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1. INTRODUCTION 

 
A. Objective(s) 

The main objective of this course is to develop student’s ability to: 

⚫ Define the meaning, concept and uses of soil. 

⚫ Explain the component of soil. 

⚫ Discuss about the importance of soil for plant growth. 

B. Content elaboration: 

1.1 Meaning, definition and uses of soil 

Soil refers to the loose surface of the earth formed by the processes of weathering 

of rocks and minerals. The word soil is formed by four letters ‘S=O=I=L’ and 

each symbol letter represent different meaning. The full form of individual letter 

is given as, 

S = surface of earth 

O =organic matter 

I = inorganic matter 

L = living beings 

Combining these four symbols letters and their meaning, it is known that soil is an 

earth surface containing organic matter, inorganic matter and living beings. In 

other words, soil can be defined as a dynamic natural body on the surface of the 

earth with different composition and quantities of inorganic and organic matters 

having different physical, chemical and biological activities. Different scientists 

defined soil in different ways and they have given their own definitions. 

Whitney (1892): Soil is a nutrient bin which provides all the nutrients required for 

plant growth. 

Hilgard (1892): Soil is more or less loose and friable material in which plants, by 

means of their roots, find a foothold for nourishment as well as for other 
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conditions of growth. 

Dokuchaiev (1900): Father of soil science- Soil as a natural body composed of 

mineral and organic constituents, having a definite genesis and a distinct nature of 

its own. 

Joffe (1936): Soil is a natural body of mineral and organic constituents 

differentiated into horizons of variable depth, which differs from the material 

below in morphology, physical makeup, chemical properties and composition and 

biological characteristics”. 

Jenny (1941): Soil is a naturally occurring body that has been evolved due to 

combined influence of climate and living organisms acting on parent material as 

conditioned by relief over a period of time. 

Simonson (1957): The soil is three dimensional body having length, breadth and 

depth which form a continuum over the land surface and differ gradually from 

place to place. 

Uses of soil 

Soils have more uses in all living beings directly or indirectly in the earth. All 

living beings of the earth use soil for their shelter, food and other requirements. In 

agriculture, it provides support to the plant, provides nutrient to grow and 

provides favorable conditions to survive and reproduce. It is the source of plant 

nutrients. All the living beings having habitat in soil are part of the earth 

ecosystem and they are balancing the system and make system as one unit. 
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Figure: Different uses of soil 

Soil as a habitat for all living beings 

Plants grow in the soil and soil holds roots of the plants and helps to stand erect in 

position. It is a medium for plant growth. Bacteria, fungi, termites, earthworms 

and other animals including human beings live in the earth. All animals live in the 

soil and derive food from the soil both directly and indirectly. Without soil, none 

of the micro and macro organism can live. Thus, soil acts as a habitat for all living 

beings. 

Reservoir of plant nutrients and water 

Weathering of rocks and minerals release plant nutrients. Decomposition of 

organic matters releases the plant nutrients and make available to the plants. All 

plants nutrients are stored in the form of organic matters or in the mineralized 
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form either in the soil or in the soil solution. Thus, soil is used as a source and 

reservoir for plants nutrients. Soil holds water in pore space. Most of the free 

water remains above the soil surface as ocean, pond, sea and river water, and solid 

form of water as snow and ice. Thus soil acts as a reservoir of water and plant 

nutrients. 

Construction materials 

Wood, mud, cement, rods and gravels are the construction materials. Gravels and 

cement come from rocks. Rod is made from iron and iron is taken out from the 

mine which lies in the soil. Wood is made from the plants and plants grow in the 

soil. Thus, directly or indirectly, all construction materials derive from the soil. 

Place to construct building, roads 

All building, bridges, railways, roads, etc are constructed on the soil surface. 

Thus, soil acts as base foundation of building, roads and bridges. 

Decomposition of wastes 

Wastes are dumped in the soil. Soil microbes decompose waste materials and 

reduce the volume of waste. Thus, soil is used to dump and decompose waste 

materials. 

Detoxification of harmful chemicals 

Applied toxicants when reaches to the soil, they will be decomposed and 

detoxified by the soil organic matters and soil microbes. Thus, soil is the material 

which detoxifies the toxicants. 

Soil as a natural filter 

Water passes into the soil and filter bacteria and other residues. Thus, ground 

water taken from deep boring becomes relatively cleaner than surface water of 

that particular area. Soil organic matter combines with some harmful metal 

elements are reducing the chances of entering such materials in the ground water. 

Thus, soil act as a natural filter for water. 
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1.2 Components of soil 

Soil is composed of partly weathered, unweathred, transformed products of rocks, 

rock minerals and organic matter. The mineral soil consists of four major 

components/phases: mineral material and organic matter (solid), water (liquid) 

and air (gases). The volume composition of good condition soil are 20-30% air, 

20-30% water, 45% minerals and 5% Organic matter. 

Solid Phase (Mineral matter): 

The solid phase is broadly composed of inorganic and organic constituents. The 

inorganic constituents which forms bulk of solid phase of soil includes silicates, 

carbonates, soluble salts and free oxides of Fe, Al and Si in addition to some 

amorphous silicates. Only a small fraction of the solid phase is of organic origin. 

The sources of organic constitutes are plant and animals. Of total volume, about 

half is solid space, 45 per cent mineral matter and 5 % organic matter. 

Liquid phase (Soil water): 

Forty to fifty per cent of the bulk volume of the soil body is occupied by soil 

pores, which may be completely and partially filled with water. The soil acts as a 

reservoir for supplying water to plants for their growth. The soil water keeps salts 

in solution which act as plant nutrients. Thus, liquid phase is an aqueous solution 

of salts. 

Gaseous Phase (Soil air): 

The air filled pores constitutes the gaseous phase of the soil system. The volume 

of the gaseous phase is thus dependent on that of liquid phase. The nitrogen and 

oxygen contents of soil air are almost same as that of atmospheric air but 

concentration of carbon dioxide is much higher. 

The four major components of a typical soil exist mainly in an intimately mixed 

condition. The proportion of these components may vary from time to time and 

from place to place. The volume composition of sub- soil is different from the 

surface soil. Compared to top soils they are lower in organic matter content, lower 

in total pore space and contain a higher percentage of small pores. This means 



6 Soil and Soil Fertility Management Grade 9 

 

 

they have a higher percentage of mineral and water and considerable lower 

content of organic matter and air. 

1.3 Importance of soil for plant growth 

Soil is the heterogeneous mixture of air, water, organic, inorganic matters and 

living beings found on the surface of the earth. It is the place of plant 

establishment and source of plant nutrients for their growth and development. 

Physical supports, detoxification of toxic chemicals, promotes microbial  

activities, holding and supply of plant nutrients, holding and release of water, air 

circulation, temperature regulation or in others words change ecology of 

rhizosphere in favor of plant growth and development are main functions of soil in 

agriculture. They are: 

- Soil is the habitat of microbes and release nutrients to the plants 

- Soil is the source of nutrient elements to the plants ( both mineral and 

organic forms) 

- Soil is the store house to retain and release water 

- Soil detoxifies chemicals applied and reduces their negative effects 

- Soil controls temperature through air water circulation 

- Soil provides physical supports to the plant by anchorage 

C. Learning process and support materials 

The learning process includes the participation of student in group work, 

presentation and skill development, written methods etc. 

D. Assessment 

Very short (Answer question) 

1. Define soil. 

2. List out the components of soil. 

Short (Answer question) 

1. Explain about the components of soil. 
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Long (Answer question) 

1. What are the uses of soil for different aspects? 

2. Write down the importance of soil for plant growth. 

Glossary: 

Activity : Informally, may be taken as the effective concentration of a substance 

in a solution. 

Argillic horizon: A mineral soil horizon that is characterized by the alluvial 

accumulation of layer-silicate clays. 

Aridisols: Mineral soils that have an aridic moisture regime but no oxic horizon. 

A soil order. 

Mineral soil: A soil consisting predominantly of, and having properties 

determined predominantly by, mineral matter. Usually contains less than 200 g/kg 

of organic carbon. 

Soil: The unconsolidated mineral or material onthe immediate surface of the earth 

that serves as anatural medium for the growth of land plants. 

Soil science: That science dealing with soils as a natural resource on the surface 

of the earth, including soil formation, classification and mapping, geography and 

use, and physical, chemical, biological, and fertility properties of soils per se: and 

those properties in relation to their use and management. 

Reference: 

Das, Dilip Kumar. 1996. Introductory soil science, Kalyani Publisher, New Delhi. 

Foth, Henry D. 1984. Fundamental of soil science.John Wiley and sons, New 

York. 

Pande, Keshab Raj. 2008.A text book on Fundamentals of soil science and 

Geology, SulabhChhapakhana, Narayangarh, Chitwan. 

www.agriglance.com 

http://www.agriglance.com/
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2. GEOLOGY IN SOIL RELATION TO 

SOIL 

A. Objective(s): 

After completion of this course students will develop their ability to: 
 

⚫ 

 

⚫ 

 

B. 

Define rocks and minerals 

Explain about the soil forming process 

Content elaboration: 

 

1. Rocks and minerals   

1.1 Rocks   

The rocks are generally composed of two or more minerals. Petrology 

(Greek, Petra means rock, logos means science) deals with science of rocks. It 

consists of 

1. Petrography which deals with description of rocks 

2. Petrogenesis which is the study of the origin of rocks. Geologists have 

classified rocks into three major groups: Igneous, Sedimentary and 

Metamorphic. 

Igneous Rocks (Latin ignis, means fire): 

The whole surface of the earth passed through a molten stage and the first solid 

mineral was derived from this molten material known as magma. Igneous rocks 

are formed by cooling and crystallization of molten material-magma-on or 

beneath the surface of the earth. Igneous rocks formed from molten magma that 

cooling within the earth’s crust are called intrusive rocks. The volcanic rocks that 

cool on the surface of earth are termed extrusive. They are source of parent 

material for other rocks and ultimately for soils. The examples are Granite, 

Syenite, Diorite, Gambro, Dolerite and Basalt. 

Sedimentary Rocks 

Sediment is the material that settles on the bottom of something else, usually a 
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liquid. Thus sedimentary rocks are formed from sediments, derived from the 

breaking down of pre-existing rocks. These are composed of materials that have 

been worn down by wind, water, or ice and deposited somewhere. Stratification is 

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

stratified rocks. Sedimentary rocks are classified into three subgroups: Clastic 

sedimentary, Chemical particulates, and organic sedimentary. Clastic sedimentary 

are simply rock fragments e.g. sandstone and shale. The second subgroup is 

sedimentary rocks that are formed from chemical compounds settling out of water 

solutions e.g. Limestone and Dolomite. The last subgroup, organic sedimentary 

rock, is formed of living or once-living substances settling out of water. Coal is a 

well-known example of an organic sedimentary rock. 

Metamorphic Rocks 

The word metamorphic means “change in form” and thus metamorphic rocks are 

those which have undergone some chemical or physical change from its original 

form. The change due to water is called Hydrometamorphism, due to heat is 

Thermometamorphism and due to pressure is called Dynamometamorphism.The 

examples are Gneiss- Formed from granite; Schist- Formed from basalt or shale; 

Quartzite Formed from sandstone; Slate- Formed from shale; Marble- Formed 

from lime stone 

Relative abundance of rocks: 

- Composition of earth’s crust as a whole 

Igneous rocks – 95%, Sedimentary rocks – 5% (Shales 4%, Sandstone 

0.75% and limestone 0. 25%) 

- Composition of the upper five kilometers of the earth’s crust: 

- Sedimentary rocks: Shales – 52%, Sandstones – 15%, Limestone & 

Dolomite – 7% (Total 74%) 

- Igneous rocks: Granite – 15%, Basalt – 3% (Total 18%) 

- Others – 8% 

Note: Although sedimentary rocks forms only five per cent of the total earth crust, 

yet they are important as they occur to the extent of 74 per cent (almost 3/4th) at 
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or near the surface of the earth (upper 5 km). As we go deeper, we find 

predominance of igneous rocks. 

1.2 Minerals 

The minerals may be defined as naturally occurring, homogeneous element or 

inorganic compound having definite chemical composition. More than 90 percent 

of all the minerals in the earth’s crust are made up of compounds containing 

Silicon and Oxygen. There are over 2500 minerals on earth. Only 30 minerals are 

commonly found on the earth’s surface and in surface rocks. Most minerals are 

made from nonliving substances. Many have crystal shapes. These are three- 

dimensional and hence easy to recognize. 

Minerals are classified into primary and secondary 

1. Primary minerals: 

The original component of an igneous rock is known as primary mineral. 

Those primary minerals which are recognized as the characteristic 

component of that rock are known as essential mineral, while those which 

occur only in small quantities and whose presence and absence is not so 

important are called accessory minerals. 

2. Secondary minerals: 

A mineral resulting from the decomposition of a primary mineral or from 

the re precipitation of the products of decomposition of the primary minerals 

are called secondary mineral. 

Relative abundance of important rock forming minerals: 
 

Minerals (arranged in the order of their 

crystallization) 

Important 

constituents 

Percent 

distribution 

Primary minerals 

Ferro magnesium minerals 

Ortho-ino silicates 16.8 

Olivine Fe, Mg  
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Pyroxenes Ca, Na, Fe, Mg  

Amphiboles Ca, Na, Fe, Mg, Al, OH  

Phyllo Silicates 3.6 

Biotite K, Fe, Mg, Al, OH  

Muscovite K, Al, OH  

Non-Ferro Magnesium minerals 

Tecto Silicates 

Feldspars 61.0 

Anorthite Ca, Al  

Albite Na, Al  

Orthoclase K, Al  

Quartz   

Secondary minerals 

Clay minerals Na, K, Ca 11.6 

Others Mg, Fe, Al, OH 6.0 

1.3 Soil forming process 

A soil forming process may be defined as a complex or sequence of events 

including both complicated reactions and simple rearrangement of matter which 

intimately affect the soil. These processes are also known as soil building 

processes or pedogenic processes. 

The basic soil forming processes involved in soil formation (Simonson, 1959) 

includes the following. 

- Gains or Additions of water, mostly as rainfall, organic and mineral matter 

to the soil. 

- Losses of the above materials from the soil. 

- Transformation of mineral and organic substances within the soil. 

- Translocation or the movement of soil materials from one point to another 

within the soil. It is usually divided into two aspects. 

- Movement in solution (leaching) 
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- Movement in suspension (eluviations) of clay, organic matter and hydrous 

oxides 

A. Fundamental soil forming processes 

Humifications: 

It is the process of transformation or decomposition of raw organic matter into 

humus. In this process the soluble organic substances regroup themselves in to 

large molecules by polymerization and become poorly soluble. The characteristics 

are influenced by the nature of vegetation residue and the way it becomes 

decomposed and synthesized in to new organic compounds. 

Eluviations (Latin, ex or out and lavere, to wash): 

Eluviations means washing out. It is the process of removal of constituents in 

suspension or solution (Clay, Fe2O3, Al2O3, SiO2, humus, CaCO3, other salts etc) 

by the percolating water from the upper to lower layers. The Eluviation process 

involves mobilization and translocation of mobile soil constituents resulting in 

textural differences. Translocation depends upon relative mobility of elements and 

depth of percolation. The horizon formed by the process of eluviations is termed 

as eluvial horizon (A2 or E horizon). 

Illuviations( Latin- il, in, and lavere, to wash): 

The process of deposition of soil materials (removed from the eluvial horizon) in 

the lower layer is termed as Illuviation. This is the region of maximum 

accumulation of materials such as iron and aluminum oxides and silicate clays. 

The horizon formed by this process is termed as illuvial horizon (B-horizon, 

especially Bt). The process leads to horizon of gains and textural contrast between 

E and Bt horizons. 

B. Specific soil forming processes 

The fundamental processes provide a framework for more specific processes like- 

Podzolization (Russian, pod means under and zola means ash): 

It is the process of eluviation of oxide of iron and aluminum (sesqui oxides) and 

also humus under acidic condition (pH 4-5), removal of carbonates by organic 
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acids formed by organic matter and illuviation of the silicon in surface horizon. 

Abundant organic matter, commonly found under forest, cold and humid climate 

are favorable for the formation of such soils. The eluiviated horizon assumes a 

bleached grey colour and is left in highly acid, siliceous condition and, the term 

podzol has been used for such soils. 

Laterization (Latin, later-a brick): 

1. Laterization is inverse process to that of podzolization i.e. the process that 

removes silica, instead of sesquioxides from the upper layers and thereby 

leaving sesquioxides to concentrate in the solum (the altered layer of soil 

above the parent material that includes the A and B horizons). The process 

operates under rain forests of tropical areas, warm and humid (tropical) 

climate and basic parent materials are favorable for such soils. It refers 

specifically to a particular cemented horizon in certain soils which when 

dried, become very hard, like a brick. Such soils (in tropics) when massively 

mixed with sesquioxides (iron and aluminum oxides) to an extent of 70 to 

80 per cent of the total mass, are called laterites or latosols (Oxisols). 

Salinization: 

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

calcium, magnesium, sodium and potassium in soils in the form of a salty (salic) 

horizon. The intensity and depth of accumulation vary with the amount of water 

available for leaching. It is quite common in arid and semi-arid regions. It may 

also take place through capillary rise of saline ground water and by inundation 

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

irrigation or seepage in areas of impeded drainage. 

Desalinization: 

It is the process of removal of excess soluble salts from horizons that contained 

enough soluble salts to impair the plant growth. Drainage is essential for 

desalinization. 

Alkalization (Solonization): 
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The process by which soils with high exchangeable sodium and pH > 8.5 are 

formed; often sodium carbonate and sodium bicarbonate are formed in extreme 

cases. The soil colloids become dispersed and tend to move downward. The 

dispersion results in poor physical condition of the soil. 

C. Learning process and support materials 

The learning process includes the participation of student in group work, 

presentation and skill development, written methods etc. 

D. Assessment 

Very short (Answer question) 

1. Define rocks. 

2. What do you mean by minerals? 

Short (Answer question) 

1. Explain about the types of rocks 

2. Classify the minerals. 

Long (Answer question) 

1. Explain about the rock forming process. 

2. Discuss about the rocks and minerals. 

Glossary: 

A horizon: Mineral horizons that formed at the surface, or below a 0 horizon, and 

are characterized byan accumulation of humidified organic matter intimately 

mixed with the mineral fraction. 

Aerate: To allow or promote exchange of soil gases with atmospheric gases. 

Ammonification: The biological process leading to the formation of ammoniacal 

nitrogen from nitrogen containing organic compounds. 

Edaphology : The science that deals with the influence of soils on living things, 

particularly plants. 

Hardpan: A hardened soil layer, in the lower A or inthe B horizon, caused by 
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cementation of soil particles with organic matter or with materials such as silica, 

sesquioxides, or calcium carbonate. 

Hemic material: An intermediate degree of decomposition, such as two-thirds of 

the organic material cannot be recognized. 

Mineralization: The conversion of an element from an organic form to an 

inorganic state as a result of microbial activity. 

Parent material: The unconsolidated and more or less chemically weathered 

mineral or organic matterfrom which the solum of soils is developed by pedogenic 

processes. 

Pedon: A three-dimensional body of soil with lateral dimensions large enough to 

permit the study of horizon shapes and relations. Its area ranges from 1 to 

10square meters. 

Reference: 

Das, Dilip Kumar. 1996. Introductory soil science, Kalyani Publisher, New Delhi. 

Foth, Henry D. 1984. Fundamental of soil science.John Wiley and sons, New 

York. 

Pande, Keshab Raj. 2008.A text book on Fundamentals of soil science and 

Geology, SulabhChhapakhana, Narayangarh, Chitwan. 

www.agriglance.com 

http://www.soil-net.com 

http://www.agriglance.com/
http://www.soil-net.com/
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3. SOIL PROPERTIES 

 
A. Objective(s): 

The main objective of this course is to develop student’s ability to: 

⚫ Discuss about the physical, chemical and biological properties of soil. 

⚫ Explain about the bulk density, soil porosity, soil pH, and soil organic 

matters. 

B. Content elaboration: 

1. Physical properties of soil: 

The physical properties of a soil play an important role in determining its 

suitability for crop production. These properties depend on the amount, size, 

shape, arrangement and mineral composition of its particles. These properties also 

depend on organic matter content and pore spaces. The plant supports, root 

penetration, drainage, aeration, retention of moisture and plant nutrients are linked 

with the physical condition of the soil. Some important physical properties of soils 

are soil texture, structure, density, porosity, colour, consistence and soil water. 

Soil texture 

Soil texture is determined by the relative proportions of sand, silt, and clay in the 

soil. Three size classes are particularly important: 

1. Sand (size as in beach sand) 

2. Silt (size like talc/talcum powder) 

3. Clay (small particles which stick together, like modeling clay) 

The determination of various sized particles (sand, silt and clay) helps in 

understanding various soil properties e.g. water retention, cation exchange 

capacity, soil workability, erodibility etc. These proportions are placed into 

various classes to aid in communicating to others the significance of the various 

combinations. Each class name has maximum and minimum percentages of each 

fraction. A triangle showing the range in limits for each fraction and the various 
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class names associated with these limits is called the Textural Triangle. 
 

Figure : USDA Textural Triangle 

Table: Particle size classification: 
 

S.N. USDA Classification 
International soil Science 

Society classification 

1 Very coarse sand 2.0 - 1.0 Coarse sand 2.0 - 0.2 

2 Coarse sand 1.0 - 0.5 Fine sand 0.2 - 0.02 

3 Medium sand 0.5 – 0.25 Silt 0.02 - 0.002 

4 Fine sand 0.25 – 0.1 Clay < 0.002 

5 Very fine sand 0.1 - 0.05   

6 Silt 0.05 - 0.002   

7 Clay < 0.002   

 

Soil Structure 

The term soil structure refers to the arrangement of primary and secondary 

particles into a certain structural pattern. The primary particles are sand, silt and 

clay whereas the secondary particles are the cluster of the primary particles which 

are called aggregates and peds. A well-developed structure usually indicates the 

presence of clay. Soil structure is classified into various classes. There are three 
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major classes and several sub-classes. They are as follows: Structure less which 

includes Single grain and Massive; with structure which includes Granular, Platy, 

Wedge, Blocky, Prismatic, and Columnar; and Structure Destroyed which 

includes Puddle. 

Figure: Examples of soil structure 

Types of Soil Structure 

Aggregation of soil particles can occur in different patterns, resulting in different 

soil structures. Based on the shape and arrangement of peds or aggregates, soil 

structure is classified into four principle type –plate like, prism like, block like and 

spheroid structure. 

1. Plate like 

In this type, the aggregates are arranged in relatively thin horizontal plates 

or leaflets. The horizontal axis or dimensions are larger than the vertical 

axis. Plates often greatly impair water circulation. It is commonly found in 

forest soils, in part of the A- horizon, and in clay pan soils. Platy structure if 

often formed from parent materials and can also results due to compaction 

of heavy machinery on clayey soils. When the units/ layers are thick they 

are called “platy” and when they are thin then it is “laminar” 
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2. Prism-like 

In prism like structure, the vertical axis is more developed than horizontal, 

giving a pillar like shape. They are commonly found in the subsurface 

horizons of semiarid and arid regions. The prisms having rounded tops are 

called columnar and mostly occur in sub soils of salt-affected soils. When 

the tops are flat or level the structure is termed as “prismatic”. 

3. Block like 

The structure is blocky when soil particles cling together in nearly square or 

angular blocks having more or less sharp edges. The peds have sizes varying 

from 1 cm to 10 cm. There are two types- angular blocky and sub-angular 

blocky. In the former, the edges are relatively sharp, whereas in later the 

edges are rounded. They are commonly found in the B-horizon where clay 

has accumulated. 

4. Spheroidal 

Here the individual particles of sand, silt and clay are grouped together in 

small, nearly spherical grains. These rounded complexes usually loosely 

arranged and readily separated. When the peds or aggregates are relatively 

non-porous, they are called granules and porous granules are termed as 

crumbs. They are commonly found in the A-horizon of the soil profile. 

Bulk density 

Bulk density refers to the weight of the oven-dry soil with its natural structural 

arrangement. The pore space is a part of the volume of soil measured for bulk 

density. Bulk density is determined by dividing the weight of oven-dry soil in 

grams by its volume in cubic centimeters. The variation in bulk density is due 

largely to the difference in total pore space. Because finer textured soils have 

higher percentages of total pore space, it follows that finer textured soils have 

smaller bulk density values. Obviously then, compacted soils have lower 

percentages of total pore space and therefore, higher bulk densities. High and low 

bulk densities have great influences on engineering properties, water movement, 

rooting depth of plants, and many other physical limitations for soil 
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interpretations. 

Bulk Density = 
    Mass of dry soil    

=
  Mass of dry soil  

Bulk volume of soil 

Factors Affecting Bulk Density 

1. Soil texture and structure 

Volume of solid soil + Volume of pore space 

Fine textured soils like silt loam and clay loam have lower bulk density than 

sandy soils. This is mainly because of more granulation/ aggregation. As 

aggregation and clay content increase, bulk density decreases. Tillage 

operations do not affect texture, but they do alter structure (aggregation). 

Primary tillage operations, such as ploughing, generally decreases bulk 

density and increases pore space, which is beneficial. Secondary tillage 

(cultivation) generally increases bulk density and decreases porosity. 

2. Pore space 

Since the bulk density is related to the combined volume of solids and pore 

spaces, hence the soils with higher pore space will have lower bulk 

densities. Thus any factor that influences pore space will affect the bulk 

density. 

3. Compaction 

It leads to increase in bulk density. The movement of machinery over the 

field forces solid particles into spaces once occupied by water or air, 

resulting in less pore space and increased bulk density. The fine textured 

soils have low bulk densities when not compacted but very high when 

compacted in comparison to sandy soils. In fact sandy soils are less affected 

by compaction. 

4. Organic matter 

Since organic matter is lighter than an equal volume of solid soil and is 

more porous, hence a soil with higher organic matter will have lower bulk 

density. Manure additions in large amounts tend to lower the surface bulk 

density of mineral soils because of the addition of low bulk density material 



21 Soil and Soil Fertility Management Grade 9 

 

 

and the consequent promotion of soil aggregation. Usually surface soils are 

rich in organic matter than sub-surface soil and as a result lower bulk 

density is recorded in surface soil. 

5. Crop and soil management: 

The crop and soil management also influences the bulk density. The 

addition of crop residues and FYM always lower the bulk density of surface 

soil. This is just similar to the effect of organic matter as discussed above. 

However, the intensive cultivation increases the bulk density because more 

cultural operations enhance the compaction of the soil. Cropped soils 

generally have higher bulk densities than uncropped soils. 

Soil Porosity 

The pore space of a soil is defined as the portion of the soil volume occupied by 

air and water. It refers to the percentage of soil volume occupied by pore spaces. 

Pore-spaces directly control the amount of water and air in the soil and indirectly 

influence the plant growth and crop production. Size of individual pores, rather 

than total pore space in a soil, is more significant in its plant growth relationship. 

In general there are broadly two types of pores in soil. 

1. Macro pores 

The diameter of these pores is larger than 0.06 mm. Macro-pores allow air 

and water movement readily. Sands and sandy soils have a large number of 

macro-pores. 

2. Micro or Capillary pores 

The diameter of these pores is less than 0.06 mm. The movement of air and 

water is restricted to some extent in micro or capillary pores. Clays and 

clayey soils have a greater number of micro or capillary pores. It has got 

more importance in the plant growth relationship. For optimum growth of 

the plant, the existence of approximately equal amount of macro and micro- 

pores which influence aeration, permeability, drainage and water retention 

favorably is essential. 
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Factors Affecting Porosity of Soil 

1. Soil structure: 

Particle arrangement determines the total pore space in the soil. When the 

sphere like particles are arranged in columnar form (i.e. one after another on 

the surface forming column like shape) it gives the most open packing 

system resulting very low amount of pore spaces. When such particles are 

arranged in the pyramidal form it gives the closest packing system resulting 

high amount of pore spaces. Thus, a soil having granular and crumb 

structure contains more pore spaces than that of prismatic and platy soil 

structure. The well aggregated soil structure has greater pore space as 

compared to structure-less or single grain soil. 

2. Soil texture 

Sandy soils have lesser total pore space and fine textured clay and clay loam 

soils have higher total pore space. 

3. Organic matter 

Addition of organic matter increases the volume of pore space by lowering 

the bulk density. It makes the soil more porous. 

4. Compaction 

If the soil is made more compact by movement of machinery and tillage 

implements and thus pore space is reduced. Intensive crop cultivation tends 

to lower the porosity of soil as compared to fallow soils. 

Soil Colour 

Color of soil is an important feature in recognizing different soil types, but color  

is also an indicator of certain physical and chemical characteristics. Color in soils 

is due primarily to two factors, humus content and the chemical nature of the iron 

compounds present in the soil. Humus has a dark brown, almost black, color. The 

colour of the soil is a result of the light reflected from the soil. Soil colour is an 

easily observable soil property and gives an immediate indication of the soil 

condition. Soil colour is inherited from its parent material and that is referred to as 
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litho-chromic, e.g. red soils developed from red sandstone. Besides soil colour 

also develops during soil formation through different soil forming processes and 

that is referred to as acquired or pedo-chromic colour e.g. red soils developed 

from granite gneiss or schist. 

Factors affecting soil colour 

Various factors influencing the soil colour are as follows: 

1. Parent material / Composition 

Soils containing higher amount of iron compounds generally impart red, 

brown and yellow tinge colour. The red colour of the soils is due to 

unhydrated iron oxide. It indicates that the soils are old and more weathered. 

The yellow colour in the soil is due to iron oxide (limonite) and more moist 

conditions. Due to presence of large amounts of silica and lime or both in 

the soil the colour of the soil appears like white or light coloured. In case of 

black cotton soils, the black colour is due to titaniferrous magnetite. Such 

soils may have less organic matter but still they are black in colour. Thus the 

parent material has direct bearing on the colour of the soil formed from it. 

2. Soil moisture 

A well drained soil will have normal colours as compared to a poorly 

drained soil. The poorly drained soil will show the sign of graying due to 

anaerobic or reduced conditions. When soils are waterlogged for a longer 

period, the permanent reduced condition will develop. The presence of 

ferrous compounds resulting from the reducing condition in waterlogged 

soils impart bluish and greenish colour. During monsoon period due to 

heavy rain the reduction of soil occurs and during dry period the oxidation 

of soil also takes place. Due to this alternate oxidation and reduction (due to 

alternate wetting and drying), some coloured patches develop. These 

patches are known as mottles. This mottled colour is due to residual 

products of this process especially iron and manganese compounds. The 

background soil surface is known as matrix. The matrix and mottle colour 

are recorded separately. 
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3. Organic matter 

Soils containing high amount of organic matter show the colour variation 

from black to dark brown. In forest soils and grassland soils, more organic 

matter is added to the soil every year. This makes the soil darker in colour. 

In hot and dry regions the organic matter is readily decomposed and lost. 

Hence, these soils are lighter in colour. Thus, organic matter is important 

clolour imparting constituent in soils. 

Importance of physical properties of soil in crop production 

Soil texture 

- Soil texture influences pore space volume present in a soil which has 

significant role in root respiration of grown crop 

- Soil texture influences pore space volume present in a soil which has 

significant role in water holding capacity and soil microbial activities 

- Soil texture is important in taxonomical classification of soil 

- Soil texture is important in soil fertility evaluation 

- Soil texture affects nutrient holding and cation exchange capacity of the soil 

- Soil texture is useful in selecting crop suitability to an area 

- Soil texture affects tillage requirement for land preparation 

- Soil texture affects root penetration and growth which directly affects plant 

health and nutrient uptake. 

Soil structure 

- Water stable soil aggregates resist against rainfall impact force and soil 

erosion becomes less in such soil. 

- Infiltration rate depends on soil structure 

- Good seed bed preparation: in spheroidal soils, better grown of the plant due 

to better root penetration 

- Well aggregates soil has high nutrients and water holdings required for plant 

growth. 
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Soil Color 

- Soil colour gives us a clue regarding the drainage condition of the soil, 

amount of organic matter present and type of parent material from which 

soil has developed. 

- In general, the dark coloured soils are considered fertile and rich in organic 

matter. The mottling, when present in lower horizons of a profile indicates 

poor drainage conditions. Iron compounds, in various states of oxidation  

and reduction are major colouring agents of subsoil horizons. 

- The colour of soil containing iron oxides varies from red and rust brown to 

yellow depending on the degree of hydration. 

- Reduced iron normally displays a green-blue tinge. Soils in anaerobic 

conditions, such as those in poorly drained depressions, will normally have 

dull, grey B-horizons. Alternatively, aerobic soils have bright reddish- 

brownish colours. 

Bulk density and porosity 

-  Micropores have enough oxygen for plant root and microbial respiration. 

Air including oxygen remains in the pore space. Volume of pore space 

depends on soil texture and structure and soil occupied pore space depends 

on the amount of water content in that soil. 

- The soil aeration and water retention can be estimated by calculating bulk 

density of that soil. 

- Bulk density of soil gives idea of that particular soil about plant root 

penetration, microbial respiration and also growth of grown crops. For 

optimum growth of crops, the soil bulk density should be less than 1.65 g 

cm-3 in case of sandy soil and that should be less than 1.2 g cm-3 in case of 

clayey soil. 

- Crop suitability of a soil can be tentatively selected by knowing soil bulk 

density and porosity. 

3.2. Chemical properties of soil 

The chemical properties of the soils indicate different reactions taking place in a 
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soil. Soil pH is one of the important factors influencing soil chemical properties. 

Soil pH 

The term pH is from the French “pouvoir hydrogen” or hydrogen power. Soil pH 

or soil reaction is an indication of the acidity or alkalinity of soil and is measured 

in pH units. It is defined as the negative logarithm of hydrogen ion concentration 

or inverse log of the hydrogen ion concentration in a soil solution. 

The pH scale goes from 0 to 14 with pH 7 as the neutral point. As the amount of 

hydrogen ions in the soil increases, the soil pH decreases, thus becoming more 

acidic. From pH 7 to 0, the soil is increasingly more acidic, and from pH 7 to 14, 

the soil is increasingly more alkaline or basic. 

pH = -log [H+] 

Where: [H+] is the activity of hydrogen ions in moles/lt. Pure water is weakly 

dissociated in to H+ and OH- ions according to following equations 

H2O = H+ + OH- 

According to law of dissociation 

[H+] x [OH-] / H2O =K 

Where; 

H+, OH- are the concentration and K is the dissociation constant. Since 

concentration of undissociated water remains practically the same because 

of very little ionization of H2O molecules the above relationship becomes: 

[H+] x [OH-] = Kw =10-14 at 200C Kw=Ion product constant of water 

At neutrality H+ = OH-and H+ = 10-7or pH=7. Pure water has a pH value of 

7. As the hydrogen activity increases the pH value will decrease while it  

will go up with rise in hydroxyl ion activity. 

Factors affecting soil pH: 

- Parent materials 

- Rainfall and leaching 

- Acid rain 
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- Application of ammoniacal fertilizer like ammonium sulphate [(NH4)2SO4] 

and urea [CO(NH2)2] 

- Root and microbial respiration 

- Accumulation and decomposition of huge amounts of organic matter 

producing organic acids. 

- Application of high organic matters 

Acidity and Alkalinity 

Acidity and alkalinity of soils, as indicated by the measurement of soil pH, are 

important chemical properties that have a role in many of the ways that soils 

behave. pH is probably the most common analytical measurement made on soils. 

The availability of many plant nutrients and the capacity of soil materials to 

absorb and hold materials are often mediated by a soil’s pH. It is usually the 

extremes of acidity or alkalinity that cause environmental problems, difficulties 

with growing plants, or with managing physical problems. In turn, a soil’s pH 

reflects its chemical and mineralogical components and their relationships to the 

solutions that reside in soil pores. The composition of soils also controls their 

capacity to resist changes in soil pH environmental perturbations often caused by 

human actions such as acid rain, irrigation, agriculture and waste disposal. 

Soil Acidity 

Soil acidity refers to the activities of hydrogen cations in a soil solution. In 

general, soil contains more than 90% negatively charged particles and less than 

10% positively charged particles. Negatively charged particles attract and adsorb 

positively charged ions as Na+, K+, Mg2+, Ca2+ and positively charged particles 

attract and adsorb negatively charged ions as NO3, Cl-. In moderate to heavy 

rainfall areas, the base forming cations as Na+, K+, Mg2+, Ca2+ are removed by 

leaching and the proportion of basic cations is less than 80%, soil starts to be 

acidic. Under acidic conditions, the concentration and activities of acid causing 

cations ( H+, Al3+) will be more. 

Types of soil acidity 

- Active acidity 
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- Salt replaceable/ reserve/ exchangeable acidity 

- Residual acidity 

- Potential acidity and 

- Total acidity 

Cause of soil acidity 

- Parent materials 

- Rainfall and leaching 

- Acid rain 

- Application of ammoniacal fertilizers 

- Root and microbial respiration 

- Accumulation of organic matter 

- Plant uptake of basic cations 

- Application of high organic matters 

Soil Alkalinity 

Areas having less than 10 inches (250mm) annual rainfall is called arid region and 

land areas having 10-20 inches annual rainfall are termed as semiarid regions. In 

these areas, precipitation becomes lower than potential evapo-transpiration. Soils 

in arid regions are called arid soils and that of semi-arid regions are called 

semiarid soils. In these arid and semiarid regions, distinct wet and dry season 

exist. Under such climatic conditions, soluble salts produced by weathering of soil 

minerals do not leach out and they are accumulation of alkaline salts is commonly 

found in low lying areas, owing to the lateral movement of seepage water from 

higher elevations. Soluble salts are commonly found in these areas are chlorides, 

sulphates and bicarbonates of Ca, Mg, k and Na. the presence of higher degree of 

base forming cations as Ca2+ ,Mg2+, and Na+ in exchange complex and the 

presence of larger amount of respective neutral and alkaline salts in soil solution 

make soil alkaline. 

Types of Alkaline soils 

- Saline soils 

- Saline- sodic soils 
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- Alkali or sodic soils 

Soil Colloids 

Colloids are substances whose particle size is about 1 to 1000nm when they are 

mixed with another substance, usually air or water. Colloids are action sites for 

chemical reaction, microscopic, large surface area. The larger the surface area, the 

better they are for chemical reaction. Molecules of some compounds can come 

within the colloidal range but most colloids consist of aggregate of molecules. 

Colloids are so ubiquitous in nature and so distinctive that they have common 

names as fog, smoke, aerosol, foam, emulsion, soil and clay. All are small 

particles suspended in a fluid. 

General properties of soil colloids 

- Size 

- Surface area 

- Surface charges 

- Adsorption of cations and water 

Types of soil colloids 

On the basis of composition, structure and properties, soil colloids are of 

numerous types. Mainly they are of two types, 

1. Inorganic soil colloids 

2. Organic soil colloids 

Inorganic soil colloids are further classified into three groups. They are, 

- Crystalline silicate clays 

- Non- crystalline silicate clays 

- Iron and aluminum oxides 

Inorganic soil colloids 

1. Layer silicate clays 

Layer silicate clays are crystalline layer like structure. In this type of soil 

colloids, each particle is made up of a series of layers similar to the pages of 

a book. The layer comprise horizontal oriented sheets of Si, Al, Mg, and or 
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Fe atoms surrounded and held together by O2 and –OH group. Example: 

kaolinite [Si2 Al2 O3 (OH)4] 

2. Iron- Aluminum oxide clays 

This clay is dominant in highly weathered soils. They are commonly found 

in tropical and semi tropical climates but sometimes they are observed in 

temperate soils also. Mostly they are red and yellow in color. Some of them 

have definite crystalline structure but some are amorphous. They are less 

plastic and less sticky than silicate clays. Example: Gibbsite, Geithite etc. 

3. Allophone and associated clays 

Allophones are aluminosilicate minerals which have amorphous or poorly 

crystalline structures. They are commonly found in volcanic soils. They 

have high adsorbed cations which give high CEC. They have small number 

of adsorbed anions also. Absence of three dimensional crystal structure,  

they are also called short range or low wave length order minerals. 

Organic soil colloids or humus 

The colloidal organization of humus is termed as organic colloids. They are not 

crystalline but they have C,H and O rather than Si,Al, Fe, oxygen and hydroxyl 

groups. The organic colloidal particles vary in size but commonly their size is 

similar to silicate clay particles. The humus colloids are not mineral and they are 

also not crystalline. Humus colloid has very high capacity to absorb water. It has 

very low or almost no plasticity and stickiness. They are non-cohesive. 

Ion exchange in soils 

Ion exchange is a reversible process by which one types of cation or anion held 

on the solid phase is exchanged with another kind of cation or anion in the liquid 

phase. If two solid phases are in contact, exchange of ions may also take place 

between their surfaces. Cations and anions are two types of ions which can be 

exchanged in between solid or liquid surface. However, cation exchange is more 

important than anion exchange because anion retention capacity of most 

agricultural soil is much smaller than the cation retention capacity. 
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Cation exchange capacity 

The CEC is the capacity of soil is defined as the capacity of soil to adsorb and 

exchange cations. The cation exchange capacity is the sum total of the 

exchangeable cations that asoil can absorb. The higher the CEC of soil the more 

cations it can retain. Soils differ in their capacities to hold exchangeable cations. 

CEC is expressed as milliequivalents of cations per 100 grams of soil (meq 

/100gsoil). After 1982, in the metric system the term equivalent is not used but 

moles are the accepted chemical unit. The recent unit of expression of CEC is 

centi moles of protons per kilo gram soil [cmol (p+) kg-1 soil]. One meq/100 g is 

equal to one 

cmol (p+) kg-1 soil. 

Factors affecting Cation Exchange Capacity 

Soil texture 

The negatively charged clay colloids attract positively charged cations and hold 

them. Therefore, the cation exchange capacity of soils increases with increase in 

per centage of clay content. Clay soils with high CEC can retain large amounts of 

cations and reduce the loss of cations by leaching. Sandy soils, with low CEC, 

retain smaller quantities of cations and therefore cations are removed from soil by 

leaching. 

Soil organic matter 

High organic matter content increases CEC. The CEC of clay minerals range from 

10 to 150 [cmol (p+) kg-1] and that of organic matter ranges from 200 to 400 

[cmol (p+) kg-1]. 

Nature of clay minerals 

The CEC and specific area of the clay minerals are in the order: smectite>fine 

mica>kaolinite. Hence the CEC of a soil dominated by smectite type of clay 

minerals is much higher than kaolinite type dominated soils 
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Soil Reaction 

As the pH is raised, the hydrogen held by the organic colloids andsilicate clays 

(Kaolinite) becomes ionized and replaceable. The net result is anincrease in the 

negative charge on the colloids and in turn an increase in CEC. 

Importance of Cation Exchange Capacity 

- 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. 

- The exchangeable K is a major source of plant K. 

- The exchangeable Mg is often a major source of plant Mg. 

- The amount of lime required to raise the pH of an acidic soil is greater as the 

CECis greater. 

- Cation exchange sites hold Ca+, Mg+, K+, Na+, and NH4+ ions and slow 

down their losses by leaching. 

- Cation exchange sites hold fertilizer K+ and NH4+ and greatly reduce their 

mobility in soils. 

Anion exchange capacity 

“The sum total of exchangeable anions held exchangeable by a unit mass of soil, 

termed as its anion exchange capacity (AEC.)”. It is expressed as cmol / kg 

orm.eq./ 100 g soil. The AEC is much less than CEC of the soil.Kaolinitic 

minerals have a greater anion adsorbing and exchange capacity than 

montmorillonitic and illitic clays because the exchange is located at only a few 

broken bonds. The capacity for holding anions increases with the increase in 

acidity. Some anions such as H2PO4 are adsorbed very readily at all pH values in 

the acidas well as alkaline range. Cl and SO4 ions are adsorbed slightly at low pH 

but none at neutrality, while NO3ions are not adsorbed at all.The affinity for 

adsorption of some of the anions commonly present in soil is of the order: 

NO3<Cl< SO4< PO4.Hence at the pH commonly prevailing in cultivated soils, 
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nitrate, chloride andsulphate ions are easily lost by leaching. 

Importance of anion exchange 

− The phenomenon of anion exchange assumes importance in relation to 

phosphate ions and their fixation. 

− The adsorption of phosphate ions by clay particles from soil solution 

reduces its availability to plants. This is known as phosphate fixation. As the 

reaction isreversible, the phosphate ions again become available when they 

are replaced byOH ions released by substances like lime applied to soil to 

correct soil acidity. 

- Percent Base Saturation 

Importance of chemical properties of soil in crop production 

The chemicals properties of soil are important physico-chemical characteristics 

because it influences: 

- Suitability of soil for crop production 

- Availability of soil nutrients to plants 

- Microbial activity in the soil 

- Lime and gypsum requirement of soil 

- Physical properties of soil like structure, permeability etc. 

Biological properties of soil 

Organic matters 

Organic materials are intrinsic and essential component of all soils. Whereas the 

body of the soil is constituted by the inorganic materials, one may look upon the 

organic matter as its life. Organic matter makes the soil a living, dynamic system 

that supports all life on this planet. Soil Organic Matter (SOM) comprises an 

accumulation of 

- Partially disintegrated and decomposed plant and animal residues 

- Other organic compounds synthesized by the soil microbes upon decay. 

SOM is frequently said to consist of humic substances and nonhumic substances. 

The term SOM is generally used to represent the organic constituents in the soil, 
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including undecayed plant and animal tissues, their partial decomposition 

products, and the soil biomass. 

Sources of Soil Organic Matter 

Primary sources 

Plant, animal and microbial materials are the primary sources of organic matter. 

Plant tissues and microbial cells contain approximately 40 to 50 per cent carbon 

on dry weight basis. 

Secondary sources 

On –farm sources: Crop residues,roots,root exudates, organic manures, composts 

and green manure crops contribute significantly towards buildup of soil organic 

matter. 

Off- farm sources: Biodegradable wastes like agro-industrial wastes and 

municipal wastes 

Soil microorganism 

All the organisms living within the soil are collectively termed soil life or soil 

biota. Soil organism is any organism inhabiting the soil during part or all of its 

life. Soil organisms range in size from microscopic cells that digest decaying 

organic material to small mammals that live primarily on other soil organisms. 

They play an important role in maintaining fertility, structure, drainage, and 

aeration of soil. They also break down plant and animal tissues, releasing stored 

nutrients and converting them into forms usable by plants. They are the life force 

of soil. More living organisms occur in soil than in all other ecosystems 

combined. The living portion of soil is a diverse and dynamic collection of 

organisms, from types that you can easily see with an unaided eye down to 

creatures that you can observe only by using a high-powered microscope. 

Classification of Soil Organisms 

The soil organisms are classified into two broad groups, these include: 

1. Soil flora – subdivided into: 

(a) Micro flora size range 1-100 micrometers, e.g. bacteria, 
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actinomycetes, fungi and algae 

(b) Macro flora: size range 20 mm upwards, e.g. roots of higher plants 

2. Soil fauna – subdivided into: 

(a) Megafauna: size range 20 mm upwards, e.g. moles, rabbits, and 

rodents. 

(b) Macrofauna: size range 2–20 mm, e.g. woodlice, earthworm, beetles, 

Centipedes, slugs, snails and ants. 

(c) Mesofauna: size range 100 micrometer - 2 mm, e.g. tardigrades, mites 

and springtails. 

(d) Microfauna: size range 1-100 micrometres, e.g. protozoa, nematodes 

and rotifers. 

Factors Affecting Distribution, Activity and Population of Soil 

Microorganisms 

Soil microorganisms (Flora & Fauna), just like higher plants depends entirely on 

soil for their nutrition, growth and activity. The major soil factors which influence 

the microbial population, distribution and their activity in the soil are 

- Soil fertility - Cultural practices 

- Soil moisture - Soil temperature 

- Soil aeration - Light 

- Soil pH (H-ion Concentration) 

- Organic matter - Food and energy supply 

- Nature of soil and - Microbial associations. 

All these factors play a great role in determining not only the number and type of 

organism but also their activities. Variations in any one or more of these to the 

changes in the activity of the organisms which ultimately affect the soil fertility 

level. 

Importance of biological properties of soil in crop production 

- Nutrient cycling. 

- Enhancing soil structure, which improves water and air movement. 

- Controlling disease and enhancing plant growth. 
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C. Learning process and support materials 

The learning process includes the participation of student in group work, 

presentation and skill development, written methods etc. 

D. Assessment 

Very short (Answer question) 

1. Define soil structure. 

2. What do you mean by bulk density? 

Short (Answer question) 

1. Explain about the importance of physical properties of soil in crop 

production. 

2. Define soil porosity, soil color and Soil pH. 

3. Explain about soil organic matter. 

Long (Answer question) 

1. Define soil pH. Write down the importance of chemical properties of soil in 

crop production. 

2. What do you mean by cation and anion exchange capacity? Write down the 

importance of soil microorganism in crop production. 

3. Define organic matters. Write down the importance of biological properties 

of soil in crop production. 

Glossary 

Acid soil: Soil with a pH value < 7.0. 

Acidic cations: Hydrogen ions or cations that, onbeing added to water, undergo 

hydrolysis, resulting in an acidic solution. Examples in soils areH+,A1 3+ andFe 3+ 

Acidity, total: Sum of salt-replaceable and residual acidity. 

Alkaline soil: Any soil having a pH above 7.0. 

Anion exchange capacity: The sum total of exchangeable anions that a soil can 

absorb. 

Cation exchange: The interchange between a cation in solution and another 

cation on the surface of any negatively charged material such as clay colloid 
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ororganic colloid. 

Chemical potential: Informally, it is the capacity of a solution or other substance 

to do work by virtue of its chemical composition. 

Exchangeable ion: A cation or anion held on or near the surface of a solid 

particle, which may be replacedby other ions of similar charge that are in solution. 

Fluvic acid: The colored material that remains in solution after the removal of 

humic acid by acidification. 

Humus: All of the organic compounds in soil exclusive of undecayed plant and 

animal tissues, their partial decomposition products, and the soil biomass. 

Resistant to further alteration. 

Particle density: The density of soil particles, the drymass of the particles being 

divided by the solid volume of the particles. 

Sodic soil: A nonsaline soil containing sufficient exchangeable sodium to 

adversely affect crop production and soil structure under most conditions of soil 

and plant type. 

Zero point of charge: The pH value of a solution inequilibrium with a particle 

whose net charge from all sources is zero. 
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4. NUTRITION 

A. Objective(s) 

After completion of this course student will be able to: 

⚫ Explain about plant nutrition and their importance in crop production. 

⚫ Describe about the essential plant nutrient along with their function and 

deficiency symptoms. 

⚫ Discuss about the soil fertility evaluation, organic manure, chemical 

fertilizer and bio-fertilizer. 

B. Content elaboration 

4.1. Introduction to nutrition, nutrient and their importance on crop 

production 

Nutrition: 

The supply and absorption of chemical compounds needed for growth and 

metabolism of an organism. 

Nutrient: 

Nutrients are substances required by an organism for their normal growth and 

reproduction. 

Plant Nutrient: 

The plant nutrient is a “food” which is composed of certain chemical elements 

often referred to as ‘plant nutrient’ or plant food elements considered very 

essential for growth and development of plants. 

4.2. Essential nutrients and their categories according to plant needs 

An essential nutrient element is the one which is required for the normal life cycle 

of an organism and where functions cannot be substituted by any other chemical 

compound. 

Or 
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The elements needed by the plant without which the plant is not able to survive 

and complete its life cycle are called essential nutrient. 

Plants absorb or utilize more than 90 nutrient elements from the soil and other 

sources during their growth and development and about 64 nutrients have been 

identified in plants by their tissue analysis. But all are not essential for their 

growth and development. They require only 17 elements/nutrients. These 17 have 

been recognized as essential elements. They are; 
 

Elements Form observed Elements Form observed 

1. Carbon (C) Co2 10. Iron (Fe) Fe2+, Fe3+ 

2. Hydrogen (H) H2O 11. Manganese (Mn) Mn2+ 

3. Oxygen (O) Co2, O2, H2O 12. Zinc(Zn) Zn2+ 

4. Nitrogen (N) NO3
-, NH4

+ 13. Copper (Cu) Cu2+ 

5. Phosphorous (P) H2PO4
-, HPO4

2- 14. Boron(B) H3BO3 

6. Potassium (K) K+ 15. Molybdenum (Mo) 
2- 

M0O4 

7. Calcium (Ca) Ca2+ 16. Chlorine (Cl) Cl- 

8. Magnesium (Mg), Mg2+ 17. Nickel (Ni) Ni2+ 

9. Sulphur (S) So4   

Of these element C,H,O together constitute 95-96% (C-45%, O-45%,H-6%). 

Subsequently N, P and K constitute 2.7% in plants. The other elements constitute 

only 1.3-1.4%. But all have definite roles to play in the growth and development. 

Among these Nickel is the latest nutrient addition to the list in 1987. 

Essential nutrients are classified into two major groups based on relative 

utilization or absorption by the plants. They are 

A. Macro or Major Nutrients 

B. Micro nutrients 

A. Macro or Major Nutrients: 

They are the nutrients utilized by the plants in relatively large amounts 

(quantity) for their growth and development. 

Eg; C, H. O. N, P, K, Ca, Mg and S (C, H and O are abundantly present in 
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the atmosphere and need not be applied through fertilizers). 

Primary nutrients 

Primary nutrient are those nutrients required relatively in large quantities by the 

plants for their growth and development. These are also designated as ‘fertilizer 

elements’ because, deficiency of these elements is corrected by application 

through fertilizers. 

Eg: N, P and K 

Secondary nutrients 

Secondary nutrients are those nutrients which are required by plants in moderate 

amounts. They are called secondary because they are unknowingly supplied 

through fertilizers and other amendments. However their role in nutrition is not 

secondary but they are given secondary importance in its supply and management. 

Eg: Ca, Mg and S 

B. Micronutrients 

The nutrients which are required by plants in relatively smaller quantities for their 

growth and development, but these are equally important and essential to plants as 

macronutrients. They are also called as trace/rare/nano elements. These include 

Fe, Mn, Zn, Cu, B, Mo, Cl and Ni. 

Criteria of Essentiality of Nutrients for Plants 

This concept was propounded by Arnon and Stout (1939) and refined by Arnon 

(1954) and they considered 16 elements essential for plant nutrition. For an 

element be regarded as an essential nutrient, it must satisfy the following criteria; 

1. Plant cannot complete its life cycle in the absence of that element. 

2. The action of element must be specific; no other element can wholly 

substitute for it. 

3. The element must be shown to be directly involved in the nutrition of plant, 

that is, to be a constituent of an essential metabolite or at least required for 

the action of essential enzymes. 
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4.3. Function and deficiency symptom of nutrient 

Deficient 

When an essential element is at a low concentration in plant that severely limits 

the plant growth and produces more or less distinct deficiency symptoms on 

plants. Under such conditions the yield of crop will be low / the quality of produce 

will be inferior. 

Insufficient 

When the level of an essential nutrient is below their actual content in plant or 

available in an inadequate amounts that also affects the plant growth and 

development. 

Toxic 

When the concentration of an element in plants is very high this affects the plant 

growth severely and produces toxicity symptoms on plants. 

Excessive 

When the concentration of an essential nutrient is sufficiently high but not toxic. It 

results in a corresponding shortage of other nutrients. 

Functions of Carbon, Hydrogen and Oxygen 

Carbon, Hydrogen and Oxygen form about 95% of the dry weight of plants and 

are obtained from CO2 and H2O. They are converted into simple carbohydrates by 

photosynthesis and ultimately elaborated into complex amino acids, proteins and 

protoplasm. These are the major components of carbohydrates, proteins and fats. 

Functions 

- They play a dominant role in the process of photosynthesis and respiration 

in plants. 

- They are involved in the formation of simple as well as complex organic 

compounds like carbohydrates, starch proteins etc. 

- Maintaining the structure of the plant cells. 

- They provide ‘energy’ required for the growth and development of plant by 
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oxidative break down of carbohydrates, proteins and fats during their 

cellular respiration 

Functions and deficiency symptoms of Nitrogen 

Nitrogen plays a key role in the nutrition of plants. It is one of the principal 

growth promoting nutrient elements. Green plants are more markedly influenced 

by the deficiency of nitrogen than by any other element. It is absorbed by plants in 

the ionic form of NO3-, by most of the plants. Some plants require NH4+ form 

(rice). When applied as foliar nutrition, NH2 (amide from) is also absorbed. It has 

got most recognized role in the plant metabolism as it performs the following vital 

functions. 

Functions 

- The Nitrogen is mainly involved in Photosynthesis of plants as it is essential 

constituent of chlorophyll, a green pigment essential in photosynthesis. 

- It is very basic constituent of plant life, because, it forms essential 

constituent of proteins, nucleotides phosphatides, alkaloids, enzymes, 

hormones, vitamins etc., 

-  It promotes better Vegetative growth and adequate supply of nitrogen 

promotes rapid early growth and imparts dark green color to plants, 

improves quality and succulence of leafy vegetables and fodder crops. 

-  It stimulates the formation of fruit buds; increases fruit set, and improve 

quality of fruits. 

- It governs the better utilization of Potassium, Phosphorus & other elements. 

Deficiency symptoms 

Nitrogen is a highly mobile element in plants and so deficiency is exhibited in 

older/ bottom leaves. The striking deficiency symptoms are 

- Yellowing of older leaves due to inhibition of chloroplasts and chlorophyll 

synthesis. As the deficiency of Nitrogen becomes severe “Chlorosis” of 

leaves is observed. 

- Plants become dwarfed or stunted growth. 

- Tends to advance the time of flower bud formation and reduce yield. 
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- Fruits become hard, small, low bearing capacity of trees, 

- Reduces fertilization, premature dropping and fruits may become seed less. 

- Severe deficiency leads to Necrosis of plant leaves (complete death of leaf) 

Excessive or Toxicity 

Excessive N in plants leads to more vegetative growth. Leaves become more 

succulent and more susceptible to pest and disease attack. Lodging of plants may 

occur. Reduces the sugar content of plant, storage and keeping quality of fruits or 

leaves and prolong the growing period and delay the reproductive phase of plant 

and crop maturity. 

Phosphorus 

Phosphorous is a constituent of essential cell components such as phytins, 

phosphoproteins, phospholipids, nucleic acids (DNA, RNA), co-enzymes (NAD 

& NADP), ATP and other high energy compounds. It is also a structural 

component of cell membrane, chloroplasts, mitochondria and meristematic 

tissues. Plants absorb Phosphorus as H2PO4
-and HPO4

2- ionic form. Phosphate 

compounds act as “energy currency” within plants. It is highly mobile in plants 

but immobile in soils. 

Functions: 

- Involved in energy storage and transfer. Also carry various metabolic 

processes in plants. 

- Involved in cell division and development of meristematic tissue and thus it 

improves better vegetative growth of plants. 

- Important for root development and stimulates root growth. 

- Helps in primordial development, flowering, seed formation, ripening of 

fruits, germination of seeds and also early maturity of crops. 

- It is essential for formation of starch, proteins, nucleic acids, photosynthesis, 

nitrogen-metabolism, carbohydrate metabolism, glycolysis, respiration and 

fatty acid synthesis. 

 

Deficiency symptoms: 
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- Stunted and slow growth of plants due to its effects on cell division and 

meristematic tissue development. 

- Leaves are small and defoliation starts from the older leaves and premature 

leaf fall. 

- Purplish discoloration of foliage due to anthocyanin pigment. Plants develop 

dead necrotic areas on the leaves, petioles or fruits. 

- Slender and woody stem with under developed roots are characteristics 

symptoms. 

- Delay in flowering and ripening of fruits, inferior quality, shedding of 

blossom, inflorescence becomes small and premature fruit falling. 

- Inhibit the sugar synthesis or abnormally high sugar levels in plant. 

Potassium 

Potassium is indispensable in the plant nutrition and needs to be supplied in 

relatively large quantities to fruit crops and field crops. Plants absorb K from the 

soil as K+ ion and it is mobile in nature in plants. Potassium does not enter into 

the composition of any of the constituents of the plant cells such as proteins, 

chlorophyll, fats and carbohydrates. It primarily occurs as soluble inorganic salts 

and occasionally as salts of organic acids. It is abundant cation in the cytoplasm, 

meristematic regions, cell sap. It is considered as quality element for many crops. 

It exists in mobile ionic form and it functions appear to be catalytic in nature, thus 

called "Chemical Policeman" of plants. 

Functions: 

- Potassium is responsible for osmoregulation and controls cell turger 

pressure. 

- It has an important role in pH stabilization, enzyme activation, protein 

synthesis, stomata movement (closing and opening), cell extension and 

photosynthesis. 

- Impart drought/heat/frost resistance to plants as it regulates transpiration and 

water conditions in the plant cell. It improves water use efficiency 

- Impart pest and disease resistance to plants 
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- Required for ATP synthesis and better N use efficiency by favoring the 

protein formation. 

- Plants become strong and stiff; thus it reduces lodging of plants. 

- Essential in the formation and transfer of starch and sugars especially in 

potato, sweet potato, turnip, banana, tapioca. 

Deficiency symptoms 

- Weakening of stem and lodging of crops and easy susceptibility to pest and 

diseases. 

- Scorching of leaves and burning appearance of leaf margins and tip 

- Poor keeping quality of fruits. The quality of fruits and vegetables 

decreases. 

- Marginal necrosis and burning of leaf tips. 

- Stunted growth, shortening of internodes. 

- It causes great disturbance in the water economy of plants and more water is 

lost per unit dry matter. 

- Poor sprouting of vines. 

- Severe attack of the grapes with Botrytis cinerea due to K deficiency. 

- small tubers in potato due to low sugar occumulation. 

Functions and deficiency symptoms of Secondary nutrient elements 

Calcium 

It is immobile in plants and exists as deposits of calcium oxalate, calcium pectate 

in the middle lamella of cell wall and CaCO3 and CaPO4 in cell vacuoles. 

Although calcium is present in plants in relatively higher proportion as compared 

with other elements, its actual requirement by plants is not much higher than that 

of a primary nutrient. 

Functions 

- It is a constituent of the cell wall and promotes early root development. 

- It is required for cell divisions and chromosome stability, cell wall 

construction, cell elongation of the shoot and root. 
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- Stabilizing the pectin of the middle lamella in the cell wall by forming 

calcium pectate. Thus, Ca brings resistance against diseases. 

- Effect on fruit quality and increases in the firmness of the fruit. 

- Indirectly influences many enzyme systems and maintain cation- anion 

balance (by acting as a counter ion). 

Deficiency symptoms 

- Deficiency is first observed on the young leaves and growing tips (immobile 

in plants). 

- Leaves become small, distorted, cup shaped, crinkled and malformation of 

leaves (It resembles boron deficiencies) 

- Terminal buds may deteriorate and die in fruits trees. Root growth is 

impaired. 

- Destruction of cell well structure results in disturbance of nuclear and cell 

division. 

- Fruit quality is reduced, loss of fruit fleshy, sometimes rotting of fruits and 

susceptible to fungal disease. 

- Blossom end rot on a tomato, soft nose in mango, Jonathan spot in apple, 

empty peanut shell, black heart of celery. 

Magnesium 

Mg is a constituent of the chlorophyll molecule and located at its centre, without 

which photosynthesis by plants would not occur. It is a mobile element and plant 

absorb as Mg2+ ionic form. 

Functions 

- Very much essential for photosynthesis. 

- It is involved in the regulation of cellular pH, cation-anion balance and 

turgur regulation of cells. 

- Necessary for protein synthesis. 

- Activator of enzymes in carbohydrate and ATP metabolism. 

- Essential for the formation of oils and fats 

- It is required for stabilization of cell membranes. 
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Deficiency symptoms 

- Interveinalchlorosis of lower leaves and in extreme cases becomes necrotic. 

- Leaves remain in small and brittle even in final stages. 

- Twigs may become weak and premature dropping of leaves results in heavy 

loss of fruit crops. 

- Inhibits nitrate reduction and the production of photo hormones. 

- Stalk necrosis or stem ‘Die back’ in a Vine plant. 

Excess of Mg absorption becomes poisonous leads to browning of roots as a result 

growth is ceased and death of roots and leaves. It can be counteracted by CO2 

antagonistic action. 

Sulphur 

It is abundant in plant, particularly in the leaves. Plant absorbs as sulphate (SO4
2-) 

form. It does not easily translocate in plants. 

Functions 

- Required for synthesis of the S-containing amino acids like cystine, cysteine 

and methionine, which are important for protein synthesis. 

- Role in photosynthesis by involving in structural formation of chlorophyll in 

leaves. 

- It is a constituent of proteins and volatile compounds responsible for the 

characteristic taste & smell of plants in the mustard and onion families. 

- It enhances oil synthesis in crops 

- It is a vital part of Ferrodoxins (Non Heme iron, sulfur protein), S- adenosyl 

methionine. 

Deficiency symptoms: 

- Pale yellow or light green leaves in younger leaves (Deficiencies resemble 

those of nitrogen) 

- Stalks are short and slender, growth is retarded. 

- Fruits often do not mature fully and remain light green in colour. 

- In Brassica species, leaves shows cupping and curling, reduction in oil 
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content of oilseed crops. 

- Cell division is retarded fruit development is suppressed. 

- Disrupts N metabolism, reduces protein quality and induces starch 

(carbohydrate) accumulation. 

S- Toxicity : Sulphide injury, necrosis of the leaves. 

Functions and deficiency symptoms of Micronutrients in plants 

Iron 

It is the first micronutrient to be discovered as an essential element for plant life. 

Iron present in chloroplasts as a “ferrodoxin” compound. Plants obtain as Fe2+ and 

Fe3+ forms and also as chelated Fe form. Immobile element within the plant; as 

such iron deficiency is noticeable in younger leaves at the growing region. 

Functions 

- Involved in biosynthesis of chlorophyll and in the synthesis of chloroplast 

proteins 

- Activates several enzymes involved in respiration. 

- It brings about oxidation-reduction reactions in the plant. 

- It regulates respiration, photosynthesis, reduction of nitrates and sulphates. 

- Required for heme protein formation in legumes 

Deficiency symptoms: 

- Interveinalchlorosis of younger leaves and generally called as “iron 

chlorosis” or lime induced chlorosis. On severe deficiency leaves become 

“Pale white”. 

- Reddish-brown necrotic spots along the leaf margins of young shoots in tree 

crops. 

- In Brassica necrotic terminal buds at early seedling stage. 

Mn 

It is absorbed by plants as Mn2+ form from the soil. It is translocated to the 

different plant parts where it is most needed. 
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Functions 

- Involved in oxidation-reduction reactions and electron transport in 

photosystem II 

- It is directly or indirectly involved in chloroplast formation and their 

multiplication. 

- It activates large number of enzymes and acts as a co-factor and catalyses 

most of the enzymes 

- It helps in movement of Iron. 

- Acceleration of germination and maturity. 

Deficiency symptoms 

- Interveinalchlorosis on old leaves similar to iron chlorosis. 

- Speckled yellow of sugarbeet-leaves develop interveinal yellowish green 

chlorotic mottling and leaf margins role upwards. 

- Depresses inflorescence and fructification and results in stunted leaf and 

root development. 

- Crinckleleaf of cotton, grey speak of oats. 

Functions and deficiency symptoms of Cu 

Minute quantities of copper are necessary for normal growth of plants. Copper 

salts are poisonous even in exceedingly small concentrations. It is absorbed as 

cupric ion (Cu2+). Its function is almost similar to those of Fe. It is an immobile 

element in plants. 

Functions 

- It acts as electron carriers in enzymes which bring about oxidation-reduction 

reaction in plants. 

- Helps in utilization of iron in chlorophyll synthesis. 

- Influence on cell wall permeability and nitrate reduction. 

- Play a role in the biosynthesis & activity of ethylene in ripening fruit. 

- Promote the formation of vitamin-A in plants. 

- Influence on pollen formation & fertilization. 



50 Soil and Soil Fertility Management Grade 9 

 

 

Deficiency symptom 

- Narrow, twisted leaves and pale white tips. Interveinalchlorotic, mottling of 

leaves. 

- In fruit trees “die-back” (terminal bud wither and die) is most common. 

- It affects fruit formation much more than vegetative growth. 

- The critical stage of Cu deficiency induces pollen sterility in 

microsporogenesis. 

- Reduced fruit set and number of flowers. 

- Poor pigmentation in fruits 

Functions and deficiency symptoms of Boron 

Boron is present especially at the growing points and in the conducting tissue. 

This element being a non metal doesn’t appear to be a part of any enzyme system. 

Plants absorb B as H3BO3
-, B4O7

2-, H2BO3-, and HBO2
-3 & BO3

2-. It is an 

immobile element in plants. 

Function 

- Essential for cell division in the meristematic tissues. 

- Involved in proper pollination, pollen formation, pollen tube growth/ 

flowering and fruit or seed set. 

- Important role in the fertilizing process of plants and during blossom period 

its requirement is high. 

- It influences carbohydrates and N-metabolism. 

- Translocation of sugars through cellular membranes and prevents the 

polymerization of sugars. 

- It enhances rooting of cutting through oxidation process. 

- It has role in hormone movement and action. 

- It gives resistance for pest and disease infection, e.g.: virus, fungi & insects. 

- Role in water relations i.e., prevents hydration of root tips & thus 

strengthens the plant roots 

- Acts as a regulator of potassium/calcium ratio in the plant. Solubility & 

mobility of Ca increases. 
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Deficiencies symptoms 

- Young leaves may be deformed, appear like a “rosette”, cracking and cork 

formation in stems, stalks and fruits, thickening of stems and leaves, 

reduced buds, flowers and seed production. 

- Premature seed or fruit drop. 

- ‘Hen and Chicken disease’ in grapes bunches i.e. fruits of vine with small & 

long berries. 

- Deformed fruits of papaya tree. 

- Vine plant with thickened internodes. Poor fructification and development 

of the berries. In mango, leaves become pale green distorted & brittle 

leaves. 

- Browning or hollow stem of cauliflower. 

- Heart rot disease’ in fruits of the sweet melon (Cucumismelo), sugar beet & 

marigold. 

- Interruption in cell wall formation and differentiation and then necrosis. 

- Flowers wilt, die and persist on the tree. This phenomenon is called 

“Blossom Blast”. 

- Tissue break down and preventing sugar and starch accumulation in the 

leaves. 

- Excessive formation and accumulation of phenolics. 

- Bitter orange fruits with thickened peels or rinds & blackish discoloration. 

- Black heart in root crops, dead heart in cauliflower, wheat sterility. 

B Toxicity- yellowing of the leaf tip and leaf margin which spreads towards the 

midrib leaves become scorched and may drop early. Youngest leaves light green, 

mottled, with uneven edges and asymmetric shape; new leaves with dead spots or 

tips. 

Molybdenum 

Required by plants in small quantity, plant absorb as MoO4
2- form. It is structural 

components of Nitrogenase enzyme and constituent of nitrate reductase. 
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Functions 

- Essential role in iron absorption and translocation in plants, protein 

synthesis and N- Fixation in legumes. 

- Brings oxidation and reduction reactions especially in the reduction of NO3 

to NH4. 

- It acts as a bridge or link in transferring electrons. 

- Role in phosphate system and ascorbic acid synthesis. 

Deficiency symptoms 

- Reddish or purplish discoloration of leaves, chlorosis and marginal necrosis 

of leaves. 

- Marginal scorching and rolling or cupping of leaves, “Yellow spot” disease 

of citrus and “Whiptail” in cauliflower is commonly associated. 

- NO3 accumulation in plants thus inhibits the utilization of N for protein 

synthesis. 

- Mo Deficiency (Bright yellow mottling between veins; leaves wither, curl 

and margins collapse; leaves distorted and narrow; older leaves affecter 

first.) 

Cl 

Chlorine is readily taken up by plants and its mobility in short and long distance 

transport is high. It does not form constituents of organic substance but acts only 

in ionic form. The plant requirement for chlorine is rather quite high as compared 

to other micronutrients. The exact role of Cl in plant metabolism is still obscure. 

Functions: 

- Involved in the evolution of “Oxygen” by chloroplasts in photo system-II. 

- Associated with turgor production in the guard cells by the osmotic pressure 

exerted by K+ ions 

- Role in stomata regulation (opening & closing). 

- Water splitting in photo system-II. 

- Act as a bridging ligand for stabilization of the oxidized state of Mn. 
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Deficiency symptom 

- Chlorosis and burning of tips and margin of leaves. In tomato, leaves 

become chlorotic and later bronzed. 

- Over wilting effect and leaf fall, yielding ability decreases. 

Chloride toxicity on many crops- Bronze or yellow colors of leaves with 

brown or scorched leaf margins. 

Zn 

Zinc is having limited mobility in plants and immobile in soil and plant absorb as 

Zn2+ form. 

Functions 

- Zn is a constituent of several enzymes systems which regulate various 

metabolic reactions in the plant. 

- Influences the formation of some growth hormones in the plant like IAA, 

and Auxin. 

- Helpful in reproduction of certain plants. 

- Role in photosynthesis and involved in chlorophyll synthesis, protein 

synthesis. 

- Involved in alcohol dehydrogenase activity in fruit trees. 

Deficiency symptoms: 

- Chlorotic and Brown rusty spots on leaves. 

- Lower Auxin level. 

- Drastic decrease in leaf area and leaf deformation (Rosetting), stunted 

growth (shortage of internodes). 

- Under severe deficiency the shoot apices die (dieback) and diffusive or 

mottled leaf 

- The rate of protein synthesis is drastically reduced and amino acids and 

amides accumulate. 

- Khaira disease in rice. 



54 Soil and Soil Fertility Management Grade 9 

 

 

4.4. Soil fertility evaluation 

Soil fertility is defined as the inherent capacity of a soil to supply available 

nutrients to plants in an adequate amount and in suitable proportions to maintain 

growth and development. It is measure of nutrient status of soil which decides 

growth and yield of crop. 

Methods of soil fertility evaluation 

There are various diagnostic techniques that are commonly used to evaluate 

fertility of the soils. They are; 

A. Visual analysis 

It is a qualitative measurement of availability of plant nutrients. It is the visual 

method of evaluating soil fertility and diagnosing the malady affecting the plant. 

An abnormal appearance of the growing plant may be caused by a deficiency of 

one or more nutrient elements. The appearance of deficiency symptoms on plants 

has been commonly used as an index of soil fertility evaluation. The common 

deficiency symptoms are 

- Complete crop failure at seedling stage 

- Retarded/stunted growth 

- Abnormal color pattern. e.g. Chlorosis (yellowing), necrosis (dying of 

tissue) 

- Malformation of different plant parts. e.g. rosette appearance of leaves 

- Delayed maturity 

- Poor quality of crops like low protein, oil, starch content, keeping/ storage 

quality reduced. 

- Internal abnormality like hidden hunger (It is a situation in which a crop 

needs more of a given element, yet has been shown no deficiency 

symptoms). 

Soil test 

A soil test is a chemical method for estimating the nutrient supplying power of a 

soil. It is much more rapid and has the added advantage over other methods of soil 



55 Soil and Soil Fertility Management Grade 9 

 

 

fertility evaluation. One can determine the needs of the soil before the crop is 

planted. A soil test measures a part of the total nutrient supply in the soil. Soil 

testing plays a key role in today’s modern and intensive agriculture production 

system as it involves continuous use and misuse of soil without proper care and 

management. Soil analysis is helpful for better understanding of the soils to 

increase the crop production and obtaining sustainable yield. Soil testing is an 

indispensable tool in soil fertility management for sustained soil productivity. 

Objectives of soil testing 

- To evaluate fertility status of soil by measuring available nutrient status 

- To prescribe or recommend soil amendments like lime and gypsum and 

fertilizers for each crop 

- To assess nutrient deficiencies, imbalances or toxicities in soil and crop 

- To test the suitability of soil for cultivation or gardening or orchard making 

- To know acidity, alkalinity and salinity problems 

- To know morphology, genesis and classification of soil 

- To find out the effect of irrigation on soil properties. 

- To prepare a soil fertility map of an area (village, taluk, district, state) 

- In the soil testing programme, “soil sampling” is most important step to be 

followed for getting accurate results. Soil sampling is a process by which a 

true representative sample of an area or orcahrd can be obtained. The soil 

sampling must be done scientifically by adopting appropriate time and depth 

of sampling given for each crop for accurate analysis of soils. 

B. Plant tissue analysis 

Plant analysis indicates the actual removal of nutrients from the soil and identifies 

nutrient status of plant and deficiency of nutrient element. It is a direct reflection 

of nutrient status of soil. 

Advantages of plant analysis are: 

- Diagnosing or confirming the diagnosis of visible symptoms 

- Identifying hidden hunger 

- Locating areas of incipient (early stage) deficiencies. 
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- Indicating whether the applied nutrients have entered the plant 

- Indicating interactions or antagonisms among nutrient elements. 

Methods of plant analysis 

1. Rapid tissue tests 

It is a rapid test and qualitative or semi quantitative method. Fresh plant 

tissue or sap from ruptured cells is tested for unassimilated N, P, K and 

other nutrients. The cell sap is added with certain reagents to develop color. 

Based on intensity of color low, medium and high color is categorized 

which indicates the deficiency, adequate and high nutrients in the plants 

respectively. It is mainly used for predicting deficiencies of nutrients and it 

is possible to forecast certain production problems. 

2. Total analysis 

It is a quantitative method and performed on whole plant or on plant parts. 

The dried plant material is digested with acid mixtures and tested for 

different nutrients quantitatively by different methods. The determination 

gives both assimilated and unassimilated nutrients such as nitrogen, 

phosphorus, potassium calcium, magnesium, suphur, iron, manganese, 

copper, boron, molybdenum, cobalt, chlorine, silicon, zinc, aluminum etc., 

in plants. Recently matured plant material is preferable for accurate analysis. 

Table: Critical levels of nutrients in plants 
 

Element General range (%) Critical level (%) 

N 2.0 - 4.0 <2 

P 0.2 - 0.5 <0.1 

K 1.5 - 3.0 <1.0 

Ca 0.5 - 3.0 <0.1 

Mg 0.2 - 0.5 <0.2 

S 0.2 - 0.5 <0.15 

Fe 50 – 150 ppm <5 ppm 

Cu 5 – 20 ppm <4 ppm 

Zn 20 – 100 ppm <15 ppm 
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Mn 20 – 500 ppm <20 ppm 

B 2 – 100 ppm <20 ppm 

Mo - 2.0 ppm <0.1 ppm 
 

C. Biological method 

It is conducted for calibrating the crop responses to added nutrients. Different 

methods are adopted for evaluating fertility status of soil. 

1. Field tests 

Field tests are conducted on different fertilizers and crops with treatments 

impositions in replications. The treatment which gives highest yield will be 

selected. These experiments are helpful for making general 

recommendations of fertilizer to each crop and soil and we can also choose 

right type and quantity of fertilizer for various crops. It is laborious, time 

consuming, expensive but most reliable method. They are used in 

conjunction with laboratory and greenhouse studies as final proving 

technology and in the calibration of soil and plant tests. This method is 

widely used by experiment stations. 

2. Indicator plants 

These are plants that are more susceptible to the deficiency of specific 

nutrients and develop clear deficiency symptoms if grown in that nutrient 

deficient soil. Hence these are called as indicator plants. 

Some indicator plants are; 
 

Nutrients Indicator plants 

N, Ca Cabbage, Cauliflower 

P Rape 

K, Mg Potato 

Fe Cauliflower, cabbage, potato, oats 

Zn Maize 

Na, B Sugar beet 
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Mn Sugarbeet, oats, potato 

Mo Lucerne, cauliflower 

Cu Wheat 
 

D. Microbiological test 

By using various cultures of microorganisms soil fertility can be evaluated. These 

methods are simple, rapid and need little space. Winogradsky was one of the first 

to observe in the absence of mineral elements certain microorganisms exhibited a 

behavior similar to that of higher plants. Microorganisms are sensitive to 

deficiency of nutrients and could be used to detect the deficiency of any nutrient. 

A soil is treated with suitable nutrient solutions and cultures of various microbial 

species (bacteria, fungi) and incubated for a few days. Then observing the growth 

and development of organisms in terms of weight or diameter of the mycelia pad, 

the amount of nutrient present in the soil is estimated. 

E.g.: a. Azotobactor method for Ca, P and K. 

b. Aspergillusniger test for P and K 

c. Mehlich’sCunninghamella (Fungus)- plaque method for phosphorus 

d. Sackett and Stewart techniques (Azotobacter culture) to find out P and 

K status in the soil. 

E. Laboratory and Green house Tests 

These are simple and more rapid biological techniques for soil fertility evaluation. 

Here, higher plants and small amounts of soils are used for testing. All these 

techniques are based on the uptake of nutrients by a large number of plants grown 

on a small amount of soil. It is used to assess availability of several nutrients and 

they are quantitatively determined by chemical analysis of the entire plant and 

soil. Some common methods are; 

E.g.: a. Mitscherlich pot culture method for testing N,P, K status in oat 

b. Jenny’s pot culture test using lettuce crop with NPK nutrients 

c. Neubauer seedling method for NPK 

d. Sunflower pot-culture technique for boron 



59 Soil and Soil Fertility Management Grade 9 

 

 

5. Source of nutrients 

Organic source 

Organic fertilizers are natural materials of either plant or animal origin, including 

livestock manure, green manures, crop residues, household waste, compost, and 

woodland litter. Organic fertilizers include both plant and animal bi-products. 

They are slow acting. Organic nitrogen fertilizers include oil cakes, fish manure, 

dried blood from slaughter houses etc., whereas organic phosphorus fertilizers are 

from bone meal and organic potassium from cattle dung ash, wood ash, leaf 

mould, tobacco stems and water hyacinth. 

Specific properties of organic fertilizers 

Organic nutrient sources are highly heterogeneous and vary in quality and 

quantity. The quality aspect is important in determining the nutrient release 

potential of the organic fertilizer. Microorganisms that decompose organic 

fertilizers use the carbon in suchmaterials as an energy source for growth. 

Required in even bigger quantities bymicro-organisms for growth and 

reproduction is nitrogen (N). Commonly available materials are often particularly 

low in N content. For organic fertilizers with low contents (such as cereal straw 

and most smallholder farmyard manures), microorganisms themselves will 

consume much of the available N for their own growth. Consequently, 

insignificant amounts of N will be released for the crop. Thus, on their own, poor 

quality materials have limited potential to enhance productivity. 

Advantages of Organic Fertilizers 

- Organic fertilizers mobilize existing soil nutrients, so that good growth 

achieved with lower nutrient densities while wasting less. By their nature, 

they increase physical and biological nutrient storage mechanisms in soils, 

mitigating risks ofover-fertilization. 

- They release nutrients at a slower, more consistent rate, helping to avoid 

aboom-and-bust pattern. 

- They help to retain soil moisture, reducing the stress due to temporary 

moisturestress. 
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- They improve the soil structure. 

- They help to prevent topsoil erosion (responsible for desertification and the 

Dust bowl. 

Disadvantages of Organic Fertilizers 

Organic fertilizers have the following disadvantages: 

- Generally require large amounts to have desired effects. 

- As a dilute source of nutrients when compared to inorganic fertilizers, 

transporting large amount of fertilizer incurs higher costs, especially with 

slurry and manure. 

- The composition of organic fertilizers tends to be more complex and 

variable than a standardized inorganic product. 

- More labor is needed to compost organic fertilizer, increasing labor costs. 

Some of this cost is offset by reduced cash purchase. 

- Unavailability of seed for green manures is one of the major limitations. 

- Green manures must occupy land at a time when other food crops could be 

grown. 

Inorganic source 

Inorganic (or mineral) fertilizers are fertilizers mined from mineral deposits with 

little processing (e.g., lime, potash, or phosphate rock), or industrially 

manufactured through chemical processes (e.g., urea). Inorganic fertilizers vary in 

appearance depending on the process of manufacture. The particles can be of 

many different sizes and shapes (crystals, pellets, granules, or dust). Inorganic 

fertilizer could be classified into three based on the nutrient composition as 

follows: 

1. Straight fertilizers: 

These are fertilizers which contain and supply one or single nutrient element only. 

They could be nitrogenous, phosphatic or potassic fertilizers supplying nitrogen, 

phosphorus or potassium, respectively. 

2. Complex/Compound fertilizers 

These are fertilizers which contain two or more nutrient elements usually 
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combined in a homogeneous mixture by chemical interaction. Complex NPK 

fertilizers have the advantage of having each nutrient in each granule. 

3. Fertilizer blends or mixed fertilizers: 

These are fertilizers formed by physically blending mineral fertilizers to obtain 

desired nutrient ratios. Two or more of the separate fertilizer carriers or straight 

fertilizers are mixed to obtain the desired nutrient ratios. Examples are NPK 15- 

15-15, NPK 20-10-10 etc. 

Advantages and Disadvantages of Inorganic Fertilizers 
 

Advantages Disadvantages 

Works immediately Leaching occurs beyond plant’s rooting 

zone 

Contains all necessary nutrients that are 

ready for use 

Too much may burn plants 

Affordable Some are not affordable 

Convenient to use, it is easy to apply Accumulation of toxic wastes 

4.6. Organic manure 

Concept 

Organic manure are bulky in nature and supply nutrients in small quantities and 

organic matter in large quantieties. 

Importance and Scope 

⚫ Organic manure provides all the nutrients that are required by plants but in 

limited quantities. 

⚫ It helps in maintaining C:N ratio in the soil and also increases the fertility 

and productivity of the soil. 

⚫ It improves the physical, chemical and biological properties of the soil. 

⚫ It improves both the structure and texture of the soils. 

⚫ It increases the water holding capacity of the soil. 

⚫ Due to increase in the biological activity, the nutrients that are in the lower 
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depths are made available to the plants. 

⚫ It acts as much, thereby minimizing the evaporation losses of moisture from 

the soil. 

Types 

Organic manures are categorized into two 

1. Bulky 

This consists of the slow acting organic manures with large quantities of 

organic matter. Examples are cattle, sheep, poultry, pig, goat, horse 

manures, compost, green manures, and sewage, sludge. 

2. Concentrated 

This consists of the quick acting organic manures with small quantity of 

organic matter. Examples are groundnut cake, castor cake, bone meal, blood 

meal, horn meal, wood ash, cotton and linseed Meal. 

Major nutrients found in different organic manure 
 

Organic Manures Nitrogen P2O5 K2O 

FYM 0.50 0.25 0.60 

Compost 0.89 0.51 3.05 

Night Soil 5.50 4.0 2.0 

Sewage and Sludge 3.0-6.0 2.0 1.0 

Poultry manure 3.03 2.63 1.40 

Bird guano 7.0-8.0 11.0-14.0 2.0-3.0 

Blood meal 13.0-20.0 - - 

Raw bone meal 3.0-4.0 20.0-25.0 - 

Fish manure 4.0-10.0 3.0-9.0 3.0-1.5 

4.7. Chemical fertilizers 

Concept and importance 

Fertilizers are defined as materials having definite chemical composition with a 

high analytical value that supply essential plant nutrients in available form. They 
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are usually manufactured by industries and sold with a trade name. They are 

commonly synthetic in nature and also called as chemical fertilizers/inorganic 

fertilizers/commercial fertilizers other than lime and gypsum. 

Presently fertilizers have become an integral part of agricultural economy as they 

increase the fertility of soils and enable them to support high yields. About 50%  

of the increase in crop production during recent times has been attributed to 

fertilizer use; though the fertilizer use efficiency is very poor. 

Types of chemical fertilizer 

Nitrogenous fertilizers 

Nitrogen is the first fertilizer element of the macronutrients usually applied in 

commercial fertilizers. Nitrogen is a very important nutrient for plants and it 

seems to have the quickest and most pronounced effect. In the case of nitrogenous 

fertilizers, nitrogen may be in the ammoniacal, nitrate (or a combination thereof) 

or amide form. 

Nitrogenous fertilizer - Source of Nitrogen 
 

Name of fertilizers Percentage Nitrogen 

Ammonium Sulphate 20.6-21.0 

Urea 44.0-46.0 

Ammonium Chloride 25+ 

Ammonium Nitrate 32-35 

Ammonium Sulphate Nitrate 2.6 

Calcium Ammonium 

(CAN)  

Sodium Nitrate  

Calcium Nitrate  

Potassium Nitrate  

Phosphatic fertilizers 

Phosphorus is the second fertilizer element after N and it is an essential 
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constituent of every living cell and for the nutrition of plant and animal. It takes 

an active part in all types of metabolism of plant. Phosphate present in phosphatic 

fertilizers may be in the water soluble form or citrate soluble form. That portion of 

phosphate which is soluble in water is called water soluble phosphate and that 

which is not soluble in water but in 2 per cent neutral ammonium citrate solution 

is called citrate soluble phosphate. The sum of water soluble and citrate soluble 

values is termed as available phosphates. 

Phosphatic fertilizer – Source of phosphorous 
 

Name of fertilizers Percentage of P2O5 

Single 16.1-20+ 

Superphosphate  

Double 30.1-35.0 

Superphosphate  

Triple 45.0-50.0 

Superphosphate  

Potassic fertilizers 

Potassium is the third fertilizer element. Potassium acts as a chemical traffic 

policeman, root booster, stalk strengthener, food former, sugar and starch 

transporter, protein builder, breathing regulator, water stretcher and as a disease 

retarder but it is not effective without its co-nutrients such as nitrogen and 

phosphorus. 

Potassic fertilizer – Source of potassium 
 

Name of fertilizers Percentage of K20 

Murate of potash 50.0-60.0 

Potassium sulphate 48.0-52.0 

Micronutrients 

Micronutrients are those which required by plants in very minute quantities by 

plants but they have equal role as that of primary nutrients. They govern most of 
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the physiological as well as biochemical reactions of plant growth and 

development. The most important micronutrients are iron, manganese, zinc, 

copper, molybdenum, chlorine, boron and nickel. The fertilizers carrying 

micronutrients are; 

Fe carrying fertilizers 

- Ferrous sulphate(19.0% Fe) 

- Ferric sulpahte(23.0% Fe) 

- Ferrous ammonium sulphate(29.0%Fe) 

- Ferric and ferrous oxide (70.0 and 77.0% Fe) 

Boron carrying fertilizers 

- Borax(11.0% B) 

- Boric acid(17.0% B) 

- Sodium tetra borate(14.0% B) 

- Borosite (21.0% B) 

Manganese carrying fertilizers 

- Manganese sulphate (20.0 to 28.0% Mn) 

- Manganese carbonate (31.0% Mn) 

- Manganese chloride(17.0% Mn) 

Zinc carrying fertilizers 

- Zinc sulphate (21-35% Zn) 

- Zinc oxide (67.0% Zn) 

- Zinc sulphide (67.0% Zn) 

- Zinc ammonium sulphate(33.5% Zn) 

Molybdenum carrying fertilizers 

- Sodium molybdate (39.0% Mo) 

- Ammonium molybdate (52.0% Mo) 

Copper carrying fertilizers: 

- Copper sulphate (24% Cu) 
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4.8. Bio fertilizer 

Bio fertilizers are cultures of microorganisms (bacteria, fungi, algae). Their use 

benefits the soil and plants growth by providing N & P and also brings about the 

rapid mineralization of organic materials in soils. They are capable fixing N, 

solubilizing and mobilizing the phosphorus and mineralizing organic matter in 

soil. Their incorporation improves the physical and biological properties of 

soils.e.g. Azotobacter, Blue Green Algae, Rhizobium, Azospirillum, Phosphate 

SolubilizngBiofertilizer (PSB), Azolla, etc. 

Importance and Benefits of Biofertilizers 

Importance 

- The increase in the productivity during the green revolution period is 

accompanied by an exponential increase in consumption of non-renewable 

sources of energy. 

- In view of the fast diminishing energy sources comined with their escaling 

cast. 

Benefits 

- Germination increase up to 20 percent. Improved seedling emergence and 

growth. 

- Increase yield from 10 to 40 percent. 

- Improve the quality of fruit and keeping quality. 

- Saving of 25 to 35 percent inorganic fertilizers. 

- Increase the availability and up take of N and P in plants. 

- Improve the status of soil fertility maintain good soil health and crop 

productivity. 

4.9. INTEGRATED PLANT NUTRIENT MANAGEMENT 

IPNM is the intelligent and combined use of inorganic, organic and biological 

resources so as to sustain optimum yields improve or maintain the soil chemical 

and physical properties and provide crop nutrition packages which are technically 

sound, economically attractive, practically feasible and environmentally safe. The 

principal aim of the integrated approach is to utilize all the possible sources of 
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plant nutrition in a judicious and efficient manner. 

Concept of IPNMS 

The basic concept of IPNMS is the promotion and maintenance of soil fertility for 

sustaining crop productivity through optimum use of all possible sources of 

nutrients like organic, inorganic and biological in an integrated manner 

appropriate to each farming situation. Improvement of soil fertility and 

productivity on sustainable basis through appropriate use of fertilizers and organic 

manures is the key principle and their scientific management for optimum growth 

and yield of crops in specific agro ecological conditions. 

Main objectives of INM 

- To reduce the dependence on chemical fertilizers. 

- To maintain productivity on sustainable basis without affecting soil health. 

- To conserve locally available resources and utilize them judiciously. 

- To reduce the gap between nutrients used & nutrients harvested by the crop. 

- To improve physical, chemical and biological properties of soil. 

- To make soil healthy by providing balanced nutrients through different 

nutrient sources. 

- To overcome or reduce the ill effects of continuous use of only inorganic 

chemical fertilizers. 

- To improve economical status of farmers. 

- To increase the fertilizer use efficiency (FUE). 

Components of IPNM 

IPNM mainly emphasizes the integrated use of all the essential nutrients from 

different sources like chemical fertilizers, organic manures, green manures, bio- 

fertilizers, legume crops, locally available plant resources in a balanced proportion 

for sustainable soil health and productivity. 

- Use of inorganic fertilizers 

- Use of organic manures/ materials 

- Use of biological sources/biofertilizers 
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- Maintaining the physical properties of soil 

- Management of problematic soils 

- Better/judicious water management practices 

C. Learning process and support materials 

The learning process includes the participation of student in group work, 

presentation and skill development, written methods etc. 

D. Assessment 

Very short (Answer question) 

1. Define plant nutrient. 

2. What do you mean by soil test? 

3. What is organic manure? 

Short (Answer question) 

1. What are essential plant nutrients? 

2. Write down the organic source of manures. 

3. Explain about the nitrogenous fertilizer. 

Long (Answer question) 

1. What are the criteria of essential plant nutrients? Write down the function 

and deficiency symptoms of nitrogen. 

2. Define plant nutrient. Classify the plant nutrient and write down its 

importance. 

3. What do you mean by soil fertility evaluation? Explain about  the plant 

tissue analysis. 

4. Define organic manure. What are the sources of organic and inorganic 

source of nutrients? 

5. Define chemical fertilizer. What are the different types of chemical 

fertilizer? 

6. What is bio fertilizer? Explain about the integrated nutrient management. 

Glossary 

Ammonification: The biological process leading tothe formation of ammoniacal 
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nitrogen from nitrogen containing organic compounds. 

Available nutrients: Nutrient ions or compounds informs that plants can absorb 

and utilize in growth. 

Biomass: The total mass of living micro-organisms in a given volume or mass of 

soil. 

Carbon-organic nitrogen ratio: The ratio of themass of organic carbon to the 

mass of organic nitrogenin soil, organic material, plants, or the cells of 

microorganisms. 

Chemical potential: Informally, it is the capacity of asolution or other substance 

to do work by virtue of itschemical composition. 

Chlorosis: Failure of plants to develop chlorophyll caused by a deficiency of an 

essential element. Chlorotic leaves range in color from light green through 

yellowto almost white. 

Denitrification: Reduction of nitrate or nitrite to molecular nitrogen or nitrogen 

oxides by microbial activity or by chemical reactions involving nitrite. 

Fertigation: Application of plant nutrients in irrigation water. 

Fertilizer: Any organic or inorganic material of natural or synthetic origin (other 

than liming materials) that is added to a soil to supply one or more elements 

essential to the growth of plants. 

Fixation: The process by which available plant nutrients are rendered less 

available or unavailable in thesoil. 

Green manure: Plant material incorporated into soil while green or at maturity; 

for soil improvement. 

Humic acid: The dark-colored organic material thatcan be extracted from soil by 

various agents and that is precipitated by acidification to pH 1 or 2. 

Immobilization: The conversion of an element fromthe inorganic to the organic 

form in microbial or plant tissues. 

Macronutrient: A plant nutrient usually attaining a concentration of more than 

500 mg/kg in mature plants. 

Microfauna: Protozoa, nematodes, and arthropods of microscopic size. 
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Microflora. Bacteria (including actinomycetes), fungi, algae and viruses. 

Micronutrient: A chemical element necessary forplant growth found in small 

amounts, usually less than100 mg/kg in the plant. These elements consist of B, 

Cl,Cu, Fe, Mn, Mo, and Zn. 

Primary mineral: A mineral that has not been altered chemically since 

deposition and crystallization frommolten lava. 

Secondary mineral: A mineral resulting from the decomposition of a primary 

mineral or from the reprecipitation of the products of decomposition of a primary 

mineral. 

Top dressing: An application of fertilizer to a soilsurface, without incorporation, 

after the crop stand has been established. 
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5. SOIL CONSERVATION 

A. Objective(s) 

After completion of this course student will be able to: 

⚫ Describe about the soil erosion, its causes and soil conservation. 

⚫ Explain about the importance of soil conservation on soil fertility 

management and practices of soil conservation. 

B. Content elaboration: 

5.1. Introduction to soil conservation 

Soil conservation is the combination of the appropriate land use and management 

practices that promote the productivity and sustainable use of soil and in the 

process minimize the soil erosion and other four of land degradation. 

Soil and water conservation is necessary for sustained productivity of land. Soil 

erosion is prevented or reduced to a tolerable level, and water is conserved for 

judicious utilization. 

Sustainable production implies that agricultural practices would lead to economic 

gains without impairing environmental quality and the usefulness of the soil for 

future generation. Therefore, the objectives for soil and water conservation are: 

⚫ promotion of proper land use 

⚫ prevention of soil erosion 

⚫ restoration of the productivity of eroded land 

⚫ maintenance of soil productivity 

⚫ control of runoff, and regulation of water resource through irrigation and 

drainage 

⚫ maintenance of environmental quality by preventing land and water 

pollution 

5.2. Definition of soil erosion 

Erosion is a process of detaching soil particles from the land surface of one place 
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and their transportation and deposition to another place. 

Three processes of erosion: 

1. Detachment 

Process depends upon type of soil, OM, moisture, nature of  detaching 

agents (energy). 

2. Transportation 

Process depends upon size, density and shape of detached materials and 

velocity of thetransporting agent. 

3. Deposition 

Soil that is eroded from the original location is always deposited somewhere 

else. This may be close to its place of origin position; it may be the longest 

distance down to the sea or at any point between the places of origin to the 

sea. Process depends upon soil particles and velocity of the agent. 

5.3. Cause of soil erosion 

Soil erosion is a naturally occurring process that affects all land forms. In 

agriculture, soil erosion refers to the wearing a way of a field's topsoil by the 

natural physical forces of water and wind or through forces associated with 

farming activities such as tillage. 

Erosion, whether it is by water, wind or tillage, involves three distinct actions – 

soil detachment, movement and deposition. Topsoil, which is high in organic 

matter, fertility and soil life, is relocated elsewhere "on-site" where it builds up 

over time or is carried "off-site" where it fills in drainage channels. Soil erosion 

reduces cropland productivity and contributes to the pollution of adjacent water 

courses, wetlands and lakes. 

Soil erosion can be a slow process that continues relatively unnoticed or can occur 

at an alarming rate, causing serious loss of topsoil. Soil compaction, low organic 

matter, loss of soil structure, poor internal drainage, salinization and soil acidity 

problems are other serious soil degradation conditions that can accelerate the soil 

erosion process. 
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5.4. Types of soil erosion (air & water) 

5.4.1 Wind/Air erosion 

Wind erosion is the process of detachment, transportation and deposition of soil 

materials by wind. The basic causes are: 

- Loose, dry and finely divided soils 

- Smooth and bare soil surface 

- Strong wind 

- Large field 

Types of Soil Movement in wind erosion 

Suspension, saltation, and surface creep are the three types of soil movement 

which occur during wind erosion. While soil can be blown away at virtually any 

height, the majority (over 93%) of soil movement takes place at or below one 

meter. 

Suspension 

Soil particles and aggregates less than 0.1 mm in diameter (silt size and smaller 

are kept suspended by the turbulence of air currents, after being dislodged by 

saltating particles. These particles only drop out of air if rain washes them or wind 

velocity reduces drastically. Suspension occurs when very fine dirt and dust 

particles are lifted into the wind. They can be thrown into the air through impact 

with other particles or by the wind itself. Once in the atmosphere, these particles 

can be carried very high and be transported over extremely long distances. Soil 

moved by suspension is the most spectacular and easiest to recognize of the three 

forms of movement. 

Saltation 

This is the process in which fine particles (0.1 to 0.5 mm in diameter) are lifted 

from the soil surface by wind turbulence and follow distinct trajectories under the 

influence of wind forces, air resistance, and gravity. In other words, the particles 

move in a series of shortleaps. The jumping grains gain a great deal of energy, and 

may knock other grains into the airor bounce back themselves. The particles 
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remain close to the ground as they bounce. The particles are often stopped by 

obstructions or reduced wind velocity. 

Surface creep 

This is the rolling and sliding along the surface of the larger particles. Soil grains 

larger than 0.5 mm cannot be lifted. This causes them to roll and slide along the 

surface after coming into contact with saltating particles. The soil aggregates or 

gravel which cannot be eroded are left in place to provide a cover called desert 

pavement or lag gravel 

Factors affecting wind erosion 

Soil moisture 

Wet soil does not blow because of the adhesion between water and soil particles. 

Dry winds generally lower soil moisture to below wilting point before wind 

erosion takes place. 

Wind velocity 

The rate of wind movement, especially gusts having greater than average velocity 

will influence wind erosion. Standard wind velocity is measured at a fixed height 

of 9 m above the ground. 

Height 

Velocity of even a steady wind increases dramatically above the ground surface. 

Wind velocity over a bare surface is zero at a height close to the surface below the 

tops of irregularities. 

Wind turbulence 

Wind strong enough to cause erosion is always turbulent, with eddies moving in 

all directions at a variety of velocities. Turbulence increases with increases in 

friction velocity, with increasing surface roughness, and with pronounced changes 

in surface temperature. It ismore pronounced near the soil surface than higher in 

the wind stream. Turbulence is important in keeping soil grains suspended in air. 
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Surface roughness 

Wind velocity is less severe when the surface is rough. This can be achieved by 

tillage, ridging and/or mulching 

Soil properties 

Apart from soil water content, other soil properties which influence wind erosion 

are (i) stability of soil aggregates, (ii) size of erodible soil fractions. The presence 

of clay, organic matter and other cementing agents enhance aggregate stability 

Vegetation 

Vegetation or residue mulch especially those with rows running perpendicular to 

the prevailing wind direction reduce winds erosion. Wind velocity approaches 

zero near the soilsurface in a vegetated area. In addition, plant roots bind the soil. 

Length of exposed area 

Soil drifting increases substantially with increasing length of the eroding strip. 

5.4.2. Water erosion 

Soil erosion by water can be primarily linked to rainfall, although water in motion 

erodes soil, rivers scour soil away, and waves erode shores. Therefore, soil 

erosion can be defined as the detachment and movement of soil particles by the 

erosive forces of water. Soil detached and transported away from one location is 

often deposited at some other place. 

Types of water erosion 

1. Splash erosion 

Rain drops hitting soil aggregates tear it apart by its kinetic energy. The soil 

particles are splashed as a consequence of this action it is direct movement 

of soil by splashing. Soil particles can be thrown as far as 3 feet by raindrop 

splash. 

2. Sheet erosion 

Sheet erosion is the uniform removal of soil in thin layers by the forces of 

raindrops and overland flow. It can be a very effective erosive process 
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because it can cover large areas of sloping land and go unnoticed for quite 

some time. When precipitation exceeds soil permeability, excessive water 

will form a thin sheet or film of about 0.1 to 3.00 mm thick. This film of 

water or film current moves over the soil, sometimes with small ripples. In 

the process, splashed soil is removed more or less uniform. This is termed 

sheet erosion. Sheet erosion removes fine particles and organic matter 

without any easily detectable trace. 

3. Rill erosion 

A series of small channels on a slope carved by running water. Rills are 

channel which could be obliterated easily by normal tillage operations. A  

rill is always no more than 30 cm depth and 100 cm in width. They are 

formed when water has accumulated on the ground, and the film of water 

becomes streamlets which have greater scouring action than sheet flow. 

Rills can easily be formed along furrows planted along slopes. 

4. Gully erosion 

Large, wide channels carved by running water. As a rule of thumb, a gully is 

large enough that it cannot be smoothed out with conventional tillage 

equipment. When rills advance, gullies are formed. These are erosion 

channels too large to be obliterated by ordinary tillage. In gullies, run off 

develops as powerful torrents with enhanced capability of erosion. Gullies 

have different shapes, depending on soil texture, and bedrock. 

5.5. Importance of soil conservation on soil fertility management 

Soil conservation is the preventing of soil loss from erosion or reduced 

fertility caused by over usage, acidification, salinization or other chemical 

soil contamination. The following importance of soil conservation on soil 

fertility management are; 

- Sufficient soil depth for adequate root growth and water retention; 

- Good internal drainage, allowing sufficient aeration for optimal root 

growth (although some plants, such as rice, tolerate water logging); 

- Topsoil with sufficient soil organic matter for healthy soil structure 
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and soil moisture retention; 

- Soil pH in the range 5.5 to 7.0 (suitable for most plants but some 

prefer or tolerate more acid or alkaline conditions); 

- Adequate concentrations of essential plant nutrients in plant-available 

forms; 

- Presence of a range of microorganisms that support plant growth. 

5.6. Practices of soil conservation 

Contour farming 

Contour farming is the practice of tilling sloped land along lines of consistent 

elevation in order to conserve rainwater and to reduce soil losses from surface 

erosion. These objectives are achieved by means of furrows, crop rows, and wheel 

tracks across slopes, all of which act as reservoirs to catch and retain rainwater, 

thus permitting increased infiltration and more uniform distribution of the water. 

The practice has been proved to reduce fertilizer loss, power and time 

consumption, and wear on machines, as well as to increase crop yields and reduce 

erosion. Contour farming is most effective when used in conjunction with such 

practices as strip cropping, terracing, and water diversion. 

Terracing 

Terrace cultivation is the method of growing crops on sides of hills or mountains 

by planting on graduated terraces built into the slope. Though labour-intensive, 

the method has been employed effectively to maximize arable land area in 

variable terrains and to reduce soil erosion and water loosen most systems the 

terrace is a low, flat ridge of earth built across the slope, with a channel for runoff 

water just above the ridge. Usually terraces are built on a slight grade so that the 

water caught in the channel moves slowly toward the terrace outlet. In areas 

where soils are able to take in water readily and rainfall is relatively low, level 

terraces may be used. 

Run- off control 

The control mechanism in which the portion of the precipitation on an area which 

is discharged from the area through stream channels. 
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Cover crops or strip crop 

Growing grass or leguminous cover crops once every two to three years may be 

necessary for the sustainable management of soil and water resources. Cover 

crops have many advantages for the sustained use of natural resources (e.g., 

restore fertility, control weeds, avoid repeated seeding and cultivation traffic, 

conserve rain, and reduce energy costs). In addition to controlling pests, cover 

crops improve soil physical properties and soil filth and reduce soil erosion. 

A wide range of cover crops can be used for soil and water conservation in the 

humid tropics. There is considerable scope for selecting appropriate species and 

cultivars for suitable cover crops. The choice of an appropriate cover crop for 

different soils and ecological regions depends on many considerations, including: 

- the ease and economics of establishment, including the availability of seed, 

- quick ground cover and growth rate during the off-season, 

- N-fixing rather than N-consuming, 

- deep-root system and low consumptive water use, 

- feed value for livestock, 

- low possibility as alternative hosts for pests and cover for wildlife, 

- low canopy height, 

- ability to suppress weeds, 

- growth duration (i.e., permanent versus annual), 

- shade tolerance and 

- ease of management for growing a food crop with conservation tillage. 

Conservation tillage 

A system of seedbed preparation based on the concept of minimum soil 

disturbance and maintenance of crop residue mulch is called "conservation 

tillage". Mulch cover is an important component of conservation tillage. Weed 

control, a major function of plowing and inversion tillage, is achieved through one 

of several options: 

i. applications of herbicides and growth regulators; 

ii. inter-cultivation based on secondary tillage; 
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iii. manual hoeing/slashing; 

iv. smothering by cover crops and planted tallow, and 

v. Suppression by mulches. 

C. Learning process and support materials 

The learning process includes the participation of student in group work, 

presentation and skill development, written methods etc. 

D. Assessment 

Very short (Answer question) 

1. Define soil conservation. 

2. What do you mean by soil erosion? 

3. What is conotur farming? 

Short (Answer question) 

1. What are causes of soil erosion? 

2. Write down the types of soil erosion. 

3. Explain about the conservation tillage. 

Long (Answer question) 

1. Define soil erosion. Write down the causes of soil erosion and types of soil 

erosion. 

3. What is soil conservation? Write down the importance of soil conservation 

on soil fertility management. 

4. What are the soil conservation practices? Explain in brief. 

 
Glossary: 

Aggregate: A unit of soil structure usually formedby natural processes, and 

generally below 10 millimetersin diameters. 

Consistency: The manifestations of the forces of cohesionand adhesion acting 

within the soil at variouswater contents, as expressed by the relative ease with 

which a soil can be deformed or ruptured. 

Creep: Slow mass movement of soil and soil material down relatively steep 

slopes primarily under the influence of gravity. 
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Desert pavement: The layer of gravel or stones remaining on the land surface in 

desert regions after there moval of the fine material by wind erosion. 

Ecology: The science that deals with the inter relationships between organisms 

and between organisms and their environment. 

Eluviation: The removal of soil material in suspension (or in solution) from a 

layer or layers of soil. 

Erosion: The wearing away of the land surface by running water, wind, ice, and 

other geological agents, including such processes as gravitational creep. 

Run off: That portion of the precipitation on an area which is discharged from  

the area through stream channels. 

Soil productivity: The capacity of a soil to produce acertain yield of crops, or 

other plants, with optimum management. 

Strip cropping: The practice of growing crops that require different types of 

tillage, such as row and sod, in alternate strips along contours or across the 

prevailing direction of the wind. 

Tilth: The physical properties of soil in relation to plant growth. 
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