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4.0 OBJECTIVES

After studying this unit, you should be able to:

e explain the meaning, groups, and components of soil fertility;

e identify the status and causes for the decline in soil fertility of Indian
soils;

e describe the essential plant nutrients, their movement in the soil, and

uptake by plants;

e explain the soil fertility assessment and maintenance under the Indian
situation; and

e identify various nutrient sources available in India under integrated
nutrient management.

4.1 INTRODUCTION

The decline in soil fertility is a major concern to the farmers, especially under
intensive cropping systems. Proper soil fertility builds a solid foundation for



optimum yields. A sound soil fertility management is not an on-again-off-
again practice, but rather a long-term investment. Therefore, soil fertility
should be managed to get sustained crop production.

Soil fertility is a component of overall soil productivity that deals with its
available nutrient status, and its ability to provide nutrients out of its reserves
and through external applications for crop production. The declining soil
fertility is a threat to sustainable crop production. It is quite pertinent to
understand the reasons that reduce soil fertility. It is important to note that
soil productivity is the crop-yielding ability of soil from a unit area. Soil
fertility is vital to productive soil but, fertile soil is not always a productive
one. Poor drainage, weeds, insects, diseases, drought, and other factors can
limit productivity even when fertility is adequate. Fertile soils are not always
highly productive, but productive soils are always fertile.

4.2 SOIL FERTILITY

Soil fertility is the overall ability of a soil to support vigorous crop growth by
ensuring adequate plant nutrients and suitable conditions for water uptake,
and by providing favourable conditions for root growth and development. “In
other words” a fertile soil is one that contains an adequate supply of all the
nutrients required for the successful production of plant life. Fertile soil is
essential for optimum productivity, profitability, and, yes, even protection of
groundwater quality and soil from erosion.

A. Soil fertility groups: Soil fertility is divided into 3 groups, i.e. physical,
chemical, and biological soil fertility, which are interrelated with each
other. Better management of physical and chemical soil fertility
improves soil biological fertility, which in turn can be further enhanced
by good agronomic/ cultural practices. Hence, soil fertility is a key to
sustainable agriculture (Figure 4.1).
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Fig. 4.1: Relationship of soil fertility to sustainable agriculture

1. Biological soil fertility: The capacity of organisms living in the soil to
contribute to the nutritional requirements of plants and foraging animals
for productivity, reproduction, and quality while maintaining biological
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B.

processes that contribute positively to the physical and chemical state of
the soil.

Chemical soil fertility: The capacity of soil to provide a suitable
chemical and nutritional environment for plants and foraging animals for
productivity, reproduction, and quality in a way that supports beneficial
soil physical and biological processes, including those involved in
nutrient cycling.

Physical soil fertility: The capacity of soil to provide physical
conditions that support plant productivity, reproduction, and quality
without leading to loss of soil structure or erosion and supporting soil
biological and chemical processes.

Components of soil fertility:

Soil fertility has the following important components:

1.

3.

Soil depth: It determines the volume of soil accessible to the root
system. Most arable crops prefer about one meter without any
obstructing layer.

Soil structure: It is based on the size distribution and aggregation of soil
particles. This determines the distribution of pore sizes which is decisive
for the supply of air and water to the roots.

LA LU LALL

Fig. 4.2: Different kinds of soil structure

Soil texture: It designates the proportion of different particle size
fractions in the soil. Of special importance to soil fertility is the
percentage of soil particles of less than 2 mm in diameter, which
constitutes fine soil. Soil texture influences to a large extent several
components of soil fertility such as the amount of nutrient reserves and
their proportion to the available nutrient fraction. It also influences
several properties such as aeration, pore space distribution, Water
holding capacity (WHC), and drainage characteristics.

Content of nutrients: with different degrees of availability.
Storage capacity: for soluble nutrients from the soil and fertilizers.

Soil pH/ reaction: an indicator and regulator of chemical processes and
availability of nutrients.

Content of detrimental or toxic substances: either naturally occurring
(e.g. salts in saline soils, aluminium in extremely acidic soils) or man-
made (e.g. from pollution).



8. Quantity and activity of soil organisms: as agents of transformation
processes.

9. Soil organic matter (SOM): It promotes the physical, chemical, and
biological properties of soil.

4.3 SOIL FERTILITY STATUS OF INDIAN SOILS

India is largely a tropical country; hence, the organic carbon (C) content of
the soils is low. Most of the nitrogen in the soil is present in organic forms.
The faster decomposition of organic matter leads to a release of nitrogen,
which is removed by the plants or lost to the environment. Therefore, the
deficiency of N is universal in India. Most of the Indian soils are low to
medium in available phosphorus. Due to intensive cropping and no
replenishment, K deficiency has also become widespread in the country.
Among the micronutrients, the deficiency of zinc is the most acute, followed
by boron. There is a need to correct the deficiency of all these nutrients.

A. Causes for decline in soil fertility:
The causes of reduced soil fertility are given below.

1. Loss of topsoil by erosion: The topsoil is rich in nutrients and organic
matter. Loss of the fertile topsoil components through erosion by water
and wind results in decreased fertility.

2. Nutrient mining: The removal of more nutrients by crops than added
through manures or fertilizers is called nutrient mining or depletion.
Nutrient mining gets accelerated by imbalanced fertilization.

3. Physical degradation of soil: Physical degradation of soil (poor
structure, compaction, crusting, and waterlogging) reduces its fertility.
Degraded soil harms root growth.

4. Decrease in organic matter content and soil bioactivity: The
decreased levels of organic matter cause a strong reduction in soil
fertility as it plays several roles in soil. Decreased organic matter levels
also result in poor physical, chemical, and biological properties.

5. Loss of nutrients through various routes: Ammonia volatilization
from urea and some ammonium-containing fertilizers result in losses of
nitrogen from the soil.

6. Soil acidification, salinization, and alkalinization: Acidification,
salinization, or alkalinization causes a reduction in soil fertility, and
eventually leads to problems of nutrient deficiencies, toxicities, and
imbalances.

7. Inefficient soil management: Poor or inefficient soil management
results in decreased soil fertility. Improper crop rotations may decrease
soil fertility tremendously. Excessive soil tillage leads to erosion of the
soil, which leads to reduced soil fertility.

8. Soil pollution: Soil pollution caused by indiscriminate use of
agrochemicals and heavy metals reduces the fertility of the soil by
affecting the soil's biological properties.
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Check Your Progress Exercise 1
Note: a) Use the spaces given below for your answers.
b) Check your answer with those given at the end of the unit.

1. What do you mean by soil fertility?

2. What are the three important groups of soil fertility?
3.  What is soil productivity?

4.4 ESSENTIAL PLANT NUTRIENTS: MACRO
AND MICRO NUTRIENTS

Plants need water, air, light, suitable temperature, and seventeen nutrients to
grow. Plants contain practically all natural elements but need only 17 for
good growth. Essential plant nutrients absorbed by plants are necessary for
the completion of their normal life cycle. These include C, H, O, N, P, K, Ca,
Mg, S, Cu, Fe, Zn, Mn, B, CI, Ni, and Mo. Plants get carbon, hydrogen, and
oxygen from air and water. The other fourteen nutrients come from the soil.
Nutrients are divided into two groups (macro and micro-nutrients) according
to the amounts needed by plants. Some other mineral nutrient elements, e.g.
Na, Si, Co, have a beneficial effect on some plants but are not essential.



A total of only 17 elements are essential for the growth and full development
of higher green plants according to the criteria laid down by Arnon and Stout
(1939). These criteria are:

e A deficiency of an essential nutrient makes it impossible for the plant to
complete the vegetative or reproductive stage of its life cycle.

e Such deficiency is specific to the element in question and can be
prevented or corrected only by supplying this element.

e The element is involved directly in the nutrition of the plant quite apart
from its possible effects in correcting some unfavourable microbiological
or chemical conditions of the soil or other culture medium.

4.4.1 Classification of Essential Plant Nutrients

Out of the 17 essential elements, carbon (C) and oxygen (O) are obtained
from the gas CO,, and hydrogen (H) is obtained from water (H,O). These
three elements are required in large quantities for the production of plant
constituents such as cellulose or starch. Hence, many times referred to as
framework elements.

The other 14 elements are called mineral nutrients because they are taken up
in mineral (inorganic) forms. They are traditionally divided into two groups,
macronutrients, and micronutrients, according to the relative amounts
required. Regardless of the amount required, physiologically, all of them are
equally important. The 14 mineral elements are taken up by plants in specific
chemical forms regardless of their source. Oxygen, carbon, and hydrogen
make up 95 per cent of plant biomass, and the remaining 5 per cent is made
up of all other elements. The difference in plant concentration between
macronutrients and micronutrients is enormous. The relative contents of N
and molybdenum (Mo) in plants are in the ratio of 10,000:1. Plants need
about 40 times more magnesium (Mg) than Fe. These examples indicate the
significant difference between macronutrients and micronutrients.

Macronutrients are nitrogen (N), phosphorus (P), potassium (K), calcium
(Ca), magnesium (Mg), and sulphur (S). The one or two letter symbol in
parentheses is the universal chemical symbol for that nutrient. N, P, and K
are often referred to as primary nutrients and are the most common elements
found in commercial fertilizers. Ca, Mg, and S are referred to as secondary
nutrients and are also found in fertilizers and soil amendments.
Micronutrients include iron (Fe), manganese (Mn), zinc (Zn), boron (B),
copper (Cu), chloride (Cl), molybdenum (Mo), and nickel (Ni).

Cobalt (Co), sodium (Na), vanadium (V), and silicon (Si) are sometimes
designated as beneficial plant nutrients. They are not required by all plants
but appear to benefit certain groups of plants or plants growing under specific
conditions. Cobalt is required for nitrogen fixation in legumes. Sodium and
vanadium benefit some plants although they can complete their life cycle
without them. Silicon is found in plant cell walls and appears to produce
tougher cells. This increases the resistance of these plants to piercing and
sucking insects and decreases the spread of fungal diseases. The
classification of 17 essential nutrients is given in the following figure.
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Fig. 4.2: Essential plant nutrients.

Some microelements can be toxic for plants at levels only somewhat higher
than normal. In the majority of cases, this happens when the pH is low to
very low. Aluminium and manganese toxicity are the most frequent ones, in
direct relation to acid soils.

4.4.2 Role of Essential Plant Nutrients

Essential plant nutrients play a variety of roles/functions in plants. The
important roles of different plant nutrients are described below:

1. Nitrogen (N): N is a part of chlorophyll (the green pigment in leaves)
and is an essential constituent of all proteins. It is responsible for the
dark green colour of stems and leaves, vigorous growth, branching/
tillering, leaf production, size enlargement, and yield formation.

2. Phosphorus (P): It is essential for growth, cell division, root
lengthening, seed and fruit development, and early ripening. It is a part
of several compounds including oils and amino acids. The P compounds
adenosine diphosphate (ADP) and adenosine triphosphate (ATP) act as
energy carriers within the plants.

3. Potassium (K): K is involved in the working of more than 60 enzymes,
in photosynthesis and the movement of its products (photosynthates) to
storage organs (seeds, tubers, roots, and fruits), water economy, and
providing resistance against several pests, diseases, and stresses (frost
and drought).

4. Calcium (Ca): It is a part of the architecture of cell walls and
membranes. It is involved in cell division, growth, root lengthening, and
82 activation or inhibition of enzymes.
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Magnesium (Mg): Mg occupies the centre spot in the chlorophyll
molecule and, thus, is vital for photosynthesis. It is associated with the
activation of enzymes, energy transfer, maintenance of electrical balance,
production of proteins, metabolism of carbohydrates, etc. Mg is mobile
within the plants.

Sulphur (S): It is a part of the amino acids cysteine, cystine, and
methionine. Hence, it is essential for protein production. S is involved in
the formation of chlorophyll and the activation of enzymes.

Boron (B): Key roles of B relate to (i) membrane integrity and cell-wall
development, which affect permeability, cell division, and extension; and
(1) pollen tube growth, which affects seed/fruit set and, hence, yield.

Chlorine (CI): It is thought to be involved in the production of oxygen
during photosynthesis, in raising cell osmotic pressure, and in
maintaining tissue hydration.

Copper (Cu): Cu is involved in chlorophyll formation and is a part of
several enzymes such as cytochrome oxidase. It participates in lignin
formation, protein, and carbohydrate metabolism, and is possibly
required for symbiotic N fixation.

Iron (Fe): It plays a role in the synthesis of chlorophyll, carbohydrate
production, cell respiration, chemical reduction of nitrate and sulphate,
and N assimilation.

Manganese (Mn): It is known to activate several enzymes and functions
as an auto-catalyst. It is essential for splitting the water molecules during
photosynthesis. Mn is also important in N metabolism and CO,
assimilation.

Molybdenum (Mo): Mo is involved in several enzyme systems,
particularly nitrate reductase, which is needed for the reduction of
nitrate, and nitrogenase, which is involved in BNF.

Zinc (Zn): It is required directly or indirectly by several enzyme
systems, auxins, and protein synthesis, seed production, and rate of
maturity. Zn is believed to promote RNA synthesis, which in turn is
needed for protein production.

Nickel (Ni): Ni is a part of the enzyme urease, which breaks down urea
in the soil. It also plays a role in imparting disease resistance and is
considered essential for seed development.

4.4.3 Deficiency/Toxicity Symptoms of Essential Plant

Nutrients

Plants show different shades of greenness, but a medium to dark green colour
is usually considered a sign of good health and better growth. Chlorosis or
yellowing of leaf colour can be a sign of a marginal deficiency and is often
related to retarded growth. Chlorosis may be caused by a lower content of
chlorophyll. A severe deficiency may result in the death of the tissue
(necrosis). Necrotic leaves cannot be recovered by the addition of the missing
nutrients, but the plant may survive by forming new leaves. Deficiency
symptoms can serve as a guide for diagnosing limiting nutrients and the need
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essential nutrients in plants are given below:

1. Nitrogen: N is mobile in the phloem and therefore it can be re-
translocated from older to younger leaves under N deficiency. N
deficiency in plants results in a marked reduction in growth rate. In
cereal crops, tillering is poor, and the leaf area is small. As N is a
constituent of chlorophyll, its deficiency appears as yellowing or
chlorosis of the leaves. The effects of N toxicity are less evident than
those of its deficiency. They include prolonged growing (vegetative)
periods and delayed crop maturity. High NH4" in a solution can be toxic
to plant growth, particularly where the solution is alkaline.

2. Phosphorus: P is readily mobile within the plant both in the xylem and
phloem tissues. Plant growth is markedly restricted under P deficiency,
which retards growth, tillering (cereals) and root development and delays
ripening. The deficiency symptoms usually start on older leaves. A
bluish-green to reddish colour develops, which can lead to bronze tints
and red colour. Extremely high levels of P can result in toxicity
symptoms. These generally manifest as a watery edge on the leaf tissue,
which subsequently becomes necrotic.

3. Potassium: The general symptom of K deficiency is chlorosis along the
leaf margins followed by scorching and browning of tips of older leaves.
The affected area moves inwards as the severity of deficiency increases.
K-deficiency symptoms occur in the older tissues because of the mobility
of K. Affected plants have slow and stunted growth, weak stalks,
susceptibility to lodging, greater incidence of pests and diseases, low
yield, shrivelled grains, and in general, poor crop quality.

4. Calcium: Ca is immobile in the phloem, and hence its deficiency is seen
first on growing tips and the youngest leaves. Ca-deficient leaves
become small, distorted, cup-shaped, crinkled, and dark green. They
cease growing, become disorganized, twisted, and, under severe
deficiency, die.

5. Magnesium: As Mg is readily translocated from older to younger plant
parts, its deficiency symptoms first appear in the older parts of the plant.
A typical symptom of Mg deficiency is the interveinal chlorosis of older
leaves in which the veins remain green but the area between them turns
yellow. Leaves are small and break easily (brittle).

6. Sulphur: Unlike N deficiency, S-deficiency symptoms in most cases
appear first on the younger leaves, and are present even after N
application. Plants deficient in S are small and spindly with short and
slender stalks. Their growth is retarded, and maturity in cereals is
delayed. S toxicity can occur under highly reduced conditions, possibly
as a result of sulphide (H,S) injury.

7. Boron: B deficiency usually appears on the growing points of roots,
shoots, and youngest leaves. Young leaves are deformed and arranged in
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stalks, stem, and fruits; thickening of stem and leaves; shortened
internodes, withering or dying of growing points, and reduced bud,
flower, and seed production. B-toxicity symptoms are yellowing of the
leaf tip followed by gradual necrosis of the tip and leaf margins, which
spreads towards the midrib (central vein). Leaves become scorched and
may drop early.

Chlorine: A deficiency of CI leads to chlorosis in younger leaves and
overall wilting as a consequence of the possible effect on transpiration.
Cl-toxicity symptoms are: burning of the leaf tips or margins; bronzing;
premature yellowing; leaf fall; and poor burning quality of tobacco.

Copper: Cu-deficiency symptoms are first visible in the form of narrow,
twisted leaves and pale white shoot tips. At maturity, panicles/ears are
poorly filled and even empty where the deficiency is severe. In fruit
trees, dieback of the terminal growth can occur. Cu-toxicity symptoms
are more variable with species and less established than its deficiency
symptoms.

Iron: Fe deficiency begins to appear on younger leaves first. Otherwise,
its deficiency symptoms are somewhat similar to those of Mn, as both Fe
and Mn lead to failure in chlorophyll production. Yellowing of the
interveinal areas of leaves (commonly referred to as iron chlorosis)
occurs. Fe toxicity of rice is known as bronzing. In this disorder, the
leaves are first covered by tiny brown spots that develop into a uniform
brown colour.

Manganese: Mn-deficiency symptoms resemble those of Fe and Mg
deficiency where interveinal chlorosis occurs in the leaves. However,
Mn-deficiency symptoms are first visible on the younger leaves whereas,
in Mg deficiency, the older leaves are affected first. Mn-toxicity
symptoms lead to the development of brown spots, mainly on older
leaves and uneven green colour.

Molybdenum: Mo deficiency in legumes can resemble N deficiency
because of its role in N fixation. Mo deficiency can cause marginal
scorching and rolling or cupping of leaves and yellowing and stunting in
plants. Yellow spot disease in citrus and whiptail in cauliflower is
commonly associated with Mo deficiency. Fodders containing more than
5 ng/g Mo in the dry matter are suspected to contain toxic levels of Mo
for grazing animals (associated with the disease molybdenosis).

Zinc: The mobility of Zn is low. The rate of Zn mobility to younger
tissue is particularly depressed in Zn-deficient plants. Common
symptoms of Zn deficiency are stunted plant growth; poor tillering
(cereals); development of light green, yellowish, bleached spots;
chlorotic bands on either side of the midrib in monocots (particularly
maize); brown rusty spots on leaves in some crops, which in acute Zn
deficiency as in rice may cover the lower leaves. Zn toxicity can result in
a reduction in root growth and leaf expansion followed by chlorosis.

Nickel: Ni is a part of the enzyme urease, which breaks down urea in the
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soil. It also plays a role in imparting disease resistance and is considered
essential for seed development. Information on various aspects of Ni as a
micronutrient is gradually becoming available.

Beneficial elements:

1. Silicon: In lowland or wetland rice that is low in Si, vegetative growth
and grain production are reduced severely and deficiency symptoms such
as necrosis of the mature leaves and wilting can occur. Similarly,
sugarcane suffers growth reduction under conditions of low Si
availability.

2. Cobalt: It is essential for N-fixing microorganisms, irrespective of
whether they are free-living or symbiotic. Co deficiency inhibits the
formation of leghaemoglobin and, hence, N2 fixation.

4.4.4 Nutrient Mobility and its Effect on Deficiency
Symptoms

Nutrients must come in contact with the root surface. All the mineral
nutrients, in general, are absorbed in ionic forms (Table 4.1).

Table 4.1: Forms of essential elements absorbed by plants

Cation(3") |Cation(2") |Cation(1") |Neutral(0) |Anion(1) |Anion(2)
Macronutrients:
Ca*" K" NO;y HPO,*
Mg NH," H,PO4 SO4*
Micronutrients:
Fe*" Fe*" '‘Mn*', B(OH); Cr MoO,*
Zn2+ Cu2+
Ni2+ ’

While nutrients are transported easily from roots to shoots, their
redistribution from the original place of deposition is more difficult for the
so-called immobile nutrients. In the event of nutrient deficiency, a partial re-
activation is required to supply newly formed leaves from the reserves of
older ones. The relative mobility of a nutrient within the plant helps us
understand the reasons for the differential appearance of nutrient deficiency
symptoms. For example:

Deficiencies indicated by symptoms appearing first on older leaves:

e chlorosis starting from leaf tips later leaves turn yellowish-brown: N;
e reddish discolouration on green leaves or stalks: P;

e leaves with brown necrotic margins, the wilted appearance of plant: K;
e stripe chlorosis, mainly between veins, while veins remain green: Mg;

e spot necrosis: greyish-brown stripe-form spots in oats (grey-speck
disease): Mn;

e dark-brown spots in oats and barley, whitish spots in rye and wheat: Mn.




Deficiencies indicated by symptoms appearing first on younger leaves:

completely yellowish-green leaves with yellowish veins: S;
yellow or pale yellow to white leaves with green veins: Fe;

the youngest leaf with white, withered, and twisted tips (oats and barley).
Cu;

yellowish leaves with brownish spots (part of acidity syndrome): Ca.

4.4.5 Range of Nutrient Supply from Deficiency to Toxicity

The nutrient status of a plant can range from acute deficiency to acute
toxicity. A broad division of nutrient status into three groups namely
deficient, optimal, and excess may be useful for general purposes. For a more
accurate assessment of the nutritional status of plants, a detailed
categorization is required in which six different ranges can be distinguished
(see Figure 4.3):

Acute deficiency: It is associated with definitely visible symptoms and
poor growth. The addition of deficient nutrients usually results in
increased growth and yields.

Marginal or latent deficiency (hidden hunger): It is a small range with
or without visible deficiency symptoms. However, growth and yield are
reduced. An optimal nutrient supply prevents hidden hunger.

Optimal supply: Here all nutrients are at the most desired level. In this
range, healthy green plants, good growth, and high yields with good
quality can be expected. The optimal supply is reached above the critical
concentration, which is generally associated with 90 per cent of the
maximum yield.

Luxury supply: Although there is no definite borderline between
optimal and luxury supply, it is useful to identify this range of
unnecessarily high nutrient supply. Even if there may not be any
negative effects on plant growth or yield, nutrient input is wasted and
product quality, as well as disease resistance, may be reduced especially
in the case of excess N.

Marginal or light (hidden) toxicity: Here the nutrient concentration is
moving towards toxicity. Above the critical toxic concentration, crop
growth and yield start to decrease because of the harmful effects of a
nutrient surplus, or of toxic substances on biochemical processes and
imbalances.

Acute toxicity: This is the other extreme of excessive supply or poor
nutrient management. Plants are damaged by toxic levels resulting in
toxicity symptoms, poor or no growth, poor yield, low quality, and
damage to soil and plant health.
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Figure 4.3: Plant growth and yield dependence on nutrient supply

4.5 EVALUATION/ASSESSMENT OF SOIL
FERTILITY

The evaluation or assessment of soil fertility is perhaps the most basic
decision-making tool for balanced and efficient nutrient management. It
consists of estimating the available nutrient status of soil for crop production.
A correct assessment of the available nutrient status before planting a crop
helps in taking appropriate measures to ensure adequate nutrient supply for a
good crop over and above the amounts that the soil can furnish. The
techniques used include soil testing and plant analysis, the latter including
related tools such as total analysis of the selected plant part, tissue testing,
crop logging, and the diagnosis and recommendation integrated system
(DRIS). The important ones are described below.

4.5.1 Visual Plant Diagnosis

A healthy dark-green colour of the leaf is a common indicator of good
nutrient supply and plant health. The degree of “greenness” can be specified
in exact terms for each crop using Munsell’s Plant Colour Chart or other such
charts. Any change to light green or a yellowish colour generally suggests a
nutrient deficiency where other factors are not responsible such as cold
weather, plant diseases, damage caused by sprayings, air pollution, etc. A
deviation from the normal green colour is easily detected. However, it is by
no means always caused by N deficiency, as usually assumed. For example,
it is a common but questionable practice to always relate light-green late
foliar discolouring with N deficiency, but it can often be caused by other
deficiencies. Even where the colour is more or less “satisfactory”, there may
be a latent deficiency (“hidden hunger”) that is often difficult to establish
from visual observation but can still cause yield reduction. Deficiency
symptoms are only reliable where a single nutrient and no other factors are
limiting.



4.5.2 Plant Analysis

The nutrient concentration of growing plants provides reliable information on
their nutritional status in most cases, except in the case of Fe. It reflects the
current state of nutrient supply and permits conclusions as to whether a
supplementary nutrient application is required. Interpretation of plant
analysis data is usually based on the total concentrations of nutrients in the
dry matter of leaves or other suitable plant parts, which are compared with
standard values of “critical nutrient concentrations” (“critical values™) and
grouped into supply classes. The critical level is the level of concentration of
a nutrient in the plant that is likely to result in 90 per cent of the maximum
yields (Table 4.2). Standard tables of plant analysis interpretation are based
on requirement levels for very high yields (maximum yield) or those for the
more practical and realistic medium to high yields corresponding to critical
values of 90 per cent.

Table 4.2: Critical nutrient concentrations for 90 per cent yield for
interpretation of plant analysis data

Element | Wheat | Oilseed | Sugarcane | Alfalfa Grass | Citrus
& rice | rape (Lucerne)
(%)
N 3.00 3.50 1.50 3.50 3.00 2.50
P 0.25 0.30 0.20 0.25 0.40 0.15
K 2.50 2.50 1.50 2.00 2.50 1.00
Mg 0.15 0.20 0.12 0.25 0.20 0.20
S 0.15 0.50 0.15 0.30 0.20 0.15
(ng/g)
Mn 30.0 30.0 20.0 30.00 60.00 | 25.00
Zn 20.0 20.0 15.0 15.00 50.00 |20.00
Cu 5.00 5.00 3.00 5.00 8.00 5.00
B 6.00 25.00 1.50 25.00 6.00 25.00
Mo 0.30 0.30 0.10 0.20 0.30 0.20

Note: Growth stage and plant parts used: wheat/rice: 1 - 2 nodes, whole shoots; oilseed rape:
pre-flowering, youngest mature leaf; sugarcane: 5-7 months, third leaf blade from top; alfalfa
(Lucerne): pre-flowering, whole shoots; grass: pre-flowering, whole shoots; citrus: 5-7
months old leaves from mid of non-fruiting branch. Not critical but optimal concentrations
for cows producing 15 litres of milk per day. (FAO, 2006)

4.5.3 Field Experiment: Control Test Plot & Complex
Experiments

This is a proven and effective method for assessing nutrient needs. It is also
essential for the calibration of soil test and plant analysis results with crop
response. Fertilizer experiments provide direct information on the amounts of
nutrients required for a crop in a specific environment at a given yield level.
These are used mainly by researchers to generate background data needed for
making practical recommendations for farmers. Field experiments can be
simple test plots or complex replicated trials.
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4.5.4 Soil Testing

Soil testing can be defined as an acceptably accurate and rapid soil chemical
analysis for assessing available nutrient status for making fertilizer
recommendations. Soil testing as a diagnostic tool is useful only when the
interpretation of test results is based on correlation with crop response and
economic considerations to arrive at practically usable fertilizer
recommendations for a given soil—crop situation.

After soil analysis, the concentrations of available nutrients measured must
be interpreted into ranges of nutrient supply and then into the nutrient
amounts required to reach a certain yield level. In general, the lower the soil
fertility status (soil test value) is, the greater the need for external nutrient
application. For macronutrients, the data are generally classified into
categories of supply, e.g.: very low, low, medium, high, and very high. Table
4.3 provides information on the general soil test limits used for classifying
soils into different fertility classes.

Table 4.3: General soil test limits used for classifying soils into different
fertility classes

Nutrient Method/Extractant General fertility class”
Low Medium High
N (% Organic carbon <0.5 0.5-0.75 >0.75
Organic
carbon)
N (kg/ha) Alkaline permanganate <280 280-560 >560
P,0Os (kg/ha) | Sodium bicarbonate <23 23-56 >56
K,0 (kg/ha) | Ammonium acetate <130 130-335 >335
S (kg/ha) Heat soluble, CaCl, <20 20-40 >40
Zn (ug/g) DTPA <0.6 0.6-1.2 >1.2
Mn (ng/g) DTPA <3.0
Cu (ng/g) DTPA/ Ammonium | <0.2
acetate

Fe (ug/g) DTPA <2.5-4.5

"Very general limits based on several published Indian sources (FAO, 2006).

Check Your Progress Exercise 2

Note: a) Use the spaces given below for your answers.
b) Check your answer with those given at the end of the unit.

1. Give the names of macro and micronutrients.




2.  What are the roles of iron in plant growth?

3. What do you mean by beneficial nutrients?

4.6 MAINTENANCE OF SOIL FERTILITY

Soil fertility management is of utmost importance for optimizing crop
nutrition to achieve sustainable crop production. It is the foundation on which
all input-based high-production systems can be built. Soil fertility can be
managed effectively with the adoption of balanced plant nutrition or
fertilization and integrated nutrient management practices.

4.6.1 Balanced Plant Nutrition/Fertilization

A crop requires an adequate supply of all essential mineral nutrients for
optimum growth. If more than one is in short supply, growth is determined
by the nutrient, which is in the lowest supply. If several nutrients are in short
supply, we need to apply all of them to get optimum production. It is well
documented that unbalanced availability of nutrients not only produces low
and poor quality yield but can also lead to mining of soil nutrient reserves
which are in short supply and to losses of nutrients supplied in excess. The
long-term fertilizer experiments (LTFEs) conducted in India have shown that
soil productivity can be maintained by the balanced nutrition of crops. The
grain yields of some LTFEs in India clearly show that response to N declined
sharply in the absence of P and K fertilizers. Crop yields increased
considerably with an application of P along with N and improved further by
the inclusion of K.

Unbalanced plant nutrition has also resulted in micronutrient deficiencies in
many parts of the country. Zinc deficiency is the most commonly occurring
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micronutrient deficiency problem limiting crop growth and production. In
India, the application of Zn has resulted in spectacular yield increases in rice-
wheat growing areas. Balanced plant nutrition increases crop yields,
nutrients, water use efficiencies, and of course, farmers' profit. Thus, crops
should be well supplied with all the 14 essential mineral nutrients in balanced
amounts to get the maximum benefit from crop production.

4.6.2 Integrated Plant Nutrient Management (IPNM)

Integrated plant nutrient management (IPNM) maintains and possibly
enhances soil fertility through a balanced use of chemical fertilizers
combined with organic and biological sources to improve the efficiency of
plant nutrients, increase crop productivity and minimize the losses of
nutrients to the environment. The possible conventional and non-
conventional sources of plant nutrients for integrated supply in the Indian
agriculture context are discussed below:

1. Organic manures/ sources: The use of organic manures not only
provides plant nutrients but also improves soil's physical, chemical, and
biological properties. The important organic manures in the Indian
context are farmyard manure (FYM), different kinds of composts,
vermicompost, green manures, etc. Long-term fertilizer experiments in
India have demonstrated that, in addition to fertilizers, the use of organic
manure is essential for sustaining crop productivity.

i) Farmyard manure: Farmyard manure refers to the decomposed mixture
of dung and urine of farm animals along with the litter (bedding
material) and left-over material from roughages or fodder fed to the
cattle. On average, well-rotten FYM contains 0.5 per cent N, 0.2 per cent
P,0s, and 0.5 per cent K,O under Indian conditions (Butterworth et al.,
2003). Nearly 50 per cent of the cattle dung produced in India today is
utilized as cooking fuel and is thus a loss to agriculture.

FYM is an excellent soil amendment, which adds to the balance of
nutrients while contributing valuable organic material to the soil. The
dung and urine of livestock and their bedding materials are the major
constituents of FYM. The urine of many animals is generally richer in
nitrogen and potassium as compared to their dung. The urine of most
animals is deficient in phosphorus. Bedding materials also add a good
amount of nutrients, mainly NPK, to the FYM. As such, compared to the
potential supply of major nutrients from FYM, only 8 per cent of
nitrogen, 26 per cent of phosphorus, and 16 per cent of potash are added
every year to Indian soils (Yawalkar et al.,1996).

ii) Compost: Composting is a microbiological process, which converts
organic residues into non-odoriferous blackish-brown stabilized humic
substances with a narrow C/N ratio. These are prepared through
microbial action on wastes such as crop residues, weeds bagasse,
sawdust, kitchen, and human habitation wastes. These materials under
optimum temperature, moisture, and aeration undergo intensive
biodegradation into an amorphous brownish-black colloidal substance.
This stabilized humified material is a valuable source of plant nutrients.



iii)

Depending on the nature of the substrate undergoing decomposition,
composts are broadly classified into two groups namely the rural and
urban composts. In India, the two recommended methods for compost
preparation are the “Indore method” (aerobic) and the “Bangalore
method” (Initially aerobic but later anaerobic). In the Indore method, a
pit is dug near the cattle shed on a site free from waterlogging. After
use, the wet beds consisting of shredded crop residues along with animal
excreta are removed and spread in a layer in the pit. Then cattle dung is
spread over this layer which is sprinkled with water to maintain optimum
moisture. The process is repeated until layers of residues reach 30 cm
above ground level. Residues are turned every fortnight and good
quality compost is ready in 16 weeks. In the Bangalore method, greater
conservation of nutrients is attempted.

Vermicompost: Vermicompost is organic manure produced by
earthworms. It is a mixture of worm castings (faecal excretions), organic
material including hummus, live earthworms and their cocoons, and
other organisms. Vermicomposting is a cost-effective and efficient
technique for recycling agricultural residues, industrial wastes, and
animal wastes from cattle, piggery, and poultry. Earthworms consume
practically all kinds of organic matter. One kg of worms can consume 1
kg of residue every day. Earthworms feed on any organic waste, and
after using 5-10% of the feedstock for their growth, excrete the rest of
the ingested matter coated with intestinal and cutaneous mucus with a
higher C: N ratio than that of the original matter. The nitrogen of the
organic matter is either turned into earthworm biomass or excreted as
ammonium. The average composition of vermicompost and other
composts is given in Table 4.4.

Table 4.4:Average nutrient content of vermicompost and other composts

Nutrient content (% of dry matter)
Compost

N P,0s K;O
Vermicompost 1.60 2.20 0.67
Rural compost 1.22 1.08 1.47
Urban compost 1.24 1.92 1.47
Paddy straw compost 0.90 2.05 0.90
Maize stalk compost 1.09 1.30 1.01
Cotton wastes compost 1.62 1.04 1.26
Water hyacinth 2.00 1.00 2.30
Poultry manure 2.87 2.90 2.35
Castor 5.80 1.80 1.00

(Marwaha and Jat, 2004)

iv)

Green manures (GM): Green manuring with N fixing leguminous crops
improves soil fertility and enhances the availability of other nutrients.
The sandwiching of green manuring crops in different cropping systems
is considered not only an excellent source of nitrogen, but the
intervention improves the physical condition of the soil and the
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(Sesbania aculeatea, Sesbania rostrata), sunhemp/sanai (Crotalaria
juncea), lobia (Vigna unguiculata) and guar (Cyamopsis tetragonolaba),
etc. The main problem in the adoption and spread of green manure crops
is that they compete with cash crops for space, time, water, and other
scarce inputs. The nitrogen contribution from some of the green manure
crops is given in Table 4.5.

Table 4.5: Potential N contributions of N-fixing legumes in Indian soils.

Average | N(%)
. Sowingl Ba e NCEN BN aded
Name Botanical name season green green (kg/ha)
matter | weight g
(t/ha) basis)
Sunnhemp | Crotalaria juncea | Kharif | 15.2 0.43 84.0
Dhaincha | Sesbania aculeata | Kharif | 14.4 0.42 77.1
Mungbean | Vigna radiata Kharif 5.7 0.53 38.6
Cowpea Vigna ungiculata Kharif | 10.8 0.49 56.3
Guar Cyamopsis Kharif | 144 0.34 62.3
tetragonoloba
Senji Melilotus alba Rabi 20.6 0.51 134.4
Khesari Lathyrus sativus Rabi 8.8 0.54 61.4
Berseem Trifolium Rabi 11.1 0.43 60.7
alexandrinum

(Yawalkar et al., 1996)

Crop residues

A huge quantity of crop residues such as wheat straw, cotton sticks,
sugarcane trash/tops, and rice straw/ husk, etc. are available. But due to
some economic compulsions such as the need for animal fodder and fuel,
the crop residues are partially recycled in the soil or burnt to clear fields
for sowing of the next crop otherwise these may contribute to improving
organic matter in the soil and thus keep it productive. Research data have
shown that the incorporation of rice and/or wheat straw may or may not
increase crop yield, but it does improve soil fertility and quality. There
are reports that there is some initial immobilization of nutrients with the
incorporation of rice/wheat residue, but it can be easily overcome by
adding 20-25 kg/ha additional fertilizer N at the beginning or by mixing
rice/wheat residue with a legume residue. Thus in the long run crop
residue helps in giving sustained production and improves soil fertility
and productivity.

2. Chemical fertilizers: The term fertilizer is derived from the Latin word
fertilis, which means fruit-bearing. A fertilizer can be defined as a
mined, refined, or manufactured product containing one or more
essential plant nutrients in available or potentially available forms. Many
prefixes such as synthetic, mineral, inorganic, artificial, or chemical are

94 often used to describe fertilizers and these are used interchangeably.



Different kinds of chemical fertilizers are available to supply nutrients to
the rice crop.

Nitrogenous fertilizers

World fertilizer N production is based on the synthetic fixation of
atmospheric N in the form of NHj3. The NHj3 produced is further used for the
production of inorganic fertilizers, containing either NH4', NO;3, a
combination of both, or the amide form (-NH;). In addition to these single
(straight) N fertilizers, multi-nutrient (compound) fertilizers containing N
together with other primary nutrients, such as phosphorous (P) and/or
potassium (K) are widely used. A list of nitrogenous fertilizers along with
their nutrient content is given in Table 4.6.

Table 4.6: Common nitrogenous fertilizers and their nutrient content

Percentage
N fertilizer material
N PzOs Kzo Ca Mg S
Ammonium nitrate 34 0 0 0 0 0
NH4NO;
Ammonium nitrate sulphate | 30 0 0 0 0 5
NH4NO;3 + (NH4),SO4
Ammonium sulphate 21 0 0 0 0 24
(NH4)2SO4
Calcium nitrate 15 0 0 21 |0 0
Ca(N03)2.4H20
Crotonylidene diurea 32 0 0 0 0 0
(CDU)
Isobutylidene diurea 31 0 0 0 0 0
(IBDU)
Urea 46 0 0 0 0 0
CO (NHy),
Urea (sulphur coated) 36- |0 0 0 0 13-
CO(NH,), + S 38 16
Ureaform 38 0 0 0 0 0
(urea + formaldehyde)

Nitrogen use efficiency (NUE) of nitrogenous fertilizers, especially in rice
under lowland conditions, is low, i.e. 30-50%. Nitrification inhibitors can be
used to reduce N losses. Nitrification inhibitors retard the nitrification
process in soil and thereby reduce the N losses by leaching and
denitrification. Many chemicals have been reported to have nitrification
inhibiting properties. The chemicals most widely tested are N-Serve (2-
chloro 6(trichloromethyl) pyridine), AM (2-amino-4-chloro-6 methyl
pyrimidine), DCD (dicyandiamide), and ST (sulphathiazole). Increased rice
yields and increased NUE in India have been reported for N-Serve, AM, ST,
DCD, and neem oil-coated urea (500-1000 ppm).
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Phosphatic fertilizers

These fertilizers contain phosphorus in phosphate form. In trade, the P
content is given as phosphoric anhydride or in terms of P,Os. P-fertilizers can
be divided into 3 groups:

Water-soluble P fertilizers: A small sample of fertilizer is extracted with
distilled water for a prescribed period (AOAC, 1960) and the slurry is then
filtered. The amount of P in the filtrate is determined and expressed as a % by
the weight of the fertilizer. The above fraction is called water-soluble P.
Examples- monocalcium phosphate [Ca(H,PO4),-single superphosphate],
mono ammonium phosphate [NH4H,PO4], diammonium phosphate
[(NH4),HPO4] and potassium phosphate [K H,POy4], etc.

Citrate-soluble P fertilizers: The fertilizer residue left after extracting
water-soluble P with a neutral (pH 7.0) solution of IN ammonium citrate for
a prescribed time (AOAC, 1960), and slurry is then filtered. The P content in
the filtrate is then determined and expressed as % by the weight of the
fertilizer. The above fraction is called citrate-soluble P. Examples- dicalcium
phosphate [CaHPQy4], basic-slag (a by-product of the steel industry, useful for
acidic soils) and calcium metaphosphate [Ca(POs),], etc.

Citrate-insoluble P fertilizers: The P content in the residue left after
extracting citrate-soluble P. It is unavailable to plants. Examples include
phosphate, bone meal, etc. The sum of the water-soluble and citrate-soluble P
represents an estimate of the fraction available to plants and is termed as
available P. The sum of water-soluble, citrate-soluble, and citrate-insoluble P
represents the total P in fertilizer. Citrate-insoluble P is unavailable to plants.
A list of phosphatic fertilizers along with their nutrient content is given in
Table 4.7.

Table 4.7: Sources of phosphatic fertilizers

Name Formula Content Comments
Single Ca(H, PO, .HO+ |7-9%P, 13— | Soluble, neutral
superphosphate CaSO4.2H20 20% Ca, 12%S| (16-21% ons)
Triple Ca(H,PO,) .H O 18-22% P, 9— | Soluble, neutral
superphosphate 14% Ca, 1.4% | (41-50%P O,)

S

Monoammonium | NH H_ PO, 22% P, 11% N | Soluble,
phosphate (MAP) acidifying (51%

PO)

275

Diammonium (NH 4)2HPO4 20-23% P,18— | Soluble,
phosphate (DAP) 21% N acidifying (46—

53%P.0)

275

Partly acidulated | Ca (PO,), 10-11% P >1/3 water-
rock phosphate soluble (23-26%

POy




Potassic fertilizers

There are mainly two potassium fertilizers namely, muriate of potash (MOP)
(KCl) containing 60% K,O and sulphate of potash (SOP) (K,SO,) containing
48% K,0. Due to high costs, mostly MOP is used in India. For plants that are
tolerant to chloride and whose quality is not impaired by high Cl, the cheaper
potassium chloride (MOP) is preferred. For plants that are sensitive to high
Cl for quality or other reasons, potassium sulphate or potassium nitrate is a
better choice. Of the crops, potatoes and tobacco and many horticultural
crops belong to the chloride-sensitive group. However, the Cl component is
suitable for “salt-liking” plants, such as sugarbeets and palms, and it brings
extra beneficial effects. A list of potassic fertilizers along with their nutrient
content is given in Table 4.8.

Table 4.8: Sources of potassic (K) fertilizers.

Name Formula Content Comments
Potassium chloride | KCI 50% K Muriate of potash (60%
(Muriate of potash) K>0)

Potassium nitrate KNO; 37% K, 13% N | In compounds (44%
K,0)
Potassium sulfate K>SOy 40-43% K, In compounds (50%
18% S K,0)
Compound N+ P + K | Variable Common in rice
fertilizers

Secondary nutrients fertilizers

S, Mg, and Ca-containing fertilizers fall in the category. Substitution of high-
analysis fertilizers such as urea and DAP for ammonium sulphate and single
superphosphate has been the main cause of widespread S deficiency in Indian
soils.

There are 2 kinds of sources of S. The first kind is the popular fertilizers
containing S as the nutrient other than that for which fertilizer is applied. For
example, single superphosphate (SSP) is marketed as phosphate fertilizer but
contains 12% S. The other kind of sources of S are those materials that are
marketed and used only as a source of S. These are referred to as S-fertilizers
and include elemental S, gypsum, iron pyrites and phosphogypsum (a
byproduct of phosphoric acid industry). Most S is applied to the soil at
sowing. A list of sulphur fertilizers along with their nutrient content is given
in Table 4.9.

Table 4.9: Sulphur containing fertilizers

Name Formula Content Comments

Ammonium sulphate | (NH4),SO4 24% S Quick-acting

Single Ca(H,POy),. 12% S, 7-9 % P, Soluble,

superphosphate H,O + 13-20% Ca quick-acting
CaS04.2H,O
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Potassium sulphate | K;SO4 18% S Quick-acting
Magnesium sulphate | MgS0O4.7 H,0 13% S, 10% Mg | Very quick-
(Epsom salt) acting
Kieserite MgS0O4. Hy0 23% S, 17% Mg Quick-acting
Langbeinite K»S04.MgS0O4 18% K, 11% Mg, | Quick-acting
22% S
Gypsum CaSO4 x2H,O | 17% S Slow-acting
Elemental S S 97% S Slow-acting
S-coated urea CO(NH;), + S 6-30% S, 30—-40% | Slow-acting
N

Magnesium-containing fertilizers are either quick-acting soluble salts (mainly
sulphates) or in slow-acting form (magnesium carbonate) (Table 4.10).

Table 4.10: Magnesium containing fertilizers

Name Formula Content Comments
Kieserite MgSOs4. Hy0 17% Mg, 23%S | Soluble, quick-acting
Langbeinite K>SO4. MgSO4 | 18% K, 11% Quick-acting
Mg, 22%S
Magnesium MgCl, 9% Mg Soluble, quick-acting
chloride
Magnesium MgO 42% Mg Slow-acting, for foliar
oxide application
Magnesite MgCO; 25-28% Mg Slow-acting
Dolomite MgCOs;. CaCO; | 13% Mg, 21% Slow-acting, content
Ca of Ca and Mg varying

Calcium is only applied other than for liming in cases of definite deficiency.
Quick-acting sources are calcium chloride, solid or in solution; and the slow-
acting source is gypsum. Soil application, though simple, is often
disappointing because of restricted translocation within the plant; in such
cases a foliar spray is preferable. A list of calcium fertilizers along with their
nutrient content is given in Table 4.11.

Table 4.11: Calcium containing fertilizer sources

Name Formula Content | Comments
Calcium chloride | CaCl,.6H,O 18% Ca Soluble, quick-acting,
does not raise pH
Gypsum CaS04.2H,0 23% Ca, | Slightly soluble, slow-
18% S acting, for saline and
alkaline soils
Dolomite MgCO0;.CaCO; | 13% Mg, | Slow acting, the content
21% Ca | of Ca and Mg varying
Lime CaCO; 40% Ca | Slow-acting, for acid soils




Micronutrients fertilizers

Apart from the widely recognized areas of natural deficiencies of
micronutrients, attention should be given to the possibility that they may
become critical "minimum factors" as other critical factors are amended and
yield levels rise. They may be applied either as single-nutrient fertilizers or as
supplements in macronutrient fertilizers. The quickest and most common
method of correcting deficiencies is by foliar application.

Deficiencies of 3 micronutrients have been reported in rice-growing areas of
India. First of all, zinc deficiency in rice fields was noticed in Tarai soils.
Later, a deficiency of Fe was noticed on the sandy soils of Punjab. Of late,
boron (B) deficiency in rice has been reported on highly calcareous soils of
Bihar. Zinc sulphate and zinc oxide are the important zinc fertilizers available
in India. Application of 25 kg zinc sulphate (heptahydrate)/ hectare is
generally recommended in India (for rice). Dipping rice roots in 2-4% ZnO
suspension has also been found to be very effective. If zinc is not applied in
the soil at transplanting/ sowing and zinc deficiency symptoms appear, a
foliar spray of 0.5-1.0% zinc sulphate with 0.25% lime is recommended.

Fe chlorosis in rice is better controlled by a foliar spray of 0.5% Fe-sulphate.
Soil application of B should be made when a deficiency of B has been
established. Indiscriminate use may result in the toxicity of plants. When the
foliar application is a must, a 0.2% borax solution (with lime twice the
weight of borax) is recommended to avoid injury to foliage). A list of
micronutrient fertilizers along with their nutrient content is given in Table
4.12.

Table 4.12: Micronutrient containing fertilizers included in the Fertilizer
Control Order (FCO) in India.

Nutrient Fertilizer Chemical formula | Minimum
nutrient
content

Zinc Zinc sulphate | ZnSO4.7H,0 21

heptahydrate

Zinc sulphate | ZnSO4.H,0 33

monohydrate

Chelated zinc Z/n-EDTA 12
Iron Ferrous sulphate FeS0O,4.7H,0O 19

Chelated iron Fe-EDTA 12

Manganese | Manganese sulphate MnSO4.H,0O 30.5

Copper Copper sulphate CuS04.5H,0 24

Boron Borax (Sodium | Na,B407.10H,O 10.5

tetraborate)
Boric Acid H;BO;s 17

Molybdenum | Ammonium molybdate (NH4)sM070724.4H,0 | 52

3. Biofertilizers: Biofertilizers (BF) (microbial inoculants) are the products
containing living cells of different types of microorganisms (bacteria,
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fungi, actinomycetes, etc.) which can fix atmospheric nitrogen and
mobilize and solubilize phosphorus in the soil from unavailable form to
plant usable form. They have great potential as a supplementary,
renewable and environmentally friendly source of plant nutrients and are
an important component of the Integrated Plant Nutrient System (IPNS).
In recent times the phenomenal increase in production and use of
biofertilizers in India is the result of the special attention given by the
government and interest by entrepreneurs to set up biofertilizer
production facilities. Farmers have also realized the benefits of the use of
biofertilizers.

The use of Rhizobium culture in legumes is most promising among
different kinds of biofertilizers. Biofertilizers have to be applied properly
to the seed or soil to produce the desired benefit. However, the
performance of biofertilizers is highly unpredictable due to their
biological nature and susceptibility to biotic and abiotic stresses. Hence,
there is a need to develop more effective, competitive, and stress-tolerant
strains to increase nutrient supply from biofertilizers. The use of
phosphate solubilizing bacteria (PSB) and Arbuscular Mycorrhizae
(AM) to supply phosphorus and micronutrients has tremendous potential
in India. Examples of some biofertilizers currently in use worldwide are
shown in Table 4.13.

Table 4.13: Organisms, mode of action, crops, and producers of
biofertilizers currently in use for agriculture

Type Mode of action Crop
Rhizobium spp. N, fixation Legumes
Cyanobacteria N; fixation Rice
Azospirillum spp. N, fixation Cereals
Mycorrhizae Nutrient acquisition Conifers
Penicillium bilaii P solubilization Cereals, legumes

Check Your Progress Exercise 3

Note: a) Use the spaces given below for your answers.

b) Check your answer with those given at the end of the unit.

Write down the three aims of balanced fertilizer use.



3. Name two methods recommended for making compost in India.

477 LET US SUM UP

Soil fertility is the capacity of soil to supply essential minerals to the plants in
appropriate and adequate amounts. Adequate soil fertility is the foundation
on which all input-based high-production systems can be built. The decline in
soil fertility is a major cause of stagnating or even decreasing crop yields.
The important causes for reduced soil fertility are soil erosion, loss of organic
matter resulting in reduced biological activity, nutrient depletion as a result of
soil erosion and mining of nutrients, etc. Under poor management, soil
fertility can be seriously depleted and soils may become useless for
agriculture.

A correct assessment of the available nutrient status before planting a crop is
necessary for taking appropriate measures to ensure adequate nutrient supply
for a good crop over and above the amounts that the soil can furnish.
Balanced fertilization and integrated plant nutrition system (IPNS) or
integrated nutrient management (INM) enables the adaptation of plant
nutrition and soil fertility management in farming systems to site
characteristics, taking advantage of the combined and harmonious use of
organic, mineral, and biofertilizer nutrient resources to serve the concurrent
needs of food production and economic, environmental and social viability.

4.8 KEYWORDS

Available nutrient: Form(s) of a plant nutrient in the soil or fertilizer that is
immediately or potentially available for being taken up by growing plants
during their growth span.

Complete fertilizer: A chemical compound or a blend of compounds
containing significant quantities of nitrogen, phosphorous, and potassium. It
may contain other plant nutrients.

Compound fertilizer: A fertilizer formulated with two or more plant
nutrients.

Fertilizer grade: The guaranteed minimum analysis in per cent of the major
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plant nutrient elements contained in a fertilizer material or a mixed fertilizer.
The analysis is usually designated as N-P,Os -K,O, but it may be N-P-K
where permitted or required as specified by state law.

Mixed fertilizer: Two or more fertilizer materials blended or granulated
together into individual mixes. The term includes dry mix powders as well as
granulated, clear liquid, suspension, and slurry mixtures.

Top-dressed fertilizer: The surface application of fertilizer to the soil after
the crop has been established.

Soil fertility: The ability of soil to supply the nutrients essential to plant
growth.

Soil productivity: The capacity of the soil, in its normal environment, to
produce a specified plant or sequence of plants under a specified system of
management.

Soil reaction (pH): The degree of acidity or alkalinity of a soil, usually
expressed as a pH value.
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4.10 ANSWERS TO CHECK YOUR PROGRESS
EXERCISES

Check Your Progress Exercise 1

1. Soil fertility is the overall ability of a soil to support vigorous crop
growth by ensuring adequate plant nutrients and suitable conditions for
water uptake, and by providing favourable conditions for root growth
and development.

2. The three groups of soil fertility are biological, physical, and chemical
soil fertility.

3. Soil productivity is the crop yielding ability of soil from a unit area.

4. Three important causes for a decline in soil fertility are loss of topsoil by
erosion, nutrient mining, and physical degradation of soil.

Check Your Progress Exercise 2

1. Macronutrients: N, P, K, Ca, Mg, S; micronutrients: Cu, Fe, Zn, Mn, B,
Cl, Ni, Mo.

2. Iron (Fe) plays a role in the synthesis of chlorophyll, carbohydrate
production, cell respiration, chemical reduction of nitrate and sulphate,
and N assimilation.

3. Beneficial nutrients are not required by all plants but appear to benefit
certain groups of plants or plants growing under specific conditions.
Cobalt (Co), sodium (Na), vanadium (V), and silicon (Si) are sometimes
designated as beneficial plant nutrients.

4. Soil testing can be defined as an acceptably accurate and rapid soil
chemical analysis for assessing available nutrient status for making
fertilizer recommendations.

Check Your Progress Exercise 3

1. Three aims of balanced fertilizer use are; increasing yield and quality of
the produce, increasing the income of the farmer and correcting the
inherent soil nutrient deficiencies.

2. The main objectives of integrated plant nutrient management (IPNM) are
to maintain and possibly enhance soil fertility through a balanced use of
chemical fertilizers combined with organic and biological sources.

3. In India, the two recommended methods are the “Indore method”
(aerobic) and the “Bangalore method” (Initially aerobic but later
anaerobic) for making composts.

4. Examples of water-soluble P fertilizers are single superphosphate,
monoammonium phosphate, diammonium phosphate, potassium
phosphate, etc.
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