute and soyabean under reclaimed conditions. 

 

Black soils (soil order: Entisols, Inceptisols, Vertisols) 

The black soils are also called regur (from the Telugu word Reguda) and black cotton soils 

because cotton is the most important crop grown on these soils. These soils have been formed 

due to the solidifaction of lava spread over large areas during volcanic activity in the Deccan 

Plateau, thousands of years ago.Most of the black soils are derived from two types of rocks, the 
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Deccan and the Rajmahal trap, and ferruginous gneisses and schists occurring in Tamil Nadu. 

The soils formed from the trap rocks are sufficiently deep while the soils formed from gneiss and 

schists are generally shallow.In some parts of Gujarat and Tamil Nadu, the origin of black cotton 

soils is ascribed to old lagoons in which the rivers deposited the materials brought down from 

the interior of Peninsula covered with lava. 

 

Geographically, black soils are spread over 5.46 lakh square km (~16.6% of the total 

geographical area) encompassed between 15°N to 25°N latitudes and 72°E to 82°E longitudes, 

characterized by high temperature and low rainfall regions. These soils are mainly found in 

Maharashtra, Madhya Pradesh, parts of Karnataka, Andhra Pradesh, Gujarat and Tamil Nadu. 

Black soils are dark grey in colour, which is due to the presence of clay-humus complex (Figure 

6.1). 

 

Characteristics of black soils: 

 

• Black soils have higher water retension capacity. It swells greatly and becomes sticky when 

wet in rainy season. Under such conditions, it is almost impossible to work on such soil 

because the plough gets stuck in the mud. 

• However, in the hot dry season, the moisture evaporates, the soil shrinks and is seamed with 

broad and deep cracks, often 10-15 cm wide and upto a metre deep. 

• Black soils are characterized by Impeded drainage and low permeability of water. 

• Highly clayey soil (35-60%). A typical black soil is highly argillaceous with a large clay 

factor, 62% or more, without gravel or coarse sand. 

• Potash is variable (<0.5%) and phosphates, nitrogen and humus (organic matter) are low in 

black soils. Soil structure is cloddish but occasionally friable. 

• They are calcareous with high cation exchange capacity of 30-50 cmol/kg of soil). 

• Major crops grown in black soils are: cotton, sugarcane, groundnut, millets, maize, 

sorghum, pulses, safflower, sunflower, Virginia tobacco, castor, etc. 

 

Red soils (soil order: Alfisols, Inceptisols, Ultisols) 

Most of the red soils have come into existence due to weathering of ancient crystalline and 

metamorphic rocks (main parent rocks are acid granites, gneiss, quartzitic) either in-situ or from 

decomposed rock materials.The red colour is due to the coating of ferric oxides on soil particles. 

 

The red soils occupy a vast area of about 3.5 lakh square km (~10.6% of the total geographical 

area. These soils are spread on almost the whole of Tamil Nadu, parts of Karnataka, south-east 

of Maharashtra, eastern parts of Andhra Pradesh and Madhya Pradesh, Chhattisgarh, Orissa and 

Chota Nagpur in Jharkhand.  

 

Properties of red soils: 

 

• Red soils have argillic subsurface horizon. 

• The texture of these soils varies from sand to clay, the majority being loams.  

• Red soils are well-drained with moderate permeability. 

• By and large, the red soils are poor in lime, magnesia, phosphates, nitrogen and humus, but 

are fairly rich in potash. 

• The red soils respond well to the proper use of fertilizers and irrigation and give excellent 

yields of cotton, wheat, maize, rice, pulses, millets, tobacco, oil seeds, potatoes, pigeon pea 

and fruits. 
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Laterites and Lateritic soils (soil order: Ultisols, Oxisols, Alfisols) 

The word „laterite‟ from Latin meaning brick, and term used for soils having 90-100% of iron, 

aluminium, titanium and manganese oxides concentration. The laterite soil is formed under 

conditions of high temperature and heavy rainfall with alternate wet and dry periods.It is 

probably the end product of decomposition found in regions of heavy rainfall, >200 cm. Such 

climatic conditions promote leaching of soil whereby lime and silica are leached away and a soil 

rich in oxides of iron and aluminium compounds is left behind (i.e., laterization process). 

 

Laterite and lateritic soils are widely spread in India and cover an area of 2.48 lakh square km. 

They are mainly found on the summits of Western Ghats at 1000-1500 metre above mean sea 

level, Eastern Ghats, the Rajamahal Hills, Vindhyas, Satpuras and Malwa Plateau.They also 

occur at lower levels and in valleys in several other parts of the country. They are well 

developed in south Maharashtra, parts of Karnataka, Andhra Pradesh, Orissa, West Bengal, 

Kerala, Jharkhand, Assam and Meghalaya. 

 

Properties of laterites: 

 

• Almost all laterite soils are very poor in lime and magnesia, and deficient in nitrogen. 

• Typical laterite soils generally lack fertility and are of little use for crop production. 

• Low silica/sesquioxide ratio.  

• Low in Ca and Mg, but well drained and porous.  

• When manured and irrigated, some laterites and lateritics are suitable for growing plantation 

crops like tea, coffee, rubber, cinchona, coconut, arecanut, etc. In low lying areas paddy is 

also grown. 

 

Arid and desert soils (soil order: Aridisols, Entisols) 

A large part of the arid and semi-arid region in Rajasthan and adjoining areas of Punjab and 

Haryana lying between the Indus and the Aravalis, covering an area of 1.42 lakh square km 

(~4.32% of total geographical area) and receiving less than 50 cm of annual rainfall, is affected 

by desert conditions.The Rann of Kuchchh in Gujarat is an extension of this desert.Barren sandy 

soils without clay factor are also common in coastal regions of Orissa, Tamil Nadu and Kerala. 

The desert soils consist of aeolian sand (90-95%) and clay (5-10%). 

 

Properties of desert soils: 

 

• Sand dunes and undulating sandy plains. 

• Accumulation of alkaline earth carbonates. 

• Clay content is very low.  

• These soil contains high percentages of soluble salts, are alkaline (pH 8.0-8.8) with varying 

degree of calcium carbonate and are poor in organic  

• Moderate to high phosphates and nitrates content make them fertile soils wherever moisture 

is available.  

• However, in large areas of desert soils, only the drought resistant and salt tolerant crops 

such as barley, rape, cotton, wheat, millets, maize and pulses are grown. 

 

Forest and mountain soils (soil order: Histosols) 

Such soils are mainly found on the hill slopes covered by forests. These soils occupy about 2.85 

lakh square km (~8.67% of the total land area of India). The formation of these soils is mainly 

governed by the characteristic deposition of organic matter derived from forest growth. 
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In the Himalayan region, such soils are mainly found in valley basins, depressions, and less 

steeply inclined slopes. Apart from the Himalayan region, the forest soils occur on Western and 

Eastern Ghats as well as in some parts of the Peninsular plateau. 

 

The forest soils are very rich in humus but are deficient in potash, phosphorus and lime. They 

are especially suitable for plantations of tea, coffee, spices and tropical fruits in Karnataka, 

Tamil Nadu and Kerala and wheat, maize, barley and temperate fruits in Jammu and Kashmir, 

Himachal Pradesh and Uttaranchal. 

 

 

Figure 6.1: Major soil groups of India 

 

Peaty and marshy soils 

Peaty soils originate in humid regions as a result of accumulation of large amounts of organic 

matter in the soils. These soils contain considerable amount of soluble salts and 10-40% of 

organic matter. Soils belonging to this group are found in Kottayam and Alappuzha districts of 

Kerala. Marshy soils with a high proportion of vegetable matter also occur in the coastal areas of 

Orissa and Tamil Nadu, Sunderbans of West Bengal, in Bihar and Almora district of 

Uttaranchal.  
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The peaty soils are black, heavy and highly acidic. They are deficient in potash and phosphate. 

Most of the peaty soils are under water during the rainy season but as soon the rains cease, they 

are put under paddy cultivation. 

 

Saline and alkaline soils (soil order: Aridisols, Inceptisols, Alfisols, Entisols, Vertisols) 

These soils are found in Andhra Pradesh and Karnataka. In the drier parts of Bihar, Uttar 

Pradesh, Haryana, Punjab, Rajasthan and Maharashtra, there are salt-impregnated or alkaline 

soils occupying 68000 square km of area. These soils are liable to saline and alkaline 

efflorescences. It has been estimated that about 1.25 million hectares of land in Uttar Pradesh 

and 1.21 million hectares in Punjab has been affected by salts. In Gujarat, the area round the 

Gulf of Khambhat is affected by the sea tides carrying salt-laden deposits. Vast areas comprising 

the estuaries of the Narmada, the Tapi, the Mahi and the Sabarmati have thus become infertile. 

 

6.2 Soils of Gujarat 

Gujarat has total geographical area of 19.6 millionhectares with about 1600 km of coastal belt. 

About 10.9 millionhectares land is cultivated out total geographical area. About 2 miilion 

hectares (about 10.5%) area is under forest.Gujarat lies on the west coast of India between 21.1-

24.7 °N latitude and 68.4-74.4 °E longitude. The state can be broadly divided into two natural 

regions: Main land (i.e., plains, north-eastern hill, and coastal regions) and Kutch-Saurashtra 

peninsula. 

 

The soils of Gujarat are classified into nine broad groups of which black and alluvial soils are 

predominently found in major areas of the state (Figure 6.1).  

1. Black soil    

2. Mixed red and black soils  

3. Residual sandy soils  

4. Alluvial soils 

5. Lateritic soils 

6. Hilly soils 

7. Desert soils 

8. Forest soils.  

9. Saline and alkali soils 

 

According to National Bureau of Soil Science and Land Use Planning (NBSS & LUP), Nagpur,  

the soil of Gujarat belongs to: 5 soil orders, 11 suborders, 20 great groups, 45 subgroupds, 124 

families, 145 soil series. Among the 5 orders 51% of soil are of Inceptisols, 13.8% of Entisols, 

10.6% of Aridisols, 8.9% of Vertisols, and 0.6% Alfisols. 

 

Figure 6.2: Major soil groups of Gujarat state.  



37 

 

Black soils 

There are three types of black soils namely: shallow, medium and deep soils. 

 

• Shallow black soils 

 Shallow black soils have been developed from basaltic trap in Saurashtra, Deccan trap 

in extreme eastern part and the remaining strips in Chhotaudepur and Saurashtra 

districts have been developed from granite and gneiss parent material.  

 The depth of soil ranges from a few cm to 30 cm.  

 These soils do not have sub surface diagnostic horizon and soils are light grey in colour. 

 In some places they are gravelly but mainly they are sandy clay loam in texture.  

 Soil structure is weak, mainly subangular blocky and occasionally crumb.  

 Generally, these soils are poor in fertility. 

 

• Medium black soils 
 These residual soils with medium depth of 30-60 cm. 

 Theses soils are derived from basaltic trap parent material in Saurashtra except in coastal 

belt, from granite and gneiss in some parts of Sabarkantha, Panchmahals and Ahmedabad 

districts and a narrow strip form Chhotaudepur to Vansada and Dharampur in South 

Gujarat.  

 Calcium is the dominant exchangeable cation followed by magnesium.These soils are 

calcareous in nature in Saurashtra. Free lime content varies between 15-45% in Junagadh 

district.  

 The soil profile has A-C horizon with having moderate subangular blocky structure 

plastic, sticky and hard consistency.  

 These soils are silty loam to clay in texture, with neutral to alkaline in reaction. 

 These are poorly supplied with nitrogen and phosphorus with adequate supply of 

potassium. 

 

 Deep black soils 
 These soils are also known as „regurs‟ or black cotton soils and have their origin in 

trap. 

 The depth varies from 60 cm to as much as few metre.  

 These soils occur mainly in Bharuch, Surat and Valsad districts of South Gujarat.  

 The tract known as „Bhal‟ comprising area between Dhandhuka and Bhavnagar has 

typical deep black soils formed due to deposition of trap parent material transported 

through flow of rivers. 

 Similarly, in the „Ghed‟ tract covering mainly the talukas of Porbander, Kutiyana 

and Manavadar and part of Mangrol taluka, the deep black soils have been formed 

due to deposition of basaltic trap materials transported by rivers Bhadar, Minsar, 

Ozat Madhuvanti etc., and faced the problem of salinity and alkalinity. 

 These soils contain 40-70% clay dominated by smectite group of clay minerals.  

 These soils are natural to alkaline in reaction, poor in drainage.  

 The soil exchange complex is dominated  by calcium followed by magnesium, 

nitrogen and potassium.  

 These soils  are comparatively more fertile than the shallow and medium black soils. 

 These soils are grouped under Chromusterts. 

 

Mixed red and black soils 

 These soils are localized in small areas in Junagadh district.  

 These soils are shallow in depth, red or grayish brown coloured with A-C profile.  

 These solis are clay loam to clay in texture, provides ideal drainage condition. 

 These are soils are highly calcareous and alkaline in reaction. 
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 These soils are low in nitrogen, medium in phosphorus, and high in potassium. 

 

Residual sandy soils 

 Residual sandy soils have developed in-situ from the parent material originated from 

red sandstone and shale. These soils occur in some parts of Kutch, Surendranagar 

and Rajkot districts. The similar soils have developed due to weathering of granite 

and quartzite parent rocks along the north-eastern border of Banaskantha and 

Sabarkantha districts. 

 All these residual soils are shallow in depth, red brown in colour with A-C profile 

characteristics.  

 These soils are sandy to loamy sand in texture dominated by coarse sand.  

 These soils are non-calcareolls, neutral to alkaline in reaction with poor base 

saturation. 

 From fertility point of view, these soils are poorly supplied with plant nutrients and 

as such support the crops with short duration and less water requirement. 

 These are classified as Ustorthents and Ustipsamments of Entisols order. 

 

Alluvial soils 

Alluvial soils have been formed due to silting by the Indus river system. These soils are very 

deep. The river flowing through its bed, deposited the coarse material first giving rise to coarse 

sandy type of soils which are found in Banaskantha and part of Mehsana districts while 

comparatively finer material was deposited at a further distance near the sea. These soils are 

further divided as alluvial sandy to sandy loam soils, alluvial sandy loam to sandy clay loam and 

coastal alluvial soil. 

 

• Alluvial sandy to sandy loam soils  

 These soils cover the entire northern districts, namely, Banaskantha and Mehsana except 

its southern part and the area of Sabarkantha bordering Kheralu and Vijapur talukus of 

Mehsana district.  

 The original alluvial material in the Banaskantha and some parts of the Mehsana district 

has been overlain by the sandy material which has been brought by the winds blowing 

through the desert of Kutch.This sand which is impregnated with salt has imparted 

salinity to the area where it has been deposited. 

 These soils have much less base saturation compared to black soils. 

 These soils are neutral to alkaline in soil reaction.  

 From fertility point of view, these soils are low in available nutrients. 

 

• Alluvial sandy loam to sandy clay loam 

 These soils are found in Kheda and Gandhinagar districts, eastern part of Ahmedabad 

district, southern part of Mehsana district and western part of Vadodara district. In 

addition to this, they are also found in low lying areas.  

 These soils may be considered to be two types, are locally known as Goradu or Gorat 

soils and Bhatta soils. The Goradu soils are nothing but alluvial soils of older origin, 

while Bhatta soils are of recent origin deposited chiefly along the banks of river. 

 In some places even a third type of soil locally known as Besar soils is found which has a 

reddish brown colour. These soils are silty clay loam to clay loam in texture, very deep 

and  well drained. These soils are the most productive in the whole of the State and well 

supplied with potassium due to presence of illite type of clay mineral. 

 

• Coastal alluvial soils 
 These soils are situated along the sea coast extending in length to more than 1600 km.  

 They are fairly deep, and normally medium in fertility. 
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 These soils are sandy clay loam to clay texture.  

 The soil reaction varies from neutral to highly alkaline.  

 These are classified as Halaquents, Fluvaquents of Entisols order and Halaquepts and 

Haplaquepts of Inceptisols order. 
 

 Lateritic soils 

 There are no true laterites exists in Gujarat.  

 However, in Dangs district, with abundant forest vegetation and high annual precipitation 

of about 250 cm lateritic soils have developed.  

 These soils are yellowish red in colour in the upper horizon. Colour changes to dark 

reddish brown in the lower horizons.  

 The thickness of solum ranges from 22-40 cm.  

 The surface horizon is moderately porous having weakly developed sub-angular blocky 

to crumb structure.  

 The soil reaction is neutral to slightly acidic.  

 These soils are highly susceptible to erosion. 
 

 Hilly soils 

 Hill soils occur in the hilly areas of Surendranagar, Amreli, Jamnagar, Bhavnagar and 

Junagadh district in Saurashtra, Kutch and eastern strip of the mainland Gujarat. These 

soils are found in the Dang and Panchmahalas districts. 

 Because of the steep slope and erosion the soil profile is not well developed.  

 They are shallow in depth composed of undecomposed rock fragments and poor in 

fertility. 

 These soils can be classified into Ustorthents. 

 Desert soils 

 These soils are the two Ranns (Deserts) of Kutch namely, little desert and greater desert. 

 The alluvial deposits due to the river system flowing through the area have subsequently 

been overlain by the aeolian deposits. 

 These soils are fairly deep, light grey in colour with no definite structure.  

 The soil texture is sandy to sandy loam with silty clay loam in some areas.  

 The salt content is very high with the sodium chloride as the dominant salt.  

 Sufficient amount of the gypsum is available in the profile.  

 These soils fall mainly under two order, namely Aridisols and Entisols. 

 

 Forest soils 

 Of the total arable land in Gujarat about 10.5 % is under forest.  

 These soils are clayey in texture.  

 Junagadh forest soils have higher percentage of sand fraction and those of Dangs forest 

soils have higher silt fraction.  

 Junagadh forest soils have high organic matter and lime contents compared to those of 

Dangs forest soils. 

 Junagadh forest soils are neutral in soil reaction, whereas Dangs forestsoils are acidic.  

 

 Problematic soils (saline and alkali soils): 
 Generally, saline soils are encountered along the coastal area.  

 The major areas affected are due to the desert soils in Kutch and those affected along the 

sea coast due to ingress of sea water, i.e., Bhal tract with flat topography. 

 Water logging for a long time has created saline and alkaline conditions in these regions. 

 The soils of the Bhal are clayey with a high percentage of lime.  

 The irrigation projects have raised the water table and have contributed to the problem of 

salinity in the areas of Kheda, Ahmedabad, Surat and Valsad districts. 
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CHAPTER 7: PHYSICAL PROPERTIES OF SOIL 

 

7.1 Components of soil 

Soil is an extremely complex and variable material, but all soil consists of four major 

components (Figure 2.3). 
 

 
 

Figure 2.3 Proporation of Soil Components (by volume) 

 

1. Mineral matter (~45%) – clays, silicates, cations and anions. 

2. Organic matter (~5%) – decomposed organic matter, humus. 

3. Soil Water (~25%) – chemically bound to various compounds, physically bound by 

adsorption or as free-to move moisture. 

4. Soil Air  (~25%)– provides channels for movement of water and organisms. 

 

Soil contains about 50% solid space and 50% pore space. The total pore space of the soil is 

occupied and shared by air and water on roughly equal basis. The proportion of air and water 

will vary depending upon the weather and environmental factors. 

 

Mineral matter in soils 

Generally, it is composed of very fine broken rock fragments and minerals either dominated by 

inorganic constituents or dominated by distinct minerals like quartz and feldspars. The primary 

minerals viz., quartz, biotite, muscovite, etc., dominate the coarser fractions of soil i.e. sand and 

silt particles, on the other hand, the secondary minerals, viz., silicate clays and hydrous oxide 

clays of iron and aluminium etc., are present as very fine fraction, i.e. clay particles in the soils. 

 

Organic matter in soils 

It exists as partly decayed and partially synthesized plant and animal residues, being broken 

down as a result of microbial activity in soil. The organic matter content in a soil is very small 

and varies from only 3 – 5% by weight in a top soil. Organic matter is a store house of nutrients 

in soils. Besides theses, organic matter is responsible for desirable surface soil structure, 

promotes a greater proportion of micro pore sizes; improves water holding capacity and also soil 

aerations. 

Soil water 

Water is held within the soil pores with varying degrees of forces. Soil water also presents along 

with dissolved salts and makes up the soil solution. This soil solution (water plus dissolved salts) 

is an important medium for supplying different essential nutrients to the growing plant through 

exchange phenomena between soil solid surface and soil solution and finally between soil 

solution and the plant roots. 
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Soil air 

Air spaces or pore spaces (voids) in a soil consists of that portion of the soil volume not 

occupied by soil solids, either mineral or organic. Under field conditions, pore spaces are 

occupied at all time by air and water. The more the water, the less room of air and vice-a-versa. 

Soil air contains various gases like carbon dioxide, oxygen and nitrogen etc. Generally soil air 

contains much more carbon dioxide and small amount of oxygen than that of atmospheric air 

due to microbial respiration where large amount of carbon dioxide release into the soil and the 

oxygen is taken up by them. 

7.2 Important of physical properties of soils 

Soil is comprised of mineral matter, organic matter, water and air. The composition and 

proportion of these components greatly influence soil physical properties listed below. In turn, 

these properties affect air and water movement in the soil, and thus the soil‟s ability to function. 

The plant support, root penetration, drainage, aeration, retention of moisture, and plant nutrients 

are linked with the physical conditions of the soil. Physical properties also influence the 

chemical and biological behaviour of all soils.The physical properties of a soil depend on the 

amount, size, shape, arrangement and mineral composition of the soil particles, kind and amount 

of organic matter and the volume and form of its pores and the way they occupied by water, air 

at a particular time.  

 

Features of the soil profile and the soil horizons are often described in the field in terms of the 

physical properties of soils. Horizons are defined based on difference in the soil physical 

properties. Major physical properties of soils are discussed hereunder: 

 

• Soil separate 

• Soil texture 

• Soil specific surface area 

• Soil aggregate 

• Soil structure 

• Soil density and porosity 

• Soil consistency 

• Soil colour 

• Soil water / soil moisture (discussed in chapter 8) 

• Soil air and soil temperature (discussed in chapter 9) 

 

7.2.1 Soil separates 

The mineral component constituents the largest volume of soil mass (45%) and plays a vital 

role in determining most of the physical properties of soil. This mineral portion consists of 

particles of various sizes. Soil scientists usually separate them into convenient groups according 

to size. The various groups like gravels, sands, silts, clays are termed as soil separates or 

fractions. The process of determining soil separate below 2 mm in diameters is called 

mechanical analysis. 

 

Classification of soil separates 

Soil separates have been classified differently by various soil related national agencies or 

institutions. They are:  

 

• United State Department of Agriculture soil separate classification (Table 7.1) 

• British Standard Institution soil separate classification 

• International Union of Soil Science (ISSS) soil separate classification 

• United State Public Roads Administrative (USPRA) soil separate classification 

 

Characteristics and physical nature of soil separates 

Sand separates are large sized particles and have the large size of pore spaces. Hence, they 

facilitate easy percolation and encourage aeration, and their water holding capacity is low. They 

do not possess plasticity. Clay separates are smaller in size and possess fine pore spaces. With 
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the decrease in particle sizes, there is a decrease in aeration and percolation rate. The water 

holding capacity of clay is very high. Properties such as plasticity, swelling, cohesion etc., are 

very high.  

Silt separates are intermediate in size. Silts also show properties somewhat intermediary 

between sands and clays. Table 7.3 present the comparison of characteristics of all three soil 

separates. 

Table 7.1: USDA system of soil separate classification 

Diameter / size (mm) Name of soil separates 

<0.002 

0.002 – 0.05 

0.05 – 0.10 

0.10 – 0.25 

0.25 – 0.50 

0.50 – 1.00 

1.00 – 2.00 

>2.00 

Clay 

Silt 

Very Fine Sand 

Fine Sand 

Medium Sand 

Coarse Sand 

Very Coarse And 

Gravel 

 
Table 7.2: International system of soil separate classification (commonly followed in India) 

Diameter / size (mm) Name of soil separates 

<0.002 

0.002 – 0 .02 

0.02 – 0.2 

0.2 – 2 

>2  

Clay 

Silt 

Fine Sand 

Coarse sand 

Gravel 
 

 

Table 7.3: Characteristics of soil separates 

Characteristics Sand Silt Clay 

Size (mm) 2.0-0.02 0.02-0.002 <0.002 

Visibility Visible by naked eye Visible by microscope Visible by ultra microscope 

Water holding capacity Low Medium High 

Total pore space Least Medium Highest 

Size of pore space Larger Medium Very small 

Air & water movement Very rapid Moderate Slow 

Plasticity, swelling, 

cohesion etc 
Very low Moderate Very high 

Feel while rubbing  

between thumb and  

fingers 

Gritty feel 
flour or talcum powder like 

feel 

Very plastic and sticky feel 

when wet and become hard 

under dry condition  

Tillage Easy Moderate Difficult 

Minerals  Quartz  
Feldspar, Mica, hematite, 

Quartz 

Kaolinite, montmorillonite, 

illite 

Chemical  activity Chemically inactive Slightly active Chemical  activity 

 

Soil particle size determination (Mechanical analysis) 

The mineral component constitutes the soil mass. This mineral portion consists of particles of 

various sizes. According to the size, the soil particles are grouped into gravels, sands, silts and 

clays which are termed as soil separates.  
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The process of determining the amounts of individual soil separates below 2 mm in diameter is 

called mechanical analysis. It is based on Stokes’s law (1851) which states that when soil 

particles are suspended in water they tend to sink and their velocity (V) of settling is 

proportional to the square of the radius (r) of each particle. 

 

The relation between the diameter of a particle and its settling velocity is given below: 

 

  
 

 

(     )   

  
 

 

Where, 

V     =  Velocity of particle fall (cm sec
–1

)  

g      =  Acceleration due to gravity (cm sec
–2

) 

Dp    =  Density of the particle (g cm
–3

) 

Dw    =  Density of the liquid (g cm
–3

) 

r       =  radius of the particle (cm) 

    =  Absolute viscosity of the liquid (poise) 

 

• Assumptions of stokes’s law 

 The particles must be large in comparison of liquid molecules, so that Brownian 

movement will not affect the fall. 

 The extent of the liquid must be great in comparison with the size of the particles. 

 The fall of the particle must not be affected by the proximity of the wall of the vessel or 

of the adjacent particles. 

 Partilce must be rigid and smooth 

 There must be no slipping between the particle and the liquid. 

 The particle greater than silt size fractions of a soil cannot be separated accurately with 

the help of the Stokes‟s law. 

 

To conduct a mechanical analysis, a sample of soil is crushed lightly in a wooden mortar. The 

material is next passed through the sieve is taken for mechanical analysis. The organic matter 

and other binding materials are removed from the soil before the mechanical separation.There 

are several methods of mechanical analysis viz., sieve method, sedimentation method, 

decantation method, centrifugal method, pipette method and hydrometer method. Pipette method 

is universally employed for carrying out mechanical analysis of soil. 

 

7.2.2 Soil texture  

Natural soils are made-up of soil particles of varying sizes. Texture is an important soil 

characteristic because it will partly determine water intake rates (absorption), water storage in 

the soil, the ease of tillage operation, aeration status and altogether it greatly influence the soil 

fertility.  

“Soil texture refers to the relative percentage of sand, silt and clay in a soil”or “Soil texture is 

relative proportion of soil separates of various sizes in a given soils”. 

 

For instance, a coarse sandy soil is easy to cultivate, has enough aeration for good root growth 

and easily get wetted, but it also dries rapidly and easily loses plant nutrient through leaching. 

Whereas clayey soils (>35% clay) have very small particles the fit tightly together, leaving very 

little pore spaces which permits very little room for water to flow into the soil. This condition 

makes soil difficult to wet, drain and till.  

 

Soil texture is a basic property of a soil and it cannot be altered or changed like ploughing or 

puddling; but can be improved through addition of organic matter like FYM, tank silk, etc. 
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Soil textural classes 

Textural names are given to soils based upon the relative proportion of each of the three soil 

separates – sand, silt, and clay. Soil that are predominately clay, are called clayey (textural 

class), those with high silt content are silty (textural class), and those with high sand percentage 

are sandy (textural class). Three broad and functional groups of soil textural classes are 

recognized:  

 

 Sandy Soils of which the sand separates make up 70% or more of the materials by 

weight 

 Loam An ideal loam soil may be defined as a mixture of sand, silt and clay particles 

which exhibits light and heavy properties in about equal proportions. Note the 

loam doesn‟t contain equal percentages of sand, silt and clay separates. It does, 

however, exhibit approximately equal properties of sand, silt and clay. 

 Clayey A clay soil must carry at least 35% of clay separate and it most cases not <40%. 

 

The textural triangle (Figure 7.2) is used to determine the soil textural name after performing 

mechanical analysis in the laboratory. Based on the proportion of sand, silt and clay particles, 

classification was made and standardized into twelve classes as shown in a triangular diagram. 

This triangle is known as USDA soil textural triangle. The twelve classes are as follows: (i) Sand 

(i) Silt (iii) Clay (iv) Loam sandy (v) Clay silty (vi) Clay (vii) Clay-loam (viii) Loamy sand (ix) 

Sandy loam (x) Silty loam (xi) Sandy clay loam, and (xii) Silty clay loam. 

 
Figure 7.2: Soil textural class triangle 
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Soil texture by ‘Feel method’ 

This is the simplest technique and all you need bottle of water, a rule and texture flow chart 

(Figure 7.3). Each soil separate has distinct texture that you can distinguish by touch. Sand feels 

gritty and you can see individual grain with the naked eyes. Silt will feel smooth almost like 

silky, but you can only see individual particles under a microscope. Clay is the smallest particle, 

however, when wet it will feel sticky and can easily be moulded into long ribbons. 

 

 

Figure 7.3: Soil texture by Feel Method 

 

7.2.3 Soil specific surface area 

Soil specific surface area refers to the surface area for a given mass (or volume) of particles. 

When particle size decreases, specific area increases geometrically (Figure 7.4). Soil specific 

surface area depends on shape and size of soil particle, for instance if spherical, it depend on r = 

radius and  = density. 

 

Figure 7.4 Subdivision particles, increases surface area 
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That implies that specific surface area inversely proportional to the radius of soil particles. 

 

Surface area of soil affects its physical and chemical properties and is largely determined by 

amount of clay present in soil. Clay is the smallest mineral particle in soil and are the active 

portion of a soil, because chemical reactions occur at their surface. Clay particles have about 

1000-times as much external surface area as the particles in an equal weight of sand. 

 

Importance of specific surface area in soil 

• Maintain water films 

• Chemical attachment and adsorption at the surface 

• Weathering at the surfaces 

• Surface electromagnetic charges as forces of soil aggregation 

• Microbes tend to grow on particle surfaces 

7.2.4 Soil aggregates 

“Soil aggregates are groups of soil particles that bind to each other more strongly than to 

adjacent particles. Aggregate stability refers to the measure of resistance of soil aggregates to 

break down or disruptive forces associated with tillage and water or wind erosion are applied”. 

 

Soil aggregates is a general term for any distinct lump or clumping of soil particles, including 

ped, clods or fragment. Ped is an aggregate formed in the soil and may be an aggregation of 

smaller peds and is separated from other similar aggregates by an obvious pattern of cracks or 

partings. Clod is an aggregate of 100 mm or more in length and formed by soil disturbance such 

as cultivation. Fragment is an aggregate less than 100 mm in length and formed by soil 

disturbance such as cultivation 

 

Formation of soil aggregation 

There are several factors that influences the formation of soil aggregates (Figure 7.5) and they 

are: 

• Fungi filaments, called hyphae, which extend into soil and tie soil particles together. 

• Roots also excrete sugars into the soil that help bind minerals. 

• Oxides also act as glue and join particles together. This aggregation process is very common 

to many highly weathered tropical soils. 

• Finally, soil particles may naturally be attracted one another through electrostatic forces, 

much like the attraction between hair and a balloon. 

 

 
Figure 7.5: Formation of soil aggregates and soil structure 
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Soil aggregate stability 

Aggregate stability refers to the ability of soil aggregates to resist disintegration when disruptive 

forces associated with tillage and water or wind erosion are applied. Wet aggregate stability 

suggests how well a soil can resist raindrop impact and water erosion, while size distribution of 

dry aggregates can be used to predict resistance to abrasion and wind erosion. 

 

Ideal aggregates are stable against rainfall and water movement. Aggregates that break down in 

water or fall apart when struck by raindrops release individual soil particles that can seal the soil 

surface and clog pores. This breakdown creates crusts that close pores and other pathways for 

water and air entry into a soil and also restrict emergence of seedlings from a soil. 

 

Aggregate stability is an indicator of organic matter content, biological activity, and nutrient 

cycling in soil. Greater amounts of stable aggregates suggest better soil quality. When the 

proportion of large to small aggregates increases, soil quality generally increases. Stable 

aggregates can also provide a large range in pore space, including small pores within the 

aggregates and large pores between aggregates. Pore space is essential for air and water entry 

into soil, and for air, water, nutrient, and biota movement within soil. 

 

Practice that improve soil aggregation 

• Practices that keep soil covered physically, protect it from erosive forces that disrupt 

aggregation, while also building organic matter. Any practice that increases soil organic 

matter, and consequently biological activity, improves aggregate stability.  

• Aggregates form readily in soil receiving organic amendments, such as manure.  

• They also form readily where cover and green manure crops and pasture and forage crops 

are grown, and where residue management and/or reduced tillage methods are practised.  

• Pasture and forage plants have dense, fibrous root systems that contribute organic matter 

and encourage microbial activity. 

 

7.2.5 Soil structure 

“The arrangement of soil particles and their aggregate into certain defined patterns is called 

soil structure” or “The arrangement and organization of primary and secondary particles in a 

soil mass is known as soil structure”. 

 

Most soils are having a mixture of single grain structure or aggregate structure. These groups of 

soil aggregates are combined together by the binding effect of organic and inorganic soil 

colloids. The formation of soil structure is promoted by chemical (flocculation) processes, 

physical processes (e.g., freezing, drying), and, especially, biological processes (e.g., binding of 

particles by microbial glues and fungal hyphae, as well as by fine plant roots).  
 

Soil structure can be changed or improved by operations like ploughing, puddling, addition of 

organic matter, etc. The management practices like proper land use, suitable tillage practice at 

optimum moisture level, addition of organic matter, crop rotation, optimum fertilization, 

mulching, drainage, controlled irrigation, soil conservation, protection against compaction and 

use of soil conditioner may be tried for better soil structure management.  
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Classification of soil structures  

There are four principal forms of soil structure.  

 

• Plate-like (Platy)  

The aggregates are arranged in relatively thin horizontal plates or 

leaflets. The horizontal axis are larger than the vertical axis. 

When the units/layers are thick, they are called platy. When they 

are thin, called laminar. Platy structure is most noticeable in the 

surface layers of virgin soils, and it may be present in the subsoil.  

 

• Prism-like 
The vertical axis is more developed than horizontal, giving a 

pillar like shape. Vary in length from 1-10 cm; commonly occur 

in sub-soil horizons of arid and semi-arid regions. When the tops 

of pillar are rounded, the structure is termed as columnar, and 

when the pillar tops are flat plane, level and clear cut called 

prismatic. 

 

• Block-like 
In this structure type, all three dimensions are about the same 

size. The aggregates have been reduced to blocks. When the 

faces are flat and distinct and the edges are sharp angular, the 

structure is named as angular blocky. When the faces and edges 

are mainly rounded it is called sub-angular blocky. These types 

usually are confined to the sub-soil and characteristics have 

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

 

• Spheroidal (Sphere-like) 
All rounded aggregates (peds) may be placed in this 

category. Not exceeding an inch in diameter. These rounded 

complexes usually loosely arranged and readily separated. 

When wetted, the intervening spaces generally are not closed 

(by swelling) as in the case with a blocky structural 

condition. Therefore, in sphere like structure, infiltration, 

percolation and aeration are not affected by wetting of 

soil. The aggregates of this group are usually termed as 

granular which are relatively less porous. When the 

granules are very porous, it is termed as crumb. This is 

specific to surface soil particularly high in organic matter/grass land soils. 

 

Factors affecting soil structure 

The development of soil structure in arable soil depends on the following factors: 

 

• Climate: In arid regions, there is very little aggregation of primary particles. In semi-arid 

regions, the degree of aggregation is greater. 

 

• Organic matter: Organic matter improves the structure of a sandy soil as well as of a clay 

soil. In case of a sandy soil, the sticky and slimy material produced by the decomposing 

organic matter and the associated microorganism cement the sand particles together to form 

aggregates. In case of clayey soil, it modifies the properties of clay by reducing its 

cohesiveness. This helps making clay more crumby. 
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• Tillage: Cultivation implements break down the large clods into smaller fragments and 

aggregates. For obtaining good granular and crumby structure, optimum moisture content in 

the soil is necessary. If the moisture content is too high, it will form large clods on drying. If 

it is too low, some of the existing aggregates will be broken down. 

 

• Plants, roots and residues: Excretion of gelatinous organic compounds and exudates from 

roots serve as cementing agents for aggregation. Root hairs make soil particles to cling 

together. Pressure exerted by the roots also held the particles together. Plant residues serve 

as a food to microbes which are the prime agents of aggregate builders. 

 

• Animals: Among the soil fauna, small animals like earthworms, moles and insects etc., that 

burrow in the soil are the chief agents that take part in the aggregation of finer particles. 

 

• Microbes: Algae, fungi, actinomycetes and fungi keep the soil particles together. Fungi and 

actinomycetes exert mechanical binding by mycelia, cementation by the products of 

decomposition and materials synthesized by bacteria. 

 

• Fertilizers: Fertilizer like sodium nitrate destroys granulation by reducing the stability of 

aggregates. Few fertilizers for example, CAN (Calcium Ammonium Sulphate) help in 

development of good structures. 

 

• Wetting and drying: When a dry soil is wetted, the soil colloids swell on absorbing water. 

On drying, shrinkage produces strains in the soil mass gives rise to cracks, which break it up 

into clods and granules of various sizes. 

 

• Exchangeable cations: Ca, Mg cations are flocculating agents facilitate soil aggregation 

and hence good soil structure. Whereas H, Na cations are act as deflocculation agents, 

disperses the soil separates, and so poor soil aggregation and soil structure. 

 

Role of soil structure in relation to plant growth 

• Good soil structure for plant growth is one that has stable aggregates between 0.5 and 2mm 

in diameter that creates enough pore spaces. 

• Soil structure influences the amount and nature of soil porosity (=total pore spaces). 

• Soil structure controls the amount of water and air present in the soil. Not only the amount 

of water and air dependent on soil structure, but their movement and circulation are also 

controlled by soil structure. 

• It affects tillage practices. 

• Structure controls runoff and erosion. 

• Platy structure normally hinders/reduces free drainage whereas sphere like structure 

(granular and crumby) helps in drainage. 

• Crumby and granular structure provides optimum infiltration, water holding capacity, 

aeration and drainage. It also provides good habitat for microorganisms and supply of 

nutrients. 
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7.2.6 Soil density 

Density represents weight (mass) per unit volume of a substance, expressed in g cc
–1

 (gram per 

cubic centimeter; i.e., g cm
–3

) or Mg m
–3

 (Mega gram per cubic meter). Both the units are 

numerically equal. 

         
             

      
 

 

Soil density is expressed in two well accepted concepts as particle density and bulk density.  

 

Particle density or density of solids or true density 

“It is defined as the ratio of weight (mass) of solids to volume of solids only” 

 

 

                 
                       

                 
 

  

  
 

 

 

The chemical composition and crystal structure of a mineral matter determines soils‟ particle 

density. Particle density is not affected by pore space and therefore is not related to particle size 

or to the arrangement of particles (soil structure). Particle density for most mineral soils varies 

between the narrow limits of 2.60-2.75 Mg m
−3

 or g cm
–3

. The particle density of soils with very 

high organic matter content may vary from 0.9-1.3 Mg m
−3

. Particle density of soils is almost a 

permanent character which is not influenced by addition of organic matter, tillage or depth. 

Particle density of important soil materials given in Table 7.4. 

 

Table 7.4: Particle density of importance soil materials 

Soil materials Particle Density (Mg m
−3

) 
Soil 

materials 
Particle Density (Mg m

−3
) 

Humus 

Orthoclase 

Calcite 

Biotite 

Pyrites 

1.3 − 1.5 

2.5 − 2.6 

2.6 − 2.8 

2.8 − 3.1 

4.9 − 5.2 

Clay 

Quartz 

Muscovite 

Apatite 

Hematite 

2.2 − 2.6 

2.5 − 2.8 

2.7 − 3.0 

3.2 − 3.3 

4.9 − 5.3 

 

Bulk density or Apparent density 

“It is the mass (weight) per unit volume of dry soil (volume of solid and pore spaces)”. 

 

              
       

      
 

       

                       
 

 

              
       

              
 

 

The bulk density of a soil is always smaller than its particle 

density (Figure 7.6). 

 

Loose and porous soils have low bulk densities as compared to compacted soils. Bulk density is 

more important than particle density in understanding physical behaviour of soils. Generally in 

normal soils, bulk density ranges from 1.0-1.60 Mg m
−3

. Finer the texture of the soil, lesser is the 

bulk density.  

 



51 

 

Bulk density of soils having different composition are: 

 

Compacted soils = 2.0 Mg m
−3

; Sandy soils = 1.7 Mg m
−3

; Organic peat soils = 0.5 Mg m
−3

 

 

 

Figure 7.6: Comparison of bulk density and particle density 

 

Importance of bulk density 

• Soil bulk density determines not only total pore space but the macro pore and micro pore 

space also, which governs the soil-water-air relationship, thereby facilitate better crop 

growth. 

• Infiltration, permeability, percolation of water and water retention in soil system, all these 

have direct relation with bulk density of soil. 

 

Factors affecting bulk density 

• Pore space: More is the pore space per unit volume of soil, less is the bulk density. 

• Soil compactness: Higher is the compactness; more will be the bulk density. 

• Soil depth: Higher is the depth of soil, more will be the bulk density. 

• Soil texture: Finer is the texture of the soil, lesser is the bulk density. 

• Organic matter: High organic matter contents, lead to reduced bulk density. 

• Soil structure: Crumb soil structure shows low bulk density than that of platy structure. 

• Cultivation operations: Tillage temporarily reduces the bulk density. While, cropping 

increases the bulk density of top soils. 

 

Numerical: 
Calculate the weight of a hectare field soil up to the soil depth of 15 cm. The bulk density of soil 

is 1.48 Mg m
−3

. 

 

Area of the a hectare field (i.e., length × breath; 100 m × 100 m) = 10000 m
2
 

Soil depth = 15 cm = 0.15 m. (Hence, the volume of field at 0.15 m depth is 1500 cubic metre). 

 

Weight of soil depends on the bulk density of soil.  

 

Bulk density of 1.48 Mg m
−3

meaning soil filled in a cubic metre container weight 1.48 Mg. So, 

How much does it weight for 1500 cubic meter volume?  
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OR 

 

                                                                     
 

                                            
 
                         

 
                              
 
So, the weight of hectare filed soil up to the depth of 15 cm will be 2200 Mg or tonnes.  

 

7.2.7 Soil porosity 

“Porosity refers to the percentage of soil volume occupied by pore space”. 

Pore spaces (voids) in a soil are portions of soil volume that neither occupied by solids, mineral 

nor organic. The pore spaces under field conditions are occupied at all times by air and water. 

Pore spaces directly control the amount of water and air in the soil and indirectly influence the 

plant growth and crop production. Soil pores are of two types:  

 

• Macro pores arelarge sized pores (>0.06 mm) invariably exist in between sand sized 

granules and allow air and water movement readily.  

• Micro or capillary pores aresmaller sized pores (<0.06 mm) in which movement of air and 

water are restricted to some extent. These pores are very important for crop growth. 

Generally clays and clayey soils have a greater number of capillary pores. 

 

The existence of approximately equal number of macro and micro pores would facilitate better 

aeration, permeability, drainage, and water retention. 

 

Calculation of soil porosity 

 

                (  )  
       

       
                           

 

                  
       

              
                                   

 

                      (              ) 

 

    
  

  
  

       

(              )
 

 

    
  

  
      

       

(              )
      

 



53 

 

       

(              )
                                     

 

                
  

  
      

 

                                                   

                                  

 

                   
                 

                     
     

 

              [   
                 

                     
]      

Numerical: 

A soil core was taken for the determination of bulk density. Calculate the percentage pore space 

from the given the measurements: 

 

 Cylinder core volume  = 73.6 cm
–3 

 
Dry soil weight = 87.8 g 

 Particle density = 2.65 g cm
–3 
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Exercise: 

• Calculate % pore space of a soil with a bulk density of 1.55 & particle density of 2.65 Mg m
–3

. 

• Calculate % pore space of a soil with a bulk density of 1.45 & particle density of 2.65 Mg m
–3

. 

• Calculate % pore space of a soil with a bulk density of 1.33 & particle density of 2.65 Mg m
–3

. 

• Calculate % pore space of a soil with a bulk density of 1.22 & particle density of 2.65 Mg m
–3

. 

• Calculate particle density, bulk density and porosity of the soil, using given values of soils.  

(a) Weight of dry soil = 62.50 g 

(b) Volume of pore space = 17 cm
3
 

(c)Total soil volume = 40 cm
3 
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Factors affecting soil porosity 

• Soil structure: A soil having granular or crumb structure contains more pore spaces than 

that of prismatic and platy soil structure. A well aggregated soil structure has more porosity 

than that of structure less or single grained soils. 

• Soil texture: In sandy soils the total pore space is small; where as in fine textured clay and 

clay loams total pore space and micro pores are higher (Table 7.5). 

• Organic matter: Organic matter facilitates more aggregation thereby more porosity. 

• Soil depth: With increase in soil depth, porosity will decrease due to compactness in sub-

soil. 

• Organisms: Macroorganisms like earth worms, rodents, and insects increase macro pores. 

• Cultivation: Intensive cultivation tends to lower the porosity of soil as compared to fallow 

soils. The decrease in porosity is due to reduction in organic matter content. 

 

Table 7.5:Relation between textural class and pore space 

Textural class Clay content Average pore space (%) 

Heavy Clayey >55 51.09 

Clayey 40-55 48.45 

Sandy Clay Loam 20-30 45.45 

Sandy <10 42.54 

 

7.2.8 Soil consistency 

“Soil consistency refers to degree and kind of cohesion and adhesion forces between 

the soil particles as they related to the resistance of the soil to deform or rupture”. 

 

Cohesion is the attraction of one water molecule to another resulting from 

hydrogen bonding (water-water bond; attraction between similar molecules). 

 

Adhesion involves the attraction of a water molecule to a non-water molecule 

(water-solid bond; attraction between dissimilar molecules). 
 

Soil consistencyis the strength with which soil materials are held together or the resistance of 

soils to deformation and rupture. Soil consistency is measured for wet, moist and dry soil 

samples. For wet soils, it is expressed as both stickiness and plasticity 
 

The physical properties of clays (fine-grained soil particles) greatly differ at different water 

contents. A soil which is very soft at a higher percentage of water content becomes very hard 

with a decrease in water content. However, it has been found that the same water content, two 

samples of clay of different origin may possess different consistency. One clay sample may be 

relatively soft while other may be hard. Further, a decrease in water content may have little 

effect on one sample of clay but may transform the sample from almost a liquid to a very firm 

condition.  
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For slightly wet condition of the soil (moisture content between air dry and field capacity) 

consistency is described in the following terms. 
 

Type Characteristics 

Loose                             Non coherent 

Very friable                    Coherent but easily crushed 

Friable        Easily crushed 

Firm Crushed under moderate pressure 

Very firm                        Crushed only under strong pressure 

Extremely Firm               Resist crushing between thumb and forefinger 

 

Under dry condition of the soil (air dry) consistency is characterized by rigidity and hardness.  

Type Characteristics 

Loose        Non coherent 

Soft   Breaks under slight pressure to a powdery mass 

Slightly hard Breaks under pressure 

Hard Breaks with difficulty under pressure 

Very hard Resistant to pressure  

Extremely hard Extremely resistance to pressure  

 

Atterberg limits for soil consistency 

Atterberg, a Swedish scientist, studied the consistency of soils in 1911, and proposed a series of 

tests for defining the properties of cohesive soils. Strength decreases as water content increases. 

At very low moisture content, soil behaves more like a solid. When the moisture contents is very 

high, the solid and water may flow like a liquid. Hence, on arbitrary basis, depending on the 

moisture content, the behaviour of soil can be divided into 4 basic states: Solid, Semi-solid, 

Plastic, and Liquid. 

 

Atterberg limits are the limits of water content used to define soil behaviour (Figure 7.7). 

 

• Liquid Limit (LL) is defined as the moisture content at which soil begins to behave as a 

liquid material and begins to flow. 

 

• Plastic Limit (PL) is defined as the moisture content at which soil begins to behave as a 

plastic material.  

 

• Shrinkage Limit (SL) is defined as the moisture content at which no further volume change 

occurs with further reduction in moisture content. 

 

 

Figure 7.7: Atterberg limits for soil consistency 
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7.2.9 Soil colour 

Soil colour is the most obvious and easily determined soil characteristic. Although it has little 

known direct influence on the functioning of the soil. Soil colour signifies soil conditions and 

some important properties. A soil attains certain colour depending on physico-chemical 

reactions, organic matter and mineral materials. A rough indication of soil colour is given in 

Table 7.5. 

 

Table 7.5: Important indication of the soil colour 

Colours Indication of the soils 

Dark colours 
Dark topsoil indicates high organic matter content, which is linked to 

better drainage, good soil structure and nutrient levels. 

Red brown and 

orange 

Good drainage, well aerated, free movement of air and water. With 

enough water these soils are generally fertile. Acidity may be a problem. 

Dull yellow and 

wet blue mottles 

Some seasonal drainage problems (water logging) where air is lacking in 

the soil, especially in the rainy season. 

Grey Poor drainage, too much water and not enough air. 

 

Factors affecting soil colour 

• Mineral matter: Rocks are broken down to form soils, and sometimes these rocks give 

their colour to the soil. More usually the colour of the soil results from compounds such as 

iron.  

 

• Organic matter: Humus, the final stage of organic matter breakdown is black. Throughout 

the stages of organic matter breakdown the colour imparted to the soil varies from browns to 

black. Sodium content influences the depth of colour of organic matter and therefore the 

soil. Sodium causes the organic matter (humus) to disperse more readily and spread over the 

soil particles, making the soil look darker (blacker). 

 

• Iron: Red, yellow, grey and bluish-grey colours result from iron in various forms. Under 

average conditions of air and moisture, iron forms a yellow oxide imparting a yellow colour 

to the soil. Where soils are well draining or under dry conditions, iron forms red oxides 

imparting a red colour to the soil. Yet in waterlogged soil, with a lack of air, iron forms in a 

reduced state giving the soil grey/green/bluish-grey colours.  

 

• Water: Soil colour darkens as the soil changes from dry to moist. But longer term colour 

changes are linked to water relations as well. Careful observation of colour can help to 

identify problems of waterlogging or leaching. Poorly drained soils are often dominated by 

blue grey colours often with yellow mottling. Well drained soils will usually have bright and 

uniform colours. 

 

Munsell colour system 

It was created by Prof. Albert H. Munsell in the first decade of the 20
th

 century and adopted by 

the USDA as the official colour system for soil research in 1930s.  
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It specifies colours based on 3 colour dimensions: 

 

• Hue: Dominant spectral wavelength of light, colour (red, yellow, 

green, blue, etc.) 

• Value: Lightness or darkness; ranges from 0 (pure black) to 10 

(pure white) 

• Chroma: Colour intensity, Purity; ranges from 0 (natural grey) to 8 (highest purity or 

intensity of colour) 

 

 

 

 

 

 

 

 

 

 

 

 

Soil colour and composition 

• Black and dark gray colour: The variations from black to dark gray colour of soil are 

mainly due to organic matter.  

• Brown colour: This is the most common soil colour and is due to a mixture of the organic 

matter and iron oxides. 

• Red yellow colour: Red colour is associated with unhydrated ferric oxides, whereas yellow 

colour indicates some degree of hydration. 

• White colour: Silica and lime generally impart white colour. 

• Bluish and greenish colour: Some of the bluish and greenish colours are due to the 

presence of ferrous compounds. This reducing condition occurs in ill drained soil. 

• Mottling colour: Colour variation or mottling in soils indicates alternating oxidizing and 

reducing conditions due to a fluctuating water table. 
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CHAPTER 8: SOIL WATER 

 

8.1 Soil water  

Water contained in soil is termed as soil moisture. The water held within the soil pores. Soil 

water is the major component of the soil in relation to plant growth. If the moisture content of a 

soil is optimum for plant growth, plants can readily absorb soil water. Not all the water, held in 

soil, is available to plants. Much of water remains in the soil as a thin film. Soil water dissolves 

salts and makes up the soil solution, which is important as medium for supply of nutrients to 

growing plants. 

 

8.1.1 Structure and related properties of water 

• Structure of water molecule 

Water participates directly and indirectly in most soil and plant 

reactions. This ability to do so is primarily determined by its 

structure. Water is a simple compound molecule containing 

one oxygen atom and two much smaller hydrogen atoms. The 

elements are bonded together covalently (each hydrogen atom 

sharing its single electron with the oxygen; H-bonding) in „V‟ 

shaped at an angle of 105 degree, results into an asymmetric 

molecule. As seen in a given figure, in this asymmetric 

molecules, shared electron being closer to the oxygen than to 

the hydrogen. That‟s side on which hydrogen are located tends to be electropositive, and 

opposite side be electronegative, accounts for polarity or dipolar nature of the water, a most 

important in soil and plant science. 

 

• Polarity 

The property of polarity helps explain how water molecules interact with each other and 

with other electrostatically charged ions. Cations such as Na
+
, K

+
, and Ca

2+
become hydrated 

through their attraction to the oxygen (negative end of the water molecules). Likewise, 

negatively charged clay surfaces attract water, through the hydrogen (positive, end of the 

water molecule). 

 

When water molecules become attracted to electrostatically charged ions or clay surfaces, 

they do so in closely packed clusters. In this state their free energy is lower than in pure 

water. Thus, when ions or clay particles become hydrated, energy must be released. The 

released energy is shown as heat of solution when ions hydrate, or as heat of wetting in the 

case of hydrating clay particles. 

 

• Cohesion and Adhesion 

Hydrogen bonding accounts for two basic forces responsible for water retention and 

movement in soils. One is the attraction of molecules for each other (cohesion). The other is 

the attraction of water molecules for solid surfaces (adhesion). By adhesion, solids hold 

water molecules rigidly at their soil-water surfaces. 

 

• Surface tension 

This phenomenon is commonly evidenced at liquid-air interfaces and is due to the greater 

attraction of water molecules for each other (cohesion) than for the air above. The net effect 

is an inward force at the surface that causes water to behave as a stretched elastic 

membrane. Because of the relatively high attraction of water molecules for each other, water 

has a high surface tension compared to that of most other liquids. 
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8.1.2 Factors affecting soil water 

• Texture: Finer the texture, more is the pore space and surface area, greater is the retention 

of water. 

• Structure: Well-aggregated porous structure favours better porosity, which in turn enhance 

water retention. 

• Organic matter: Higher the organic matter more is the water retention in the soil. 

• Density of soil: Higher the density of soil, lower is the moisture content. 

• Temperature: Cooler the temperature, higher is the moisture retention. 

• Salt content: More the salt content in the soil less is the water available to the plant. 

• Depth of soil: More the depth of soil more is the water available to the plant. 

• Type of clay: The 2:1 type of clay increases the water retention in the soil. 

 

8.2 Soil water energy concepts 

The retention and movement of water in soils, its uptake and translocation in plants, and its loss 

to the atmosphere are all energy-related phenomena. Different kinds of energy are involved, 

including potential, kinetic, and electrical. For understanding, the soil water energy concepts, 

term „free energy‟ is used which means summation of all other forms of energy available to do 

work. 

 

As we consider energy, we should keep in mind that all substances, including water, have a 

tendency to move from a higher free energy state to a lower free energy state. Water will move 

readily from a soil saturated with water (high free energy) to a dry soil (low free energy). 

 

Forces affecting free energy  

• Adhesion (the attraction of the soil solids; called matrix) for water, providesmatric force 

(responsible for capillarity) that markedly reduces the free energy of the adsorbed water 

molecules and even those held by cohesion. 

• Likewise, the attraction of ions and other solutes for water results in osmotic forces tends 

reduce the free energy of soil solution. Osmotic movement of pure water across a 

semipermeable membrane into salt solution is evidence of lower free energy state of 

solution. 

• The third major force acting on soil water is gravity, which tends to pull the water 

downward. The free energy ofwater at a given elevation in the profile is thus higher than 

that of pure water at some lower elevation. Such a difference in free energy level causes 

water to flow. 

 

Concept of pressure 

The pressure (measured in unit „atmosphere‟ or „bar‟) required to remove water from soil. 

Opposite of pressure is moisture tension or suction.  

 

8.3 Soil water potential 

Soil water potential may be defined as the work the water can do when it moves from its present 

state to a pool of water in the reference state. We know that movement of water is soil occurs 

from a higher free energy (called zero potential level) to a lower free energy level (negative 

potential). Adsorbed water has less free energy to do work, hence always has negative water 

potential; work must be done to remove the water. The more tightly water is adsorbed, the more 

negative is the water potential value.  

 

Soil water potential (denoted as w;  is a Greek alphabet pronounced as Psi) is combined 

effects combined effects of gravitational force (called gravitational potential; g), matric force 
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(adhesion; called matric potential, m), osmotic force (due to ions and other solutes; called 

osmotic or solute potential, s), atmospheric or gas pressure (called pressure potential, p). 

See, Figure 8.1. 

 

Total Soil water potential (w) = g   +m + s + p   

 

g=  Gravitational potential (+ve value) 

 Determined by the height of water above reference points 

 Water flows downward under gravity 

 

m= Matric potential (–ve value) 

 Determined by the strength of the attraction of water to the soil matrix 

 Most important for unsaturated soil water flow (dry soils) 

 Water flows from zones of wet soils to zones of dry soils  

(Less negative potential to more negative potential) 

 

s = Solute or Osmotic potential(–ve value) 

 Determined by the concentration of solutes/salts in the soils water 

 More negative potential for high solute/salts concentration 

 Water flows from zone of low solute to high solute concentration 

 Most important for root-water interaction 

 

p= Pressure potential(–ve value) 

 Determined by the amount of air pressure imposed on the soil water 

 Usually zero, but there some exceptions as in case of flooded soils and  soil 

with high water-tables (artesian wells) 

 

 
 

Figure 8.1: Relationship between the potential energy of pure water at a standard reference state 

(pressure, temperature, and elevation) and that of soil water 
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8.4 Units of soil water potential 

Soil water potential is expressed in two ways: (i) pF scale and (ii) bar or atmosphere 

 

• pF scale 

The free energy is measured in terms of the height of a column of water required to 

produce necessary suction or pressure difference at a particular soil moisture level. The 

pF, therefore, represents the logarithm of the height of water column (cm) to give the 

necessary suction.Schofield (1935) suggested the use of pF scale, which defined as a 

logarithm of the negative pressure (soil water potential) head in cm of water. A tension of 10 

cm of water = 1 pF; A tension of 1000 cm of water = 3 pF(Table 8.1). 

 

Table 8.1: Relationship between soil moisture tension, soil water potential, height 

of hydraulic head, and pF value 

Soil water 

potential 

(atm/bars) 

Soil moisture 

tension/Suction 

(atm/bars) 

Height of 

hydraulic 

head (cm) 

pF  

value 
Remarks* 

–0.01  

–0.1 

–0.33 

–1.0 

–15.0 

–31.0 

0.01 

0.1 

0.33 

1.0 

15.0 

31.0 

10.2 

102 

337 

1023 

15345 

31713 

1.0 

2.0 

2.52 

3.0 

4.2 

4.5 

At nearly saturated condition 

– 

At field capacity 

– 

At wilting point 

Hygroscopic water 

*pF value of saturated soil = zero, pF value of over dry soil = 7 

 

• Bar or atmosphere 

Average pressure at mean sea level is expressed as units of bar or atmosphere. 

 

1 bar  = 0.9869 atm  1 atm 

 = 14.7 pounds per square inch  

 = 76 cm or 760 mm height of mercury head 

 = 10
5
 Pascals = 10

3
 hectopascals (hPa) = 10

2
 kilopascals (kPa) 

 

 

8.5 Physical classification of soil water 

Soil water categorized into three groups based on water retention to the soil matrix (Figure 8.2):  

(i) Gravitation water, (ii) Capillary water, and (iii) Hygroscopic water.  

 

• Gravitational water 

Soil water that is held at a potential above –0.33 bar is called gravitational water. 

Gravitational water occupies the larger soil pores (macro pores) and moves down readily 

under the force of gravity. Gravitational water is of little use to plant, as it causes poor soil 

aeration. Hence, removal of gravitational water should be advisable for good plant growth. 

 

• Capillary water 

Soil water held in the micropores, between the water potential –0.33 to –31 bar, is called 

capillary water. Capillary water retained on soil particles due to cohesive and adhesive 

forces. Capillary water held so rigidly that gravity force unable to pull it downwards. Part of 

the capillary water is available to the plant root. 
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• Hygroscopic water 

Soil water held at a potential greater than –31 bar, is called hygroscopic water. This water 

is essentially held very rigidly to soil particle in a water vapour form, hence plant root are 

unable to extract it and so, hygroscopic water is of no use to plant. 

 

 

 

 
 

Figure 8.2: Different forms of soil water/soil moisture 

 

8.5 Biological classification of soil water 

There is a definite relationship between moisture retention and its utilization by plants. This 

classification based on the availability of water to the plant, can be divided into three groups. 

 

• Available water  

Available water is defined as the portion of water which is retained in the soil between field 

capacity (−0.33 bars) and the permanent wilting coefficients (−15 bars) or water which lies 

between wilting coefficient and field capacity. Portion of capillary water falls into an 

available water category. 

 

• Unavailable water 

It is defined as the water, which is held at soil water potential lower than−15 bars. This 

includes the entire hygroscopic water plus a part of the capillary water below the wilting 

point. 

 

• Super available or superfluous water  

Soil water held at a potential greater than –31 bars or beyond the field capacity, is called 

superfluous water. Gravitational water falls into a superfluous water category. 
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8.6 Soil moisture constants 

Earlier classification divided soil water into gravitational, capillary and hygroscopic water. The 

hygroscopic and capillary waters are in equilibrium with the soil under given condition. The 

hygroscopic coefficient and the maximum capillary capacity are the two equilibrium points 

when the soil contains the maximum amount of hygroscopic and capillary waters, respectively. 

The amount of water that a soil contains at each of these equilibrium points is known as soil 

moisture constant. 

 

The soil moisture constant, therefore, represents definite soil moisture relationship and retention 

of soil moisture in the field. The three classes of water (gravitational, capillary and hygroscopic) 

are however very broad and do not represent accurately the soil-water relationships that exists 

under field conditions. 

 

• Though the maximum capillary capacity represents the maximum amount of capillary water 

that a soil holds, the whole of capillary water is not available for the use of the plants. 

 

• A part of it, at its lower limit approaching the hygroscopic coefficient is not utilized by the 

plants.Similarly, a part of the capillary water at its upper limit is also not available for the 

use of plants. 

 

Hence, soil moisture constants, viz., field capacity and wilting coefficient have been introduced 

to express the soil-plant-water relationships as it is found to exist under field conditions. 

 

• Soil moisture content and oven dry soil weight 

It indicates the amount of water present in the soil. It is commonly expressed as the amount 

of water (in mm of water depth) present in a depth of one meter of soil. Oven dry soil 

weight (determined by placing soil in oven at 105 

C temperature for 24 hours) is the basis 

for all soil moisture calculations. The equilibrium soil water potential is –10000 bar (or 

water tension of 10000 bar).  

 

• Air dry soil weight 

Soil dried in air, and this value somewhat variable due to moisture in the air fluctuates. 

Water (or moisture) held at a potential of –1000 bar (or water tension of 1000 bar). 

 

• Hygroscopic coefficient 

Hygroscopic coefficient can be determined by keeping an air-dried soil in a nearly saturated 

atmosphere at 25 

C temperature until soil absorbs no more water. The soil water (moisture) 

potential at this point is –31 bar (or water tension of 31 bar). Plant cannot use the moisture 

at hygroscopic coefficient, but certain microorganisms are able to utilize this moisture. 

 

• Wilting coefficient or Permanent wilting point (PWP) 

Water or moisture held to the soil particle at water potential less than –15 bar, and it is held 

so rigidly that plants‟ roots cannot use it, is termed at wilting coefficient. At water potential 

less than –15 bar, plant starts to wilt and it does not recover it turgidity inspite of addition 

of water, so the situation is called permanent wilting point. Wilting coefficient and PWP 

both indicates the low moisture availability in soil for the plants. 

 

• Field capacity (FC) 

The capacity of soil to retain water (moisture) against downward pull of gravity, and water 

(moisture) held at water potential between–0.33 and –15 bar, is called as field capacity.At 

field capacity, the water and air contents of the soil are considered to be ideal for crop 

growth. 



64 

 

• Saturation 

When all the soil pores (both, macro and micro) are filled with water, the soil is said to be 

saturated. At saturation, no air is present and the plant will suffer. Many crops cannot 

withstand saturated soil conditions for a period of more than 2-5 days, hence required proper 

drainage is necessary. In coarse-textured (sandy) soils, drainage is completed within a 

period of few hours. In fine textured (clay) soils, drainage may take some 2-3 days. 

 

The types of water and their corresponding soil water potential, soil moisture constants are 

shown in Figure 8.3. 
 

 
 

Figure 8.3: (A) Type of soil water, the moisture constants, the corresponding soil water 

potential, (B to E) the amount of average pore space, and (F) water films. 

 

 

8.7 Soil moisture energy curve or soil moisture retention curve 

The relationship between soil water tension and moisture content of three soils of different 

texture is shown in Figure 8.4. The curves indicates a gradual decrease in tension with increased 

soil water and vice-versa. The clay soil holds much more water at a given tension level than does 

loam or sand. Likewise, at a given moisture content, the water is held much more tenaciously in 

the clay as compared to the other two soils. As it can been see, much of the water held by clay 

soils in the field is held so tightly that it cannot be removed by growing plants. In any case, the 

influence of texture on soil moisture retention is obvious. 

 

The soil structure also influences its soil moisture-energy relationships. A well-granulated soil 

has more total pore space than has a similar soil where the granulation has been destroyed and 
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the soil has become compacted. The reduced pore space may be reflected in a lower water-

holding capacity. The compacted soil may also have a higher proportion of small and medium-

sized pores, which tend to hold the water with a greater suction/tension than do the larger pores. 

 

 
Figure 8.4: Soil moisture tension curves for three representative mineral soils 

 

Hysteresis 

An interesting phenomenon occuring when soils are alternately wetted and dried is illustrated in 

Figure 8.5. The upper solid line is termed as the desorption curve develops due to drying of a 

saturated soil. The lower dotted line is termed as sorption curve develops due to wetting an 

initially dry soil. The difference between the two curves is due to the phenomenon of hysteresis 

resulting from the presence of entrapped air in such soils. 

 

Hysteresis phenomenon exists in soil minerals as a consequence of shrinking and swelling. This 

phenomenon is caused by number of factor such as shape and size of soil pores and their 

interconnectiion with other other, pore configuration, nature of soil colloids including both clay 

and organic colloids, bulk density of soil and entrapped air, etc. 

 

8.8 Entry of water into soil 

• Infiltration 

The downward entry or movement of water into the soil surface is called infiltration. 

Infiltration is a surface characteristic so primarily influenced by the condition of the surface 

of soil. A compact surface permits infiltration. Soil surface with vegetative cover have more 

infiltration rate than bare soils. Warm soils absorb more water than cold one. Coarse surface 

texture (Sandy), granular structure and high organic matter content in surface soil, all help to 

increase infiltration. Infiltration rate is comparatively lower in wet soils than dry soils. An 

infiltration rate of 15 mm hr
–1

 means a water layer of 15 mm on the surface of the soil will 

take one hour to infiltrate. Infiltration rate is comparatively lower in wet soils than dry soils. 
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• Percolation 

The movement of water through a column of soil is called percolation. It is important for 

two reasons (i) this is the only source of recharge of ground water which can be used 

through wells for irrigation (ii) percolating waters carry plant nutrients down and often out 

of reach of plant roots (leaching). Percolation is dependent of rainfall. In dry region, it is 

negligible and under high rainfall it is high. Sandy soils have greater percolation than clayey 

soil. Vegetation and high water table reduce the percolation loss. 

 

• Permeability 

Permeability indicates the relative ease of movement of water within the soil. The 

characteristics that determine how fast air and water move through the soil are known as 

permeability. The term hydraulic conductivity is also used which refers to the readiness 

with which a soil transmits fluids through it. The permeability is basically dependent on the 

pore-size distribution in the soil. The macro pores increases the permeability. The 

permeability of soil usually decreases with depth, as the sub-soil layers are more compact 

reduces the macro pores. More content of organic matter and vegetation increase 

permeability. Normally, permeability decreases with increasing fine texture, but the extent 

of aggregation in fine-textured (clay) soils may override the effects of texture. If irrigation 

water is high in sodium content, it would cause dispersion of soil (soil becomes compact) 

and thus reduce permeability. 

 

• Drainage 

The purpose of drainage is to remove the excess water from the soil ensure proper soil 

aeration. When soil gets saturated with water, the entire pore space is occupied by water and 

soil aeration is cut off. Also, water ponded at soil surface cuts off gaseous exchange 

between atmospheric and soil air even if there are enough air-filled pores in the soil below. 

Draining out the excess water to create air porosity creates soil condition favorable for soil 

aeration.  

 

Drainage is of two type‟s viz., (i) surface drainage: To ensure adequate soil aeration, the 

ponded water must be removed through gravity flow or pumping out and (ii) sub-surface 

drainage:  In order to ensure adequate soil aeration and prevent soil salinization, water table 

must be kept below a certain level. 

 

8.8 Soil-water movement 

Three types of water movement within the soil are recognized: (i) saturated flow, (ii) unsaturated 

flow, and (iii) water vapour movement. 

 

• Saturated flow of water: Condition of soil, when all large and small pores are filled with 

water is called saturated. Saturated flow takes place when the soil is saturated. The direction 

of flow is from a zone of higher moisture potential to a lower moisture potential. Generally, 

water percolates down (vertically) into the lower layers. But,horizontal flow also occurs 

with very less rapidly in comparison to vertical flow. Horizontal movement is much more 

evident in the clay soil, whereas vertical movement is much more evident in sandy loam. 
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• Unsaturated flow of water: Soil wherein the pore spaces contain air as well as water 

(macro pores filled with air, and micro pores with water + air) is called unsaturated soil, and 

unsaturated flow of water occurs where the soil pores are not completely saturated with 

water. Water movement under such conditions is relatively very slow compared to that of 

saturated flow. Water movement is from a zone of low suction (thick moisture film) to one 

of high suction (thin moisture film). The prominence of finer (capillary) pores in the clay 

soil encourages more unsaturated flow than in the sand.   

 

• Water vapour movement: There are two type of water vapour movement: (a) internal 

movement, the change from the liquid to the vapour state takes place within the soil, that is, 

in the soil pores, and (b) external movement, occurs at the land surface and the resulting 

vapour is lost to the atmosphere by diffusion and convection (surface evaporation).  

 

Saturated water flow Unsaturated water flow 

• Most pores are filled with water 

 

• Soil water at zero bar tension 

 

• Driving force is positive pressure 

potential 

 

• Most water is unavailable to plants under 

saturated condition 

 

• Hydraulic conductivity under saturated 

condition 

Is: Sand> loams> clay 

• Pores are filled with water and air  

 

• Soil water at higher tension 

 

• Driving force is negative pressure 

potential 

 

• Plant will take water mostly held under 

unsaturated condition 

 

• HC in unsaturated condition is:                       

Clay > loams > sands 

 

8.9 Soil moisture determination 

Four methods of soil moisture determination are described here: Gravimetrically, using soil and 

water weight; by Tensiometer, which measure soil sorption forces directly; by Bouyoucos 

moisture block, which relates electrical conductivity to moisture content; and by Neutron probe, 

in which emitted neutrons are deflected by water‟s hydrogen ions, giving a measure of water 

concentration by relating it to the number of deflected neutrons counted.    
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CHAPTER 9: SOIL  AIR AND SOIL TEMPERATURE 

 

9.1 Soil air / soil aeration 

Soil is a three-phase, porous media, composed of solids, liquids, and gases.Soil air can 

be defined as the air that fills the soil pore spaces not occupied by water. That is the 

gaseous phase of the soil not occupied by solid or liquid. 

 

“Soil aeration is the ability of soil (depends of type and amount of pore 

spaces) to exchange of carbon dioxide and oxygen gases (or other gases) 

with the atmosphere”.  

 

Many biological and chemical processed are influenced or controlled by aeration, such 

as root growth, microbial activity, and transformation of nutrient elements and toxic 

chemicals, hence soil aeration is an important physical property to understand. 

 

9.1.1 Gaseous composition of soil air 

The soil air comprises with many gases likes oxygen (O2), nitrogen (N2), carbon dioxide (CO2), 

water vapour, etc. Gaseous composition of soil air is quite similar to that of atmospheric air, but 

the content of CO2 in soil air more than atmospheric air (Table 9.1). 

 

Table 9.1: Gaseous composition of soil and atmospheric air 

Gas 
Percent distribution 

Soil air Atmospheric air 

Oxygen 

Nitrogen 

Carbon dioxide 

<20 

78 

0.50 

21 

78 

0.03 

 
Soil air is consistently lower in oxygen. The oxygen content may be only slightly below 20% in 

the upper layers of a soil. Wet soils typically have low oxygen contents. Once the supply of 

oxygen is virtually exhausted, the soil environment becomes anaerobic. Drastic reductions in the 

oxygen content of soil air may occur following a heavy rain. 

 

Carbon dioxide typically increases in soil air. Carbon dioxide may become toxic to plants when 

it is as high as 10% in soil air. 

 

Soil air is usually higher in water vapour than in the atmosphere. Under waterlogged conditions, 

the concentrations of methane (CH4), and hydrogen sulphide (H2S) are particularly higher in soil 

air. Ethylene (C2H4) gas, a product of anaerobic microbial metabolism is toxic to plant roots, 

even in very small concentrations 

 

9.1.2 Mechanisms for soil aeration  

• Mass flow 

This mechanism is dependent upon overall pressure gradients and is thus affected by soil 

water content, wind, and changes in barometric pressure. With rain and irrigation, soil air 

moves out; while with transpiration and evaporation, soil air enters into soils. Soil 

temperature plays important role mass flow of gaseous exchange 
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• Diffusion 

Gases moves in the direction determined by its partial pressure. Consequently, the higher 

concentration of oxygen in the atmosphere will result in a net movement of this particular 

gas into the soil. Carbon dioxide and water vapour normally move in the opposite direction, 

since the partial pressure of these two gases are generally higher in the soil air than in the 

atmosphere (Figure 9.1). 

 

 
 

Figure 9.1: Diffusion mechanism of gases exchange between soil and atmospheric air 

 

9.1.3 Influence of soil air on plant growth 

• Plant and root growth: When the supply of oxygen is inadequate, the plant growth either 

retards or ceases completely as the accumulated CO2 hampers the growth of plant roots. 

• Microorganism population and activity: The deficiency of air (oxygen) in soil slows down 

rate of microbial activity, decomposition of organic matter, nitrification, sulphur oxidation. 

• Formation of toxic material: Poor aeration results in the development of toxin and other 

injurious substances such as ferrous oxide, H2S gas, CO2 gas etc. in the soil. 

• Water and nutrient absorption: A deficiency of oxygen has been found to check the 

nutrient and water absorption by plants.  

• Development of plant diseases:  Insufficient aeration of the soil also lead to the 

development of diseases. e.g.wilt of arhar and gram, dieback of citrus and peach. 

 

9.1.4 Factors for poor soil aeration  

• This refers to a condition in which the availability of oxygen in the root zone is insufficient 

to support optimal growth of most plants and aerobic microorganisms. 

• Poor aeration becomes a serious impediment to plant growth when more than 80-90% of the 

soil pore space is filled with water, leaving less than 10-20 % of the pore space filled with 

air. 

• The high soil water content not only leaves little pore space for air storage but, more 

important the water blocks the pathways by which gases could exchange with the 

atmosphere. The soil is said to be water saturated or waterlogged when all or nearly all of 

the soil pores are filled with water. Such conditions occur naturally in wetlands. 

• Plants adapted to grow in waterlogged soils are known as hydrophytes (water-loving plants), 

e.g., grasses and rice. Respiration is via hollow structures in their stems and roots known as 

aerenchyma tissues. 

 

When oxygen becomes depleted, soil conditions are said to be anaerobic. Methane, hydrogen 

sulphide, and ethylene are often evolved under these conditions. 
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9.2 Soil temperature and soil heat  

Soil temperature is one of the most important soil properties that affect crop growth. Soil 

temperature controls the microbial activity and other plant growth process.  It has been found 

that the decomposition of organic matter and mineralization of organic form of nitrogen 

increases with temperature. The soil colour, composition, and the water content in soils influence 

soil temperature. Dark and fine textured soil absorb more heat during the day and lost it during 

night more rapidly that coarse-textured soils, because later retain more water and the specific 

heat of water are 4-5 times more than that of soil particles. 

 

9.2.1 Importance of soil temperature 

• Soil temperature directly associated with plant growth directly. Most crops practically slow 

down their growth at soil temperature >9 C and <50 C. 

• Most soil organisms function best at an optimum soil temperature of 25-35 C. 

• The optimum soil temperature for nitrification (mineralization process) is about 32 C. 

• Soil temperature influences soil moisture content, aeration and plant nutrients. 

 

9.2.2 Sources of soil heat 

• Solar radiation: The main source of soil heat is the energy of sun‟s rays (radiant energy) 

that reach the earth after they pass through the atmosphere. The exposure of the earth to the 

heat of the sun warms the surface of the soil. 

 

• Biochemical reactions: Microbial and other biochemical reactions in soil generally 

liberates the heat. Likely, decomposition of organic matter and crop residues in the soil 

released heat to soil, increases soil temperature. 

 

• Conduction: Transfer of subsoil heat to surface soil. The interior of the earth is very hot, 

the conduction of this heat to the soil is very slow. Generally, during night, the surface soil 

becomes cooler than subsurface soil. Thus, heat flows from subsoil (warm layers) to soil 

(cooler layers). 

 

• Rain: The occurrence of rain during the winter months may raise the temperature of the 

soil. 

 

9.2.3 Factros affecting soil heat absorption and loss 

• Slope: If the incoming path of the rays is perpendicular to the soil surface energy absorption 

is greater than to the sloping surface, receiving the rays.The southern slope received more 

solar radiation per unit area than north facing slope. Therefore, the temperature of soil on 

southern exposure always higher than north-exposed soils. 

 

• Vegetative cover: Acts as insulating layer, prevent heat loss as well as protect from direct 

sun rays heating. 

 

• Albedo/reflectivity of soil surface: Dark soil (clay or high OM soil) less reflection than 

light coloured soil (sandy soil). 

 

• Colour of the soils: Dark coloured soils absorbed more radiant energy than lighter coloured 

soils. This does not mean that dark soils are always warmer. In fact, dark soil usually are 

rich in organic matter and hold large amount of water, which requires comparatively more 

energy to be warmed. 
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• Amount of soil moisture: Presence of large amount of water in soil tends to stabilize the 

temperature due to high specific heat of water. Hence dry soil surface warms up rapidly than 

that of moist soils (clayey soils). Whereas, heat losses from dry soils (sandy soils) is quicker 

than moist/clayey soils 

 

9.2.4 Soil thermal properties 

• Specific heat (Mass specific heat) 
The amount of heat (in calories) required to raise the temperature of one gram of substance 

by 1 C is called specific heat.  The specific heat of water = 1 cal g
−1

, mineral soils = 0.18-

0.20 cal g
−1

 and organic soils = 0.50 cal g
−1

. It implies that one calorie of heat raises the 

temperature of water by 1 C; the same calorie of heat raises the temperature of soil by 5 C 

and of organic matter by 2 C. The specific heat of soil increases with increase in moisture 

content. Thus, wet soil is cold while light/dry soil which hold less water warm up much 

more quickly. 

 

• Heat capacity (volume specific heat) 

Heat capacity of a given material = specific heat  mass. It is the amount of heat required to 

raise the temperature of one cubic centimetre substance by 1 C. Most soils have a heat 

capacity in the range of 0.30-0.60 cal cm
−3

.  

 

• Thermal conductivity and thermal diffusivity 

The flow of the temperature in the soil is expressed asthermal conductivity. It is defined as 

the quantity of heat transmitted through unit length of substance per unit cross section, per 

unit temperature gradient per unit time.  

  

The change in soil heat per unit time (dQ/dt) flowing into or out of soil depends on the 

temperature gradient (dT/dz) in the soil, and the thermal conductivity (K), for a given soil 

can be given by: 

  

  
  

 

  

   

   
 

 

Where,  K = thermal conductivity expressed in J C
−1

 cm
−1

 sec
−1

 

z = temperature gradient in soil 

c = specific heat of soil 

 = density of soil 

K/c = thermal diffusivity, expressed in cm
2
 sec

−1
 

 

Thermal conductivity varies with porosity, moisture content and organic matter content of 

soil. In moist soil, with higher thermal conductivity heat flows into lower layers and surface 

temperature is therefore low. Tillage improves porosity and decrease thermal conductivity 

resulting in higher surface temperature. 

 

Thermal diffusivity is the ratio of the thermal conductivity to volume specific heat. The 

thermal diffusivity of soil may either increase of decrease with increasing moisture content 

since K, density (), and specific heat (c) all increase with it. It increased exponentially with 

the increasing bulk density, heat capacity, and the degree of saturation with soil moisture. 
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CHAPTER 10: SOIL COLLOIDS 

 

10.1 Soil colloids – definition 

Thomas Graham (1861) coined the term „colloid‟ (Greek Kolla = glue eidos = like). In atrue 

solution as sugar or salt in water, the solute particles are dispersed in the solvent as 

singlemolecules or ions.  

 

The colloidal state refers to a two-phase system in which one material(s) in a very finely divided 

state is dispersed through second phase.The examples are:(i) Solid in liquid i.e., clay in water 

(dispersion of clay in water), (ii)Liquid in gas i.e., Fog or clouds in atmosphere.  

 

Hydrated aluminosilicate secondary minerals with particle size less than 0.002 mm in diameter 

are clay minerals. The clay fractions in soils are of less than 0.002 mm in size. By definition, 

particles less than 0.001 mm size possess colloidal properties and are known as soil colloids, 

and hence most clay fractions exhibits colloidal properties. The individual particle of a colloid 

is called micelle or micro cell.  

 

10.1.1 Nature and general properties of soil colloidal particles 

• Size of colloidal particle 
The most important common property of most colloids is their extremely small size. They 

are too small to be seen only with an electron microscope. Most are smaller than 2 m 

(0.002 mm) in diameter.  

 

• Surface area of colloidal particle 
Because of their smaller size, all soil colloids expose a large external surface per unit mass. 

The external surface area of 1 g of colloidal clay is at least 1000-times than that of 1 g of 

coarse sand. Some colloids, especially certain silicate clays have extensive internal surfaces 

as well. These internal surfaces occur between plate like crystal units that make up each 

particle and often greatly exceed the external surface area.  

 

• Brownian movement 
When a suspension of colloidal particles is examined under a microscope, the particles seem 

to oscillate. The oscillation (zig-zag motion) is due to the collision of colloidal particles or 

molecules with those of the liquid in which they are suspended. Soil colloidal particles in 

water are always in a constant state of motion. The smaller the size of colloidal particle, the 

more is the rapid brownian movement.  

 

• Surface charges 
Soil colloidal surfaces (both external and internal surfaces) characteristically carry negative 

and/or positive charges and for most soil colloids, electro negative charges predominate.The 

negative electrical charge on clays originates through either ionizable hydrogen 

ions/exposed crystal edges or isomorphism substitution. 

 

• Adsorption of cations 

Surface adsorption is very large when large amount of colloidal materials are present in a 

substance, because of having large surface area contributed by its presence. Since, soil 

colloids possess negative charge; they attract the positive charged ions to the colloidal 

surfaces. Adsorption of ions is governed by the type and nature of ion and type of colloidal 

particles. The higher the valence of cations, the more strongly adsorbed it is. A hydrogen 

(H
+
) ion behaves as a polyvalent and hence it is adsorbed on the surfaces of colloids more 
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strongly than other divalent cations like Ca
2+

. Among the clay minerals, kaolinitic clay has a 

greater anion e.g., phosphate adsorbing capacity than montmorillonitic or illitic clay. 

 

• Adsorption of water 

In addition to the adsorbed cations, a large number of water molecules are associated with 

soil colloidal particles. Some are attracted to the adsorbed cations, each of which is 

hydrated; others are held in the internal surfaces of the colloidal particles. These water 

molecules play a critical role in determining both the physical and chemical properties of 

soil.  

 

• Cohesion and adhesion 

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. This tendency is 

primarily due to the attraction of the clay particles for the water molecules held between 

them. When colloidal substances are wetted, water first adheres to the particles and then 

brings about cohesion between two or more adjacent colloidal particles. 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.  

 

• Swelling and shrinkage 

Some clay (soil colloids) such as smectites swell when wet and shrink when dry. After a 

prolonged dry spell, soils high in smectites (Vertisols) often are characterized by wide, deep 

cracks, which at first allow rain to penetrate rapidly. Later, because of swelling, such soil is 

likely to close up and become much more impervious than soil that dominated by other clay 

minerals such as kaolinite, chlorite, or fine grained micas.  

 

• 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 lose their charge, or if the magnitude of the charge is 

reduced, the particles coagulated, form flocs or loose aggregates, and settle down. This 

phenomenon of 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. E.g., 

clay suspension is coagulated by the use of aluminium (Al
3+

). This condition is generally 

beneficial in relation to agriculture since it is the first in the formation of stable aggregates 

or granules. The ability of common cations to flocculate soil colloids is in the order of: Al 

>Ca = H >Mg >K >Na. In soils of humid and sub-humid regions, the colloidal complexes 

are dominated by Al, H, and Ca and these ions encourage flocculation and consequently 

they help to form aggregates. Whereas, in soils of arid regions, Na ions have become 

dominate on the exchange complex and thereby poor physical condition of the soil resulting 

from the dispersion of the soil colloids which is not desirable. 

 

• Tyndall effect/scattering 
Scattering of light by particles in a colloid or suspension is known as Tyndall effect or 

Tyndall scattering. When a strong beam of light is passed through a colloidal solution, the 

path of the light becomes visible. It is observed when the particles are larger than the 

wavelength of visible light. The intensity of Tyndall scattering increases with increase in 

the size of colloidal particles as well as the concentration. 

 

• Non permeability 

Colloids, as opposed to crystalloid, are unable to pass through a semi-permeable membrane. 

Even though the colloidal particles are extremely small, they are bigger than molecules of 
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crystalloid dissolved in water. The membrane allows the passage of water and of the 

dissolved substance through its pores, but retains the colloidal particles. 

 

10.2 Types of soil colloids 

Except sand fraction, all soils contain particles of colloidal size. Soil colloids are chemically 

active portion of soil. They are classified as: 

 

 
 

10.2.1 Inorganic colloids – Silicate clay minerals 

The most important silicate clays are known as phyllosilicates (Gr. phullon, leaf), meaning a 

leaf-like or platelet structure. They are characterized by alternating sheets comprised of planes of 

mineral cations surrounded and linked together by planes of oxygen and hydroxyl anions 

(Figure 10.1 and 10.2). One type of sheet is dominated by silicon, and the other by aluminum 

and/or magnesium. Comparative properties of silicate clay minerals are given in Table 10.1. 

On the basis of number and arrangement of silica sheet (tetrahedral) and alumina-magnesia sheet 

(octahedral), silicate clays may be classified into several groups as under:  

 

A. 1:1 type minerals  

B. 2:1 expanding and non-expanding type minerals  

C. 2:1:1 or 2:2 type minerals 

 

• Silica Tetrahedral sheet: is the basic building block for the silica-dominated sheet, is a unit 

composed of one silicon atom surrounded by four oxygen atoms, which gives four-sided 

configuration. An interlocking array or a series of these silica tetrahedrons tied together 

horizontally by shared oxygen anions gives a silica tetrahedral sheet(Figure 10.1).  

 

  

(a) (b) 

Figure 10.1:(a)Si-tetrahedron unit and (b)Si-tetrahedral sheet 
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• Alumina Octahedral sheet: is a unit composed of an aluminum (or magnesium) ion 

surrounded by six oxygen or hydroxyl atoms, gives an eight sided building block structure. 

Numerous octahedrons linked together horizontally make the octahedral sheet. An 

aluminium dominated sheet is known as a dioctahedral sheet, whereas one dominated by 

magnesium is called a trioctahedral sheet. The distinction is due to the fact that two 

aluminium ions in a dioctahedral sheet satisfy the same negative charge from surrounding 

oxygen and hydroxyls as three magnesium ions in a trioctahedral sheet (Figure 10.2). 

 

 

 

(a) (b) 

Figure 10.2:(a)Al- or Mg-octahedron unit and (b)di- or trioctahedral sheet 

 

(A) 1:1 type minerals 

The layers of the 1:1-type minerals are made up of one tetrahedral (silica) sheet combined with 

one octahedral (alumina) sheet, hence the termed as 1:1-type crystal (Figure 10.3). In soils, 

kaolinite is the most prominent member of this group, which includes halloysite, nacrite, and 

dickite. 

 

  

Figure 10.3Structure of kaolinite (1:1 layer silicate) mineral 

 

The tetrahedral and octahedral sheets in a given layer of kaolinite are held together by oxygen 

anions, which are mutually shared by the silicon and aluminum cations in their respective 

sheets. These layers, in turn, are held together by hydrogen bonding.  

 

Consequently,  

• The lattice (framework of Si- and Al-sheets) is fixed  

• No expansion ordinarily occurs between layers when the clay is wetted  

• Cations and water do not enter between the structural layers of the particle  

• The effective surface of kaolinite is thus restricted to its external surface area 

• Also, there is little isomorphic substitution in this mineral 
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(B) 2:1 type minerals 

The crystal units (layers) of these minerals are characterized by an octahedral sheet sandwiched 

between two tetrahedral sheets(Figure 10.4). Three general groups have this basic crystal 

structure. Two of them, smectiteand vermiculiteare expanding-type minerals. While the 

third,fine-grained micas (illite)is nonexpanding. 
 

  

Figure 10.4:Structure of 2:1 type mineral 

 

• (i)  Expanding 2:1 type mineral 

The smectite groupincludes montmorillonite, beidellite, nontronite, 

and saponite. It is noted for interlayer expansion, occurs by swelling 

when the minerals are wetted, the water entering the interlayer space 

and forcing the layers apart. Montmorillonite is the most 

prominentmember of this group in soils.  

 

The flake-like crystals of this mineral are composed of 2:1-type 

layers, as shown in Figure 10.4.These layers are loosely held together 

by very weak oxygen-oxygen and cation-oxygen linkages. 

Exchangeable cations and associated water molecules are attracted 

between layers (interlayer space), causing expansionof crystal lattice. 

Consequently, 

 

 Smectite crystals much smaller than the average kaolinite. 

 They are unstable under high pH and high soil moisture. 

 Very large internal surface, exceeds the external surface area of these minerals.  

 Specific surface area (i.e., external and internal) of montmorillonite is700-800 m
2
g

–1
. 

 Smectites shows a high cation exchange capacity, ~10-15 times than that of kaolinite.  

 Smectites also are noted for their high plasticity and cohesion 

and their high shrinkage on drying. Wide cracks commonly 

form as soils dominated by smectites are dried. 
 

 

Vermiculites have structural characteristics similar to those of the 

smectite group. Vermiculites are moderately expanding 2:1 type 

mineral and have following properties. 

 

 More structured, limited shrinking-swelling. 

 Larger cation adsorption → Isomorphic substitution in both 

layers, even more than montmorillonite. 

 Very high negative charges in the tetrahedral sheet. 
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 Vermiculite crystal are larger in size than montmorillonite, but smaller than those of 

kaolinite. 

 Stable under moderate to low soil pH, High in Mg and Fe content. 
 

• (ii) Non-expanding 2:1 type mineral 
Micasare the type minerals in this group. Muscovite and biotite 

are examples of micas often found in sand and silt separates. 

Minerals similar in structure to these micas found in the clay 

fraction of soils, are called fine-grained micasor illite. 

 

Like smectites, fine-grained mica or illite has a 2:1-type crystal. 

The particles are much larger than smectites, and the major source 

of charge is in tetrahedral rather than octahedral sheet. About 20% 

of the tetrahedral silicon sites are occupied by aluminum atoms. 

This results in a high net negative charge in the tetrahedral sheet, 

even higher than that found in vermiculite. To satisfy this charge, 

potassium ions in the interlayer space are strongly attracted and 

are just the right size to fit comfortably into certain spaces in the 

adjoining tetrahedral sheets. The potassium thereby acts as a binding agent, preventing 

expansion of the crystal. Hence, fine-grained mica or illite is non-expansive type mineral.  

 

Consequently, the properties as hydration, cation adsorption, swelling, shrinkage, and 

plasticity are much less in fine-grained micas than smectites. In size,also, fine-grained mica 

crystals are intermediate between the smectitesand kaolinites. 

 

(C) 2:1:1 or 2:1 or 2:2 type minerals 

This silicate group is represented by chlorite minerals. Chlorites are 

basically ferro-magnesium silicates with presence of aluminum. In 

chlorite clay crystal, 2:1 layersare alternate with a magnesium-

dominated trioctahedral sheet, giving a 2:1:1 ratio.Thus, the crystal unit 

contains two silica tetrahedral sheets and two magnesium-dominated 

trioctahedral sheets, giving rise to the term 2:1:1- or 2:2-type structure. 

 

 The cation exchange capacity of chlorites is similar to illite, and 

less than smectites orvermiculites.  

 

 Particle size and surface area of chlorite crystal also same as of 

illite. There is no water adsorptionbetween the chlorite crystal 

units, which accounts for the non-expansive nature of this mineral. 
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Table 10.1 Comparison between different inorganic silicate clay minerals 

Property Kaolinite Montmorillonite Illite 

Structure 
1:1 (Tetra-Octa) 

No substitution 

2:1 (Tetra-Octa-Tetra) 

Substitution in Octahedral 

sheet by Mg of Fe 

2:1 (Tetra-Octa-Tetra) 

Substitution in Tetrahedral 

sheet by Al 

Shape and 

Size () 

Hexagonal Crystal 

0.1-5.0 

Irregular Flakes 

0.01-1.0 

Irregular Flakes 

0.1-2.0 

Layer Bonding 
Hydrogen bonding 

(Strong) 

O – O or O – Cation 

Van Der Waals (Weak) 

Potassium ion 

(Strong) 

–ve Charges; CEC 

(meq 100 g
–1

) 

Low –ve charge  

CEC, 3-15 

Highest –ve charge 

CEC, 80-100 

Moderate –ve charge 

CEC, 15-40 

Swelling Very little High/Moderate Low 

Surface Area 

(Total; m
2
 g

–1
) 

No internal surface area. 

Only External surface 

5-20m
2
 g

–1
 

Very high 

(Internal and External) 

700-800m
2
 g

–1
 

Medium 

(External) 

100-120m
2
 g

–1
 

 

10.2.2 Sources of negative charges on silicate clays 

The negative electrical charge on silicate clays comes through the process called: (i) Ionizable 

hydrogen ions/exposed crystal edges, and (ii) Isomorphism substitution 

 

• pH dependent charges 

This involves the unsatisfied negative charges associated with 

oxygen and hydroxyl groups exposed at the broken edge and flat 

external surfaces of minerals such as kaolinite. The O and OH 

are attached to silicon and aluminum ions within their respective 

sheets. Ionizable hydrogen ions are hydrogen from hydroxyl 

ions on clay surfaces. At pH 7 or higher, the −Al−OH or 

−Si−OH portion of the clay ionizes the H-ion and leaves an 

unneutralized negative charge on oxygen (−Al−O−, −Si−O). 

 

–SiOH + OH
–
 –SiO

–
 + H2O 

–AlOH + OH
–
 –AlO

–
 + H2O 

 

The extent of ionized hydrogen depends on solution pH; more ionization occurs in more 

alkaline (basic; pH 7 or higher) solutions, hence also called pH-dependent charges. The 

magnitude of this pH dependent negative charges varies with the types of colloid. This type 

of charge is predominant in the organic colloids, due to larger functional groups like 

carboxyl, phenolic, and hydroxyl.  

 

Low pH value (Acidic) +ve charge forms  Anion adsorption 

High pH value (Alkaline)  −ve charge forms  Cation adsorption 

 

• Isomorphous substitution 

The second source of charge on clay particles is due to the substitution of one ion for 

another of similar size and often with lower positive valence. In clay structures, certain ions 

fit into certain mineral lattice sites because of their convenient size and charge.  

 

Dominantly, clays have Si
4+

 in tetrahedral sites and Al
3+

 in octahedral sites, can be replaced 

by other ions present in large amounts during clay crystallization (Figure 10.5). 

Substitutions that are common are the Si
4+

 replaced by Al
3+

, and even more extensive 
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replacement of Al
3+

by one or more of these: Fe
2+

, Mg
2+ 

or Zn
2+

. Since, the total negative 

charge from the anions (the oxygen) remains unchanged, the lower positive charge because 

of substitution results in an excess negative charge at that location in the structure. These 

charges are pH independent. 

 
Tetrahedral Sheet    Tetrahedral Sheet  

(No substitution)     (Al substituted Si) 

Si2O4 (+8 and 8 charges)   SiAlO4

(+7 and 8 charges) 

(No charge)     (One excess –ve charge) 

(a) 

 
Octahedral Sheet     Octahedral Sheet  

(No substitution)     (Mg substituted Al) 

O
2 

Al
+3

 OH

 (+3 and 3 charges)  O

2 
Mg

+2
OH


 (+2 and 3 charges) 

(No charge)     (One excess –ve charge) 

 
(b) 

Figure 10.5 Isomorphous substitution in (a)tetrahedral and (b) octahedral sheet 

 

10.2.3 Inorganic colloids – Sesquioxides clays 

Hydrous oxides of Iron and Aluminium (sesquioxides clays) 

The Latin word „sesqui‟ means one and one-half times; meaning one and one-half times more 

oxygen than Al and Fe. 

 

These type of clay minerals are present in red and yellow soil of tropical and sub-tropical 

regions. The sesquioxides (metal-oxides) are mixtures of aluminium hydroxide, Al(OH)3, and 

iron oxide, Fe2O3, or iron hydroxide, Fe·(OH)3.Examples of iron and aluminium oxides common 

in soils are gibbsite (Al2O3·3H2O) and goethite (Fe2O3·H2O).These clays may be amorphous or 

crystalline and do not swell.They are not sticky and have high phosphorus adsorption capacity. 

 

Inorganic colloids – Allophane and other amorphous minerals 

These silicate clays are mixtures of silica and alumina. They are amorphous (non-crystalline) in 

nature. Typically, these clays occur where large amount of weathered products existed.  

 

 These clays are common in soils forming from volcanic ash (e.g., Allophane).  

 These clays have high anion exchange capacity or even high cation exchange capacity. 

 Almost all of their charge is from accessible hydroxyl ions (OH
−
). These clays have a 

variable charge that depends on H
+
 in solution (soil acidity; pH dependent charge).  

 

10.2.4 Organic soil colloids – Humus 

Humus is a product of decomposition of plant and animal residues which is fairly stable, 

amorphous, dark brown to black, nearly insoluble in water, but mostly soluble in dilute alkali 

solutions.So, humus are referred as organic soil colloids, and they have following properties. 
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 Humus arenon-crystalline minerals and found in nearly all soils. 

 Humus are non-crystalline colloids dominated by long carbon-chain molecules bonded with 

hydrogen, oxygen and nitrogen.  

 Very high capacity to adsorb water. 

 High amounts of both −ve and +ve charges (pH dependent), but net charge is always −ve. 

 The –ve charges on humus are associated with partially dissociated alcoholic (−OH), 

carboxyl (−COOH), and phenolic groups (Figure 10.6). 

 Organic colloid exhibits 5-7 folds higher adsorption of water and cations than inorganic 

colloids. 

 

 

Figure 10.6: Organic humus molecule 

 

10.3 Ion exchange  

Each colloid (both inorganic and organic) possess a net negative charge and this means it can 

attract and hold positively charged ions such a potassium, sodium, hydrogen, calcium and 

magnesium. Ion exchange is defined as a reversible process by which cations and anions are 

exchange between solid and liquid phases, and between solid phases, if they are in close contact 

with other(Figure 10.7). The exchange of cations and anions, the term is used as cation 

exchange and anion exchange, respectively. 

 

 

 

Figure 10.7: Ion exchange between solid phases (roots, clay particles) and liquid phase (soil 

solution), and between solid phases. 

 

 Most cations are → Ca
2+

, Mg
2+

, H
+
, Na

+
, NH4

+
 

 In strong acid soil → Al(OH)2
+
 

 In Alkali soil → Na
+
 

 Dominant Anions →  SO4
2–

 , Cl
–
 , HCO3

 –
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The ion exchange properties of a soils is entirely due to the clay and silt fractions, and the 

organic matter. Negatively charged colloids attract cation and hold them like a magnet holds 

small pieces of metal. This characteristic explains:why does nitrate-N (NO3
–
) more easily leach 

from the soil than ammonium-N (NH4
+
)? Nitrate has a negative charge like soil colloids, so 

nitrate is not held by the soils, but remains as a free ion in soil water to be leached through the 

soil profile especially under rainfall conditions. 

 

10.3.1 Cation exchange or base exchange 

In a near neutral soil, Ca
+2

 is remaining adsorbed on colloidal particle. H
+
 ion generated as 

organic and mineral acid formed due to decomposition of organic matter. In colloid, H
+
 ion is 

adsorbed more strongly than is the Ca
+2

. The reaction is as follow: 

 

 
 

This phenomenon of the exchange of cations between soil and salt solution is known as cation 

exchange or base exchange and the cations that take part in this reaction are called 

exchangeable cations. Thompson and Way (1892) first recognized cation exchange 

phenomenon. They passed a solution of (NH4)2 SO4 through a soil column and found that 

effluent contained no NH4
-
 salt but CaSO4. This phenomenon is always in equivalent quantities 

of ions.  

 

 
 

The exchange of cations in the soil take place between… 

 Cations in the soil solution and those on the exchanges complexes of soil 

 Cations released by plant roots and those on the exchange complexes of soil 

 Cation on the surface of either two clay crystals, two organic colloids, or a clay particle 

and a humus particle 

 

Cation exchange reaction is reversible and considered as ion redistribution. This reaction is 

chemically equivalent. The most important cations in soils arecalcium (Ca
2+

), magnesium 

(Mg
2+

), potassium (K
+
), sodium (Na

+
), hydrogen (H

+
) andaluminium (Al

3+
).All cations are not 

adsorbed with equal tenacity for a clay saturated with a particular cation.Again, all exchange 

sites do not possess the same strength of negative charge at particle surface.Hydrogen is most 

tenaciously bound by soil colloids.  

 

In general the cations adsorbed on the surface of silicate clays are in the order of:   

 

H
+ 

≥ Al
3+ 

> Ca
+2

≥ Mg 
2+ 

> K
+ 

= NH4
+ 

> Na
+ 

 

Certain cations are especially prominent under natural conditions. 

 

Humid region soils                        Al
3+ 

≥ H
+ 

> Ca
+2 

 = Mg 
2+ 

> K
+ 

> Na
+ 

Well drained and semi arid soils   Ca
+2

> Mg 
2+ 

> Na
+ 

> K
+ 

> H
+ 

Sodic or Alkali soils                      Na
+ 

> Ca
+2

> Mg 
2+

> K
+ 

> H
+
 

 

 

→ Clay colloids CaSO
4

 NH
4

+
 

+ NH
4

+
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Cation exchange capacity 

The sum of total of exchangeable cations that can be adsorbed on the exchange complex of the 

soil is called as cation exchange capacity of the soil. The higher the CEC of soil, the morecation 

it can retain. Soils differ in their capacities to hold exchangeable cations. 

 

It is expressed in milliequivalent per 100g of soil or adsorbing material. The milliequivalent   

weight of ion or substance is one thousandth of its equivalent weight, since the equivalent weight 

of H ion is 1 g. Milliequivalent is defined as 1 milligram of hydrogen or the amount of any other 

ion that will combine with or displace it. (milliequivalent is one-thousandth of equivalent 

weight). 

 

It implies that, 1meq H
+ 

  =   1 meq Ca
+2

   =   1 meq Mg
+2  

  =   1 meq K
+ 

=1 me Na
+ 

That means,     1 mg H
+ 

= 20 mg Ca
+2 

= 12 mg Mg
+2 

= 23 mg Na
+ 

= 39 mg K
+ 

 

This CEC unit is now represented by new unit moles (+), which indicates a monovalent ion 

portion. One meq per 100 g soil is equal to one cmol (p+) kg  soil. It can be abbreviated as cmol-

c, centimoles of charges or as cmol (p+), centimoles of protons.   

 

1 meq per 100 g = 1 cmol(p+) per kgof soil  = 100 mmol (p+) kgof soil (millimoles of protons) 

 

Following are some formula for calculation: 

 

       ⁄                             ⁄  
 

         ⁄               ⁄  
 

    ⁄           * 

 

                         ⁄         
 

*The weight of hectare furrow slice (at 15 cm soil depth) is taken as 2.24 × 10
6
 kg, 

considering average bulk density of most cultivated soil as 1.49 g cm
–3

.  

 

The proportion of the CEC occupied by various bases/cations is called percent base saturation. 

 

Factors affecting the cation exchange 

• Valiancy of cations 

Cations having higher valency are strongly held or adsorbed on the colloids than the cations 

having lower valiancy.For example, Al
+3

 strongly bounds than Ca
+2

 and Na
+
. Hydrogen ion 

(H
+
) is an exception, because it acts like a polyvalent ion even though it is monovalent. 

H
+
ion bounds more strongly bound even than Al

+3
 because it has higher affinity for oxygen 

which is present on the edges of silicate clay minerals. 

 

• Zeta potential 

Zeta potential is the magnitude of negative charge on the colloidal particles. Cations which 

have lower valiancy are hydrated and have higher zeta potential. So, the Na
+
ion has higher 

zeta potential as compared to Ca
+2

ion. Those cations, which have higher zeta potential, are 

loosely held and easily replaced. Thus., Na
+ 

ion can be easily replaced compared to Ca
+2

 

ion. 
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• Water  hull 
Every cation carries some water with it, and water remains 

around the cation as a very thin film, which is called water 

hull. As the valency of the cation decreases, it has higher 

water hull and it remains away from the clay particles. 

Hence, it is loosely held and can be easily replaced. This is 

because of decrease in the force of attraction between the two particles.  

 

• Presence of complementary ion 

Forparticles A, H
+
 ion is the complementary ion of Ca

+2
. 

H
+ 

is strongly bound compared to Ca
+2

. So, Ca
+2

 replaced 

first through exhange process. While in case of B 

particle, K
+
 is the complementary ion of Ca

+2
. Here, 

Ca
+2

ion is quite strongly bound compared to K
+
 ion.So, 

the K
+
ion replaced first. 

 

• Types of silicate clay mineral 

Monovalent cations are more strongly held to the kaolinite clay minerals. While divalent 

cation are strongly held to the montmorillonite clay minerals, due to higher CEC of such 

clay minerals. 

 

Significance of cation exchange  

Cation exchange is an important reaction in soil fertility, in causing and correcting soil acidity 

and basicity, in changes altering soil physical properties, and as a mechanism in purifying or 

altering percolating waters. The plant nutrients like calcium, magnesium and potassium are 

supplied to plants in large measure from exchangeable forms. 

 

Cation exchange is very important in soils because of the following relationships: 
 

 The exchangeable K is a major source of plant K. 

 The exchangeable Mg is often a major source of plant Mg. 

 The more amount of lime is required to raise the pH of an acidic soil having high CEC. 

 Cation exchange sites hold Ca
+2

, Mg
+2

, K
+
, Na

+
, NH4

+
 ions and reducestheir leaching 

losses. 

 Cation exchange sites hold fertilizer K
+
 and NH4

+
 and greatly reduce their mobility in 

soils. 

 Cation exchange sites adsorb many metals (Cd
+2

, Zn
+2

, Ni
+2

 and Pb
+2

) that might be 

present in wastewater, hence minimize or stabilize their movement within the soil. 

 

10.3.1Anion exchange 

The process of anion exchange is similar to that of cation exchange. Under certain conditions 

hydrous oxides of Fe and Al shows evidence of having positive charges on their crystal surfaces. 

These positive charges of colloids are due to addition of hydrogen (H
+
) in hydroxyl group (OH

-
) 

resulted in net positive charge,  will attract anions.  

 he capacity for holding anions increases with increase in acidity.  

 The lower the pH, greater is the anion adsorption.  

 All anions are not adsorbed equally readily.  

 Some anions (e.g., H2PO4
–
)are adsorbed quickly at acid as well as alkaline pH range.  

 Cl
–
and SO4

–2
 ions are adsorbed slightly at low pH but none at neutral soil, while NO3

–
 ions 

are not adsorbed at all. Hence, at pH commonly prevailing in cultivated soils, NO3
–
,Cl

–
, 

and SO4
–2

ions can be readily lost through leaching. 

 In general, the relative order of anion exchange is: OH
–
> H2PO4

–
> SO4

–2
> NO3

–
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Importance of anion exchange 

The phenomenon of anion exchange assumes in relation to phosphate ions and their fixation. 

The exchange is brought mainly by the replacement of OH
–
 ions of the clay minerals.  

 

OH-Clay
–
  +   H2PO4

– → 
H2PO4-Clay

–
     +  OH

–
 

   (Available form)  (Unavailable form) 
 

The adsorption of phosphate ions by clay particles from soil solution reduces its availability to 

plants. This is also known as colloid bound phosphate fixation. The phosphate ion again 

becomes available when lime is applied to increase the pH of acidic soil.  

 

The OH ion originated not only from silicate clay minerals but also from hydrous oxides of iron 

and aluminum present in the soil. The phosphate ions reacts with the hydrous oxides also get 

fixed forming insoluble hydroxyl phosphate of iron and aluminum, which is called saloid bound 

phosphate. 

 

Al(OH)3  +   H2PO4
– → 

Al(OH)2·H2PO4+  OH
–
 

   (Available form)  (Unavailable form) 
 

If this reaction takes place at a low pH under strongly acid conditions, the phosphate ions are 

irreversibly fixed, and are become unavailable for the plant use. 

 

Numerical: 

Soil having CEC of 20 meq per100 gsoil and different exchangeable cations present in soil are: 

Ca
+2

 = 10meq per 100 g soil  Mg
+2

 = 5meq per 100 g soil  

K
+
 = 1meq per 100 gsoil  Na

+
 =1me/100 g soil 

 

Using above given values calculate  

(i) % base saturation  

(ii) % base unsaturation or H-saturation 

(iii) %saturation of individual exchangeable cation 

(iv) Amount of individual cation in mg per 100 g,  ppm, lb per acre, kg per hectare, and  

(v) Amount of lime-CaCO3require to neutralize exchangeable H
+
.  

 

(i) Percent base saturation 

 

Total exchangeable bases  = Sum of the given cations 

    = 10 + 5 + 1 + 1 = 17 meq per 100 g soil 

 

                        
                          

   
     

  

                        
  

  
          

 

(ii) Percent base unsaturation or H-saturation 
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(iii) Percent saturation of individual cations 

  

                        
                       

   
     

  

  
         

 

                        
                       

   
     

 

  
         

 

                      
                     

   
     

 

  
        

 

 

                       
                      

   
     

 

  
        

 

(iv) Amount of individual cation in mg per 100 g,  ppm, lb per acre, kg per hectare 

 

For Ca
+2 

  

 1 meq Ca
2+

 per 100 g soil = 20 mg Ca
2+

 per 100 g soil 

 10meq Ca
2+

 per 100 g soil = 200 mg Ca
2+

 per 100 g soil 

 

 ppm Ca
2+

= mg Ca
2+

 per 100 g soil × 10  

    = 2000 × 100  

    = 2000 ppm Ca
2+

 

 lbs per acre Ca
2+

= ppm Ca
2+

 × 2  

    = 2000 × 2  

      = 4000 lbs per acre 

 

kg per hectare Ca
2+

= ppm Ca
2+

 × 2.24  

        = 2000 × 2.24 

          = 4480 kg per hectare 

For Mg
+2 

 1 meq Mg
+2

 per 100 g soil = 12 mg Mg
+2

 per 100 g soil 

 5meq Mg
+2

 per 100 g soil = 60 mg Mg
+2

 per 100 g soil 
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Similar to above calculation: 

 ppm 
 

= 600 ppm Mg
+2 

 
lbs per acre

 
= 1200 lbs Mg

+2
 per acre 

 kg per hectare = 1344 kg Mg
+2

per hectare 

For Na
+ 

  

 1 meq Na
+
 per 100 g soil = 23 mg Na

+
 per 100 g soil 

Similar to above calculation: 

 ppm Na
+ 

= 230 ppm Na
+ 

 
lbs per acre

 
= 460 lbs Na

+
 per acre 

 kg per hectare = 515.2 kg Na
+
per hectare 

 

For K
+ 

 1 meq K
+
 per 100 g soil = 39 mg K

+
 per 100 g soil 

Similar to above calculation: 

 ppm  
 

= 390 ppm K
+ 

 
lbs per acre

 
= 780 lbs K

+
 per acre 

 kg per hectare = 873.6 kg K
+
per hectare 

 

(v) Amount of lime-CaCO3require to neutralize exchangeable H
+
 

1 meq H+ per 100 g soil   =  1 meq CaCO3 per 100 g soil 

    =  50 mg CaCO3 per 100 g soil 

3 meq H+ per 100 g soil = 150 mg CaCO3 per 100 g soil 

 ppm CaCO3= 150 mg CaCO3 per 100 g soil × 10 = 1500 ppm CaCO3
 

kg CaCO3 per hectare = ppm CaCO3 × 2.24  

= 1500 × 2.24  

= 3360 kg per hectare = 3.36 tonnes per hectare 
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CHAPTER 11: SOIL  REACTION 

 

11.1 Soil reaction 

One of the outstanding physiological characteristics of the soil solution is its reaction, i.e., 

whether it is acid, alkaline, or neutral. Since microorganisms and plants respond so significantly 

to their chemical environment, the importance of soil reaction and the factors associated with it 

have long been recognized. 

 

The reaction of a solution represents the degree of acidity or basicity caused by the relative 

concentration of H
+
 ions (acidity) or OH


 ions (alkalinity) present in it. Acidity is due to the 

excess of H
+
 ions over OH


 ions, and alkalinity is due to the excess of OH


 ions over H

+
 ions. A 

neutral reaction is produced by an equal activity of H
+
 and OH


 ions. 

 

11.2 Soil pH scale – Expressing soil reaction  

The soil reaction can be measured in terms of soil pH values. Soil pH is the negative logarithm 

of the H
+
 or H3O

+
 (hydronium) ion activity in soil solution, expressed in moles per litre.Danish 

biochemist Sørenson proposed the term pH, where suffix “p” refers to the “Puissance de 

hydrogeni.e., potential of hydrogen ion”. He defined pH as the negative logarithm of hydrogen 

ion activity. Soil pH generally refers to the degree of soil acidity or alkalinity. pH is expressed 

as: 

pH = −log [H
+ 

or H3O
+
] 

 

The pH scale ranges from 0 to 14; a pH of 7 is considered neutral. If pH values are >7, the 

solution is considered basic or alkaline; if they <7, the solution is acidic. A solution with an H+ 

ion activity of 0.001 Moles (M) will have a pH value 3, and one with H+ activity 0.0001 M, pH 

4, and so on. 

 

It is important to recognize that because the pH scale is in logarithmic units, a change of just a 

few pH units can induce significant changes in the chemical environment and sensitive 

biological processes. For example, a soil with pH 5.0 is 10-times more acidic than a soil with pH 

6. Similarly, a soil with pH 5 is 100-times more acidic than pH 7. 

 

Why pH scale ranges from 0 – 14? 

The answer is due to self-ionization or self-dissociation constant(Kw) of water molecule. Due to 

its amphoteric nature (i.e., acts as both, an acid or a base), water does not always remain 

as H2O molecules. In fact, two water molecules react to form hydronium (H3O
+
) and hydroxide 

(OH

) ions: 

2H2O (liquid) H3O
+ 

(aqueous) + OH


(aqueous) 

 

The concentration of H3O
+
 and OH


 are equal in pure water because of the 1:1 stoichiometric 

ratio of above equation. The molarity of H3O
+
 and OH


 in water are also both 1 ×10

7
M at 25 °C 

temperature. Thus, a constant of water (Kw) is created to show the equilibrium condition for the 

self-ionization of water. The product of the molarity of H3O
+
 and OH


 ion is always 1 ×10

14
. 

 

At room temperatue, Kw = [H3O
+
] [OH


]=1 × 10

14 

 

pKw = −log [1 × 10
14

],    10
pKw

= 10
14
 pKw= 14 

  

pKw= pH + pOH = 14 

http://chemwiki.ucdavis.edu/Physical_Chemistry/Acids_and_Bases/Aqueous_Solutions/The_Hydronium_Ion
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11.3 Acidic and alkaline soils 

• Acidic soil: It is common in region where precipitation is high. The high precipitation 

leaches appreciable amounts of exchangeable bases from the surface layers of the soils, so 

that the exchange complex is dominated by H
+ 

ions. Acid soils, therefore, occur widely in 

humid regions, and affect the growth of plants significantly.  

 

There are three kind of soil acidity (Figure 11.1): 

 Active acidity is due to the H
+
 ion in the soil solution. 

 Salt replaceable (exchangeable) acidity represented by the hydrogen and aluminium that 

are easily exchangeable by other cations in a simple unbuffered salt solution such as KCl. 

 Residual acidity is that acidity which can be neutralized by limestone or other alkaline 

materials but cannot be detected by the salt-replaceable technique. Obviously, these types 

of acidity all add up to the total acidity of a soil. 

 

 

Figure 11.1: Soil reserve and active acidity 

 

• Alkaline soil: Alkalinity occurs when there is comparatively high degree of base saturation. 

Salts like carbonates of calcium, magnesium and sodium also give a dominance of OH

 ions 

over H
+
 ions in the soil solution. When salts of strong base such as sodium carbonate go into 

soil solution and hydrolyse, consequently they give rise to alkalinity. The reaction is follows:

  

Na2CO3→ 2Na
+
 + CO3

–
 

2Na
+
 + CO3

−
 + 2HOH → 2Na

+
 + 2OH


 + H2CO3 

 

Since, sodium hydroxide dissociates to a greater degree than the carbonic acid, OH

 ions 

dominate, and give rise to alkalinity. This may be as high as pH 9 or 10. These soils most 

commonly occur in arid and semi-arid regions. 

 

11.4 Factors controlling soil reactions 

The soil reaction varies due to following factors: 

• Nature of soil colloids: Hydrogen (H
+
) ion predominantantly adsorbed cations on clay 

colloids, makes soil reaction acid. 

 

• Soil solution: The concentration of cations in bulk of the solution is more or less (or nearly) 

the same as that near the particle surfaces. For an unsaturated soil (clay), the more compact 

layer, greater is the number of hydrogen ions dissociating into the solution. This increases 

the acidity of soil solution. The more dilute the solution, the higher the pH value. Hence the 
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pH tends to drop as the soil gets progressively dry. Soil reaction is also influenced by the 

presence of CO2 in soil air. As the CO2 concentration increases, the soil pH falls. 

 

• Climate: In general, soils formed in regions of high rainfall are acidic (low pH value), while 

those formed in regions of low rainfall are alkaline (high pH value). 

  

• Soil management: Cultural operations in general tend to increase soil acidity. They make 

an acid soil more acidic, and an alkaline soil less alkaline. As a result of constant 

cultivation, basic elements are lost from the soil through leaching and crop removal. This 

leads to change the soil reaction to the acid side. 

 

• Parent materials: Soils developed from parent material of basic rocks generally have 

higher pH than those formed from acid rocks (e.g., granite).  

 

• Decomposition of organic matter: Soil organic matter is continuously being decomposed 

by micro-organisms into organic acids, carbon dioxide (CO2) and water, forming carbonic 

acid. Carbonic acid, in turn, reacts with the Ca and Mg and carbonates in the soil to form 

more soluble bicarbonates, which are leached away, leaving the soil more acid. 

 

• Native vegetation: Soils often become more acid when crops are harvested because of 

removal of bases. Type of crop determines the relative amounts of removal of bases. For 

example, legumes generally contain higher levels of bases than do grasses. Many legumes 

release H-ions into their rhizosphere when actively fixing atmospheric N2. The acidity 

generated can vary from 0.2 to 0.7 pH units per mole of fixed N. 

 

• Soil depth: Except in low rainfall areas, acidity generally increases with depth, so the loss 

of topsoil by erosion can lead to a more acid pH in the plough layer.  

 

• Nitrogen fertilization: Nitrogen from fertilizer, organic matter, manures and legume N 

fixation produces acidity. Acidic fertilizers like ammonium fertilizers make the soil acidic, 

while basic fertilizer like sodium nitrate make the soil more alkaline in reaction. 

 

• Flooding: The overall effect of submergence is an increase of pH in acid soils and a 

decrease in basic soils.  

 

11.5 Buffering of soil reaction 

Buffer action 

Buffering refers to resistance to a change in pH. If 1 mL0.01 N HCl is added to 1 L of pure 

distilled water of pH 7.0, the resulting solution would have a pH of about 5. On the other hand, if 

this same amount of acid is added to a soil suspension, the resulting change in pH would be very 

small. There is, a distinct resistance to a change in pH. The soil suspension is buffered against a 

change in pH. The power to resist a change in pH is called buffer action. Buffer solution 

contains reserve acidity and alkalinity and does not change pH with small additions of acid or 

alkali.  

 

Buffer capacity of soil 

Soils also exhibit buffering action. A capacity of soil to resist an abrupt/sudeen changes in the 

soil pH. The colloidal complex of soil acts as a powerful buffer in the soil and does not allow 

rapid and sudden changes in soil reaction. Buffering capacity largely depends upon the amount 

of colloidal material present in soil. Clay soils and soils rich in organic matter are more buffered 

than sandy soils.  
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Importance of buffering in agriculture 

The changes in soil reaction i.e. pH have a direct influence on the plants and it also affects the 

availability of plant nutrients.Buffering prevents sudden fluctuations in soil pH, so it regulates 

the availability of nutrients and also checks direct toxic effect to plants and microorganism. 

Buffer also influences the amount of chemicals such as lime and gypsum application in 

problematic soils. 

 

Hence, The importance of buffering soil is: (i) the stabilization of soil pH, so the regulates plant 

nutrient availability, and (ii) the amounts of amendments required to change in soil reaction. 

 

11.5 Influence of soil reaction on availability of nutrients 

The unproductiveness of acid and alkali soils is very often due to the lack of available plant 

nutrients. In highly acid soils (low pH), the availability of some of the nutrients such as 

aluminium, iron, manganese etc., is increased to a point to become toxic to the plant. At the 

same time the supplies of available calcium, nitrogen, phosphorus etc., are reduced to starvation 

level (become unavailable; Figure 11.2). 

 

The same is the case at high pH (alkaline conditions), plant growth suffers due to the 

unavailability of nutrients like nitrogen, phosphorus and some minor elements (e.g., iron, 

manganese, boron etc.; Figure 11.2).  

 

Another indirect effect occurs through the activity of microorganisms. Most microorganisms 

function at their best within a pH range 6.0 to 7.5. If soil reaction is changed beyond this range, 

the microorganisms become functionless. Consequently the supply of some of the essential plant 

nutrients like nitrogen is considerably reduced. 

 

 

Figure 11.2: Influence of soil pH on plant nutrient availability 
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• Nitrogen (N): Plant absorbs most nitrogen in the form of nitrate (NO3
–
) of which 

availability depends on activity of nitrifying bacteria. These microorganisms responsible for 

nitrification are most active when the pH is between 6.5 and 7.5. They are adversely 

affected if the pH falls below 5.5 and rises above 9.0. The decomposition of organic matter 

which is the primary source of nitrogen is also slowed down under acidic condition. 

 

• Phosphorus (P): Its availability is at its highest when the reaction is between 6.5 and 7.5.In 

strongly acidic soil (pH 5.0 or less), iron, aluminium, manganese and other bases are present 

in a soluble state, which binds phosphate ionand makes it unavailable. 

 

• Potassium (K): The availability of K does not influence by soil reaction to any great extent. 

In acid soil,K is lost through leaching. The unavailability of K is due to the conversion of 

exchangeable to non-exchangeable K in alkaline soil.  

 

• Calcium (Ca) and magnesium (Mg): Acid soils are poor in available Ca and Mg. In 

alkaline soil (pH not exceeding 8.5) the availability of Ca and Mg nutrients are always high. 

When the pH is above 8.5, the availability of these nutrients again decreases.  

 

• Iron (Fe), aluminium (Al) and manganese (Mn):When the pH is low the solubility of Fe, 

Al, and Mn compounds are increased and hence, they are readily available in acid soils. At 

the pH range 5.5 to 7.0, Fe and Mn are present in the soluble ferrous (Fe
2+

) and manganous 

(Mn
2+

) forms. Under neutral and alkaline conditions, Fe and Mn are usually present in ferric 

(Fe
3+

) and manganese (Mn
4+

) states.  

 

• Sulphur (S):  Sulphur compounds are soluble in low pH range. It is more soluble in acid 

soil and lost in leaching. 

 

• Micronutrients: In general, the availability of boron (B), copper (Cu) and zinc (Zn) is 

reduced in alkaline soils and that of molybdenum (Mo) in acid soils. The availability of 

these nutrients progressively decreases as the soil pH increases.  
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CHAPTER 12: SOIL  ORGANIC MATTER 

 

Soil organic matter (SOM) is the fraction of the soil consisting of plant and animal residues in 

various stages of decomposition, cells and tissues of soil organisms, and substances synthesized 

by soil organisms. Most of our productive agricultural soils have between 3 and 6% organic 

matter. Soil organic matter contributes to soil productivity in many different ways.  

 

Organic matter contains organic carbon and nitrogen. Carbon is a source of energy and nitrogen 

is a source of protein for microorganisms in the soil. Some of the microorganisms are pathogens 

which cause plant disease but in a healthy soil the vast majorities of these organisms are 

beneficial and help prevent any one type of organism such as a plant pathogen from being 

dominant. 

 

12.1 Composition of plant residues 

The moisture content of plant residues varies from 60-90% and 25% dry matter. Plant tissues 

(organic residues) may be divided into (i) organic and (ii) inorganic composition as given below. 

Relative percentage of compound in plant material is showin in Figure 12.1. 

 

 
 

 

Figure 12.1: An approximate composition of a green plant material 
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12.2 Decomposition of organic matter 

The microorganism for obtaining their food, break up the various constituents of organic 

residues, and convert them into new substances, some of which are simple in composition and 

others are complex. So, different groups of compounds have their different ease of 

decompostion. 

 

12.2.1 Decomposition of soluble substances 

Decomposition of sugar  

First, sugar and water-soluble nitrogenous compounds are decomposed as they offer a very 

readily available source of carbon, nitrogen and energy to the microorganisms. When glucose is 

decomposed under aerobic conditions the reaction is as under: 

 

 Sugar + Oxygen → (in aerobic condition)→ Carbon dioxide + Water 

 

Decomposition of nitrogenous compounds 

The transformation of organic nitrogenous compounds into ammonia is called ammonification, 

followed by mineralization process termed as nitrification. Thes reactionsare largely carried out 

heterotrophic microorganisms wherein oxygen is taken up and carbon dioxide is released. 

Ammonification process involves a gradual simplification of complex compounds, as follows: 

 

Organic N → NH3 or Protein → Polypeptides → Amino acids → Ammonia or salts 

 

Nitrification: NH4
+
 ions → NO2(by Nitrosomas bacteria) → NO3(by Nitrobacter bacteria) 

 

12.2.2 Decomposition of insoluble substances 

Breakdown of protein  

Proteins are complex organic substances containing nitrogen, sulphur, and sometimes 

phosphorus, in addition to carbon, hydrogen and oxygen. The proteins are first hydrolyzed to a 

number of intermediate products, e.g., proteoses, peptones, peptides, etc., collectively known as 

polypeptides.  

    

    Proteoses  Amino acids 

 Proteion   Peptodes     Ammonia  

    Peptides  Amides 

 

The process of conversion of proteins into amino acids is called aminization. 

 

Breakdown of cellulose 

Cellulose is the most abundant carbohydrate present in plant residues. The microorganisms 

break downn the cellulose into cellobiose and glucose. Glucose is further attacked by organisms 

and converted into organic acids. 

     

 Cellulose  Cellobiose     Glucose   

 

     

 Glucose  CO2 + H2O     Glucose         Organic acids, alcohols

    

The decomposition of cellulose in acid soils proceeds more slowly than in neutral and alkaline 

soils. It is quite rapid in well-aerated soils and comparatively slow in those poorly-aerated. 

 

Aerobic 

Cellobiase 

Hydrolysis 

Cellulase 

Hydrolysis 

Hydrolysis 

Oxidation Anerobic 
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Breakdown of hemicellulose  

Hemicelluloses are first hydrolyzed into their component sugars and uronic acids. The sugars 

are further converted to organic acids, alcohols, carbon dioxide and water. The uronic acids are 

broken down to pentose and carbon dioxide. Hemicelluloses decompose faster than cellulose. 

 

Breakdown of starch 

Chemically, starch is a glucose polymer, is first hydrolyzed to maltose by the action of enzymes 

(amylases). Maltose is then converted to glucose by enzyme maltase.  

 

 Starch (glucose)n   Maltose (glucose)2  Glucose 

 

Decomposition of ether-soluble substances 

Fats are broken down by microorganisms through enzyme lipase into glycerol and fatty acids. 

Glycerol is further oxidized to organic acids, are finally oxidized to carbon dioxide and water. 

 

Decomposition of lignin 

Lignin decomposes slowly, much slower than cellulose. Complete oxidation of lignin gives rise 

to carbon dioxide and water. 

 

12.3 Humus 

Humus is a complex and rather resistant mixture of brown or dark brown coloured amorphous 

and colloidal substances that modified from the original tissues or synthesized by the various soil 

microorganisms.It possesses various chemical and physical properties of great significance to 

soils and plants. The humic and non-humic compounds collectively make up the humus. 

 

The humic substances comprise about 60-80% of soil organic matter. Humic substances are 

dark in colour, amorphous and have high molecular weight. Humic substances can be classified 

into following three chemical groups. 

 

• Humin: The highest in molecular weight, dark in colour, insoluble in both acid and alkali 

and more resistant to microorganism attack 

 

• Humic acid: medium in molecular weight, medium in colour, soluble in alkali but insoluble 

in acid, intermediate resistant to microbial degradation 

 

• Fulvic acid: lowest in molecular weight, light in colour, soluble in both acid and alkali and 

most susceptible to microorganism attack 

 

The non-humic group make up of about 20-30% of soil organic matter, consists polymers, 

polysaccharides, andpolyuronides. Polysaccharides are especially effective in enhancing soil 

aggregate stability. Non-humic substances are relatively simple and susceptible to microbial 

attack than humic sunstances. 

 

Humus is more resistant to decay and may present in soils for even hundreds of years. This 

resistant property of humus is important in maintaining organic matter level in soils and protect 

nitrogen and other essential nutrients that are founds in humus complex. 

 

The classical method of fractionation of humic substances is based on difference in the 

solubility of constituents in aqueous acidic and alkaline solutions and ethanol.  

 

 

amylase glucosidase 
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12.4 Benefits of organic matter 

• Improve soil structure 

As organic matter decays to humus, the humus molecules 'cement' particles of sand, silt, 

clay and organic matter into aggregates which will not break down in water. This cementing 

effect, together with the weaving and binding effect of roots and fungal strands in the 

decomposing organic matter, makes the soil aggregates stable in water. 

 

• Improves drainage 

These larger, stable aggregates have larger spaces between them, allowing air and water to 

pass through the soil more easily. 

 

• Holds moisture 

The aggregates are also very effective in holding moisture for use by plants. Humus 

molecules can absorb and hold large quantities of water for use by plant roots. 

 

• Provides nutrients 

Organic matter is an important source of nitrogen, phosphorus and sulfur. These nutrients 

become available as the organic matter is decomposed by microorganisms. Because it takes 

time for this breakdown to occur, organic matter provides a slow release form of nutrients. 

If crops are continually removed from the soil, there is no organic matter for microbes to 

feed on and break down into nutrients, so fewer nutrients are available to plants. 

 

• Improves cation exchange capacity 

Humus molecules are colloids, which are negatively charged structures with an enormous 

surface area. This means they can attract and hold huge quantities of positively charged 

nutrients such as calcium, magnesium and potassium until the plant needs them. Clays also 

have this capacity, but humus colloids have a much greater CEC than clays. 

 

12.5 Carbon to Nitrogen ratio (C:N Ratio) 

The ratio of the weight of organic carbon (C) to the weight of total nitrogen (N) in a soil (or 

organic material), is known as C:N ratio. For example, a C:N of 10:1 means there is ten units of 

carbon for each unit of nitrogen in the substance.The C:N ratio influences the rate of 

decomposition of OM. This results in the release (Mineralisation) or binding (Immobilization) of 

soil nitrogen.  

 

The C:N in the arable (cultivated) soils commonly ranges from 8:1 to 15:1. The C:N in plant 

material is variable, ranging from 20:1 to 30:1. Low ratios of carbon to nitrogen (10:1) in soil 

organic matter generally indicate an average stage of decomposition and resistance to further 

microbiological decomposition. A wide ratio of C: N (35:1) indicates little or no decomposition, 

susceptibility to further and rapid decomposition and slow nitrification. 

 

Graphs below (Figure 12.2) show what happens when organic material with high C:N ratio like 

rice straw is added to soil. The graph is divided into 3 time periods. 

 

Initial phase – net immobilization 
• Microorganisms consume N (NH4

+
) causing NH4

+
 to decrease (bottom graph) 

• Microorganisms consume C products and release CO2 (bottom graph) 

• C:N ratio is decreasing (top graph) 

 

Intermediate phase 
• Microorganisms have immobilized the available N (NH4

+
) in soil (bottom graph) 

• Maximum consumption of C products and production of CO2 (bottom graph) 
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Final phase – net mineralization 
• NH4

+
 level is increasing – N in organic compounds is released and NH4

+
 is now 

available in soil (bottom graph) 

• C compounds are decomposed – CO2 production is low (bottom graph)C:N ratio 

is low (top graph) 

 

 
 

Figure 12.2: Relationship between rate of decompostion, C:N ratio and N availabity   

 

A low C:N ratio (less than about 30 parts C to 1 part N) means sufficient nitrogen is supplied 

through the decomposition of the organic materials to meet the nitrogen needs of the 

decomposing organisms. As a result, there will be a net release and build up of inorganic 

nitrogen in soil (mineralization). 

 

In contrast, when the C:N ratio of added organic materials is high (30 or more parts C to 1 part 

N), microorganisms will require more nitrogen from soil (in the form of nitrate or ammonium) to 

decompose the carbon in the organic materials. This nitrogen will be immobilized (unavailable 

to plants) until these microorganisms die and the nitrogen is released (Figure 12.2). 
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CHAPTER 13: SOIL ORGANISMS 

 

The physico-chemical properties of soil determine the nature of environment in which vase 

number of soil organisms are found. Soil biology is the scientific study of life in and on the soil. 

Living organisms in soils include both macro (i.e., earthworms, rodents, etc.) and 

microorganisms (i.e., bacteria, fungi, actinomycetes, algae and protozoa). Microorganism churn 

the soil, mixing organic residues, modify the physical condition of soils.Further, soil 

microorganisms take part in the decomposition of organic residues, transformation of different 

nutrient elements, and other soil biological processes. Hence, soil organisms are involved in 

nearly every aspect of soils. 

 Soil is alive! How many microbes ? 

10
7
 to 10

9
 bacteria per cm

3
 

10
3
 to 10

6
 fungi per cm

3
 

10 to 1,000 protozoa per cm
3
 

Following microorganisms are prominently found in soil. 

 

(A) Soil flora  

Soil flora classified into two groups as under: 

• Microflora 
i. Bacteria  

ii. Fungi, molds, yeast, mushroom  

iii. Actinomycetes, stretomyces  

iv. Algae eg. BGA, yellow green algae, golden brown algae 

 

Bacteria is again classified as:  

 

Heterotrophic –e.g., symbiotic and non-symbiotic N2 fixers, ammonifier, cellulose 

decomposers, denitrifiers  

Autrotrophic –e.g.,Nitrosomonas, Nitrobacter, sulphur oxidizers, etc. 

 

• Macroflora 
Includes roots of most higher plants 

 

(B)   Soil Fauna 

• Microfauna: Protozoa, Nematodes 

• Macrofauna: Earthworms. moles, ants & others. 

 

As soil inhabit several diverse groups of microorganisms, but the most important amongst them 

are: bacteria, actinomycetes, fungi, algae and protozoa. The characteristics and their functions 

in the soil are described below. 

 

13.1 Bacteria 

Amongst the different microorganisms inhabiting in the soil, bacteria are the most abundant and 

predominant organisms. These are primitive, prokaryotic, microscopic and unicellular 

microorganisms without chlorophyll. Morphologically, soil bacteria are divided into three 

groups Cocci, Spirilla and Bacilli. Bacilli are most numerous followed by Cocci and Spirilla 

in soil. 

Bacteria are also classified on the basis of mode of nutrition, especially the manner in which 

they obtain their carbon, nitrogen, energy and other nutrient requirements. They are divided into 

two groups: (a) Autotrophs and (b) Heterotrophs. 
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• Autotrophic bacteria are capable synthesizing their food from simple inorganic nutrients. 

All autotrophic bacteria utilize CO2 (from atmosphere) as carbon source and derive energy 

either from sunlight (photoautotrophs) 

 

• Heterotrophic bacteria depend on pre-formed food for nutrition.Majority of soil 

bacteriaareheterotrophic and derive their carbon and energy from complex organic 

substances/organic matter, decaying roots and plant residues. They obtain their nitrogen 

from nitrates and ammonia compounds (proteins). 

 

Functions of bacteria 

Bacteria bring about a number of changes and biochemical transformations in the soil. They 

directly or indirectly help in the plant nutrition. The important transformations and processes of 

plant nutrition in which soil bacteria play vital role are:  

 Decomposition of cellulose and other carbohydrates 

 Ammonification (proteins ammonia) 

 Nitrification (ammonia-nitrites-nitrates) 

 Denitrification (release of free elemental nitrogen) 

 Biological fixation of atmospheric nitrogen (symbiotic and non-symbiotic)  

 Oxidation and reduction of sulphur and iron compounds.  

 

13.2 Fungi 

Fungi in soil are present as mycelial bits, rhizomorph or as different spores. Their number varies 

from a few thousand to a few million per gram of soil.Most commonly encountered genera of 

fungi in soil are; Alternaria, Aspergillus, Cladosporium, Cephalosporium Botrytis, Chaetomium, 

Fusarium, Mucor, Penicillium, Verticillium, Trichoderma, Rhizopus, Gliocladium, Monilia, 

Pythium, etc. 

 

As these soil fungi are aerobic and heterotrophic, they require abundant supply of oxygen and 

organic matter in soil. Fungi are dominant in acid soils. The optimum pH range for fungi lies 

between 4.5 to 6.5. They are also present in neutral and alkaline soils. 

 

Functions of fungi 

 They plays important role in the degradation / decomposition of cellulose, hemi 

cellulose, starch, pectin, lignin in the organic matter added to the soil. 

 Lignin which is resistant to decomposition by bacteria is mainly decomposed by fungi. 

 They also serve as food for bacteria. 

 They also plays important role in soil aggregation and in the formation of humus. 

 Some soil fungi are parasitic and causes number of plant diseases such as wilts, root rots, 

damping-off and seedling blights. 

 May soil fungi forms mycorrhizal association with the roots of higher plants (symbiotic 

association of a fungus with the roots of a higher plant) and helps in mobilization of soil 

phosphorus and nitrogen. 

 

13.3 Actinomycetes 

These are the organisms with characteristics common to both bacteria and fungi but yet 

possessing distinctive features to delimit them into a distinct category. They are unicellular like 

bacteria, but produce a mycelium which is non-septate. Actinomycetes are numerous and widely 

distributed in soil and are next to bacteria in abundance. They are widely distributed in the soil, 

compost, etc. 
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• They are sensitive to acidity (optimum pH range 6.5 to 8.0) and waterlogged soil conditions.  

• The population of actinomycetes increases with depth of soil up to horizon „C‟ of soil 

profile. 

• They are heterotrophic, aerobic and mesophilic (25-30 °C temperaure) organisms. 

• Some species are commonly present in compost and manures are thermophilic growing at 

55-65 °C temperature (e.g., Thermoatinomycetes, Streptomyces). 

 

Functions of actinomycetes 

 Degrade most organic materials like cellulose, polysaccharides, protein fats, organic 

acids. 

 Organic residues added soil are first attacked by bacteria and fungi and later by 

actinomycetes, because they are slower in activity and growth than bacteria and fungi. 

 They decompose the more resistant and indecomposable organic matter and produce a 

number of dark black to brown pigments which contribute to the dark colour of soil 

humus. 

 They are also responsible for further decomposition of humus (resistant material) in soil. 

 They are responsible for earthy / musty odor / smell of freshly ploughed soils. 

 Many genera species and strains produce or synthesize antibiotics like Streptomycin, 

Terramycin, Aureomycin, etc. 

 Actinomycetes Streptomyces scabies causes disease “Potato scab” in potato. 

 

13.4 Algae 

Algae are present in most of the soils where moisture and sunlight are available. Their number in 

soil usually ranges from 100 to 10000 per gram of soil. They are photoautotrophic, aerobic 

organisms and obtain CO2 from atmosphere and energy from sunlight and synthesize their own 

food. They are unicellular, filamentous or colonial. Soil algae are divided in to four main classes 

or phyla as follows: 

i. Cyanophyta (Blue-green algae; BGA)  

ii. Chlorophyta (Grass-green algae)  

iii. Xanthophyta (Yellow-green algae)  

iv. Bacillariophyta (diatoms or golden-brown algae) 

 

• Out of these 4 classes, blue-green and grass-green algae are more abundant in soil.  

• The green-grass algae and diatoms are dominant in the soils of temperate region. 

• Blue-green algae predominant in the tropical soils.  

• Green-algae prefer acid soils, while blue-green algae found in neutral and alkaline soils.  

• Most common genera of green algae found in soil are: Chlorella, Chlamydomonas, 

Chlorococcum, Protosiphon etc., and diatoms are Navicula, Pinnularia.  

• Some blue-green algae posses specialized cells know as “Heterocyst” which is the sites of 

nitrogen fixation. They fixes nitrogen (non-symbiotically) in puddle paddy/waterlogged 

paddy fields (20-30 kg/ha/season).  

• There are certain BGA which possess the character of symbiotic nitrogen fixation in 

association with other organisms like fungi, mosses, liverworts and aquatic ferns Azolla, eg 

Anabaena-Azolla association fix nitrogen symbiotically in paddy fields. 

 

Functions of algae or BGA 

 Plays important role in the maintenance of soil fertility especially in tropical soils. 

 Add organic matter to soil when die, thus increases amount of organic carbon in soil. 

 Most of soil algae (especially BGA) act as cementing agent in binding soil particles and 

thereby reduce/prevent soil erosion. 
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 Mucilage secreted by BGA is hygroscopic in nature and thus helps in increasing water 

holding capacity of soil for longer period. 

 Soil algae liberate large quantity of oxygen in the soil via photosynthesis and thus 

facilitate the aeration in submerged soils or oxygenate the soil environment. 

 They helps in reducing the loss of nitrates through leaching and drainage especially in 

un-cropped soils. 

 They help in the weathering of rocks and building up of soil structure. 

 

13.5 Protozoa 

These are unicellular, eukaryotic, colourless, and animal like organisms (animal kingdom). They 

are larger than bacteria and size varying from few microns to a few centimeters. Their 

population in arable soil ranges from l0
4
 to 10

5
 per gram of soil and are abundant in surface soil. 

Most of the soil protozoa are mobile by flagella or cilia or pseudopodia as locomotive organs. 

 

Functions of protozoa 

 Most of protozoans derive their nutrition by feeding or ingesting soil bacteria. 

 Some protozoa are used as biological control agents against phytopathogens. 

 

13.6 Role of soil microorganisms in nutrient cycling  

The microbes through the process of biochemical reactions convert / breakdown complex 

organic compounds into simple inorganic compounds and finally into their constituent elements. 

This process is known as “Mineralization”. 

 

Mineralization of organic carbon, nitrogen, phosphorus, sulphur and iron by soil microorganisms 

makes these elements available for reuse by plants. The cycling or transformations of nitrogen, 

phosphorus and sulphur are discussed below: 

 

13.6.1 Nitrogen transformations 

Several biochemical steps involved in the nitrogen cycle are: 

 

• Ammonification: Amino acids released during proteolysis (break down of protein into 

amino acids) undergo deamination in which nitrogen containing amino (–NH2) group is 

removed, and leads to the production of ammonia is called “ammonification”. The 

process is commonly carried out by Clostridium sp., Micrococcus sp., Proteus sp, etc. 

 

• Nitrification: Ammonical nitrogen/ammonia released during ammonification are 

oxidized to nitrates and the process is called “nitrification”. It is a two stage process and 

each stage is performed by a different group of bacteria as follows: 

 

Oxidation of ammonia tonitrite is brought about by ammonia oxidizing bacteria 

viz. Nitrosomnonas europaea, and the process is known as “nitrosification”. 

  

2NH4
+
 +  3O2→ 2NO2

−
 + 2H2O + 4H

+
orNH3+O2→ 2NO2

–
+ 3H

+
+ 2e

–
 

  

In the second step nitrite is oxidized to nitrate by nitrite oxidizing bacteria such 

as Nitrobacter winogradsky and several fungi (e.g., Penicillium, Aspergillus) 

and actinomycetes (e.g.,  Streptomyces, Nocardia). 

 

2NO2
− 

+ O2→2NO3
−
 or NO2

−
 + H2O → NO3

−
 + 2H

+
 + 2e

− 
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• Denitrification:This is the reverse process of nitrification. During denitrification nitrates 

are reduced to nitrites and then to nitrogen gas and ammonia. Thus, reduction of nitrates 

to gaseous nitrogen by microorganisms in a series of biochemical reactions is called 

“denitrification”. The process is harmful as available nitrogen in soil is lost to 

atmosphere. 

 

Most denitrifying bacteria are: Thiobacillus denitrificans, Micrococcus denitrificans, and 

species of Pseudomonas, Bacillus, Achromobacter, Serrtatia paracoccus etc. 

 

  NO3
−
→NO2

−
→NO→

 
N2O→  N2 (gas) 

  2NO3
−
 + 10e

−
 + 12H

+
 → N2 + 6H2O 

 

• Biological N-fixation in soils: 

Atmospheric nitrogen (N2) is converted into ammonia and then to amino acids (by soil 

microorganisms and plant-microbe associations) which are used for the biosynthesis of 

complex nitrogen-containing organic compound such as proteins, nucleic acids, amino 

sugars etc. is called biological N-fixation. The nitrogen fixed by microorganisms in the 

soil is known as „bio-fertilizers‟. The N2-fixing microorganisms are: (i) bacteria (ii) algae 

(iii) mycorrhizae (fungus root). 

 

There are two main groups of bacteria which fix atmospheric nitrogen: symbiotic and 

non-symbiotic nitrogen fixing bacteria.  

 

Symbiotic nitrogen-fixing bacteria (Rhizobium) fixes N2 in association with leguminous 

plants, living in their roots. They takes their food from roots of the leguminous plants and 

inturns fixes atmospheric N2 into the soil, and  produce nitrogenous compound useful to 

the leguminous host plants. Both the legume crop and bacteria are benefited by this 

association, known as 'symbiosis'.  

 

Rhizobium sp. Name Leguminous group name Leguminous crops 

R. leguminosarum 

R. japonicum 

R. phaseoli 

R. trifoli 

R. meliloti 

Pea group 

Soybean group 

Phaseolus group 

Clover group 

Alfalfa group 

All types of pea, lentil, bean 

Soybean 

Kidney and garden beans 

White clover 

Lucerne 

 

Non-symbiotic nitrogen fixing bacteria (Azotobacter and Clostridium) do not require a 

host plant. Azotobacteris an aerobic nitrogen-fixing bacteria and thrives well in neutral 

soil. Clostridiumis anaerobic and fixes less amount of nitrogen than Azotobacter because 

of anaerobic fermentation releases only a small amount of energy. Whereas, aerobic 

changes produce large amount of energy which helps to fix more nitrogen. 

The main genus of algae which fix nitrogen are Anabaena, Nostoc and 

Cylindrospermum.  

 

Mycorrhizae (Myco=fungus; rhiza=root) is mutual beneficial association between 

certain fungi and roots of higher plants is called mycorrhizae (fungus roots). By this 

symbiotic association, fungi get sugars and organic exudates from the roots of higher 

plant. In return, the fungi provide several essential nutrients to the plant. Mycorrhizae are 

divided into two types: ectomycorrhiza and endomycorrhiza. The endomycorrhiza group 

are called vesicular-arbuscular mycorrhizae (VAM) increase the uptake of phosphorus, 

enhance resistance against drought and certain root-infecting fungus. 
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13.6.2 Phosphorus and sulphur mineralization 

 

Organic phosphorus and sulphur compounds are mineralized by the action of microorganism 

into inorganic phosphorus and sulphur, respectively. 

 

 Organically-bound phosphorus     H2PO4
−
 or HPO4

−2
(Available P) 

 

Autotrophic bacteria (sulphur bacteria) oxidised sulphur into sulphate form. 

  

      S  +  O2   SO4
−

(sulphate; Available S) 

 

13.7 Functions of microorgnisms 

Beneficial function Harmful function 

• Organic matter decomposition 

 

• Inorganic transformations of essential 

plant nutrients 

 

 

• Symbiotic and Non-symbitic fixation of 

atmospheric nitrogen 

 

• Helps in Formation and development of 

soil : (a) decomposition of rocks and 

minerals; (b) Improves and stabilizes 

the soil structure and stability of soil 

aggregates; (c) facilitate the movement 

of soil materials within soil profile 

 

• Production of soil enzymes 

• Denitrification process carried out by a 

particular microorganisms and causes 

loss of gaseous N into atmosphere 

 

• Development of various plant diseases.. 

 

• Production of antibiotic and other toxi 

substances.. 

 

• Competition for plant nutrients.. 
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