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Chapter - 1

Soil and its Components

Soil
The word soil comes from the Latin word solum, which means floor. ‘A soil’ means one individual soil body 
as ‘A plant’ means one individual plant. ‘A soil’ is a natural body - a piece of landscape - with depth, shape and 
area. ‘The soil’ is a collective term for all the soils of the world just as “the vegetation” is a collective  term for 
all the plants. ‘A soil’ is a subdivision of ‘the soil’ having specific characteristics. The soil properties may differ 
with slope or type of parent material. 

Land and Soil
It is necessary to distinguish between soil and land. Land is a general term, which includes soil, organisms and 
minerals on it. Land with its vast resources of water, mineral and soil, is the foundation on which nations and 
civilizations are based. Land is a broader term, which includes the soil and also the physical attributes such as 
plant cover, water supply and location with respect to cities and means of transportation etc. For example forest 
land and grassland may include a variety of soils. The term soil is restricted to a collection of natural bodies 
with depth as well as breadth (three-dimensional). Soil is only a part of the land. A definition of soil, which 
very nearly meets its requirements, may be cited as under.

Soil is a natural body, dynamic and ever changing, formed by natural forces and organic constituents of variable 
depth which differ from the parent material below in morphology, physical properties and constitutions, 
chemical properties and composition and biological characteristics.

Definition of Soil
According to the Glossary of Soil Science Terms (Soil Science Society of America 1970).
i.  ‘Soil is the unconsolidated mineral material on the immediate surface of the earth that serves as a 

natural medium for the growth of land plants’.
ii.  ‘Soil is the unconsolidated mineral matter on the surface of the earth that has been subjected to and 

influenced by genetic and environmental factors of parent material, climate (including moisture 
and temperature effects), macro and micro-organisms and topography, all acting over a period of 
time and producing a product, that is soil, that differs from the material from which it is derived 
in many physical, chemical, biological and morphological properties and characteristics’.

A few of the other definitions given by scientists are:
“Soil is a natural body developed by natural forces acting on natural materials. It is usually differentiated 
into horizons from mineral and organic constituents of variable depth which differ from the parent 
material below in morphology, physical properties and constituents, chemical properties and composition 
and biological characteristics.”

Joffe and Marbut

“Soil is the more or less loose and crumbly part of the outer earth crust in which by means of their 
roots, plants may or do find foothold and nourishment as well as all other conditions essential to their 
growth.”

Hilgard
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Soil may be defined as “A dynamic natural body on the surface of the earth in which plants grow 
composed of mineral and organic materials and living forms.”

Buckman and Brady

The most recent definition of soil by Velayutham and Bhattacharya (2000) that seems most appropriate is as 
follows:

Soil is a dynamic natural body developed as a result of pedogenic processes through weathering of rocks, 
consisting of mineral and organic constituents, possessing definite chemical, physical, mineralogical and 
biological properties, having a variable depth over the surface of the earth, and providing a medium for plant 
growth.

Characteristics of Soil
Soil is a natural body, i.e. it is a natural medium for plant growth and cannot be synthesized  ●
artificially.

Differentiated into horizons, the presence of different layers due to movement, translocation and  ●
accumulation of materials and

Morphological, chemical and biological differences due to varying parent material and climatic  ●
conditions.

Functions of Soil
Soil is an interface between the earth’s crust and the atmosphere. Thus it is involved in recycling  ●
of resources such as energy, water, gases and nutrient elements.

Soil supplies mechanical support, water and nutrients to the growing plant and oxygen to the plant  ●
roots. The soil also stores the sun heat, and supplies it to the growing plant.

Soil surface is used for production of agricultural crops. The soil is the habitat of a very large  ●
number of organisms of both plant and animal origin. Its non-agricultural uses include the 
construction of buildings, recreation and waste disposal.

New Approach Towards Soil
So far the knowledge of the chemical, physical and biological behavior of the soil was obtained mainly 
for obtaining higher yields. It is now realized that many problems must be studied without reference 
to yields. The increased use of fertilizers and pesticides has resulted in a steady rise of the chemical 
residues in soils. Recently, soil scientists have begun to realize the need for a compromise between 
maximum crop production and the conservation of a valuable natural resource and environment. The 
trend now is towards preserving the soils natural state by causing minimum disturbance when crops 
are grown which may be achieved by natural farming. Thus, great emphasis is being placed on the 
utilization of soils recognizing it as a natural resource. The fundamental knowledge of the soil as regard 
its origin and development, its nature and composition, its role in nutrition of animals and plants is very 
essential for better understanding.

Mineral and Organic Soil
A soil with no specific mention is understood to be a mineral soil. Inorganic constituents dominate in 
mineral soils. The majority of soils in India are mineral soils. In contrast to the mineral soil, organic soils 
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develop from an accumulation of plant residues preserved by stagnant waters. Soils having more than 
20% of organic constituents are arbitrarily called as organic soils. The agriculturist is primarily interested 
in organic soils, and the engineer in inorganic soils. The bulk of the soil material is mineral in character 
and has been derived from solid geological deposits. Organic soils are of two types ie.e peat and muck 
soils. These soils are classified on the basis of their organic matter content and stage of decomposition of 
the plant residues. Soils containing 20 to 50% of fairly well decomposed organic matter are called muck 
soils. These soils are only slightly decayed. Soils with more than 50% organic matter and markedly 
decomposed so that original plant materials cannot be identified are called peat soils. Organic soils must 
contain 33.3% organic matter in case such soils are not saturated with water.

The study of soil can be considered from the point of view of two aspects that is edaphology and 
pedology. Edaphology (derived from the Greek word edaphos, which means soil or ground and logos, 
which means knowledge) is the study of soil from the standpoint of higher plants including human use 
of land. Pedology (derived from the Greek word pedon, which means soil or earth) is the study of the 
origin, classification and description of the soil. Pedology does not focus on the soils immediate practical 
use. Thus, both the aspects are important for an understanding of soil development.

Components of Soil
The soil consists of four major components: mineral matter, organic matter, soil air and soil water. By volume, 
the air-dry soil contains about 45% mineral matter, 5% organic matter and 25% each of water and air. (Fig. 
1.1).

Fig. 1.1. Composition of Soil

The arrangement of solid particles and pore space is called the soil matrix. The matrix is a three-phase system 
of solid (mineral matter and organic matter), liquid (water) and gas (air). The proportion of air and water are 
subject to rapid and great fluctuations under natural conditions, depending on the weather and other factors. 
The interactions among these components are of great significance in providing plants with water, air and 
essential nutrients.

Mineral Matter
Mineral matter is composed of small rock fragments and minerals of various kinds. In general, the primary 
minerals are present in coarser fraction (>2 mm) of the soil whereas secondary minerals are dominant in the 
finer fraction (<2 mm) of the soil.

Air 25%

Water 
25%

Organic 
matter 5%

Mineral 
Matter 45%
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Organic Matter
Organic matter consists of an accumulation of partially decayed and partially synthesized plant and animal 
residues. The important functions of organic matter in soil are follows:

Supply of plant nutrients : Organic matter is a storehouse of nutrients. These nutrients are released and 
made available to plants with the decomposition of organic matter. Decomposing organic matter is an 
important source of nitrogen, phosphorus and sulfur. Organic acids produced during the decomposition 
of organic matter helps in the release of plant nutrients from soil minerals.

Maintenance of soil structure : Organic matter helps to bind soil particles and provides aggregation 
suitable for maintenance of soil aeration.

Activity of soil organisms : Organic matter is the main source of energy for soil organisms. Micro-
organisms derive their energy through organic matter, without which their activity would be adversely 
affected. Micro-organisms also control availability of plant nutrients.

Soil Water
It plays significant role in soil plant growth primarily in two ways: 

Water held in soil pores : ●  It depends on (i) amount of water present (ii) size of the soil pores. 
The force of retention of water increased with the decreasing amount of water. Thus, if water is 
abundant, the forces of retention will be low and vice versa.

Soil water makes up the soil solution : ●  Water containing dissolved salts in it is called soil solution. 
Soil solution is an important medium for supply of nutrients to plants. The nutrients may be 
supplied to plants through exchange phenomena between solid surface and soil solution and then 
between soil solution and plant roots. The supply of nutrients also depends on the concentration 
of H+ and OH- ions in soil solution as these ions influence solubility of nutrient elements.

Soil Air
Soil air occupied pores not filled with water. Hence, content of air is determined by water content of the soil. 
After a heavy rain the soil pores may be filled with water. After sometime when water moves downward, pores 
are filled with air. Thus relative amounts of air and water in the pore space fluctuate continuously. Soil air 
contains a higher concentration of carbon dioxide and small amount of oxygen than atmospheric air. This is 
due to respiration by soil organisms where large amounts of carbon dioxide is released into the soil and oxygen 
is consumed by organisms. Well-aggregated soil enhances root development.

Soil Formation
The weathering of rocks and minerals combined with the associated physical and chemical phenomena 
constitutes the processes of soil formation. Soil formation is a complex process of several events. One process 
is distinguished from the another on the basis of the chemical nature of events. The processes of soil formation 
include: (i) the addition of organic and mineral materials, (ii) the loss of these materials from the soil, (iii) 
the translocation of materials from one point to another within the soil column, and (iv) the transformation of 
mineral and organic substances within the soil.

Soil formation is largely overned by five major factors, viz. (i) climate (eg temperature and rainfall) (ii) relief 
or topography of the area, (iii) living organisms (vegetation), (iv) nature of parent material (type of rocks 
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and minerals) and (v) time. Depending on the soil characteristics, a soil may be termed as young or old. The 
positional stability of soil over a long period showing the influence of intensive processes can form a matured 
soil. In the steep Himalayan region at Kashmir, Himachal Pradesh and Arunachal Pradesh, landslides and 
avalanches frequently move large masses of soil rocks. Similarly, wind-borne deposits are common in deserts. 
The soil may not reach the stage of maturity in such cases where landslides and wind erosions are frequent. 
The soils, in the active flood plains, which receive fresh deposits at regular intervals, will also continue to 
remain young in terms of soil development. However, the flood plains which are away from the river bank and 
do not receive fresh deposits will continue to stabilize in the existing climatic conditions. This will allow the 
transformation process of minerals to become more active and thus forming relatively mature soil. Differences 
in relief play an important part in soil formation by draining away water and finer fractions from high levels 
to depressions and lowlands. Thus the soils formed at higher levels under low moisture conditions are coarse-
grained than that of lowlands which are finer in texture. Though soil differences in the initial period arise from 
differences of parent materials, yet in a large measure, they are profoundly modified by other factors of soil 
formation, viz. climate, organisms, topography and time. Over a period of time significant changes take place 
in the parent material resulting in layers or horizons to give rise to natural bodies called soils.

Soil Profile
Each soil is characterized by a given sequence of horizons. Combination of this sequence is known as a soil 
profile, i.e. a vertical section of the soil through all its horizons. A study of soil profile is important both from 
the standpoint of soil formation and soil development (pedology) and crop husbandry (edapholoty). In deep 
soils the soil profile is generally studied up to a depth of 150 cm, and in others, up to the parent material. The 
layers (horizons) in the soil profile which vary in thickness have different morphological characteristics, which 
include colour, texture, structure, etc. The horizons are generally designated as ‘O’, ‘A’, ‘E’, ‘B’, ‘C’ and ‘R’.

‘O’ group horizons are dominated by organic material. These normally occur in forest areas where the 
decomposition of plant debris and dead animals are found. Depending on the form of organic residues, which 
can be recognized or not, these horizons are of two types O 1 and O 2.

The ‘A’ horizon generally consists of sub-horizons rich in organic matter intimately mixed with mineral matter. 
The A horizon is characterised as zones of maximum leaching or eluviation. These horizons are designated as 
A 1, A 2 and A 3 depending on the nearness to surface.

The main feature of ‘E’ horizon is loss of silicate clay, iron or aluminium or some combinations of these, 
leaving a concentration of sand and silt particles.

The ‘B’ horizon is obtained below ‘A’ horizon showing the characteristics dominant features of the concentration 
of clay, iron, aluminium of humus alone or in combination. This horizon is known as zone of accumulation or 
the illuvial horizon. The specific B horizons may be referred to as B 1, B 2 and B 3.

The ‘C’ horizon is the zone where major biological activities are minimum and which is least affected by soil 
forming processes. It is therefore, a zone underlying A and B horizons and may be presumed to have given rise 
to the present soil.

All the profiles may not show the sequence of horizons mentioned above. Profiles developed due to in situ 
weathering over a sufficient period show the presence of the horizons ‘A’, ‘B’ and ‘C’. Since the formation of 
soil and the development of profile are dependent on the varying genetic and environmental factors, variations 
in horizonation are frequent and common. Presence of well developed ‘B’ horizon may be an evidence of a 
relatively mature soils, which is commonly formed in the red and black soils showing all the ‘A’, ‘B’ and ‘C’ 
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horizons. The young and recently formed soils on the other hand, may not always have ‘B’ horizons. These 
soils formed near the vicinity of riverbank normally possess ‘A’ and ‘C’ horizons. Severe erosion at some hilly 
areas may erode the surface ‘A’ horizons leaving ‘B’ and ‘C’ horizons only. These soils are known as truncated 
soils. In forest soils, ‘O’ layers may be found on the surface above ‘A’ horizon due to continuous leaf dropping 
and its decomposition and subsequent accumulation on the top of ‘A’ horizon.

The soil profile is important edaphologically since it indicates the surface and the subsurface characteristics 
and qualities, namely depth, texture, structure, drainage conditions and soil-moisture relationships, which 
affect plant growth. Therefore, the soil profile is taken as a unit of study which helps the investigators not 
only to classify the soils but also to understand soil-moisture-plant relationships. The soil profiles in the field, 
therefore, furnish a base which has to be supplemented by physical, chemical and biological properties of the 
soils.

Physical properties
The physical properties of a soil are important since these determine the manner in which it can be used 
either for agricultural and non-agricultural purposes. Properties, viz. infiltration rate, water-holding capacity, 
permeability, aeration, plasticity and nutrient-supplying ability are influenced by the size, proportion, 
arrangement and mineral composition of the soil particles. The 4 major components of soils-inorganic or 
mineral particles, organic matter, water and air vary with depth in different regions. The amount of water and 
air in a soil varies the relative proportion of the solid components of the soil.

Particles shape and size : The soil particles differ in shape like spherical to angular. They differ in size 
also from gravel and sand to fine clay (Table1.1).

The International System is commonly used to designate texture while the USDA system is used for 
classifying soils according to Soil Taxonomy, which is officially used for grouping soils in the soil-
survey organizations all over the country.

Textural classes : The relative proportions all over the particles of different size groups in a soil is 
known as texture. The commonly reported soil textural classes are clay, sandy clay, silty clay, clay loam, 
sandy clay loam, silty clay loam, loam, sandy loam, silt loam, sand, loamy sand and silt.

Table:1.1 Sizes limits of different soil particles (sizes in mm of particle diameter)

Particles International system USDA system

Gravel >2 >2
Very coarse sand 2-1 -
Coarse sand 1.0-0.5 2.0-0.2
Medium sand 0.5-0.25 -
Fine sand 0.25-0.1 0.2-0.02
Very fine sand 0.10-0.05 -
Silt 0.05-0.002 0.02-0.002
Clay <0.002 <0.002

The small and large particles differ greatly with respect to physical properties and chemical composition. 
Coarse fraction, gravel and sand composed mainly of rock fragments or primary minerals, acts as 
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individual particles. These particles have low specific surface area and are relatively non-reactive. Since 
these particles have larger voids they cannot hold water. The silt particles are intermediate between 
sands and clays. They are more reactive than sands due to higher specific surface. In so far as major soil 
properties are concerned, it is the clay fraction which controls them. They are made-up of secondary 
minerals called (crystalline) allumino silicates with highly reactive surface area. Retention of water and 
nutrients is also very high for the clay particles.

Besides, the textural classes govern some of the important factors affecting plant growth. viz. (a) the 
movement and availability of water, (b) aeration, (c) workability (tillage operation etc.), and (d) the 
content of plant nutrients.

Sandy soils are highly permeable and excessively well-drained with low water-retentive capacity and 
thus need more frequent irrigations for successful crop growth than fine-textured soils. The clayey soils 
can hold more moisture, but they have high wilting point [The level of soil moisture (on oven dry basis) 
(percentage) at which plants wilt and fail to recover their turgidity even when placed in a dark humid 
atmosphere]. Due to poor infiltration rate these soils are subject to water-logging, resulting in poor 
aeration and workability. The moderately fine-textured soils. e.g. loams, clay loams or silt loams are by 
far the best group of soils for crop growth, since they have the advantage of balanced proportion of both 
sand and clay.

Colour : It signifies soil conditions and some important properties. A soil attains certain colour depending 
on pedo-chemical reactions. For example different degrees of oxidation, hydration and diffusion of iron 
oxides in the soils may bring either red, yellow or brown. Dark colours of soils (e.g. Dark brown, etc.) 
may be associated with impeded drainage conditions, content and state of decomposition of organic 
matter, the presence of specific minerals like titanium and/or manganese. Such dark colours are common 
in black soils.

‘The Munsel Colour Chart’ is routinely used for reading soil colour in the field. It consists of coloured-
chips showing hue, value and chroma; the 3 simple variables that form a colour. The hue refers to the 
dominant spectral colour, the value to relative lightness of colour and chroma to relative purity.

Density : Larger particles in soils are heavier in weight per unit volume than the smaller particles. 
Particle density of a soil is based on the individual densities of soil constituents and according to their 
proportionate contribution. The bulk density on the other hand is the weight per unit volume of dry soil 
including the particles and pore space and hence it is lower than the particle density. The relationship 
between the particle density (PD) and bulk density (BD), and the pore space (P) of soils is as follows:

PD-BD
P% =  x 100

PD

In most mineral soils the particle density varies within 2.5 to 2.7 and the bulk density between 1.4 and 
1.8 depending on the method of determination.

Pore space : The portion of soil occupied by air and water is termed as pore space which is largely 
governed by structural conditions. Low pore space of about 30% is common for sands, whereas clays 
may have a pore space of as much as 50-60%. Although clays possess greater total porosity than the 
sands, the pore spaces in the latter, being individually larger, are more conducive to good drainage and 
aeration. Pore spaces are of two kinds macro and micro. Sands have more macro-pore space whereas 
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clays contain more micro-space. Therefore sands are more porous and do not pose any drainage problem 
in spite of its having less total pore space.

Plasticity and cohesion : Plasticity is a soil property which enables a moist soil to change shape on an 
applied force and retain this shape even when the force is withdrawn. Thus sandy soils are considered 
as non-plastic and clayey soils as plastic. Cohesion, on the other hand, is a property of the particles to 
stick to one another by cohessive force. Plastic soils are cohesive. Plasticity and cohesion reflect the 
soil consistency and workability of the soils. Black soils are highly plastic and highly cohessive making 
tillage operation difficult.

Soil temperature : It controls the microbiological activity and all the other plant growth processes. The 
role of organic-matter decomposition and the mineralization of organic form of nitrogen increases with 
temperature. The amount of organic matter is thus expected to be more in soils with low temperature. 
Soil temperature is an important factor affecting seed germination, plant growth and microbiological 
activity. Germination has been found to be a slow process in a cold soil.

For germination and root growth, the required temperature varies with crops and varieties. The winter 
crops, viz. wheat, barley and oat, require low temperature for germination as compared to the summer 
crops, viz. cotton and sorghum.

The soil colour, composition and the water content influence soil temperature. Dark and fine textured 
soils absorb more heat during the day and lose it during night more quickly than the coarse-textured 
soils, because the former retain more water and the specific heat of water is 4-5 fold more than that of 
the soil particles. The importance of soil temperature may be judged by the fact that Soil Taxonomy 
has kept a provision for soil temperature to use it as a differentiating criterion at the family level of 
categorization.

Soil Air : The restricted soil aeration affects root development, respiration and other biological processes 
and can thus change the soil environment. The knowledge of soil air and its composition assumes a 
greater importance. The pore space, not filled by water, is occupied by space (macropores) and generally 
constitutes the air space, the capillary pore space (micropores) being occupied by water. Normally if 
one-third of the pore space in the soil is filled by air and two-thirds by water, the plant growth is assumed 
to be optimum.

The soil air composition is controlled by a balance between two competing processes. The consumption 
of oxygen and a concomitant release of carbon-dioxide by plant roots and the soil organisms tend to 
increase the differences in the composition of the soil air and the atmosphere above the soil surface. 
Gaseous diffusion tends to reduce the difference in composition. The measurement of aeration status in 
soil has been reported as oxygen diffusion rate which determines rate of oxygen replenishment due to its 
continuous consumption by plant roots and micro-organism. The growth of most of the plants is affected 
when oxygen diffusion rate is less than 20 x 10-8 g/cm2 per minute.

The atmospheric air has nearly 21% O2, 0.035% CO2 and more than 78% N2 and the soil air is also 
composed largely of nitrogen and oxygen, but differs from former in containing more moisture, more 
carbon-dioxide and a little less oxygen (Table 7.4). The content of carbon-dioxide varies during the crop 
season due to higher rates of crop growth and microbiological activities in the soil.
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Table 1.2 : Percentage composition of surface-soil air of different soils

Kind of soil Percentage composition
Carbon dioxide Oxygen Nitrogen

Forest soil
Clay soil

0.87
0.66

19.61
19.61

79.52
79.35

Soil Water : The maximum influence on the growth and yield of a crop depends on the availability of 
soil water, that is required in larger quantity than any other substance contributing to the growth and 
yield. It is (a) essential part of plant food constituting more than 90% of plant tissues; (b) solvent and 
carrier of plant nutrients; and (c) maintains cell turgidity and regulates soil temperature.
Soil-water retention : The retention and movement of water in soils and plants with its subsequent loss 
in the atmosphere are related to the energy with which the water is held. Different kinds of energies are 
involved in this process, viz. potential, kinetic and electrical. The energy status of water is termed as free 
energy which is a sort of summation of all other forms of energies to do work. Three important factors 
which determine the free energy of soil water are matric, osmotic and gravity.
So far as retention of water in soil is concerned, there can be 4 different forms of water as follows.
Maximum retentive capacity : This is the saturated state of soil just during heavy rains or while being 
irrigated when both macro and micro pores are completely filled with water.
Field capacity : After the soil reaches maximum retentive capacity, water moves downwards in response 
to the hydraulic gradient, mostly gravity. After 2-3 days the water in the macropores will be drained out. 
The soil is said to be at the field capacity.
Permanent wilting percentage or wilting coefficient : With time, the water in the soil will be utilised by 
plant, some may be lost by evapotranspiration. The soil will gradually dry and plants begin to wilt first 
during the daytime and then they will remain wilted night and day. The soil moisture content of the soil 
at this stage is called the wilting coefficient or permanent wilting percentage.
Hygroscopic coefficient : When the contact of soil moisture is still decreased below the wilting point in 
a way that water is held very tightly and may be at a state of vapour around the soil colloids, the stage 
is called hygroscopic coefficient.

Soil-water classification
Based on soil-water-plant relations, the soil-water available to plants may be classified into the following.

Gravitational water : Water above field capacity (-0.1 to -0.3 bar [1 bar: a unit of pressure (with which 
water is held in the soil particle) equal 106 dynes/cm2] and upward) is termed gravitational. Since it 
remains in soils for a short time, gravitational water is of limited use for plants.
Capillary water : Since the water held between -0.1 and 31 bar is present in the capillary of soils, this 
water is mostly available for the growth of plants. The capillary water held within -15 bar is relatively 
easily available to the plants.
Hygroscopic water : This water is held tightly (lower than -31 bars) below the permanent wilting 
coefficient and the termed as hygroscopic water. Except few microbial activities almost all the plants 
fail to absorb hygroscopic water.

Crops differ greatly in their water requirement according to growth characteristics, climate and water-
supply. Water requirement of a crop includes the evapotranspiration needs, the water needed for metabolic 
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activities for leaching and other unavoidable losses. It is the water needed for raising a crop in a given 
period and is expressed as depth of water in millimeters. Generally, the water requirement of a crop is 
related to the potential evaporation during growth of the crop.

Soil structure
The arrangement of primary and secondary soil particles is called soil structure. It influences aeration, 
permeability and water holding capacity. In the field, the structure is described in terms of (i) type (shape and 
arrangement), (ii) class (size), and (iii) grade (degree of aggregation).

Types of soil structure : There are 4 types of primary structures.

Platy. ●  Horizontal arrangement of particles around a plane is called a platy structure. 

Prism-like. ●  Particles arranged around a vertical axis and bound by relatively flat vertical surfaces 
give rise to prism  like structure. Prism-like structures may be prismatic and columnar types.

Block-like. ●  Particles arranged around a point and bound by flat or rounded surfaces form block-
like soil structures. This type includes angular and subangular types.

Spheroidal ● . Particles arranged around a point and bound by curved or very irregular surfaces that 
are not accommodated in the adjoining aggregates. This type includes granular and crumb types.

Classes of soil structure : There are five size classes in each of the primary types. These are very fine, 
fine, medium, coarse and very coarse. The actual size for classes in each type varies.

Grade of soil structure : The grade of structure, representing the degree of aggregation, can be determined 
in the field by noting the durability of the aggregates. Grades may be structureless (massive if coherent, 
and single-grained, if non-coherent), weak, moderate, strong and very strong, depending on the stability 
of aggregates when disturbed.

Factors affecting soil structure : Structure is primarily influenced by texture. However, there are other 
factors also as follows:

Soil management. Ploughing and other tillage operations may break the soil mass and can thus adversely 
change the soil structure. A good soil management, with a proper system of crop rotation has the effect 
of maintaining the soil in a good state of aggregation. The use of legumes in the rotation system and 
green manuring can improve the structure and physical qualities of soils.

Adsorbed cations. The general trend of sodium (Na+) and potassium (K+) ions on the clay complex has 
a tendency to disperse the soil forming an undesirable soil structure. By contrast, Ca2+, Mg2+, Al3+, have 
favourable effects on the aggregation. Similarly, the presence of soluble salts favours flocculation.

Organic matter. This matter not only stimulates the formation of soil structure but also stabilizes it by 
forming bridges between individual soil particles and thereby forming water stable aggregates.

Since soil structure influences ease of tillage, root penetration, it has been found that the crumb and 
granular structure (spheroidal) are favourable for plant growth.

Mineral composition of soils
The mineral particles in soils vary in size and proportion. There are sands and gravels in soils which are small 
rock fragments. The sands are smaller than gravels. Silts are smaller than sand but bigger than clay particles 
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(Table 1.1). The clays are seat of the most of the pedo-chemical reactions. These particles hold the nutrition 
and can release the nutrient elements as and when required by plants. 

Cation and anion exchange processes : Ion exchange is a reversible process which involves both cations and 
anions. The exchange takes place between solid and liquid phases and between solid phases which are in close 
contact with each other.. The exchange of cations and anions is termed as cation exchange and anion exchange, 
respectively. Ion exchange is the most important of all the processes occurring in a soil. Soil colloids, are the 
seat of ion exchange processes.

Adsorption and exchange of cations and anions varies greatly with the nature and amount of clay, and the 
organic matter present in soils. The cation-exchange capacity (CEC) is defined as the amount of a cation 
species bound at pH 7 (neutral pH) and is expressed as cmol (p+) kg-1. The average CEC values of reference 
clay minerals are given in (Table-1.3) :

Table 1.3 : CEC Values of some clay minerals

Clay minerals CEC [cmol(p+) kg-1]

Kaolinite 3-10

Illite 10-40

Chlorite 10-40

Montmorillonite 80-150

Vermiculite 100-150

Organic colloids >200

As compared to cation exchange phenomenon, anion exchange properties have been less studied. By and large, 
adsorption of phosphate has been studied in relation with phosphate fixation which gives an idea about anion 
exchange property of soil.

Accordingly it has been suggested that the anion exchange capacity can be defined as the amount of phosphate 
bound at pH 4 and 5.7. In general, soils having low pH possess higher anion exchange capacity. 

Base Saturation (BS) : The amount of CEC accounted for by the basic ions (Calcium, Magnesium, Potassium, 
Sodium) and expressed as percentage of the CEC is the base saturation percentage. Therefore :

sum of Ca++ + Mg++ + Na+  
BS=  x 100

CEC

A soil saturated with calcium and magnesium is considered normal and fertile. If a soil has more than 15% 
exchangeable sodium, it is considered to be sodic soil. On the other hand, if the soils are base-unsaturated, i.e. 
the proportion of exchangeable hydrogen and aluminium is more, the soil is acidic.

Oroganic Matter
Organic matter is a small part of mineral soil. It acts as a source of food for soil bacteria and fungi which are 
responsible for converting complex organic materials into simpler substances which are easily available to 
the plants. It plays vital role in the productivity and conditioning of soils. It improves the physical conditions 
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of the soil in terms of its working quality; and clay and Ca in right proportion may form a good soil physical 
condition for better crop performance. It can also be used as a mulch and can prevent the soil from losing 
moisture by evaporation.

Humus
Plant residues form the primary source of organic matter in soils. Even with harvested crops one-tenth to one-
third of plant tops are commonly incorporated in soil as organic matter. Animals are considered as secondary 
source of organic matter. Organic matter contains most of the mineral elements found in the plants. The 
decomposed materials often are found as a fairly stable dark, amorphous complex colloidal substance called 
humus which constitutes about 60-80% of the soil organic matter. Humus represents a mixture of decomposed 
or altered products of carbohydrates, proteins, fats, resins, wax and other similar substances. These complex 
compounds are gradually decomposed by soil organisms into simple mineral salts, carbon dioxide, water, 
organic acids, ammonia, methane and free nitrogen, depending upon the initial composition of the organic 
matter. They are amorphous, dark in colour, and have very high molecular weight varying from a few hundred 
to several thousand. The average composition of humus includes carbon (50%), oxygen (35%), nitrogen (5%), 
hydrogen (5%), ash containing phosphorus, potassium, sulphur and other elements (5%).

Humic groups which constitute 60-80% of humus are classified into fulvic acid, humic acids and humin 
depending on their solubility in acids and alkalies. The similarity of these 3 groups of humic substances is that 
they are capable of absorbing and releasing plant available nutrients.

Organic matter in different soils
The organic matter content varies with soils, vegetation, climate, cultivation, manurial and rotation practices, 
and biological activities. Vegetation determines the quality and quantity of organic material, climate viz. 
temperature and moisture conditions, determine the rate of decomposition. The content of organic matter is 
generally low because of the high rate of decomposition under tropical and subtropical climates. The organic 
matter in most of the cultivated soils rarely exceeds 1% except in a few hilly soils. The increasing level of CO2 
in the atmosphere leading to global warming is a serious concern throughout the world. Since soil temperature 
affects the decomposition of soil organic matter, increase in soil temperature causes losses of organic carbon 
from soils. The variation of the organic carbon of the surface layers in different soil groups is, Deep black soil, 
0.3-0.8%; Red and laterite soil, 0.7-6.5%; Alluvial soil, 0.3-1.1%; Hill and mountain soils, 4.0-8.0%; Desert 
soils, 0.3-0.6%; and Coastal alluvial soils, 0.5-0.9%.

The amount of organic matter decreases from the surface soils downwards. In the forest soils due to continuous 
leaf fall the surface soils contains huge amount of organic matter.

Carbon-nitrogen ratio
Nitrogen plays a major role in the growth and reproductive processes of plants. The organic combination of 
nitrogen is present in soil organic matter. Since carbon makes up a definite proportion of the organic matter, it is 
expected that carbon to nitrogen ratio of soil should have a relation which has to be constant. This is important 
since this ratio is useful in controlling the available nitrogen, total organic matter and the rate of decomposition 
of organic matter and thus influence soil management. The C:N ratio of the upper 15 cm of arable lands ranges 
from 8:1 to 15:1 with an average value ranging from 10:1 to 12:1.
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Chapter - 2

Soil Fertility Management

Soil Fertility
Soil fertility is the status or the inherent capacity of the soil to supply nutrients to plants in adequate amounts 
and is suitable proportions. It combines several soil properties (Physical, chemical and biological), which 
affect directly or indirectly nutrient dynamics and availability. Soil fertility is a manageable soil prosperity and 
its management is of utmost importance for optimizing crop nutrition on both a short term and a long term 
basis to achieve sustainable crop production.

Soil Productivity
Soil productivity is the capacity of the soil to produce crops with specific systems of management and is 
expressed in terms of yields.

“All productive soils are fertile but all fertile soils need not to be productive”. It may be due to some problems 
like waterlogging, saline or alkaline condition, adverse climate etc. Under these conditions, crop growth  is 
restricted though the soil has sufficient amounts of nutrients.

For farmers, the decisive property of soils is their chemical property and physical conditions which determine 
their potential to produce crops.

Improved soil fertility is essential for successful cropping. It is foundation on which all input based high 
production system can be built.

Difference between soil fertility and productivity

Soil fertility Soil Productivity

It is considered as an index of available nutrients 
to plants

It is a broader term used to indicate yields of 
crops

It is one of the factors for crop production. The 
other factors are water supply, slope of the land, 
depth of water table etc.

It is the interaction of all the factors that determine 
the magnitude of yields.

It can be analysed in the laboratory It can be assessed in the field under particular 
climate conditions.

It is the potential status of the soil to produce 
crops

It is the resultant of various factors influencing soil 
management

Soil Quality
Soil quality is the  capacity of a soil to sustain biological productivity and at the same time maintenance of 
environmental quality. Soil fertility, erodibility and compactability jointly describe soil quality. However, soil 
quality is synonymous to soil productivity but more recently the concept of soil quality has been broadened to 
include attributes of food safety and quality, human and animal health and environment quality. Soil quality 
may be defined as “the capability of a soil to produce safe and nutritious crops in a sustained manner over the 
years and to enhance human and animal health without impairing the natural resource base or harming the 
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environment”. Soil quality index is a function of the following parameters :

Soil Quality Index (SQI) = f (SP, P, E, H, ER, BD, FQ, MI)

 where,  SP =  Soil properties, P  =  Potential Productivity;

  E = Environment factors, H = Health of animal and human ;

  ER = Erodibility, BD = Biological diversity,

  FQ = Food quality safety, MI = Management inputs.

The capacity of soils to supply higher plants, with certain essential elements is fundamental problem in crop 
production. The essential nutrient elements comprise the key components of soil fertility vis-a-vis plant 
nutrition and therefore these are referred to as plant nutrients or nutrient elements. 

Plant Nutrients
Plants like human beings and animals require food for their growth and development. The food of the plants is 
composed of certain chemical elements often referred to as plant nutrients or plant food elements. Green plants 
are autotrophic or self-nourishing, that is, they are able to manufacture carbohydrates from raw or inorganic 
materials and thus nourish themselves. The conception of elements as plant nutrients was originated by Liebig 
in 1840 when he put forward his revolutionary theory of mineral nutrition.

Essential Plant nutrients
Altogether thirty five elements. Such as Carbon (C), Hydrogen (H), Oxygen (O), Nitrogen (N), Phosphorus 
(P), Potassium (K), Calcium (Ca), Magnesium (Mg), Sulphur (S), Manganese (Mn), Molybdenum (Mo), 
Copper (Cu), Boron (B), Zinc (Zn), Iron (Fe), Chlorine (Cl), Sodium (Na), Silicon (Si), Aluminium (Al), 
Cobalt (Co), Iodine (I), Rubidium (Rb), Strontium (Sr), Nickel (Ni), Chromium (Cr), Arsenic (As), Bromine 
(Br), Gallium (Ga), Lanthanum (La), Lithium (Li), Lead (Pb), Vanadium (V), Yttrium (Y), Zirconium (Zr), and 
Selenium (Se) (Vide : Table-2.1) are considered essential for growth and development of plants. The elements 
are classified as follows:

(a)  Macronutrients or Major Plant Nutrients. The nutrients which are used by plants in relatively 
large quantities are called Macronutrients or Major plant nutrients. These are Carbon, Hydrogen, 
Oxygen, Nitrogen, Phosphorus, Potassium, Calcium, Magnesium and Sulphur. Out of these 
Nitrogen, Phosphorous and Potassium are known as Primary Plant nutrients and Magnesium, 
Calcium and Sulphur as Secondary Plant nutrients. The primary and secondary nutrient elements 
are collectively known as Major plant nutrients.

(b)  Micronutrients or Minor Plant Nutrients. The nutrients which are used by the field crops in very 
small quantities are called Micronutrients or Minor plant nutrients. They are Manganese, Iron, 
Molybdenum, Copper, Boron, Zinc and Chlorine. They are also called Trace elements. They are 
required in small quanitities but they are also important as the major element in plant nutrition. 

The several other elements such as Rubidium, Strontium, Nickel, Chromium and Arsenic which at very low 
concentration and often under specific conditions have been shown to stimulate the growth of certain plants or 
to have other beneficial effects. These elements are often referred to as ‘Beneficial elements, Potential micro-
nutrients’ or ‘Micro elements’.
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Out of sixteen essential elements, Carbon, Hydrogen, and Oxygen are provided by air and water and the 
remaining thirteen elements are provided by soils. Soil may become deficient in those plant nutrients. Manures 
and fertilizers are used to make up the deficiency of these elements in the soil and to meet the demand of the 
crops. Plants absorb nutrients mostly through their roots from the soil though they can also absorb nutrients 
applied to the leaves as well. The nutrients in the soil must be present in available form in which the plants 
absorb them. Fertilizers are used to supply the needed nutrient elements for crop use and for improving soil 
fertility. For optimum growth, plants need light, heat, water, carbon dioxide, oxygen as well as major and 
minor plant nutrients in a balanced form.

Table 2.1 :  Essential Plant Nutrients and their Sources

Macronutrients Micronutrients
Source : Air Water Soil Soil

Carbon (C)
Oxygen (O)

Hydrogen (H) Nitrogen (N)
Phosphorus (P)
Potassium (K)
Calcium (Ca)
Magnesium (Mg)
Sulphur (S)

Manganese (Mn)
Molybdenum (Mo)
Copper (Cu)
Boron (B)
Zinc (Zn)
Chlorine (Cl)
Iron (Fe)

Criteria of Essentiality of Plant Nutrients
Arnon (1954) has laid down the following criteria for essentiality of elements in plant nutrients:

(i)  The plant must be unable to grow normally or complete its life cycle in the absence of the 
element.

(ii)  The element is specific and can not be replaced by other element.

(iii)  The element plays a direct role in metabolism.

(iv)  The deficiency symptoms of the element can be corrected or prevented by the application of that 
element only.

Recent investigations show that points (ii) can not be accepted absolutely as Molybdenum (Mo) may be 
substituted by Vanadium (V). Similarly Chlorine (Cl), by Bromine (Br), Potassium by Rubidium (Rb), Calcium 
(Ca) by Strontium (Sr).

The nutrients can also be classified into different categories on the basis of their chemical nature and mobility 
in Plants as follows:

I.  Chemical nature :
i.   Metals   : Potassium (K), Calcium (Ca), Magnesium (Mg), Iron (Fe), Zinc (Zn), 

Copper (Cu), Manganese (Mn) etc.
ii.  Non-metals :  Oxygen (O), Carbon (C), Hydrogen (H), Nitrogen (N), Phosphorus 

(P), Sulphur (S), Chlorine (Cl) etc.
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iii.  Cations :  Potassium (K+), Calcium (Ca++), Iron (Fe++), Magnesium (Mg++), 
Manganese (Mn++), Copper (Cu++), Zinc (Zn++) etc.

iv.  Anions : Nitrate (NO3¯), Primary phosphate (H2PO4¯), Sulphate (SO4¯ ¯) etc.

II.  Mobility in Plants:
i.  Highly mobile : Nitrogen (N), Phosphorus (P), Potassium (K) etc.
ii.  Less mobile : Sulphur (S), Iron (Fe), Copper (Cu), Manganese (Mn), Chlorine (Cl), 

Molybdenum (Mo) etc.
iii.  Moderately Mobile  :  Zinc (Zn) etc.
iv.  Immobile : Calcium (Ca), Boron (B) etc.

The elements Carbon (C), Hydrogen (H), Oxygen (O), Nitrogen (N), Phosphorous (P) and Sulphur are 
the building blocks of organic compound of the cell.
They can truly be called fundamental biological elements. Most carbohydrates and lipids contain Carbon 
(C), Hydrogen (H), and Oxygen (O) while in addition all proteins contain Nitrogen and sometimes 
Sulphur (S), Nucleic acid and Phosphorus. Thus these six elements are the main constituents of the 
living machine.
As stated early, the green plants take carbon and oxygen from air, hydrogen from water and all other 
elements enter in the plants through root and root hairs from the soil where the elements are present in 
very dilute concentration of soluble salts.

Table 2.2. Forms in which the Macronutrients occur in Mineral Soils.

Group 1 
More complex and less active forms

Group 2  
Some of the simpler and more available forms 

and their ionic equivalent

NITROGEN:
Organic combination; proteins, amino
acids and simpler forms; colloidal and subject to 
decomposition.

 
Ammonium slats 
Nitrite salts
Nitrate salts

 
NH4

+

NO2¯
NO3¯

PHOSPHORUS:
Apatite, an original source; secondary Ca, Fe, Al, 
Phosphates Organic: Phytin, nucleic acid
and other combinations

 
Phosphate of Ca, K, Mg etc. 
Soluble organic forms

 
HPO4¯ ¯
H2PO4¯

POTASSIUM:
Original minerals such as feldspars and mica.
Complex secondary aluminum silicates such as clays, 
especially illite

 
Potassium ions absorbed by 
colloidal complex Potassium salts 
such as  sulphates, carbonates etc.

 
K+

CALCIUM:
Minerals such as feldspars,
hornblends, calcite and dolomite.

 
Calcium ions absorbed by
colloidal complex. A variety 
of simple calcium salts.

 
Ca+ +
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MAGNESIUM:
Minerals such as mica, hornblends, dolomite and 
serpentine, secondary aluminium silicates such as
clays, especially montmorillonite, chlorite and 
vermiculite.

 
Magnesium ions absorbed by 
colloidal    complex. Numerous
simple salts of magnesium

 
Mg+ +

SULPHUR
Minerals combination such as pyrite and gypsum.
Organic forms: Colloidal and subject to decomposition

 
Various sulphits, and       
sulphates of  Ca, Mg, K etc

 
SO3¯ ¯
SO4¯ ¯ 
S¯ ¯

Table 2.3 : Forms in which Plant of nutrients are utilized by plants

Name of nutrients Forms of nutrients used by the plants

Nitrogen (N)

Phosphorus (P)

Potassium (K)
Calcium (Ca)
Magnesium (Mg)
Sulphur (S)
Manganese (Mn)
Molybdenum (Mo)
Copper (Cu)
Boron (B)
Zinc (Zn)
Chlorine (Cl)
Iron (Fe)

NH4
+ (Ammonium), NO3¯ (Nitrate)

Plant can also absorb organic and
molecular nitrogen.
HPO4¯ ¯ (Secondary Phosphate)
H2PO4¯ (Primary Phosphate)
K+

Ca++

Mg++

SO3¯ ¯ (Sulphite) and SO4¯ ¯ (Sulphate)
Mn++ (Manganous), and Mn+++ (Manganic)
MoO4-- (Molybdate).
Cu+ (Cuprous) and Cu++ (Cupric) 
Bo3¯ ¯ ¯
Zn++
Cl¯ 

Fe++ (Ferous) and Fe+++ (Ferric)

Functions of Essential Nutrients on Crop Production

1.  Nitrogen
 Nitrogen is the first fertilizer element of the macronutrients usually applied as commercial fertilizers. 

Nitrogen is very important nutrient for plants and it seems to have the quickest and most pronounced 
effect. Nitrogen is of special importance in the formation of protein in plants. It forms a constituent 
of every living cell in the plants. Nitrogen is the most important nutrient for plants. It is also present 
in chlorophyll, the green pigments that are receptors of light energy in photosynthesis through which 
plants assimilate carbon from atmospheric carbon dioxide and entrap solar energy. The air contains 78 
percent nitrogen. Plants can not use it directly. But the plants belonging to the family Leguminoceae, can 
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play a host to a special group of nitrogen fixing bacteria such as Rhyzobium. This bacteria can convert 
atmospheric nitrogen into organic form that can be used by host plants. Pulses, soyabean, dhaincha, 
sanhemp, groundnut, lucern, berseem, clovers and guar are some common examples of legumes. It is an 
essential constituent of protein and chlorophyll. It is involved in photosynthesis, respiration and protein 
synthesis.

Functions of Nitrogen
i.  Nitrogen tends primalily to encourage above ground vegetative growth and it imparts dark green 

colour to plants.

ii.  Nitrogen is a regulator that governs to a considerable degree the utilization of potassium, 
phosphorus and other constituents.

iii.  It promotes vegetative growth and improves the quality of produce including fodder, leafy 
vegetable and food crops. It increases the tillering of cereal crops.

iv.  When nitrogen is present in sufficient quantities in the soil, plants acquire healthy green colour 
which is neither too dark green nor to light, growth of the plant is fairly rapid and crop matures 
normally and gives high yields.

v. Nitrogen application tends to produce succulency, a quality particularly desirable in crops such as 
spinach, lettuce, radish and fodder crops.

vi. It increases the protein content of food and fodder. It also increases the plumpness of grain in the 
cereal crops.

Symptoms under Abundant Nitrogen Supply
i. It delays ripening by encouraging more vegetative growth. The leaves acquire a dark green colour, 

become thick and leathery and in some cases crinkled. They also become soft and sappy. The 
plants become more liable to attack of certain fungi and its resistance to disease is lowered.

ii.  In case of cereal crops, the straw becomes weak, and the crop very often lodges and straw and 
grain ratio is increased.

iii.  Excess nitrogen deteriorates the quality of some crops such as potato, barley and sugarcane.

iv.  It delayes reproductive growth and may adversely affect fruit and grain quality.

Symptoms under Deficient Supply
i. The plant becomes yellowish or light green in colour and remains stunted. The leaves and young 

fruits tend to drop prematurely. The older leaves are affected first.

ii.  A nitrogen starved plant ripens prematurely and crop gives poor yield. The kernels of cereals 
and the seed of other crops do not attain their normal size, and become shrivelled and light in 
weight.

iii.  It delays reproductive growth but enhances profuse vegetative growth. The flower bud often turns 
pale and sheds prematurely. 

iv.  Root growth is severely affected.
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2.  Phosphorus
 Phosphorus is the second fertilizer element and it is an essential constituent of every living cells and 

for the nutrition of plant and animal. It takes active part in all type of metabolism of plant. It is an 
essential constituent of majority of enzyme and also structural component of membrane system of cell, 
the chloroplasts and the mitochondria. It is intimately associated with the life process.

Functions of Phosphorus
i. Phosphorus stimulates root development and growth in the seedling stage and thereby it helps to 

establish the seedlings quickly.

ii.  It hastens leaf development and encourages greater growth of shoots and roots. 

iii.  It enhances the development of reproductive parts and thus bringing about early maturity of crops 
particularly the cereals and counteracts the effect of excess nitrogen. It develops resistance to 
certain disease.

iv.  It increase the number of tiller in cereal crops and also increase the ratio of grain to bhusa or straw. 
As a result, yield is increased. It strengthen the straw of cereal crops and thus helps to prevent the 
lodging.

v. It stimulates the flowering, fruit setting and seed formation and the development of roots, 
particularly of root crops.

vi. Phosphorus has a special action on leguminous crops. It induces nodule formation of this crop and 
rhizobial activity. Thus it helps in fixing more of atmospheric nitrogen in root nodules.

Symptoms under Abundant Supply
i. Profuse root growth, particularly of the lateral and fibrous rootlets.

ii.  It develops normal growth having green leaf colour.

iii.  It may cause in some cases trace element deficiencies particularly iron and zinc. Excess of 
phosphorus is not harmful like that of nitrogen.

Symptoms under Deficient Supply
i. Root and shoot growth is restricted and plants become thin and spindly.

ii. The leaves of cereal crops become dull greyish green in colour. The deficiency is characterised by 
slow growth and low yields.

iii.  Leaves may shed prematurely and flowering and fruiting may be delayed considerably.

iv.  Stunted growth even under abundant supply of nitrogen and potassium, premature ripening of 
crop.

v. The tillering of cereal crops decreases and as such yield also becomes low.

vi.  Potato tubers show rusty brown lession.

3.  Potassium
 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 
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stretcher and as a disease retarder but it is not effective without its co-nutrients such as nitrogen and 
phosphorus

Functions of Potassium
i. Potassium is an essential element for the development of chlorophyll.

ii. It is essential for photosynthesis, i.e., converting carbon-dioxide and hydrogen into sugars and 
for translocation of sugars and also for starch formation. It is, therefore, of special value for crops 
like sugarcane and potatoes which are rich in sugar and starch. It is absolutely necessary for tuber 
development.

iii.  It improves the health and vigour of the plant, enabling it to withstand adverse climatic 
condition.

iv.  It strengthens the straw of cereals and keeps the plant green and functioning longer that it would 
otherwise do. Thus it reduces lodging in cereal crops. It improves the quality of crops like tobacco, 
potatoes, sugarcane, vegetables and fruits.

v.  It increases the crop resistance to certain diseases and counteract the damaging effects of excess 
nitrogen.

vi.  It is necessary for the production of best quality of grains and fruits. Potassium plays a key role in 
production of quality vegetables.

vii.  In delaying maturity, potassium works against undue ripening influences of phosphorus. In a 
general way it exerts a balancing effect on both nitrogen and phosphorus and consequently is 
especially important in a mixed fertilizer.

viii.  Potassium is an enzyme activator.

ix. It increases the plumpness and boldness of grains and seeds.

x. It improves water balance, promotes metabolism and increases the production of carbohydrates.

Symptoms under Deficient Supply
i. Plant becomes slunted in growth with shortening of internodes and bushy in appearance.

ii.  A deficiency of potassium brings about cholorosis, i.e., yellowing of leaves and leaf scorch in the 
case of fruit trees. It is also responsible for the ‘dying back tips’ of shoots. The older leaves show 
the deficiency symptoms earlier.

iii.  Potassium deficient plants show a reduced rate of photosynthesis.

iv.  Potato plant show an abnormal dark green colour of foliage followed by brownish. Deficiency of 
potassium result in blacking of tubers and damage in storage and transit.

v.  The tips or margin of lower leaves of legumes, maize, cotton, tobacco and small grains are either 
scorched or burnt.

4.  Calcium
 Calcium as calcium pectate is an important constituent of cell wall and required in large amounts for cell 

division. It is a structural component of chromosomes. Excessive amounts of calcium can decrease the 
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availability of many micronutrients. Sprengel has established calcium as essential elements for plants in 
1839.

Functions of Calcium
i.  Calcium promotes root development and growth of plant as it is involved in root elongation and 

cell division.

ii.  It induces stiffness of straw and thereby tends to prevent undesirable lodging of plants.

iii.  It helps to translocate the sugar in the plants.

iv.  It enhances the nodule formation in leguminous plant and thereby rhizobial activity is increased.

v.  It neutralises organic acid which may become poisonous to plant.

vi.  It is an essential co-factor or an activator of a number of enzymes for instance lipase and 
apyrase.

vii.  It increases the crop resistance to certain disease.

viii.  It improves the intake of other plant nutrient, specially nitrogen and trace elements such as iron, 
boron, zinc, copper and manganese by correcting soil pH.

ix.  The structure of soil having calcium becomes good and cation exchange capacity increases.

x.  Calcium acts as a buffer in plant system, and ameliorates the toxic effects of other nutrients if they 
are at toxic level in the plant.

Symptoms under Deficient Supply
i.  Young leaves of terminal buds die back at the tips and margins.

ii.  The normal growth of plant is arrested.

iii.  Root may become short, stubby and brown.

iv.  Leaves become wrinkled and the young leaves of cereal crops remain folded. Calcium deficiency 
resembles boron deficiency.

v.  The acidity of cell saps increases abnormally and it hampers the physiological function of plant. 
As a result of which, plant suffers in illness and causes the death at last.

vi.  Calcium deficiency causes the acidity of soil.

viii.  It hampers the growth of leguminous crops and causes premature falling of flowers and fruits.

5.  Magnesium
 Magnesium is an essential constituent of chlorophyll. Several photosynthetic enzyme present in 

chlorophyll requires magnesium as an activator. It is usually needed by the plants in relatively small 
quantities. Hence its deficiency in soil is experienced later than that of potassium. Magnesium was 
provided through a number of sources such as magnesium chloride, magnesium sulphate, dolomite and 
magnesite. Spergel has established magnesium as essential element for plants in 1839.
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Functions of Magnesium
i.  Magnesium helps in formation of chlorophyll and thus imparts dark green colour to leaves. It is 

indispensable for photosynthesis by plants.

ii.  It is usually needed by plants for formation of oils and fats.

iii.  It regulates the uptake of nitrogen and phosphorus from the soil.

iv.  Magnesium may increase crop resistance to drought and disease.

v.  It plays a part in the production of carbohydrates, proteins, fats and vitamins and helps in the 
translocation of carbohydrates and fats.

vi.  In oil producing crops, it plays an important role in synthesis of oils and fats.

Symptoms under Deficient Supply
i.  Visual symptoms of an inadequate supply is the yellowing of the older leaves. It is known as 

chlorosis. Acute deficiency of magnesium also causes premature defoliation. Magnesium 
deficiency symptoms are usually observed on older leaves.

ii.  In maize, the leaves develop intravenial white strips; in cotton they change to purplish red, veins 
remaining dark green; in soyabean they turn yellowish and in apple trees, brown patches (blotches) 
appear on the leaves.

iii.  The veins of chlorotic leaves remains green.

6.  Sulphur
 Sulphur exists in two important essential amino acids-methionine and cystenine, which are also 

component of protein. It has specified role in initiating synthesis of protein. Sulphur is an important 
nutrient for oil seeds, cruciferae, sugar and pulse crops. As such these crops grow best on sulphur rich 
soil. It is an essential constituent of many proteins, enzyme and certain non-volatile compound such as 
mustard oil. Salm-Horstmar has established sulphur as essential element for plant in 1851.

Function of Sulphur
i.  Sulphur is involved in the formation of chlorophyll and thereby encourages vegetative growth. 

But it is not a constituent of chlorophyll.

ii.  Sulphur forms an important constituent of straw and plant stalks.

iii.  Pungent odour of onion and garlic is due to the presence of sulphur compound.

iv.  It promotes the nodule formation on the root of leguminous plant.

v.  It hastens root growth and stimulates seed formation.

vi.  It is essential for the synthesis of certain amino acids and oils. It can be called as master nutrient 
for oil seed production.

Symptoms under Deficient Supply
i.  The young leaves turn yellow and the root and stems become abnormally long and develop 

woodiness.
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ii.  Slow growth with slender stalks, modulation in legumes may be poor and nitrogen fixation is 
reduced.

iii.  In fruit trees, the fruits become light green, mis-shaped, thick skinned and less juicy. The maturity 
in cereals is delayed.

iv.  The older foliage may develop orange or reddish tints and may shed prematurely. The stem and 
leaf petioles become brittle and may collapse.

v.  Sulphur deficient plant produce less protein and oil. Unlike Nitrogen, Sulphur deficiency symptoms 
usually appear first on the youngest leaves and persist even after nitrogen application.

7.  Manganese
 Manganese is an essential constituent of chlorophyll and also for formation of oils and fats. Manganese 

influence uptake and utilization of other nutrients in plants. Manganese is an essential factor in 
photosynthesis, nitrogen metabolism and respiration. Ma Hargue has established manganese as essential 
element for plant in 1922.

Functions of Manganese
i.  It helps in the synthesis of chlorophyll as it is a part of chlorophyll.

ii.  It acts as catalyst in oxidation-reduction reaction within the plant tissue.

iii.  It helps in the protein synthesis in chloroplast.

iv.  It also support the movement of iron in plants.

Symptoms under Deficient Supply
i.  Manganese deficiency leads to a chlorosis in the interveinal tissue of netveined leaves and plants 

with leaves that have parallel veins develop a general chlorotic condition and secondary symptom. 
Manganese deficiency symptoms are first visible on younger leaves.

ii.  Manganese deficiency may result in disorders such as grey speck of oats, ‘speckled yellows’ of 
sugarbeet, marsh spots of peas and pahala blight of sugarcane.

8.  Molybdenum
 Molybdenum and manganese have been found to be essential for certain nitrogen transformation in 

microorganism as well as in plants. Molybdenum is thought to be essential for the process of nitrogen 
fixation, both symbiotic and non-symbiotic. Arnon and stout have established molybdenum as essential 
element for plant in 1939.

Functions of Molybdenum
i.  It enhances the symbiotic nitrogen fixation and protein synthesis.

ii.  It regulates the activities of several enzyme.

Symptoms under Deficient Supply
i.  Molybdenum deficiency produces ‘Whip tail’ in cauliflower, broccoli and other brassica crop, 

“down ward Cupping” in radish and Scald in beans. Most of the vegetable crops are prone to 
molybdenum deficiency.
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ii.  Flower formation is inhibited and if flowers do form, they abscise before setting of fruits. 
Mlybdenum deficiency imbalances various amino acids in the plant.

iii.  It reduces the activity of the symbiotic and non-symbiotic nitrogen fixing organism.
iv.  Mo-deficient legumes will not modulate well or fix the normal amounts of N expected of them.

9.  Copper
 Copper is capable of acting as electron carriers in enzyme system which bring about oxidation reductions 

in plant. It is an essential constituent of enzyme. Sommer et. al. have established copper as essential 
element for plant in 1931.

Functions of Copper
i.  Copper is a constituent of chlorophyll and thus help the synthesis of chlorophyll.

ii. It is essential for the synthesis of vitamin-A and other compound in plants.

iii.  It acts as a catalyst in respiration.

iv.  It is involved in respiration and in utilisation of iron.

Symptoms under Deficient Supply
i.  Copper deficiency is evident as chlorosis, withering and often distortion of the terminal leaves. 

Copper deficiency is induced by heavy liming and excessive application of nitrogen and 
phosphates.

ii.  The food synthesis by the process of photosynthesis is hampered.

iii.  Multiple bud formation in the leaf axial and malformation of leaves is one of common deficiency 
symptom of copper.

iv.  Gum pockets under the bark and ‘Die-back’ of shoots in citrus are the predominant symptoms of 
copper.

v.  The fruit are subjected to cracking and die-back of terminal growth can occur.

10.  Boron

Functions of Boron
i.  Boron plays an important role in the development and differentiation of tissue, carbohydrate 

metabolism and translocation of sugar in plants.
ii.  It makes up the calcium deficiency to some extent.
iii.  It helps in the normal growth of plant and in absorption of nitrogen in soil.
iv.  It helps in root development and flower and pollen grain formation. Warington has established 

boron as essential element for plants in 1923.

Symptoms under Deficient Supply
i.  Plant growth is retarted and the leaves turn yellow or red.

ii.  Boron deficiency is often found to be associated with sterility and malformation of reproductive 
organs.
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iii.  Boron deficiency symptoms vary with the kind and age of the plant, the condition of growth 
and the severity of the deficiency. Each crop produces its characteristic growth abnormalities 
associated with boron deficiency. Such as yellows and rosetting in lucern, snakehcead in walnuts, 
die-back and corking of fruits in apple, corking and pitting of fruits in tomatoes, hollow stem and 
bronzing of curd in cauliflower, brown heart disease in table beets and turnip etc.

iv.  Boron deficiency decreases ‘the rate of water absorption and of translocation of sugar in plants.

v.  Seeds also fail to mature without boron.

11.  Zinc
 Zinc function in enzyme systems which are necessary for important reactions in plant metabolism.

It is associated with iron and manganese for the synthesis of chlorophyll. Sommer and Lipman have 
established, zinc as essential element for plant in 1926.

Functions of Zinc
i.  It takes part in the synthesis of chlorophyll.

ii.  It is involved in biosynthesis of plant growth hormone (IAA), and in the reproduction process of 
certain plants.

iii.  It has a positive role in photosynthesis and nitrogen metabolism.

iv.  It is required for seed production and rate of growth and also RNA synthesis.

Symptoms under Deficient Supply
i.  Intervenial chlorosis of the foliage, particularly in lower leaves, with the reduction in the size of 

young leaves.

ii.  Shortening of internodes and stunted growth and maturiey can be delayed, shoots may die off and 
leaves fall prematurely.

iii.  New leaves of maize plant emerge white in colour which is known as ‘white bud.’ Maize, Onion, 
Citrus and Peach are comparatively more susceptible to zinc deficiency.

12.  Iron
 Iron is necessary for the synthesis of chlorophyll. But it is not a constituent of chlorophyll. Apple, 

banana, tomato, onion, carrot and spinach contain high percentage of iron. Gris has established iron as 
essential element for plants in 1844.

Functions of Iron
i.  Iron takes part in the synthesis of chlorophyll and imparts dark green colour of plants.

ii.  It is essential for the synthesis of proteins contained in chloroplast.

iii.  It has a catalytic role in the activities of several enzymes and it regulates respiration, photosynthesis, 
and reduction of nitrates and sulphates. It also plays an important role in formation and activity of 
a series of respiratory enzymes.
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Symptoms under Deficient Supply
i.  Chlorosis of young leaves and the veins remain green. In severe deficiency. leaves become almost 

of pale white due to loss of chlorophyll.
ii.  Under severe deficiency, leaves become dry and papery and may later turn brown and necrotic. 

Complete leaf fall may occur and shoots can also die.
iii.  Deficiency of iron produces chlorosis in paddy and mottle leaf and chlorosis of young leaves in 

sugarcane.

13.  Chlorine
 Chlorine has been proved to be an essential plant nutrients in 1954, by T.C. Broyer and his associates at 

the University of California (USA). The role of chlorine is still some what obscure ; however, both root 
and top growth seem to suffer if it is absent. Chlorine is thought to be associated with the evolution of 
oxygen during photosynthesis. Chlorosis and overall wilting of younger leaves is the main deficiency 
symptom of chlorine. Burning of leaf tips or margin, bronzing, premature yellowing and leaf fall are the 
chloride toxicity symptom.

Fig 2.1 : Identification of deficiency symptoms

Micronutrients
Out of sixteen essential plant nutrients required for plant growth, seven are required in much smaller quantities 
and as such they are termed as micronutrients, e.g., manganese, copper, zinc, molybdenum, boron, iron and 
chlorine. Multiple cropping with high yielding varieties of crop is one of the most important causes of removal 
of micronutrients from the soil. Now a days they become more important as regards to increase and conserve 
fertility and productivity of soil. Under deficiency of micronutrient, the growth of plant is hampered, the plants 
are subjected to attack by diseases and the yield of the crops decreases accordingly. Repeated application of 
one trace element induced deficiency of other elements. Micronutrients are very much essential for the growth, 
development and reproduction of plants. Different stages of growth. The main functions of micronutrients are 
discussed below.

i.  It helps in the photosynthesis of green plant and it also takes part in the synthesis of chlorophyll.

ii.  It acts as catalyst in oxidation-reduction reaction within the plants such micronutrients will cause 
shedding of flowers, improper fertilization, poor seed setting etc.

iii.  It regulates activities of several enzymes.

Deficiency symptoms

Old leaves New leaves Old and new leaves Terminal buds

N, P, K, Mg, Mo S, Fe, Mn, Cu Zn Ca, B

Dead spots No dead spots Green veins Yellow veins

K, Mo N, P, Mg Fe, Mn S, Cu

Green Veins Yellow Veins

N Mg
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iv.  It is essential for the synthesis of vitamin-A and other compounds in plant.

v.  It helps in the normal growth of plant and in absorption of nitrogen in soil.

vi.  It helps in the uses of nitrogen and phosphorus.

vii.  It helps to maintain the potassium and calcium ratio of plants.

viii.  It is involved in biosynthesis of plant growth hormone and in the reproduction process of certain 
plants.

ix.  It helps in protein synthesis in chloroplast.

x.  It enhances the symbiotic nitrogen fixation.

xi.  It helps for proper utilisation of nitrogen and phosphorus.

xii.  It also enhances the resistance to plants to different diseases and protect plants from adverse 
environment conditions.

Table 2.4. Particulars of conditions at which secondary and micronutrient deficiency prevail and crops 
that are sensitive to particular micronutrient deficiency.

Secondary and 
micronutrient

Particulars of conditions at which 
micronutrient deficiency prevail

Names of crops that are sensitive to 
particular micronutrient deficiency

Calcium (Ca) High rainfall areas, acid soil and during 
periods of high crop demand such as pod 
formation in groundnut.

Wheat, oats, barley beet and legumes.

Magnesium (Mg) High rainfall areas, acid soils and coarse 
textured soils.

Potato, sugarbeet, jute, citrus, grapes and 
green house crops.

Manganese (Mn) Sandy soils peat or muck soils, neutral to 
alkaline soils (pH>7), heavily limed soils 
and cold weather.

Oats, sorghum, peas, beans, soyabean, 
radish, lettuce, cucumber, tobacco, cotton, 
grapes, apple, peach, citrus fruits and 
strawberry.

Molybdenum (Mo) Coarse textured soils low in organic matter, 
acid soils and period of moisture stress.

Maize, cotton, cauliflower, spinach, 
lettuce, citrus fruits, legumes and clover.

Sulphur (S) Coarse textured soils low in organic matter, 
high rainfall areas and crop rotation which 
include pulses and oil seeds.

Oil seeds; legumes, cruciferae and 
forages.

Copper (Cu) Acidic, alkaline soils formed from 
calcareous parent materials, soils lower in 
organic matter and poorly drained soils.

Wheat, oats, beet, carrot, spinach lucern, 
lettuce and citrus fruits.

Boron (B) High rainfall areas, coarse textured soil 
low in organic matter and during drought 
spells.

Cabbage, cauliflower, sugarbeet, turnip, 
celery, rapeseed, apple, pear, rose, 
sunflower and alfalfa.
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Zinc (Zn) Coarse textured soils, low in organic 
matter, alkaline soils, eroded soil, cold and 
wet fields.

Rice (low lands), potato, tomato, cotton, 
maize, beans, soyabean, green gram, 
black gram, onion, flax, grapes and citrus 
fruits.

Iron (Fe) Coarse textured soils low in organic matter, 
calcareous soils, alkaline soils, eroded and 
poorly drained soils, flooded rice fields 
being an exception and cold weather.

Maize, groundnut, vegetables, soyabean, 
sorghum, field beans, flax, citrus fruits, 
berries, grapes and fruit trees.

Chlorine (Cl) Sandy soils and sites away from the sea. Potato, tabocco, beans, grapes, coconut 
and citrus fruits.

Table 2.5. List of materials containing micronutrients and range of micronutrient concentration 
required for normal plant growth.

Micronutrient Material used Formula Nutrient content Concentration in ppm 
(part per million)

Iron Ferrous Sulphate FeSo4, 7H2O 20% Fe 0.5-5.0

Copper Copper Sulphate CuSo4,5H2O 24% Cu 0.01-0.05

Zinc Zinc Sulphate ZnSO4,7H2O 21% Zn 0.02-0.2

Manganese Manganese Sulphate MnSO4,7H2O 30.3% Mn 0.1-0.5

Boron Borax or Sodium borate Na2B4O7, 10H2O 10.6% B 0.1-1.0

Molybdenum Ammonium molybdate (NH4)6Mo7 O24, 
4H2O

54% Mo 0.01-0.05

Table 2.6. Amount of micronutrients that can be applied to crops

Micronutrient Material commonly used
Amounts of application (Kg/ha)

Soil Spray

Iron (Fe) Ferrous Sulphate 16.8-56.0 5.6-7.8

Copper (Cu) Copper Sulphate 2.3-56.0 0.56

Zinc (Zn) Zinc Sulphate 5.6-56.0 2.3-22.4

Manganese (Mn) Manganese Sulphate 16.8-33.6 4.5-9.0

Boron (B) Borax or Sodium borate 5.6-23.6

Molybdenum (Mo) Sodium or ammonium molybdate 0.7-2.3 0.028-0.035
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Table 2.7. Approximate secondary and micronutrient content of fertilizers and soil amendment  
(in percentage).

Name of fertilizers/soil amendments Calcium Sulphur Magnesium

a. Nitrogenous fertilizers:
Ammonium Sulphate
Ammonium Sulphate nitrate
Calcium ammonium nitrate
Calcium nitrate
Calcium cynamide

-
-
10-20
19.5
39.1

24.20
12.10
-
-
-

-
-
4.5
1.5
-

b. Phosphatic fertilizers:
Superphosphate (Single)
Ammonium PhosphateSulphate
Superphosphate (Triple)
Dicalcium Phosphate
Bonemeal
Basic slag
Rock Phosphate

25.0-30.0
-
14.3
22.9
23.0
33.9
39.0-48.0

12.0
15.4
1.0
-
-
30

0.3
-
-
-
-
3.4

c. Potassic fertilizers
Potassium Sulphate
Potassium magnesium Sulphate

-
-

17.0-18.0
22.3

0.6
11.1

d. Soil amendments
Gypsum (CaSO4)
Gypsum (CaSO4, 2H2O)
Dolomite lime stone

40.0
40.0
20-45

23.50
18.60

-
-
5.0-20.0

Table: 2.8. Range of micronutrient concentration required for normal growth of the plant.

Name of micronutrient Concentration in ppm (Parts per million.)

Iron (Fe)

Boron (B)

Zinc (Zn)

Copper (Cu)

Manganese (Mn)

Molybdenum (Mo)

0.5-5.0

0.1-1.0

0.02-0.2

0.01-0.05

0.1-0.5

0.01-0.05
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Table : 2.9. Micronutrient content of some important manures, fertilizers and soil amendment  
(in ppm)

Manures/ Fertilizers/ soil amendments Copper Zinc Manganese Boron Molybdemnum
A.  Manures:
Compost 
FYM

300.0-600.0
10.0

9.0-40.0
43.0-247.0

124.0
201.0

5.8
17.4

0.10
0.13

B.  Nitrogenous fertilizers :
Ammonium Sulphate
Urea
Ammonium Chloride
Ammonium nitrate
Sodium nitrate
Ammonium liquor
Calcium ammonium nitrate

up to 0.5
0.3-6.0
0.3-1.3
-
0.1
10.0
upto 18.0

0.33
0.5
-
4.5-6.0
1.0
-
8.35

70.0
0.5
-
5.0
8.0
-
10.50

6.0
5.0
2.7
-
255
-
trace

0.1
0.7-6.2
-
-
-
-
-

c.  Phosphatic fertilizer
Superphosphate (Single)
Super Phosphate (Triple)
Basic Slag
Rock Phosphate
Bone meal

26.0
2.0-12.0
9.2-56.4
5.0-9.5
270.0

50.16
53.0-101.7
4.0-59.0
24.0-137.0
660.0

65.27
175.0-245.0
4.0-59.0
130.0-320.0
500.0

9.5
529.0
33.4
19.0
715.0

3.3
9.1
10.0
5.6
-

d. Potassic fertilizer
Muriate of Potash
Potassium Sulphate

3.0
5.6-10.4

3.0
2.0

8.0
2.2-13.0

14.0
4.0

0.2
0.2

e.  Complex fertilizers
Ammonium Phosphate 3.0-4.0 about 80.0 115.0-220.0 - 23.0
f. Soil amendments
Dolomite limestone 4.0-70.0 3.13 40.0-65.0 15.0 2.20

Table 1.10. Micronutrient requirement of different crops (grams/tonne dry matter)

Crops Iron Manganese Boron Zinc Copper Molybdenum

Cotton
Cowpea
Green Gram (Mung)
Sorghum
Cabbage
Guar
Castor

160
260
170
360
205
71
223

14
89
18
27
28
15
41

15
53
32
27
25
29
31

16
17
13
36
21
15
14

8
11
11
3
8
9
2

0.77
1.31
1.05
0.98
0.98
1.14
1.01
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Bajra
Hybrid bajra
Ground nut
Wheat
Potato
Brinjal
Tobacco leaves
Lucern
Wheat
Maize (Fodder)

349
364
499
232
160
320
692
420
222
217

44
23
39
26
12
36
132
41
36
74

-
27
44
18
50
45
96
36
-
-

50
22
9
21
9
23
21
21
19
30

12
9
5
8
8
12
11
10
10
31

-
0.84
1.32
0.87
0.80
0.23
0.60
2.59

-
-

Method of application of micronutrients:
Micronutrients may be applied to the soil or directly to the crops in different methods as follows:

i.  Soil application of materials containing micronutrients :

 The materials containing micronutrients are broad casted or placed in furrows before sowing or 
planting the crop, after mixing it with dry soil or fine sand which facilitates the uniform distribution 
over the entire field. This method is relatively simple and is most frequently used in India.

ii.  Addition of micronutrients through fertilizers or soil amendment.

 The fertilizers and soil amendments contain some micronutrients. Application of fertilizers and soil 
amendments provides some micronutrients to the soil without any additional cost of application.

iii.  Foliar application of micronutrients :

 The green foliage of plant have the capacity of absorbing the nutrients if it is sprayed on the 
plant. The dose of micronutrient will be low compared to soil application. It is probably the most 
suitable and effective method.

iv.  Soaking of seed:

 The micronutrients are dissolved in water in a small amount and this low concentrate solution 
is used to soak the seed for about 12 hours before sowing. The needs of micronutrients of the 
growing plant is not possible to meet by this method.

Soil-plant system and plant nutrition
Soil is a multiple-phase system that consists of solids, liquids and gases in about 50:25:25. The inorganic 
solid part is composed of primary and secondary mineral particles at different stages of weathering and of 
different sizes. The organic solids are made up of plant and animal residues at all stages of decomposition, 
humus being the stable fraction; and also includes the living phase of bacteria, actinomycetes, fungi, algae, 
protozoa, nematodes, and other forms of life, which are continually degrading organic residues in the soil and 
re-synthesizing some of the constituents.

The soil particles of less than 20 µm size, include a portion of silt, clay fraction (<2 µm) and colloidal organic 
matter, possess electrical charges and act as a seat of ion exchange. The ion exchange positively charged ion 
are called cations and the negatively charged as anions. The ion exchange process that involves cation is 
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termed cation exchange and the one that involves anions the anion exchange. These processes mainly control 
the supply of plant nutrients and thus are regarded important next to the photosynthesis process of plant 
nutrition.
The plant nutrients occur in the solid phase and their normal pathway to the plant system is through the 
surrounding liquid phase, the soil solution, and then to the plant roots and plant cells (Fig. 2.2)

Fig. 2.2 : Pathway of Plant nurients

The soil solution constitutes the liquid phase that surrounds the soil particles and the plant roots and forms the 
central key point from which the plants absorb their nutrient elements. The absorption of nutrient ions from the 
soil solution causes desorption  of the adsorbed nutrient ions from the soil exchange sites or complex.  At the 
same time weathering or dissolution of soil minerals-crystalline and amorphous-influences the concentration 
and composition of soil solution as well as of exchange complex. If the soil solution becomes supersaturated 
with respect to any mineral element that mineral element may precipitate, and if it becomes under-saturated that 
mineral may start dissolving. The living organisms e.g. plants remove nutrients from the soil solution for their 
body tissues. But on decomposition of organic matter, including the dead organisms, it releases the nutrients 
into the soil solution. This equilibrium depends on the metabolic energy relationship of microorganisms. 
Though the soil solution is influenced by all the reactions that occur in soils, the solubility of various minerals 
mainly controls its composition.

At a given point of time the available plant nutrients in the soil solution may range from a tiny amount to 
larger quantities. Under favourable conditions, plants in general require larger amounts of nutrients when 
compared with the quantity available in the soil solution, then the situation of nutrient supply rate to plants 
becomes a limiting factor, especially at the critical stages of plant growth, thereby resulting in low crop yields. 
The addition of nutrients and the use of suitable fertilizer materials are recommended for higher crop yield in 
productive farming.

The operation of this system depends on the solar energy through photosynthesis and metabolic activities. 
This is however, an oversimplified statement for gaining a physical concept of the natural phenomenon, but 
there are physico- and physico-chemical as well as physiological processes that influence the reactions in the 
pathway. The actual transfer in nature takes place through the charged ions, the usual form in which plant-food 
elements occur in the soil solution. Plant roots take up nutrient elements from the soil in these ionic forms.

The knowledge of how the nutrient ions move to the plant roots or vice-versa and the mechanism of their 
absorption by plants is necessary.

Atomospheric

Soil
exchange

sites

Soil solution
Nutrients
elements

Desorption
Adsorption

Deposition Volatilization

Weathering 
Dissolution

(Addition of nutrient)
Precipitation

Adsorption/uptake
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Fertility status and assessment
Soil fertility status can be assessed from visual symptoms of nutrient deficiency in the field, plant analysis, and 
soil analysis or soil testing.

The tool of identifying visual deficiency symptoms suffers from the drawback that the visual nutrient-deficiency 
symptoms appear only at advanced or severe stage, and by that time considerable yield loss has already occurred 
to take effective control measures. However, development of deficiency symptoms is the first indication that 
inherent supply of the nutrient from soil is limiting the crop production and the soil fertility is low for that 
nutrient or that is the limiting factor. Further, considerable experience is required to differentiate between 
visual symptoms resulting from nutritional disorders and those arising from the attack of pests, diseases and 
injury caused by excess salt or salinity, pollutant gases etc. The concentration of nutrient element in plant is 
related to plant growth, and if the concentration is limiting the plant growth, it is termed the critical level of 
deficiency and addition of that nutrient or limiging growth factor will increase the growth and the yield of crop. 
The plant analysis for field crops also suffers from the drawback that these are performed when considerable 
damage to the crop has already occurred. Nevertheless, these two tools do help in knowing the fertility status 
of the soil and working out of the fertilizer or nutritional needs of crops in conjunction with soil analysis.

Soil analysis or soil testing: Soil analysis is a useful tool to know in advance the fertility status of the soil 
with respect to the essential plant nutrients limiting the crop growth. It can be done before sowing the crops 
to correct the deficiency with the use of appropriate nutrients from fertilizers and manures. In soil testing, 
the nutrient element is extracted from the soil with different extraction solutions, viz. ammonium or sodium 
accetate buffered salt solutions, dilute acids and chelating agents which simulate closely the extraction or 
absorption power of the plant roots for the nutrients. Soil test values are correlated with per cent response 
of crops to the applied nutrients under field or pot conditions. The critical levels of deficiency, moderate or 
marginal deficiency and adequacy of the nutrients are worked out. Since long the soil tests have been used to 
estimate the need for essential plant-nutrient fertilization.

The main objectives of soil test given below.

1.  Grouping of soils into classes of low, medium and high fertility for the purposes of fertilization, as 
well as amending the problem acid soils with lime and alkali soils with gypsum or other suitable 
amendments.

2.  Prediction of the probability of getting a profitable response to fertilizer nutrients and amendment 
application.

3.  Evaluation of the soil fertility status vis-a-vis soil productivity i.e. to help monitor both soil fertility 
and yield sustainability over time.

4.  Determination of specific soil conditions (sodicity, acidity) that may be improved through addition 
of soil amendments or cultural practices.

One of the main purposes of soil test is to separate the responsive or deficient soils from the non-responsive 
or non-deficient ones for essential nutrients(s). Corrective measures are taken once the deficient soils are 
identified with the use of specific fertilizer-nutrient and/or organic manures for optimum and economic crop 
production as well as adequate nutrition of animals and human beings. Based on the soil tests fertility status 
maps are produced, which help fertilizer manufacturer and policy planner in estimating the amounts and kinds 
of fertilizer to be produced and supplied to the specific needed region to help maintain optimum agricultural 
production as well as soil fertility. These objectives thus point out the need for identifying or developing 
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appropriate soil test methods for determining the available plant nutrients. The interpretation of the soil test is 
based on the calibration of these tests with crop response to the added nutrient in adequate amount when other 
essential nutrients and conditions are not limiting

Soil Test and Fertilizer recommendation : Soil testing and plant analysis are useful tools for farming 
recommendation for the application of fertilizer to crops. Soil testing gives a measure of the availability of the 
nutrients to crops, where as plant analysis indicates the actual removal of the nutrients from the soil.

Maintenance of soil fertility and fertilizer use : Once the status of soil fertility is known through the tools of 
visual deficiency symptoms, plant analysis or soil testing, it can be maintained through specific and optimum 
use of fertilizers and or organic manures to restore the lost fertility nutrient status for optimum soil productivity. 
It emphasizes that the capacity of a soil to produce crops should be expressed in terms of yield. Fertilizer 
requirement is the quantity of some plant nutrients needed, in addition to the amount supplied by the soil, 
to increase the plant growth to a designated optimum. Fertilizer refers to any organic and inorganic material 
of natural or synthetic origin added to the soil to supply some nutrient elements essential to the growth of 
plants.

Fertilizers
The term fertilizers, organic manures, biofertilizers or bio-inoculants are defined as follows.

Chemical fertilizers. These are inorganic or synthetic organic materials of a concentrated nature or salt. These 
contain one or more plant nutrients easily soluble in water and/quickly available forms to plant. As these are 
concentrated non-bulky materials therefore have the advantage of economy in transport, handling, storage and 
application to crops. Also required amount and proportion of nutrient supply from these materials to crops 
grown on soils of varying fertility can be easily adjusted.

Organic manures. These are derived from organic sources like plant, animal, and human residues. Among these 
are bulky organic manures such as farmyard manure, compost, concentrated manures like oil cakes and various 
products of animal origin like dried blood, fish manure etc.

Biofertilizers or bioinoculants. These are the preparations containing microorganisms beneficial to agricultural 
production in terms of nutrient supply, especially N and P.

For best results and optimum nutrient vis-a-vis fertilizer-use efficiency, the fertilizer use should be made on 
the basis of soil test.

Soil-Sampling
Soil sampling and testing provides an estimate of the capacity of the soil to supply adequate nutrients to 
meet the needs of growing crops. The test results are compared to standard response data to estimate the 
need to supply additional nutrients for optimum crop production. Traditionally, the goal of soil sampling was 
to develop a representative estimate of the average nutrient needs for a field so that the best single rate of 
application could be determined.

When to sample
Soil samples to be analyzed for soil pH, salt content, zinc (Zn) and phosphorus (P) can be taken nearly any time 
of year. Potassium (K) values from samples taken in frozen soil may test high compared to other times of the 
year. Sulfur (S) and chloride (Cl) are mobile in the soil, so sampling in the spring is recommended.
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Depth of Sampling
Soil sampling and analysis assumes 2,000,000 lb/acre of soil from 0-6 inches in depth. The weight per unit 
volume (bulk density) assumes a medium soil texture with some compaction typically found following cropping 
and harvest. Bulk density differences can make a difference of 10% in soil test results. Bulk density is ignored 
in commercial soil sampling, but consistency in soil sampling techniques is important because of soil bulk 
density differences, especially in surface cores. The depth of sampling required depends mainly on the nutrient 
of interest, the crop to be fertilized, and in some cases, the tillage system in place (Table 2.11).

Table 2.11 :  Recommended depth of sampling for soil analysis of certain properties and nitrate 
analysis for crops.

Soil Surface Soil properties Crops

0-6 inch pH, P, K, OM, Cl, S, 
Ca, Mg, CEC, Zn, 
NH4+-N, Fe, Mn, Cu, 
soluble salts, Na

Alfalfa, clovers (analyze only 0-6 inch depth, nitrate analysis at deeper 
depths not necessary)

6-24 inch Soluble salts, NO3-, 
N, S, Cl (in addition 
to 0-6 inch depth)

Wheat, barley, oats, durum, corn, soybean, dry bean, potato, canola, 
crambe, mustard, sunflower, grass hay, pasture, millet, canary seed, 
flax, safflower, buckwheat, lentil, field pea, sorghum, sudangrass. 
(Separate 0-24 inch depth into a 0-6 inch and 6-24 inch depth.)

24-48 inch NO3-N, in addition to 
the 0-6 inch and 6-24 
inch depths

Sugarbeet, malting barley, (Sunflower if greater than 30 lb N/acre are 
anticipated at the 24-48 inch depth.) (Separate cores into 0-6 inch and 
24-48 inch depths.)

Nutrients
For soil pH, P, K, Zn, copper (Cu) and manganese (Mn), sampling the 0-6 inch depth is adequate. In long-term 
no-till fields, soil pH, P, and K may become stratified. Most studies for P and K suggest that stratification is not 
important as long as the fertilizer P and K rates based on a 0-6 inch value is followed. However, soil pH may 
be important in the surface 0-2 inch layer because of possible herbicide interaction with lower pH levels. The 
0-6 inch depth is also important for soluble slats, in addition to the 6-24 inch depth.

To determine soil NO3-N, S and Cl, samples are taken from at least the 0-24 inch depth. The 0-24 inch sample 
should be broken into a 0-6 inch depth and a 6-24 inch depth, so that the relative position of N in the soil can 
be determined. In some years, NO3-N can be leached to lower depths so that large amounts are in the 6-24 inch 
layer but only a small amount may be left in the 0-6 inch layer. Depending on the crop, soil NO3-N may need 
to be determined on the 24-48 inch depth (2-4 foot) also.

Types Of Soil Sampling
Where to sample
Soil variability is a major concern when deciding how to collect a representative soil sample. Soil 
samples submitted for analysis should be representative of the field or portion of a field. Therefore, by 
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sampling from an area of the field where yield is typically average, soil test results should come back 
with an average representation of the field.

Identifying areas that are representative can be difficult without a first-hand knowledge of the field. If the 
person taking the soil samples does not take the time or have the knowledge required to take a sample in 
the appropriate location, the results can come back somewhat unrepresentative.

Random soil sampling is the traditional approach that works for uniform fields with little variation. The 
managed random sampling technique samples from areas identified as average production areas. This 
approach is different from random sampling, which provides an average of all cores taken throughout 
your field. Managed random sampling is recommended if you cannot identify a dominant production 
area on your field.

Benchmark sampling is recommended for fields with more variability (hills, pot holes, etc.). Benchmark 
sampling reduces the inherent variability of a field by reducing the area sampled. A small area representing 
the majority of the field is sampled the same number of times as in random sampling. The benchmark 
site should be marked with a global positioning system (GPS) or other means so that one can return 
there for subsequent years’ sampling. Sampling from the same area will reduce sampling variability and 
create a better  picture of year-to-year changes. Creating more than one benchmark is recommended 
if you cannot identify a dominant production area on your field. When picking a benchmark area, use 
observable features such as soil color and landscape to identify where different soil types occur. Select 
a site that has characteristics similar to most of the field or the dominant soil type.

Each field (with the same crop and management history) must be sampled separately. Size up each field 
and observe variations in yield and crop growth, texture, color, slope, degree of erosion, drainage and 
past treatment. Sizable areas of fields where growth is significantly different from the rest of the field 
should be sampled separately.

Sample tools and methods
Representative soil samples can best be obtained by using a core sampling tool. The use of a proper 
sampling tool is essential for sampling to depths below 15 cm. Take soil cores from 0-15 cm at each of 
the 15 to 20 sampling sites. For improved nitrogen and sulfur evaluation or where propblem soils are 
encountered, separate samples should be taken from the 0-15 cm, 15-30 cm, 15-30 cm, and 30-60 cm 
depths at the same 15 to 20 sites.

Place cores in clean pails or bags then mix cores taken from the same depths, crushing lumps in the 
process. Keep samples taken from individual depths separate from one another. Soil samplers may be 
available on request from fertilizer dealers, private labs or crop advisors. Many fertilizer dealers offer 
soil sampling services.

Preparing and submitting samples:
How the soil is handled after sampling is just as important as collecting the soil sample. Remove half 
a kilogram, and air dry to stop nitrate build-up. To air dry, spread a thin layer of soil on a clean piece 
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of paper, plastic sheets or clean, shallow containers ( plastic, aluminum, etc.) in a clean room at room 
temperature. Do not dry with artificial heat. Some laboratories accept moist samples, but these samples 
must be delivered to the laboratory the same day as they are collected. Samples can also be stored in a 
refrigerator for a couple of days or frozen if sample delivery is delayed.

Fertilizers
Plant needs air, water and food for their adequate growth. The elements required in greatest quantity are 
nitrogen, phosphorus, potassium and calcium. Plants absorb them from the soil by means of their fine root 
hairs in a state of solution or liquid condition. A fertilizer refers to a material added to the soil in order to 
supply chemical elements needed for plant nutrition and to improve soil fertility. The term fertilizers are used 
in describing the substances which can assist plant growth.

Fertilizers are inorganic materials which can supply plant nutrient in available form, having the high analytical 
value and having a definite composition and mostly are industrial products.

Classification Of Fertilizers
The fertilizers are classified according to the nutrient content of individual fertilizer. Such as:

a.  Nitrogenous Fertilizers : Sources of nitrogen

I.  Fertilizers containing nitrogen in ammonium (NH4
–) form :

Name of fertilizers Chemical Composition Percentage of 
Nitrogen Reaction

Ammonium Sulphate (NH4)2SO4 20.6-21.00 Acidic

Ammonium Chloride NH4Cl 25.0 Acidic

Anhydrous ammonia - 82.0 Acidic

Characteristics:
i.  Ammonium fertilizers are readily soluble in water and as such absorbed on the soil colloids and 

thus protected from being washed away by run off or by leaching.

ii.  Ammonium fertilizers are not hygroscopic, but they are acidic in their residual effect on the soil.

iii.  Ammonium fertilizers are less readily available to plant than nitrate fertilizers.

iv.  Ammonium fertilizers particularly Ammonium sulphate etc. are in wide use. Paddy prefers 
ammonium form of nitrogen in early stage.

v.  The ammonical nitrogen has to be nitrify to nitrate in the soil before it can be absorbed by the 
plants except rice.

vi.  The ammonium fertilizers may be used as basal and top-dressing.
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II.  Fertilizers containing nitrogen in nitrate (NO3
–) form

Name of fertilizers Chemical Composition Percentage of nitrogen Reaction

Sodium nitrate
or
Chilean nitrate

NaNO3 16.0 Basic

Calcium nitrate Ca(NO3)2 15.6-25.0 Basic

Potassium nitrate KNO3 13.0 Basic

Characteristics:
i.  Nitrate nitrogen are obtained both as natural products from salt deposits and as manufactured 

products from synthetic ammonia.

ii.  Nitrogen present in nitrate fertilizer is in nitrate form (NO3¯) which are rapidly dissociated in the 
soil solution to release NO3¯ ions and it is readily absorbed by the plants.

iii.  Nitrate group of fertilizers are soluble in water and hygroscopic (i.e. absorbs moisture from 
atmosphere to become sticky).

iv.  Most of field crop, except paddy, in the early stages of their growth take up nitrogen in the nitrate 
form. The nitrate fertilizers are readily available as such without any chemical change in soil and 
are readily absorbed and utilized by the plant.

v.  Nitrate ions being highly reactive and mobile are susceptible to losses due to leaching and under 
water logged conditions by denitrification.

vi.  On dry soils, nitrate fertilizers are superior to the other forms of nitrogenous fertilizers.

vii.  Nitrate fertilizers are basic in their residual effect on the soil.

viii.  Nitrate fertilizers are generally applied as basal dressing and are very often used as top or side 
dressing.

III.  Fertilizers containing nitrogen in ammonium (NH4
+) and nitrate (NO3¯) form:

Name for fertilizers Chemical 
Composition

Percentage of 
nitrogen Reaction

Ammonium nitrate NH4NO3 32.0-35.0 Acidic

Ammonium Sulphate Nitrate (AGN) (NH4)2SO4+
NH4NO3

26.0 Acidic

Calcium ammonium nitrate (CAN) CaNH4(NO3)3 25.0 Neutral

Characteristics:
i.  The fertilizers of this group contain nitrogen in both nitrate and ammonium form.

ii.  The fertilizers of this group are soluble in water and suitable for most of the crops and soils.
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iii.  The fertilizers of this group are hygroscopic (e.g. Ammonium nitrate-highly hygroscopic, 
Ammonium sulphate nitrate and calcium ammonium nitrate-slightly hygroscopic).

iv.  The nitrate nitrogen is readily available to plant for rapid growth and the ammonium nitrogen 
resists leaching loss and provides a steady source of nitrogen.

v.  The fertilizers of this group are acidic in their residual effect on the soil except calcium ammonium 
nitrate which is neutral in reaction.

vi.  The fertilizers of this group may be used as basal and top dressing.

IV.  Fertilizers containing nitrogen in amide (— NH2) form:

Name of fertilizers Chemical Composition Percentage of nitrogen Reaction

Urea CO(NH2)2 44.0-46.0 Acidic

Calcium cynamide CaCN2 21.0 Basic

Characteristics:
i.  Amide fertilizers (e.g. Urea, calcium cynamide etc.) are synthetic organic fertilizers.

ii.  Amide fertilizers are readily soluble in water and hygroscopic in nature.

iii.  Amide fertilizers are not directly available to plant as such but quickly converted to ammonical 
nitrogen and then to nitrate due to action of soil microorganism. The conversion of amide into 
ammonical and nitrate form takes about 6-7 days.

iv.  Leaching loss is very less because once amide in converted to ammonical form, it is absorbed by 
soil colloids and slowly released and nitrified to nitrates.

V.  Slow release nitrogenous fertilizers:

Name of fertilizers Percentage of nitrogen

Urea form (Urea + Fomaldehyde) 38.0

Sulphur Coated Urea (SCU) 36.0-40.0

Isobutylidine Diurea (IBDU) 32.2

Guanyl Urea (GU) 37.0

(Unrea + Isobytylaldehyde (CH3)2-CH=CH-(NH-CO-NBH2)2 
Crotonilidine Diurea (CDU) (Urea+Acetaldehyde)

32.0

Oxamide H2NCO-CONH2 31.8

N-lignin (Ammonified lignin) 18.0
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b.  Phosphatic Fertilizers : 
The nutrient Phosphorus present in Phosphatic fertilizers is usually expressed in terms of Phosphoric 
anhydride or simply as phosphorus pentaoxide (P2O5). The amount of Phosphorus available to the plants 
depends on the extent to which the fertilizer supplies (HPO4¯ ¯ or H2PO4¯ ions. Phosphorus moves 
very slowly from the point of placement. It should thus be placed where it will be readily accessible 
to the plant roots. Therefore, drilling of Phosphatic fertilizers has been considered to be superior to 
surface application. The phosphatic fertilizers are divided into three groups according to the solubility 
of Phosphoric acid as follows:

1.  Fertilizers containing water soluble phosphoric acid or monocalcium Phosphate [Ca(H2PO4)2], 
commonly called water soluble phosphatic fertilizers.

Name of fertilizer Chemical Composition Percentage of P2O5 Acidity or Alkalinity

Single Superphosphate Ca(H2PO4)2, H2O 16.0-20.0 Neutral

Double Superphosphate 2Ca(H2PO4)2, H2O 30.0-35.0 Neutral

Triple Superphosphate 3Ca(H2PO4)2, H2O 45.0-50.0 Neutral or Acidic

Characteristics:
i.  Phosphate is water soluble and quickly absorbed, as plants absorb Phosphorus in the form of 

H2PO4 ions.

ii.  Leaching loss of this group of fertilizers is less as its Phosphoric acid is rapidly transformed into 
a water insoluble form in the soil.

iii.  This type of fertilizers should be applied in neutral to alkaline soils. In acid soil and free iron 
and aluminium oxide containing soil, the water soluble Phosphoric acid gets converted into 
un-available iron and aluminium Phosphate and calcium Phosphate in Calcareous soils and 
this reaction is known “Phosphate fixation.” But in alkaline and Calcarous soils, water soluble 
Phosphorus is converted into insoluble calcium Phosphate.

 The organic matter prevents the Phosphate fixation and even releases phosphates that had already been 
fixed.

2.  Fertilizers containing citric acid soluble phosphoric acid or dicalcium Phosphate 
[Ca2(H2PO4)2] commonly called the Citric acid soluble fertilizers.

Name of fertilizer Chemical Composition Percentage of P2O5
Acidity or 
Alkalinity

Basic Slag (India) (CaO3P2O5SiO2 3.0-8.0 Alkalinity

Diacalcium Phosphate CaHPO4 35.0-40.0 Acidic

Characteristics:
i.  The fertilizer of this group is insoluble in water, but soluble in citric acid. For this, the nutrient of 

this fertilizer does not become available to plants.
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ii.  The fertilizers of this group are particularly suitable for acid soil. Because at a low pH, citric acid 
soluble Phosphoric acid is converted to monocalcium Phosphate or water soluble Phosphate and 
therefore Phosphorus is not fixed as iron and aluminium Phosphate.

iii.  No leaching loss.

iv.  The fertilizers of this group need to be applied before 15-30 days of sowing as these are slow 
acting fertilizer.

3.  Fertilizer containing water and citric acid insoluble Phosphoric acid or tricalcium Phosphates 
Ca3(PO4)2, commonly called as water and citric and insoluble Phosphatic fertilizers.

Name of fertilizer Chemical Composition Percentage of P2O5 Acidity or Alkalinity

Rock Phosphate
a. Purulia
b. Mussorie

Ca3(PO4)2CaF2

23.0
23.0-24.0

-

Bonemeal Ca(PO4)3CaF2 20.0-25.0 Alkalinity

Characteristics:
i.  The fertilizers of this group contain Phosphoric acid which is not soluble in water and citric 

acid.

ii.  Phosphorus is available in the form of tricalcium Phosphate.

iii.  The fertilizers of this group are suitable for strongly acidic soils or organic soils.

iv.  The availability of nutrients of these fertilizers is also increased if these are ploughed under with 
green manuring crop or other organic manures.

v.  The fertilizers of this group should be applied in the soil about two months before sowing or 
planting of the crop as the nutrients are insoluble and slowly available to plants.

4.  Other Phosphatic fertilizers:

Name of fertilizer Percentage of P2O5

Kotha Phosphate 26.0

Rhenamia Phosphate 26.0-28.0

Pelophos 18.0

Thermophos 18.3

Coronat Phosphate 21.0
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c.  Potassic Fertilizers : Sources of Potassium:

Name of Fertilizer Chemical 
Composition

Percentage of 
K2O

Reaction

i.  Fertilizers containing potassium in 
the chloride form:

 Muriate of Potash (Potassium 
Chloride)

 

KCl

 

50.0-60.0

 

Neutral

ii.  Fertilizers containing potassium in 
non-chloride form:

 Potassium Sulphate (Sulphate of 
Potash)

 

K2SO4

 

48.0-52.0

 

Neutral

Potassium Mangnesium Sulphate K2SO4, 2MgSO4 22.0 Neutral

Potassium Schoenite K2SO4, MgSO4, 6H2O 22.0-24.0 Neutral

Characteristics:
i.  The Potassium content of Potassic fertilizers is usually expressed as Potassium Oxide (K2O), 

referred to as Potassium.

ii.  Potassic fertilizers are soluble in water, but not hygroscopic in nature.

iii.  No leaching loss.

iv.  The nutrient of these fertilizers is readily available to plants.

v.  The fertilizers have little or no effect on the soil pH as they are neutral in reaction.

vi.  As a mobile cation, Potassium is readily susceptible to loss through leaching.

Most of the Indian soils contain a suitable amount of Potassium. Potassic fertilizers, should therefore be 
applied only to such soils as are definitely known to be deficient to Potassium or to those which respond 
to their application, such as sandy soils. Potassium is much more widely distributed and less frequently 
deficient in soils than nitrogen and Phosphorus.

d.  Compound Fertilizers : Sources of more than one nutrient:

 Diammonium phosphate (DAP), Urea ammonium phosphate (Gromor 28:28:0), Mono-ammonium 
phosphate, Ammonium phosphate, Ammonium phosphatesulphate (Suphala 20:20:0), Nitro 
phosphate potash (Suphala 15:15:15) and IFFCO-10:26:26 etc.

e.  Mixed Fertilizers : Sources of three nutrients in definite grade: 

 Grade-4 (8:8:8) fertilizers etc.
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Table 2.12 : Nutrients contained in fertilizers

Name
Nutrient Percentage

N P2O5 K2O
1. 

i.

ii.
iii.
iv.

v.

vi.
vii.
viii.
ix.
x.

Nitrogenous Fertilizers:
Ammonium sulphate 
(NH4)2SO4

Urea [CO(NH2)2]
Ammonium chloride (NH4Cl)
Ammonium sulphate nitrate
(NH4)2SO4+NH4NO3

Calcium ammonium nitrate
CaNH4(NO3)3

Calcium nitrate Ca(NO3)2

Sodium nitrate (NaNO3)
Calcium cynamide (CaCN2)
Anhydrous ammonium
Ammonium nitrate (NH4NO3)

20.6-21.0
44.0-46.0
25.0
26.0

25.0
15.6-25.0
16.0
21.0
80.0-82.0
32.0-35.0

-
-
-
-

-
-
-
-
-
-

-
-
-
-

-
-
-
-
-
-

2.
i.

ii.

iii.

iv.
v.

Phosphatic Fertilizers:
Superphosphate (Single)
[Ca(H2PO4)2H2O]
Superphosphate (Double)
[Ca(H2PO4)2H2O]
Superphosphate (Triple)
[3Ca(H2PO4)2H2O]
Basic slag
Rock phosphate
a.  Mussori
b.  Purulia

-

-

-

-

-
-

16.0 - 20.0

30.0 - 35.0

45.0 - 50.0

3.0 - 8.0

23.0 - 24.0
23.0

-

-

-
-
-
-

3.
i.
ii.
iii.

Potassic Fertilizers:
Muriate of potash (KCl
Potassium sulphate (K2SO4)
Potassium phosphate (K3PO4)

-
-
-

-
-

50.0-60.0
48.0-52.0
30.0-50.0

4.
i.
ii.
iii.
iv.
v.

vi.
vii.

Compound Fertilizers:
Diammonium phosphate (D.A.P.)
Urea ammonium phosphate (Gromor)
Monoammonium phosphate
Ammonium phosphate
Nitro-phosphate-potash 
(Suphala 15:15:15)
Gromor 14:35:14
IFFCO 10:26:26

18.0
28.0
11.0
16.0
15.0

14.0
10.0

46.0
28.0
48.0
20.0
15.0

35.0
26.0

-
-
-
-
15.0

14.0
26.0
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Chapter -3 

Integrated Nutrient Management
The newly formed Jharkhand state with an area of 79.5 lakh hectares and a population of about 26 million 
covers the hilly tract of Chotanagpur and Santhal Parganas. The state has about 22 lakh hectares of net sown 
area, of which only 9 per cent is irrigated. Irrigation sources are canal, tank, tube well, well and lift irrigation. 
The state has 3 agroclimatic sub zones viz. central and north eastern plateau sub-zone, western plateau sub 
zone and south eastern plateau sub-zone falling under agro climatic zone 7 (eastern plateau and hill region). 
The current level of crop production in Jharkhand shows predominance of cereals followed by pulses and 
oilseeds. The crop productivity level is low (1.0 t ha-1) from a cropped area of 2.2 million hectares. Thus from 
the existing cropped area, the food grain production is 24.0 lakh tonnes against the requirement of 46 lakh 
tonnes. The shortfall is over 22 lakh tonnes of food grain per annum which can be made up by an increase in 
average productivity level of crops from 1.0 to 2.0 t ha-1. The entire area, inspite of a variety of crops grown, 
is monocropped since about 60 per cent of the cropped area is under one single crop, viz. rice. The other crops 
grown are maize, marua (Ragi), gundali (a minor millet), other millets, wheat, gram, arhar, lentil, oilseeds and 
vegetables. The food grains occupy about 95 percent of the cropped area. The yield of upland rice is low due 
to high weed competition, periodical soil moisture deficits, use of traditional crop varieties with low nutrient 
inputs and poor inherent soil fertility. A large number of organic sources of plant nutrients viz, crop residues, 
farm yard manure (FYM), compost, city wastes, industrial byproduct are available in the state. The use of all 
forms of nutrient sources needs to be promoted at farm level so as to increase the overall supply of nutrients for 
food production at a faster pace. Fertilizer consumption being low (30 to 40 kg NPK/ha), the above approach 
is the only viable alternative.

Integrated Nutrient Management (INM)
Maximizing crop yields with good soil health, proper environmental and ecological balance is possible only 
by balanced use of inorganic fertilizers and organic sources of nutrients such as organic manures like FYM, 
compost, greenmanuring and biofertilizers. Crop yields are higher when both chemical and organic sources 
are used as compared to either chemical fertilizers and organic sources added individually. This is attributed 
to the proper nutrient supply as well as creation of better soil physical and biological conditions. Fertilizers 
supply available forms of nutrients readily to plants on application while organic manures make available only 
a fraction of total nutrients in the first few weeks after application. The efficiency of fertilizer nutrients also 
increases when used in combination with organic manures.

In recent years, increasing fertilizer input cost, decreasing soil health, sustainability and pollution considerations 
have led to renewed interest in the application of organic manures, greenmanure and biofertilizers to soil. 
Greenmanure offer considerable potential as a source of nitrogen and organic matter in soil. The greenmanures 
serve as an important source of N. Green manure crops such as Sesbania, Sunhemp. Cowpea grow easily. 
Green manuring is don e mainly in rice farming. The benefits of greenmanuring in rice has been reported by 
several authors. The biofertilizers consisting of N2 fixing organism help to tap the N present in abundance in 
the atmosphere and thus augment N supply. Biofertilizers play a vital role to meet nitrogen deficiency and 
to improve its use efficiency for sustainable agriculture. Farmers understand the beneficial effect of organic 
manures on crop and soil but are unaware of its blending with inorganic and bio nutrient sources.

Since no single source of plant nutrient is capable of meeting the need of plant nutrients, adoption of 
integrated plant nutrient management system will help.
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Concept
The basic concept of integrated plant nutrient management (IPNM) is the adjustment of plant nutrient supply 
to an optimum level for sustaining the desired crop productivity through optimization of the benefits from all 
possible sources of plant nutrients in an integrated manner. It involves appropriate combination of chemical 
fertilizers, amendments, organic manures, crop residues, N2-fixing crop/varieties and biofertilizers according 
to the location specific system of land use and ecological, social and economic conditions. INM takes a holistic 
view of soil fertility and plant nutrition management for a targeted yield of crops in the cropping system. 
Results from long term fertilizer experiments have shown that the sustainability of the intensive cropping 
systems could be achieved only through integrated use of inorganic and organic sources of nutrients.

The cropping system rather than individual crops, and farming system rather than individual field, are the focus 
of attention in this approach for developing INM practices for various categories. INM  uses five major sub 
concepts, mainly :

1.  Immobilized capital of plant nutrients i.e. those stored in the soil.

2.  Working capital of plant nutrients i.e. those in crop residues, organic manures and domestic 
wastes.

3.  Annual investments in plant nutrients i.e. those purchased or obtained from out side the farm.

4.  Plant nutrient losses i.e. those removed from the field in crop harvests and lost from the soil 
through volatilization (ammonia and nitrogen gases) and leaching (nitrate, sulphate etc.)

5.  Plant nutrient outputs i.e. nutrient uptake by the crops at harvest time.

Organic recycling is specially promoted through INM for facilitating nutrient recycling to improve soil fertility 
and productivity at low cost. The integrated nutrient management thus firstly operates at plot level, optimizing 
the utilization of plant nutrients from diverse sources which are locally available, in order to improve the 
agronomic efficiency of such nutrients and at the same time reducing the losses of nutrients.

INM is an efficient and practical way to mobilize all available, accessible and affordable plant nutrient sources 
in the working capital/asset and the investment asset for the farmer. However, INM provides, on one hand, 
models for decision making about the use of plant nutrient sources for a particular cropping season and, on the 
other hand, design the process through which a change in the productivity and efficiency of the system should 
be driven. Thus, INM aims at an immediate improvement of the efficiency and profitability of plant nutrition 
practices and building up of the production capacity through improvement in nutrient resources and reducing 
plant nutrient losses.

At plot level, INM promotes innovative crop rotations and efficient management of crop residues in order to 
stimulate biological nitrogen fixation, exploration of soil by rooting systems and regulating uptake of nutrients 
released from organic and mineral sources as per plant need and to limit plant nutrient losses. INM depends 
heavily on farmer’s strategy for use of by products from every crop for soil nutrient management.

At farm level, INM is the combination of allocation of plant nutrient sources for optimizing the crop productivity, 
flows of nutrients passing through the soil/crop/livestock system during a crop rotation, and increasing both the 
stock of plant nutrients in the system and income of the farmers.

At village level, or at the level of farming communities, the present plant nutrition management mobilizes plant 
nutrient sources beyond the cropped areas. Plant nutrient content in irrigation water and sediments provided 
by flooding are determined by plant nutrient flows from non-cropped areas. Wherever possible, farmers use 
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manures produced by livestock grazing forests litter and organic materials from forest and pastures to the 
cropped area to maintain the nutrient supplying capacity of soils.

Goals of INM
1.  To maintain soil productivity

2.  To ensure productive and sustainable agriculture

3. To reduce expenditure on inputs by using farm wastes, animal manure, crop residues biofertilizers 
etc. at farm level.

3.  To utilize the potential benefits of greenmanures, leguminous crops and biofertilizers.

4.  To prevent degradation of the environment.

5.  To meet the social and economic aspirations of the farmers without harming the natural resource 
base.

Components of INM
The relative contribution of each component to INM for a farming system depends mainly on their local 
availability and socio-economic factors. The major INM components are as follows:

Chemical Fertilizers: Like urea, diammontum phosphate (DAP) to supply Nitrogen, (DAP also supplies 
Phosphorus), super phosphate and rock phosphate supply phosphorus, muriate of Potash (MOP) and sulphate 
of potash (SOP) to supply potash. There are various complex fertilizers to supply combination of nutrients. 
Similarly, there are many chemical compounds, which supply various macro and micronutrients in isolation or 
in combination. Some of them can be applied to soils and few to be supplied through aerial sprays on the leaf 
canopy. Chemical fertilizers were one of the important inputs of green revolution and contributed to the yield 
increase of 35-40 per cent.

Organic Source : There are different organic nutrient sources. These are (a) Farm Yard Manure (FYM) 
generated from the wastes of cattle, sheep, goat, etc. reared by farmers. (b) Compost generated from the aerobic 
or anaerobic decomposition of farm wastes like leaf litter, stalks, weeds, etc. (c) vermi-compost generated from 
the excreta of earthworms reared on farm wastes. (d) Oil cakes of different oil seeds like porgamia, caster, 
neem, karanj etc. (most other edible oil seed cakes are used as animal feeds. Poultry feeds and fish feeds). 
incorporation of organic residues of preceding crop in the fields. If time and soil conditions permit, this also 
serves as a source of organic nutrients for the succeeding crop (Table 3.1).

Table 3.1 - Nutrient status of organic resources available in Jharkhand state

Category Sources
Nutrient Content (%)
N P2O5 K2O

Agricultural wastes Rice straw
Maize straw
Wheat straw
Madua straw
Gundali straw

0.6
0.5
0.5
0.3
0.2

0.2
0.2
0.2
0.1
0.2

1.4
1.3
1.3
1.2
1.4
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Animal wastes Cattle dung
Cattle urine
Sheep and goat dung (Mixed)
Night soil
Buffalo dung
Pig manure
Poultry manure

0.3
0.8
0.6
1.2
1.2
2.5
3.8

0.1
0.1
0.5
0.8
0.5
1.4
1.9

0.3
0.5
0.1
0.5
0.7
1.2
1.8

FYM compost Farm Yard Manure
Rural compost
Water hyacinth
Biogas slurry
House hold garbage
Urban compost

0.6
1.0
2.0
1.4
0.9
2.0

0.2
0.2
1.0
0.7
1.0
1.0

0.5
0.5
2.3
0.8
1.3
1.5

Oil cakes Groundnut
Neem
Karanj
Niger
Mahua
Rapseed
Linseed
Safflower
Sesamum

4.5
5.2
4.0
4.8
2.5
5.1
5.5
4.8
6.2

1.7
1.0
1.0
1.8
0.8
1.8
1.4
1.4
2.0

1.5
1.4
1.3
1.3
1.8
1.0
1.2
1.2
1.2

Animal meals Blood
Meat
Raw bone
Steamed bone
Fish

10.0
10.5
3.0
2.0
10.0

1.2
2.5
20.0
25.0
4.0

1.0
0.5
-
-
2.0

Biological Sources:
These are also essentially organic sources only. There are two types of biological fertilizers (a) Green manures : 
sesbania, dhaincha, cowpea, sun hemp, etc. and green leaf manures like subabul, caliandra, etc. (b) biofertilizers: 
these are microbial inoculants and can be generally defined as preparations containing live or latent cells of 
efficient strains for nitrogen fixing. Phosphate solubilizing or cellulolytic micro-organisms used for application 
to seed, soil or composting with the objective of increasing the numbers of such micro-organisms and accelerate 
certain microbial processes to augment the extent of availability of nutrients in a form which can be assimilated 
by plants. Rhizobium, Azotobactor, Azospirllum, Blue-green algae, Azolla are used for fixing the atmospheric 
nitrogen in plant available form (Table 3.2). Phosphate solubilizing bacteria and mycorrhizal fungi (VAM) are 
used for solubilizing insoluble phosphorus to available form. Several other bio-fertilizers and organic wastes 
are in various stages of development and popularization (Table 3.3).
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Table 3.2 : Some fertilizers equivalent of organic manures and bio-inoculants*

Component Input level Fertilizer equivalent in terms of impact 
on crop yield

Organic manure (FYM)
FYM (cumulative)
Green leaf manure
Green manure (Sesbania)
Green manure (Sesbania)
Sunnhemp

Green gram

Cow pea

Cowpea inter cropped
Rhizobium
Azotobactor and Azospirillum
Blue green algae
Azolla
Water hyacinth compost
Rice straw+water hyacinth

Per tonne
Per tonne
Per tonne
Per tonne
45 days crop
Green matter (21.2 t/ha —1) in
45 to 60 days
Green matter (8.0 t/ha —1) in
45 to 60 days
Green matter (15.0 t/ha —1)in
45 to 60 days
Legume buried after 6 weeks
Inoculant
Inoculant
10 kg ha—1

6-12 t/ha—1

5 t/ha—1

5 t/ha—1

3.6 kg N+P2O5+K2O(2:1:1)
6.0 kg N
6.2 kg N
4.4 kg N
50-60 kg N for HYV of rice
91 kg ha —1 N

42 kg ha —1 N

74 kg ha —1 N

30 kg fertilizer N
20 kg N
20 kg N
20-30 kg N
3-4 kg N t —1

7.5 kg N t —1

20 kg N t —1

Table 3.3 : Characterization of some organic manures/wastes

Organic wastes 
Nutrient Content FYM Biogas 

slurry

Sewage 
sludge 

(industrial)

Sewage 
sludge

(Municipal)

Vermi 
Compost 
(Pune)

Vermi 
Compost  
(Ranchi)

Press 
mud

pH (1:5)
WHC (%)
Org. C (%)
N (%)
P (%)
K (%)
Zn (mg kg —1 )
Pb (mg kg —1 )
Ni (Mg kg —1 )
DTPA-Zn (mg kg —1 )
DTPA-Pb (mg kg —1 )
DTPA-Ni (mg kg —1 )
C/N
C/P

8.10
192.00
36.50
0.65
0.30
0.24
198.00
0.10
0.16
18.00
T
T
38.30
120.00

7.60
229.00
39.50
0.95
0.29
0.12
162.00
0.25
0.10
18.00
T
T
40.30
136.00

6.70
100.00
21.50
1.01
0.24
0.05
636.00
27.50
60.30
101.00
6.80
6.50
21.30
91.00

6.80
85.00
18.80
0.97
0.12
0.09
648.00
22.50
28.10
117.00
7.20
8.10
19.80
160.00

6.50
96.00
13.90
0.87
0.17
0.05
141.00
0.32
0.40
17.00
T
0.01
16.00
82.00

6.10
140.00
25.20
1.27
0.22
0.16
255.00
0.22
0.25
19.00
T
0.02
19.80
113.00

7.50
144.00
35.40
1.47
0.14
0.11
138.00
0.25
0.10
15.00
T
T
24.00
147.00
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Leguminous crops : Crop rotation involving legumes and spatial arrangement of crops to accommodate 
legumes aid in fixing the atmospheric nitrogen in the legume rhizosphere in varying quantities depending on 
the species. Species like Sesbania rostrata can fix nitrogen to the extent of 195 kg per ha in period of 55 to 60 
days. Major part of this can be made available to the succeeding crop by following appropriate technologies. 
Leguminous crops also aid in dissolving the unavailable phosphorous for crop use. Thus, the quantity of 
nutrients required to be applied for succeeding crops can be substantially reduced.

Crop residues : Indians soils are deficient in organic matter. There is need to replenish it by every possible 
means to sustain soil productivity. Large quantities of crop residues have become surplus and due to handling 
problems, these residues are afterwards disposed of by in-situ burning. Crop ressidues are reservoir of plant 
nutrients (especially K) and improve soil physical and biological properties and protect the soil from wind 
and water erosion. ;Beneficial effect of crop residue incorporation in soil on yields of crops have been widely 
reported.

Agro-industrial by products : Use of industrial by products in soil can help in increasing the availability 
of plant nutrients. By product from sugarcane and paper mills is available as suitable liming materials for 
managing acid soil besides being sources of several other plant nutrients.

Use of mined and industrial wastes : Acid soils are generally low in calcium. Lime application is considered 
to be advantageous for increasing productivity of various crops and content of Ca. Most commonly used 
liming materials are burnt lime, quick time, slaked lime, calcitic and dolomitic lime stone. Basic slag from 
steel industry is a good source of calcium and phosphorus to some extent. Gypsum and phosphogypsum are 
potential sources for S and Ca nutrition of plants grown in acid soils.
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Chapter - 4

Acidic Soil and its Management
The term pH stands for the potential (p) of the hydrogen ion (H+) in water. It is actually a way of reporting the 
concentration of H+ in solution using an electrical “potential” to measure H+. Soil acidity is measure in pH unit 
on a scale ranging from 0-14, with pH less than 7 being acidic and pH more than 7 being alkaline. pH of 7 is 
neutral. Soil acidity is among the important environmental factors which can influence plant growth, and can 
seriously limit crop production. Therefore, liming acid soils is basic to good soil and crop management.

The pH measurement is based on a scale from 1 to 14 (pH is reported as the negative logarithm of the 
hydrogen ion activity). At a pH of 7.0, there is an equal balance of hydrogen (H+) ions and hydoxyl (OH–) 
ions, and the soil (actually the soil-water suspension) is said to be neutral. Because the pH measurement is 
logarithmic, each unit change in pH represents a ten-fold increase in the amount of acidity or basicity. That is, 
a soil solution with a pH of 6.0 has 10 times as much active H+ as one with a pH of 7.0.

pH of solution Hydrogen ion activity (g/liter)
9.0 (very alkaline) 10–9 (0.000000001)

8.0 (alkaline or basic) 10–8 (0.00000001)

7.0 (neutral, pure water) 10–7 (0.0000001)

6.0 (slightly acid) 10–6 (0.000001)

5.0 (very acid)  10–5 (0.00001)

4.0 (extremely acid) 10–4 (0.0001)

Definition
Acid soils are defined as any soil that has a pH of less than 7.0 (neutral). Acidity is due to hydrogen (H+) ion 
concentrations in the soil. The higher the H+ concentration, the lower the pH. It is also important to note that 
a one-unit change in pH equals a ten-fold change in acidity, therefore, small changes in pH can dramatically 
effect the lime requirement of that soil. Soil acidity is comprised of two components: active acidity and 
exchangeable (reserve) acidity. Active acidity is the concentration of H+ ion in the solution phase of the soil and 
is measured by pH but is not a measure of the total soil acidity. The soil pH is a general indicator of whether 
lime is needed to reduce the acidity. The exchangeable acidity refers to the amount of H+ ions on cation 
exchange sites of negatively charged clay and organic matter fractions of the soil. Soil exchangeable acidity 
determines the amount of lime necessary to increase the soil pH. Therefore, soil test reports show both soil 
pH and exchangeable acidity and a lime recommendation based on this total acidity, as well as other factors. 
Initially, each type of soil has a certain level of acidity depending upon its composition, native vegetation, 
and rainfall, however, various factors over time cause changes in soil pH. Leaching, erosion, and crop uptake 
of basic cations (calcium, Ca2

+; magnesium, Mg2
+; potassium K+), decay of plant residues, and plant root 

exudates are all means by which the soil acidity is increased. However, a common source of acidity comes 
from H+ ions that are released when high levels of aluminum (A13

+) in the soil react with water molecules. 
Acid residuals also occur from certain fertilizers. Nitrogen sources that supply ammonium or react in the soil 
to produce ammonium nitrogen (e.g., ammonium nitrate, urea fertilizers, and animal manures) form acid and 
tend to increase soil acidity. With these reactions occurring, it is necessary to neutralize the acidity by adding 
lime to the soil.
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Table 4.1: pH of some common items

Item pH Item pH

Most acid soils 4.0-6.0 Lemon juice 2.2-2.4

Orange juice 3.4-4.0 Vinegar 4.0-4.0

Acid rain 3.0-5.0 Clean rain water 5.5-5.7

Fresh milk 6.3-6.6 Blood plasma 7.2-7.4

Mild soap solution 8.5-10.0

Why Soils are Acidic
The four major causes for soils to become acidic are listed before:

Rainfall and leaching ●

Acidic parent material ●

Organic matter decay ●

Harvest of high yielding crops ●

The above causes of soil acidity are more easily understood when we consider that a soil is acidic when there 
is an abundance of acidic cations, like hydrogen (H+) and aluminum (Al+++) present compared to the alkaline 
cations like calcium (Ca++), magnesium (Mg++), potassium (K+), and sodium (Na++).

Rainfall and Leaching
Excessive rainfall is an effective agent for removing basic cations over a long time period (thousands of years). 
Rainfall is most effective in causing soils to become acidic if a lot of water moves through the soil rapidly. 
Sandy soils are often the first to become acidic because water percolates rapidly, and sandy soils contain only 
a small reservoir of bases (buffer capacity) due to low clay and organic matter contents. Since the effect of 
rainfall on acid soil development is very slow, it may take hundreds of years for new parent material to become 
acidic under high rainfall.

Parent Material
Due to differences in chemical composition of parent materials, soils will become acidic after different lengths 
of time. Thus, soils that developed from granite material are likely to be more acidic than soils developed from 
calcareous shale or limestone.

Organic Matter Decay
Decaying organic matter produces H+ which is responsible for acidity. The carbon dioxide (CO2) produced 
by decaying organic matter reacts with water in the soil to form a weak acid called carbonic acid. This is 
the same acid that develops when CO2 in the atmosphere reacts with rain to form acid rain naturally. Several 
organic acids are also produced by decaying organic matter, but they are also weak acids. Like rainfall, the 
contribution to acid soil development by decaying organic matter is generally very small, and it would only be 
the accumulated effects of many years that might ever be measured in a field.
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Crop Production
Harvesting of crops has its affect on soil acidity development because crops absorb the lime-like elements, as 
cations, for their nutrition. When these crops are harvested and the yield is removed from the field, then some 
of the basic material responsible for counteracting the acidity developed by other processes is lost, and the 
net affect is increased soil acidity. Increasing crop yields will cause greater amounts of basic material to be 
removed. The use of fertilizers, especially those supplying nitrogen, has often been blamed as a cause of soil 
acidity. Although acidity is produced when ammonium containing materials are transformed to nitrate in the 
soil, this is countered by other reactions and the final crop removal of nitrogen in a form similar to that in the 
fertilizer.

Effects of Soil Acidity on Crop Production
For most agronomic crops, a soil pH of 6.0 to 7.0 is ideal for crop growth, however, the pH tolerance range 
for various crop species can vary. For example, legumes, as a group, and barley respond better to a pH range 
between 6.5 and 7.0, whereas oats can tolerate a pH of 5.5. However, liming soil to maintain an optimal pH 
improves crop production in the long run. For example, perennial legumes will respond with higher yields and 
stand longevity. Other management factors also need to be considered, such as soil pH effects on herbicides. 
Soil pH below 6.0 causes reduced activity of triazinc herbicides, whereas a pH greater than 7.0 can cause 
carryover problems with other types of herbicides. Although liming provides some plant-nutrient (Ca2+ or 
Mg2+), its greatest benefit to plant growth is by counteracting the negative effects of soil acidity which can 
cause several of the following problems.

Soluble metal toxicity
As the pH decreases below 5.5, the availability of aluminium and manganese (Mn) increase and may reach a 
point of toxicity to the plant. Excess A13+ in the soil solution interferes with root growth and function, as well 
as restricting plant uptake of certain nutrients, namely, Ca2+ and Mg2+. Liming acid soils reduces the activity 
of Al and Mn.

Effect on phosphorus availability
Acid soils causes P to form insoluble  compounds with aluminum and iron. Liming soils with low pH “dissolves” 
these insoluble compounds and allows P to be more available for plant uptake. However, liming soil to points 
beyond 7.0 cauase P to form complexes with Ca or Mg, therefore, it’s best to maintain the soil pH between 6.5 
and 6.8 to curb these problems.

Micronutrient availability
The availability of micronutrients increases as soil pH decreases, except for molyblenum. Sinch micronutrients 
are needed by the plants in only minute quantities, plant toxicity in addition to other detrimental effects occur 
with excess amounts. 

Soil organisms
Microorganisms associated with nitrification (conversion of NH4

+ to NO3
–), require a certain soil pH range to 

function efficiently. Since these organisms require large amounts of Ca to perform the conversion, a pH of 5.5 
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to 6.5 is necessary for Ca to be available. Also, the activity of bacteria (Rhizobia species) which are responsible 
for nitrogen fixation in legume crops decreases when the pH drops below 6.0. In addition to less N being 
produced by organisms for crop utilization, microbes responsible for the breakdown of crop residues and soil 
organic matter are also affected by acid soils. Other microorganisms vary in their tolerance to soil pH.

Soil physical condition
Liming fine-textured soils improves the structure, and that has several positive attributes including reduced soil 
crusting, better emergence of small-seeded crops, and less power required for tillage operations.

Disease
Soil acidity can have an influence on certain plant pathogens (disease-causing organisms). However, pathogens 
vary in their tolerance to soil acidity, so no soil pH range can be recommended. Therefore, proper identification 
of the problem is necessary before any management tactic is utilized.

Management of soil acidity
Land managers can manage soil acidity by raising the pH to a desired value through several methods:

 Flooding : In lowlands systems, flooding may be an effective technique in raising the pH of the soil. 
However, this effect is only good for the time for which the soil is flooded. Flooded or paddy mineral 
soils are ‘self-liming’.

 When they are flooded and become anaerobic (lack of oxygen in the soil atmosphere) for a period of time, 
the pH rises toward neutrality even when the soil pH was originally acidic. If the soil is subsequently 
drained and becomes more aerobic (more oxygen in the soil atmosphere), the pH will return to an acidic 
state

However, care must be taken if the soil contains manganese-oxide minerals, since flooding  ●
conditions may lead to manganese toxicity.

Crop consideration is also required. Flooding conditions reduces the oxygen within the soil,  ●
which is needed for plant life. As a result, crops that do not tolerate high amounts of water and 
low oxygen levels are not be suited for flooded conditions. Taro and rice are examples of crops 
that grow well in flooded lowlands.

  Additions of organic matter : Additions of organic matter is a viable option to manage problems 
associated with soil acidity.

Organic matter increases the cation exchange capacity of the soil. As the base saturation increases,  ●
the relative amount of “acid cations” decreases.

In addition, organic matter forms strong bonds, known as “chelates,” with aluminum. Chelation  ●
reduces the solubility of aluminum and soil acidity. Again, if your soil is prone to manganese 
toxicity, it is not suggested that you add organic matter.

 Additions of wood ash : Like organic matter, wood ash increases base saturation and forms chelates 
with aluminum.
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  Conventional Liming : Various liming materials may be added to the soil that neutralize, or counteract, 
soil acidity. Liming materials are bases that react with hydrogen ions in the soil solution to form 
water?

Examples of common liming materials are limestone (calcium carbonate) dolomite (calcium/ ●
magnesium carbonate), hydrated lime magnesium silicates and basic slag are also used as liming 
agents.

Liming
If you make the decision to apply time to your soil, how much lime should you apply? Like other soil properties, 
the lime requirement will various depending upon the soil.

There are four guidelines that help us determined the lime requirement: the desired change in pH, buffering 
capacity of the specific soil, type of liming material, and the fineness of the liming material.

Should you lime your soil? ●  The optimal pH range for most plant is between 6.0-6.5. To avoid 
aluminum and manganese toxicity problems, a soil should be limed if the pH is less than 6.0.
What is your soil type? ●  Recall the rule of thumb governing buffering capacity. Since finer 
textured soils have greater buffering capacity than coarse textured soils, more lime must be added 
to the fine textured soil to achieve the same effect and reach your target pH.
What type of liming material should you use? ●  Due to differences in chemical composition and 
purity, liming materials have varying neutralizing strengths. See Table 5 below. As a result, you 
must know the neutralizing strength of your liming material before you can determine how much 
to add to the soil to reach a target pH.
What is the texture of your liming material? ●  In general, the finer the liming material, the 
greater the neutralizing activity. However, application of extremely fine lime may be difficult, 
especially under windy conditions.

Calcium carbonate equivalent of liming materials
The calcium carbonate equivalent (CCE) is an important measurement in determining how much lime should 
be applied to your soil.

By definition, CCE is the capacity of the liming material to neutralize acidity. ●

CCE is expressed as a percentage of calcium carbonate, which serves as the standard (100%) ●

Liming Materials
Various liming materials and their relative neutralizing strengths are given in table 4.2

Table 4.2 : Liming materials and their   relative neutralizing value

Liming Materials Chemical name Relative neutralizing value
Calcitic limestone Calcium carbonate (CaCO3) 100
Quick lime Calcium oxide (CaO) 150-175
Hydrated Lime Calcium Hydroxide (Ca(OH)2 120-135
Dolomitic Lime Calcium-magnesium carbonate 95-108
Slag Calcium silicate (CaSiO3) 50-70
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Table 4.3 : Effects of liming acid soils on crops

Rating Soil pH Direct effects on crops Indirect effects on crops

Slightly acid 6.1 to 6.5 No direct effect of liming on 
most crops.

Liming may improve the physical 
properties of some medium and fine 
textured soils

Fields with an average pH just 
above 6.0 may have areas where 
the pH is below 6.0. Alfalfa 
and sweet-clover yields will be 
increased.

Improve soil structure and reduce 
crusting will be particularly beneficial 
for small seeded crops.

Moderately acid 5.6 to 6.0 Improve survival and growth 
of rhizobium bacteria which 
fix nitrogen in association with 
alfalfa and sweet clover.

Liming may improve the physical 
properties of some medium and fine 
textured soils as indicated above.

Yields of alfalfa, sweet clover 
are increased.

Plant availability of phosphorous 
fertilizers is improved.

Increased microbial activity and 
release of plant nutrients.

Small increases in yield of barley 
occur in the first two to three 
years, larger increases (25-30 
per cent) occurred in subsequent 
years. Yields of wheat and 
canola will be increased less 
than barley. Yields of more acid 
tolerant crops may be increased 
as a crops may be increased as a 
result of indirect effects of lime 
as outlined above.

Strongly acid 5.1 to 5.5 Increased nitrogen fixation and 
yield of legumes.

Indirect effects as outlined above for 
moderately acid soils.

Soluble aluminium and 
manganese are reduced to 
nontoxic levels.

Yields of most crops are increased 
as a result of reduced levels 
of aluminum and manganese 
and improved availability of 
phosphorus and other nutrients.
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Very strongly 
acid

Less than 5.1 Direct effects as outlined above 
for strongly acid soils.

Indirect effects as outlined above for 
moderately acid soils.

Yields of most crops are severely 
reduced unless the soil is limed. 
Very strongly acid soils are very 
infertile. Acid tolerant crops 
(oats, sweet potato and some 
grasses) moderately do well if 
adequately fertilized.

Rate of lime required
The rate of lime required depends on the amount of pH change that is required and the buffering capacity of 
the soil. Buffering capacity refers to the amount of lime required to change pH to a given amount. Sandy soils 
and soils low in organic matter have low buffering capacities. Clay soils and soils high in organic matter have 
high buffering capacities. Table 4.4 is a general guide to the buffering capacity of various soil types.

Table 4.4 : Lime requirement of various soil types

Soil type Amount of lime to increase soil pH one unit 
(i.e. from 5.0 to 6.0)

Medium and fine textured Gray Wooded soils and coarse 
textured Dark Brown soils

1-2t/ac

Fine textured Dark Gray and Dark Gray Wooded soils and 
medium textured Dark Brown, Thin Black, and Black soils

2-3 t/ac

Fine textured Black soil, organic, and peaty soils 3-4 t/ac

Raising Soil pH (Liming Acid Soils)
Soils are limed to reduce the harmful effects of low pH (aluminum or manganese toxicity) and to add calcium 
and magnesium to the soil. The amount of lime needed to achieve a certain pH depends on (1) the pH of the 
soil and (2) the buffering capacity of the soil. The buffering capacity is related to the cation exchange capacity 
(CEC). The higher the CEC, the more exchangeable acidity (hydrogen and aluminum) is held by the soil 
colloids. As with CEC, buffering capacity increases with the amounts of clay and organic matter in the soil. 
Soils with a high buffering capacity require larger amounts of lime to increase the pH than soils with a lower 
buffering capacity. Most soil testing laboratories use a special buffered solution to measure the exchangeable 
acidity. This is the form of soil acidity that must be neutralized for a change in soil pH. By calibrating pH 
changes in the buffered solution with known amounts of acid, the amount of lime required to bring the soil to 
a particular pH can be determined. Lime reduces soil acidity (increases pH) by changing some of the hydrogen 
ions into water and carbon dioxide (CO2). A Ca++ ion from the lime replaces two H+ ions on the cation exchange 
complex. The carbonate (CO3

–) racts with water to form bicarbonate (HCO3
–). These react with H+ to form 

H2O and CO2. The pH increases because the H+ concentration has been reduced. Remember, the reverse of the 
above process can also occur. An acid soil can become more acid as basic cations such as Ca2

++, Mg2
+, and K+ 

and removed, usually by crop uptake or leaching, and replaced by H+.
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The most common liming materials are calcitic or dolomitic agricultural limestone. These are natural products 
made by finely grinding natural limestone. Since natural limestone is relatively insoluble in water, agricultural 
limestone must be very finely ground so it can be thoroughly mixed with the soil and allowed to react with 
the soil’s acidity. Calcitic limestone is mostly calcium carbonate (CaCO3). Dolomitic limestone, according 
to most state laws, must have at least 6 percent magnesium, and is made from rocks containing a mixture 
of calcium and magnesium carbonates. Either will neutralize soil acidity. Dolomitic limestone also provides 
magnesium. Other liming materials which are less frequently used are listed in table 4.2. Because high quality, 
finely ground limestone is very dusty and difficult to spread, some companies market a “prilled” or “granular” 
limestone for home use. A small amount of clay or a polymer is added to the ground limestone so small prills 
are formed instead of dust. This makes it easier to spread by hand or with a garden fertilizer spreader. Once 
applied, soil moisture will cause the “prills” or “granules” to dissociate and disperse the limestone particles. 
The limestone can then react with exchangeable acidity in the following manner.

Application and Placement of Lime
Time of year. Lime may be applied at any time during the year. For the farmer or gardener, winter or early 
spring just prior to soil preparation is usually most convenient. Don’t apply caustic liming materials such 
as burned lime, hydrated lime, or wood ashes to actively growing plants. Ground limestone will not harm 
plants. 

Lime placement. The most important consideration is lime placement. Ground agricultural limestone is 
relatively insoluble in water so maximum contact with the soil is necessary to neutralize the soil acidity. 
Lime will not move into the soil like water-soluble fertilizers. Thoroughly mix the recommended amount 
of lime with the top 6 to 8 inches of soil. As soon as moisture is present, the lime will begin to react. Coarse 
lime particles react more slowly than very fine particles. Therefore, using very finely ground limestone and 
thoroughly mixing it are necessary to achieve the desired soil pH change within a few months. If the soil will 
be turned with a bottom plow, turn it first and then apply the lime and mix.
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Chapter - 5

Potentials & Prospects of Organic Farming in Jharkhand

The promotion of organic farming is advocated in the areas having very low use of chemical fertilizers and 
a negligible use of pesticides e.g. hilly areas of northern and north-eastern regions and dryland areas. The 
Department of Agriculture & Cooperation, GOI has also identified hilly and other less exploited regions as 
priority areas for promotion of organic farming.

Before advocating - Organic farming, one should seek answers to few questions:

What level of yield productivity is acceptable? ●

Is it suitable for country like India with such a large population to feed? ●

Are available organic sources of plant nutrients sufficient for pure organic farming? ●

Are organic farming technologies sustainable in long run? ●

Essential characters of organic farming
The most important characteristics of organic farming are:

1.  Maximal but sustainable use of local resources.

2.  Use of purchased inputs, only as complementary to local resources.

3.  Ensuring the basic biological functions of soil-water-nutrient-humus continuum.

4.  Maintaining a diversity of plant and animal species as a basis for ecological balance and economic 
stability.

5.  Creating an attractive overall landscape which gives satisfaction to the local people.

6.  Increasing crop and animal diversity in the form of polycultures, agroforestry systems, integrated crop/
livestock systems, etc. to minimize risk.

Difference between organic farming & conventional farming
The differences can be summarized as follows:

Organic Farming Conventional Farming

A.  Organization

1.  Ecological orientation, sound economy and 
efficient labour input.

Economic orientation, mechanization and minimizing 
labour input.

2.  Diversification and balanced combination of 
enterprises.

Specialization and disproportionate development of 
enterprises.

3.   Stability due to diversification. Programme based on market.
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B.  Production

1.  Cycle of nutrients within the farm, predominantly 
farm-produced materials.

Supplementing nutrients, predominantly through 
fertilizers.

2.  Weed control by crop rotation and cultural 
practices.

Weed control by herbicides.

3.   Pest control based on non-polluting substances. Pest control by pesticides.

Types of Organic Farming

The organic farming can be broadly divided into three types, which are as follows.

1.  Pure Organic Farming : This eliminates the use of inorganics, both fertilizers and pesticides,  but 
promotes the use of organic manures and biological pest control methods. If all the NPK requirements is 
to be supplied in the forms of organics the large quantities of cow dung, buffalo manure, crops residues, 
rural and urban compost, night soil, etc. are required.

2.  Integrated Green Revolution Farming : Intensive agriculture requires the higher quality of external 
inputs, increased irrigation, development of high yielding crop varieties and hybrids and mechanization 
of labour. Deleterious affects occurring with the use of intensive agricultural practices are being observed 
coupled with degradation of land and increasing agri pollutions. To overcome this situation some organic 
techniques are developed combined with high input technology in order to create integrated systems such 
as Integrated Nutrient Management (INM). Integrated Pest Management (IPM) and biological control 
methods which reduce the need for chemicals. Modern biotechnology is also employed to develop high 
yielding and pest resistant crop varieties.

3.  Integrated Farming System : Integrated farming system is a low input organic farming in which the 
farmers use the local resources and depend on ecological processes, recycling agricultural wastes and 
crop residues.

Components of Organic Farming

The following are the major components of organic farming:

1.  Organic resources

2.  Pest management in organic farming

3.  Integrated nutrient management is organic farming

4.  Integrated farming systems approach

Organic Farming in Jharkhand
Organic farming has much relevance in context of Jharkhand agriculture as the level of use of agricultural 
chemicals both fertilizers and pesticides are much lower than the national average. It has also been reported 
that the farmers do not use chemicals nutrients at one hand and on the other in vegetable growing areas huge 
quantities of chemicals are used including unjudicious use of pesticides. Use of manures in crop production 
has been a strong tradition of the farmers of Jharkhand. Therefore, promotion of organic farming in Jharkhand 
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requires crop specific, farming situation-specific and resources-specific strategy. Keeping this in consideration 
the three types of organic farming may be promoted as per the following details:

Sl. No. Type of Organic Farming Specific Circumstances

1. Pure Organic Farming High value export oriented and market driven crops like Basmati 
rice, vegetables, fruits, medicinal & aromatic plants and spices.

2. Integrated Green Revolution 
Farming

Staple food crops like coarse rice, wheat, maize, millets, oilseeds 
and pulses, potatoes and vegetables for domestic market.

3. Integrated Farming System For resources poor farmers having various components of 
farming systems like crop and horticultural production, livestock 
and fisheries agroforestry, etc.

Organic Input Resources in Jharkhand
Jharkhand is endowed with various types of naturally available organic forms of nutrients and pesticides. 
Major crop improvement strategies for sustainable production mainly pursue use of natural processes such 
as nutrient cycles, biological nitrogen fixation and pest predator relationship in agricultural production. For 
organic farming the main organic resources used for plant nutrients available in Jharkhand are as follows:

Major organic resources used for plant nutrition
Farm yard manure and composts through use of cow dung, animal wastes, crop residues etc. and  ●
plant leaves, wood wastes etc.
Green manuring crops like sunhemp, dhaincha, cowpea, green gram, black gram, etc. ●
Bio-fertilizers like rizobium, azotobactor, azospirillum, azolla, VAM, phosphobacterium, and other  ●
helpful microbes.
Mineral materials like rock phosphate ●
Vermi compost ●
Biogas slurry ●
Agro-industry wastes like rice husks etc. ●
Oil cakes of non-edible types neem, karanj, castor etc. ●
Oil cakes of edible types like mustard, niger, linseed, groundnut, mahua, etc. ●
Animal organic resources like blood, raw bone, fish meal, etc. ●

Major organic resources used for plant protection
Extract/oil/cake of neem, karanj etc. ●
Extract/powder of sindwar, sarifa, tobacco, vantulsi, garlic, chilli, dhatura, bhelwa etc. ●
Animal urine and dung. ●
Cow dung ash and wood ash. ●

Major techniques related to organic farming
Crop rotation ●

Nutrient recycling using appropriate quantities of organic materials ●
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Weed management through row/ leaf mulching ●

Weed management through crop rotation and cultural practices. ●

Ground cover with legume seeds sown with crops ●

Use of beneficial bio-agents like tricograma, tricodarma etc. ●

Deep summer ploughing ●

Pitcher irrigation ●

Strategy for Promotion of Organic Farming in Jharkhand
Being a low agricultural chemical consuming state, the rainfed areas of Jharkhand have good opportunity to 
take up production of organic food for international market. The state is uniquely placed for production of 
several others potential crops in demand. The Ministry of Agriculture, Government of India has taken up an 
ambitious plan to establish National Institute of Organic Farming (NIOF) at Ghaziabad and Regional Organic 
Farming Laboratores at Bangalore, Bhubaneshwar, Hisar, Imphal, Jabalpur and Nagpur. To promote organic 
production in the country, the Ministry of Commerce has set up a National Steering Committee which has 
prescribed national standards for organic farming for some crops. Based on international regulations (IFOAM) 
the national standard includes a system of raising organic crops. A National Programme for Organic Production 
(NPOP) has been started by the Govt. of India with the following objectives :

Declaring standard for organic production ●

Recognizing specific bodies for preparing approved package of practices for specified products. ●

Seeking recognition from international agencies and according recognition to national agencies. ●

Instituting a logo and prescribing its award by accrediting bodies on products qualifying for  ●
bearing the Indian organic lable.

Laying down policies towards development and certification of organic products. ●

Facilitating certification of organic products conferring to the national programme concerning the  ●
standards of organic production.

In the above context the State Govt. has to take certain initiatives to encourage organic farming in 
Jharkhad. Some of important initiatives suggested are as follows:

Encouraging farmers to adopt the organic sources as a supplementary to chemical fertilizers. ●

Soil nutrients micro-nutrient determination facility in the state to srestore soil health  ●
management.

Bio-fertilizer related research and promotional activities. ●

Initiative to spread vermicompost production technique and set up units in state farmers. ●

Emphasis on Integrated Nutrient Management. ●

Emphasis on Integrated Pest Management. ●

Popularization of bio-pesticides. ●

Establishment of bio-control laboratories. ●
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Establishment of plant clinic and diagnostic laboratories. ●

Creation of facilities for survey and surveillance. ●

Quality control of agricultural inputs ●

Key organizations working for promotion of Organic Agriculture in India
1.  DAC - Department of Agriculture and Cooperation

2.  NCOF/RCOFs - National/Regional Centre of Organic Farming

3.  ICAR - Indian Council of agricultural Research

4.  KVK - Krishi Vigyan Kendra

5.  DBT - Department of Biotechnology

6.  NCDC - National Bank for Agriculture and Rural Development

8.  MoNES- Ministry of Non-conventional Energy Sources

9.  KVIC - Khadi and Village Industries Commission

10.  IFOAM - International Federation for Organic Agriculture Movement

Constraints in the adoption of organic farming
1.  Organic manures are bulky in nature which involves high transportation charges. Moreover, there 

are other competitive uses of organic materials. About 70% of the cattle dung is used as fuel and 
50% of the crop residues are used as cattle feed or burnt in the field due to lack of technology for 
in situ decomposition. Green manuring is only assumed in the areas having adequate rainfall.

2.  Farmers do not make serious efforts for preparation and conservation of organic manures (as they 
have become habituated of instant fertilizers) and recycling of crop and animal residues because 
it involves labour.

3.  Majority of the farmers are hesitant in adopting organic farming with the fear of reduction in 
yields of their crops.

4.  Farmers, extension personnel and dealers have lack of knowledge about inoculation technology 
of different types of bio-fertilizers. Unavailability of good quality of bio-fertilizer at proper time 
is another constraint. Farmers are also not familiar with pesticides of plant origin. biopesticides, 
insect parasites and predators which play a vital role in the control of field crop diseases.

5.  Majority of the farmers use unbalanced quantity of nutrients through chemical fertilizers and are 
unaware of its long-term deleterious effects on soil properties and crop growth and its permanent 
remedy through regular use of organics.

Standards for Organic Agriculture
1.  International Federation of Organic Agriculture Movement (IFOAM).

2.  The European Uions (EU) Council’s Regulation on Organic Production.

3.  The Codex Alimentarius.

4.  NPOP
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India has evolved the national standards for organic products keeping in view the traditional methods 
with the scientific approach. These standards are in conformity to the international standards of European 
Union (EU) and International Federation of Organic Agriculture Movements (IFOAM).

Government of India has identified six Accreditation Agencies for certification of organic products. They 
are APEDA. Tea Board, Coffee Board, Spices Board, Coconut Development Board and Directorate 
of Cashew and Cocoa Board under the Ministry of Commerce and Industries. These Accreditation 
Agencies will strive to achieve a socially beneficial goal through certification programmes combined 
with a collective quality symbol. Based on the criteria drawn for accreditation, the Accredation Agencies 
in turn would identify the inspection and certifying agencies for accreditation of their certification 
programmes. They will operate certification programmes in the following areas:

i.  Organic production

ii.  Organic processing

iii.  Providing test standards

Challenges before Organic Agriculture

Protection of price premium. ●

Enhancement of Social accountability. ●

Consumer education. ●

GM Crops & Contaminations to be discouraged ●

Important recommendations for organic farming

The Government of India (Ministry of Agriculture/APEDA), through its market intelligence, should 
estimate the quantities of high value organically produced crops, which can find a ready export/local 
market for the sale of the produce at a suitable premium. Accordingly, it should identify areas which can 
be encouraged to take up organic farming.

Mode of Technology Transfer
Since there is lack of knowledge and awareness of organic farming among people, there is need for launching 
massive educational programmes for popularization of organic inputs for successful crop production in 
Jharkhand. For this a strong extension and training programme actively supported by research, industry and 
market is the need of the hour. The following points are suggested as the planks for mode of technology 
transfer on use of organic inputs :

1.  Capacity building of farmers by training institutes specially the Krishi Vigyan Kendras for promotion of 
organic farming.

2.  Organizing training programmes for different categories of stakeholders, viz,

Accreditation/certification agencies. ●

Field functionaries/extension workers. ●

Production and quality control of bio-fertilizers and organic inputs. ●

Trainers training and international cooperation. ●



64 Reading Materials for Village Level Workers

Soil Science

Farmer’s training on organic farming. ●

Field demonstration on organic inputs. ●

Establishment of centres for excellence and networking for technology generation on organic  ●
farming.

Documentation of available Indigenous Technical Knowledge (ITK) and other technologies  ●
developed by various public sector organizations and NGOs on different aspects of organic 
farming.

Formulation of appropriate package of practices for production of different crops under organic  ●
farming systems.

Introduction of courses on organic farming in curriculum of UG and PG programmes of SAUs. ●

Standardization of methods for suitability for judging of organic farming practices. ●

Establishment of model organic farms and their visits by the farmers. ●

Constitution of expert group comprising of eminent agricultural as well as social scientists and  ●
progressive farmers for visiting organic farmers.

Dissemination of knowledge and skill on organic farming through mass media. ●

Involving NGOs and private sector organizations in transfer of technology. ●

Support to commercial bio-fertilizer/compost/vermicompost units for production of quality  ●
organic inputs.

To conclude, organic farming has the twin objectives of the system sustainable and environmentally sensitive. 
In order to achieve these two goals, some rules and standards have been developed which must be strictly 
followed. There is very little scope for change and flexibility. Thus the organic farming does not require best 
use of options available rather the best use of option that have been approved. These options are usually 
more complex and less effective than the conventional system. Therefore, effective extension programmes are 
needed to be employed for successal organic farming in the state.
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Chapter - 6

Recycling of Crop and Animal Wastes
Cultivable soils of Jharkhand are poor in organic matter. Long term experiments conducted in the state have 
amply demonstrated the organic matter has a strong influence on sustaining high potential productivity and 
health of soil owing to its beneficial effect on soil erosion, agreegate and structural stability, water holding 
capacity, supply and retention of plant nutrients, biological di-nitrogen fixation, detoxifying impact on acidity 
and agrochemicals, and other physical, chemical and biological properties of soil.

Low use of fertilizer nutrient coupled with the fact that several cultivable land in Jharkhand is yet to receive 
commercial fertilizer - organic farming may have a reality particularly high valued commercial crop including 
aromatic and medicinal plants which may in turn improve upon the economy of peasantry population of state. 
Organic farming excludes the use of synthetic fertilizers, pesticides, growth regulator, live stock feed additives 
and generally modified crops. It solely depends on recycling of crop and animal waste, green manure, off-farm 
wastes, crop involving legumes etc. Thus, it becomes imperative to look afresh on recycling of crop and animal 
waste their potential and possibilities in the state of Jharkhand.

Potential of crop waste
Processing of resulting crop for food, fibre and other products of direct economic value leaves behind a 
large amount of residual material which needs to be managed judiciously. Crop residues constitutes a potent 
source of carbon and plant nutrient, the two inputs essentially required for sustainable productivity of soils. 
Crop residues have at times been regarded as a waste material that requires disposal. Now there is immense 
realisation that they are important natural resource of plant nutrient and not a waste. They can successfully be 
used for improving soil health and productivity. In fact the convention of residue recycling is not much rooted 
in crop production system. This needs attention. Some facts about potential and possibilities are outlined.

Net sown area of state is 2.0 Mha ●

Total crop waste available is 3.14 Mt ●

Assuming 2/3 of total residues available is used as animal feed. 1.05 Mt is available for  ●
incorporation on compost preparation.

The total nutrient potential is equivalent to 11.14 thousand toones. ●

Animal waste potential
Availability of fresh animal waste is 41.36 Mt in Jharkhand ●

If human excreta is added that comes to 42.66 Mt. ●

The total nutrient potential in terms of fertilizing element comes to 17.91 thousand tonnes. ●

Possibilities of using crop waste
Direct incorporation ●  : Generally microbes take any length of straw but incorporation is easier 
with small pieces. The decomposition is expected to be higher in case of chopped residues which 
provides greater surface area for microbes to act, the size should be 5-6 cms. Application before 
at least one month time in presence of water and oxygen to prevent immobilization of nutrients 
and unfavourable effect on crop growth is desirable.
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Use in composting : ●  Composting may be a better option in Jharkhand mono cropped upland 
where water is limiting, termite population is higher.

Mulching with crop residues. ●

In Jharkhand cauliflower, potato, tomato, brinjal, lady’s finger which may have residues and  ●
kitchen wastes may be converted in respectively high value manure by vermicomposting having 
N.P.K. in the range of 1-1.5%, 0.8-1% and 1-2%.

The state too have production of non edible cakes of Mahua, Karanj, Neem, castor having high  ●
manurial value may have potential for direct incorporation. They too have nitrification inhibiting 
properties and pesticidal effect.

Leaves of Karanj, Ipomoea Lantana and other forest trees can also be used as composting  ●
material.

Animal wastes
Animal wastes may be very well used for compost preparation. They may be converted in high  ●
value manure by addition of 2.5% rock phosphate commonly known as phosphocompost having 
nutrient content N 1.5%, P2O5 4% and 1.5 K2O%

Combination of animal wastes and crop residues can be converted to good quality manure. ●

Addition of 5 tonnes of compost may enrich the soils with micronutrients approximately to a  ●
tune of Boron, 0.1 kg; copper, 0.08 kg; cobalt, 0.005 kg; manganese, 1.0 kg; zinc, 0.48 kg and 
molybdenum, 0.01 kg;

Although farmers understand use of organics in present day but there is need to educate them:

Don’t use it as energy source ●

Conserve them scientifically and convert them to nutrient rich plant food ●

Preferably use in high value crops. ●

Use for biogas production ●

Use all available crop, vegetable and kitchen wastes, leaves of forest and non forest trees, nonedible  ●
cakes to boost production.

Use in multiple cropping system ●

Don’t use high quantity in mono cropped kharif crop because it is difficult to raise soil organic  ●
matter level in warmer climate.

Adopt combined use of fertilizer, organic manure, crop residues, green manure and biofertilizers  ●
(Rhizobium, Azospirilum, Azotobacter, P-solublizer) in general for obtaining high yield and 
environmental safety.

Compost : Composting is microbiological decomposition process in which microorganisms of both 
aeorbic and anaerobic decompose organic residues/wastes under medium to thigh temperatures and 
lower down the C/N ratio of the material. In about 3-6, month an amorphous, brown to dark brown 
humified material is formed called compost.
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Types of compost

Town compost Enriched compost

Farm rural compost Phospho compost

Mechanical compost Vermi compost

Method of composting

a. ADCO process Hutchinson & Richard (19021)

b. Indore process Howard & ward (1931)

c. Bangalore process Acharya et. al. (1939)

d. Vermi composting f. Water hyacinth composting

e. NADEP compost process g. Windrow method

Table 6.1 : Factors effecting for composting

Parameters Value

Size of the Pit L       W        D

1m x 1m x 1m (minimum)

& 3m x 1m x 1m

Size of heap Any length x 2-2.5m x 1-1.5m high

Size of material 2 to 5 cm

C/N ratio 30 to 40 : 1

Moisture 60-70 %

Air flow 0.8 to 1.8 m3/air/day/kg

Temperature 50-600C

Additive Lignolytic & cellulolytic cultures

Table 6.2 : Nutrient losses in manure affected by handling & storage

Method N loss (%)

Solid system

Manure heap 20-40

Deep pit 15-35

Liquid system

Lagoon (Marshes & shallow lake) 70-80

Anaerobic deep pit 15-30
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Table 6.3 : % recovery of nutrients (Av.)

Method OM N

Heap 53 54

Pit/Trench 78 74

Table 6.4 : Preparation of enriched compost

Plant material Crop residue/water hyacinth, lantana tops, Ipomoea leaves 1:1:1:1 ratio

Quantity 100 kg/Pit

Pits Cemented pits of 1 m3

Phosphate 1-2% P2O5 in form of rock phosphate e.g. MRP/PRP/Rajphos

Nitrogen 0.25% or 2.5 kg/t

C/N ratio 60:1

Cultures 500 gm fresh mat/ton at the time of filling or 10% cowdung slurry, N-Fixing & 
P.S micro-organism at the time of 2nd turning

Turning 15, 30, 45 & 60 days

Table 6.5 : Preparation of N & P enriched phosphocompost

Plant material Waterhyacinth + lantana crop residue + Ipomea (1:1:1:1)

Quantity 100 kg/Pit

Pits Cemented pit or kachha pit with polythirlim 1x1x1 m3

Phosphate 2.5% or 5% P2O5 as Rockphosphate

Other inputs Pyrites @ 5 or 10%

Nitrogen 0.25% or 2.5 kg/t

C/N ratio 40-60 : 1

Other organic inputs Plant material cattle dung, soil, compost in the ratio of 8:1:0.5:0.5

Moisture 60-70%

Turning 15, 30, 45 & 60 days

Practical consideration for making compost
i.  The minimum size of the compost pit/heap is recommended to be 1m3

ii.  If heap/pit is too broad too high aeration will be poor.

iii.  The correct balance of slow & fast decomposable materials, however, must be maintained.

iv.  For reducing evaporation loss & maintain the moisture, it should be covered with mud mixed with 
dung.
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v.  Pit/heap should be situated in shaded area.

vi.  Plant material should be chopped for fast decomposition.

vii.  To save the labour cost incurred in chopping, period of decomposition should be enhanced for one 
month more.

viii.  Moisture maintenance is most important factor for rapid composting.

ix.  C/N ratio-higher the ratio, slower the rate of decomposition

Managed vs. unmanaged compost heaps/pits

Managed Unmanaged

It will produce quality compost It takes along time to develop

Nutrient loss is minimized, increase the quality Nutrient loss will be more reduce the quality

Proper heat produced during composting process. 
Kill weed seeds & plant pathogenic organisms

Kill weed seeds & pathogenic organisms will 
not be kill

Heap/pit require a lot of labour & planning Heap & pit require very little labour or 
planning
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Chapter - 7

Quality Control of Biofertilizers and Organic Manures

Biofertilizers
“Microbial Inoculant” or culture is the most appropriate name of biofertilizer. Biofertilizers can be defined as 
the preparation containing high concentrations of specialized living microorganism and are able to fix nitrogen, 
solubilize & mobilize phosphorus and Potash, including cellulose decomposing microorganisms for rapid 
decomposition.

Quality Control of Biofertilizers
Quality of biofertilizers means the presence of the right type microorganisms in active form & desired 
population. Quality has to be controlled at various stages of production, marketing & storage.

Mother culture stage Mixing of broth with carrier

Carrier selection & standardization During packing & storage

Starter culture or broth culture stage Random sample testing at farmer’s level.

The BIS (Old ISI) has published specification for RI AI, AZOI PSI

Table 7.1 : Indian Standard specification for RI & AI

S.N. Parameters Rhizobium Inoculant (RI) IS 
8268-2001

Azotobacter Inoculant (AI) IS-
9138-2002

1. Base Carrier based Carrier based
2. Viable cell at the time of 

manufacture
109 cells/g carrier within 15 days 
of manufacture

107 cells/g of carrier within 15 days 
manufacture.

3. Cell no. at the time of 
expiry

107 cells/g within 15 days before 
expiry date

104 of cells/g within 15 days before 
expiry date

4. Shelf life or expiry period 6 months from the date of 
manufacture

6 months from the date of 
manufacture

5. Permissible contamination No contamination at 108 dilution No contimination at 105 dilution
6. pH 6.0-7.5 6.0-7.5
7. Moisture % 35-40% 35-40%
8. Strain Should be checked by several test 

& serologically
A. Chroococcum mentioned

9. Carrier Should pass through 150-212 
micron IS (72-100 mesh).

Should pass through 100 micron IS 
sieve

10. Pot culture test others Nodulation test + Ve. Result in 
50% or more dry matter than 
control

Minimum amount of N-fixation 
not less than 10 mg/g of sucrose 
utilized.
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Inoculant shall be packed in 50-75 micron 1000 density polythene packets should be marked legibly to 
give the following information.

a. Name of the product b. Name & address of manufacturer
c. Name of the carrier d. Batch number
e. Date of manufacture f. Date of expiry
g. Net mass h. Crop for which intended
i. Storage instruction - 15-300 .2

Table 7.2 : Indian standard specification for Azospirillum, phosphate solublizing inoculants

S.N. Parameters Azospirillum Inoculant IS 
14806-2000

Phosphate solubilizing 
inoculants IS 14807-2000

1. Base Carrier based Carrier based

2. Viable cell count at the time of 
manufacture

107 cells/g of carrier within 15 
days of manufacture

107 cells/g of carrier

3. Viable cells at the time of 
expiry

106 cells/g of carrier within 15 
days before expiry

106 cells/g of carrier within 15 
days before expiry

4. Shelf life/expiry date Not<6 month Not <6 month

5. pH 7.0-8.0 6.5-7.5

6. Moisture % 35-40% 35-40%

7. carrier material Peat, lignite, peat soil, charcoal 
in form of powder

Peat, lignite, peat soil, charcoal 
in the form of powder

8. Plant test phosphate 
solublization

Effective root development 
on all crops against which the 
inoculant is intended to be used. 
There should be 10% increase 
in the plants cover the dry mass 
of unioculated control.

Phosphate solubilizing ability 
in the range of 35-50% and 
in terms of zone formation, 
minimum 10 mm solublization 
zone.

Problem in Biofertilizers
i.  Unawareness & unavailability of bio-fertilizers to the farmers.

ii.  Some time poor quality biofertilizers

iii.  Expired date inoculant reach farmers which are ineffective

iv.  Unsuitable transport & storage system may create high temp, which destroy the microbial 
population in inoculants.
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Types of Organic manures
A)  Bulky Organic Manure B) Concentrated O.M.

 ►  FYM   Û Non edible & Edible Oilcakes
 ►  Compost  Û Blood meal
  Û Farm/Rural compost  Û Meat meal
  Û Town compost  Û Horn & hoof meal
  Û Mechanical compost  Û Wool waste
  Û Enriched compost
  Û Phosphocompost
  Û Vermicompost
 ►  Night soil
 ►  Biogas slurry
 ►  Sewage & sludge
 ►  Pig, poultry, Goat, Sheep manure
 ►  Green manuring

Table 7.3 : Threshold value of compost quality for producers.

Parameters Threshold value Method
Physical properties
Moisture 15-20 % Moiisture box
Particle size Passes through 4 mm screen Sieving method
Inerts <25% Sieving methods
Odour Absence of foul odour Smelling test
Colour Dark brown 2% iodine test
Chemical properties
T.O.C. Minimum 16-20 % Dry combustion
Total nitrogen Minimum (0.8%) Kjeldhal digestion
C/N ratios 10 to 15 : 1, <20:1
Total P% in terms of P2O5 0.8 Triacid digestion
Total K % in terms of K2O 1-2 Triacid digestion
EC 3 to <4 dSm-1 EC and pH meter
PH 6.5 to 7.5 pH meter
Hydrolysable carbohydrate <0.1
Biological properties
Respiration rate (mg CO2-C/100g/day) 13-15 mg 100 g/

days
Carcia et al.

Salmonella sp. Nil
Shegella sp. Nil
Coliform Nil
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Benefits of Organic; Manures
*  Effect on soil colour  *  High cation adsorption capacity

*  Granulation is increased *  Increase supply & availability of nutrients

*  Plasticity & Cohesion is reduced *  Effect on biological properties of soil

*  Increase water holding capacity *  Sustain soil fertility & productivity

*  Check the environmental pollution *  Improve taste & quality of produce

Quality control agency of biofertilizer & organic inputs
NBDC & RBDC presently converted as NCOF Gaziabad, RCOF situated at Bangalore, Bhubneshwar, 
Hissar, Imphal, Jabalpur & Nagpur as a nodal agency for testing & maintaning quality of biofertilizer & 
organic manure & as well as BIS, ICAR Institutes & SAUs.

Bio-fertilizers; Production and Use

Biofertilizer
It is a product which contains specified cells of efficient strains of nutrient fixing/agriculturally useful 
microorganisms in a carrier based material. In this field the major break through has been made with 
respect to universally deficient element “Nitrogen a synonym to soil fertility and productivity”. Nitrogen 
is required by plant maximally.

As you know atmosphere contains nearly 78% inert dinitrogen which directly can not be utilized by the 
plants. But there are some microorganisms which have the ability to convert it in the form which can be 
easily assimilated by the crops. Technically it is known as “Microbial inoculant”.

Type of Biofertilizer
Depending upon the type of organisms and their activities bio-fertilizers can be grouped in to following:

A.  Nitrogen fixing biofertilizer

 Those which contain microorganisms helping in nitrogen nutrition of plants e.g.

i.  Rhizobium inoculants for legume crops.

ii.  Azotobactor inoculats for cereals and vegetables.

iii.  Azospirillum inoculants for cereals.

iv.  Blue Green Algae inoculants for low land rice.

v.  Azolla culture for low land rice.

B.  Phosphate solubilizing biofertilizer

 Those which contain specified number of phosphate solubilizing microorganisms. These microorganisms 
convert unavailable form of phosphorus is to forms which are easily assimilated by plants e.g.
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Bacterial inoculant :

 Bacillus megatherium

 Pseudomonas striata

Fungal inoculant:

 Aspergillus awamori

 Penicilliium sp.

 Arbuscular Mycorrhiza

C.  Cellulose decomposing biofertilizers

Those which contain cellulose decomposing fungi in carrier based material e.g.

 Trichurus spiralis, Aspergillus sp.,

 Trichodarma viride, Penicillium sp.

i.  Rhizobium inoculant
It is (Nitrogen fixing microbial inoculants) most important renewable source of nitrogen has a great 
potential to supplement the nitrogen requirement of crops. It is estimated that about 50-60% of all nitrogen 
fixed on earth’s surface each year is contributed through biological nitrogen fixation. Rhizobium culture 
has been found to be the most efficient over a wide range of soil and climatic conditions functioning in 
symbiosis with legumes.

Table 7.4 : An estimated amount of N2 fixed through some important legume - Rhizobium symbiosis.

Host N2 fixed (kg/ha/year)

Alfalfa (Fodder) 125-325
Clover (Fodder) 100-130
Lentil 114-120
Peas 62-115
Beans 45-100
Soybean 57-65
Ground nut 46-50

Specification of Rhizobium species
Rhizobium sp. is host specific and on the basis of infectiveness to the respective hosts six well defined species 
have been identified, it is responsible to nodulate a group of host plant collectively known as cross inoculation 
group (Table 7.5)
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Table 7.5 : Cross inoculation groups

S.N. Cross inoculation group Rhizobium SP. Host plant

1. Alfalfa Rhizobium melitotoi Medicages

2. Clover Rhizobium irifolii Berseam

3. Pea Rhizobium leguminosarum Pea, Lentil

4. Bean Rhizobium phaseoli Phaseolus

5. Lupin Rhizobium lupini Lupin

6. Soybean Rhizobium japonicum Soybean

7. Cowpea Brady Rhizobium Ground nut, Moong, Urd, Arhar etc.

ii.  Azotobactor inoculants
 Azotobactor is capable to producting antibacterial and antifungal compounds, hormones & 

sideropheres. What is note worthy of this organism is its ability to stimulate germination of 
seeds, improved plant stand, augment root biomass and accelerate the initial vigour and synthesis 
of chlorophyll. Azotobactor inoculation can be done on cereals, millets, vegetable, cotton and 
sugarcane under both irrigated and unirrigated condition. Azotobactor have found to increase 
yield of wheat, rice, maize, pearl millet & vegetable by 30% and fertilizer nitrogen equivalent to 
20-30 kg N/ha.

iii.  Azosprillum inoculant
 The crops which respond to Azosprillum are maize, barley, oats, sorghum, pearl millet and forage 

crops. Azospirillum has been found to increase grain production of cereals by 5-20%, millets by 
30% and fodder over 50% It consistently helps in increasing grain yield of rice, barley and wheat 
40 kg N/ha.

 Based on the results so for obtained, the possible pay-off to the farming community has been 
roughly estimated which is indeed worthwhile for a developing country where fertilizer nitrogen 
is hardly used in sorghum and millet cultivation

iv.  Blue Green Algae inoculation
 Rice is largely grown in wet land conditions with a layer of standing water which increases the 

growth of blue green algae. These blue green algae posses the twin ability of photosynthesis 
as well as biological nitrogen fixation. Analysis of blue green algae flora from rice fields has 
revealed the occurrence of different species. Besides fixing nitrogen these algal excrete vitamin 
B12, auxines and ascorbic acid which also contribute to the growth of rice plants. It increase, 
the yield equivalent to that obtainable by the addition of 25 kg N/ha. Rolling topography of 
Chotanagpur & Santhal Parganas region poses problem on establishment of algal culture due 
to poor water management. But, wherever water management is possible, this may be of great 
relevance in nitrogen economy of rice.

v.  Azolla - on organic manure
 Azolla is a floating fresh water fern and is ubiquitous in distribution. The common species of the 

fern occurring in India as Azolla pinnata. It grows in ditches and stagnant water alongwith other 
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water weeds. This fern usually form a green mat over water which often becomes reddish due to 
the accumulation of anthocyanine pigments.

In various experiments, it has been shown that incorporation of 10 tonne fresh Azoll is as efficient as 
basal application of 25-30 kg N/ha. It has been estimated that a saving of atleast 30 kg N ha for rice 
could be achieved by application of Azolla to rice crop. The composition of Azolla is approximately 
94% water, 1% P, K, Ca, Mn and 5% N.

B.  Phosphate solublizing Microorganisms
Next only to nitrogen, phosphorus is a vital nutrient for plants and microorganisms. Super phosphate is one 
of the common forms of phosphatic fertilizer. Several soil bacteria particularly those belonging to the genera 
pseudomonas and Bacillus and fungi belonging to genera pencillium and Aspergillus posesses the ability to 
bring insoluble phosphates in soil in to soluble forms by secreting organic acids such as formic acid, propionic 
acid, turmeric and successive acids. These acids lower the pH and bring about the dissolution of bound forms of 
phosphate. In case of mycrorhizal inoculant it increase the uptake of phosphate as well as sulphur, potassium, 
calcium and some micronutrients.
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Chapter - 8

Vermicompost and NADEP Compost
A major farming community of Jharkhand comes under small and marginal farming community, where the 
size of land holding is very low to achieve the standards of livelihood. India, since over 74% of Jharkhand 
population lives in villages and their principal source of livelihood is agriculture, comprising crop and animal 
husbandry, forestry, fisheries, agro-processing and agri-business. Therefore, accelerated progress in enhancing 
the productivity, profitability, stability, and sustainability of the major farming systems is the best safety 
net against hunger and poverty. A majority of these farmers is suffering from poverty and unemployment, 
which results a failure to achieve necessary households makes a living over time. To overcome this situation 
vermicompost can play a vital role besides the crops. One of the major constraints in the production of organic 
manure in this state is the presence of less number of cattle. But at the same time we are not properly utilising 
a huge quantity of good wastes i.e. different types of leaves. The difficulty in the use of these waste materials 
in vermicomposting is our ignorance. The idea of promoting vermicompost industries in this region may be 
a better employment opportunities for youth. Thus the vermicompost industries could be a miracle as far as 
economic development is concerned.

Method of Vermicomposting : 
A thatched roof shed preferably open from all sides with unpaved (katcha) floor is erected in East-West direction 
length wise to protect the site from direct sunlight. A shed area of 12' x 12' is sufficient to accommodate three 
vermibeds of 10' x 3' each having I’ space in between for treatment of 9-12 quintals of waste in a cycle of 40-
45 days. The length of shed can be increased/decreased depending upon the quantity of waste to be treated 
and availability of space. The height of thatched roof is kept at 8 feet from the centre and 6 feet from the sides. 
The base of the site is raised atleast 6 inches above ground to protect it from flooding during the rains. The 
vermibeds are laid over the raised ground as per the procedure given below. Following Steps to be needed at 
the time of vermicompost production as follows:

First layer : First and primary requirement is the vermibed. Vermibed consists of 2 to 3 inch of any thing like 
banana leaf, paddy straw, wood saw dust can be used as bedding materials in vermicompost tank.

Second layer : Spread 15-20 cm layer of semi decomposed organic manure on the above first layer. Sprinkle 
PSB bio fertilizers and wood ash if available (if helps in improving nutritional quality of compost) on the waste 
material. Then earthworms (Eisenia foetid, Eudrilus euginea) are released on it (25 per sq. feet).

Third layer : Now waste materials liked leaf of different trees, softy grasses and other materials are mixed 
with 25 percent liquid of cow dung and kept for 15 to 20 days and covered with moist gunny bag for partial 
decomposition. The partially decomposed whole material is spread over the second layer. The loaded waste 
is finally covered with a gunny bag to protect the moisture loss and earthworms from birds and insects. Water 
will be required everyday or on alternate days in order to maintain desired 50% to 60% moisture in the bed. 
For maintaining moisture, cow urine and water in ratio of 40:60 was sprinkled. The waste is turned upside 
down fortnightly without disturbing the basal layer (vermibed). The appearance of black granular crumbly 
powder on top of vermibeds indicate harvest stage of the compost. Watering is stopped for at least 5 days at this 
stage. The earthworms go down and the compost is collected from the top without disturbing the lower layers 
(vermibed). At one time only three fourth length of vermicompost tank should be filled. Rest one fourth tank 
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should be filled up with waste materials so that about 70-80 percent earthworms move to the other side of the 
tank then we can easily collect the vermicompost. Vermicompost so produced kept for air dry and it is sieved 
through 2mm sieve and then packed into the polythene or bags to store it or applied in to the field.

Multiplication of worms in large scale:
Prepare a mixture of cow dung and soft waste materials in 1:1 proportion. Release earthworm @ 50 numbers/10 
kg. of mixture and mix dried grass/leaves or husk and keep it in  shade. Sprinkle water over it time to time 
to maintain moisture level. By this process, earthworms multiply 300 times within one to two months. These 
earthworms can be used to prepare vermicompost.

Economic viability : vermi-technology is popular because it a simple methodology with low investment. For 
this technology only shed and tank is required to protect earthworms from pests and predators. Tanks built 
using cement and bricks could suit all situations. The expenditure of medium size tank (10x3x2.5 feet) incurred 
would be as follows:

Materials Cost (Rs.)

Bricks Rs. 4200

Sand Rs. 550

Cement Rs. 2040

Shade Rs. 3000

Labour cost Rs. 1260

Earthworm Rs. 1200

Other cost Rs. 1000

Total cost Rs. 13,250

Net profit will be:-

Output :  Vermicompost (40 ft)  Rs. 20,000
  and Earthworms  Rs. 7,500
Net profit per tank per year 27500 - 13250 = 14,250 Rs.

So you can imagine, if a farmer’s who have a unit of six tanks the income will be approximately 85,500 per 
year. It also provided self-employment to the rural people especially the women and youth.

Economics of Vermiculture through Eco-technology
Vermiculture and Vermicomposting through Earthworm Eco-Technology is indigenous, economic and easy 
technology to convert all biodegradable waste into best quality organic manure (Vermicasting based humus 
biofertilizer). In Earthworm Eco-Technology all types of beneficial earthworms and microbes are cultured 
and all types of bio-degradable materials either urban solid waste or rural solid wastes or food processing 
industries’ wastes are used to produce organic manure. The following are the points to sustain the protect:-

Raw materials available easily and locally in abundance

 Raw materials like all type of Bio-degradable waste materials, cow dung and urine are easily available 
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locally in abundance. In this project there should not be constraint of funds as it can be started with an 
investment of Rs. 5,000-6,000.

No Risk factor

 Firstly, it is an Eco-technology and the project can be installed in natural surroundings and there is no 
chance of mortality of earthworms. Secondly the product can be easily sold locally hence there is no 
chance of any loss.

No requirement of electricity

 The enterprise can be started without any requirement of power, so it can be started in remote areas. 
Hence 50% of chemical fertilizer can be replaced by this organic manure, thereby saving power which 
otherwise would have been used for production of that quantity of chemical fertilizers.

Additional source of income form cow dung, agro waste and wastes available

 The raw material cost of a small project is negligible and raw materials like cow dung and agro wastes 
are available locally. A farmer with a single cow can produce two tons of organic manure annually, so it 
is the source of additional income.

Low investment and more profitability

 The initial mother culture and live worms required at the time of starting a particular project is an one 
time expenditure. The next year onwards only raw materials’ cost is involved so return from next year 
will increase.

Source of Employment

 It is labour intensive industry, so more employment is generated and raw material are also locally 
purchased form local suppliers thereby providing indirect employment.

More Prosperity

 The locally available Biodegradable waste is converted into money. Chemical fertilizers can be saved 
because 50% chemical fertilizers can be replaced by this organic manure. The soil becomes more porous 
so 50% irrigation water is saved. 50% electricity is saved, at the same time underground water table is 
maintained, erosion of top fertile soil is reduced and chances of flood is also reduced, and health of soil, 
plants, animals, labourers, farmers and consumers is maintained.

No Sales Tax and Income Tax

 On organic manure there is no State or Central Sales Tax. There is 10 years exemption of Income Tax 
for units producing organic manure from wastes.

Pollution Control
 All biodegradable are converted into organic manure, so all villages and towns can be kept clean. The 

use of Agro -chemicals can be minimised to 10% so pollution of water and air can be checked.

 The ideal earthworm species of earthworm help to convert wastes into wealth. Today, many farmers are 
coming forward to adopt vermicompost as an agribusiness. If this operation is made successful by the 
own efforts of the farming community, one can certainly be hopeful in reaching the goal of self reliance 
of the people of Jharkhand as well as country.
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Vermiwash
Vermiwash is the liquid fertilizer collected after the passage of water through a column filled with worm 
(earthworm). The vermiwash is prepared by putting the isolated earthworms from composts and subsequent 
washing of them. While washing, the wash water is collected in a storage structure. This wash water is called 
vermiwash. The vermiwash contains the body stickers, enzymes and other secretions of earthworm. The 
vermiwash is a very good foliar spray.

NADEP Compost
The NADEP method of making miracle compost was first invented by a farmer named N.D. Pandharipande 
(also popularly known as “Nadepkaka”). The method, which has become quite popular among the farmers 
in Western India, now bears his name. The problem that has been routinely posed with regard to compost, 
however, is whether it can be made on the scale required. Agricultural scientists have claimed that there is 
not enough compostible or biodegradable material available within the country for producing the massive 
quantities of organic compost the country’s entire soils need. They have often used this as an argument to 
continue supporting the use of synthetic fertilizers even though they concede that the use of such chemicals in 
the absence of organic matter has led to the creation of more and more infertile and sick soils. The argument 
has also proven to be a major damper to efforts, both public and private, to stimulate and train farmers to 
manufacture compost for their fields. One of the major constraints in the production of organic manures is the 
ignorance of appropriate technology of composting. By this reason we are wasting a huge quantity of good 
organic wastes i.e. different types of leaves and soft grasses. The problem is that is scarcity of compostible 
materials, particularly animal dung. A good proportion of animal dung is dried and used as fuel in many rural 
areas. The idea of promoting miracle NADEP composting may be a better employment opportunities for 
youth. NADEP compost is the permanent, cheapest, most suitable, economically & commercially viable as 
well as advantegeous organic fertilizer to be used by the farmers. The first step to overcome the problem needs 
awareness building not only amongst the decision makers but also broad section of the population. In rain-fed 
soil, organic manures play a great role as they not only supply balanced nutrients but also retain substantial 
amount of moisture and decline acidity. Traditionally, farmers used to apply farmyard manures to crops grown 
under rain-fed condition. No scientific procedures were followed for preparing the manure and as a result the 
quality of the manure used was very poor. Slowly over a period of time farmers have lost interest in farmyard 
manure and mainly started depending on chemical fertilizers, which further deteriorated the soil health, soil 
quality and water holding capacities. The loss of nitrogen and mineral elements caused by unscientific handling 
can be reduced greatly by storing dung in a stone or brick lined pits, mixing large quantities of straw, leaf and 
other vegetable matter with cattle dung and keeping the heap compact and moist. This ;encourages bacterial 
decomposition of raw organic matter, prevents loss of soluble mineral elements through seepage and minimizes 
nitrogen losses. Use of preservatives also enhances the quality of the manure. Gypsum and super phosphate 
have proved most promising in preventing escape of ammonia. Various methods of composting have been 
researched both under aerobic and anaerobic conditions. NADEP method of composting is one such processes 
facilitating aerobic decomposition of organic matter.

Details of NADEP method of Composting
The method reauires construction of a tank measuring 3m x 1.5 m x 1 m internally with 25 cm thick perforated 
brick wall all around in mud or cement mortar on ground. The above ground-perforated structure facilitates 
passage of air for aerobic decomposition. The floor of the tank is laid with bricks. The tank may be covered 
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above with a thatched roof. This prevents loss of nutrients by seepage or evaporation and the contents are not 
exposed to sun and rain. The ingredients for making compost are agro-wastes, animal dung and soil in the ratio 
of 45:5:50 by weight. The ingredients are added in layers starting with vegetable matter followed by dung and 
soil in that order. Each layer can be about 45 kg vegetable matters, 4 kg of dung mixed in 100 litre of water and 
50 kg of soil so that 30 layers will fill the tank. For convenience the number of layers could be reduced to half 
this number by doubling the quantities of ingredients in each layer. Tree lopping and green manure crops can 
also be used to fill up the tank if sufficient farm wastes are not available at time. The nutrients produced in the 
manure are absorbed by the soil layers thus preventing their loss. About 22-50 litre of water is to be sprinkled 
twice a week after the tank is loaded. The material loaded has to be left in the tank for about 100 to 120 days for 
complete decomposition of the material. One tank can be used three times a year. With production of 3 tons to 
3.5 tons of compost produced per cycle about 9 to 10 tons of compost can be made annually from one tank. The 
compost can be stored for future use, preferably in a thatched shed after air drying and maintaining it at about 
20% moisture level by sprinkling water when ever needed. By following the procedures suggested above, 
the compost could be preserved for about 6 to 8 months. It is advisable to sprinkle cultures like Trichoderma, 
Azatobacter and PSB in layers to enhance the speed of composting process. In this method, compost can be 
prepared with minimum quantity of cow dung use and hence, it can be considered as very versatile model. 
About 3 t of compost is generated per tank per cycle. In one year 3 cycles can be produced. Thus, each tank 
can produce 9 t in the one year. As per economic viability, the cost of the compost is assumed as Rs. 1500 per 
ton.

Factors Affecting Composting
Some of the important factors in decomposition of organic materials are carbon/nitrogen ratio, blending, 
moisture and aeration, temperature etc. Now let us examine these factors in detail.

C/N Ratio of the Bedding Materials
The ratio of per cent carbon to per cent nitrogen (C: N ratio) defines the relative quantities of these two 
elements in the crop residues. The process of converting organic materials into the manures is chiefly microbial 
and therefore influenced by the proportions of carbonaccous and nitrogenous materials those are present in 
the organic materials to be used. Wider C: N ratio materials will take long duration to narrow down its C: N 
ratio. The C: N ratio of organic materials used range from 30: 1 to 80: 1 (given in Table 8.1). The C: N ratio of 
manures and composted materials is less than 20: 1. Thus, the time of composting can be reduced by adding an 
organic nitrogen source, viz., activated sewage sludge or blending by organic residue richer in nitrogen such as 
legume residues and green leaves. Further, Tcichoderma harzianum as a Cellulolytic fungus reduces wider C:N 
ratio and narrows it. The cereal straw can be  decomposed easily with the help of such microbes. They will not 
only produce nitrogen rich compos but also reduce pathogenic burden of the resulting compost.

 Table 8.1 : C: N Ratio of Selected Organic Materials

Organic substances C: N ratio

Soil micro organism 8:1

Corn/Sorghum residue 60:1

Wheat straw 80:1

Cow dung fresh 40:1
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Organic substances C: N ratio

Digested slurry 23:1

Digested cattle dung < 20:1

Compost < 20:1

Blending and Shredding
The blending refers to mixing of different types of organic residues to create favourable bedding for 
decomposition. Microbial decomposition of organic matter occurs on the surface of materials. The smaller 
the particles size, the greater is the surface area. Very small particles size may not compost easily, because the 
small particles pack and compact which inhibit the inflow of air in the pile. Too large particles compost slowly, 
decreases temperature and lose moisture often. The desirable size of organic matter particles is around 5 cm. 
The shredding may involve lot of labour.

Moisture
Moisture is essential for the microbial action. The moisture acts as an aid for the microbes to draw nutrients 
required for the synthesis of protein. Optimum range of moisture for the composting is between 50 to 60 per 
cent. If moisture exceeds 60 per cent in the pile, the structural stability of the compost pile is reduced, material 
begins to compact, oxygen transfer gets inhibited and anaeroble condition develops within the pile. If moisture 
content of heap is below 40% decomposition will be aerobic but slow. Final product usually contains moisture 
in the range of 20-40 percent

Temperature
This is a key environmental factor influencing biological activities in the composting process. Temperature 
should be monitored closely. When it reaches more than 60-620C within the pile heap, it should be turned or 
aerated. This will help to bring the temperature down. With the increasing microbial activities there is increase 
in the temperature. If temperature reaches beyond 400C then mesophilic bacteria are replaced by thermophilic 
bacteria. Temperature may go up to 550C to 700 C for 2 to 5 days and then it cools down to ambient temperature. 
High temperature is essential for killing pathogenic organism and weed seeds. Decomposition is faster in 
thermophilic stage. Optimum temperature range for composting is between 500C to 600C

Oxygen and Aeration : Aerobic conditions are essential for decomposition. Aerobes are micro-organisms that 
predominate in air rich environment. If the content of oxygen falls below 5 per cent in the piles, the acrobes 
starts dying. The amount of oxygen required during composting depends upon:

i.  Stage of process-high oxygen levels required early in the compost process.

ii.  Types of feedstock - higher nitrogen content in the feedstock, the greater is oxygen requirement.

iii.  Moisture content - materials with high moisture levels will require large quantities of the 
oxygen.

pH : The optimum pH range for most of the biological reactions is between 5.5 to 8.0. As the biological 
decomposition proceeds, the pH increases to neutral. At lower pH, fungi are most dominant organisms 
facilitating the decomposition. At pH 6.5 to 7.5, bacteria dominate. At high pH, ammonia gas may be generated 
and this may cause adverse odour, microbial population decline and poor quality compost.



83Reading Materials for Village Level Workers

Soil Science

Manures :
Manures are plant and animal wastes that are used as sources of plant nutrients. They release nutrients after 
their decomposition. The art of collecting and using wastes from animal, human and vegetable sources for 
improving crop productivity is as old as agriculture. Manures are the organic materials derived from animal, 
human and plant residues which contain plant nutrients in complex organic forms. Naturally occurring or 
synthetic chemicals containing plant nutrients are called fertilizers. Manures with low nutrient, content per unit 
quantity have longer residual effect besides improving soil physical properties compared to fertilizer with high 
nutrient content. Major sources of manures are:

Cattle shed wastes-dung, urine and slurry from biogas plants ●

Human habitation wastes-night soil, human urine, town refuse, sewage, sludge ●

Poultry litter, droppings of sheep and goat ●

Slaughterhouse wastes-bone meal, meat meal, blood meal, horn and hoof meal, Fish wastes ●

By products of agro industries-oil cakes and press mud, fruit and vegetable processing wastes  ●
etc.

Crop wastes-sugarcane trash, stubbles and other related material ●

Water hyacinth, weeds and tank silt, and ●

Green manure crops and green leaf manuring material ●

Manures can also be grouped, into bulky organic manures and concentrated organic manures based on 
concentration of the nutrients.

Bulky organic manures
Bulky organic manures contain small percentage of nutrients and they are applied in large quantities. 
Farmyard manure (FYM), compost and green-manure are the most important and widely used bulky 
organic manures. Use of bulky organic mannures has several advantages: 

1.  They supply plant nutrients including micronutrients

2.  They improve soil physical properties like structure, water holding capacity etc.

3.  They increase the availability of nutrients

4.  Carbon dioxide released during decomposition acts as a CO2 fertilizer and

5.  Plant parasitic nematodes and fungi are controlled to some extent by altering the balance of 
microorganisms in the soil.

Farmyard manure
Farmyard manure refers to the decomposed mixture of dung and urine of farm animals along with 
litter and left over material from roughages or fodder fed to the cattle. On an average well decomposed 
farmyard manure contains 0.5 per cent N, 0.2 per cent P205 and 0.5 per cent K2O. The present method 
of preparing farmyard manure by the farmers is defective. Urine, which is wasted, contains one per cent 
nitrogen and 1.35 per cent potassium. Nitrogen present in urine is mostly in the form of urea which is 
subjected to volatilization losses. Even impossible to avoid losses altogether, but can be reduced by 
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following improved method of preparation of farmyard manure. Trenches of size 6 m to 7.5 m length. 
1.5 m to 2.0 m width and 1.0 m deep are dug.

All available litter and refuse is mixed with soil and spread in the shed so as to absorb urine. The next 
morning, urine soaked refuse along with dung is collected and placed in the trench. A section of the 
trench from one end should be taken up for filling with daily collection. When the section is filled up to 
a height of 45 cm to 60 cm above the ground level, the top of the heap is made into a dome and plastered 
with cow dung earth slurry. The process is continued and when the first trench is completely filled, 
second trench is prepared.

The manure becomes ready for use in about four to five months after plastering. If urine is not collected 
in the bedding, it can be collected along with washings of the cattle shed in a cemented pit from which 
it is later added to the farmyard manure pit. Chemical preservatives  can also be used to reduce losses 
and enrich farmyard manure. The commonly used chemicals are gypsum and superphosphate. Gypsum 
is spread in the cattle shed which absorbs urine  and prevents volatilization loss of urea present in the 
runie and also adds calcium and sulphur. Superphosphate also acts similarly in reducing losses and also 
increases phosphorus content.

Partially rotten farmyard manure has to be applied three to four weeks before sowing while well rotten 
manure can be applied immediately before sowing. Generally 10 to 20 t/ha is applied, but more than 
20 t/ha is applied to fodder grasses and vegetables. In such cases farmyard manure should be applied at 
least 15 days in advance to avoid immobilization of nitrogen. The existing practice of leaving manure 
in small heaps scattered in the field for a very long period leads to loss of nutrients. These losses can be 
reduced by spreading the manure and incorporating by ploughing immediately after application.

Vegetable crops like potato, tomato, sweet-potato, carrot, raddish, onion etc., respond well to the 
farmyard manure. The other responsive crops are sugarcane, rice, napier grass and orchard crops like 
oranges, banana, mango and plantation crop like coconut.

The entire amount of nutrients present in farmyard manure is not available immediately. About 30 
percent of nitrogen, 60 to 70 per cent of phosphorus and 70 per cent of potassium are available to the 
first crop.

Sheep and Goat Manure
The droppings of sheep and goals contain higher nutrients than farmyard manure and compost. On an 
average, the manure contains 3 per cent N, 1 per cent P205 and 2 per cent K2O. It is applied to the field 
in two ways. The sweeping of sheep or goat sheds are placed in pits for decomposition and it is applied 
later to the field. The nutrients present in the urine are wasted in this method. The second method is 
sheep penning, wherein sheep and goats are kept overnight in the field and urine and fecal matter added 
to the soil is incorporated to a shallow depth by working blade harrow or cultivator .

Poultry Manure
The excreta of birds ferment very quickly. If left exposed, 50 percent of its nitrogen is lost within 30 days. 
Poultry manure contains higher nitrogen and phosphorus compared to other bulky organic manures. The 
average nutrient content is 3.03 per cent N; 2.63 per cent P205 and 1.4 per cent K2O
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Concentrated organic manures
Concentrated organic manures have higher nutrient content than bulky organic manure. The important 
concentrated organic manures are oilcakes, blood meal, fish manure etc. These are also known as 
organic nitrogen fertilizer. Before their organic nitrogen is used by the crops, it is converted through 
bacterial action into readily usable ammoniacal nitrogen and nitrate nitrogen. These organic fertilizers 
are, therefore, relatively slow acting, but they supply available nitrogen for a longer period.

Oil cakes
After oil is extracted from oilseeds, the remaining solid portion is dried as cake which can be used as manure. 
The oil cakes are of two types.

1.  Edible oil cakes which can be safely fed to livestock; e.g.: Groundnut cake, Coconut cake etc.

2.  Non edible oil cakes which are not fit for feeding livestock; e.g.: Castor cake, Neem cake, Mahua 
cake etc., Both edible and non-edible oil cakes can be used as manures. However, edible oil cakes 
are fed to cattle and non-edible oil cakes are use as manures especially for horticultural crops. 
Nutrients present in oil cakes, after mineralization, are made available to crops 7 to 10 days 
after application. Oilcakes need to be well powdered before application for even distribution and 
quicker decomposition

 The average nutrient content of different oil-cakes is presented in the following table.

Table 8.2 : Average nutrient content of oil cakes

Oil-cakes
Nutrient content (%)

N P205 K2O

Non edible oil-cakes
Castor cake 4.3 1.8 1.3
Cotton seed cake (undecorticated) 3.9 1.8 1.6
Karanj cake 3.9 0.9 1.2
Mahua cake 2.5 0.8 1.2
Safflower cake (undecorticated) 4.9 1.4 1.2
Edible oil-cakes
Coconut cake 3.0 1.9 1.8
Cotton seed cake (decorticated) 6.4 2.9 2.2
Groundnut cake 7.3 1.5 1.3
Linseed cake 4.9 1.4 1.3
Niger cake 4.7 1.8 1.3
Rape seed cake 5.2 1.8 1.2
Safflower cake (decorticated) 7.9 2.2 1.9
Sesamum cake 6.2 2.0 1.2



86 Reading Materials for Village Level Workers

Soil Science

Other Concentrated Organic Manures
Blood meal when dried and powdered can be used as manure. The meat of dead animals is dried and converted 
into meat meal which is a good source of nitrogen. Average nutrient content of animal based concentrated 
organic manures is given as follows:

Table 8.3 : Average nutrient content of animal based concentrated organic manures

Organic manures
Nutrient content (%)

N P205 K2O

Blood meal 10-12 1-2 1.0

Meat meal 10.5 1.5 0.5

Fish meal 4-10 3-9 0.3-1.5

Horn and Hoof meal 13 - -

Raw bone meal 3-4 20-25 -

Steamed bone meal 1-2 25-30 -
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Chapter - 9

Soils of Jharkhanbd

Jharkhand state lies between 21058'2'' to 2508'32'' North latitude and 83019'05'' to 87055'03'' East longitude 
covering an area of nearly 7.97 m.ha. and accounted for nearly 2.4 per cent of Total Geographical Area (TGA) 
of the country. It is bounded on the east by West Bengal, on the west by Chhattisgarh, on the north by Bihar 
and on the south by Orissa.

Physiography, Geology and Mineralogy
The state is divided into four main physiographic regions with different landforms viz. Gangetic plain, Bengal 
basin, Eastern Plateau and Central highlands. The soil in the Indo-gangetic Plain are in general very deep, well 
to poorly drained, neutral to slightly acidic in reaction, low to high in available water capacity (AWC) where 
as the soil of Bengal basin are deep to very deep, moderately well to poorly drained, neutral/slightly acidic in 
reaction, moderate to high AWC and fine loamy/clayey in texture. The soil under Eastern Plateau are shallow 
to very deep, strongly to slightly acidic in reaction. The soils of Central highlands are shallow to very deep, 
slightly to moderately acidic in reaction and gravely loam in texture.

The Chotanagpur plateau is composed of the ancient rocks of diverse origin. The earlier rocks of the area are 
of igneous origin while the later ones are both metamorphic and sedimentary. It is made up of Archean genesis 
and schist. Chotanagpur granite occurs in two zones, one zone includes Santhal Pargana, Hazaribagh, Palamau 
and the other zone includes Ranchi which occurs as intrusive into the country schistose rock. It is generally a 
coarse and propheritic material and contains quartz, orthoclase, microcline, oligoclase, biotite and a little green 
hornblende.

Mineralogical analysis of soils indicate quartz, feldspar, iron oxides and biotite mica, as the dominating primary 
minerals. The clay mineral make up indicate occurrence of Kaolinite in association with illite and chlorite like 
minerals in the clay fraction. In some red soils chlorite and smectite are also reported. In the soils of Tatanagar, 
Hazaribagh, Dhanbad, Khunti, Gumla and Koderma, illite is dominant clay mineral.

Agroecological Situation
The National Bureau of Soil Survey & land use Planning, Nagpur has divided the entire country into 20 Agro-
ecoogical regions on the basis of Physiography, Soil type, Climate and Length of growing period. Jharkhand 
state comes under Subhumid Ecosystem including 11 (Eastern Plateau ‘Chhatisgarh’ hot subhumid ecoregion 
with red and yellow soils & Growth Period 150-180 days) and 12 (Eastern Chhotanagpur Plateau and Eastern 
Ghats, hot subhumid ecoregion, with red and lateritic soils & Growth Period 150-180 days) agro ecological 
region of the country. The soil survey and land use planning centre of Sabour (Bihar) has divided the old Bihar 
state into 17 Agroecological regions. Out of these regions 11 to 17 belong to Jharkhand. 
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Table 9.1 : Agroecological regions of Jharkhand

Region Districts

11. Hilly and undulating Sahebganj, Godda, Dumka, Deoghar, region of 
Santhal Parganas

12. North Koel region Garhwa, Palamau, North western part of Chatra 
and Latehar.

13. Hazaribagh plateau region North eastern part of Chatra, North western part 
of Hazaribagh and Ranchi.

14. Mica, coal belt region Koderma, Giridih, Dhanbad, Bokaro, South 
eastern Hazaribagh

15. Netarhat plateau region Latehar, Lohardaga, Major part of Gumla, North 
western part of Simdega

16. Ranchi plateau region Major part of Ranchi, North eastern part of 
Simdega.

17. South eastern lower plateau West Singhbhum and East Singhbhum

Climate
The climate of the Jharkhand ranges from dry semi-humid to humid semi-arid type.

Temperature
The state comes under hyperthermic thermal regime class. The mean annual temperature ranged from 
22.5-250C. The temperature is lowest in December and highest in May with average temperature may 
be as higher as 450C

Rainfall
The mean annual precipitation is about 1388.6 mm. The average distribution of rainfall in the year is 
about 82.2% fall in the month of June-Oct., 10.5% during Oct-March and 7.3% in between March to 
May.

Agro-climatic Zones
Jharkhand state is divided into three 3 agroclimatic sub zones (Table 9.2) viz., Central and North eastern 
plateau sub-zone (Zone VI) falling under agroclimatic zone 7. Districts of Jharkhand falling in these 
three sub zones are:
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Table 9.2 : Agro-climatic zone of Jharkhand

Zone 
number Climate

Altitude 
(in above 

MSL)

Annual 
Rainfall 

(mm)

Mean annual 
Temperature 

(0C)

Summer Winter

IV Humid and sub humid tropical monsoon 275-670 1320

V Sub-humid to sub-tropical 222-11442 1246 31.7 17.3

VI Humid to sub-tropical 800-1000 1400 47.2 4.0

Sub Zone IV : Dumka, Deoghar, Godda, Sahebganj, Pakur, Hazaribag, Koderma, Jamtara, Chatra, 
Giridih, Dhanbad, Bokaro and 2/3rd of Ranchi.

Sub Zone V : Palamau, Latehar, Lohardaga, Garhwa, Gumla, Simdega and 1/3rd of Ranchi.

Sub Zone VI : East Singhbhum, West Singhbhum and Saraikela Kharsawa.

Important characteristics of the three subzones are:

Sub zone IV

Erratic behaviour of monsoon ●

Poor irrigation facilities ●

Poor soil fertility ●

Low water retentive capacity of the soil  ●

Sub zone V

Late arrival and early cessation of monsoon ●

Erratic/uneven distribution of rainfall ●

Low water retentive capacity of soils and poor fertility. ●

Lack of soil and water conservation practices ●

Low level of balanced nutrients and inappropriate method of application. ●

Sub zone VI

Uneven distribution of rainfall ●

Low water holding capacity ●

Eroded soils ●

Poor fertility of soil. ●

The Soil
Three soil orders namely Entisois, Inceptisols and Alfisols were observed in different districts of Jharkhand 
(Table 9.3). Alfisols were the dominant soils covering 54.0 per cent of TGA followed by Inceptisols (24.4%) 
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and Entisols (19.4%). Vertisol is only present in Pakur district to an extent of 0.6 per cent of TGA of the 
district.

Red soils are common and found all over the granite and geneissic plateau surface. These soils are mostly 
observed in a catenary sequence. The soils of upland are usually, shallow to medium depth, reddish in colour, 
low base exchange capacity, acidic in reaction (5.0 to 5.6) poor in fertility status, well to excessively drained, 
prone to erosion with low water holding capacity and high permeability. The soils become heavier in texture 
down the catena and down the profile, colour changes from reddish yellow to yellow and yellowish grey. In 
lowland (Don soils) soils are grey almost neutral in reaction, high clay content and high fertility status. The 
upland soils are generally Lithic Haplustalfs, Rhodustalfs and medium sloped soil (Haplustalfs and Typic 
paleustalfs).

Table 9.3 : Soil order and their extent in different districts of Jharkhand

% Total Geographical Area
District Alfisol Inceptisol Entisol Vertisol Miscellaneous

Bokaro 62.0 21.4 12.7 3.9
Chatra 52.2 13.0 33.9 0.9
Deogarh 50.0 42.0 6.3 1.7
Dhanbad 69.7 7.6 18.1 4.6
Dumka 43.9 43.8 10.0 2.3
East Singhbhum 71.4 12.8 13.4 2.4
Garhwa 54.5 14.7 29.7 1.1
Giridih 69.6 18.4 16.9 1.1
Godda 43.1 39.4 15.7 1.8
Gumla 42.8 40.3 16.2 0.7
Hazaribagh 71.9 7.8 18.1 2.2
Jamtara 50.8 39.3 6.6 3.3
Koderma 41.4 34.6 22.9 1.1
Latehar 63.7 7.2 28.2 0.9
Lohardaga 52.6 25.1 21.1 1.2
Pakur 80.4 17.0 0.0 0.6 2.0
Palamu 53.9 20.0 21.5 4.6
Ranchi 71.0 17.2 9.6 2.2
Sahibganj 41.3 36.7 10.5 11.5
Saraikela 53.8 26.5 17.4 2.3
Simdega 27.0 37.8 34.2 1.0
West Singhbhum 31.1 33.2 34.8 0.9
Jharkhand 54.0 24.4 19.4 0.014 2.1
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Soil Characteristics in topo sequence
Some of the major characteristics of a soil in topo sequence are as follows:

Uplands
1.  Red, brownish red in colour

2.  Light textured

3.  Well drained

4.  Acidic soil reaction

5.  Poor in organic carbon, nitrogen, calcium, magnesium, phosphorus and sulphur.

Medium land
1.  Yellow, yellowish in colour

2.  Light to medium textured

3.  Moderately acidic

4.  Poor in nitrogen, calcium, magnesium, organic matter.

Low land
1.  Grey or greyish in colour

2.  Heavy textured

3.  Neutral to slightly alkaline soil reaction

4.  Poorly drained

5.  Medium in nitrogen and organic matter.

Soil problems and potentials

Soil acidity
Soil acidity is a limiting factor for crop production particularly for legumes oil seeds, maize, wheat and 
vegetables etc. The problem of acidity is likely to increase due to erosion of surface soil and use of only 
nitrogenous fertilizers by the farmers.

Table 9.4 : Distribution and extent of soil acidity in districts of Jharkhand

District

Very strongly to 
strongly acidic 

(pH<5.5)

Moderately acidic to 
slightly acidic 
(pH 5.5 - 6.5)

Neutral (pH 6.6-7.3)

Area 00’ ha %TGA Area 00’ ha %TGA Area 00’ ha % TGA
Bokaro 1989.0 69.5 701.0 24.5 59.0 2.1
Chatra 731.0 19.8 1720.0 46.4 654.0 17.6
Deogarh 953.0 38.5 1411.0 56.9 73.0 2.9
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Dhanbad 1252.0 60.0 691.0 33.1 46.0 2.2
Dumka 2139.0 48.5 1872.0 42.1 215.0 4.9
East Singhbhum 2552.0 72.2 732.0 20.8 140.0 3.9
Garhwa 222.0 5.5 1518.0 37.5 1105.0 27.3
Giridih 2771.0 56.1 1808.0 36.6 306.0 6.2
Godda 596.0 28.3 1183.0 56.1 197.0 9.3
Gumla 3691.0 69.4 1463.0 27.5 127.0 2.4
Hazaribagh 2664.0 52.7 1788.0 35.5 439.0 8.7
Jamtara 1158.0 64.3 428.0 23.7 97.0 5.4
Koderma 623.0 25.9 1328.0 55.1 333.0 13.8
Latehar 70.0 15.9 581.0 59.9 740.0 20.2
Lohardaga 1068.0 71.6 404.0 27.1 - -
Pakur 731.0 40.5 873.0 48.4 118.0 6.5
Palamu 229.0 4.5 2182.0 43.3 1369.0 27.1
Ranchi 5637.0 73.2 1788.0 23.2 90.0 1.2
Sahibganj 350.0 21.9 656.0 41.0 234.0 14.6
Saraikela 1828.0 67.1 790.0 29.0 43.0 1.6
Simdega 2750.0 73.2 969.0 25.8 - -
West Singhbhum 5277.0 73.5 1612.0 22.4 162.0 2.3
Jharkhand 37879.0 47.5 28844.0 36.2 6627 8.0

Based on the analysis of over 12,000 soil samples of the 22 districts of Jharkhand it was found that soils of 
about 49 per cent of the total geographical area (TGA) of the state are extremely acidic to strongly acidic 
(pH<5.5); about 36 per cent area suffering from moderate to slightly soil acidity (pH 5.6 to 6.5) whereas 
neutral soils (pH 6.6 to 7.3) accounts for only about 8 per cent of the TGA (Table 9.4) From the present study 
it becomes evident that soil acidity was the core problem in getting optimum agriculture production.

Soil physical conditions

Some major soil physical constraints are:

Light to coarse textured soil with high permeability and low water holding capacity. ●

 Shallow soil depth at places ●

 Surface encrustation ●

 Moderate to severe erosion hazard ●

 High bulk density and low Available Water Capacity (<150 mm) ●

 Undulating topography ●

 Crust formation on the surface of ploughed layer ●
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Soil erosion
The land surface being uneven are subject to sheet and gully erosion, causing loss of soil and plant 
nutrients. About 23 lakh hectares are subjected to severe erosion every year. Checking soil erosion by 
adopting soil conservation measures should be the most important step to check land degradation.

Soil nutrient status
Jharkhand soil in general, are low to very low in available phosphorus and sulphur, medium in available 
nitrogen & potassium status and deficient in available boron. Available macro and micronutrients in 
different categories of soil fertility have been presented in Table 9.5, 9.6 & 9.7

The organic carbon content of soils of about 47 per cent of TGA are low to medium (<0.5% to  ●
0.75%)

Soils of majority area (about 70% of TGA) of the state have medium status of available nitrogen  ●
(280 to 560 kg/ha) and about 19.6 per cent area have low available N content (<280 kg/ha).

Soils of about 66 per cent area are low (<10 kg/ha) in available phosphorous content while about  ●
28 per cent area are found to be medium (10-25 kg/ha) in available P content.

Most of the soils (about 51% of TGA) have medium potassium content and about 18 per cent are  ●
low below 108 kg/ha) in available potassium content.

Soils of about 38 percent area are low (<10 mg/kg) wheare as soils of about 31 pre cent are  ●
medium (10-20 mg/kg) in available sulphur content.

The DTPA extractable micronutrient status revealed that based upon the critical limits :

All the soils are sufficient in iron (>4.5 mg/kg) and manganese (>2.0 mg/kg) ●

Soils of about 7 per cent area are deficient in available zinc (<0.5 mg/kg) ●

Soils of about 4 per cent area are deficient in available copper (<0.2 mg/kg). ●

Soils of about 45 per cent of the state are found to be deficient in available boron (<0.5 mg/kg). ●

Table 9.5 : District wise fertility status of Jharkhand soils.

District
Nitrogen (%) Phosphorus (%) Potassium (%)

L M H L M H L M H

Bokaro 14.3 57.6 24.2 66.0 30.1 0.0 21.5 57.9 16.7

Chatra 20.7 63.1 15.3 78.3 20.5 0.3 7.3 49.6 42.2

Deogarh 33.9 56.1 8.3 12.8 54.8 30.7 10.7 26.7 60.9

Dhanbad 4.1 74.2 17.0 68.8 26.5 0.0 48.4 37.9 9.0

Dumka 15.7 74.7 7.3 53.4 30.7 13.6 11.8 42.1 43.8

East Singhbhum 8.6 83.9 5.1 88.7 8.9 0.0 35.0 53.0 9.6

Garhwa 16.6 73.7 8.6 36.6 48.8 13.5 8.6 65.1 25.2

Giridih 8.3 82.4 8.2 79.0 19.8 0.1 19.2 43.7 36.0
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Godda 1.8 88.7 7.7 92.2 6.0 0.0 25.5 58.6 14.1

Gumla 33.3 64.8 1.2 80.4 18.0 0.9 17.5 57.8 24.0

Hazaribagh 17.9 69.4 10.5 57.8 38.5 1.5 11.6 48.1 38.0

Jamtara 20.2 76.5 0.0 73.1 23.6 0.0 21.3 61.3 14.1

Koderma 22.1 62.1 14.7 76.8 22.1 0.0 22.0 32.8 44.1

Latehar 24.3 63.1 11.7 46.3 46.7 6.1 9.2 42.0 47.9

Lohardaga 72.6 25.7 0.4 15.6 19.3 63.8 25.8 47.1 25.8

Pakur 3.1 87.9 7.0 75.3 22.5 0.2 25.1 46.3 26.6

Palamu 15.8 68.3 11.3 46.8 43.4 5.2 5.5 55.9 34.0

Ranchi 26.1 67.2 4.5 40.1 56.2 1.5 13.0 57.1 27.7

Sahibganj 8.1 66.1 17.5 70.9 21.2 0.0 26.6 41.2 24.3

Saraikela 12.4 80.2 5.1 94.9 2.7 0.1 27.4 64.8 5.5

Simdega 56.6 41.6 0.8 90.5 8.2 0.3 6.1 43.9 49.0

West Singhbhum 5.8 86.4 6.9 95.3 3.8 0.0 30.9 57.3 10.9

Jharkhand 19.6 70.0 8.3 65.8 27.7 4.5 17.9 50.9 29.2

Table 9.6 : District wise fertility status of Jharkhand soils.

District
Organic carbon (%) Available Sulphur (%)

Low Medium High Low Medium High
Bokaro 15.9 14.8 65.4 28.3 30.4 37.4

Chatra 26.2 35.8 37.1 28.1 38.3 32.7
Deogarh 29.9 20.5 47.9 35.3 21.5 41.5
Dhanbad 4.5 7.4 83.4 13.9 31.7 49.7
Dumka 24.6 25.3 47.8 42.2 44.3 11.2
East Singhbhum 9.9 26.1 61.6 46.6 31.3 19.7
Garhwa 15.0 37.1 46.8 29.5 31.3 38.1
Giridih 35.4 23.5 40.0 25.2 23.7 50.0
Godda 2.7 11.7 83.8 36.6 42.1 19.5
Gumla 37.3 33.5 28.5 34.8 35.1 29.4
Hazaribagh 15.9 17.4 64.5 33.8 30.4 33.6
Jamtara 24.6 24.7 47.4 25.8 39.7 31.2
Koderma 30.6 16.1 52.2 33.1 19.1 46.7
Latehar 22.1 21.2 55.9 70.9 25.7 2.5
Lohardaga 37.6 28.2 32.9 77.9 20.4 0.4
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Pakur 8.6 20.9 68.5 42.2 41.4 14.4
Palamu 15.4 37.4 42.6 20.4 26.1 48.9
Ranchi 25.3 28.7 43.8 36.7 30.5 30.6
Sahibganj 11.6 15.8 64.7 56.3 19.5 16.3
Saraikela 15.1 22.2 60.4 40.9 26.2 30.6
Simdega 46.2 39.4 13.4 25.8 42.3 30.9
West Singhbhum 9.8 21.6 67.7 61.6 28.9 8.6
Jharkhand 21.8 25.6 50.6 38.0 31.1 28.8

Table 9.7 : District wise micronutrient status of Jharkhand soils.

District
Zinc (%) Copper (%) Boron (%)

Deficient Sufficient Deficient Sufficient Deficient Sufficient
Bokaro 1.1 95.0 4.7 91.4 22.5 73.6
Chatra 7.2 91.9 1.5 97.6 35.4 63.7
Deogarh 6.6 91.7 7.5 90.8 45.1 53.2
Dhanbad 2.1 93.2 0.3 95.0 9.1 86.2
Dumka 6.7 91.0 5.5 92.2 27.3 70.4
East Singhbhum 1.1 96.5 0.9 96.7 77.3 20.3
Garhwa 3.9 95.0 4.5 94.4 70.8 28.1
Giridih 14.7 84.2 9.9 89.0 46.6 52.3
Godda 8.7 89.5 0.7 97.5 24.7 73.5
Gumla 0.7 98.6 2.4 96.9 48.8 50.5
Hazaribagh 4.2 93.6 5.5 92.3 38.9 58.9
Jamtara 3.8 92.9 0.9 95.8 23.0 73.7
Koderma 16.9 82.0 9.9 89.0 23.9 75.0
Latehar 3.5 95.6 6.9 92.2 84.5 14.6
Lohardaga 13.8 84.9 16.8 81.9 71.5 27.2
Pakur 13.5 84.5 0.7 97.3 27.2 70.8
Palamu 9.7 85.7 1.3 94.1 67.7 27.7
Ranchi 4.1 93.7 5.6 92.2 42.8 55.0
Sahibganj 2.3 89.8 1.8 90.3 38.5 53.6
Saraikela 3.6 94.1 5.4 92.3 54.9 42.8
Simdega 0.4 98.6 2.3 96.7 45.7 53.3
West Singhbhum 5.5 93.6 2.2 96.9 38.0 61.1
Jharkhand 7.4 90.6 4.3 93.6 44.5 53.4
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Some soil related common problems alongwith their diagnosis and recommendations to overcome them have 
been given in Table 9.8

Table 9.8 : Some common soil related problems in Jharkhand

S.N. Soil related problem Diagnosis Recommendation

1. Acidic soils giving low yields of 
pulses, oilseeds, vegetables

Deficiency of calcium Furrow application of 2 to 4 quintals 
of lime/ha. Dose to be based on soil 
pH and texture

2. Poor yield of pulses, oilseeds in 
upland/medium lands

Problem of Sulphur & 
Phosphorus in soil

Application os SSP @ 40 to 60 kg 
P2O5/ha. Organic manure application 
in soils.

3. Poor growth of Mize/Ragi/pulses 
in uplands/medium land

Low availability of 
phosphorus in soil

Liberal application of DAP/SSP in 
soil, based on soil tests.

4. General yellowing of crops Poor status of available 
nitrogen in soil

Organic manuring & urea/DAP 
application. Split appliation on N in 
crops.

5. Burning of leaf margins/poor 
growth of leaves/stunting

Low status of available 
potassium in soil

Application of 40 to 60 kg K2O/ha as 
MOP in soil at sowing/ transplanting

6. Poor growth of Cruciferous 
vegetables in vegetables growing 
areas

Deficiency of Boron in soil 10 kg Borax or 7 kg granubor 
application in soil. Foliar spray of 
0.2% Borax or Boric acid in standing 
crop.

7. Acidic upland soils growing poor 
quality vegetable crops.

Deficiency of Molybdenum 
in soil

1 to 1.5 kg Mo/ha as Sodium or 
Ammonium Molybdate. Foliar spray 
of 0.01 to 0.05% Amon. Molybdate 
in standing crop is effective.

Managing Acid Soils: 
It is estimated that about 10 lakh hectares of land have soil pH <5.5 which comprise of about 50% of the 
cultivated area of Jharkhand. Soil acidity is a limiting factor for crop production particularly for legumes, 
oilseeds, maize, wheat, vegetable and fruits etc. The problem of acidity is likely to increase due to erosion of 
surface soil and use of excessive nitrogenous fertilizers by farmers.

Water is one of the most important constraints for agriculture in the state. Rain water harvesting, ground water 
recharge & managing excess water in medium and lowlands are some of the critical issues which need large 
scale adoption by farmers.

Adoption of integrated plant nutrient management technologies, acid soil management, remediation of polluted 
soils & improving quality of organic manures are extremely important from the point of view of success of 
Agriculture in Jharkhand in years ahead.
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Constraints of crop production in acid soils
Low cation exchange capacity ●
Poor base saturation ●
Deficiency of exchangeable Ca & Mg ●
Toxicity of Fe & Al ●
Higher P fixation ●
Poor biological activity of soils ●
Soil erosion ●

To enhance the productivity of acid soils, the strategies are:
Ameliorating Soil acidity ●
Adding Fertilizers to ensure adequate supply of nutrients to crops. ●

Factors affecting reaction of lime in acid soils:
Required change in pH ●
Buffer capacity of soil ●
Chemical composition of liming material  ●
Fineness of the liming material ●

Technology for Acid Soil Management
Land Situation
Rainfed uplands/Rainfed medium land/irrigated upland or medium land with pH<5.50

Lime application rate
Furrow application of 2 to 4 q ha-1 (SMP method of determination of lime requirement of soils should 
be adopted by STLS).

Source of Lime
Calcite, dolomite, Basic slag or any other source available locally in finely ground form.

Method of lime application
Application of lime in furrows to be done along with basal dose of fertilizers (part of N+ Full dose of P 
and K) before sowing of seeds.

Balanced dose of NPK to be used. In irrigated area, full recommended dose of NPK for crops and in 
rainfed areas 50 to 75% of the recommended NPK fertilizers.

Crops & Crop sequence
Liming should be done for each crop. In line sown crop, the dose of lime or any soil ameliorant may be 2 to 4 
ha -1 depending on soil texture and pH.

Choice of crops will depend on the location/farmers preference.
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Nutrient Management
In general, the productivity of crops in the State is very low. Current estimates of nutrient balance show that 
the NPK requirement is 0.246 Mt in cropped areas, but nutrient addition is only 0.18 Mt of NPK annually 
(0.12, 0.045 and 0.015 Mt of N, P2O5 and K2O, respectively) resulting in a negative nutrient balance. With the 
formation of the new State, the consumption of fertilizers in the State recorded an increase of 10.3 % from 123.5 
thousand tonnes during 2004-05 to 136.2 thousand tonnes during 2005-06. It is encouraging that research and 
extension efforts of the Birsa Agricultural University has brought good results and NPK use ratio has narrowed 
from 17.4 : 9.8 : 1 during 2004-05 to 12.1:5.6:1 in 2005-06. The per hectares consumption of fertilizer nutrient 
also increased from 59.1 kg during 2004-05 to 65.2 kg during 2005-06, showing a healthy trend.

Fertilizer has remained the key and costliest input in increasing the food grain production. Its management in 
soil acidity and poverty prone State of Jharkhand is essential to achieve a sustained higher level of agricultural 
production.

Nitrogen is universally deficient in the State and treated synonym to fertility as evident from the NPK ratio 
of nutrient use. But, extensive field trials on nutrient response and soil tests indicate emerging problems of 
secondary and micronutrients. Some of these are listed in Table 9.9.

Table 9.9 : Important nutrient deficiency problems identified in crops and cropping system in 
Jharkhand

System/Area Nutrient deficiency problem

Intensively vegetable growing areas Boron, Calcium, Sulphur & Molybdenum

Rice-fallow Phosphorus, Potassium

Soybean-Wheat, Groundnut-Wheat, Rice - Pea Phosphorus, Sulphur, Calcium

Groundnut + Pigeonpea Phosphorus, Calcium, Boron

Rice - Vegetable Potassium

Maize-wheat Nitrogen, Phosphorus

Using Right Fertilizers

Nitrogen

a.  Ammonium sulphate or ammonium chloride is not a right choice in acidic soils having pH<5.5.

b.  The N use efficiency from ammonical and amide sources do not differ significantly when soil is 
not much acidic.

c.  For upland acidic soils where pulses & oilseeds are grown urea is the preferred N-source.

 However, the acceptability of fertilizer source depends on cost per unit of plant nutrient contained 
in it.

d.  Hardly there is any choice of nitrogen sources for wheat. But, CAN proved to be a better source 
of N over others.

e.  For rice, ammonical or amide form is preferred over nitrate sources.
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f.  Avoid nitrate fertilizers for basal application to rice crop.

g.  Ammonium sulphate is a better source of nitrogen in potato in slightly acidic soil.

h.  CAN is a better source of nitrogen in growing groundnut in upland acidic soils.

Phosphorus

a.  SSP and DAP are excellent sources of phosphorus in short duration crops but single super 
phosphate has shown promise in increasing the yield of oilseed and pulses. 

b.  Use rock phosphate as a source of phosphorus in acid soils:

 Acidic soils of Jharkhand are deficient in available phosphorus. Fixation of added phosphorus 
ranges from 46-80 per cent. Use of rock phosphate in acidic soils is recommended. Technique of 
rock phosphate application in acidic soils of Jharkhand as a source of phosphorus for crops are:

 Apply rock phosphate by broadcast method at the time of final preparation of land for sowing. The 
dose should be 2.5 times the recommend dose of phosphate in strongly acidic soil (pH<5.5). This 
technique has shown promise in rice as well as long duration crop like Pigeonpea as well as for 
fruit crops having long gestation period.

 Or
 Apply mixture of rock phosphate and water soluble P sources (SSP, TSP or DAP) in furrows at 

time of sowing so that 2/3rd of recommended dose of phosphate is supplied by rock phosphate 
and 1/3rd by super phosphate. This is suitable for moderately acidic soil.

 Or
 Broadcast the recommended dose of phosphate as rock phosphate 20-25 days before sowing 

provided there is sufficient moisture in soil or where compost/FYM has been applied.

c.  Citrate soluble P sources such as Dicalcium phosphate and basic slag at equal phosphorus level 
performed better than water soluble sources (SSP or TSP) in acid soils.

Prefer Single Super Phosphate to Diammonium phosphate in case of oilseed and pulse crop.

Over 50.5 per cent soils of Jharkhand are deficient in sulphur. Oilseeds and pulses need relatively 
large quantity of sulphur, it is advisable to use Single Super Phosphate (SSP) rather than diammonium 
phosphate (DAP) as former contains 12 per cent sulphur.

Relative performance of sulphur sources

Optimum rates of sulphur application is 40-60 kg ha-1 in oilseed (niger, mustard, groundnut), 20-30 
kg S ha-1 in pulses (black gram and lentil) and 40 kg S ha-1 in vegetables (cowpea, frenchbean, onion 
and garlic) depending on the soil test value. To meet the requirement of sulphur, different sources of 
sulphur can be used such of gypsum (14-20% S), phosphogypsum (16-20%S), SSP (12%S) and pyrite 
(22%S). Gypsum is an effectives source for groundnut due to Ca which helps in pod formation. Pyrite 
application is advocated as broadcast 3-4 weeks before sowing of crop in order to provide sufficient time 
for oxidation. The residual effect of pyrite was better than other sources.
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