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Dedication

To all farmers, who keep the world alive
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Prologue by Dr. Norman Borlaug, Nobel Laureate 1970 and Father of the Green Revolution

Advanced industry is invariably built upon a productive agricultural sector. Indeed, in
virtually every industrialized country, an agricultural revolution preceded its industrial
revolution. This co-existence is nota coincidence. Thereisalogic.

The industrialized countries, with 20 percent of world's population, account for 36
percent of fertilizer consumption, while the developing countries, with 80 percent of the
world's population, account for 64 percent of fertilizer consumption. Thus, the people of
the industrialized world use more than twice the amount of fertilizers, per capita, as do the
people of the developing world.

Fertilizer, combined with other high-yielding factors of production, including improved
crop varieties (many of them transgenic varieties in the case of maize and soybean), crop
protection chemicals, sophisticated farm machinery, and superior crop management
information, has resulted in average cereal yields in the USA 0f6.8 t/ha in 2003 compared
to 2.6 t/hainIndia.

When I look back over the last four decades, I am pleased to have played arole in helping

to restore soil fertility in Asia and other parts of the developing world. Today, fertilizer

consumption per hectare of arable land in many Asian countries equals or exceeds that of
the industrialized countries. Forty years ago, hardly any chemical fertilizer was used.

As aresult of science-based high-yield cereal crop technology, the world's farmers have
been able to triple the global cereal harvest —from 650 to 2,000 million tons over the past
50 years - on only 10 percent more land. Had the agricultural technology of 1950 persisted
today, farmers would have needed an additional 1,100 million ha of additional land -of the
same quality - to equal the 2003 world cereal harvest, instead of the 660 million ha than
was actually used. Obviously, Asiadidn't have such additional land available.

Despite the outstanding agricultural achievements in Asia over these past decades, there
are still 500 million hungry people, another 200 million in sub-Saharan Africa, and
another 100 million in other regions of the developing world. Thus, there is no time for
complacency, either in expanding food production or in finding ways to more equitably
distribute our food supply so that all have access to an adequate diet. In particular,
fertilizer consumption in sub-Saharan Africa, which only stood at 1.3 million nutrient
tons in 2002 -about 9 kg/ha of arable land -must be dramatically increased, if soil
nutrients are to be restored and food security assured.

Asian farmers, in particular, must now judiciously increase their per hectare use of
fertilizers, looking for greater efficiencies in use and also in dealing with deficiencies of

secondary and minor elements. In achieving this goal, The Fertilizer Encyclopedia
compiled by Dr. Vasant Gowariker, Dr. V. N. Krishnamurthy, Ms. Sudha Gowariker and

Dr. M. N. Dhanorkar, will be of great help. This unique and scholarly contribution will be

an invaluable resource to students, academicians, professionals, consultants, and industry
people all over the world concerned with inorganic, organic and bio-fertilizers and their

surroundings. I would like to congratulate the entire team that has assembled this splendid

reference book, including the Chief Editor, the three Editors, the Consulting Editors, and

many other people whose painstaking work has made this book possible.

Norman E. Borlaug
Distinguished Professor of
International Agriculture
Texas A & M University



Foreword by Dr. M. S. Swaminathan, First World Food Prize Laureate

The 19% century witnessed the finding of mineral nutrients by Liebig in Germany, a discovery that opened
up prospects for rendering the law of diminishing returns from the soil irrelevant. From the dawn of
agriculture or settled cultivation about 12,000 years ago, a great challenge faced by farmers has been the
maintenance of fertility and health of the soil. This was addressed by different methods like shifting
cultivation (practice known as Jhum cultivation is still prevalent in northeast India) and cereal-legume
crop rotations. However, with the development of mineral fertilizers, it became possible to address issues
relating to the “hunger of the soil” in a more effective manner. The chemical fertilizer industry grew
rapidly. It also became evident soon that what the soils need is a balanced supply of nutrients, with
adequate quantities of micro- and macronutrients. This led to the growth of soil testing laboratories as well
as complex fertilizers containing a mixture of nutrients.

The publication of the book 'Silent Spring' by Rachael Carson forty years ago led to rethinking on the
methods used to replenish soil fertility and maintain soil and plant health. This resulted in the development
of integrated nutrient supply systems involving an appropriate blend of mineral fertilizers, organic
manures, bio-fertilizers, green manures and cereal-legume crop rotations, as well as integrated pest
management systems.

The Fertilizer Encyclopedia, which is the outcome of painstaking research by Dr. Vasant Gowariker and
his colleagues over several years, is a timely contribution to our understanding of problems of maintenance
of soil fertility and crop productivity.

This is a unique volume on micro and macro plant nutrients, soil fertility and plant-soil nutrient-
environment related issues. It can serve as a vade-mecum for a large number of academicians, extension
workers, professionals and researchers who are working in this area. The Fertilizer Encyclopedia serves
the purpose of providing all concemed with a comprehensive reference book, covering up-to-date
information on plant nutrients, their behavior in soil, their chemical and physical characteristics, their
physiological role in plant growth and soil fertility. Production methods for a wide range of fertilizers are
also described. The organic, inorganic and bio-fertilizer industry with an annual turn-over of over 70
billion dollars, today gives employment to millions of people all over the world. And yet, it is
extraordinary that nothing even remotely similar to this exhaustive Encyclopedia by Dr. Gowariker and his
colleagues has existed so far.

With several hundred diagrams, photographs, tables, graphs, flowsheets, chemical equations and
illustrations, the present The Fertilizer Encyclopedia comprises about nine hundred pages, written in a
user-friendly manner, and peer-reviewed by a large number of experts. All entries have at every stage been
thoroughly reviewed by well-known experts in related areas to ensure authenticity of the technical content
and clarity of the presentation. The Encyclopedia will be of invaluable help to all interested in organic,
inorganic and bio-fertilizers, and the fertilizers, and the related environmental issues, as well as to those
looking at fertilizers in the context of such soil properties as texture, structure, reaction, organic matter,
cation exchange capacity, percentage base saturation and problems like salinity and acidity.

I am confident that The Fertilizer Encyclopedia will have a vast clientele across the world from the
categories of: (a) students, teachers, researchers, departmental libraries and central libraries of agricultural
colleges and universities as well as departments and centers dealing with botany and environmental
sciences; (b) research and teaching institutions dealing with agronomy, horticulture, plant pathology, crop
science, agricultural chemistry and soil science; (c) advisers, consultants, professionals and extension
specialists concerned with crops, soil, soil nutrients and agricultural related issues; (d) fertilizer
manufacturers and dealers, distributors and consultants associated with fertilizer industry; (e) multi-
disciplinary groups dealing with environmental activities; (f) public libraries; (g) policy makers.



The Chief Editor, Dr. Vasant Gowariker, holds a doctorate degree in chemical engineering from a British
University, and has written several books and over 200 research publications. He has many years of
international work experience in high positions, including concurrently two part-time assignments, the one on
the Outside Editorial Staff of Pergamon Press (Oxford) and the other, on the External Panel of Examiners of the
Oxford and Cambridge Examination Board. In his professional career of over 45 years, he has actively dealt,
among other things, with issues relating to fertilizers, soil fertility, analytical techniques, climate impact on
crops and weather forecasting. His inter-disciplinary team consists of eminent chemists, plant pathologists,
agriculturists, science writers and management experts who, after many years of dedicated effort, have
produced The Fertilizer Encyclopedia. Apart from Dr. Gowariker, the other formal editors are: Dr. V. N.
Krishnamurthy, Ms. Sudha Gowariker, Dr. M. N. Dhanorkar, Ms. Kalyani Paranjape and a large number of
eminent Consulting Editors. An interesting aspect of the present work is that the entire texts are written by
those very five persons, in consultation with a large number of experts, and they have also edited The Fertilizer
Encyclopedia.

In the coming decades, population-rich but land-hungry countries like India and China will have to produce
more food and other farm commodities under conditions of diminishing per capita availability of arable land
and irrigation water. Maintenance of soil health and fertility will hold the key to achieving productivity
advances in perpetuity without associated ecological harm, a phenomenon I have termed “ever-green
revolution”. The present Fertilizer Encyclopedia is an important and timely contribution in the context of the
human quest for an evergreen revolution in our farms based on precision farming techniques. We owe Dr.
Gowariker and his eminent associates a deep sense of gratitude for this labor of love. They have provided us
with a powerful tool to launch and sustain an evergreen revolution in agriculture.

M. S. Swaminathan
First World Food Prize Laureate



Preface by Authors and Editors

In 1993, the Government of India appointed one of us (VG) to form a one-man committee. The mission
was to recommend measures to bring a fresh and holistic perspective to fertilizers. That's when we
started dreaming of creating The Fertilizer Encyclopedia. The next few years, we spent equipping
ourselves technically to realize that dream. We also spoke to other people about our idea among them
agriculturists, industrialists, researchers, chemists and environmentalists, and got valuable inputs from
them.

The work assumed a project form in 1998 - that is, five years after our preparatory studies. In the
subsequent nine years that it has taken us to actually complete The Fertilizer Encyclopedia, a lot has
happened in the universe of fertilizers. New advances and issues have gained importance especially
those concerning the environment. We have revisited and updated entries repeatedly to reflect these
happenings. To take cognizance of the merging boundaries between various disciplines, our team of
writers and reviewers has grown more multi-disciplinary. We have gone to the extent of printing the
manuscript as a first draft, complete with pictures, graphs, tables, etc. for peer reviews, and then
incorporating the suggested improvements.

Today, all that is behind us. We feel happy that we have created something that Professor Norman E.
Borlaug, N. L (1970) considers "unique and scholarly and an invaluable resource to students,
academicians, professionals, consultants and industry people all over the world concerned with
inorganic, organic and bio-fertilizers."

How to Use The Fertilizer Encyclopedia

This encyclopedia covers about 4500 terms of interest to a spectrum of users ranging from academicians
to industrial consultants, to fertilizer industry people to those with a casual interest in gardening.

In encyclopedias, many a time the user goes to an entry, only to get redirected to another page for the
information needed. We have tried to minimize the reader's effort at least in some frequently required
entries, although it has meant repeating text.

The following are some of the significant practices followed in this volume:

(i) The words in bold indicate that these are explained elsewhere as entries; however, the names of the
frequently occurring chemical compounds (such as urea, ammonia, NPK) or terminologies (such as pH)
are not made bold although these do appear as entries in the Index.

(ii) Scientific names of organisms (such as Mycobacterium or Herbaspirillum spp.), words of non-
English origin (such as Kharif or Rabi) and titles of tables and figures are italicized.

(iii) All measurement units are in SI system,; for those familiar with other units, conversion tables are
given in the appendices.

(iv) General terms (such as profitability or economic returns) are explained only to the extent of the main
objective of this encyclopedia.

(v) Appendices and bibliography are at the end of the Encyclopedia.

Voed Garbrdon
Vasant Gowariker
(Chief Editor and Author)

W m; e aloagl Qo l—

- o Se—
V. N. Krishnamurthy Sudha Gowariker Manik Dhanorkar Kalyani Paranjape
(Editor & Author) (Editor & Author) (Editor & Author) (Editor & Author)
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AAS

Abscisic acid

AAS
AAS is short for atomic ahsorption spectrometer.

Abherent

Any substance that prevents adhesion of a material to
itself or to another material is known as abherent. It may
be in the form of a dry powder (like talc, mica or
diatomaceous earth), a suspension (of say, bentonite) or a
soft solid (stearic acid, teflon, waxes, etc.)

Abherents are used as dusting agents and mould
washes in the adhesives, rubber and plastic industries.
Fats and oils are used as abherents in the baking industry.
Fluorocarbon resin coatings on metals are widely used on
cooking utensils.

In the fertilizer industry, abherents are used to impart
free flowing characteristics to powders like urea,
ammonium sulphate, phosphates, etc.

AB horizon

Horizons are soil layers which are roughly parallel to the
soil's surface. They are unique in their feel, color,
profiles, etc.

An AB horizon is also called EB horizon. It is a
transition horizon between the leached E (eluvial)
horizon and the accumulation horizon (B.) The AB or
EB horizon is more like the A or E above it than like the B
below it. (See also Soil horizons.)

Abiotic factors

Abiotic factors are physical and chemical components of
nature, such as rainfall, minerals, heat or wind.

Abnormal seedlings

Seedlings that do not grow into normal healthy plants
even when planted in good quality soils under fovorable
conditions of light, temperature and water supply are
called abnormal seedlings. For example, seedlings with
weak or malformed parts, such as stubby roots or split

Fig.A.1: Normal seedlings show healthy growth, whereas
abnormal seedlings show stunted, abnormal growth.
(Courtesy: Mahyco Seeds Ltd., Mumbai, India.)

hypocotyls and those without primary leaves or terminal
buds, can be termed abnormal seedlings (Fig.A.1.)

Abrasion

Gradual erosion of a material, either by physical forces
(simultaneous cutting, shearing and tearing) or by
chemical degradation (chiefly oxidation) is called
abrasion. Abrasion causes the deterioration of materials
like fertilizers, textiles, leather, plastics, paints and
coatings on solid objects. Temperature is a significant
factor in abrasion. Friction raises the temperature of the
surface, which in turn, increases the abrasion.

An abrasive is a material used for grinding, rubbing,
polishing or cleaning a hard surface. Abrasive action can
be brought about by the grains on grinding wheels, or by
a coating on paper or cloth. Abrasive products, by virtue
of their refractory properties and superior hardness, have
advantages in speed of operation, smoothness and depth
of cut. The products can be used for grinding and
polishing (e.g., glass) cutting (e.g., metals), cleaning and
machining of metals, and in the manufacture of many
products.

Important natural abrasives include diamond,
corundum, emery, garnet, feldspar, calcined clay and
silica. Silica in its various forms such as sand,
sandstone, flint and diatomite is used as an abrasive.
Some examples of synthetic abrasives are aluminum
oxide, boron carbide, silicon carbide and titanium
carbide.

Abrasion resistance of granule

Abrasion resistance of a granule is its resistance to
forming dust, fines and/or being fractured. (See also
Granular strength of fertilizers.)

Abrasive: See Abrasion
Abrupto argillic: See Argillic horizon

Abrupt textural change

Abrupt textural change refers to a boundary between an
ochric epipedon (or albic horizon) and the underlying
argillic horizon. A significant increase in clay is seen
over a very short vertical distance in the zone of contact
between the A or E horizon and the underlying horizon.
This increase in clay should be twofold over 7.5 cm, if
the clay content of the A or E horizon is less than 20%,
and at least 20% if the clay content of the A or E horizon
is greater than 20%.

Abscisic acid

The name abscisic acid (ABA), a weak organic acid, is
derived from the ability of a substance to promote
abscission. Abscission is the natural detachment of
leaves, branches, flowers, etc. from plants. Abscisic acid
is a naturally occurring plant growth inhibitor, and is one
of five major plant hormones. It carries out a number of
important functions in the growth and development of



Abscission

Abstraction license

plants. It is a key factor controlling stomatal movements,
leaf senescence and bud and seed dormancy.

Abscisic acid (ABA) is present in leaves, fruits and
seeds, and is distributed throughout the plant body. The
synthesis of ABA takes place mainly in chloroplasts. The
rate of synthesis of ABA increases when the plant is under
stress.

Chemically, abscisic acid is a member of the
terpenoid family. The chemical structure of ABA is
shownin Fig.A.2.

H CH
CH, CH3| | 3
C 1B H
N
5 5\(‘/3 ’\\C/
OH 1 2 |
s 1COOH
0 CH,

Fig.A.2: Structural formula of abscisic acid

Abscission

Abscission is the natural detachment of leaves, branches,
flowers, etc. Separation of an organ takes place due to the
disintegration of the wall of the separation layer. Almost
any part of the plant, from a small bud to branches of
several inches in diameter can be abscised in some plant
species. However, annuals tend to show little abscission,
especially of leaves.

Abscission is useful in plants in many ways. It
involves self-pruning, dispersal of seeds or other
reproductive structures, and removing dead, injured or
diseased parts.

Abscission facilitates recycling of mineral nutrients
to the soil, thus maintaining a balance in leaves, roots,
and in vegetative and reproductive parts. Generally, the
process of abscission is restricted to the abscission zone
of an organ (Fig.A.3). The portion of the abscission zone
that remains attached to the plant, develops into a corky
protective layer.

N

Abscission zone  Separation layer Protective layer

Fig.A.3: Abscission

When auxins are applied (as is done in experimental
trials) to the distal side (organ) of the abscission zone, it
retards abscission, whereas, when it is applied to the
proximal side (stem), it accelerates abscission.

Gibberellin, a growth hormone, delays abscission. On
application to young fruits or leaves, gibberellin
promotes growth, delays maturation and ultimately
prevents or delays abscission. Abscisic acid promotes
abscission and senescence and can also retard plant
growth. As a matter of interest, ethylene in small
amounts can also distort and reduce plant growth and
promote senescence and abscission.

Absolute temperature

Absolute temperature denotes a temperature measured on
an absolute scale. It is a temperature scale used in
theoretical physics and chemistry and in engineering
calculation,

Absolute temperatures are expressed in Kelvin or
degrees Rankine corresponding to the centigrade and
Fahrenheit scales respectively. Kelvin is obtained by
adding 273.15 to the degree centigrade temperature (if
above 0°C) and subtracting the degree centigrade
temperature from 273.15 (if below 0°C). Degrees
Rankine are obtained by subtracting 460 from the
Fahrenheit temperature. The closest approach to absolute
zerois-272°C.

Absorbent

Any substance exhibiting the property of absorption is
called an absorbent. Absorbent cotton, so made by the
removal of natural waxes is one such example.

Absorption

The process by which a solid or liquid takes up gas, or a
solid takes up a liquid, is known as absorption.

The movement of a fluid or a dissolved substance
across a cell membrane is also called absorption.
In plants, water and nutrients are absorbed from the soil
by the roots (Fig.A.4). This phenomenon is due to a
combined effect of osmotic pressure within the plant
cells, electrical charge of the absorbed ions, surface
tension, permeability of the cell membranes, etc. The
fixation of potassium ion between the layers of clay
minerals, such as illite, is also due to absorption.

Absorption is different from adsorption. While the
absorbed substance permeates the bulk of the absorbing
substance, adsorption is a surface phenomenon.

The movement of ions and water into plant roots
against the activity gradient is called active absorption,
whereas the movement of water into the roots resulting
from the pulling forces on the water column in the plants
(to compensate for the water lost by transpiration) is
called passive absorption.

Absorption ratio of potassium: See Potassium
absorption ratio

Abstraction license

Abstraction license is an authorization issued by a water
authority to allow water to be drawn from a water source
for irrigation and/or for commercial or domestic uses.



Accelerated caking test

Accessory structural elements

Cell nucleus

(=2
[ w0

Porous cell wall
Plasmodesmata
Cytoplasmic membrane

i)

A

~~—_ Anions and cations in solution

H;PO‘_

. ’FO!‘

Clay particles

Fig.A.4: Diagrammatic representation of absorption of plant nutrients from the soil by piant roots. Inset: An

enlarged portion of the root tissue.

Accelerated caking test

The accelerated caking test is one of several tests to
evaluate the caking tendency of fertilizers. (See Caking
tendency, evaluation of.)

Accelerated erosion

Accelerated erosion occurs when geological erosion
(caused mainly by wind, water and heat) is accompanied
by human activities, leading to the top soil being removed
rapidly.

Accelerated erosion is rapid and often destructive.
(See also Soil erosion.)

Accelerator

The substance that accelerates the speed and output of a
process is called an accelerator. (See also Activator.)

Acceptable risk

Acceptable risk is a concept that has developed in recent
times when environmental issues like air and water
pollution, and the hazards of toxic substances
(like insecticides and pesticides) have received
greater focus. Acceptable risk is defined as the risk level
at which a seriously adverse result is highly unlikely,
but about which an assurance of 100% safety cannot
be given. It means living with a reasonable assurance
of safety and acceptable uncertainty. Diagnostic
x-rays, fluoridation of water and ingestion of saccharin
in small amounts are some examples of acceptable
risks.

Acceptance inspection

The inspection of a sample of raw material or of a
finished product, based on some set criteria and
procedures, which leads to inference of whether the

material or the product is acceptable or not, is called the
acceptance inspection. The standards of acceptance
inspection are set according to the product requirement at
the user's end rather than by the inherent capabilities of
the process.

Accessory nutrients

Among the various nutrients essential for plants, there
are some growth enhancing nutrients like vitamins,
purines, pyrimidines and amino acids. These are called
accessory nutrients. (See also Plant nutrients.)

Accessory structural elements

Accessory structural elements are nutrient elements that
form part of more active and vital living plant proteins
(Fig.A.5). Some examples of this are the
following: (i) Proteins contain nitrogen which constitutes
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Fig.A.5: Diagrammatic representation of various nutrient
elements in a plant cell.
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110 3% of plant tissue. (ii) Phosphorus constitutes 0.05 to
1.0% of plant tissue and is found in nucleoproteins,
phytin and lecithin. (iii) Sulphur is a constituent of many
proteins. Its content varies from 0.05 to 1.50% in plant
tissue.

Acclimated micro-organism

An acclimated micro-organism has the ability to adapt
to environmental changes, such as a change in
temperature, pH, oxygen concentration, etc. Acid
tolerant rhizobia are examples of acclimated micro-
organisms.

Accretion of soil: See Soil accretion

Accumulation layer

Materials leached from the upper soil layer are
accumulated in the layer below. The layer that receives
the leached material becomes the accumulation layer.
The accumulation layer (or accumulation zone) or
illuvial layer has a fairly high clay content. (See also Soil
horizons.)

Accumulation zone: See Accumulation layer

Accumulators

Plants which concentrate large quantities of elements
such as selenium and aluminum in their tissues are known
as accumulators. Such plants can be used for toxicity
control as in bioremediation.

Among non-living materials, an accumulator is a
voltaic cell or battery that can be recharged by passing
current through it from an external D.C. supply. The
charging current, passed in a direction opposite to that of
the cell supplying the current, reverses the chemical
reactions in the cell. Those using acid, nickel-iron and
nickel-cadmium are among the common types of
accumulators.

Acetobacter diazotrophicus

Acetobacter (or Gluconacetobacter) diazotrophicus is a
nitrogen fixing endophyte, very specific to sugar-rich
crops. It tolerates acidic and nitric conditions and can be
isolated from the soils, roots, stems and leaves of sugar
cane and sweet sorghum.

Acetoclastic bacteria

Bacteria that form methane exclusively from acetic acid
in anaerobic digestion are called acetoclastic bacteria.
These bacteria grow slowly and take several days to
double.

Acetogenic bacteria

Bacteria that ferment fatty acids (mainly propionic and
butyric acids) to acetic acids are called acetogenic
bacteria.

Acetylene reduction assay

The biological reduction of dinitrogen (N=N) to
ammonia (NH,) is carried out by prokaryotes in soil and
plants with the help of the enzyme nitrogenase.
Nitrogenase also reduces a variety of substrates like
acetylene, nitrite, cyanide, etc. It also catalyzes the
reduction of acetylene to ethylene. The end product
ethylene is easily detected by gas chromatography.

C2H2+ 2H+ + 2e e C2H4
(Acetylene) (Ethylene)

The reduction of acetylene is only indicative of
nitrogen fixation which has to be, however, confirmed by
isotopic methodology or other methods. The theoretical
ratio of 1 mole of nitrogen fixed per three moles of
acetylene reduction cannot be used for quantifying the
fixation as the ratios can vary widely. This is because a
part of the electrons are diverted for concomitant
hydrogen evolution. Acetylene reduction assay is
therefore to be interpreted with caution and can be used in
alimited sense to screen for putative diazotrophs.

The word assay refers to testing or determination of
the quality, content or concentration of a substance. In an
acetylene reduction assay, excited nodules, detached
roots with nodules, whole plants or microbial
suspensions are enclosed in a closed container in which
10% of the volume is replaced by acetylene. After
incubation for a suitable period, the ethylene evolved is
sampled and estimated by gas chromatography using a
flame ionization detector. The rate of ethylene evolved is
indicative of the nitrogen fixing potential of the system.
Because of its simplicity, high specificity and sensitivity,
low cost and short assay period, the method has been
widely applied to detect nitrogen fixation in a whole
range of systems ranging from purified nitrogenase
components to legume-Rhizobium associations.

Acid

Acids are one of the largest classes of chemicals whose
aqueous solutions have one or more of the following
properties: (a) sour taste, (b) ability to turn litmus paper
red and cause other indicator dyes to change to
characteristic colours, (c) ability to react with and
dissolve some metals to form salts, and (d) ability to react
with bases or alkali forming salts. All acids contain
hydrogen. In water, acids ionize and form hydronium
ions (H,0™), usually written simply as hydrogen ions.

Acids are classified as strong acids or weak acids
according to the concentration of hydrogen ions that
results from ionization. Hydrochloric acid, sulphuric
acid, nitric acid and perchloric acid are strong acids since
they ionize almost completely in dilute aqueous solutions.
Acetic acid and carbonic acid are weak acids. The pH
range of acids is from 6.9 to 1 and is a measure of the acid
character in an aqueous solution.

In solvents other than water, acid is defined as a
substance that ionizes to release the positive ion of the
solvent. The Lowry-Bronsted definition of an acid as a
substance that can give up a proton is useful in the



Acid former

Acidic soils

understanding of a base. The most significant
contribution to the theory of acids was the electron-pair
concept enunciated by G. N. Lewis. According to Lewis,
any molecule or ion that can combine with another
molecule by forming a covalent bond with two electrons
from the second molecule or ion is an acid. Thus, acid is
an electron acceptor like BE; or AICL. The hydrogen ion
is the simplest substance that will do this.

The terms 'hard' and 'soft' acids and bases refer to
the ease with which their electron orbitals can be
distorted. Hard acids have positive oxidation state, and
their valence electrons are not readily excited. Soft acids
have little or no positive charge and possess easily excited
valence electrons. Hard acids combine with hard bases
and soft acids with soft bases, Soft acids tend to accept
electrons and form covalent bonds more readily than hard
acids. For example, halogen acids show a progression
from hard (HF) to soft (HI).

Major groups of acids are as follows:

(i) Inorganic mineral acids like hydrochloric acid and
phosphoric acid.

(ii) Organic acids, whose four major groups are
(a) mono carboxylic acids which contain one COOH
group (examples include acetic acid), (b)
dicarboxylic acid, which contain two COOH groups
(examples include pthalic, sebacic and adipic acids),
(c) fatty acids which contain long chain COOH
groups (examples include oleic, palmitic and stearic
acids), and (d) amino acids which contain NH, and
COOH groups (examples include glycine.) Organic
acids can also be classified into (a) aliphatic acids,
such as acetic acid and formic acid, and (b) aromatic
acids, such as benzoic acid and salicylic acid.

Acid former

Acid formers constitute a group of facultative and
obligate microbial anaerobes, capable of hydrolyzing and
fermenting organic compounds (in sewage) to organic
acids, like acetic acid and propionic acid. These microbes
should, for better anaerobic sludge digestion, be in
equilibrium with methanogenic bacteria.

The main acid formers (in view of their numbers in
sludge compared to the facultative anaerobes) are
obligate anaerobes.

Acid forming fertilizers

Chemical fertilizers are known for their acidity and
basicity forming tendency. A fertilizer that leaves behind
an acidic effect in the soil is an acid forming fertilizer.
For example, bacteria oxidize ammonium-containing
fertilizers like ammonium chloride, ammonium sulphate
and urea to form nitrate and hydrogen ions, as shown
below:

Bacteria

NH, +20, — NO+H,0+2H

All fertilizers containing nitrogen, sulphur and
phosphorus, and fertilizers lacking metallic cations
belong to the category of acid forming fertilizers.

Sulphur, an ingredient of some fertilizers and
fungicides, is oxidized to sulphate and hydrogen ions as:

Thiobacilli
2§ + 30,+ 2H,0

2507 + 4H'

The sulphate ion by itself is not acidic. The
acidifying capacity of nitrogenous fertilizers varies
widely. Some countries make it a mandatory requirement
that the acid forming capability of fertilizers be specified
in terms of calcium carbonate or lime required to
neutralize the acidic effect (kg of lime/kg of nitrogen
fertilizer.) This quantity of lime depends on the anions
(CI', NO5', SOF , etc.) present in the fertilizer as well as
the amount of nitrate formed from oxidation of
ammonium ions.

The quantity of calcium carbonate required to
neutralize the acid residue of a fertilizer is its equivalent
acidity. The theoretical equivalent acidity values of some
fertilizers are given in Table-A.1.

Table-A.1: Theoretical equivalent acidity values of
some nitrogenous fertilizers

- Equivalent acidity

Fertilizer (kg of CaCO, per
100 kg of fertilizer)

Ammonium chloride 128
Ammonium phosphate
(16% N +20% P,0;) 86
Ammonium sulphate 110
Ammonium sulphate-nitrate 93
Urea 84

Acidic low moor peat

The acidic low moor peat is a highly decomposed raw
material with pH less than 7 for peat fertilizers.

Acidic soils

Soils with pH less than 7.0 are called acidic soils.
Decomposing organic matter and root respiration
produce carbon dioxide. This carbon dioxide dissolves in
water and forms carbonic acid, which acidifies the water,
and causes soil acidity. Soil acidity is determined by
hydrogen ions (H*) or by the content of hydroxyl
aluminum AI(OH)** or aluminum (Al**) ions.
Ammonium nitrate, ammonjum phosphate and
ammonium sulphate-nitrate are among the acid forming
fertilizers.

Bacteria oxidize ammonium-containing fertilizers to
form nitrate and hydrogen ions. Some fertilizers and
fungicides contain sulphur which is oxidized to sulphate
and hydrogen ions. Some of these are excreted by plant
roots, lowering the soil pH within the root zone.

Leaching increases soil acidity, albeit slowly, in soils
with a high carbonate content. In highly industrialized
areas, acid rain caused by the discharge of the oxides of
sulphur and nitrogen to the atmosphere makes the soil
acidic. Removal of the crop also makes the soil more
acidic and depletes the reserves of calcium, magnesium
and potassium.
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Soil acidity can be corrected by several methods.
Flooding the soil, for instance, raises the soil pH,
although this is effective only for crops like lowland
paddy that grows in waterlogged conditions. Another
method is liming, which is to add alkaline material to
acidic soils. Alkaline substances provide a conjugate base
which reacts with hydrogen ions. (See also Soil acidity,
correcting of; Liming materials.)

Acidic stain
In the staining technique, if the color comes from a

negative ion (organic anion), the stain is described as an
acidic stain. For example, eosin. (See also Staining.)

Acidimetry

The determination of the concentration of an acid in a
solution or a mixture is called acidimetry. The acid
character of soil is usually tested by titration with a
solution of base of a known strength (standard solution.)
An indicator is generally used to establish the end point.

Acidity index

Acidity index is a term applied to commercial fertilizers
which are left behind as a residue in the soil. The amount
of calcium carbonate required to neutralize the acid
residue in soil is known as its acidity index. It is the
amount of calcium carbonate in kg required by 100 kg of
afertilizer.

Acidity index is an important chemical property of
acid soils, which affects plant growth and nutrient
uptake. (See also Base saturation.)

Acidity quotient

Acidity quotient (AQ) is defined as the exchange in
acidity ratio of litter, given by the ratio of exchange
acidity of humus to that of the top horizon. It
characterizes the influence of humus on soils. AQ of less
than 1 indicates healthy soil.

Acid neutralizing capacity

The acid neutralizing capacity (ANC) of a substance is
given as the moles of protons per unit volume or the mass
required for changing the pH of an aqueous system to a
desired value at which the net charge from the ions not
reacting with the hydroxyl ion (OH") and hydrogen ion
(H*)is zero.

ANC is expressed as:
ANC = [HCO; | + 2[CO{ ] + [OHT] - [H*]

ANC increases as pH increases. The rate of change
of ANC with pH (dANC/dpH) is called the buffer
intensity, BH. The buffer intensity of acid soils, found in
the temperate zone which are rich in organic content,
falls in the range of 0.1 to 1.5 mol/kg of organic matter
per pH unit.

Proton budgets are estimated in terms of
Kmol/hectare/year in field soil. Protons are produced by

release reactions (involving C, N and S) and by the bio-
uptake of organic matter and carbon dioxide (ag). The
protons are consumed in mineral weathering reactions
such as hydrolysis, complexation and ion exchange, or
may be lost due to inflow processes or deep percolation.
If the production of protons is more than their
consumption or loss, as is often the case in the tropics and
in podzols in temperate regions, the soil becomes
progressively acidic.

Liming is the time-honored method of mitigating soil
acidity.

Acidophilic cell components

In the staining technique, the cell components that are
stained with acidic dyes are classified as acidophilic cell
components. (See also Staining.)

Acid peat

Peat is vegetable matter partly decomposed in wet acid
conditions to form a brown deposit. The degree of
decomposition and conversion of organic matter and the
surrounding environment create different types of peat.
Peat is used as fuel in gardening, etc.

Acid peat (oligotrophic) is of atmospheric origin.
Over the ages, as bogs developed their own peculiar
vegetation (like hazel, pine trees, reeds, moss, etc.), the
decomposition of dead plant material led to the
accumulation of peat in lake beds. This accumulation led
to the stagnation of the lake, and made the peat and the
water acidic in nature.

Acid peat is commonly added to soil that is not acidic.
Acidic peat, sulphur or ferrous sulphate can help lower
soilpHto 4.4.

Acid phosphate of lime

Acid phosphate of lime is another name for concentrated
superphosphate.

Acid rain

Acid rain is rain that contains excessive concentration of
acidic radicals like nitrate and sulphate. It is a major
pollutant in Canada, Norway, Sweden, the United States
and many highly industrialized countries. Millions of
tons of sulphur dioxide and nitrogen oxide are discharged
into the atmosphere as gaseous particles which are
oxidized to sulphuric and nitric acids. When these oxides
of sulphur and nitrogen get dissolved in atmospheric
moisture, they cause acid rain. Similarly, sulphur dioxide
and nitrogen oxides emitted in the atmosphere by forest
fires and the burning of fossil fuels are converted into the
respective acids and precipitated as acid rains.

Usually, the pH of rain water is 5.6 to 5.7, but that of
acid rain can be as low as 2.0. The amount of dissolved
sulphur during annual rainfall ranges from 10 kg/ha (in
less industrial areas) to as much as 100 kg/ha (in highly
industrialized areas).

Acid rain affects plant growth. It also damages
foliage, impairs photosynthesis, destroys fish in lakes
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and rivers, and affects marble, limestone and buildings
(especially stone masonry constructions). Lichens are
particularly sensitive to changes in pH and are used as
indicators of acid pollution. In many developing
countries, acid rain is caused by excessive burning of
wood, coal and petroleum products.

Though oxides of sulphur and nitrogen are principal
culprits in causing acid rain, emission of ammonia from
livestock waste, fertilizer applications and industrial
processes also contribute considerably to the formation
of acid rain. Certain volatile organic compounds can also
cause acid rain through photochemical reactions.

Acid rain is also known to lead to the dissolution of
toxic metals like cadmium, copper and aluminum which
otherwise remain adsorbed onto sesquioxides and
humus,

Acid sulphate soil

When sulphur-bearing iron pyrites present in acid soils
(pH<4) oxidize to form sulphuric acid, the soil gets
converted into an acid sulphate soil. Such a continuous
process of acid formation renders the soil impossible to
reclaim.

In anaerobic conditions, acid sulphate soil contains
relatively high amounts of sulphides, whereas in aerobic
conditions, it contains high amounts of sulphates.

Acid sulphate soils, also called cat clays, are found
especially in coastal belts and in estuarine and delta areas
of the humid tropics. These are known as Katteklei (cat's
coat) in The Netherlands. In India, acid sulphate soils
occur in the states of Orissa, Kerala and West Bengal.

Acidulated bone

A ground bone or a bone meal treated with sulphuric acid
is called acidulated bone.

Acidulated phosphate rock

A raw phosphate rock, treated with sulphuric acid is
called acidulated phosphate rock. (See also Single super
phosphate.)

Acidulated superphosphate

Acidulated superphosphate is a superphosphate formed
from acidulation of phosphate rock with sulphuric acid.

Acidulating the soil

Any substance treated with acid is said to be acidulated.
To make superphosphate fertilizer, phosphate rocks are
acidulated with sulphuric acid. A ground bone or bone
meal treated with sulphuric acid is called acidulated
bone.

Generally, moderately acidic soil is better suited to
plants than neutra] or basic soils. When soil is inherently
high in carbonates, as in arid and semi-arid regions, some
amount of acidification improves plant growth.

The acidulation of paddy soil increases rice yields by
increasing the availability of micronutrients. Similarly,

acidification increases the production of potatoes,
blueberries, cranberries, azaleas, rhododendrons,
camellias and conifer seedlings.

For acidulation, several acidic or acid forming
materials (like elemental sulphur, iron pyrites, sulphuric
acid and aluminum compounds) are used. Sulphur in
elemental or suspension form is the most effective soil
acidulant, if applied several weeks before planting a
crop. The microbial oxidation reaction may be slower in
alkaline soils, especially in cold seasons. Less sulphur is
required when applied in band mode than when
broadcast.

Sulphuric acid is used for (a) reclaiming the soils
affected by sodium or boron, (b) increasing the
availability of phosphorus and micronutrients, (c)
reducing ammonia volatilization, (d) increasing water
penetration, (e) controlling certain weeds and soil-borne
pathogens, and (f) enhancing range grasses. It can be
dribbled on the surface of the soil, applied in ditch
irrigation water or applied with a knife applicator.

Aluminum sulphate is also used for acidulating soils.
Liquid ammonium sulphide, when applied in bands or
through irrigation water, decreases soil pH and increases
the water penetration in saline-alkali irrigated soils.
Ammonium polyphosphate and ammonium thiosulphate
solution acidify the soil in and near the band and increase
micronutrient availability.

Acidulation

The treatment of any substance with an acid is called
acidulation. For example, phosphate rock is acidulated
with sulphuric acid to make superphosphate fertilizer.

Acid value

Acid value is known as the number of milligrams of
potassium hydroxide required to neutralize the free acids
present in one gram of substances like soil, fat, oil, etc.
Acid value is determined by the titration of a known
quantity of the sample in aqueous solution or KCI
solution for soils, and hot 95% alcohol for oils and fats
using phenolphthalein as an indicator.

Acquifers
Geological formations like sand, gravel or any porous

rock that transmit water underground are called
acquifers. (See also Ground water.)

Acre-inch-day
Acre-inch-day is a measure of the quantity of water flow
covering one acre of land to a depth of one inch in 24

hours or 0.042 cu ft/sec. This unit is used mainly in the
USA.

Acrisols

In the FAO/UNESCO system of soil taxonomy,
intensely acidic soils with a low base saturation are called
acrisols.
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Activated sludge

Acropetal translocation of fungicides

Acropetal is a botanical term which means "developing
from below upwards". Translocation here means
transport of a dissolved substance within an organism,
especially in the phloem of a plant or actively across
a cell membrane. For instance, when a fungicide enters
plant tissues and is transported upwards, the
phenomenon is called acropetal translocation of the
fungicide.

Actin

Actin and myosin are the principal fibrous proteins of
muscle; their interaction brings about muscle
contraction. (See also Protein.)

Actinomycetales

Actinomycetales is a bacterial order. Filamentous
bacteria, called actinomycetes, come under this order,

Actinomycetes

Actinomycetes are filamentous micro-organisms that are
intermediate between bacteria and fungi. They have a
mass of fine elongated threads called mycelium, which
resembles the typical growth structure of fungi. They
reproduce asexually by fission, or through spores.
Actinomycetes means ray fungi because of the mycelia,
but they are distinct from fungi in many ways.
Actinomycetes come under the bacterial order of
actinomycetales and belong to the phyla Actinobacteria.
Like bacteria, actinomycetes secrete some
polysaccharides and help retention of water in soils.
Their cell wall is typical of bacteria. They are
prokaryotic, which means that their genetic material is
not enclosed in the cell nucleus. Most actinomycetes are
acrobic and help decompose organic matter, like
cellulose and other resistant organic molecules. The
characteristic odor of a freshly plowed moist field is due
to soil actinomycetes. A very few of the actinomycetes
establish symbiotic nitrogen fixing association with
plants like soapberry, alders, bitterbrush, coffee berry,
Australian pine, mountain mahoganies, etc.

Actinomycetes are helpful to at least seven botanical
families. Actinomycetes help in the synthesis of a great
variety of antibiotics like streptomycin, aureomycin,
terramycin and neomycin.

While actinomycetes can survive in soils with low
moisture, they develop best in moist and well-aerated
soils.

Activated sewage products

Activated sewage products are obtained from aerated,
flocculated organic matter, inoculated with micro-
organisms. The dried organic matter when ground,
screened and bagged is used as a fertilizer.

Activated sludge

Sludge, when subjected to microbial action, becomes a
biologically active substance and is called activated

sludge. It is a solid-liquid viscous mixture which is soft,
thick, wet or muddy. Domestic sewage containing more
than 20% solid is also called sludge. Similarly, industrial
organic wastes from processes such as alcohol
distillation, paper making, meat packing, flour making
and petroleum refining are also called sludge. Some of
these residues contain excessively high sodium while
others contain toxic substances.

A mixture of organic materials resulting from the
purification of municipal waste contains both
macronutrients and micronutrients. There are two types
of this sludge: (i) Imhoff sludge - which is a low-grade
sludge containing 2 to 3% ammonia and about 1%
phosphoric acid. (ii) Activated sludge ~ which is a high-
grade sludge containing 5.0 to 7.5% ammonia and 2.5 to
4.0% phosphoric acid. These are derived from running
sewage through settling tanks, without access to air, and
then leaving it to decompose anaerobically. After the
activated sludge treatment, lagooning may be used
effectively. Activated sludge is also derived by pumping
air or oxygen through porous plates at the bottom of the
settling tanks. Twenty percent of the sludge is added as a
nutrient for aerobic bacteria. The resulting solids are
filtered and dried. The dried sludge is used as a fertilizer.
Repeated exposure to atmospheric oxygen by mechanical
infusion of air into the sewage increases bacterial activity
in the sludge. This product is good for land use as its plant
nutrient content ranges from 3 to 6% N, 2 to 4% P,0s and
0.5t01.5% K,0.

The sewage and septage residues, along with
industrial waste, can replace chemical fertilizers
equivalent to about 1% of nitrogen, 4% of phosphorus
and 0.5% of potassium. This amounts, on a dry weight
basis, to roughly 4 % nitrogen, 2% phosphorus and 0.4 %
potassium, irrespective of the chemical composition of
the sludge.

Sludge often contains toxic heavy metals such as
boron, cadmium, copper, mercury, nickel, lead,
selenium and zinc as well as phytotoxins, pesticides or
other toxic compounds. Sewage sludge may carry
pathogens and infectious agents responsible for cholera,
diarrhoea, hepatitis, helminth parasites, poliomyelitis
and tapeworms. To reduce the pathogenic hazards from
sludge, many techniques are used which are as follows:
(a) composting outside the soil for at least 21 days, (b)
storage as a semi-liquid, anaerobically digested for at
least 60 days at 20°C, or 120 days at 40°C, or a
combination thereof, (c) treatment, when moist, with
lime for at least 3 hours, and (d) pasteurization for 30
minutes at 70°C.

The quantity of sludge to be applied annually depends
on the lowest tonnage needed to meet the nitrogen
requirement of the crop or the quantity that can be used
by the crop without making it toxic for the plant.

Sludge is used for crops like forages, oilseeds, small
grains, commercial sod (turf grass) and trees. It is,
however, not used for root crops, vegetables, fruits,
tobacco and dairy pastures. Crops respond to sewage
sludge as they do to a commercial fertilizer in the first
year of application; the response may get better in
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subsequent years because of the residual effect of the
added plant nutrients. Many physical properties of the
soil (such as the water and nutrient holding capacity,
infiltration, aggregation) are seen to improve with the
application of sludge. Repeated application of large
quantities of sludge (>10 t/ha) may cause 'soil
sickness'.

Activator

Generally, an activator or accelerator is a substance that
activates, accelerates or increases the total output of a
process. Microbial cultures added to organic materials or
residues to hasten their decomposition act as biological
accelerators. These microbial cultures include fungi like
Aspergillus sp., Paecilomyces fusisporus, Trichurus
spiralis, Trichoderma viride and other phosphate
solubilizers (Fig.A.6).
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Fig.A.6: Growth of various compost accelerators is
evident as differently colored colonies on the medium.
Metallic oxides (like zinc oxide), which promote
cross-linking of sulphur in rubber vulcanization are other
examples of accelerators. Similarly, oxides of
magnesium, calcium or lead are also effective
accelerators when mixed with rubber. Organic
accelerators should ideally not be added to this mixture.
Stearic acid, along with thiazoles, increases the
effectiveness of acidic organic accelerators. Any trace
amount of a substance, required to induce luminescence
in certain crystals, is also an accelerator. Silver and
copper activate zinc sulphide and cadmium sulphide.

Active absorption

The movement of ions and water into plant roots against
the activity gradient is called active absorption.

Active acidity

Active acidity is one of the two types of acidity. (See also
Reserve acidity.)

Active biomass : See Biomass

Active calcium carbonate

Active calcium carbonate is a fine form of lime which is
readily soluble in carbonated water. It enriches soil
solutions with bicarbonate that progressively saturates

the adsorption complex of clay-type soils. In contrast,
active calcium carbonate renders iron insoluble in
carbonated water.

Active ion uptake

When ions move against a concentration gradient, it is
called an active ion uptake. (See also Ion uptake, active
and passive.)

Active lime

Active lime is a fine form of lime. It is readily soluble in
water containing carbon dioxide. It enriches soil
solutions with soluble bicarbonate, which progressively
saturates the adsorption complex of the soil with a high
content of clay.

CaCO;+CO,+H,0 —» Ca(HCO,),
Ca(HCO,),+ H,- clay — Ca-clay+2C0,+2H,0

Active lime is insoluble in lime-rich soils, leading to
lime chlorosis. Chlorosis, caused by iron deficiency,
makes plant leaves lose their color abnormally. Chlorosis
is common in those soils of Northern Africa, which are
rich in active lime. Peach, chestnut and oak do not
tolerate active lime.

Lime activity is determined by the Drouinean
method in which lime is treated with excess ammonium
oxalate. Calcium oxalate precipitates from the active
lime and the excess oxalate of ammonium is determined
by titration with potassium permanganate. This method is
applicable usually to soils containing more than 8% total
lime.

Activity index

Activity index (AI) is a measure of the suitability of slow
nitrogen releasing substances, as a nitrogen fertilizer. An
example of such a substance is urea-formaldehyde-
ureaform. The activity index is defined as :

%CWIN - %HWIN

Al = x 100

% CWIN

where CWIN is the cold water insoluble nitrogen (25°C)
and HWIN is the hot water insoluble nitrogen (98 to
100°C.)

Ureaform contains about 38 % nitrogen, a fraction of
which is cold water insoluble and another fraction is hot
water insoluble. For ureaform to be effective as a
nitrogen fertilizer, the Al should be at least 40, according
to American Association of Plant Food Control Officials
(AAPFCO).

Activity ratio

Activity ratio is the ratio of the activity of two types or
species of cations in an equilibrium solution. Plants take
up potassium ions from the aqueous liquid phase of soil
and its solutes. The concentration of potassium ions in the
soil solution depends mainly on the crop, its type and
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growth. The optimum potassium level varies between 10
and 60 ppm depending on the crop, the soil texture,
overall fertility level and moisture content.

The effectiveness of soil potassium for a crop uptake
is influenced by the presence of other cations like calcium
and magnesium. Aluminum cations (in acidic soils) and
sodium ions (in salt affected soils) may also influence the
uptake of soil potassium by the crop.

The activity ratio of potassium (ARY) in solution in
equilibrium with soil is given by:

g g
\) a(Ca+ Mg)

where a, is the activity of potassium ion and a.ca + M) iS
the activity of calcium and magnesium cations. AR

provides a satisfactory estimate of the availability of
potassium. The activity ratio is also a measure of labile
potassium in soil and gives the amount available to the
Crop roots.

To describe the soil status, it is necessary to specify
not only the current potential of potassium in the labile
pool but also the way the intensity depends on the quantity
of labile potassium present through multiple
measurements. The relation between exchangeable
potassium ions (Quantity, Q) and the activity of solution
potassium cation (Intensity, I) is a good measure of the
status of potassium in the soil and the availability of more
labile potassium in that soil. The ability of a soil to
maintain the activity ratio against depletion by leaching is
governed partly by three factors: the labile potassium
pool, the rate of release of the fixed potassium, and the
diffusion and transport of potassium ions in the soil
solution. Usually, a neutral (normal) ammonium acetate
solution is a good extractant for exchangeable soil
potassium.

AR

Activity ratio of potassium

The activity ratio of potassium is the ratio of the activity
of potassium in soil extract to irrigation water, which
shows the relative activity of potassium ions in the
exchange reactions with soil.

Actomag

Actomag is a trade name for a selectively calcined
dolomite produced by a patented US process. When
dolomite is calcined at an appropriate temperature,
magnesium carbonate (MgCQ, ) is decomposed, leaving
behind magnesium oxide (MgO, 27%) and nearly intact
calcium carbonate (CaCO; 67%).

Actual acidity

Actual acidity is a type of acidity, determined by the
hydrogen ion concentration in a solution as measured by
the hydrogen-ion electrode. (See also pH.)

Acute toxicity

Acute toxicity refers to the ability of a substance to cause
damage to a living tissue or impairment to the central

nervous system or severe illness (leading in extreme
cases to death) when ingested, inhaled or absorbed by the
skin. The amount required to produce these results varies
widely from substance to substance and the duration of its
exposure to the living creature.

Acute toxicity is evidenced during short exposure that
is a single, brief exposure; chronic toxicity refers to
long-term exposure.

Additive

An additive is a substance which is added to another
material to improve the properties of the latter. Additives
are often added in small amounts. For example, a small
quantity of kaolin or talc is added to ammonium nitrate
granules or prills to make them free flowing. Similarly,
0.3 to 0.4% formaldehyde is added to urea to make urea
abrasion resistant.

Adenosine diphosphate

Adenosine diphosphate (ADP) is a phosphorus
compound formed during the breakdown of adenosine
triphosphate (ATP) by dephosphorylation. It is made of
adenine, ribose, five carbon sugars and two phosphate
groups (Fig.A.7). ADP acts as a source of energy in
biochemical reactions.

NH,
- N

0 ) [ N

T k\ cH
HO—P—0—CH, S N

0 (0]

|
HO—P==0

OH

OH OH
Fig.A.7: Structure of ADP.

Adenosine monophosphate

Adenosine monophosphate (AMP) is a phosphate
compound (Fig.A.8) formed by the hydrolysis of
covalent bonds of adenosine triphosphate (ATP)
molecules (linking to adenosine and 3-phosphate groups
by N-glycosidic linkage and phosphodiester bonds
respectively), by the process of dephosphorylation.

NHZ
N
NZ N\
0 L ] JcH
Ho—ll»—-o—CH2 \N N
OH o
OH OH

Fig.A.8: Structure of AMP.
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Adjusted sodium adsorption ratio

Adenosine triphosphate

Adenosine triphosphate (ATP) is a nucleotide of
fundamental importance as a carrier of chemical energy
in all living organisms. The most important function of
phosphorus in a plant system is to store and transfer
energy. During biochemical processes, ATP (Fig.A.9)
gets synthesized to store releasable enmergy with the
breakdown of ATP to adenosine diphosphate (ADP)
and to phosphate ion by dephosphorylation. Here, ADP
and ATP act as energy currency within the plant.

NH,
N
0 e | N
0 K\ /CH
Ho—lr—o—CH2 2 N
0 0
|
HO_II):O Sugar
0 HO OH
HO—T:O
OH

Fig.A.9: Structure of ATP.

In the ATP molecule, deoxyribose is linked
covalently to adenosine (through an N-glycosidic
linkage) and to three phosphate groups. These
phosphodiester bonds are sequentially hydrolyzed to
yield an ADP molecule and an inorganic phosphate, or a
molecule each of adenosine monophosphate (AMP)
and pyrophosphate, by dephosphorylation. Both
reactions yield a large quantity of energy (about 30.6
kJ/mole) that is used to bring about muscle contraction as
well as active transport of ions and molecules across the
cell membrane, and synthesis of the biomolecules. The
reactions bringing about these phenomena often involve
an enzyme-catalyzed transfer of the phosphate group to
intermediate substrates. Most ATP mediated reactions
require magnesium ions as cofactors.

ATP is generated by the phosphorylation of AMP and
ADP in the presence of sufficient phosphorus, which uses
chemical energy obtained from oxidation of food. This
takes place during glycolysis and the Krebs cycle but
most significantly it is also a result of oxidation-reduction
(Redox reactions) of the electron transfer chain that
finally reduces molecular oxygen to water. Almost every
metabolic reaction of any significance proceeds via
phosphate derivatives.

Adhesion

Adhesion, the act of sticking together, involves mutual
bonding caused by an attraction between surface
molecules of two different substances placed in contact.
There can be adhesion between two liquids, two solids,
or a liquid and a solid. The inter-facial forces acting here
may consist of valence forces or interlocking action or
both.

The separation of two different phases (A and B)
requires energy. Adhesion is measured as a force or work
necessary to separate the two phases with unit interface
area. The work necessary to tear off the adhesion (W)
when the two phases share an interface area of 1 m? is:

W, =0, O3~ Oy

where o, and o are the surface energies of the two
surfaces, o, is the surface energy of the interface
between A and B.

When a liquid is in contact with an insoluble solid,
three kinds of surface energy exist: (a) between the liquid
and the gaseous phase, (b) between the solid and the
gaseous phase, and (c) between the solid and the liquid
phase. The work of adhesion is calculated from:

W, = o (1+ cos 0)

where o is the surface energy at the liquid-air interface
and 6 is the angle of wetting.

The mutual attraction between molecules of the same
substance is called cohesion. Synthetic soil conditioners
facilitate the cohesion of micro-aggregates into macro-
aggregates.

In the case of a fertilizer, its particles can cake or
agglomerate on storage due to adhesion, leading to poor
flow. Such caking or lumping makes fertilizer application
difficult.

Adhesive contacts in fertilizer caking

As a result of molecular attraction, adhesive contacts
(capillary adhesion) are formed between the surfaces in
contact; the forces of attraction are known as van der
Waals forces. Such a contact is influenced mostly by the
plasticity of particles and the pressure exerted on the
material (fertilizer) when stored in bulk.

Adjusted SAR

Adjusted SAR is short for adjusted sodium adsorption
ratio.

Adjusted sodium adsorption ratio

Sodium adsorption ratio (SAR) represents the tendency
of sodium to increase its proportion on the cation
exchange sites at the expense of the other types of cations.
SAR is given by the ratio of sodium content to the content
of calcium plus magnesium in water. When water
contains bicarbonate (HCO3) and carbonate (CO}‘) ions,
they precipitate calcium and magnesium ions which
increase the SAR value. Acidic waters can dissolve solid
carbonates and bicarbonates, which in turn form
carbonates of calcium and magnesium. The new formula,
taking into account these changes, is known as the
adjusted SAR. It is given by the following equations:

o+

Na

Adj SAR = ==
Jca* + Mg
2

x[1 + 8.4 -pH]
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Adsorbate

pH_ = (pk{ - pK/) + p(HCO] + COZ ) + p(Ca®* + Mg )

where (pk; - pK/) is essentially the Ca, Mg and Na ion
concentration, p(HCO;+ C032') is the carbonate and
bicarbonate concentration, p(Ca** + Mg?*) is the
concentration of calcium and magnesium ions.

Adjuvant

Adjuvant in general means something helpful or
auxiliary, It is a substance that enhances the body's
immune response to an antigen. When added to the main
composition, the adjuvant improves the functioning of
the main ingredient; the characteristics of the latter can
change - in terms of improved wetting, reduced
evaporation, increased penetration, better translocation,
better weathering characteristics, retarded nutrient
release, better pH adjustment, enhanced deposition and
compatibility and reduced odor.

There are four types of adjuvants, namely
(a) surfactants, (b) oils, (¢) drift retardant, and
(d) others.

Surfactant adjuvant molecules have a lipophilic and a
hydrophilic phase. The former usually consists of a long-
chain hydrocarbon or a benzene ring structure that has
very low solubility in water but high solubility in oil, the
latter having a high affinity for water. From the structure
of the hydrophilic phase, three classes of surfactants are
recognized, namely, anionic surfactants, cationic
surfactants and non-ionic surfactants. In agriculture, the
most commonly used surfactants are non-ionic which are
non-toxic, easy to use and not affected by hard water.

The following are examples of the three surfactant
classes: (i) Anionic surfactants - Sodium stearate
C,,H;;COO Na*. (ii) Cationic surfactants -
Cetyltrimethyl ammonium bromide Cs Hy3(CH,),N*Br".
(iii) Non-ionic surfactants (Fig.A.10) - Poly (ethylene
oxide) laurylalcohol Cj,H,;0 (CH,CH,0),;H.

CH,
CH, 0 —(‘;{\)ECH’
Me CH, Me .
|
Mc—Ti—O—Si_n—-—s. Me
Me \/Ic Me

Fig.A.10: A new form of silicone type, non-ionic surfactant.

Surfactants have different uses as wetting and/or
dispersing agents, emulsifiers, foaming agents,
detergents, etc. A wetting agent (<0.1%) is added to
herbicide sprays to make the droplets spread evenly over
leaves, thus increasing the coverage and eventual uptake
of the herbicide.

Exhaustive research on surfactants has revealed that a
specific surfactant is ideal for a specific herbicide on a
particular species. In recent times, formulations
containing phytobland oils and highly concentrated (4 to
10%) surfactants are gaining increased popularity. These
products are more effective in improving herbicide

retention and uptake than the surfactant alone. For some
herbicides, the amount to be applied (usually around 2
liters/ha) is displayed on the label.

Oil adjuvants have been used in herbicide sprays for
many years and are divided into 3 types. (i) Phytotoxic,
non selective adjuvants in herbicides: These are highly
unsaturated (for example, diesel and oil) and readily
sulphonated, giving them a low unsulphonatable residue
character. OQils of this category are added to the knock-
down type herbicides to facilitate uptake through the bark
for spraying canals and ditch-banks or to brush killers.
(ii) Phytotoxic, selective adjuvants in herbicides: These
are not actually adjuvants and may be sprayed directly
without mixing with water or in combination with
herbicides.(iii) Phytobland oil-water emulsions: These
are nearly saturated light oils. They are not phytotoxic
and are added to herbicides for better penetration in
foliage. These are called by different names, such as corn
oils, superior spray oils, supreme spray oils, etc.

When a liquid is forced through a spray orifice under
pressure, a large number of extremely fine spray droplets
accompany the normal sized droplets. These 'fines’' can
be easily diverted from the target area even by a slight
breeze. If the herbicide is sufficiently phytotoxic and the
breeze is sufficiently strong or if the fines produced are
substantial, the fines can seriously damage non-target
plants and crops. A long chain polymer, such as anionic
polyacrylamide, can be added to the spray tank to reduce
the number of fines and to serve as a drift retardant.

Miscellaneous adjuvants include (a) foaming agents
which are often used to generate a glob of foam at either
end of the spray boom to serve as a marker, (b) emetics
which cause immediate vomiting to reduce the hazard of
accidental ingestion, and (c) stench creating agents added
to a toxic pesticide to prevent it from being mistaken for a
soft drink.

Adoption

Adoption, in the present context refers to the acceptance
and implementation of an improved or a new technique
related to farming, such as, a specific method of use of
fertilizer or irrigation, by a farmer.

ADP
ADRP is short for adenosine diphosphate.

Adsali sugar cane

Adsali sugar cane refers to the cropping pattern of sugar
cane in which the crop (with a span of 18 months) is
planted between June and August and harvested the next
year from December to February. This pattern of sugar
cane planting is common in the Indian states of Andhra
Pradesh, Karnataka and Maharashtra.

Adsorbate

A substance that accumulates in a two-dimensional
molecular arrangement at the interface is known as an
adsorbate.
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Adsorption mechanisms

Adsorbent

The solid surface on which a substance (adsorbate)
accumulates is called an adsorbent. Activated carbon,
activated alumina and silica gel are examples of
adsorbents.

Adsorption

The formation of a layer of gas, liquid or solid molecules
on the surface of a solid or liquid is known as adsorption.
The process is always accompanied by the evolution of
heat, which is called the heat of adsorption. The
opposite of adsorption is a process called desorption. A
substance accumulating in two-dimensional molecular
arrangements at the interface is called an adsorbate,
whereas the solid surface on which it accumulates is
called the adsorbent. A molecule or an ion in the soil
solution that can potentially be adsorbed is known as an
adsorptive. Organic and inorganic colloidal materials in
soil adsorb other substances (such as added fertilizers),
and form an adsorption complex. In comparison, non-
colloidal substances like sand and silt have no adsorption
capacity.

Depending on the nature of forces involved,
adsorption is divided into two types - chemisorption and
physisorption. In chemisorption, a single layer of
molecules, atoms or ions is held to the adsorbent surface
by chemical bonds. In physisorption, adsorbed
molecules are held by the weaker van der Waals forces.
In addition, adsorption caused by electrical attraction of
the ions to a charged surface is known as electrostatic
adsorption.

The quantity adsorbed depends on the (a) pressure
(concentration) at a constant temperature illustrated by
the adsorption isotherm, (b) temperature at a constant
pressure which is expressed by the adsorption isobar,
and (c) effect of pressure on temperature at a constant
amount adsorbed which is called the adsorption isostere.
The cause (energy or power) of adsorption is called
adsorptive force.

Compared to a pure solvent, surface-active
substances accumulate on the surface and reduce the
surface energy of the solution. Bonding of ions or
compounds to the surface of a solid or liquid, which is
usually temporary, is similar to the bonding of a calcium
ion held on the surface of a clay crystal.

Adsorption is an important feature of surface
reactions, such as those involving corrosion and
heterogeneous catalysis. The property is also utilized in
adsorption chromatography. The incorporation of
oxyanions like borate, phosphate or molybdate into
secondary metal oxides like that of Fe, Al and Mn, and of
transition metals like Fe or Ni into the soil organic matter
are examples of adsorption.

Adsorption coefficient

Irving Langmuir developed the concept of monolayer
adsorption of gases on surfaces from the kinetic theory of
gases. The concept, known as Langmuir isotherm,

relates the amount of gas adsorbed at a plain solid surface
to the pressure of gas in equilibrium with the surface.

The derivation of Langmuir isotherm assumes that
(@) the adsorption is restricted to a surface monolayer
which is energetically uniform, and (b) there is no
interaction between the adsorbed species. The following
equation shows that the fraction (q) of the surface covered
by the adsorbate at a gas pressure (p) is given by:

bp

¥ e

where 'b’ is a constant called the adsorption coefficient,
which is the equilibrium constant for the adsorption
process.

Adsorption complex

Substances like fertilizers adsorb on organic and
inorganic colloidal materials in the soil to form an
adsorption complex.

Adsorption, electrostatic

Adsorption caused by electrical attraction of ions to a
charged surface is known as electrostatic adsorption.

Adsorption isobar

The quantity of substances adsorbed by a solid depends
on its temperature at a constant pressure, and is expressed
as its adsorption isobar.

Adsorption isostere

The effect of pressure on the temperature of adsorption at
a fixed surface coverage is expressed as the adsorption
isostere.

Adsorption isotherm

The quantity of substances adsorbed depends on the
pressure or the concentration at a constant temperature,
and is expressed as adsorption isotherm.

Adsorption mechanisms

Adsorption involves holding molecules of a gas or liquid
solute as a thin film on the outer or inner surface of the
material. This can occur by three mechanisms, namely,
diffusion, ion outer-sphere complex and inner-sphere
complex.

A solvated ion neutralizes the surface charge in a
delocalized way and is adsorbed in the diffused ion
swarm so that fully dissociated ions from the functional
group are free to move about in the soil solution. In the
second mechanism, the outer-sphere surface complex has
a cation solvation shell and the bonding is exclusively
electrostatic. Finally, the inner-sphere complex
mechanism involves a siloxane cavity and is likely to
involve both ionic and covalent bonds. Covalent bonding
varies with electron configurations of both the surface
groups and the complexed ion; the inner-sphere surface
complex is hence considered as the molecular basis of the
term specific adsorption.
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Aerial spraying

Specific adsorption, which is usually chemical, is
selective for a particular ion or substance. Similarly,
diffuse ion association and outer-sphere surface
complexation have the molecular basis of the term non-
specific adsorption, wherein the prefix 'non-specific’
implies near non-dependence on the electron
configuration of the surface group and the adsorbed ion.

Soil solution composition determines the relative
affinity of a given metal cation to a soil adsorbent. The
interactive strength among the three adsorption
mechanisms decreases in the order of inner-sphere
complex, outer-sphere complex and diffuse ion swarm.

Adsorption, specific

Specific adsorption of an ion on a particular surface or
substance is called specific adsorption. (See also
Adsorption mechanisms.)

Adsorptive

A molecule or an ion in soil solution that can potentially
be adsorbed is known as an adsorptive.

Adsorptive force

The energy or power of adsorption is called adsorptive
force.

Adulteration of fertilizers

Adulteration of fertilizers involves the practice of adding
extraneous material to a standard fertilizer to lower its
quality. A fertilizer is said to be adulterated when (a) it
contains harmful or deleterious ingredients or unwanted
crop or weed seeds in quantities sufficient to harm the
plant when applied according to the directions on the
label, (b) its composition differs from that given on the
label, and/or (c) useless materials like salt or sand are
added to it.

Adventitious roots

Adventitious roots are those that appear on plant parts
like stems, branches or even leaves. These are also called
central permanent in crops like cereals, since they arise
from crown internodes just below the surface of the soil.
The same crown internodes are also the place of origin of
shoots or parts above the ground. The banyan tree has
adventitious roots.

AEC
AEC is short for anion exchange capacity.

Aeolian soil

The word aeolian means 'arising from the action of the
wind'. Wind-transported soil material forms aeolian soil.
Loess and dunes are examples of aeolian soils.

Loess is a material finer than sand. It can be
transported and deposited by wind to great distances.
Loess soils have neutral pH, well-balanced content of
clay and organic matter, and are rich in plant nutrients.

They possess a high nutrient storage capacity and are,
therefore, productive.

Loess soils, which are mostly silt, have unique
properties. For instance, they (a) are open and porous,
(b) have vertical cuts more stable than the slopes, and (c)
can have problems (like the formation of sinkholes,
cavities and subsurface channel cutting) when used for
earthen dams. There are large areas of loess in countries
like Argentina, China, Germany and the United States.

Aeration factor

Aerobic micro-organisms need oxygen for respiration.
The ratio of oxygen consumed by microbes in soil under
optimum respiratory conditions (artificially created) to
that consumed by them in the soil under natural
conditions is the aeration factor expressed as a
percentage. However, natural soil conditions cannot be
readily simulated in a laboratory.

Aeration pores

Aeration is the process where a substance gets permeated
with air or another gas. The macropores in a well-
drained, moist soil, usually filled with air are called
aeration pores. (See also Soil porosity.)

Aeration soil

Aeration is an exchangeable process between air from the
soil and the atmosphere. In a well-acrated soil, the
exchanges occur rapidly and continually.

Most crop roots, except rice, need oxygen for
respiration and growth. Microbes also need oxygen for
decomposition of organic matter and for oxidation of
chemical compounds like ammonia, sulphur, hydrogen
sulphide, iron sulphide, etc. Both roots and microbes
thus consume oxygen and release carbon dioxide in the
soil-air, and significantly alter its composition. Surface
soils and subsoils differ in their content of oxygen,
carbon dioxide and humidity. :

The rate of oxygen exchange or the oxygen diffusion
rate (ODR) depends upon the size and continuity of soil
pores. Large soil pores increase the ODR, whereas small
pores (like in fine clayey soils) or water filled pores
restrict it. ODR depends on the soil depth, with the top
few centimeters having rapid gaseous exchange as
compared to the deeper layers. The wetting and drying of
the soil and the soil cover also affect aeration.

A reduced aeration halts (or slows down) plant
growth or the decomposition of soil organic matter. A
deep ripping, drainage of excess water or addition of
organic residues loosens the compacted soil and helps
soil aeration.

Aerial spraying

In aerial spraying, pesticides, fertilizers or seeds are
sprayed from an aeroplane or helicopter (Fig.A.11).
Aerial spraying is particularly advantageous when the
ground is inaccessible, excessively wet or too large, or
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Fig.A.11: Aerial spraying is advantageous particularly over large areas, in tree plantations or if the land is too wet.
Courtesy: “The US Environmental Protection Agency” and “International Network for Environmental Compliance
and Enforcement”. With permission from the office of the INECE Secretariat, Washington, DC.

when the crop height or infestation is very large. Tram
lining or similar techniques can reduce the need for aerial
application. (See also Sprayer.)

Aerobes

Micro-organisms requiring oxygen for respiration are
called aerobes. Rhizobium, Azotobacter and Azospirillum
are examples. In aerobic respiration, foodstuffs (usually
carbohydrates) are fully oxidized to carbon dioxide and
water, releasing chemical energy, as shown in the
following reaction:

C¢H,,04+ 60, — 6CO,+ 6H,0 + Energy

A fermenter or a bioreactor with an aeration system
for the culture of aerobic organisms is known as aerobic
reactor. Aerobic reactor is a piece of equipment, such as
fermenter or a bio-reactor with an aeration system for the
culture of aerobic organisms.

Aerobic reactor : See Aerobes

Aerobic respiration

Respiration in the presence of oxygen is called aerobic
respiration. Oxidation of food requires oxygen in the
living cells and is accompanied by the release of water,
energy and carbon dioxide.

Aerodynamic method for evapotranspiration

Aerodynamic method, which is improved by the energy
balance approach, is used for estimating
evapotranspiration. The method employs meteorological
formulae, which consider factors influencing the removal

of water vapor from the evaporating surface, the vertical
gradient of humidity and the turbulence of airflow.
Turbulence can be assessed by the vertical gradient in
wind speed.

Aeroponics

Aeroponics is a technique of growing plants, in which
plants are suspended in the air and the roots are coated
with nutrient solutions. The method is used to assess the
effects of certain mineral elements on plant growth.

Aerosol

Aerosol is a type of colloid. It is the dispersion of liquid
or solid particles in gas such as mist, smoke or foam.

Affinity
The tendency of an atom (or compound) to react with

atoms (or compounds) of a different chemical
constitution is known as its affinity.

Hydrocarbons are called paraffins (meaning, no
affinity) because they exhibit no reactivity with other
molecules.

The hemoglobin molecule has a much greater
affinity for carbon monoxide than oxygen. The free
energy decrease is a quantitative measure of chemical
affinity.

Afforestation

Afforestation is the planting of forest plant species either
on a piece of land for the first time, or in denuded or
degraded forests. Planting trees on a large scale
(Fig.A.12 and A.13) prevents land degradation, as their
roots tend to grow down to the underground water, pump
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Fig.A.12: Afforestation with Glyricidia plantation on hills.

Fig.A.13: Afforestation with Casuarina trees.

the water out of the ground and transpire it into the
atmosphere, thereby keeping the water cycle in balance.

Planting trees reduces (a) soil erosion because tree
roots bind the soil and reduce its transportation, (b) soil
salinity because trees keep the water table well below the
soil surface due to transpiration of water, thus preventing
salts from rising, and (c) run-off which reduces the
quantity of soil particles and fertilizers being added to
rivers.

Trees absorb carbon dioxide from the atmosphere
during photosynthesis. Large-scale afforestation can help
reduce the large amounts of carbon dioxide generated by
the burning of fossil-fuel, coal and oil.

Appropriate mechanisms have been set-up all over the
world for promoting afforestation, tree plantation,
ecological restoration and eco-development activities.
Special attention has been given to degraded forest areas
and lands adjoining forest areas, national parks,

sanctuaries and other ecologically fragile areas such as
the Western Himalayas and the Silent Valley in India.

Aflatoxins

Aflatoxin refers to a group of highly toxic polynuclear
moulds (mycotoxins.) They are designated as B,, B,, G,,
G,, M, and M, and are produced chiefly by fungus
Aspergillus flavus, which is a natural contaminant of
fruits, vegetables and cereal grains. Aflatoxins are toxic
to many animals including fish and birds. The B, and G;
strains are carcinogens.

Aflatoxins fluoresce strongly under UV light. They
are soluble in methanol, acetone and chloroform, but
only slightly soluble in water and hydrocarbon solvents.
Prevention of mould growth is the most effective
protection against aflatoxins. Removal or inactivation is
possible by physical and chemical means (solvent
refining or hand picking). FDA (Food and Drug
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Administration) does not allow any aflatoxin content in
foods or feeds, although its presence up to 20 ppb does
not attract penalty.

AFNOR

AFNOR is a French standard system like the German
DIN system or Bureau of Indian Standards (BIS).
AFNOR sieves are one of the many principal sieves used
in the determination of particle size of powders. In
AFNOR, the length of the sides is stepped in geometrical
progression with a common ratio of 1.259. (See also
Sieving.)

After crop

After crop is another crop cultivated after the harvest of a
crop, on the same piece of land and in the same year.

After cultivation

As the term indicates, after cultivation involves
operations such as harrowing, rolling and other cultural
activities carried out in a field after the crop is sown or
planted.

Agar

A phycocolloid derived from red algae such as Gelidium
and Gracilaria is called agar. It is a polysaccharide
mixture of agarose and agaropectin. (See also Agar-agar.)

Agar-agar

Also known as agar, the word agar-agar is of Malaysian
origin. It refers to the red seaweeds belonging to genus
Eucheuma, used widely in Malaysia for making a
gelatinous material.

Agar is a mucilage synthesized by red algae and
stored along with cellulose in the cell wall. It is a dry,
amorphous and gelatine-like extract, devoid of any non-
nitrogenous material from Gelidium and other
agarophytes. The extract is the sulphuric acid ester of a
linear galactan, soluble in hot water but insoluble in cold
water. A 1.5% agar solution can form a firm gel at
around 35°C (with a melting point above 85°C), the gel
being a mixture of a partially methylated neutral
polysaccharide (agarose) and sulphuric acid ester
(agaropectin) of a linear galactan. The gel is made under
steam pressure or by boiling, and its agar content
depends on the algal species, season and extraction
method.

Agar is manufactured from various algae or seaweeds
called agarophytes, whereas the term agaroidophyte
denotes the red seaweeds that yield a substance
chemically akin to an agar-like substance, but with
different viscosity and gelling properties. The important
agarophytes used for extraction of agar are Acanthopeltis
Japonica, Ahnfeltia plicata and species under the genera
Gelidium, Gracilaria and Pterocladia. Other red algae
are Comphylaephora, Eucheuma, Hypnea, Gigartina
and Furcellaria.

Different countries use different red algae for making
agar. For example, Suhria (Fig.A.14), Gelidium,
Pterocladia, and Ahnfeltia are used in South Africa, the
US, New Zealand and Russia respectively. Often, the

Fig.A.14: Suhria vittata, a red alga used in

making agar.
alga carries the name of that country where it is used. For
example, Ceylon agar (or Ceylon moss) refers to the
dried red seaweed Gracilaria lichenoides found mainly in
Sri Lanka, whereas the same alga found along the Indian
coast bordering the Indian Ocean is called Bengal
isinglass. Gracilaria verrucosa (Fig.A.15) in China is
known as Chinese moss, whereas in Japan, agar-agar
made from Gelidium sp. is called Kanten, which means
cold sky, because it was made in cold winter days or high
up in the mountains.
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Fig.A.15: Gracilaria verrucosa (confervoides),
an agarophyte.

Agar is used for many purposes - as a solidifying
agent in the culture medium used for multiplication of
beneficial bacteria like Azotobacter and Azospirillum
during biofertilizer production (Fig.A.16), for algal
growth, for canning tuna fish (in Japan), in the sizing of
fabrics, etc. Various grades of agar are used as coating
material for waterproofing paper and cloth, as a glue, asa
cleaning medium for liquids, as a lubricant, in hot
drawing of tungsten wire for electrical lamps (for which a
suspension of powdered graphite in agar gel is used), for
making photographic plates and films, for imparting
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gloss and stiffness to leather, and as an adhesive in the
manufacture of plywood. Agar is even used in food
products, for thickening soups, sauces, ice creams,
malted milks, jellies, candies and pastries. Due to its high
temperature tolerance, agar is fovored in food products.
It substitutes pectin for making jellies, jams,
marmalades, etc. and serves as a clarifying agent in the
manufacture of wine, beer and coffee.

Fig.A.16: Agar-agar is used in various nutrient
media as a solidifying agent. Useful micro-
organisms are grown on suitable agar based
media.

Agar based inoculant

An inoculant that uses agar in its medium as a solidifying
agent is called an agar based inoculant.

Agaroidophyte

The term agaroidophyte denotes red seaweeds that yield a
substance chemically akin to an agar-like substance, but
with different viscosity and gelling properties.

Agaropectin
Agaropectin is the sulphuric acid ester of a linear
galactan, used for making gel.

Agarophyte
Agarophyte is an alga or seaweed used for the
manufacture of agar.

Agarose

Agarose is a partially methylated neutral polysaccharide
used for making gel.

Aged forest: See Forest
Age of tree: See Annual ring

Agglomeration

Agglomeration or caking (synonymous with flocculation
or coagulation) refers to the process of formation of
large granules or a coherent mass of material from
individual particles, caused by the formation of contact
points among the particles. Such conversions often occur
in humid atmosphere with fine powders and particulate

matter. A combination or aggregation of colloidal
particles suspended in a liquid into clusters or flocks of
approximately spherical shapes is also known as
agglomeration. It is achieved by neutralizing electric
charges which maintain the stability of colloidal
suspension.

Agglomeration thus prevents the smooth and easy
flow of fertilizers, thereby affecting manual application
as well as application with mechanical devices. Anti-
caking agents such as talc and kaoline are added to
prevent agglomeration and improve flowability of
fertilizers.

Agglomeration process

The clustering or grouping together of particles is known
as agglomeration and the process by which this takes
place is known as the agglomeration process. The
agglomeration process is used for the production of
granular NPK products. In this process, the final
mechanical strengths of the agglomerated granules are
obtained by mechanical interlocking or by fitting together
individual particles.

Aggregate

An aggregate is a group of primary particles, sand, silt or
clay that adhere to each other more strongly than to the
surrounding particles. It is a unit of soil structure.

Aggregate stability can be defined as the resistance
of the bonds within the aggregates to external forces of
impact, shearing, abrasion or disruption arising from the
escape of entrapped compressed air (slaking). It is a
measure of susceptibility of the soil to water erosion,
crust formation, hard setting and compaction. Stability
measurements can be made on the scale of the whole soil
or large aggregates (>250 pm) or on the scale of clay
and silt-sized particles.

On a large scale, aggregates of whole soils are
exposed to disruptive forces, usually by wet sieving and
the portion of the material remaining on one or several
sieves represents stable aggregates. At the scale of clay or
silt-sized particles, methods generally consist of
characterizing by turbidimetry or densitometry of the
suspension, obtained by exposing the aggregate to
disruptive forces.

Aggregate stability is determined by measuring the
proportion of aggregates of a given size (usually 1 to 2
mm), which, under the influence of disruptive forces, do
not break into units smaller than a pre-selected size
(usually 250 um).

Aggregate stability: See Aggregate

Aggregation

Aggregation is a general term describing the tendency of
large molecules (or colloidal particles) to combine in
clusters or clumps, especially in solution. When
aggregation occurs by the removal of electric charges, by
the application of heat or mechanical agitation or the
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addition of an appropriate electrolyte, the aggregates
precipitate from the dissolved state.

Aggregation, soil

When several soil particles are bound together they make
a unit called aggregate, and the process of this formation
is called aggregation (Fig.A.17). A soil consisting of
strong aggregates is an aggregated soil with a stable soil
structure, which is suitable for plant growth.
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Fig.A.17: Aggregation of soil particles leads to the formation
of clods.

Agon

Agon is a kind of plow which opens a furrow deeper than
the raise, to improve swampy terrains.

Agricultural aircraft

For large agricultural lands, an agricultural aircraft is
used to perform various operations like seeding, crop
drying, fertilization, defoliation, pest control, etc. Its use
is common in developed countries for large food
production programs. These crafts can be helicopters or
rotary wing flying machines which, due to their
manoeuvrability, low-forward speed capability and
operational precision offer advantages in forestry,
agriculture and vector control work. However, due to the
high initial price of helicopters, high adaptation and
maintenance costs, and pilot skill, their use on a large
scale is discouraged. An agricultural aircraft in action is
shownin Fig.A.18.

Agricultural aircrafts are sought after because of their
ability to operate regardless of farm conditions,
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Fig.A.18: Agricultural aircraft being used for aerial
spraying.

irrigational facilities and the state of crop growth. The
aircraft enables agricultural operations to be carried out
with great speed, but not necessarily with an energy gain
or saving over other methods. The field size, proximity to
human habitat and sensitive non-target cultivation, and
crop plant coverage are among the factors that limit the
use of these aircrafts. Some of these considerations are
particularly pertinent when wet and dry type pesticides
are to be dispersed.

Agricultural biotechnology

Agricultural biotechnology is a branch of agricultural
science that deals with research and application of
biotechnology tools to agriculture. It involves techniques
like genetic engineering, plant and animal tissue culture,
development of bio-fertilizers and bio-pesticides,
artificial synthesis of natural substances, etc. Bt cotton is
a well known example of agricultural biotechnology.

Agricultural chemistry

Agricultural chemistry is not a distinct discipline. It is the
science of chemical compositions and alterations which
occur in the production, protection and use of crops and
livestock. This branch embraces life processes that are
common in the creation of food and fiber for humans and
animals. To assist this creation and production, many
chemical substances are developed, which come under
the category of herbicides, insecticides, fungicides, plant
growth regulators, fertilizers, animal feed supplements,
nutritional supplements and medicinal compounds for
disease prevention.

Agricultural chemistry selectively embodies the
elements of many disciplines that impinge on agriculture,
such as genetics, physiology, microbiology,
entomology, etc.

Agricultural chemistry is used to study, explore and
investigate the cause and effect relationships of
biochemical reactions pertinent to plant and animal
growth, to develop methods to control these reactions
whenever required, and to produce the desired chemical
products.

Agricultural dolomitic limestone

Agricultural dolomitic limestone is a fine, grey to white
powder of a double carbonate of calcium and magnesium
with 12.8% magnesium and 17% calcium. The double
carbonate is much less soluble in water than the
individual carbonate. (See also Calcium carbonate.)

Agricultural engineering

Agricultural engineering is concerned with the means of
continually enhancing the production of food and fiber to
meet the needs of the world's rising population, and
elevating the standards of living.

Agricultural engineers deal with problems involving
biological materials, systems and processes. They apply
physical and engineering sciences and achieve new peaks
in agricultural productivity by increased mechanization.
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As enhanced production is demanded from an ever-
decreasing land area, agricultural engineers are
constantly concerned with modifying the natural
environment, to create conditions closer to the ideal for
plant growth and animal production. Agricultural
engineers strive to make today's livestock farm operate
like a factory with a high degree of automation and
mechanization, with inputs for poultry, dairy and meat
animals.

Agricultural engineering involves the efficient
management of soil and water resources, development of
newer techniques and systems for control of soil erosion,
retention of soil moisture for prevention of floods and
water pollution, and supply of pure water for human use.

Agricultural engineering also relates to the
development of machinery for efficient agricultural
operations and post-harvest operations, such as drying of
grains and forages, washing, grinding and storing of fruit
and vegetables, etc.

Agricultural fungicides

Agricultural fungicides are chemicals used in agriculture
to minimize crop losses caused by phytopathogenic
fungi. (See also Fungicides.)

Agricultural lime

The liming materials used for correcting the acidity of
soils are also called agricultural lime.

Agricultural machinery

From initial tillage of the soil to final food and fiber
production, there are many operational and
precautionary steps involved. These pertain to the
planting of crops, defense from pests, harvesting,
conditioning, livestock feeding, and release of the farm
product for processing.

To carry out agricultural operations, large special
purpose machines are often used. For tillage, the
generally accepted practice is to use large four, six, or
eight wheel tractors or crawler tractors and high-capacity

Fig.A.19: Special purpose machines and equipments are
devised for various agricultural operations. Clockwise from
top left: tractor driven plow, thresher, moldboard plow and
wheat and rice harvester.

plows or disks, while for loosening compacted soils, deep
rippers are conveniently employed (Fig.A.19). For all
this, a push-button control activates fluid power to pump
through the flexible hoses to impart linear or rotating
motion, as well as to perform intricate operations by
highly specialized machinery. The latter can increase the
precision needed in modern agriculture using, for
instance, lasers for laying out irrigation systems and
microprocessors for sensing or controlling such
operations as regulating feed mixtures for dairy cows or
grading fruits and vegetables. A variety of electronic
devices are employed in the automation of many
harvesters. Plows, discs, cultivators and fertilizer
spreaders are mounted on tractors, but if these are too
large, they are controlled and operated hydraulically.

An agricultural aircraft can perform many farming
operations, such as sowing rice in flooded fields,
applying fertilizers and pesticides, and spraying
herbicides and insecticides on grains, vegetables and
fruits.

Agricultural meteorologists: See Agricultural
meteorology

Agricultural meteorology

Meteorology deals with the atmospheric character of a
region, and is concerned with the processes and
phenomena of the atmosphere, especially as a means of
weather forecasting.

Agricultural meteorologists, also called
agrometeorologists, deal with weather prediction and
its effect on crop yields, water use efficiency, weather
related diseases (like pests), the length of seasons, the
timing and severity of snow or frost, wind direction and
intensity, problems associated with extreme weather
conditions, atmospheric turbulence, remote sensing, etc.

The earth's surface exchanges radiation and mass
with the atmosphere and absorbs the wind momentum;
micrometeorology deals with the mechanisms of these
exchanges.

Agricultural meteorology is concerned with the study
and application of meteorology to specific problems of
agriculture that arise while dealing with farming,
ranching and forestry. It is also concerned with finding,
in advance, the right weather conditions for the
transportation of materials such as water, chemicals,
fertilizers, etc.

Agricultural meteorologists use multispectral
scanners placed on a number of satellites made and
launched by NASA (USA), ESA (Europe), Japan, China
and India for remotely sensing conditions on land and in
oceans.

Agricultural sulphur

Coarse or ground sulphur used for correcting sulphur
deficiency or for increasing soil acidity is called
agricultural sulphur or agri-sulphur. It has a sulphur
content of about 90 % . It is oxidized to sulphate ion by soil
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micro-organisms when applied to the soil. The
effectiveness of agricultural sulphur depends on its
particle size, the rate, method and time of application,
soil characteristics and the environment. Under some soil
conditions, sulphur oxidizes slowly, and hence sulphur
incorporation should be done 4 to 5 months prior to
planting. Biological oxidation of sulphur in well-aerated
wet soils is generally rapid.

Blending sulphur with solid N, P and K materials
produces a variety of sulphur-based fertilizers. The
sulphur component in sulphur-based fertilizers is also
called flowers of sulphur or brimstone.

Agricultural waste

Agricultural waste includes weeds, straw, chaff leaves,
sugar cane waste, groundnut husks, etc. It is used as raw
material for making compost. (See also Compost.)

Agricultural yield

Agricultural yield is the same as agricultural production.
The yield is understood as the number of ears per unit area,
the number of grains per ear and the grain size. The yield
is expressed in kilograms or tons per unit area (hectare).

Agriculture

Agriculture is essentially about the production of crops
and livestock. It covers a whole range of technologies
concerned with the production of useful substances from
plants, animals, soils, livestock, etc., as well as related
processing and marketing activities (Fig.A.20). The term
agri-business includes all the technologies that are
involved in the total inputs and outputs of farming.

Agriculture thus comprises the entire range of
economic activities connected with the manufacture and
distribution of all industrial inputs required for farming,
farm products like crops and animals, conversion of these
into finished products, and finally, marketing them.

Fig.A.20: Agriculture involves activities like crop as well
as livestock production, marketing, technology
development, etc.

In many countries, agriculture is the largest private
sector enterprise. The final product of the food and fiber
industries in the USA, for instance, amounts to about
one-fourth of the gross national product and is about five
times the value of farm-level production.

Agricultural practices are influenced by many factors
that are characteristic of the area, the climate, soil,
topography, proximity to markets, transportation, land
costs and general economic standing. These vary widely
across the world and bring about a wide range of
agricultural products, commodity specialization,
diversification as well as entrepreneurship.

As the world's population keeps increasing, there is a
continuing need to develop and adopt new technologies to

Fig.A.21: Sugar cane is an example of a monoculture crop. It provides an ideal opportunity for the survival and
breeding of crop pests.
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increase food production. The last 50 years have seen
many developments in agricultural science, technology
and practices, which have led to an increase in the
world's food production. However, advances in
agricultural practices have, in several cases, adversely
affected the environment. The indiscriminate use of
fertilizers and pesticides has been a significant factor.
The widespread practice of crop monoculture, in which
one crop is grown over the same area year after year
(Fig.A.21), has caused an increased use of pesticides,
because monoculture provides an ideal opportunity for
the survival and breeding of crop pests. The practice of
monoculture has often led to the depletion of fertitity of
land and the destruction of natural habitats for useful soil
flora and fauna.

Advances in agricultural technology have also
stimulated the development of plowing machines with
hydraulic devices that can dig deeper into the soil, and of
seed drills that automatically plant seeds in the plowed
soil (Fig.A.22).
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Fig.A.22: Advances in agriculture have led to the
development of improved machines like multicrop planter

(left) and two furrows whole stick sugar cane cutter planter.

In many developing countries, the food supply relies
solely on subsistence farming, in which crops and
livestock are also used to feed the farmer’s family. In
these countries, a system known as slash and burn
cultivation is common. In this system, vegetation in the
area is cut down and burned, thus returning the minerals
to the soil to reuse it for crop cultivation. The practice is
followed till soil fertility drops. The area is then
abandoned for a number of years and another site is
cultivated similarly.

Selective breeding of crop plants and farm animals
has a great impact on agricultural productivity. Advanced
variants of crop plants have increased the nutritional
value of the produce and also increased their resistance to
diseases. While animals have been selectively bred to
improve their yield of milk, meat and other products,
recent developments in genetic engineering have opened
up new vistas to explore the use of genetically modified
crops in agriculture.

Agri-sulphur: See Agricultural sulphur

Agro-climatic zones

Crop yield is dependent on various factors such as
weather, soil type, soil nutrient status, management
practices and other available inputs. Weather plays an
important role, more so in countries where drought,

flood, cold, etc. occur in a very unpredictable way. In
such countries, efficient and effective crop planning can
be done only after proper understanding of agro-climatic
conditions. The interpretation of long-term weather
parameters of each region becomes important to identify
and recognize the possible cropping period.

Agro-climatic zones are the land units developed in
terms of major climates that are suitable to the range of
crops grown in that particular region.

India, for instance, with about 329 million hectares
of geographical area, presents a large number of complex
agro-climatic situations.

Agroecosystem: See Agroecosystem research

Agroecosystem research

Ecosystem refers to a biological community of
interacting organisms and their physical environment. It
represents the totality of relationships among organisms
and their ambient surrounding environment. All
ecosystems are driven by solar energy fixed as organic
carbon by green plants.

Agroecosystem refers to a model for working within
an agricultural system with all its inputs and outputs.

Agroecosystem research encompasses a detailed
examination of all elements of basic agricultural biology,
in which economic production as one component of the
biological response to the physical surroundings and to
the inputs of materials and energy is made intelligible.

In short, agroecosystem research is concerned with
the totality of the biology of an agricultural system. When
production methods, brought to maturity through
experiments, begin to move toward the limits of
biological processes, agricultural systems become very
important. During the transition, it becomes imperative
to know which biological processes determine the yield
and how they determine their limits. Whether or not the
cycles involved in this phenomenon can sustain the high
yield of intensive agricultural production (caused by
chemicals) is determined by the chemistry of nutrient
cycling.

Agroecosystem research uses methods of ecosystem
analysis. They measure the entry of energy and material
into the population of plants and animals, and explain
how these inputs affect the physiological processes
determining the growth and maintenance of these
organisms.

The patterns of energy and material flow among
plants, livestock and humans are simple, consistent and
similar in most agricultural systems. Agroecosystems
have relatively simple cycles.

Agroforestry

Agroforestry or farm forestry is the cultivation of forest
trees on a farm, along with conventional crops, (such as
herbaceous plants) which lead to economic gains. Agro-
silviculture, agro-horticulture, agro-horti-silviculture
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and homestead agroforestry are examples of agro-
forestry systems.

Agroforestry methods have yet to be widely applied
in tropical regions where scientific management
techniques co-exist with traditional land use practices. At
one level, shifting cultivation can be described as a form
of agroforestry.

Increasingly, agroforestry involves the deliberate
cultivation of woody plants (Fig.A.23) with particular
qualities such as fast growth, economic value, fuel wood
yield or nitrogen fixation.

Fig.A.23: Teak plantation on farm holdings, done for
economic gain, is an example of agroforestry.

Agrometeorologists: See Agricultural meteorology

Agronomic efficiency

Agronomic efficiency refers to the amount of biological
production from relevant parts of plants under field
conditions or greenhouse conditions, per unit of nutrient
absorbed. Agronomic efficiency is the best way to
express nutrient use efficiency. (See also Nutrient
efficiency.)

Agronomic nutrient efficiency

Agronomic or economic nutrient efficiency is the
economic production per unit of the nutrient applied :

Grain yield of Grain yield of
Agronomic |fertilized crop inkg |~ |unfertilized crop in kg

efficiency =
(kg/kg)

Quantity of fertilizer applied in kg

Agronomic response, effects of particle size on

The particle size of fertilizers influences its dissolution in
soil solution and its utilization by the plant. Generally,
fertilizers with a low water-solubility are ground to a
small size to facilitate their rapid dissolution and better
utilization. For example, a raw phosphate rock ground to
a particle size of about 150 um diameter is generally far
more effective than a phosphate coarse particle.

Agronomy

Agronomy is a branch of agricultural science which deals
with the theory and practice of field crop production as
well as soil and water management. It is also concerned

with the improvement and management of special
purpose plants such as turf grass for lawns, recreational
areas, highway embankments, drainage ditches and
waterways.

Agronomy deals with the properties, uses and
conservation of soils. The genesis, classification,
morphology, physico-chemical and biological properties
of the soil and its relationship with water are important in
the consideration of soils.

The management of soils and water for efficient
production of specific crops is of major interest in
agronomy (Fig.A.24). An agronomic classification of
plants specifies the utility of that crop, for example, grain
crops, fodder crops, catch crops, etc.

Fig.A.24: Field crop cultivation, soil management and
water management are major interests of agronomy.

Agropedic horizon

Agropedic horizon is another term for anthropic
horizon, or the cultivated horizon.

Agro-service center

An agro-service center or a farm service center is a place
where information is disseminated or services regarding
farm inputs like seeds, fertilizers, pesticides and
agricultural implements provided . Agro-service centers
are generally operated by government bodies, agro
industries, individual entrepreneurs, local bodies,
manufacturers of fertilizers and equipments, etc.

Agrosil colloidal silicate

Agrosil colloidal silicate is a synthetic soil conditioner
that consists of partially dehydrated sodium silicate
precipitated with acids, electrolytes such as phosphates
or sulphates and an organic additive. The purpose of
these substances is to exert biotic, chemical or physical
influences on the soil, its structure, as well as the water
regime. Agrosil colloidal silicate is added to soil to
improve the soil structure.

Agrostology

Agrostology is a branch of science that deals with the
study of grasses, their classification, management and
utilization.

Agrotain
Agrotain is the trade name of NBPT (N-n-butyl
thiophosphoric triamide), which is a urease inhibitor. It is
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recommended for pre-planting surface application of
urea and urea-containing fertilizers.

Agsoil

Ag soil is a soil type with two horizons stacked one above
the other, such that the black A horizon is above the G
horizon. The underlying G horizon is gleyified because
of ahigh water table underneath.

A horizon

Horizontal layers of soil, with their own texture and
color, are soil horizons. A horizon is one of the master
soil horizons. It is the upper layer of the soil profile and
generally is made up of organic matter, micro-organisms
like bacteria, fungi, actinomycetes, etc., and is darkened
asaresult. (Seealso Soil horizons.)

Al
Al is short for aridity index.

Air-filled porosity

Air-filled porosity (Fa) is a measure of the fraction of the
soil bulk volume filled by air (Fig.A.25) and represents
the relative air content of the soil.

Fais defined as:

Va

Vi Vs + Va + Vw

where Va is the volume of air, Vt is the total volume of
soil core (comprising solid, air and water), vs. is the
volume of solids, and Vw is the volume of water.

Pore space
between
soil particles

Fig.A.25: Pore spaces in soil are filled with air, when there is
nowater.

While reporting air-filled porosity, information on
soil metric potential is relevant. Assuming that the pore
space is wholly filled with water, the air-filled pore space
at minus 6 kPa metric potential would be equal to the
volume of macropores.

Air-filled porosity (Fa), as a percentage of the total
volume, is calculated using the tension table procedure
for any specific metric potential and the following
equation:

(W, - Wp)
V, x 0.01

Fa =

where Ws is the weight of the saturated soil core, Wp is
the weight of the core at specific potential and V. is the
volume of the core.

The difference method (based on the soil dry bulk
density, Db, and the soil water content) is also used to
determine Fa of the core at any gravimetric water content
that is calculated knowing the total porosity (St) from the
equation:

S; = 1 - (Dy/Dy)
where Dy is the density of the mineral soil 2.65 g/cm?,

Fa = S, - Water content (%) x Dy,
Akiochi: See Akiochi soils

Akiochi soils

Akiochi, a Japanese term, describes a disease affecting
rice plants wherein the crop does not attain maturity
because of root damage caused by hydrogen sulphide
toxicity, and/or deficiencies of (a) silicon and
magnesium, (b) bases, and (c) nitrogen and potassium at
later stages of plant growth.

Flooded soils contain hydrogen sulphide formed due
to reduction of sulphate and anaerobic decomposition of
organic matter, and are called Akiochi soils.

Albedo

Albedo, a term describing the reflecting properties of
surfaces, is the ratio of the radiant flux reflected by a
surface to the incident flux. White surfaces have albedos
close to one and black surfaces have albedos close to
zero. For the measurement of soil moisture, neutron
probes containing radioactive materials (such as
beryllium or radium) are used and they work on the
principle of reflection by water molecules present in the
soil. Photosynthesis depends on the absorbance and
reflectance of solar energy by the foliage. Surfaces of
snow, water and forest have different albedos.

Two types of albedos are common. The first type is
the bond albedo which determines the energy balance of
a planet and is defined as the fraction of total incident
solar energy that the planet reflects back into the space.
The other type, normal albedo, more properly called the
normal reflectance, is a measure of the relative
brightness of a surface when viewed and illuminated
vertically.

For solar system objects, bond albedos range from
0.76 for cloud-shrouded Venus to as low as 0.01 to 0.02
for some asteroids and satellites. The value for earth is
0.33. The bond albedo value depends on the spectrum of
the incident radiation.

Normal reflectance, which strongly depends on the
wavelength, is referred to as a 'perfectly white Lambert
surface'- a surface that absorbs no light, and scatters the
incident energy isotropically. Magnesium oxide,
magnesium carbonate and some other bright powders
approximate this condition.
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In physics, albedo represents the probability of a
neutron being reflected from the same surface.

Albic horizon

Albic horizon is a shallow mineral horizon from which
clay and free iron oxides are removed, or in which iron
oxides are so separated that the sand or silt particles
become almost colorless.

A typical example of an albic horizon is the E horizon
of podzol. It overlies a horizon of accumulation such as a
spodic, argillic or natric horizon, or a fragipan, or an
impermeable layer that can cause a temporary water
table.

Albite

Albite is a white or bluish-white feldspar of the
plagioclase feldspar group and it belongs to the triclinic
system. It has a general formula Na (AlSi;Os). Albite
occurs frequently as a late stage mineral associated with
gem pocket, bearing lithium-rich pegmatites. The plate
variety of albite is called cleave landsite.

Albite and anorthite are components in the complex
plagioclase series. At high pressure, albite breaks down
to jadeite (NaAl1Si,0s) and quartz (Si0,).

Albolls: See Mollisols

Albumins

Albumin is a type of protein. Proteins, based on
solubility, are classified as albumins (water-soluble),
globulins (water-insoluble but soluble in salt solutions),
and prolamines (soluble in alcohol-water mixtures).
Albumins can be coagulated by exposure to heat.

Aldoses

Monosaccharides containing an aldehyde group are
called aldoses whereas those containing a ketone group
are called ketoses.

Alfisols

Alfisol is one of the 12 orders categorizing world soils. It
consists of leached residual soils with a clay-rich B
horizon. These soils are slightly-to-moderately acidic.
Alfisols have umbric or ochric epipedons as well as
argillic horizons and hold water at < 1.5 MPa tension for
at least 90 days when the soil is warm enough for plants to
grow outdoors.

Alfisols develop in humid and sub-humid climates.
They are distributed approximately equally across the
tropical, temperate and boreal environments, and are
often found under forest vegetation. They comprise 9.6%
of the earth's ice-free land area. The high precipitation
causes clay to move downward and form the clay
accumulation horizon (Bt horizon) below. A good
amount of available water facilitates plant growth during
warm seasons in such soils.

Alfisols have a mean annual soil temperature of
< 8°C or a base saturation in the lower part of the argillic

horizon of 35 % or more when measured at a pH of 8.2.

Alfisols are naturally productive soils that do not need
irrigation or fertilizers. They develop under deciduous
forests or savannah environments in mid-to-lower
latitudes.

Alfisols can sustain traditional slash and burn
subsistence agriculture and are moist enough to be
intensively cultivable during the growing season.
Relatively young soils contain weatherable primary
minerals, clay minerals of 1:1 and 2:1 types and
exchangeable bases. Red soils of Hyderabad and
Bangalore in India are examples of alfisols.

The suborders of alfisols are aqualfs, boralfs, udalfs,
ustalfs and xeralfs.

Algae

Algae are the simplest of green plants and their study is
termed algology or phycology. The population of algae
varies from a few hundred to several millions per gram of
soil. The main groups of algae are green algae, blue-
green algae, yellow-green algae and diatoms. Algae
form the first step in the colonization of land by plants,
adding organic material and vital trace elements
necessary for the growth of higher plants.

Algae are predominantly aquatic photosynthetic
organisms (Fig.A.26), which transform light energy into
energy-rich organic compounds. In soil, algae do not
receive light but get their energy by oxidation of other
materials.

p o R R AL o "".-
Fig.A.26: Picture of a water body almost totally covered with
algal growth (except as shown by the arrow).



Algal boom

28

Allantoin nitrogen

Formerly regarded as plants, algae are now classified
as members of the kingdom Protista. Algae are a
heterogeneous group of cryptogamic plants comprising
thirteen large phyla and several smaller groups, which
are yet to be studied fully.

Algae are unicellular or multicellular (filamentous,
ribbon-like or plate-like). The most familiar types are
slimy, fibrous masses that grow in stagnant water. They
tolerate a wide range of moisture conditions.

Some algae grow symbiotically with fungi, and are
called lichens. Lichens are crucial to the early
accumulation of organic matter on exposed rocks and
parent materials forming the soil. Some blue-green algae
fix atmospheric nitrogen and maintain nitrogen levels in
soils used for paddy production.

Substances like copper sulphate are toxic to algae and
serve as algicide. Organisms living on algae are called
algicolous. Green algae, added to water cultures, seem to
improve the growth of tobacco roots and their immunity
to fungal infections.

Though algae have their own distinct morphological,
cytological and reproductive properties, the basic
biochemical mechanisms are very similar to other plants;
all possess chlorophyll and carry out photosynthesis.
Their nutrient requirements, carbohydrates, proteins and
end product assimilation process are very similar to those
of higher plants.

The temporary rapid growth of algae in fresh water is
known as algal boom.

Algal boom: See Algae
Algicide: See Algae
Algicolous : See Algae

Alginates

Alginates are a type of commercially exploited seaweed
hydrocolloids, the other two being agars and
carrageenans, which are also important hydrophilic
colloids.

Alginates are considered anionic polymers of
mannuronic and guluronic acids and contain carboxyl
groups (in contrast with agars and carageenans which
mainly have sulphate groups). Thus, alginates are similar
to pectin in terrestrial plants.

Algology : See Algae

Alkali

Analkali is a soluble hydroxide of a metal, particularly of
one of alkali metals. The term is also applied to any
substance which has an alkaline reaction. With a pH
above 7, it turns red litmus blue. The alkali industry
produces sodium hydroxide, sodium carbonate, salt
cake, sodium bicarbonate and corresponding potassium
compounds. The measurement of the concentration of
alkali present is determined by titration with a standard
acid using an indicator.

Alkali feldspars

Alkali feldspars are one of the two groups of feldspars,
which include microcline, orthoclase and sanidine. In
alkali feldspars, potassium is dominant with a smaller
proportion of sodium and negligible calcium. The other
group of alkali feldspars is plagioclase feldspars.

Alkaline soil
A soil with pH greater than 7.0 is called alkaline soil.

Alkali soil

Soils having an exchangeable sodium percentage (ESP)
higher than 15, electrical conductivity higher than4 dS/m
and pH usually above 8.5 are called alkali soils. They are
also called sodic soils or kallar or usar soils. The
toxicity, nutrient deficiency and high alkalinity of the soil
(pH above 9) directly injure some plants. The high
alkalinity immobilizes calcium which precipitates with
atmospheric carbon dioxide to calcium carbonate, It
causes toxicity of boron and deficiencies of zinc, iron
and, to a lesser extent of, manganese and copper. It also
affects adversely the sorption behavior of these elements
in the soil. An excess of boron or bicarbonate in irrigation
water and exposure of alkaline calcareous subsoil, when
land is levelled for irrigation, worsens the situation.
Indeed, most plants actually grow better or have fewer
problems if the soil is moderately acidic.

Alkali soils are treated with gypsum, or with acid-
forming materials like iron pyrites which release calcium
from the native calcite of the soil. This is followed by
leaching with good quality water. This treatment serves
to replace and remove the soil exchangeable sodium
beyond the root zone, thus reducing soil pH, ESP and
making micronutrients more soluble for better plant
absorption.

Alkalization

Alkalization is the process by which exchangeable
sodium content of the soil is increased. It results in soil
compaction, through collapse of soil structure. There is
also an increase in the soil pH above 8.5.

Alkaloids

Alkaloids are basic nitrogenous organic compounds of
vegetable origin containing at least one nitrogen atom ina
ring structure in the molecule. Usually these are derived
from nitrogen ring compounds such as pyridine,
quinoline and pyrrole. Though some are liquids (they are
usually colorless), crystalline solids with a bitter taste,
combine with acids without water elimination. They are
soluble in alcohols and insoluble in water. Some
examples are atropine, morphine, nicotine, caffeine,
cocaine and strychnine.

Allantoin nitrogen

Allantoin is one of the components of ureides formula
C.H¢N,O;. The enzyme allantoinase present in legume
nodules converts allantoin to allantoic acid. Many
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tropical legumes (soybean, for instance) transport from
their nodules, a large amount of their fixed atmospheric
nitrogen in the form of ureides, allantoin and allantoic
acid.

Allelochemical effects, reduction of: See
Allelopathy

Allelopathy

Allelopathy is the chemical inhibition of one plant (or
organism) by another, caused by the release of substances
that inhibit growth or germination. The effect manifests
itself as a partial or complete inhibition of growth, or of
seed germination. The donor plant releases toxic
biochemical compounds to the soil, water or atmosphere,
which are absorbed by the receptor plants. It occurs
widely in natural plant communities and is one
mechanism that causes soil degradation. Allelopathy is
virtually a chemical warfare between plants. Black
walnut, for instance, inhibits plant growth around its
base.

Allelopathy is generally related to problems of crop
production (a) on certain types of soil, (b) in stubble
mulch farming, (c) with some crop rotations, (d) with
crop monoculture, and (e) with forest site replanting.

Some effective allelopathic chemicals are simple
phenolic acids, coumarins, terpenoids, flavonoids,
alkaloids, cyanogenic glycosides and glucosinolates.
Secondary compounds implicated in biochemical
interactions among plants are also involved in several
protective and defensive functions for the plant.

Chemicals are released into the environment by
(a) oxidation of volatile chemicals from parts of the living
plant, (b) leaching of water-soluble toxins from the
above ground plant parts in response to rain, fog or dew,
(c) exudation of water-soluble toxins from the below
ground plant parts, (d) release of toxins from parts of
non-living plants through leaching of toxins from the
litter of sloughed root cells, or (e) microbial by-products
resulting from litter decomposition. To have lasting
effects on other plants, these chemicals must accumulate
sufficiently in the immediate environment, or persist for
some time, or be continuously released.

Allelochemicals are released as a gas or liquid from
the plant roots, leaves, stems or fruits. The inhibition of
one species by another is direct allelopathy. Indirect
allelopathy is the inhibition of intermediate organisms
(often a bacterium, alga or fungus) on which the
inhibited plant depends for nutrients or water. Auto
allelopathy is the inhibition of a species by self produced
toxins.

Allelochemical effects can be reduced by adopting
appropriate crop rotations, improving the organic matter
of the soil, leaving cropped areas fallow for a period of
time to allow decomposition of allelochemicals, and
planting resistant cultivars or plant species.

Companion plants, which produce organic matter, or
inoculation with micro-organisms that readily metabolize
toxins, may beuseful in perennial crop ecosystems.

Allelopathy is different from competition; the latter
involves removal or reduction of vital factors like
nutrient, moisture, light, space, etc. from the
environment by competing species.

Alley cropping

Alley cropping refers to a farming system in which arable
crops are grown in alleys, that is, in spaces between two
crops of leguminous shrubs or trees. Alley cropping
hastens restoration of soil fertility and enhances
productivity.

Allocative efficiency: See Efficiency

Allochthonous limestone

Allochthonous limestone is one of the two sources of
limestone, the other being autochthonous limestone.
The mechanical disintegration, transportation and re-
deposition of limestone from naturally existing limestone
sites to a new location create allochthonous limestone,
the change being usually brought about by water. This
action forms clastic deposits.

Allogamy

Allogamy is a type of fertilization in plants. It involves
transfer of pollens from the anther of a flower of one plant
to the stigma of a flower of another plant. It is also called
cross-fertilization or cross-pollination.

Allophane

Allophane is a general term for amorphous,
aluminosilicate gels of a wide range of composition,
commonly found in volcanic soils. They have a very high
phosphorus retention capacity. Most clay minerals have a
layer-lattice structure, but a small group of allophanes
form hollow spherical crystals.

Allophane and imogolite are most commonly found in
relatively young soils (<10,000 years) formed on
volcanic ash and pumice. Allophane exists as a hollow,
nearly spherical particle with a diameter of 3.5 to 5 nm.
An allophane with a silica to aluminum ratio of 0.5 and
having a chemical formula of

2H,0, 40H 3A1" 20, 40H (2Si, Al)" 30, 20H, H,0

contains most of its aluminum in a six fold coordination
and has charge properties very similar to those of
imogolite, bearing very little permanent negative charge
(due to isomorphous substitution), but a variable positive
and negative charge due to the proton association or
dissociation at the surface hydroxyl (OH) groups. At the
other extreme, an allophane with a Si:Al ratio of 1 and
having a chemical formula of

H,0, 20H A1'0, 20H H,0 (2Si, A1)* 30, 20H, H,0

contains half of its aluminum in the tetrahedral sheet and
half in the octahedral sheet. Although a large layer charge
arises because of the substitution of aluminum for silicon,
it is neutralized to a variable extent, depending on the
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ambient pH, by the association of protons at the surface
OH groups. Thus, allophanes and imogolite have pH
dependent surface charges atpH > 4.5.

Alluvial soil

Soils that are created by the action of water streams or
rivers in the recent past are called alluvial soils. Usually
they show no horizon development. Some of the world's
most fertile soils are alluvial soils. Deficiencies of
nitrogen, phosphorus and zinc are common in these soils.

Alluvium
Streams and rivers deposit sediments of various particle

sizes ranging in size from small stones to big boulders.
Such deposition by the action of water is called alluvium.

Some of the world's most fertile soils are derived
from alluvium, and those developed in the recent past are
alluvial soils (Fig.A.27). In Scotland, the alluvial
riverside plain is called carse and a riverside meadow or
flat land in a river valley is called haugh.

Alpha alumina

Alpha alumina (o-alumina) is one of two forms of
white or colorless oxides of alumina. It is a stable form of
aluminum oxide and is used as a catalyst or catalyst
carrier. The other form is y-alumina. (See also Alumina.)

Alpha particle

An alpha (o) particle is an elementary particle consisting
of two protons and two neutrons firmly bound together.
The specific energy of back scattered o.-particles is used
to analyze mineral compositions or geological
formations.

An a-particle is identical to the nucleus of helium
(#He) and is either ejected by the same radioactive
nuclides or arises as a product of some nuclear exchange
reactions, such as (n, a) or (p, o) reactions, or by double
ionization of accelerated helium atoms in an accelerator,
where n and p stand for neutron and proton, respectively.

Each a-particle has a mass of 6.644 x 107" kg, that is,
4.00273 a.m.u., and an electric charge of +2. The
particle is highly stable and its binding energy equals
28.11 mev; its spin and magnetic moments are zero. The
current of an a-particle emitted from nuclei of 25U,
226Ra, 232Th, 222Rn, 21%Po, etc. is called alpha radiation.

The range of o-particles emitted depends on its
energy and the absorbing medium. Owing to strong
ionization and excitation effects, an a-particle loses its
energy very rapidly. In air, the proportionality of the
range (R) of an a-particle is represented by

R = av’

where a is the constant (= 9.7 x 10% m2 s*3) and v is the
velocity; R is thus about 3 to 9 cm. As the stopping power
of the medium correlates with the square root of its
atomic mass, the range (which is in a few tens of mm for
liquids and solids) of an a-particle can also be calculated
for other substances. Thus, a-radiation is normally not
hazardous to humans unless ingested directly into the
body.

The high energy a-particles also interact with the
nuclei of an absorbing medium by Rutherford elastic
scattering from atomic nuclei or by an exchange of
nuclear reaction. Alternatively, the energy can be
converted into Bremsstrahlung. However, the
probability of such processes occurring rapidly
decreases with the decreasing energy of the particles.

Alpha radiation

A current of a-particles emitted from nuclei of 235U,
2%Ra, 22Th, *?Rn, #'%Po, etc. is called alpha radiation.

Altered peat

A peat where organic matter is decomposed beyond
recognition is called altered peat.

Alternate farming

A crop rotation system that includes a ley is known as
alternate farming or ley farming.

Fig.A.27: Alluvial soil, which is the most fertile soil, is largely deposited along river banks due to floods or the
Jlowof water.
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Alternate furrow irrigation

Alternate furrow irrigation involves irrigating alternate
furrows in a field. This method is ideal in areas of acute
water scarcity where production of normal yields is a
must. Alternate furrow irrigation allows more rapid
coverage of the field during an irrigation period and
requires less labor. It also leaves the soil dry enough to
absorb water during the rains, and reduces run-off and
erosion. The time interval between the two sessions of
irrigation must, however, be short.

Alternate host

An alternate host, also known as the secondary host, is
the host plant of a pathogen (usually a fungus). It is called
so because the pathogen completes a part of its life cycle
on this host. For example, species of Berberis and
Mahonia plants serve as alternate hosts for Puccinia
graminis tritici, the fungal pathogen, causing the black
stem rust disease of wheat.

Alternative agriculture

Generally farming involves use of chemical fertilizers,
pesticides, etc. with a view to obtaining a higher yield.
Alternative agriculture or alternative farming mainly
relies on the use of organic manures, biological agents,
recycled waste material, etc., bypassing the use of
chemicals and fertilizers. A common example of
alternative agriculture or alternative farming is organic
farming.

Alum

Alum is a double sulphate of a monovalent and trivalent
salt. Itis represented as:

K,SO,- AL (SO,); 24H,0
or
(NH,),-SO,-A1,(SO,);-12H,0

Alum acts as a flocculating agent. It is used in sewage
treatment and in purification of drinking water. Alum is
also used in the preparation of mordant and as a
fireproofing agent.

Aluminum sulphate is sometimes erroneously called
alum in some industries (such as in the paper industry).

Alumina

Alumina is a white or colorless oxide occurring in two
forms, o-alumina and y-alumina. The y-alumina turns
into a stable o form on heating. Naturally occurring
alumina is called corundum or emery.

The gemstones ruby and sapphire are aluminum
oxides colored by minute traces of chromium and cobalt,
respectively. The highly protective film of oxide formed
on the surface of aluminum is yet another structural
variation, a defective form of rock salt.

Pure aluminum oxide is obtained by dissolving
bauxite ore in sodium hydroxide solution to eliminate

insoluble impurities. Seeding the solution with material
from a previous batch precipitates the hydrated oxide,
which on further heating gives y-alumina at 500 to 800°C
and pure a-alumina at 1150 to 1200°C. The latter is one
of the hardest materials known. It is used widely as an
abrasive substance in both its natural and synthetic forms.
Its refractory nature makes alumina bricks an ideal
material for furnace linings and high temperature
cements.

Alumina occurs in phosphate rocks along with iron
and other impurities in small percentages. Alumina and
iron in phosphate rock make the superphosphate moist
and sticky. The maximum acceptable alumina and iron in
the rock for farming is 3t0 4 %.

Aluminum

Aluminum, the third most abundant element in the earth’s
crust, is a silvery-white lustrous metal belonging to
Group 13 of the Periodic Table (Fig.A.28). The metal is
highly reactive and is protected by a thick transparent
oxide layer that gets formed quickly in air. Aluminum
and its oxides are amphoteric.

I Beneficial Elements

Fig.A.28: Position of aluminum, a beneficial element, in
the Periodic Table.

Pure aluminum, which exists in a large number of
alloys, is extracted from purified bauxite by electrolysis.
Its lightness, strength (when alloyed), corrosion
resistance and electrical conductivity make aluminum
suitable for a variety of uses, including in the
construction of vehicles, aircrafts, buildings and
overhead power cables.

Aluminum (Al) is an important soil constituent. It is
toxic to most plants at a soil pH below 6.0.

Aluminum ion forms octahedral coordination with
water molecules and hydroxyl ions. If soil is not strongly
acidic, one (or more) of the water molecules ionizes,
releasing the hydrogen ion (H*) into the solution and
increasing the soil acidity.

The toxic level of soluble and exchangeable
aluminum can be substantially reduced by first raising the
soil pH in the range of 5.2 to 5.5 and by further liming to
make it in the range 0f6.0106.5.

In acidic soils, aluminum may compete for uptake
with copper and make the soil copper deficient.
Molybdenum is adsorbed strongly by oxides of
aluminum and iron, thereby making the molybdenum
unavailable to plants. Increasing aluminum in the soil
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solution also restricts the uptake of calcium and
magnesium by plants.

Aluminum ions are toxic to the roots of many plants
such as cotton, tomato, alfaifa, celery, barley, corn,
sorghum, and sugar beets. Aluminum toxicity is
probably the most important growth limiting factor in
many acid soils.

The symptoms of aluminum toxicity caused
by excess soluble aluminum are not easily recognize
in crop plants. White-yellow interveinal blotches
form on leaves causing them to dry out and die.
Aluminum toxicity also reduces the growth of both shoots
and roots.

An excess of aluminum interferes with cell division in
plant roots, inhibits nodule initiation (by fixing the soil
phosphorus to forms that are less available to plant roots),
and decreases root respiration. Aluminum interferes with
enzymes controlling the deposition of polysaccharides in
cell walls and increases cell wall rigidity by cross-linking
with pectins. It reduces the uptake, transport, and use of
nutrients and water by the plant,

Aluminum-injured roots are characteristically stubby
and brittle. The root tips and lateral roots thicken and
turn brown. The root system as a whole, appears
coralline, with many stubby lateral roots but no fine
branching.

The toxicity problem of aluminum is not
economically correctable with conventional liming
practices. A genetic approach has the potential to solve
the problem of aluminum toxicity in acid soils.

Aluminum sulphate

Aluminum sulphate is a white or colorless crystalline
compound. The hydrated variety of aluminum sulphate
has 18 water molecules, [Al,(SO,);-18H,0] and occurs
naturally as a rare mineral alunogenite. Aluminum
sulphate, which is prepared by dissolving aluminum
hydroxide or china clay (alumino silicates) in sulphuric
acid, decomposes on heating to sulphur dioxide, sulphur
trioxide and aluminum oxides. The aluminum ions
present in aluminum sulphate hydrolyze in water and
produce hydrogen ions. Hence, the solution becomes
acidic. Anhydrous aluminum sulphate, like its hydrated
form, is soluble in water but insoluble in ethanol.

Aluminum sulphate acts as a flocculating agent and is
very important in sewage treatment and purification of
drinking water. It is also used in the preparation of
mordants and as a fireproofing agent. In the paper
industry, it is sometimes erroneously called alum which
is a double sulphate of a monovalent and trivalent salt
described as:

K,SO, AL (SO,),"24H,0
or
(NH,),"SO,-A1,(S0,); 12H,0

When applied to soils, aluminum sulphate dissolves
and decomposes to sulphuric acid. It is used to acidify
neutral or alkaline soils.

Aluminum sulphate is popular with floriculturists in
the production of azaleas, carnations and other acid
tolerant ornamental plants.

Plants can develop aluminum toxicity, when
aluminum sulphate is used indiscriminately.

Alunogenite

Alunogenite is a naturally occurring form of hydrated
aluminum sulphate Al,(SO,);-18H,0.

AM

AM is a substituted pyrimidine (2-amino-4-chloro-6-
methyl pyridine) that acts as a nitrification inhibitor. It
controls nitrogen loss by inhibiting the nitrification
process in soil and helps the effective utilization of
fertilizer nitrogen. This action by AM inhibits the growth
of Nitrosomonas and retards conversion of NH; to Nos
for several months. Another effective compound used for
the same purpose is N-serve [2-chloro-6
(trichloromethyl) pyridine], also known as nitrapyrin.

AM, as an inhibitor, loses its activity because of
volatilization, leaching and also warm temperatures. (See
also Nitrification inhibitors.)

Amargosite

Amargosite is another name for bentonite. It is a soft,
porous, light-colored rock consisting largely of colloidal
silica. It is composed chiefly of clay minerals of the
montmorillonite group which swell extensively when wet.

Ameliorant

Ameliorant is a substance added to soil to improve its
physical and/or chemical properties, thereby increasing
crop yield. For example, the addition of lime to acidic
soils or the addition of gypsum to sodic soils improves
crop yields. The process of addition of ameliorants to the
soil is amelioration. Amelioration by tillage, liming,
manuring, etc. increases land value.

Amelioration: See Ameliorant

Amendment

Amendment is a material added to reclaim abnormal
soils like acidic or saline-sodic soils. It involves a part
(or most) of the exchangeable sodium in saline-sodic
soils (which is harmful to plants and which disperses
clay particles) being replaced by more fovorable calcium
ions in the root zone. The addition of lime to acidic soils
for crop production is an example of an amendment.
Thus, amendment is a substance added to the soil to
improve its physical and chemical properties for better
farming.

Amensalism

Some organisms produce a substance which is inhibitory
to other organisms. The inhibitory effect of such a
substance is called amensalism (similar to allelopathy.)
For example, the fungus Penicillium inhibits bacteria.
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American gallon

American gallon, used in the United States, is a unit of
volume for measuring liquids. It is equivalent to 3.79
liters.

American Munsell color chart

American Munsell color chart is a color scheme used for
the accurate determination of soil color. Because soil
color differs with moisture levels, most color
examinations are carried out on moist samples to provide
some basis of uniformity. Soil colors are determined
accurately and very easily by comparing them with the
American Munsell color chart scheme.

Amide fertilizer

Ammonia, produced by the reaction of nitrogen and
hydrogen in the presence of a catalyst, is the starting
material for making nitrogenous fertilizers. These
fertilizers are grouped into 4 categories, depending on the
chemical form of nitrogen, namely ammoniacal
fertilizers, nitrate fertilizers, combined ammoniacal and
nitrate fertilizers and amide fertilizers. Thus, an amide
fertilizer contains nitrogen in the amide form (mainly
carbon compounds.) It is water-soluble and easily
decomposed by soil micro-organisms. The nitrogen in an
amide fertilizer gets serially converted into ammoniacal
nitrogen and nitrate.

Catalyst
LN, s

3
(Ammonia)

2NH, + CO, —> NH,COONH,

NH,COONH, — NH,CONH, + H,0
(Urea)

CaC, + N, —» CaCN,+C
(Calcium cyanamide)

Urea, CO(NH;), (also called carbamide) and
calcium cyanamide fall in the category of amide
fertilizers. Urea contains 46% nitrogen and is the
cheapest and most popular fertilizer for meeting the
nitrogen requirement of crop plants. It is hygroscopic in
its crystalline form and is difficult to handle. But it stores
and spreads well in the form of granuies and prills.
Urease, an enzyme, converts urea int0 ammonium
carbonate which releases ammonia. When the release of
ammonia occurs on (or near) the soil surface, ammonia is
lost to the air. If the release occurs near the seeds, the
seeds may fail to germinate. Roots may get affected by
the toxicity of ammonia. Crops can be affected by a high
concentration of ammonia.

Calcium cyanamide, CaCN,, (21 to 22% nitrogen)
contains lime and does not make the soil acidic. When
cyanamide decomposes in the soil, it forms ammoniacal
nitrogen at a slow rate. The other intermediate products
during cyanamide decomposition cause plant toxicity.
Hence, calcium cyanamide, which is an expensive source
of nitrogen, has to be applied 2 to 3 weeks before sowing.

Amides

Amides are organic nitrogenous compounds containing
the -CONH, group. They are obtained by replacing the
-COOH group of acids by -CONH,. For instance,
formic acid (HCOOH) becomes formamide or
methanamide (HCONH,) while acetic acid (CH;COOH)
becomes acetamide or ethanamide (CH,CONH,, The
suffix ‘ic’ in the name of the acid is replaced by the suffix
‘amide’ or by ‘e’ of the parent alkane.

On heating, ammonium salt makes amides of the
corresponding carboxylic acid. Urea is the diamide of
carbonic acid and is an important source of fertilizer
nitrogen.

Inorganic compounds containing NH:™ ions, as for
example, in KNH, and Cd(NH,),, are also known as
amides that are formed by the reaction of ammonia
with electro-positive metals, such as sodium or
potassium.

2Na + 2NH; — 2NaNH, + H, %}

Aminization

The process by which heterotrophs (including bacteria,
fungi, and actinomycetes) hydrolyze complex soil
organic molecules to release amines and amino acids is
known as aminization. Bacteria and actinomycetes often
dominate in neutral and alkaline conditions, while fungi
are more active under acid conditions.

Most of the nitrogen undergoing aminization during
the growing season of a plant originates from degradation
of proteins and amino acids. This happens in
decomposing crop residues and microbial cells, with
lesser amounts originating from the decomposition of
more resistant sources like lignoproteins and humates.
The end-products of the activities of one group furnish
the substrate for the next until the material is
decomposed.

NH,
Bacteria 1
Proteins ™ R —C— COOH + R-NH,

1 Amino acid  Amine

H 4 NH,-CO-NH;+ CO,
Urea Carbon dioxide

+ Energy

Amino acids

Proteins, which constitute around 50% of the dry weight
of living matter, are essential constituents of all living
cells. These are polymers composed of simple monomers
called a.-amino acids, linked by peptide linkages.

Amino acid is a carboxylic acid with an amino group
-NH,; o.-amino acid has the amino group on the a-carbon
atom, which is the carbon atom next to the carboxyl
group. The general formula of amino acids is

H
|
R—?—COOH

NH,
where R is an alky! or aryl group.
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Autotrophic organisms, principally green plants,
synthesize amino acids. The simplest naturally occurring
amino acid is glycine (H,NCH,COOH). About 20
commonly occurring amino acids have been identified as
building blocks of most plant and animal proteins.

Amino acids are linked by peptide bonds formed
between the carboxyl group of the first amino acid and
the amino group of the second amino acid. Many such
amino acid molecules join together to form peptide
linkages and hence the polypeptide. The sequence of
these amino acids in the polypeptide determines the shape
and structure of proteins and their properties and
biological role.

Amino urea

Amino urea is another name for guanidine. It is an
analogue of urea and is made by reacting urea with
ammonia under pressure or by heating calcium
cyanamide with ammonium iodide.

Ammonia

Anhydrous ammonia is the basic building block of almost
all nitrogen fertilizer materials. Most of the world's
ammonia is produced synthetically by a direct reaction of
the elements by the Haber-Bosch process. The process
involves an exothermic and reversible reaction that
proceeds with a concurrent decrease in volume.

N, + 3H, < 2NH,

There are certain conditions for the above reaction to
proceed optimally. These are: (a) temperature of 500°C,
(b) pressure of 270 to 350 atmospheres, (c) a catalyst
containing finely divided iron with molybdenum or
calcium as a promoter, finely divided osmium or
uranium, finely divided nickel over pumice stone
or ferric oxide with traces of silica and potassium oxide,
and (d) pure gases (as otherwise the catalyst gets
poisoned).

Free ammonia is extremely toxic to micro-organisms,
animals and higher plants. Ammonia produced as a part
of normal metabolism is immediately converted into a
less harmful substance like urea and is excreted in urine.
Ammonia can readily penetrate cell membranes whereas
the ammonium ion is impermeable. There is a close
relationship between the pH and the concentration of the
free ammonium (NH,") ion. The capacity of soil to retain
ammonia increases with increasing soil moisture and clay
content.

Ammonia is the least expensive and most widely used
nitrogen fertilizer. It is used in the manufacture of other
fertilizers like urea, ammonium sulphate and ammonium
chloride.

Ammonia is also used in the manufacture of nitric
acid, hydrazine hydrate, urethane, acrylonitrile and
sodium carbonate (Solvay process). In addition,
ammonia is used as a refrigerant, in nitriding of steels, in
the petroleum industry, in the manufacture of explosives
and rocket fuel, as a yeast nutrient, etc.

Anhydrous ammonia, which has great affinity for
water, contains approximately 82 % nitrogen. This is the
highest nitrogen content that any nitrogen fertilizer can
have. As anhydrous ammonia is a gas at atmospheric
pressure, to avoid its loss to the atmosphere during
application, ammonia is injected at least 7 to 20 cm below
the soil.

The simplest nitrogen solution is aqua armmonia
which contains 25 to 29% ammonia by weight. Since
ammonia volatilizes above 10°C, aqua ammonia is
injected into the soil to a depth of 5to 10 cm.

Ammonia, anhydrous: See Anhydrous ammonia

Ammoniacal fertilizer

An ammoniacal fertilizer contains nitrogen in its
ammoniacal (NH,*) form. Chemical (or synthetic)
fertilizers are the most important sources of nitrogen.
Anhydrous ammonia, for instance, is the building block
for most chemically derived nitrogen fertilizer materials.

For convenience, nitrogen compounds are grouped
into three categories, namely the ammoniacal, the nitrate
and the slow release fertilizers. This classification is
based on their availability to plants.

The major ammoniacal nitrogen fertilizers are urea,
aqua ammonia, anhydrous ammonia, ammonium nitrate,
ammonium chloride, etc.

Table-A.2 shows the composition of some common
ammoniacal nitrogen fertilizers.

Table-A.2: Composition of some common
ammoniacal nitrogen fertilizers

Fertilizer %N | %P0 %S
Anhydrous 2 % .
Ammonia

AR 2024 | - .
ammonia

Ammonium 33-34 ¥ :
nitrate

Ammonium 21 L "4
sulphate -
Ammonium 30 ! 57
nitrate sulphate :
Urea 45-46 - -
Urea sulphate 30-40 - 6-11
Urea sulphur 3040 - 10-20
Urea ammonium 5832

nitrate solution sty

Ammonia liquor

Ammonia liquor is another name for agua ammonia or
ammonia solution. It is made by absorbing ammonia in
water, and its commercial grades generally contain about
80% ammonia.

Ammonia oxidation

When heated electrically to around 750 to 900°C in the
presence of a platinum or platinum rhodium gauze
catalyst, ammonia gets oxidized by atmospheric air.
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4NH, + 50, — 4NO + 6H,0

This reaction is exothermic and the heat generated
maintains the catalyst temperature. The nitric oxide (NO)
formed is further oxidized to nitrogen dioxide (NO,) by
atmospheric air, and the cooled gas (50°C) is absorbed in
water in the presence of air to give nitric acid.

H-0
2NO + Oy —» 2NO; T"' 2HNO;

The efficiency of ammonia conversion, expressed as
the percentage of ammonia converted into nitric oxide,
depends strictly on the catalyst activity, selected
temperature, pressure, mixing efficiency of the incoming
air with ammonia, and the velocity of the gas flowing
through the catalyst. Among the non-platinum catalysts
are the oxides of cobalt, iron or chromium.

Nitric acid made as above is of 98 % purity and has a
specific gravity of 1.50.

Owing to the absorption of ammonia, the ammonium
ion produced in the soil is oxidized to nitrite by the
bacterium Nitrosomonas and then to nitrate by
Nitrobacter. This oxidation by micro-organisms is called
nitrification. The process is rapid unless the soil is
strongly acidic, cold or wet.

Ammonia production by coal gasification: See
Ammonia production processes

Ammonia production, other process techniques
for: See Ammonia production processes

Ammonia production processes

Synthetic ammonia is the principal source of all nitrogen
fertilizers. Almost all commercial fertilizer nitrogen is
supplied by or is derived from ammonia.

Ammonia is either directly applied to the soil or is
applied as an aqueous solution with other nitrogenous
fertilizers like ammonium nitrate or urea.

The process of synthesizing ammonia was developed
by Fritz Haber in collaboration with Carl Bosch, and has
come to be known as the Haber-Bosch process. It is
based on the catalytic reaction of hydrogen with nitrogen
ata high temperature and pressure.

N> + 3H;——>» 2NH;

Nitrogen is taken from the air. Hydrogen is derived
either directly or as a by-product. The raw materials
required for hydrogen manufacture are water, natural
gas, fuel oil or petroleum fractions, coal and coke oven gas.

More than 60% of the hydrogen is derived from
methane or natural gas, fuel oil or petroleum fractions by
steam reforming and partial oxidation. Coal gasification
was a source of hydrogen until World War II.

In the commercial production of ammonia, the

selection of feed stock is the most important factor in
determining the capital investment and production costs.

The availability and cost of raw materials are also among
factors to be taken into account while deciding on the
construction of a new plant for the production of
hydrogen (Table-A.3.)

Table-A.3: Feedstock versus process/techniqué Jfor

hydrogen products.
Feedstock Process/technique to produce H,
Water Electrolysis
Natural gas/ Partial oxidation/steam reforming
Associated gas
Naphtha Steam reforming/partial oxidation
Fuel oil / LSHS Partial oxidation
(Low Sulphur
Heavy Stock)
Coal Partial oxidation
Coke oven gas Reforming /partial oxidation
/ low temperature separation

The major feedstock in the production of hydrogen
includes water, natural gas, naphtha and heavy residual
coke gas or coal. The major steps include electrolysis,
partial oxidation or gasification, desulphurization,
primary reforming, secondary reforming, shifts in high
and low temperature, carbon monoxide and carbon
dioxide removal, methanation, compression and ammonia
synthesis. The various methods of getting pure hydrogen
for ammonia synthesis are briefly discussed below:

(i) Electrolysis: Hydrogen is obtained from water by
alkaline or acid electrolysis. Several ammonia plants
have been built to produce ammonia from hydrogen
derived from the electrolysis of water. These plants are
located where power is available at a low cost, such as
Norway, Egypt, Zimbabwe, Peru, Iceland and Canada.

Purified water mixed with potassium hydroxide
(added to increase the conductivity) is electrolyzed in
electrolytic cells. These cells in an alkaline medium vary
in their efficiency in producing hydrogen. But the power
consumed is around 4.3 kWh/m’ of hydrogen. The
process generates one volume of oxygen per two volumes
of hydrogen or about 0.7 ton of oxygen per ton of
ammonia produced. The other byproduct is heavy water,
as pure water contains 0.0135% heavy water (D,0).
Heavy water is used in nuclear reactors.

The cost of producing ammonia by the electrolytic
hydrogen process is not as dependent on the size of the
plant, as it is on the cost of electricity. It is much simpler
to produce ammonia by electrolytic hydrogen than by
processes involving other feedstock.

Electrolysis

H,0 ———> H; + 20,

Hydrogen is also a byproduct of the electrolytic
production of chlorine from caustic soda. Such feedstock
is used by several small ammonia plants. The amount of
hydrogen produced is too small to supply normal plants.

(ii) Partial oxidation process: Hydrogen is
produced from hydrocarbons by partial oxidation at high
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temperatures. In this process, hydrocarbons that are
heavier than naphtha can be used as feedstocks for
ammonia production. Natural gas and naphtha can also
be used. The plant cost for partial oxidation process is
considerably higher than that for steam reforming.
However, the partial oxidation process offers a wider
choice of feedstock with greater tolerance for impurities.
The feedstock requirement is typically about 0.76 tons of
heavy oil per ton of ammonia.

Among the main partial oxidation processes are
those named after Texaco, Shell and Koppers-Totzek.
Partial oxidation is carried out at 1200 to 1500°C without
a catalyst. The complex chemical reactions involved are
represented by:

Partial oxidation
CpH,S; + 1 mO,————» m CO + (n-2r) H, + rH,S
1200 to 1500°C

After the side reactions arising from hydrocracking,
steam gasification, reforming and water gas shift, the
typical composition of the resulting gas is 46% H;, 47%
CO and 4% CO; (on dry basis) with small amounts of
H,S and nitrogen. A considerable amount of soot
(carbon) remains suspended in the gas.

The Koppers-Totzek process is also used for coal.
The Shell and Texaco processes are similar. The Shell
gasifier operates at 3.5 to 6 MPa pressure and the Texaco
gasifier operates at up to 9 MPa pressure. The
gasification pressure in partial oxidation processes has
been gradually increased in the range of 60 to 90
atmospheres, which helps to save energy for
compression. The problems that limit the operating
pressure of the gasification process are (a) the loss of
mechanical strength of the Fe/Cr oxide catalyst used for
high temperature shift, at 6.0 MPa, and (b) the
compression of oxygen required for gasification. Safety
is a great concern because the reactivity of oxygen
increases with pressure. A new catalyst, developed by
BASF, uses Co/Mo sulphides which overcome the
mechanical strength losses at high steam partial pressure.

There are more than 48 ammonia plants based on the
Texaco partial oxidation technology. The raw gas is freed
of the carbon formed during gasification, by scrubbing
with water. The raw gases after desulphurization are sent
to shift conversion, where carbon monoxide is converted
into carbon dioxide and hydrogen through steam.

CO + Hy0—> CO, + H,

Ammonia production using air (instead of oxygen)
for partial oxidation or gasification has been
commercialized by Texaco. The air gasification concept
can be applied to a complete range of feedstock materials
from natural gas and refinery gas, through liquid
hydrocarbons, to coal and coke. The excess nitrogen
from ammonia synthesis gas is recovered by cryogenic
condensation.

(iii) Coal gasification: Until World War II, coal-
based ammonia production predominated the industry.
Later, it gave way to other processes when cheap natural
gas and steam-reforming processes became available.

About 10% of the world's ammonia production is based
on coal, coke or lignite. Coal gasification process for
ammonia production can be classified according to the
method of gasification used - fixed-bed (Lurgi),
fluidized bed (Winkler) or entrained bed (Koppers-
Totzek and Texaco.) The so-called ‘fixed’ bed is more
accurately a ‘moving’ bed gasification. Coal lumps (5 to
30 mm) charged at the top descend against the upward gas
stream. These get dried, pre-heated, carbonized and
finally gasified by the oxygen and steam entering from
the bottom. Coal ash is discharged at the bottom through
a grate, as slag. This method requires less oxygen and
less heat compared to other methods. Also, it avoids the
grinding and drying of the coal. The Lurgi method
operates at 3 MPa pressure.

The limitations of the fixed or moving bed
gasification method are that (a) the coal has to be in the
form of lumps (5 to 30 mm), (b) the coal has to be of a
non-caking variety or must be heated to prevent caking,
and (c) the by-product formed (tar, phenolic compounds,
light oils, etc.) must be removed or disposed of.
Incidentally, the fine coal particles formed during the
preparation of the sized coal feed are burned in an
auxiliary plant to generate steam.

In the fluidized bed gasification process (Winkler),
coal is ground to a particle size 15 mm or less and
introduced into the fluidized bed through feed screws.
Steam and oxygen are injected near the bottom of the
fluidized bed. The latter is isothermal (1000°C) in
contrast to the gradual temperature increase of coal in the
moving bed process. Hence, there is no tar or liquid
product and the gas contains only hydrogen and carbon
monoxide with less than 1% methane. Large amounts of
gas are entrained in the gas stream. The process produces
6 to 12% carbon containing char, which is removed from
the bottom. The two advantages of the Winkler gasifier
are that it works with almost any grade of coal or lignite
and is adaptable to high capacity units. However, the
process produces ammonia at low pressures (1 to 3 atm),
thus adding to costs. The final gas needs electrostatic
precipitator for cleaning up.

Most of the present coal-based ammonia plants use the
Koppers-Totzek process. This is essentially a partial
oxidation process (like most coal gasification processes)
and is adaptable to heavy oil, light hydrocarbons or
natural gas. In this process, coal is dried and ground to
pass through a 200 mesh sieve. The powdered coal is
picked up by streams of oxygen and blown into the
gasification chamber. Steam enters through annular
openings around the burners. The gasification is
complete in about one-tenth of a second at temperatures
in the range of 1000 to 1200°C. Part of the ash produced
is fused and removed from the bottom and another part is
entrained in the gas. The gas contains about 56% CO,
31% H,, 11% CO, and less than 0.1% CH,. The ash is
removed by wet scrubbing and electrostatic precipitation.
The remainder of the ammonia synthesis gas preparation
is similar to that under partial oxidation of fuel oil.

The disadvantages of the process are that it requires

coal to be finely ground, and it involves operation at low
pressures (1 to 3 atm) and high oxygen consumption.
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The Texaco process differs from the Koppers-
Totzek process in that the finely ground coal is slurried
with water (35 to 40% water). The preheated slurry is fed
along with oxygen into a gasifier that can operate at up to
80 atm and a temperature of around 1300°C. The fused
ash, quenched with water, is removed from the bottom as
aslurry. The hot gas is cooled and the soot and fly ash are
removed by scrubbing. The sequence of the remaining
steps of synthesis gas preparation is the shift conversion
of carbon monoxide, and the removal of hydrogen
sulphide and carbon dioxide by the wash of cold methanol
and liquid nitrogen. The principal effluents from the
process are coal slag, waste water, hydrogen sulphide,
carbon dioxide, a mixture of carbon monoxide and
nitrogen from nitrogen wash, and small quantities of tail
gas from ammonia synthesis.

(iv) Steam reforming: Steam reforming is carried
out in two stages, using primary and secondary
reformers. In primary reforming, natural gas feed is
converted to hydrogen and carbon monoxide, by the
feed's reaction with steam. In secondary reforming, the
reaction continues and air is introduced to assure the
required amount of nitrogen for ammonia synthesis. The
feedstocks need purification before being subjected to
reforming.

Natural gas is purified by removing carbon dioxide
and hydrogen sulphide. Depending on the source, natural
gas may contain entrained dust or droplets of oil or water,
which are to be removed by separators, filters, etc. After
initial purification, natural gas is compressed to reformer
pressure and passed over activated carbon at ambient
temperature or over hot zinc oxide (290 to 400°C) to
remove sulphur by absorption. In some cases, both
activated carbon or zinc oxide (ZnO) treatments are used.

Zn0 + H;S — ZnS + H,0

Chlorides, present in some natural gases, poison the
low temperature shift catalysts and are removed by
absorbents. If the feedstock contains non-reactive
sulphur, hydro treating is carried out. The preheated gas
or vaporized naphtha is mixed with hydrogen (recycled
synthesis gas) and passed through a “hydrotreater”
containing a cobalt-molybdenum catalyst. This catalyst
converts sulphur compounds into hydrogen sulphide
(H,S.) The gas then goes to a sulphur removing catalyst,
like zinc oxide.

RSH + H, —> H,S + RH

Sulphur, chlorides and other catalyst poisons can
enter the ammonia plant in the steam or in the air, to the
secondary reformer. Precautions need to be taken to
avoid this. One method is to keep the sulphur content in
natural gas below 0.5 ppm. The main sulphur compounds
in natural gas are hydrogen sulphide and mercaptans. In
addition, a layer of guard absorbent may be placed on top
of the catalyst, particularly in the case of a low
temperature catalyst.

The primary reforming step is to convert the bulk of
the hydrocarbon feed to hydrogen and carbon monoxide
by the reaction of steam.

CH; + H,O=—= CO + 3H,

Nickel is used as a catalyst. A shift conversion also
occurs to some extent.

CO + H,0O

The methane-water reaction is endothermic and
requires a large amount of heat. Promoters such as
potassium may be added to increase the strength of the
base composition, its durability and porosity.

The gas that leaves the primary reformer usually
contains 5 to 15% methane on dry weight basis. The
secondary reforming process aims at conversion of
methane to hydrogen, carbon monoxide and carbon
dioxide and the supply of required nitrogen for ammonia
synthesis, Reforming is done by adding air in the amount
required to give an N:H atomic ratio of 1:3 in the
synthesis gas. The oxygen in the air burns part of H;, CO
and CHy, thereby raising the temperature high enough
for rapid completion of the reforming process. When air
is the source of nitrogen to the secondary reformer, heat
is supplied from that generated in combustion reactions
together with the heat in the preheated air and in the gas
from the primary reformer. The gas leaving the
secondary reformer contains around 56% hydrogen,
12% carbon monoxide, 8% carbon dioxide, 23%
nitrogen, and less than 0.5% methane and argon. It also
contains steam from nearly half of the total volume of
gases on dry weight basis.

Carbon monoxide conversion to carbon dioxide is
carried out in two steps. They are (a) a high-temperature
conversion, and (b) a low-temperature shift conversion.
Potassium carbonate with various additives is used to
promote the absorption of carbon dioxide in most
ammonia plants. The carbon monoxide from the
secondary reformer is cooled to around 375°C which is
the optimum temperature for the shift conversion
reaction.

=(0, + H,

CO + H)O —>» H, + CO,

Carbon monoxide is converted into carbon dioxide
and hydrogen, by passing over an iron oxide with a small
amount of chromium oxide catalyst bed in the presence of
steam. This exothermic reaction is carried out in two
steps with heat removal between the steps as the reaction
is more rapid at high temperatures (300 to 400°C) and
equilibrium is more fovorable at low temperatures (200
to 275°C.) Most of the low temperature shift catalyst
contains zinc and alumina in addition to copper.

After shift conversion of carbon monoxide to carbon
dioxide, the gas may contain 18 % carbon dioxide. From
the year 1940 to 1960, a 20% solution of mono
ethanolamine was used to absorb carbon dioxide. Since
1960, most plants have started to use potassium
carbonate solution with additives that promote absorption
and inhibit conversion. These improved processes are
known as the Catacarb process and the Benfield process.
The major advantage of potassium carbonate solution is
the lower heat requirement for stripping carbon dioxide
from the solvent. A modified process known as
Vetrocoke process, which uses a mixture of potassium
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carbonate and sodium carbonate with arsenic oxide, is
more efficient. This process absorbs carbon dioxide in
the plant more efficiently but results in the emission of
relatively large amounts of CO; to the atmosphere,
thereby causing pollution. An increased carbon dioxide
concentration in the atmosphere contributes most to
greenhouse effect and acid rain. Special care should be
taken in the Vetrocoke process because it uses potassium
carbonate solution activated by arsenic oxide (As;03) as
an absorbent. Careless operation of such plants can lead
to contamination of the soil and underground water
sources.

The gas after carbon dioxide absorption contains
about 0.3 % carbon monoxide and less than 0.1% carbon
dioxide. These gases must be removed prior to the
ammonia synthesis step by methanation, lest they
decrease the activity of the ammonia synthesis catalyst
and cause deposition of ammonium carbonate in the
synthesis loop. These methanation reactions are reverse
of the reformer reactions. And a nickel based catalyst is
used where hot gases are passed over the catalyst at a
temperature of 300 to 350°C.

CO + 3H; —» CH, + H;0
CO; + 4H; —» CH; + 2H,0

These reactions are exothermic. The synthesis gas
after methanation contains about 74% hydrogen, 24 %
nitrogen, 0.8 % methane and 0.3 % argon, on a dry weight
basis. This gas is to be compressed to pressure ranging
from 10 to 80 MPa depending on the ammonia synthesis
process.

Reciprocating compressors, which were once in
general use, are still used for small plants (less than
500 tons per day). However now, centrifugal
compressors driven by steam turbines, are used in most
new plants,

Because reciprocating compressors are driven by
electric motors, they are more efficient (~87%
efficiency) than the centrifugal compressors (~70%
efficiency), but are more expensive and their
maintenance costs are also higher.

Ammonia synthesis: The synthesis gas calls for the
removal of water before the gases enter the synthesis
converter because of the adverse effect of water on the
catalyst. Most modern plants use molecular sieve dryers
to remove water in the synthesis gas to less than 1 ppmv.
The sieves are usually located at the inter-stage of the
synthesis gas compressor.

The purified synthesis gas mixture containing
hydrogen and nitrogen in the ratio of 3:1 reacts at a
temperature of the order of 500°C and a pressure of 270 to
350 atmospheres over an activated iron oxide catalyst.

N: + ]H‘] : EN”,
The catalyst is mainly ferroso-ferric oxide (Fe3;Oy),
promoted using potash, aluminum, calcium or
magnesium. The catalyst also could be poisoned by

sulphur, arsenic, phosphorus, chlorine and heavy
hydrocarbons.

A typical ammonia synthesis reactor is a steel
cylinder of a height of 10 to 18 m and a diameter of 80 to
140 cm. Ammonia synthesis converters differ,
depending on the type of flow - whether axial, radial or
cross. The converters also differ in the way temperature
control of the reactants is achieved, and on how low
reaction heat recovery is done. Though initially, quench
converters were popular, indirect-cooled converters are
currently used where heat exchangers are used to cool the
gas. Catalyst efficiency is improved by increasing the
surface area per unit volume with a small particle size. A
radial flow converter provides a larger gas flow area
compared to the axial flow converter. All modern, low-
energy designs of ammonia converters use radial or cross
flow designs with indirect temperature control.

The conversion of synthesis gas is incomplete in a
single pass, but a large amount of ammonia is produced
by its removal from the gas stream and by recycling the
unreacted synthesis gas. The gas that leaves the converter
contains around 12 to 18 % ammonia, depending on the
pressure. The conversion per pass increases with
pressure. This gas is cooled, first by heat exchange with
the incoming gas, and then by air or water. The cooled
ammonia gas is finally condensed to a liquid form by
refrigeration. The degree of cooling required depends on
the pressure of the ammonia gas. At high pressures, most
of the ammonia can be condensed by water cooling. At
low pressures (15 to 20 MPa), refrigeration is essential
for condensation. For atmospheric storage, the gas needs
to be cooled to minus 33°C. The gas remaining after
ammonia condensation is recycled to the converter by
using a compressor.

Ammonia manufacture consumes intense energy for
such major operations as compression of air, synthesis
gas, refrigeration, etc. The relative energy consumption
per ton of ammonia produced, assuming the consumption
with natural gas as the feedstock is as follows:

Natural gas
Naphtha
Fuel oil
Coal

1.45

The manufacture of one ton of ammonia requires
about 980 NM” of natural gas, one ton of naphtha or fuel
oil or 3.8 tons of coal. Against a thermodynamic
requirement of energy to get one ton of ammonia (4.46
million Kcals), the energy consumption by the steam
reforming process is 9.6 million Kcals. Technology is
being developed to reduce the overall energy inputs for
ammonia synthesis. The various issues being addressed
include recovering lost heat, bringing down synthesis
pressure (with an improved catalyst) and impurities in the
synthesis gas, reduce pressure drops by better converter
designs, and the use of improved purification methods
and better design of cold exchange or heat exchange
equipment. It is now possible to produce ammonia with
an input energy of 8 million Kcals/ton of ammonia
produced.

Production of ammonia by the steam-reforming
process is relatively clean and presents no problem to the
environment. In ammonia manufacturing plants, several
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hazardous substances (toxic, flammable, explosive) get
handled at a wide range of temperatures and relatively
high pressures. Pre-emptive environmental protection
measures should be taken, like with plant design, the
construction material used and plant operation.

Other process techniques: The present day low-
energy designs for ammonia production use indirectly
cooled converters. The design and layout of various
plants available differ considerably. The major plant
technologies used today are based on the Kellogg's
horizontal converter and Topsoe series 200 converter.
These gas-based plants use two catalyst layers with an
intermediate heat exchanger for the feed, all in a single
vessel.

Kellogg technology uses a horizontal cylindrical
converter in which catalyst beds are arranged along side
each other. The gas flows vertically through rectangular
beds. The catalyst beds and the interchanger are mounted
on atrolley system, which can be inserted into the vessel.

The Topsoe series 200 converter is a radial flow
converter. It has two catalyst beds with annular cross
sections. The gas flows radially inwards. A heat
exchanger is installed at the first beds outlet. The gas
enters at the bottom and flows through an annular space
between the shell and the catalyst bed. This annular flow
of gas keeps the temperature low and prevents the attack
of hydrogen of the shell. The gas is heated in the
interchanger before it enters the first catalyst bed. The
effluent gas from the first bed is cooled in the
interchanger and it flows through the second bed. The
ammonia axial-radial converter permits part of the gas to
flow axially through the catalyst and the remainder
radially through the catalyst bed. This converter design
can be retrofitted into old converters.

Uhde technology uses three catalyst beds. The first
two beds and an interchanger are housed in one vessel.
High pressure steam generated by a waste heat boiler
cools the gas before it enters the catalyst bed placed in
another vessel. The effluent from the third bed goes
through a high pressure steam boiler.

To control the concentration of inerts in the recycle
gas, it is necessary to draw a purge stream from the
synthesis loop. The purge gas has the composition of
61% hydrogen, 20% nitrogen, 13% methane, 4% argon
and 2% ammonia. Recovering and recycling hydrogen
from this purge gas can reduce the quantity of hydrogen
to be produced by steam reforming. The cryogenic
process, the membrane separation process and the
pressure swing adsorption processes have been
commercially used in ammonia plants for the recovery of
hydrogen. Hydrogen recovery of 90 to 98% can be
achieved in the cryogenic process while membrane
separation process gives a recovery of 85 to 90%
hydrogen. Hydrogen recovery of 70 to 80% is achieved
in the pressure swing adsorption process.

In 1988 ICI set up two identical 450 tons per day
ammonia plants based on the Leading Concept
Ammonia (LCA) process in Britain. The LCA process is
different from the traditional steam reforming process.

The LCA concept has a 'core' unit consisting of key
process operations and a separate utility area containing
power and steam systems, refrigeration, carbon dioxide
recovery and other utilities. Natural gas is desulphurized
and passed through a feed gas saturator where it comes in
contact with circulating hot process condensate. The
ammonia synthesis reactor operates at a pressure of 8.0
MPa using a cobalt-promoted catalyst. The gas enters at
225°C and leaves at 380°C.

The Linde Ammonia Concept is a combination of a
hydrogen plant, nitrogen plant and an ammonia synthesis
loop. The hydrogen plant uses a primary reformer, shift
converters and a pressure swing adsorption unit to get
ultra pure hydrogen. Pure nitrogen from an air separation
plant is mixed with pure hydrogen to give inerts-free
ammonia synthesis gas. The process has the following
three features that differentiate it from the conventional
steam-reforming process: (i) Elimination of secondary
reforming. (ii) The use of an isothermal shift reactor for
carbon monoxide shift conversion, (iii) A pressure swing
adsorption unit to remove carbon dioxide, methane and
small residual amounts of carbon monoxide from the
hydrogen stream producing 99.999 mole percent pure
hydrogen.

The advantages of the Linde Ammonia Concept are
as follows. (i) The isothermal shift reactor allows
conversion to 0.7% carbon monoxide on dry basis in a
single step. (ii) The catalyst bed is kept at a constant
temperature of about 250°C by a spiral wound cooling
coil. (iii) The isothermal reactor technology has been in
use at many places worldwide. The pressure swing
adsorption unit is able to supply pure hydrogen even in
the case of a disturbance upstream in the reformer. This is
in contrast to the conventional plant where disturbances
in the carbon monoxide shift or carbon dioxide removal
areas cause a shutdown due to high temperature in the
methanator.

The PARC process combines air separation (to
produce nitrogen) with steam reforming, HT shift and
pressure swing adsorption (PSA) to make synthesis gas.
In the proprietary PSA unit, nitrogen purge is used to
enhance hydrogen recovery and to fulfilll the
stoichiometric nitrogen requirement. A Rankine cycle is
used to generate electric power from the heat of the high
temperature shift converter. This process eliminates the
need for secondary reforming, LT shift, carbon dioxide
scrubbing and methanation. If carbon dioxide is required
for urea manufacture, a carbon dioxide scrubbing unit is
added in front of the PSA unit. The overall energy
efficiency ranges from 7.0 to 7.6 Geal/ton of ammonia,
depending on plant specification.

The Topsoe economic process uses optimized units
of the ammonia process rather than radically new
schemes. The test runs of this process have shown the
production of about 7Gcal/ton of ammonia produced.
Further improvement in the pre-reformer, positioned
upstream of the primary reformer allows reformer feed to
be heated to a higher temperature at a low steam: carbon
ratio without deposition of carbon. In addition, Topsoe
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has developed a shift conversion catalyst based on
copper, which does not promote a Fischer-Tropsch
reaction at a low steam dry gas ratio.

New developments are related to two steps of
ammonia synthesis: (a) construction of the reactor, and
(b) development of a new catalyst. While developing a
new catalyst, fovorable properties of ruthenium as an
ammonia synthesis catalyst are important.

The major differences between the two catalysts (the
conventional iron based and ruthenium based catalyst)
are that the ruthenium based catalyst (a) is required in a
much lower volume, and (b) operates at a lower pressure
and at a higher temperature. Lower mole percent of
hydrogen and nitrogen and a high partial pressure of
ammonia are allowed in the process. The expected
immediate energy saving is about 0.2 to 0.3 Gcal/ton of
ammonia. The stability of this new ruthenium catalyst
must be proven before it replaces the iron based catalyst.
Until now, two carriers have been experimented. These
are: a special graphite by Kellogg and a ceramic support
by Topsoe.

Kellogg Advanced Ammonia Process (KAAP) is
based on a precious metal-based ammonia synthesis
catalyst, jointly developed by M.W. Kellogg and British
Petroleum. This new catalyst, which uses ruthenium
supported on a proprietary graphite structure with
various co-promoters, was seen to provide 10 to 20 times
the activity of a conventional iron-based catalyst. The
KAAP ammonia plant has the following technical
features: (a) a single-case synthesis gas compressor, (b) a
radial flow, intercooled converter design, (c) a low-
pressure synthesis loop, and (d) a high activity ammonia
synthesis catalyst.

The KAAP reactor is a four-bed, intercooled, radial
flow, hot wall vessel. The first bed uses a charge of
conventional magnetite catalyst to take advantage of the
high ammonia reaction rate at a low ammonia
concentration. The other three beds are charged with the
new catalyst. A series of intercoolers and external steam
generators are provided for heat integration. The feed to
the KAAP reactor contains 15% ammonia which is
increased to more than 21 % at the exit of the reactor.

The advantages of the KAAP technology compared
to those of the current low-energy technology are the
following: (i) The synloop energy consumption is
reduced by 40%, which when translated to the overall
plant energy reduction is about 1.0 GJ/ton. (ii) The
overall plant capital cost is reduced by about 5 %.

The Topsoe S-250 converter system also uses two
radial flow converters in series with waste-heat boilers
between the converters and after the last converter. This
system saves energy to an extent of 0.11 Gcal/ton of
ammonia over the previous Topsoe converter S-200.

This new converter has (a) a low pressure because of
the radial flow, (b) use of small particle size catalyst,
(c) high conversion per pass due to indirect cooling, and
(d) good operability and easy temperature control. The
new converter system offers either the same performance

with a smaller catalyst volume or higher conversion by
full use of the third bed.

Ammonia production is highly capital intensive. Its
investment costs greatly depend, among other things, on
the bidding location and on the relative strength of
international currencies, and also on the market for
construction of chemical plants. The processes have been
standardized for ammonia production by steam
reforming of natural gas, naphtha and other
hydrocarbons in plants using centrifugal compressors.
Standard designs for 900, 1040, 1360 and 1500 tons per
day (tpd) have evolved. The majority of new plants are in
the range of 1000 to 1500 tpd capacity.

There are relatively fewer plants to produce
ammonia by partial oxidation of heavy oil or coal. The
basic elements of the cost of production of ammonia
using four different starting materials are as
follows:

Feedstock Plant cost factor
Natural gas 1.00
Naphtha el 5
Heavy oil 1.60
Coal 2.00

In practice, plants from 100 to 600 tpy (tons per year)
of ammonia production capacity are considered small
scale plants. While ammonia production is a mature
technology, there is room for improvements in its
efficiency and reliability by making use of (a)
optimization of pre-reforming and adiabatic reforming
processes, (b) new methods in electrically driven
compressors (like three dimensional impellers), (c) better
design of furnace elements (burner nozzles, insulation)
and heat exchangers, (d) improved steam generation
methods, (e) integrated gas turbine drives with steam
turbines, (f) more efficient process condensate stripping
to produce medium-pressure steam, (g) improved
ruthenium catalyst and its alternatives, (h) easier and
economically viable dynamic control systems, and (i)
reduced emissions of carbon dioxide and oxides of
nitrogen to meet stringent environmental regulations.

Storage and transportation: Most ammonia is shipped
from the plants where it is produced to other locations for
direct use as fertilizer or for further processing into
finished fertilizers, or for use as a raw material for non-
fertilizer products. Ammonia is mostly transported by
sea. Ships that carry it also carry other liquefied gases,
such as liquefied petroleum gases (LPG). Ammonia is
almost invariably transported in the liquid state and,
therefore, it must either be compressed or refrigerated,
semi-refrigerated or pressurized. Fully refrigerated
storage tanks are equipped to maintain the temperature at
about minus 33°C. In semi-refrigerated storage tanks,
ammonia is kept at a moderately low temperature of 0 to
5°C at which the pressure is about 400 to 500 kPa.
Unrefrigerated pressure storage tanks usually are
designed for pressures of up to about 1.8 MPa, which
should be adequate for any ambient temperature
normally encountered in most climates.
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Transportation of anhydrous ammonia by pipelines is
economically attractive in some cases. Examples of long
distance ammonia transportation by pipelines are found,
for instance, in the United States, Russia and Mexico.
Anhydrous ammonia is also transported by rail and road.

Ammonia solution

The solution of ammonia in water is called ammonia
solution, commonly referred to as aqua ammonia. It is
also called aqueous ammonia, ammonia liquor or
ammonium hydroxide. It is the simplest nitrogen
solution made by forcing compressed NH; (anhydrous
ammonia) gas into water.

Ammonia-sulphur solution

Ammonia-sulphur solution is made from anhydrous
ammonia and sulphur. The typical commercial solutions
are temperature dependent and contain 74.2% nitrogen
and 10% sulphur.

Ammoniated sulphate

Ammoniated sulphate, also called ammonium
dihydrogen phosphate sulphate, is a double salt of
NH,(H,PO,) and (NH,), SO,. It is made by neutralizing
a mixture of H,SO, and H;PO, by gaseous ammonia.

Ammoniated superphosphate

Ammoniated superphosphate is a powdered or
granulated grey material with an acid odor. Anhydrous
or aqueous ammonia is mixed with ordinary
superphosphate obtained by treating phosphate rock with
sulphuric acid:

Ca(H,PO,), +CaSO,+2NH,;— 2CaHPO, + (NH,4),50,

To 9.1 kg of phosphorus (in the form of P,0s), 2.7 to
3.2 kg of ammonia is added. Where concentrated
superphosphate is used, 2 kg of ammonia is added for
every 9.1 kg of phosphorus.

Ammoniated superphosphate contains 2 to 6%
nitrogen and 6 to 21% phosphorus (14 to 49% P,0s,
Ammoniation of superphosphate offers an inexpensive
way of adding nitrogen to a fertilizer, which reduces the
water-soluble phosphorus content to less than 20% in
ordinary superphosphate whereas nearly 50% in triple
superphosphate. Nitrogen promotes phosphorus uptake
by plants by (a) increasing the tip and root growth, (b)
altering the plant metabolism and (c) increasing the
solubility and availability of phosphorus. Ammoniacal
fertilizers facilitate absorption of phosphorus better than
nitrate fertilizers do.

Ammonium superphosphate becomes easy to store
when made free-flowing by mixing with non-caking
agents like limestone, sand, rice hull, granite dust, kaolin
clay or tobacco stems. It is not effective as a fertilizer for
wheat and rice in laterite soil, but gives higher response
inblack cotton soil, alluvial and calcareous soils.

Similar to ammonium phosphate sulphate,
ammoniated superphosphate forms an acid in the soil. In

humid regions, soils develop acidity as a result of
leaching, erosion and crop removal. This feature is being
used successfully even in low fertility agricultural soils.

Ammoniating solution

Ammoniating solution is ammonia or a solution of
ammonium nitrate or urea in ammonia liquor. It is used
for ammoniating superphosphate or its derivatives. (See
also Nitrogen solution.)

Ammoniation

Ammoniation is the process of introducing ammonia
(ammonia liquor or aqua ammonia) into fertilizer
materials like superphosphate to form ammoniated
compounds, such as ammonium polyphosphate and
ammoniated superphosphate. Various products are
formed depending on the (a) proportion of ammonia
used, (b) resulting reaction temperatures, (c) time of
standing and (d) other components in the mixture.
Ammonia first reacts with the free acid present in the
superphosphate and mono-calcium phosphate forming
other compounds.

Ammonia volatilization

When ammonium ion is in a basic solution, ammonia
volatilization leads to a loss of nitrogen from soil or water
to the atmosphere in the form of ammonia gas. The
amount of ammonia lost is proportional to the quantity of
ammonium ion (NH,") and ammonia in the soil solution
and the soil pH. The losses are highest from the surface
when ammonium fertilizers or urea are applied on
calcareous (high carbonate content) soils. On non-
fertilized soils, the ammonia losses are smaller (< 10%)
compared to as much as 30% when urea or ammonium
fertilizers are applied.

To minimize the loss by volatilization, the applied
fertilizer should be covered by a layer of soil or washed
with water. The loss can be reduced by inhibiting the
urease enzyme activity by adding urease inhibitors (like
phenols, quinones, various insecticides and substituted
urea.)

Generally, ammonia volatilization in calcareous soils
is greater with urea fertilizers than with ammonium salts;
the exception is of ammonium sulphate or diammonium
phosphate that forms an insoluble calcium salt as a
precipitate. Ammonia losses increase with moisture and
with the increased application of fertilizers, compared to
those by dry nitrogen sources. The volatilization is
greater with broadcast application on a wet surface soil
compared to subsurface and surface band methods.

Ammonification is the conversion of organic
nitrogen to its ammonium form in the presence of
bacteria like Bacillus, Proteus and other heterotrophs.
This conversion is termed mineralization. The rate of
ammonification is faster if the soil is warm, well aerated
and moist.

In ammonification, the amines and amino acids,
produced by the aminization of organic compounds (like
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protein) are decomposed by heterotrophs to release
ammonium. This step is called ammonification and is
represented as follows:

R-NH, + H;O — NH; + R-OH + Energy

l,u;n

OH + NHy

Ammonification

Ammonification is a biological process by which organic
forms of soil nitrogen are converted into ammonia or
ammonium ions. The final reaction in this process is the
hydrolysis of amino groups. The amines and amino acids
released in aminization are reacted upon by other
heterotrophs, releasing nitrogen in an inorganic
ammonium (NH,*) form. Both aerobic and anaerobic
micro-organisms can carry out this reaction. A diverse
population of bacteria, fungi and actinomycetes is
capable of releasing ammonium ions.

NH,
H,0 |
Proteins ——» R— C— COOH + R-NH, + Urea +CO,
Bacteria |
H + Energy

(Amino acid) (Amine)

R-NH, + H,O — NH; + R-OH + Energy
H,0

NH4" + OH

The released ammonium ion may be (a) nitrified, (b)
utilized by plants, (c) lost by ammeonia volatilization, (d)
adsorbed on complex clay materials, (e) fixed in the
crystal lattices of 2:1 expanding clay minerals, or (f)
immobilized by soil micro-organisms. The rates of
ammonia release are more rapid in aerobic than in
anaerobic environment. (See also Ammonia
volatilization; Nitrification.)

Ammonium bicarbonate

Ammonium bicarbonate, also called ammonium
hydrogen carbonate (NH,HCO,), is a low nitrogen
containing fertilizer (17 %N), used largely in China. It is
produced by heating ammonium hydroxide with excess
carbon dioxide and evaporating the water formed.

Ammonium bicarbonate is a hygroscopic, white,
crystalline compound soluble in water but insoluble in
alcohol and acetone. It decomposes above 35°C to
ammonia, carbon dioxide and water vapor, releasing
irritant fumes. Only 30% of the applied nitrogen of this
fertilizer is recovered by plants owing to the unstable
nature of ammonium bicarbonate.

Ammonium bisulphite

Ammonium bisulphite is a solution grade fertilizer,
available commercially as a 55 to 60% solution. It is
made by absorbing sulphur dioxide (obtained as a by-
product from smelting operations) in aqueous ammonia
solution. This non-pressurized solution provides both

sulphur and nitrogen. It has a salt-out temperature of 0°C.

Ammonium bisulphite is compatible with liquid
fertilizers, such as aqueous ammonia and polyphosphate
solutions, and can be stored in containers made of steel,
aluminum or plastic.

Ammonium carbonate

Ammonium carbonate, (NH,),CO,, is an intermediate
product formed during the synthesis of urea. Ammonium
carbonate on decomposition yields urea and water.

Ammonium-carbonate-gypsum process for
producing ammonium sulphate

The production process involves the reaction of
ammonium carbonate with gypsum, removing the
precipitated calcium carbonate by filtration, evaporation
and crystallizing ammonium sulphate followed by
centrifuging the liquor.

This method, also known as the Merseburg Process,
is based on combining ammonia and carbon dioxide to
first produce ammonium carbonate, which is then reacted
with gypsum or anhydrite to yield ammonium sulphate
and calcium carbonate in an exothermic reaction :

INH; + H,0 + CO; —» (NH,),CO3

CaS0, - 2H,0 + (NHy); CO; = CaCO3 + (NHy)2 SO4 + 2H0

The exothermic process has many advantages, such
as the availability of a byproduct (calcium carbonate)
used in cement production and agriculture. This process
does not require any sulphur supply. The major
disadvantage is the large energy (steam) requirement for
ammonium sulphate recovery from the dilute solution.

At the Sindri plant in India, ammonia is absorbed in
water and carbonated at a pressure of about 2.1 kg/cm’ in
a series of two aluminum towers. The prepared liquor
strength corresponds to approximately 170 g of ammonia
and 225 g of carbon dioxide per liter. In FACT (The
Fertilizers and Chemicals Travancore Ltd.), Travancore,
India, jet absorbers are used for preparing ammonia
solution and ammonium carbonate liquor in conjunction
with a carbonating tower.

Natural gypsum or anhydrite, when used, is ground
so that about 90% of the material passes through a 120
mesh sieve. When gypsum, as a byproduct of phosphoric
acid plants is used, impurities are removed by repulping
the filter cake prior to washing and dewatering on a drum
or disc filter.

Reactions of ammonium carbonate and gypsum
solutions are carried out in a series of wooden vessels or
mild steel vessels having steam coils and agitators to give
a total retention time of 4 to 6 hours. The slurry produced
is filtered and the calcium carbonate cake washed and
dewatered. The solution is evaporated and the crystals
are centrifuged and dried in a rotary drier at 120°C.

Ammonium chloride

Ammonium chloride, like all other ammonium salts, is
used as a fertilizer. It contains 24 to 26% nitrogen and is
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available as white crystals or granules. A coarse form of
this fertilizer is preferred to the powdered form for direct
application. Its crystals are used in compound fertilizers.

Ammonium chloride is a good source of nitrogen for
cotton, rice, wheat, barley, maize, sorghum, sugar cane
and fiber crops. It is easy to handle. In some cases,
however, the material tends to become lumpy and
difficult to spread.

Ammonium chloride is used either directly for
fertilization or in a variety of compound fertilizers, such
as ammonium phosphate chloride or ammonium
potassium chloride or in combination with urea or
ammonium sulphate.

As a fertilizer, ammonium chloride has an advantage
in that it contains 26 % nitrogen, which is higher than that
found in ammonium sulphate (20.5%). In terms of per
unit cost of nitrogen, ammonium chloride is relatively
cheaper than ammonium sulphate and has some
agronomic advantages for rice. Nitrification of
ammonium chloride is less rapid than that of urea or
ammonium sulphate. Therefore, nitrogen losses are
lower and yields, higher.

However, ammonium chloride is a highly acid
forming fertilizer and the amount of calcium carbonate
required to neutralize the acidity is more than the
fertilizer itself. Further, it has a lower nitrogen content
and a higher chloride content compared to urea and
ammonium nitrate, making it harmful to some plants.

Several methods are used to produce ammonium
chloride. The most important is the dual-salt process
(modified Solvay process) wherein ammonium chloride
and sodium carbonate are produced simultaneously using
common salt and anhydrous ammonia as the principal
starting materials. When ammonium chloride is mixed
with phosphatic and potassic fertilizers, a large amount of
soil calcium is lost as its conversion into soluble calcium
chloride causes it to leach out easily.

Like ammonium sulphate, ammonium chloride can be
applied to wet land crops. In terms of the agronomic
suitability, it is generally rated as equal to other straight
nitrogenous fertilizers.

Ammonium chloride is, however, not ideal for
grapes, chilies, potatoes and tobacco as the added
chlorine affects the quality and storability of these crops.

Industrial uses of ammonjum chloride are in
dry-battery manufacture and as a flux for soldering and
brazing.

Ammonium chloride production processes

Ammonium chloride is used as a fertilizer either as such
or in combination with other fertilizers.

Manufacturing methods for producing ammonium
chloride are (a) the dual-salt processes, whereby
ammonium chloride and sodium carbonate are produced
simultaneously, (b) direct neutralization of ammonia
with hydrochloric acid, and (c) miscellaneous methods.

(a) Most of the ammonium chloride for fertilizer use

is made by the dual-salt process. In this process,
ammonium chloride is salted out by the addition of solid,
washed sodium chloride rather than by decomposition by
lime to recover ammonia. This is the modified Solvay
process.

In the original Solvay process, an ammoniacal
solution of 30% sodium chloride is treated with carbon
dioxide in large absorption towers to form ammonium
carbonate:

2NH3 + H,O + CO, —» (NH,4),CO;

Additional carbonation produces ammonium
bicarbonate:

(NH4),CO;5; + CO, +H,0 —» 2NH,HCO;

The addition of sodium chloride gives sodium
bicarbonate and ammonium chloride:

NH4 HCO; FiNaC] —p NaHCO; + NH,4Cl

The sodium bicarbonate centrifuged or filtered from
the ammonium chloride solution is calcined to produce
sodium carbonate and carbon dioxide, which is recycled.

In the Solvay process, equilibrium is reached at about
75% completion, and the mother liquor is reacted with
lime to give ammonia:

2NH,C] + Ca(OH), = CaCl, + 2NH; + 2H,0

The calcium chloride formed can be sold or
discarded, depending on the market.

In the modified Solvay process, the mother liquor,
after the removal of sodium bicarbonate, is ammoniated,
cooled below 15°C and salted out using washed solid
sodium chloride. The precipitated ammonium chloride is
centrifuged, washed and dried. The fine crystals can be
granulated by roll compaction. Large ammonium
chloride crystals of 2 to 3 mm size have been developed
by cooling, nucleation and crystallization, under closely
controlled conditions in specially designed vessels.

The slurry from the crystallizer is centrifuged,
washed and dried to about 0.25% free moisture in a
rotary drier at 105°C. After the removal of ammonium
chloride, the liquor is reammoniated to start a new cycle
of operations.

As the demand for soda ash is comparatively lower
than that for nitrogen fertilizers, ammonium chloride
from this source is not likely to meet the nitrogen
fertilizer needs.

(b) Direct neutralization method: High purity
ammonium chloride is made by anhydrous ammonia
vapor directly reacting with hydrochloric acid gas:

NHa(g) + HCl(g) —» NH,ClI

This neutralization reaction is carried out under
reduced pressure in rubber lined steel vessels.
Concentrated hydrogen chloride gas is passed through an
aspirator where it is diluted to about 20% concentration.
Ammonia is admitted through another sparger or by
tangential nozzles in the base of the reaction vessel. Air
agitation is employed. A reduced pressure of 250 to 300
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mm of mercury and a slurry temperature of 75 to 80°C are
the typical operating conditions.

Operation under vacuum provides cooling and
elimination of abnoxious acid vapors, in addition to
attendant costs and maintenance charges. The acid and
ammonia feeds are adjusted to achieve a steady pH of 8.
The control system cuts off the acid when the pH falls
below 7 to protect the rubber and plastic lined reactors
and centrifuges from corroding. The slurry containing
80% solid ammonium chloride is withdrawn and
separated by centrifuging. In some cases, drying is done
by blowing hot air through the crystals before discharge.
Alternatively, a top-feed filter-drier can be used instead
of the centrifuge.

The mother liquor from the centrifuges is pumped
back to a saturator. The gases evolved from the liquor are
scrubbed to prevent corrosion. The liquor from the
condenser-scrubber system is returned to the mother
liquor tank. In the direct reaction between hydrochloric
acid and ammonia, traces of chlorine can cause
explosions by the formation of nitrogen trichloride,
warranting adequate safety precautions.

Anti-caking agents such as certain fatty acid
derivatives or inert powders, when added to the
crystallizer or sprayed on the crystals, reduce caking
tendencies on storage. Granulation by roll compaction
provides material for direct application.

(c) Miscellaneous processes: Ammonium chloride
can also be made by reacting ammonium sulphate with
sodium chloride:

(NH.;}:SO_»‘ + 2NaCl — NagSO4 + 2NH4C1

In another process, which is quite expensive and used
only for producing small quantities of ammonium
chloride, sulphur dioxide or sulphite liquor reacts with
ammonia and sodium chloride:

SO; + 2NH; +H;0 + 2NaCl —»2NH,Cl + Na,;S503

Ammonium chloride is formed in NPK fertilizers by
the action of potassium chloride with ammonium nitrate
or sulphate, as per the following reaction:

NH4NO; + KCl —» KNO; + NH4Cl
(NHy); SO4 + 2KC1 —» 2NH,4Cl + K»S804

These reactions go to completion in most granulation
processes involving these NPK fertilizers.

Ammonium chloride containing 24 to 26 % nitrogen
can be either crystalline or granular. Coarse crystals or
granular materials are used for direct application and fine
crystals are used for making compound fertilizers.

Ammonium citrate

Ammonium citrate is a white, granular, water-soluble
salt of ammonia and citric acid. It is used in a neutral
solution for determining the phosphorus content of
phosphate fertilizers (such as calcium hydrogen
phosphate (CaHPQ,)), that are insoluble in water but
dissolve in complexing citrate solutions.

The fertilizer residue, after extraction of water-
soluble phosphorus, is re-extracted with a neutral or
strongly alkaline solution of 1 normal (1N) ammonium
citrate for a prescribed period, and the slurry filtered.
Citrate-soluble phosphorus is the phosphorus content in
the filtrate and is expressed as a percentage by weight of
the fertilizer.

The extraction of phosphate with 1IN ammonium
citrate is carried out routinely for 30 minutes, first at
room temperature and then at 40°C. For neutral
ammonium citrate solution, a temperature of 65°C is
preferred.

Some European countries use an alkaline ammonium
citrate solution, which extracts smaller amounts of
phosphorus, Some experts consider it to be better
correlated with phosphorus uptake and plant growth.
However, most countries use a neutral normal
ammonium citrate solution for extracting citrate soluble
phosphorus.

Ammonium dihydrogen phosphate sulphate: See
Ammoniated sulphate

Ammonium fertilizers

Ammonium sulphate, ammonium nitrate, ammonium
phosphate, ammonium chloride, anhydrous ammonia
and ammonia solution are among the important
ammoniacal fertilizers. These nitrogenous fertilizers are
combinations of ammonium and other elements with
anions like nitrate, chloride, sulphate, phosphate, etc.,
which are water- soluble and easily assimilated by plants.

The ammonium part has to be nitrified (for
conversion into its nitrate form) for plant absorption in
the early stage of growth. Only paddy can absorb
ammonium as such to meet its nitrogen needs. The
ammonium ion is readily adsorbed on the colloidal
complex of the soil and gets fixed and resistant to
leaching.

Ammonium fertilizers render soils acidic as
microbes oxidize ammonium cations to nitrate anions.
These fertilizers require to be applied in combination
with neutralizing calcium carbonate:

2NH; + 40, —» 2NO; +2H,0+4H"

The amount of lime needed depends on the acidity of
the fertilizer anions (CI1,SO#) and on how much
ammonium is oxidized.

Table-A .4 gives the theoretical acidity values (lime
requirement) of some ammonium fertilizers.

Table-A.4: Acidity (lime requirement) of some ammonium
Sertilizers (theoretical)

Lime requirement

Fertilizer kg/kg N
Ammonium chloride NH4Cl 5.30
Ammonium nitrate NH;NO, 1.80
Ammonium sulphate (NHy), SO, 5.35

Calcium ammonium nitrate 0
CaNHy( h(): )3
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Ammonium fixation

Ammonium fixation or the fixation of ammonium ion is
a phenomenon by which certain clays (illites,
montmorillonites, etc.) bond ammonium ions tightly
between the mineral lattices that are neither exchangeable
for other ions nor available to plants. However, near the
edges of the clay lattice, external ions may replace some
of the ammonium ions if clays are expanded, and such
nitrogen may become available for plant growth. The
number of ammonium ions fixed on the edges of the clay
lattices increases as more ammonium is added. The
ammonium ijons fixed are less than the adsorbed
quantities of ammonium. The clay fixation of ammonium
ion (NH,") provides some protection against rapid
nitrification (followed by leaching.) The important
fractions in fixing ammonium ions are coarse clay (0.2 to
2 um) and fine silt (2 to 5 pm).

The moisture content, soil temperature and presence
of other ions like potassium affect the fixation of
ammonium ions. Generally, freezing and drying increase
ammonium fixation. The presence of potassium ions
restricts the fixation of ammonium ions as potassium
fills the fixation sites. For this reason, adding potassium
fertilizers, before the application of ammonium or
ammonia-producing fertilizers, reduces ammonium
fixation.

Ammonium form, immobilization of

Immobilization is the use or reuse of soluble nitrogen
(NH," and NO;) by plants or microbes. Most of the soil
nitrogen added as a fertilizer, is immobilized into organic
materials, (mostly as protein), in higher plants or
microbes.

Ammonium hydrogen carbonate

Ammonium hydrogen carbonate is another name for
ammonium bicarbonate (NH,HCO,, It is a low
nitrogen containing fertilizer (17% N), used largely in
China. It is produced by heating ammonium hydroxide
with excess carbon dioxide, followed by evaporation of
water. (See also Ammonium bicarbonate. )

Ammonium hydroxide

Ammonium hydroxide is also known as ammonia
solution, aqua ammonia, aqueous ammonia or
ammonia liquor. It is the solution of ammonia in water
and is commonly referred to as ammonium hydroxide. It
is the simplest nitrogen solution made by forcing
compressed ammonia (anhydrous ammonia) gas into
water,

Ammonium metaphosphate

Metaphosphates are salts of metaphosphoric acid that
react with ammonia to form ammonium metaphosphate.
Ammonium metaphosphate is also made by reacting
phosphorus pentoxide with ammonia.

Ammonium metaphosphate is a white fluffy powder
with about 80% phosphorus and 17% nitrogen.

Metaphosphoric acid or salts are often present in a
polymerized form. In the vapor phase, the acid exists as a
dimer and in solution it occurs as a trimer or tetramer.

Ammonium molybdate

Ammonium molybdate, (NH,)sMo0,0,,2H,0 is an
important molybdenum fertilizer. It is an ammonium salt
of molybdic acid and contains about 50 % molybdenum.

Ammonium molybdate is generally mixed with NPK
fertilizers, depending on the crop requirement (generally
50 to 1000 gm per ha). The fertilizer is also applied as a
foliar spray, but coating or soaking seeds with
ammonium molybdate is the easiest method of
application, which requires very little fertilizer.

Ammonium nitrate

Ammonium nitrate (NH,NO;) is among the most
common nitrogenous fertilizers, with half of its nitrogen
in an ammoniacal form and the rest in nitrate form.

The nitrogen from ammonium nitrate is immediately
available to plants, whereas the ammoniacal nitrogen
becomes available only after its nitration. Fertilizer grade
ammonium nitrate solution in water containing 20%
nitrogen is sold in large quantities, because of its high
water solubility and easy soil applicability. The fertilizer
can also be used in its compound forms, such as calcium
ammonium nitrate and ammonium sulphate nitrate.

The nitrogen in ammonium nitrate is more rapidly
available than that in urea or ammonium sulphate. Crops
take up nitrogen mainly in the form of nitrate. The
ammoniacal nitrogen must be converted to nitrate in the
soil before it becomes effective. Urea causes seedling
damage due to volatilization of ammonia. Ammonium
nitrate and ammonium sulphate are strongly acid-
forming fertilizers.

Although pure salt ammonium nitrate is a fine white
crystal, it is usually available as white granules or prills
of 1.2 to 3.3 mm size and contains 32 to 35% nitrogen by
weight. The crystalline form is highly hygroscopic and is
readily soluble in water. Because of this high solubility in
water, it is less effective for flooded rice than urea or
other ammoniacal nitrogen fertilizers. It is also more
prone to leaching than other ammoniacal products. It is
also a very powerful oxidizing agent which can explode
when exposed to heat or flame. Because of this hazardous
property, ammonjum nitrate and its compounds are
stored in a dry place in sealed bags. The granular form,
however, is easily stored. It can also be spread on soil
with ease.

Ammonium nitrate, like other ammonium
fertilizers, can leave behind an acid residue in the soil. It
takes 0.8 kg of lime to neutralize the acidity produced by
1 kg of ammonium nitrate fertilizer.

Ammonium nitrate and urea are the most widely used
sources of nitrogen from among all solid fertilizers
available. A two bale crop of cotton removes 56 kg of
nitrogen per hectare in the seed alone and 16.8 kg of
nitrogen per hectare in the lint. To supply this amount of
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nitrogen, the addition of 224 kg per hectare of ammonium
nitrate is required. A 2240 kg per hectare tobacco crop
removes 123 kg of nitrogen per hectare, and 5600 kg per
hectare crop of rice removes 90 kg of nitrogen per
hectare.

Ammonium nitrate is used as a major source of
nitrogen for crops in the USA. It is a good nitrogen plant
food for all field and vegetable crops and can be applied
to the soil before or at the time of planting. It also makes
for a good N-fertilizer for side dressing or top dressing.

An aqueous solution of urea and ammonium nitrate,
called UAN is used as a liquid nitrogen fertilizer.
‘Ammonite’ is a trademark for a mixture of ammonium
nitrate (98 %) and coating agents (2%).

Ammonium nitrate-lime fertilizer

Ammonium nitrate-lime fertilizer is a non-acid forming
mixture of ammonium nitrate and lime. It is
manufactured at Hopewell, Virginia, in the USA and is
sold under the trade name 'ANL'. It contains 20%
nitrogen, 10% calcium (as CaO) and 7% magnesium (as
MgO.) It is usually prepared in a pellet or prilled form
suitable for mixing, with other fertilizers, direct
application and shipping out.

Ammonium nitrate limestone

Ammonium nitrate limestone is a white to grey, chalky
powder. It is also known as calcium ammonium nitrate,
a nitrogenous fertilizer. If made from dolomitic
limestone, it contains 20 % nitrogen, 6% calcium and 4%
magnesium. The color of the powder depends on the
limestone used in the manufacturing process.

Ammonium nitrate production processes

Ammonium nitrate is the most popular form of nitrogen
fertilizer in Europe. It is being replaced by liquid
fertilizers and anhydrous ammonia in Canada and the
United States of America.

Ammonium nitrate contains 33 to 34 % nitrogen, half
of which is in an ammonium form and the remainder in a
nitrate form. It is applied directly or in combination with
calcium carbonate, limestone or dolomite. The
combination is called calcium ammonium nitrate or

4

ammonium nitrate-limestone (ANL.) It is also an
ingredient in many liquid fertilizers.

Ammonium nitrate is produced by several slightly
different processes that utilize the basic product,
ammonia, to produce nitric acid, which in turn is
neutralized by more ammonia to form ammonium
nitrate (Fig.A.29). The process chemistry is simple, the
reaction between anhydrous ammonia and nitric acid
being,

NH; (g) + HNO; (ag) —» NH;NO;

The reaction is highly exothermic and proceeds with
high speed. The concentration of nitric acid used ranges
from 45 to 60 %, depending on the process. Except where
ammonium nitrate is used as a liquid fertilizer,
ammonium nitrate solution is concentrated and processed
into prills or granules.

Ammonium nitrate is a strong oxidizer and can
support combustion. When dry ammonium nitrate is
heated between 170°C (melting point) and about 250°C,
the following exothermic reaction occurs.

4NH4NO; —» 2NO,+ 8H,0 + 3N,

If the nitrogen dioxide gas is not allowed to escape
freely, another highly exothermic reaction can occur.

NH4NO; + 2NO, —» N, + 2HNO; + H,0

Above 250°C, nitric acid and ammonia are formed.
This reaction is endothermic.

NH4NO; —» HNO; + NH;

The explosive decomposition of ammonium nitrate
can be described by the following reaction:

2NH4NO3; —» 2N, + O, + 4H,0

Production technology of ammonium nitrate: Solid
ammonium nitrate is produced as prills, granules or
crystals. Its production involves the following steps:
(a) neutralization, (b) concentration, (c) finishing,
(d) process condensate treatment, and (e) vapor treatment
with heat recovery.

(a) Neutralization: When sufficient steam is
available, the use of an atmospheric type of neutralizer is
preferred. Acids of more than 50% concentration are

Vapour to scrubber
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Fig.A.29: Flow chart of ammonium nitrate production 1. Ammonia preheater, 2. Nitric acid preheater,
3. Reactor, 4. Circulating pump, 5. Flash evaporator, 6. Neutralizer, 7. AN-pump, 8. Reboiler, 9. Flash
evaporator. (Source: “Fertilizer Manual, 1998, UNIDO, IFDC and Kluwer Academic Publishers, The

Netherlands. With permission. )
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used for neutralization. When a crystalline product is
desired, neutralizations are performed under vacuum.
The temperature in the neutralizer for atmospheric
pressure neutralization is low (about 145°C).

In a pressure-neutralized process, the neutralizer
usually operates at a pressure of 4 to 5 atmosphere and at
a temperature of 175 to 180°C. A 50 to 60%
concentration of nitric acid is used. Ammonia is fed into
the neutralizer in a gaseous form. The neutralizer is
operated at a low pH of 3 to 4 to avoid loss of ammonia.
More ammonia is added to adjust the pH to 7. The
concentration of ammonium nitrate in the neutralized
solution is in the range of 80 to 87%. It is evaporated
further to a concentration of 94 to 98% by using steam. A
final evaporator-concentrator is used to increase the
concentration from 99.5t099.8%.

Practically all types of evaporators and separators are
used in this process. Most fertilizer grade ammonium
nitrate is treated with inorganic stabilizers to retard the
32°C crystal transition and to improve storage properties.
The most popular salt used for phase stabilization is
magnesium nitrate. It is added to hot ammonium nitrate
solution prior to its reaching the final concentration.
Other salts used as stabilizers include the sulphates of
aluminum and iron, ammonium sulphate-calcium nitrate,
ammonium phosphate and permalene-34 (a mixture of
boric acid, diammonium phosphate and ammonium
sulphate). Caking of the product is avoided by coating the
prills and granules with very small amounts of anti-
caking agents such as oil/amine mixtures.

Several finishing processes such as graining, flaking,
granulation, crystallization and prilling are used. In low-
density prilling, about 95 % ammonium nitrate solution is
fed into the prilling tower and the prills formed are cooled
and dried. The prills are porous and have an apparent
density of around 1.29 g/cm’ compared to high- density
prills with a density of 1.65 g/cm®. Low density prills are
used in explosives and as blasting agents.

The high-density prillng process uses more than 99%
concentrated solution of ammonium nitrate. This process
needs expensive fume abatement equipment and has low
flexibility for producing different nitrogen containing
products. The product size is limited and the prills are
less hard.

The granulation process, unlike the prilling process,
has the advantage of producing different particle sizes. A
rotary pan, a rotary drum and fluid bed processes are
used in granulating ammonium nitrate.

Industrial neutralization processes for ammonium
nitrate: Various industrial neutralization processes for
ammonium nitrate are: (a) Uhde neutralization under
vacuum or atmospheric pressure, (b) Uhde neutralization
under 0.2 to 0.25 MPa pressure, (¢) Hydro-agri
neutralization under 0.4 to 0.5 MPa pressure, (d) Carnit
neutralization at 0.7 to 0.8 Mpa, and (e) pipe reactor
neutralization (AZF).

Uhde neutralization under vacuum or atmospheric
pressure process calls for a relatively low investment
cost. The 304L stainless steel reactor is slightly

pressurized to prevent ammonium nitrate solution from
boiling due to the heat of the neutralization reaction. The
ammonium nitrate solution is evaporated in a flash
evaporator to remove some water and cooled to reach a
95% concentration of ammonium nitrate. The
neutralization conditions are 0.03 to 0.12 MPa pressure
and a temperature of 130 to 145°C. Uhde neutralization
under 0.2 to 0.25 MPa pressure process was mainly
developed to balance heat requirements. The heat of
reaction is used to concentrate ammonium nitrate via a
heat exchanger. In the hydreo-agri neutralization
process, neutralization is carried out under a pressure of
0.4 to 0.5 MPa and a temperature of 175 to 185°C. The
process calls for reactors made of specialized materials
like titanium or low carbon 304L.

The CARNIT process operates at 185°C at a reactor
output pressure of 0.75 MPa. The neutralization is
carried out in: (a) alkaline solution for which a low
carbon stainless steel reactor is used, and (b) acidic
solution for which a titanium reactor is installed. The
alkaline hot solution passes through a steam boiler and a
falling film evaporator made of low carbon stainless
steel. The concentrated solution is recycled to the reactor
where additional nitric acid is added before flashing and
scrubbing.

In the AZF-Grand Paroisse prilling process,
neutralization is carried out in a pipe reactor using
gaseous ammonia and preheated nitric acid to directly
give ammonium nitrate melt of up to 97 % concentration.
A concentrated 95 to 97% ammonium nitrate solution
overflows from the tank to the pump tank. If the
ammonium nitrate solution is less than 96%, it is first
concentrated in a falling film evaporator.

The important industrial finishing processes include
the (a) AZF-Grand Paroisse prilling process, (b) GIAP
neutralization/prilling technology, (c) granulation
processes, and (d) production of straight granulated
ammonium nitrate.

In AZF Paroisse prilling, the ammonium nitrate
solution from the pipe reactor (after the neutralization
step) is first concentrated to 99.8 % in an air swept falling
film evaporator, with steam condensing in the shell. The
solution is sprayed from the top of the prilling tower.
Fans located at the top ensure a counter current flow of
cooling air against the falling droplets. The prills are
collected at the bottom for discharge to drying, cooling
and screening operations. For porous ammonium nitrate
prills, 95% solution is used to dissolve the off-
specification material. The main producers of high
density prills are Russia and other Republics of the
erstwhile Soviet Union.

GIAP neutralizatior/ prilling technology is a high
density prilling process. In this process, neutralization is
carried out at 70 to 90°C to get 89 to 92% ammonium
nitrate solution. This solution is further concentrated to
99.7 10 99.8 % of ammonium nitrate and fed to the spray
heads of special design to form 'uniform' prills. The
spray heads in conjunction with a fluidized cooling bed
can provide up to 85% prills of 2 to 3 mm diameter.
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Stabilizers are added to the ammonium nitrate solution
and the prills are conditioned prior to bagging. The main
features of this process are its simple operation and high
reliability.

The disadvantages of prilling are its difficult emission
control, limited product size and lower product hardness.
Granulation processes are flexible and allow easier
emission control. Granulation gives a coarser product
than prilling, thereby minimizing the segregation of bulk
blended fertilizers.

The advantages of granules are that these are free
flowing materials which allow mechanized handling and
distribution; they also have a high bulk density, reduced
amenability to dust formation and leaching losses. The
particle size of prills (usually <2.5 mm) is much smaller
than that of granules. In addition, the crushing strength of
prills is lower, their porosity higher and their bulk density
lower. These physical properties imply unfavorable
agronomic effects in fertilizer application techniques.
Larger sized prills are possible only by increasing the
tower height, which entails increased investment costs.

The following granulation processes are available for
the production of straight ammonium nitrate (of 30 to
34.5% nitrogen content): (a) cold spherodizers, (b)
drum, (c) pug mill, (d) pan, (e) fluid bed, and (f) fluidized
drum. However, the concentration of ammonium nitrate
melts (wt %) is different, and is as follows: (a) drum, 96
to 96.5, (b) pug mill, 95.5 to 96, (c) pan granulation,
>99.5, (d) fluid bed granulation, >99, and (e) fluidized
drum granulation, > 97.5. In all methods, additives are
essential for granulation and for improving storage
properties.

In the granulator, a hot, virtually moisture-free melt
is sprayed onto the moving bed of solids to solidify on the
cool particles. Round granules get formed by
agglomeration. As the size increases, they move upwards
and roll over the rim of the rotating pan. The granulation
temperature is controlled by the rate at which the solids
are fed into the pan. The recycle ratio is about 0.5/0.7:1
for ammonium nitrate. The granules formed have an
irregular surface and are smoothened by cooling and
polishing. The cooled granules are conveyed to a screen.
Over-sized materials from the screen are fed to a crusher,
and crushed materials, under-sized granules and dust
from cyclones are recycled. A wet scrubber may be used
for recovery.

The fluidized drum granulation process consists of
a rotary drum fitted with lifters and a fluidized bed
installed inside the granulator. It is swept with
conditioned air as per the need. The seed material fed to
the granulator undergoes a size increase, and cooling
and/or drying, as the case may be, occurs in the
granulator in a series of cycles. The number of cycles
required to obtain the desired particle size is determined
by the residence time in the drum and is controlled by an
adjustable overflow threshold.

Various additions such as micronutrients, fillers or
other specific additives can be added with the sprayed
product. The heat balance and granulation behaviour

determine how much recycle material has to be dissolved
in the ammonium nitrate melt and how much can be
recycled as dry matter to the drum.

The crystallization process is very similar to the
prilling process up to the point of evaporation. The liquor
containing 80 to 85% solids is transferred from the
vacuum evaporator to a vacuum crystallizer where
crystal growth is controlled to yield large crystals for
fertilizer use at about 40°C. The crystals along with the
slurry are centrifuged. The crystals are dried in a rotary
drier and the mother liquor is returned to the evaporator.

The Stengel process is based on vapor phase reaction
in a packed stainless steel reactor. This process, which is
not of commercial importance, produces a flaked product
unlike the other processes, which give a spherical shaped
pellet or granule.

Pollution control requirements have become
stringent in recent times. This is more so for high-density
ammonium nitrate prilling in view of high melt
temperatures as well as the large volume of air exhausted
from prill towers. The air fumes exhausted from the
prilling tower contain very small particles of ammonium
nitrate. Fuming is more severe in high-density prilling in
view of the dissociation of ammonium nitrate at that
temperature. The dissociated products recombine in the
cooler parts and have particles of submicron size. The
problem is less serious with low density prilling because
of lower solution temperatures. Even in the granulation
processes, the problem is less serious because of much
smaller volumes of air being in contact with hot solution.
The process vapors containing small amounts of
ammonium nitrate and nitric acid may be freed from
these impurities by means of droplet separators (demister
pads, wave plate separators, etc.) and/or scrubbing
systems (packed columns or venture scrubbers).

The emission of ammonium nitrate mists, which may
also occur during the neutralization and evaporation
processes are, however, difficult to remove due to their
submicron size. The process vapors are normally
condensed and purified by stripping, ion exchange or
reverse osmosis. The exhaust air from prilling or
granulation contains ammonia and ammonium nitrate and
is not absorbed by applying the usual scrubbing methods
and is quite visible as a persistent blue haze. Such a haze
can have tremendous environmental consequences. To
avoid this haze and to reduce emission of submicron
ammonium nitrate aerosols, fiber mist eliminators are
installed.

Ammonium nitrate-pulverized dolomite

Ammonium nitrate-pulverized dolomite is a grey colored
mixture of ammonium nitrate and pulverized dolomite. It
is manufactured at Hopewell, Virginia, in the United
States.

Ammonium nitrate sulphate

Ammonium nitrate sulphate has two grades - 30-0-0-5(S)
and 27-0-0-11(S). These two grades are available
commercially in a granular form, and both are less
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hygroscopic than ammonium nitrate (NH,NO;). The first
grade contains 21% ammonium sulphate and 79%
ammonium nitrate, and the second has 46.2%
ammonium sulphate and 53.8% ammonium nitrate.
These are made either by blending in bulk (for direct
application) or by neutralizing a mixture of nitric acid and
sulphuric acid with ammonia. The two salts, both fast and
slow reacting fertilizers, are applied directly to forage,
small grains, grass, seed crops, etc.

Ammonium nitrophosphate

Ammonium nitrophosphate is another name for
ammonium phosphate nitrate.

Ammonium orthophosphates

Ammonium orthophosphates are important members of
the phosphate fertilizer family, formed by the reaction of
anhydrous ammonia with orthophosphoric acid (H;PO,).
Monoammonium phosphate (MAP) and diammonium
phosphate (DAP) are the two major forms of ammonium
orthophosphates.

Ammonium orthophosphates are applied to soil either
directly, or as a solution, or in a suspension form,
depending on the proportion of insoluble phosphates
present in the soil.

Ammonium phosphate

Ammonium phosphates refer to a generic class of
phosphorus fertilizers and are manufactured by reacting
anhydrous ammonia with orthophosphoric acid or
superphosphoric acid. These are either in solid or liquid
form.

Anhydrous ammonia added to liquid phosphoric acid
gives monoammonium phosphate (MAP) which contains
about 11% nitrogen and 21% phosphorus vide the
reaction:

NH; + H;PO; — NH, H,PO,

With more ammonia, technical grade diammonium
phosphate (DAP) containing 16 to 18 % nitrogen and 20 to
21% phosphorus is formed by the reaction:

2NH;+H3;POy —» (NH,4),HPO,

Ammonium phosphate fertilizers are highly soluble in
water and fast acting in soil to give nitrogen and
phosphorus in a chemical combination. They form an
important base for many compound fertilizers.

Both mono and diammonium phosphates have good
physical properties when synthesized from the wet-
process phosphoric acid. Storage properties and the ease
of granulation depends on the amount of impurities,
which form a gel like structure (mainly aluminum and
iron phosphates). This gel promotes granulation and
serves as a conditioner to prevent caking even at
moderately high moisture levels. A small proportion of
phosphate rock added to phosphoric acid before
ammoniation improves the granulation.

Ammonium phosphates, particularly diammonium
phosphates (DAP), are the most popular phosphate
fertilizers worldwide because of their high utility and
good physical properties. The standard commodity
grade of diammonium phosphate is 18-46-0. Pure and
completely soluble ammonium phosphates are used
mainly as liquid fertilizers. In Britain, diammonium
phosphate is not sold directly in this form, but is used to
make compound fertilizers with a wide variety of plant
foods. DAP contains 21 % nitrogen and 23 % phosphorus
(54% P,0s).

Diammonium phosphate is unstable at temperatures
above 150°C while monoammonium phosphate remains
stable even at much higher temperatures. These two
fertilizers usually form a part of concentrated compound
fertilizers and are rarely used individually in their pure
states.

Granular DAP is commonly produced by a slurry
process, developed by TVA (Tennessee Valley
Authority) or the Jacobs-Dorrco Industrial Process. In
the wet process, acid of about 40 % phosphorus pentoxide
(P,0s) is reacted with ammonia in a preneutralizer where
the mole ratio of NH,:H,PO, is controlled at about 1.4.
The heat of the reaction raises the slurry temperature to
boiling point (about 115°C). The hot slurry containing
about 16 to 20% water is pumped into the granulator,
where more ammonia is added to increase the molar ratio
to approximately 2.0. Moist granules are dried, screened
and cooled, while the undersized and crushed oversized
ones are recycled. Escaping ammonia is recovered by
scrubbing with weak acid. The same equipment is used to
produce monoammonium phosphate, wherein the
preneutralizer is operated at a molar ratio of about 1.4.
The phosphoric acid is then added into the granulator to
decrease theratioto 1.0,

Pure monoammonium phosphate is completely
water-soluble and contains 12% nitrogen and 21%
phosphorus (as 52% P,0s). The production of non-
granular monoammonium phosphate has been achieved
by a number of processes developed for use as an
intermediate in the production of complex fertilizers, by
Scottish Agricultural Industries, Fison's Ltd., Swift
Agricultural Chemicals, Nissan and ERT Espindesa to
name a few. In general, all processes aim at a simple, low
cost method by eliminating granulation, recycling and
drying. Though the production of powdered
monoammonium phosphate is on the decline, it is still in
use because of its high phosphorus content (as P,0s).

In addition, a group of fertilizers, such as ammonium
phosphate-sulphates, ammeonium phosphate-chloride
and ammonium phosphate-nitrate are produced by a
number of processes involving the neutralization of
ammonia with a mixture of phosphoric acid and plant
waste acids like sulphuric acid, nitric acid or
hydrochloric acid. These fertilizers are free flowing and
non-hygroscopic (or less hygroscopic) compared to the
individual components, and have been successfully used
in many types of soils.
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Ammonium phosphate chloride: See Ammonium
phosphate

Ammonium phosphate nitrate

Ammonium phosphate nitrate (APN), also called nitric
phosphate or ammonium nitrophosphate, is an acidic
fertilizer produced by reacting phosphate rocks with
nitric acid. It contains nitrogen in ammoniacal and nitrate
forms and phosphorus as phosphate. APN is made either
by the Odda route or by the mixed-acid route, covering
a range of formulations with N:P,Os ratios between 0.5
and 2.0. The most popular formulations are 20-20-0, 25-
25-0, 20-10-10, 15-20-15 and 12-24-12, where the
equivalent acidity is about 491 kg of calcium carbonate
(CaCO;) per ton of the fertilizer.

Nitrophosphates are manufactured in granular form
for direct application or blending. Calcium nitrate, which
is a hygroscopic reaction product, is removed by
refrigeration and centrifugation, or is converted to
calcium carbonate by injecting carbon dioxide. Some
processes employ sulphuric or phosphoric acid, along
with nitric acid, to convert a part of the calcium nitrate to
calcium sulphate or calcium phosphate. The acidified
slurry is then ammoniated. The final product contains an
assortment of salts.

The water solubility of nitric phosphates may vary
from 0 to 80%, depending on the process used. Nitric
phosphate containing 30% or less water-soluble
phosphorus is thus not a recommended fertilizer for
plants that respond to such phosphorus. Nitric phosphates
give best results on acidic soils. They are suitable for turf
and sod crops, and sugar cane which has a relatively long
growing season.

There are several processes involved in the
production of fertilizers containing ammonium
phosphate and ammonium nitrate. Most of these are used
to produce NPK grades. A slurry of concentrated
ammonium nitrate solution (97%) and ammonium
phosphate is used to produce ammonium phosphate
nitrate in a rotary drum granulator in the Pechiney-Saint-
Gobain process. The principal product is 17-17-0.
Tennessey Valley Authority (TVA) process produces
grades of 25-25-0 and 30-10-0. The production rate is
20 t/hour. In AZF-Grande Paroisse dual pipe-reactor
process, ammonium nitrate solution is directly sprayed
on granules in the granulator. APN solutions are made by
neutralizing phosphoric acid with NH; and NH,NO,.

Ammonium phosphate sulphate

Ammonium phosphate sulphate (APS), a complex
nitrogen-phosphorus-sulphur fertilizer, is composed of
60% ammonium sulphate and 40% ammonium
phosphate. It is granular, water-soluble and light grey in
appearance. It has good keeping properties and leaves an
acid effect on the soil because of ammoniacal nitrogen
and sulphate anions.

APS is a popular fertilizer in some areas like the
southern parts of India, owing to its non-hygroscopic

nature and sulphur content. It is agronomically useful
for many crops.

The ammoniacal nitrogen in APS cannot be easily
washed away from the soil, because of its adsorption
by the soil colloids. Crops like paddy, sugar cane,
cotton and potato utilize the ammoniacal form of
nitrogen. The phosphorus in APS is water-soluble and
suitable for all types of crops (especially short duration
crops), as a source of sulphur is present in it to the extent
of15%.

Table-A.5 shows specifications of two grades of
ammonium phosphate-sulphate, produced in India.

Table-A.5: APS specifications of two grades in India

APS

Specifications
pecifications o
16-20-0

Grade
20-20-0

Moisture

(percent, maximum)
Total N

(weight percent, minimum)

Total ammoniacal N

1.0

20.0

18.0

(percent, minimum)

Nitrogen in the form of urea
(weight percent, maximum) |

Ammonium citrate-soluble
phosphates (as P,O,) -
neutral (minimum)

20.0 20.0

Water-soluble phosphate as

. . 4 g 5
P,O, (weight percent, minimum) 19.5

17.0

Particle size: 90 percent of the material should pass through
4 mm IS sieve and retain on 1 mm IS sieves. More than 5%
material should not have a diameter smaller than 1 mm.
Sulphur is generally not specified.

Source: “Sulphur Fertilizers for Indian Agriculture-A guide
book”, Edited by HLS Tandon. Fertilizer Development and
Consultation Organisation, New Delhi. With permission.

Ammonium phosphate sulphate is produced by two
methods. In the first, a mixture of sulphuric and
phosphoric acids is neutralized by ammonia before the
resulting slurry is granulated. To achieve this,
phosphoric acid, sulphuric acid and ammonia are
introduced, using appropriate metering and control
mechanisms, into the first reaction tank. In the second
reaction tank, a finer pH adjustment is made by adding an
appropriate amount of ammonia. The neutralized slurry,
ammoniated to a mole ratio of 1.8 or 2% and urea are
added to raise the nitrogen content to 20%, and
granulated. The granules are dried by hot air and
screened by double-decked vibrating screens. This
results in a granulated free flowing APS.

In the second method, ammonium-sulphuric acid
solution from the gypsum ammonium carbonate process
is added to phosphoric acid and then the mixture is
ammoniated. Again, urea is added, as in the first method,
to bring the nitrogen content to the required level. Whena
20-20-0 grade is required, an allowance of 2% in
ammoniacal nitrogen (18% minimum) is made to
accommodate the nitrogen in the form of urea (2%
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maximum). A total nitrogen content of 20% is also
stipulated. When a 16-20-0 grade is required, the entire
nitrogen (16 %) is specified to be in the ammoniacal form,
whereas for water-soluble phosphate, the minimum
stipulated concentrations of nitrogen are 19.5% for the
16-20-0 grade and 17% for the 20-20-0 grade. The
sulphur content often remains unspecified in the
Fertilizer Control Order (FCO).

Ammonium polycarboxylate

Polycarboxylic acid is an organic acid containing two or
more carboxyl groups in a molecule. The ammonium salt
of any polycarboxylic acid is called ammonium
polycarboxylate. Coal distillation gives carboxylic acids
which, on ammoniation, can be used as a fertilizer or
blended with other fertilizers.

Ammonium polyphosphate

Ammonium polyphosphate (APP) is made by
ammoniating hot superphosphoric acid containing about
79% phosphorus pentoxide. It is also produced by a
direct reaction of anhydrous ammonia with
orthophosphoric acid, eliminating water. It has good
storability and can be pumped out when required. The
solid granular fertilizer contains 15% nitrogen and 62%
phosphorus (as P,Os).

Ammonium polyphosphate is used to produce
complete liquid fertilizers for direct application. Both
liquid and solid ammonium polyphosphates are available.
A nitrogen-phosphorus-potassium grade, using the
mixture plus muriate of potash and nitrogen solution, is
5-5-8 (N:P:K). The fertilizer contains ammonium
orthophosphate, ammonium pyrophosphate and some
longer chain polyphosphate components. When applied
directly, the crop response is similar to that with liquid
fertilizers or water-soluble dry fertilizers. When water
solubility of phosphorus is important, liquid fertilizers
are considered superior to solid fertilizers that contain
some amount of water-insoluble phosphorus.
Ammonium polyphosphate is a chelating agent as it
maintains a higher concentration of micronutrients than is
possible with orthophosphate solutions. For example,
ammonium polyphosphate can maintain 2% zinc in
solution as compared to 0.05 % zinc with phosphates.

The process for producing granular ammonium
polyphosphate uses heat of reaction of phosphoric acid
(54 % P,0s) with gaseous ammonia to evaporate the water
and dehydrate ammonijum phosphate, forming a melt.
The melt, which can be granulated, usually contains 15 to
25% P,0s as polyphosphate, but it can be increased to
almost 50% by preheating the acid and ammonia, or by
using a more concentrated phosphoric acid. The melt is
granulated in a pugmill or a rotary granulator. The
advantage of the process is that the product has very low
moisture content and needs no drying. In addition, the
products have good storage properties.

Polyphosphate, before being taken up by crop plants,
must undergo hydrolysis to form orthophosphates. The
hydrolysis is brought about by enzymes such as

pyrophosphatase, which are present in the soil. The half-
life of the polymeric forms of phosphorus in liquid
ammonium polyphosphate is 1.6 to 2.0 days under
anaerobic conditions and 5.2 to 8.7 days under aerobic
conditions. The corresponding values of solid
ammonium polyphosphate are 3.9 to 9.2 days under
anaerobic and 12.5 to 27.0 under aerobic conditions.

It is established that hydrolysis rate is highest in
laterite, intermediate in sodic and slowest in alluvial
soils, The soil factors that affect hydrolysis are pH,
temperature, texture and water content. (See also
Polyphosphate fertilizers.)

Ammonium polysulphide

Ammonium polysulphide exists only in solution. It is
made by passing hydrogen sulphide through a 28%
ammonium hydroxide solution and then dissolving
additional sulphur in the resulting solution. This solution,
which is red to brown to black in color, contains about
45% sulphur and 20% nitrogen and has the odor of
hydrogen sulphide. It can be mixed with other liquid
fertilizers like anhydrous ammonia, aqua ammonia and
urea-ammonium nitrate solutions.

To ensure reasonable stability, the mixed liquid
fertilizer should not contain more than 10% of
ammonijum polysulphide, as it is incompatible with
polyphosphate containing liquids.

Ammonium polysulphide is stored under pressure (0.1
kg/cm?), in view of its high vapor pressure. It is stored
under pressure also to prevent the loss of ammonia and
the precipitation of sulphur. It is also used for reclaiming
highly acidic soils and for treating irrigation water. Another
instance of polysulphide is potassium polysulphide [0-0-
22-23(S)], which is used in sprinkler and flood irrigation
systems, to remove salts and supply potassium.

Ammonium pyrophosphate

Ammonium pyrophosphate is a phosphate fertilizer
based on non-orthophosphoric acid. Its common grade is
10-34-0. It is made by reacting pyrophosphoric acid with
ammonia.

Pyrophosphoric acid is made by dehydrating
phosphoric acid obtained by the wet acid process
(Fig.A.30). Polyphosphate denotes two or more
orthophosphate ions (H,PO, ) combined after the loss of a
water molecule per two orthophosphate ions; the simplest
form is the pyrophosphoric acid, (H,P,05).

I I I I
HO—P— OH * H0 — P— OH——3 HO — P—0 — P — OH+H,0

OH OH

Orthophospharic acid

OH OH
Pyrophosphonc acid

(4] (8] (4] (8]
I [ Il Il
I NH, ——D>HN — 00— P — 0— P—0— NI,

ONH,

H—F—0——p— OH
OoH OH HO

Fig.A.30: Chemical reactions involved in the formation of
pyrophosphoric acid and ammonium pyrophosphate.

Triammonium polyphosphate is a liquid containing 10
to 15% nitrogen and 15 to 16 % phosphorus (or 34 t0 37%
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P,0s). Granulation during manufacture results in a solid
product 11-55-0 which can be applied directly or blended
with other granular fertilizers. The addition of a 99.5%
urea solution gives a granular urea-ammonium
polyphosphate, called urea-ammonium polyphosphate
(UAP), with a product composition of 28-28-0 which has
100% water-soluble phosphorus. Liquid ammonium
polyphosphate is more popular and is applied either
directly or mixed with other liquid fertilizers.

Ammonium polyphosphates are known for their
ability to chelate or sequester metal cations. They
maintain a higher concentration of micronutrients - 2%
zinc ion as against orthophosphate solution, which holds
amere 0.05% zinc ion. (Fig.A.31).
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Fig.A.31: Zinc chelate of ammonium pyrophosphate.
Ammonium sulphate

Ammonium sulphate, (NH,),SO,, a water-soluble
crystalline salt is a nitrogenous fertilizer containing about
21% nitrogen and 24 % sulphur. It occurs naturally as the
mineral mascagnite and offers many advantages as a
fertilizer, such as low hygroscopicity, good physical
properties, excellent chemical stability, good agronomic
effectiveness and long shelf life.

Ammoniacal nitrogen is fixed in the soil in an
exchangeable form until nitrated by nitrifying bacteria.
The ammoniacal nitrogen of ammonium sulphate does
not leach out easily. Ammonium sulphate is an acid
forming fertilizer, and hence used in neutral or alkaline
soils. In its free flowing form, it is directly applied to the
soil or blended with other granular materials.
Ammonium sulphate also supplies sulphur, which is an
essential nutrient for plants.

Ammonium sulphate is a quick-acting fertilizer. It is
resistant to leaching as it gets adsorbed on the soil
colloids, clay and humus, and replaces calcium. This
adsorbed ammonium salt is converted to nitrate by
nitrifying bacteria for use by growing plants.

Ammonium sulphate is produced in different ways.
The major ones are: (i) Production from synthesized
ammonia and sulphuric acid.

2NH, + H,S0, —» (NH,),S0,

(ii) Production of ammonium sulphate fertilizer by the
gypsum process is widely used in many developing
countries. In this process, ammonia is used along with

pulverized calcium sulphate, carbon dioxide and water.
Here ammonia made from nitrogen and hydrogen, reacts
with carbon dioxide gas to produce ammonium
carbonate. Ground gypsum reacts with ammonium
carbonate solution to form ammonium sulphate and
calcium carbonate.

CaSO,2H,0+(NH,),CO; —» CaCO;+(NH,),S0,+2H,0

Ammonium sulphate is commonly transported in
polythene or paper bags. It is adsorbed on soil colloids,
clay and humus, replacing calcium. It is more beneficial
than nitrate fertilizers at planting time. This adsorbed
portion is slowly released and in about a month most of
the ammonium sulphate is converted into the nitrate
form, which is used by growing plants.

Since rice crops absorb nitrogen even in the
ammoniacal form, ammonium sulphate fertilizer is used
as a source of nitrogen for rice in the USA and Southeast
Asia. In the USA, ammonium sulphate is also used for
potato scab control.

The main disadvantages of ammonium sulphate are its
acid forming nature, low nitrogen percentage
(21%) and high costs for packaging, storage and
transportation.

Ammonium sulphate nitrate

Ammonium sulphate nitrate, (NH,),SO,-NH,NO; is a
double salt fertilizer formed by the neutralization of
waste acid by ammonia and subsequent crystallization, It
has a higher nitrogen content (about 26%) than
ammonium sulphate (21 %), and can make soil acidic.

Ammonium sulphate nitrate (ASN) is a less
hygroscopic fertilizer than ammonium nitrate and thus
solves the problem of disposing waste acid and liquors
produced in nitrating reactions.

Mixing moist salts containing 62.5% ammonium
sulphate and ammonium nitrate also produces
ammonium sulphate nitrate. The following three double
salts are used routinely.

(NH,),S0,-NH,NO;
(NH,),S0,-2NH,NO;
(NH,),S0,-3NH,NO,

If a small quantity (1 %) of ferrous sulphate is added
during crystallization, ammonium sulphate nitrate is
obtained as a free flowing solid; otherwise, it sets into a
hard cake during storage.

Tennessee Valley Authority (TVA) produces
ammonium nitrate-sulphate containing 30% nitrogen,
mainly (NH,),SO,, 3NH,NO,, by ammoniation of a
mixture of nitric-sulphuric acid, followed by pan
granulation of the resulting slurry. Its storage properties
are superior to those of the individual components.

Ammonium sulphate production processes

The use of ammonium sulphate as a fertilizer is relatively
small compared to that of urea, ammonium nitrate, UAN
solutions and anhydrous ammonia.
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The crystal size of ammonium sulphate is governed
by the requirement and type of application envisaged by
the customer. For bulk blending or direct use in fertilizer,
large crystals of 1 to 3 mm are preferred; somewhat
smaller crystals are acceptable for direct application.
Operating experience as well as additives may be needed
to obtain crystals of the desired size.

The factors that contribute to good storage of
ammonium sulphate and related fertilizer salts are the
following: (i) The product should be of uniform size with
a low percentage of fines and less than 0.1 % moisture.
(ii) The product should not have any free acidity. (iii) The
product should be cooled with dry air under controlled
conditions after drying, to avoid moisture condensation.

Several methods are used for ammonium sulphate
manufacture, depending on local conditions and the
availability of raw material. The principal methods are as
follows:

(i) Reacting ammonia and sulphuric acid in a
reactor/evaporator under atmospheric pressure or
vacuum, and recovering the crystals by filtering or
centrifuging.

(ii) Scrubbing coke-oven gas or tower gas with sulphuric
acid in a specially designed reactor and recovering
the crystals via centrifuging or filtration.

(iii) Reaction of ammonium carbonate with gypsum,
removal of the precipitated calcium carbonate by
filtration, evaporation and crystallization of
ammonium sulphate, followed by centrifuging the
liquor.

(iv) Evaporating the by-product solution containing
ammonium sulphate produced from other processes
such as caprolactum manufacturing unit, and
separating the almost pure salt by crystallizing and
centrifuging or recovering by slurry granulation.

Directly reacting gaseous ammonia with sulphuric
acid in a spray tower to form anhydrous ammonium
sulphate.

(vi) Simultaneous production of ammonium sulphate and
other ammonium salts containing multinutrients in
granulated fertilizer processes.

)

(vii)Other miscellaneous processes such as recovering
ammonium sulphate from sulphur dioxide in flue gas
or in sulphuric acid tail-gas.

(i) Direct neutralization: Anhydrous ammonia and
strong sulphuric acid are reacted in a continuous
saturator-crystallizer unit operating under vacuum or
atmospheric pressure as follows:

2NH; + H,SO4 —» (NH,4),S0,

Ammonia and sulphuric acid are introduced via a
slurry recycle line, wherein they react and superheat the
recycling slurry. The slurry is subsequently flashed in the
upper chamber at a reduced pressure (generally between
55 and 58 cm of mercury). The exothermic heat of
reaction is removed by evaporating water either present
in the feed acid or added to the system for temperature
control of the process. The loss of water in this zone

super-saturates the slurry which recirculates to the lower
suspension vessel via an internal pipe and comes into
contact with small crystals and nuclei. This induces
further crystal growth in terms of size rather than in
number. The slurry is recycled by a thermal syphon and/
or by an external pump.

This type of crystallizer is generally known as
'Krystal' or 'Oslo unit'. During operation the pH control
is required to be maintained within close limits (3.0 to
3.5), as otherwise, thin crystals result. The excessive
acidity promotes an overgrowth of crystals in the
pipelines. A higher pH or a lower acidity leads to inferior
crystals which are difficult to wash and store and may
cause ammonia losses as well.

In another type of reduced-pressure crystallizer with
a draft tube battle unit, growing crystals are brought to
the surface of the flashing slurry. At this surface, super-
saturation induces maximum crystal growth, and
sufficient nuclei are present to minimize the scale
formation inside the unit.

Several types of atmospheric pressure units are
preferred to a vacuum crystallizer because of their
simplicity and lower capital cost. Ammonia is added viaa
jet-type mixer or a sparger tube. In another design, a
simple absorption column incorporating a few large
slotted bubble-hoods is used. In some other cases, a
single vessel is employed for both reaction and
crystallization and the heat of reaction is removed by
evaporation of water. There are designs where separate
vessels for reaction and crystallization are used for easy
operation and closer control. An optimum balance
between the cooling-air energy and the yield of crystals is
obtained when the crystallization temperature is in the
range of 63 to 66°C.

In most cases, the product is recovered from
ammonium sulphate slurry by continuous or automatic
batch type centrifuge. The product is washed with water and
very dilute ammonia and spin-dried again before drying.
For small output, top-feed filters are used since the product
can be separated, washed and dried in a single equipment.

Ammonium sulphate liquor is corrosive and wetted
parts of the equipment are made of stainless steel or
rubber lined mild steel. To improve the shape and size,
modifiers are used, such as trivalent metallic salts. Small
amounts of phosphoric acid or arsenic compounds are
added as corrosion inhibitors.

(ii) Scrubbing of coke-oven gas or town gas:
Bituminous coals used for gas and coke production
contain about 1 to 2% nitrogen as ammonia and the
ammonia is recovered (2.5 to 3.0 kg of ammonia per ton
of coal used). This ammonia byproduct is associated with
high temperature carbonization as in coking plants for
iron and steel production. However, in view of the low
returns for this operation, recovery of ammonia as
ammonium phosphate, ammonium thiocynate,
ferrocynide, pyridines or tar is being attempted.

Three methods are known for ammonia or
ammonium sulphate recovery: direct, indirect and semi-
direct.
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In the direct method, the whole gas stream is cooled
to remove tar and then passed through a saturator where
it is washed with sulphuric acid. The ammonium
sulphate slurry is then centrifuged, washed, dried and
stored. The advantages of this process are high
recoveries with low effluents, low investment and low
operating costs (including low steam needs). However,
in many cases the product is contaminated with tar and
pyridines. Where the same reactor is used as a scrubber
and crystallizer, flexibility regarding the size, shape and
the purity of the product suffers because of the difficulty
in maintaining the pH and free acidity required to
suppress impurities.

In the indirect method, the gases are cooled (by
recirculating wash liquor and scrubbing) and passed
through a bubble-cap type still to release free ammonia
from salts. This free ammonia is either stripped with
water to get ammonia solution or is sent to a sulphuric
acid washer for getting ammonium sulphate. The
advantages of this method are that (a) the ammonium
sulphate produced is free from impurities, and (b) the
process is flexible and can be used to also make aqua
ammonia and its derivatives. However, effluent disposal
problems are high and so are ammonia losses due to
incomplete reaction and absorption.

The semi-direct process is a compromise between
the direct and indirect methods. The gas is first cooled
and washed to remove tar and other condensates. The
ammonia released from the small ammonia still is
combined with the main gas stream and heated to 70°C.
This gas is scrubbed with a nearly saturated solution of
ammonium sulphate containing 5 to 6% sulphuric acid at
about 50 to 70°C. This process gives higher ammonia
recoveries than those attainable by any other process.

(iii) Ammonium-carbonate-gypsum process: This
method, also known as the Merseburg Process,
combines ammonia and carbon dioxide to produce

Gypsum

= Carbonate

ammonijum carbonate, which is then reacted with
gypsum or anhydrite to yield ammonium sulphate and
calcium carbonate in an exothermic reaction (Fig.A.32).

2NH3 + H,0 + CO; —» (NH,4),CO;3
CaS04-2H»0+(NH4),C0O3 —» CaCO;3+(NHy4)2S04+2H,0

The exothermic process has many advantages, such
as the production of calcium carbonate as a byproduct
which is used in cement production and agriculture. This
process does not require any sulphur supply. The major
disadvantage is the large energy (steam) requirement for
ammonium sulphate recovery from a dilute solution.

At the Sindri plant in India, ammonia is absorbed in
water and carbonated at a pressure of about 2.1 kg/cm’ in
a series of two aluminum towers. The prepared liquor
strength corresponds to approximately 170 g of ammonia
and 225 g of carbon dioxide per litre. In the FACT
(Fertilizers And Chemicals Travancroe Ltd.), India, jet
absorbers are used for preparing ammonia solution and
ammonjum carbonate liquor in conjunction with a
carbonating tower.

Natural gypsum or anhydrite, when used, is ground
so that about 90% of the material passes through a 120
mesh sieve. When the byproduct gypsum of phosphoric
acid plant is used, the impurities are removed by
repulping the filter cake prior to washing and dewatering
on adrum or disc filter.

Reactions of ammonium carbonate and gypsum
solutions are carried out in a series of wooden vessels or
mild steel vessels having steam coils and agitators to give
a total retention time of 4 to 6 hours. The slurry produced
is filtered and the calcium carbonate cake washed and
dewatered. The solution is evaporated and the crystals
are centrifuged and dried in a rotary drier at 120°C.

(iv) Recovery from industrial byproduct liquors:
Ammonjum sulphate is recovered from the waste streams
of caprolactum, acrylonitrile and certain other processes
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Fig.A.32: Flow chart of the gypsum process of ammonium sulphate production. 1. Gypsum conveyor, 2. Gypsum
washing tank, 3. Gypsum dewatering filter, 4. Primary reactor, 5. Secondary reactor, 6. Calcium carbonate filter,
7. Ammonium carbonate storage tank, 8. Sulphate liquor clarifier, 9a and 9b. Evaporator feed pumps, 10a and 10b.
Vacuum evaporator crystal, 11. Slurry concentrator, 12. Batch or continuous centrifuge, 13. Dryer conveyor, 14,
Rotary dryer, 15. Product conveyor, 16 and 17. Ammonium carbonate towers, 18 and 19. Heat exchangers, 20 and

21. Pumps.
permission.)

(Source: “Fertilizer Manual, 1998, UNIDO, IFDC and Kluwer Academic Publishers. With
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Ammonium taranakite

first by concentrating the liquor to around 35%
ammonium sulphate. The ammonium sulphate is
recovered from the slurry by centrifuging and drying.
The process, which is uneconomical because of low
concentrations of ammonium sulphate, produces around
1.8 to 4.0 tons of ammonium sulphate per ton of
caprolactum.

(v) Spray-tower ammoniation: A good amount of
ammonium sulphate is made in Japan from spray towers
from sulphuric acid and anhydrous ammonia. The acid is
sprayed on ammonia vapor inside the tower. The heat of
reaction produces a dry amorphous product of less than
300 mesh size. This ammonium sulphate, suitable for
granular compound fertilizers, is recovered from the
tower by a screw conveyer.

(vi) Mixed salt production: Mixed salts of
ammonijum sulphate and ammonium nitrate are made by
ammoniating a mixture of sulphuric acid and nitric acid
or by combining these ammonium salts in special ways.
Three double salts have been identified and these are
(NH,),S0,-NH,NO,;, (NH,),SO,-2(NH,)NO; and
(NH,),SO,-3NH,NO;.

One German process produces (NH,),SO,-NH,NO;
containing 62% ammonium sulphate and 38%
ammonium nitrate, by ammoniating the requisite mixture
of sulphuric and nitric acids. The mixture is evaporated to
a moisture content of 3%. About 1% ferrous sulphate is
added to prevent caking. The double salt is granulated
after spraying ammonia solution.

In a simpler process, ammonium nitrate solution is
evaporated to 95% concentration, cooled to 130°C and
reacted with solid ammonium sulphate in a pug mill
granulator until a pH of 4.0 is attained. The product is
then dried, cooled and bagged. Prilling can also be
adopted.

The Tennessee Valley Authority (TVA) produced
ammonium sulphate - ammonium nitrate which contains
30% nitrogen. It is used mainly for sulphur-deficient
areas. This product is also made by ammoniation of a
mixed acid followed by pan granulation of the resulting
slurry. Its storage properties are superior to ammonium
nitrate or a mixture of solid ammonium nitrate -
ammonium sulphate since free ammonium nitrate is
absent.

When mixtures of sulphuric acid and phosphoric acid
are ammoniated, a variety of mixed and double-salt
products can be made. One of the popular compositions is
'ammophos' containing 16% nitrogen (N) and 20%
phosphorus (as P,0s). The ammoniated slurry is
granulated in a pug mill or a drum unit, then dried and
screened. The mixed salt has good storage properties
under normal conditions.

Many methods have been developed to recover
sulphur from the flue gas, involving scrubbing with
ammonia or injection of ammonia into flue gas. From
these reactions, ammonium sulphite, bisulphite, sulphate
and their mixtures result. Because the demand for
ammonium sulphate fertilizer is low, the sulphur from the
flue gases is disposed off as calcium sulphate.

Ammonium sulphate recovery by the direct
method

Three methods are known for ammonia or ammonium
sulphate recovery: direct, indirect and semi-direct
methods.

In the direct method, the whole gas stream is cooled to
remove tar and then passed through a saturator, where it
is washed with sulphuric acid. The ammonium sulphate
slurry is then centrifuged, washed, dried and stored. The
advantages of this process are high recoveries and low
effluents, low investment and operating costs including
low steam needs. However, in many cases the product is
contaminated with tar and pyridines. Where the same
reactor is used as a scrubber and crystallizer, flexibility
regarding the size, shape and the purity of the product
suffers because of the difficulty in maintaining the pH and
free acidity required to suppress impurities. (See also
Scrubbing of coke-oven gas in the production of
ammonium sulphate.)

Ammonium sulphate recovery by the indirect
method

Three methods are known for ammonia or ammonium
sulphate recovery: direct, indirect and semi-direct
processes.

In the indirect method, gases are first cooled (by
recirculating wash liquor and scrubbing) and passed
through a bubble-cap type still to release free ammonia
from salts. This free ammonia is either stripped with water
to get ammonia solution or is sent to a sulphuric acid
washer for getting ammonium sulphate. The advantages
of this method are that (a) the ammonium sulphate
produced is free from impurities and (b) the process is
flexible and can also be used to make aqua ammonia and its
derivatives. However, effluent disposal problems are
high and so are losses of ammonia due to incomplete
reaction and absorption. (See also Scrubbing of coke-
oven gas in the production of ammonium sulphate.)

Ammonium sulphate recovery by the semi-direct
method

Three methods are known for ammonia or ammonium
sulphate recovery: direct, indirect and semi-direct
processes.

The semi-direct process is a compromise between the
direct and the indirect methods. The gas is first cooled
and washed to remove tar and other condensates. The
released ammonia from the small ammonia still is
combined with the main gas stream and heated to 70°C.
This gas is scrubbed with a nearly saturated solution of
ammonium sulphate containing 5 to 6% sulphuric acid at
about 50 to 70°C. This process gives higher ammonia
recoveries than those attainable by any other process.
(See also Scrubbing of coke-oven gas in the production of
ammonjum sulphate.)

Ammonium taranakite

Ammonium taranakite is ammonium aluminum
phosphate, Als(NH,),HO(PO,)s'H,O. Taranakite
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represents a group of products formed by phosphate
fertilizers reacting with soil constituents.

Ammonium thiosulphate

Ammonium thiosulphate, [(NH,),S;0; or ATS] is a
crystalline salt, the aqueous solution of which is
commonly used as a liquid fertilizer. Crystalline
ammonijum thiosulphate contains 19% nitrogen and 43 %
sulphur and its aqueous solution contains 12% nitrogen
and 26 % sulphur.

Ammonium thiosulphate is compatible with nitrogen
and nitrogen-potassium solutions, which are neutral or
slightly acidic (pH 5.8). It is also used as a suspension.
As it is non-corrosive, it can be stored in steel or
aluminum drums.

Ammonium thiosulphate is prepared by the reaction
of sulphur dioxide and aqueous ammonia, followed by a
further reaction with elemental sulphur.

4NH,OH + 2S0, —» 2(NH,), SO; + 2H,0
(NH,), SO; + S —»(NH,), S,0,

ATS can be applied directly to soils or as a foliar spray
through sprinkler irrigation systems. When applied to soils,
ATS decomposes into ammonium sulphate and colloidal
sulphur. The ammonium sulphate is available immediately
to plants, while the sulphur gets oxidized over a period of
time to sulphate ion (SOZ ). It is thus available to plants for
alonger time.

Ammonium thiosulphate also acts as a urease
inhibitor. When added to a urea-ammonium nitrate
solution, it inhibits urease activity for a month or so. In
industry, it is also used as a photographic fixing agent,
analytical reagent, fungicide and as a brightener in silver-
plating baths.

Ammophos

Ammophos is the trade name of one of the most popular
brands of ammonium phosphate fertilizers. It contains
16% nitrogen and 20 % phosphorus (as P,0;).

Ammophos is made by ammoniating a mixture of
sulphuric and phosphoric acids. After ammoniation, the
slurry formed is granulated in a pugmill or a drum unit,
dried, and screened to give a product that is two-thirds by
weight of ammonium sulphate and one-third that of
ammonium phosphate. This water-soluble product has
good storage properties.

Two grades of ammonium phosphate are known. One
contains 11% nitrogen and 48% phosphorus (as P,05),
the other contains 16.5% nitrogen and 20% phosphorus
(as P,Os). The first grade is made by neutralizing
phosphoric acid with ammonia, and the other is made by
neutralizing a mixture of phosphoric and sulphuric acids
with ammonia. The first grade of ammophos has a
theoretical lime requirement of 5 kg of calcium carbonate
per kg of fertilizer, which indicates the acid forming
nature of the fertilizer.

Ammonium dihydrogen phosphate sulphate is also
called ammoniated sulphate. It is a double salt of
ammonium dihydrogen phosphate, NH,(H,PO,) and
ammonium sulphate, (NH,),SO,, and is formed by
neutralizing a mixture of sulphuric acid and phosphoric
acid by gaseous ammonia.

Amorphous humus

Amorphous humus is the dark-colored amorphous
colloidal material in soil. It represents a complex fraction
of organic matter of plant-animal-microbial origin that
resists decomposition.

Amorphous humus, being a colloid, holds water,
improves the water retaining properties of the soil and
also enhances the soil workability and fertility.

Humus acts as a storehouse of elements which are
important to plants and functions as a regulator of soil
processes by gradually liberating the nutrients that would
have otherwise drained away. A soil rich in humus
provides optimum conditions for the development of
beneficial micro-organisms and is the best medium for
the growth of plants. (See also Humus.)

Amorphous substances

Amorphous substances do not have their constituent basic
particles (ions, atoms or molecules) regularly arranged as
in crystalline materials. For instance, plasmas, gases and
glasses are non-crystalline. Liquids are always in an
amorphous state. In gases, the particles are so apart that
they can exercise transitional, rotational and vibrational
movements and form an assembly of statistically
distributed particles. In liquids, the particles exhibit only
short-range ordering.

The substances in an amorphous state are isotropic
which means that their physical properties are the same in
all directions.

Solids are subdivided into two categories - crystalline
and amorphous. The amorphous solid is rigid and keeps
its shape but does not exhibit a crystal structure or
crystalline periodicity. Glasses, resins, some plastic
substances and metallic glasses are examples of
amorphous solids. According to some authors, such
substances should be regarded as super cooled liquids
with very high viscosity (> 10* Pa S).

The obvious uses of amorphous solids include
window glass, container glass and glassy polymers; the
less recognized uses are as dielectrics and protective
coatings in integrated circuits. In optical
communications, amorphous solids are used in the form
of fibres as a transmission medium.

The variation is the short-range order (and not
necessarily the loss of long-range order alone) affects the
properties of amorphous semiconductors. One class of
amorphous semiconductors is the glassy chalcogenides,
which contains one or more of the chalcogens - sulphur,
selenium or tellurium - as major constituents. These
materials have applications in switching and memory
devices. Another group contains tetrahedrally bonded
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amorphous solids, such as amorphous silicon or
germanium.

When amorphous silicon or germanium is prepared
by evaporation, not all bonding requirements are
satisfied. This necessitates a number of dangling bonds
to be introduced into the material. These bonds
create spaces deep in the gap, which limit transport
properties. The thermal annealing below the
crystallization temperatures can reduce the number of
dangling bonds.

AMP
AMP is short for adenosine monophosphate.

Amphiprotic solvent

A solvent such as water that can donate and accept
protons is known as an amphiprotic solvent.

H,0 + HCl === H;0" + CI (as base)
H,O + NH;=—NH,* + OH’ (as acid)

Amphoteric

Amphoteric is a compound that can act as both an acid
and a base. For example, aluminum hydroxide (also the
hydroxides of zinc, tin, lead) is amphoteric because it
reacts as an acid with alkalis to give aluminates and also
reacts as a base with acids to give salts.

AI(OH],' + 3NaOH _’Na,'A103 + 3H20
(Acidic) ]

A1(OH), + 3HCI “‘“"’AICIE' + 3H,0
(Basic) 7

Compounds like amino acids which have both acidic
(COOH) and basic (NH;) groups in their molecules are
amphoteric. Water, which can donate and accept
protons, is known as an amphiprotic solvent.

The existence of amphoteric oxides is considered as
evidence of the existence of metalloids.

Amylase

Amylase is an enzyme that hydrolyzes starch. These
enzymes, widely distributed in animals and plants, break
down starch or glycogen to dextrin, maltose or glucose.
Amylase in human saliva is called ptyalin.

Amylopectin

Amylopectin is a polysaccharide consisting of various
proportions of two glucose units joined by 1-4 linkages.
The positions are where the two glucose units are linked
to form the corresponding polymer. Amylose and
amylopectin are examples of this polysaccharide.
Amylopectin is less soluble in water and gives red or
purple color with iodine.

Amylose

Amylose is a type of polysaccharide and is a constituent
of starch. Amylose is made up of linear links of several

hundred glucose molecules. A water-amylose mixture
turns blue when iodine is added to it.

Amylum

Amylum is an ordinary starch, that occurs in all green
plants. It is a molecule of starch, built out of a large
number of a-glucose rings joined by oxygen atoms, and is
amajor energy source for animals.

Anabaena azollae

Anabaena azollae is a symbiotic cyanobacterium that
colonizes the dorsal cavities of leaves of Azolla, a
floating fern, and fixes atmospheric nitrogen.

Anabaena-Azolla symbiosis : See Azolla-Anabaena
symbiosis

Anaerobe

Micro-organisms that do not depend on the supply of free
oxygen for respiration are called anaerobes. They are
capable of living in the absence of free oxygen (gaseous
or dissolved) and get the oxygen they need by reducing
the oxygen-containing compounds in the soil.

There are two types of anaerobes (a) obligate
anaerobes which grow only in the absence of oxygen,
and (b) facultative anaerobes which can grow either in
the absence or presence of oxygen. Anaerobes usually
live in sewage water and biogas digester chambers.

Anaerobic condition

Anaerobic condition is a reducing condition where no
oxygen (or very little oxygen, either gaseous or
dissolved) is available to organisms. In the absence of
oxygen which is the most common electron acceptor,
other substances like nitrate, ferric ion (Fe3*+) and carbon
act as electron acceptors. Thus, bacteria living under
anaerobic conditions bring about denitrification wherein
nitrate is converted to nitrogen.

In anaerobic conditions, growing plants produce 1-
amino cyclopropane-1-carboxylic acid in their roots.
These plants are intolerant to a waterlogging
environment (poor oxygen transfers to the roots via
stems). The acid is translocated to stems and petioles
where oxygen is available and where it is quickly
converted into ethylene. The presence of a high ethylene
content in petioles causes the edges of the leaves to droop
(epinasty). Leaf wilting may be due to a combination of
(a) low water absorption by roots, (b) anaerobic
conditions, or (c) water loss from leaves. Anaerobic
conditions reduce the transport of growth hormones like
gibberellic acid and abscisic acid.

Energy transformation in anaerobic conditions
results in poor growth rates. Anaerobic conditions can
also promote production of toxic substances like
hydrogen sulphide, butyric acid and other volatile fatty
acid components of carbohydrate decomposition. These
toxins produced in the roots may be transported to the
other parts of the plant.
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Anaerobic decomposition

Anaerobic decomposition is the incomplete
decomposition of organic matter by micro-organisms in
an anaerobic environment. Compost, an example of
anaerobic decomposition, is used as manure.

Anaerobic respiration

Respiration that proceeds in the absence of oxygen is
called anaerobic respiration. Some yeasts and bacteria
perform anaerobic respiration. It is also called intra-
molecular respiration.

Carboxylase

CH;,,0

6126

Alcohol
dehydrogenase

2C,H,0H + 2CO, + Energy

Anaerobiosis

Anaerobiosis is the generation of an anaerobic or oxygen
deficient atmosphere. It has a significant effect from an
agronomic or biological perspective.

Analysis

Analysis, in general, means to separate something into its
constituent parts to facilitate learning more about them.
Chemical analysis of a material for instance, involves
identification and measurement of the chemical
constituents of the material.

There are different types of analyses, such as
quantitative analysis, qualitative analysis, instrumental
analysis and data analysis. Quantitative analysis involves
the measurement of proportions of the components in a
chemical mixture. Qualitative analysis determines the
nature of pure unknown compounds or components in a
mixture.

Qualitative analysis of a fertilizer gives the presence
of different nutrients in it, while quantitative analysis
gives the percentage composition of the nutrients in the
fertilizer. Both chemical and instrumental methods are
used in analyzing fertilizers. The analysis helps to
designate the percentage composition of the fertilizer
expressed in terms of the existing trade practice and law.
For example, 28-28-0, indicates the percentage of
N,P.K, respectively.

Analysis of variance

Analysis of variance is a statistical method of comparing
the averages of observations from different treatments
(which include methods, factors, etc.), by comparing the
variation among the means with the variation within the
observations from the same treatment. If the former is
significantly larger (as determined by the F-test in
statistics) than the latter, the means are declared
different and further analysis has to be carried out to
determine which method is better. The F-test is also
known as the variance ratio test.

ANC
ANC is short for acid neutralizing capacity.

Anchor roots

Anchor roots are adventitious roots that rise from the
internodes to anchor the plant in order to render an
upright position. Anchor roots are seen in many crops
including corn roots.

Andisols

Andisols are black or dark brown soils with weakly
developed horizons, formed from volcanic ejecta as
parent material. These form the A horizon which is rich
in organic material.

As one among the 12 soil orders, andisols cover less
than about 0.7% of the earth’s ice-free surface. The
parent material of andisols is mostly of volcanic origin
and consists of volcanic ash, cinders, pumice and some
basalt. Andisols, which exhibit a comparatively low bulk
density, are a little more developed than entisols, while
retaining the influence of volcanic ejecta.

After extensive weathering, andisols can change into
another soil order. Rapid weathering is a dominant
feature of most andisols which are physically, chemically
and mineralogically unique. They are found along the
tectonically active Pacific Ring of fire, Central Atlantic
Ridge, North Atlantic rift, the Caribbean and the
Mediterranean regions, where volcanic or pyroclastic
deposits are common. These weakly developed fertile
soils are texturally undifferentiated and are characterized
by short-range order aluminosilicates not translocated
from the upper to the lower horizons.

Andisols are used extensively for crop production in
developing countries. Andisols have the following
suborders: aquands, cryands, torrands, xerands,
vitrands, ustands and udands.

Ando

Ando, the former name for inceptisols in the USA, is a
dark colored soil rich in organic matter developed in
volcanic ash deposits. (See also Soil taxonomy.)

Andrew's method of determining acidity or
basicity

Andrew's method of determining acidity and basicity of
nitrogenous fertilizers states that each kilogram of
fertilizer nitrogen, as ammonia, requires 3.57 kg of
chemically pure calcium carbonate for neutralizing the
acidity when converted to the nitrate form. (See also
Pierre method of determining acidity or basicity.)

Angle of repose

The angle of repose is the angle that the sloping surface of
a heap of loose material poured on a horizontal surface
makes with the horizontal surface. The International
Standardization Organization (ISO) defines it as the
angle at the base of a cone of fertilizer formed with the
vertical axis, as the material is allowed to fall onto a
horizontal base plate under specified conditions.

The particle shape, size and surface texture of a
fertilizer influence its angle of repose. Knowledge of the
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angle of repose is necessary for the design of hoppers,
chutes and conveyors that carry the fertilizer, and of the
sloped roofs of fertilizer bulk storage buildings.

The ISO procedure for measuring the solid fertilizer
static angle of repose (ISO 8398) involves pouring a
sample through a funnel into a level base plate,
measuring the diameter and height of the conical pile and
calculating the base angle of the cone from these
measurements (Fig.A.33).

Giround

Fig.A.33: An apparatus for determining the
angle of repose of fertilizers.

The values of the angle of repose for fertilizers
normally range from about 25 to 40°. Spherical products
like prilled urea, have a low angle of repose ( <30°) and
irregularly shaped products like granular KCl have a high
angle of repose (>35°). Larger materials have higher
angle of repose values than fine materials. In most rocks
and sands, the angle of repose is 30 to 35°.

Angles of repose for different fertilizers are given in
Table-A.6.

Table-A.6: Angles of repose for different fertilizers

ST. | Name of fertilizer Grade |Angleof
No. repose
1. | Prilled urea 46-0-0 27-28
2. | Granular urea 46-0-0 34-38
3. | Granular ammonium sulphate 21-0-0 36-38
4. | Crystalline ammonium sulphate | 21-0-0 29-36
5. | Prilled ammonium nitrate 34-0-0 29-38
6. | Granular diammonium

phosphate 18-46-0 | 27-37
7. | Granular monoammonium

Phosphate 11-55-0 | 28-37
8. | Powdered monoammonium

phosphate 10-50-0 | 30-34
9. | Granular triple superphosphate 0-46-0 28-35
10. | Granular potassium chloride 0-0-60 32-41
11. | Coarse potassium chloride 0-0-60 31-35
12. | Standard potassium chloride 0-0-60 28-32
13. | Granular potassium sulphate 0-0-50 28-35
14. | Phosphate rock (different sources) 30-35

Source: “Fertilizer Manual”, 1998 UNIDO, IFDC and
Kluwer Academic Publishers, The Netherlands. Withpermission.

Angstrom

Angstrom, a basic unit of length, formerly used to
measure wavelength and intermolecular distances, is
named after a Swedish physicist, Anders J. Angstrom
who studied the solar spectrum. Angstrom is not an S.I.
unit and it has now been replaced by nanometer. 1 A’ =
0.1 nanometer.

1 Angstrom (A°) = 1x10""m = 1x10%m.

Anhydrite

Anhydrite is a naturally occurring, solid, white mineral
called anhydrous calcium sulphate (CaSQ,). It differs
from gypsum in hardness and in hydration. It is used as a
raw material in the chemical industry and in the
manufacture of fertilizers and cement.

Anhydrous ammonia

Anhydrous ammonia is an ammonium fertilizer made by
the Haber-Bosch process, by reacting hydrogen with
nitrogen in the ratio of 3:1 at high temperatures (450 to
500°C) and pressure (about SO0 atm) in the presence of an
iron catalyst promoted by potassium and alumina. The
nitrogen derived from air and the hydrogen obtained
from (a) synthesis gas, (b) steam reforming of naptha,
coal or coke (c) lignite, or (d) electrolysis of water, are
purified by standard procedures before use. The
anhydrous ammonia thus produced can be directly used
as a fertilizer. It can also be converted to ammonium salts
which are important fertilizers, by reacting ammonia
with nitric, sulphuric and phosphoric acids. Anhydrous
ammonia is also reacted with carbon dioxide to get urea
which is another important source of nitrogen.

Anhydrous ammonia is an important fluid fertilizer
and is the cheapest nitrogen source, having the highest
nitrogen content (about 82%) among nitrogenous
fertilizers. However, because of safety and
environmental considerations, many dealers and users
are now switching over to other sources of nitrogen.

Anhydrous liquid ammonia can cause dehydration of
tissue and severe damage to the skin, lungs and eyes by
its freezing and caustic action. Because of the low vapor
pressure (6 bar at 10°C, 9 bar at 20°C and 12 bar at

Back swept

Chisel

Front swept

Fig.A.34: Tools used in the application of anhydrous
ammonia.
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30°C), anhydrous ammonia must be stored and
transported in pressure vessels.

Due to the volatile nature of anhydrous ammonia it
has to be injected with an applicator 15 to 30 cm below
the soil surface to be effective and to reduce ammonia
loss (Fig.A.34). Ammonia loss depends on the soil type,
its moisture content, and the depth to which the
applicator is injected (Fig.A.35).

Ammonia applicators range in size from small 5-row
rigs to large rigs that have a swath width of upto 20 m (65
feet) and are pulled by high-powered tractors.
Anhydrous ammonia is usually metered by a variable
orifice-type meter or by a piston pump.

— Direction of pull

Tube behind chise
carrying
pressurized
anhydrous ammonia

T3

Fig.A.35: Anhydrous ammonia gas released in the soil under
pressure (behind the chisel) at a depth of about 15cm gets
adsorbed on soil particles.

Physical properties of anhydrous ammonia are
somewhat similar to other liquids under pressure like
butane or propane gas. Because of the difficulties in
handling anhydrous ammonia, water solutions of
ammonia, urea, ammonium phosphate or other soluble
solid nitrogen materials are used widely. Anhydrous
ammonia is also used in the preparation of protein feeds
for cattle and sheep, and as a defoliant to hasten the
shedding of cotton leaves to facilitate mechanical
harvesting.

Anhydrous ammonia sulphur

The sulphur compound in N/P/-/S fertilizer reacts with
nitrogen to provide 5 to 20% sulphur to the fertilizer.
This sulphur, being an integral part of the fertilizer, may
be oxidized more rapidly than when it is added
separately. Thus, sulphur is added (up to 10%) to
anhydrous ammonia to provide sulphur and nitrogen to
growing plants. This compound is called anhydrous
ammonia sulphur. When injected into the soil, most of
the sulphur separates and is oxidized slowly to sulphate
ion. The other sulphur containing fertilizers are urea-
sulphur, sulphur fortified superphosphate and sulphur
suspensions containing 3% attapulgite clay as a
flocculent.

Animal meals

Animal meals are organic manures derived from animal
wastes or by-products at butcher shops, slaughterhouses
and carcass disposal plants. These include horn meal,

bone meal, blood meal, hide meal, feather meal, meat,
and carcass meal.

Horn meal (horns, hoofs, claws, etc.) consists
mainly of protein and keratin which decomposes slowly.
The main constituent of bone meal is protein collagen,
which is extracted by hot water and steam, and applied
mainly as a phosphate fertilizer. Blood meal often
contains other slaughterhouse wastes such as intestine
contents and has a short-term effect on nitrogen supply.
The main constituents of hide meal are skins and hair,
where the effect of the nitrogen supply is quite slow.
Sometimes, it is contaminated with toxic chromium salts.
Feather meal, like horn meal is a slow nitrogen-
releasing fertilizer with nitrogen content of around 13 %.

Meat and carcass meals are short-term nitrogen
suppliers and are converted into organic fertilizers
because they contain a high proportion of protein.
Table-A.7 gives nutrient contents of some animal waste-
based manures.

Table-A.7: Nutrient contents (% dry matter) in animal
waste-based manures

Nutrient | Horn Blood | Feather | Bone | Carcass
content meal meal meal | meal meal
N 10-14 9-13 12 4-6 6-11
P 0.4-4.0 | 0.2-1.0 0.3 7-12 12.4-7.0 |
K 0.2-0.8 | 0.2-1.5 0.2 0.2 ]0.3-05
Ca 1.5-7.5 | 1.5-3.0 18-25 4-10
Mg 0.5-1.0 0.4 0.6 0.2
C/N 34 2.4 4 4.5 35

Source: “Agrochemicals”, 2000, Edited by Franz Muller. Wiley-
VCH Verlag GmbH & Co. KGaA. Reproduced with permission.

Anion

An anion is an atom which gains or acquires an electron,
becomes negatively charged, and is attracted toward the
anode in electrolysis. Thus, a fluorine atom, by taking up
an electron in its p orbital, becomes a fluorine ion
(fluoride ion).

F(1s%2s* 2p°) + ¢ » F(1s* 2s* 2p%)

Anions are generally drawn from an atom of a non-
metal like fluorine (F) or a group of atoms (for example,
SOZ ). The number of electronic charges carried by the
anion is called its electrovalence.

Salts are usually composed of orderly arrangements
of ions which are not free to move easily in a solid.
However, when a salt is fused or dissolved in water, the
ions become free. When an electric field is applied to the
solution, the positively charged ions move to the cathode
while the negatively charged ones move to the anode.
These ions, upon reaching the electrodes, lose their
charge.

Anion adsorption

Both inorganic and organic anions can compete with
phosphorus for adsorption sites, resulting in decreased
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adsorption of the added phosphorus. The strength of
bonding with the mineral surface determines the
competitive ability of that anion. Generally, weakly held
inorganic anions such as No; and CI' are of little
consequence, whereas specifically adsorbed anions such
as OH, SOf and MoO, can be competitive with
phosphorus adsorption (H,PO; ).

Anion adsorption of small cations occurs by surface
complexation and by diffuse-ion swarm association. The
outer-sphere surface complexation of anions entails
coordination to a protonated hydroxyl or amino group or
to a surface of metal cation. The anions CI', NO7, SeO,?,
and to a lesser extent HS", SO, HCO; and COs?, are
reckoned to adsorb mainly as diffuse-ion swarm and
outer-sphere complex species.

Anion exchange

Anion exchange is the exchange or replacement of one
anion by another on the positively charged exchange
complex. The exchange of ions of the same charge takes
place between a solution (usually aqueous) and a solid
(ion exchange resin) in contact with it. The type of
exchange, whether cation or anion, is determined by
functional groups added to the resin. Ion exchange
resins are ideally suited to protein purification, antibody
isolation and peptide fractionation. They are also used in
a traditional inorganic ion exchange. Anion exchange
resins have ammonium ions in the framework of the resin
as the ion exchange site. Cation exchange resins have
sulphonic or carboxylic acid groups as the exchange site.

An anion exchange resin is used in softening water.
When water is passed through anion exchange resins, the
electronegative ions present in water (like CI°, SO,”) are
held by the ammonium ions in the resin. The outgoing
water is devoid of electronegative ions, and, if
subsequently passed through a cation exchange resin, the
water practically contains no ions and can be used in
place of distilled water. Treating with moderately
concentrated solution of caustic soda can regenerate the
resin.

The reaction processes in resins occur widely in
nature, especially in the absorption and retention of
water-soluble fertilizers b;_' soil. The order of adsorption
of anions is H,PO, > SO, > NO; =CI’

Anion exchange capacity

The anion exchange capacity (AEC) of a soil is defined as
its capacity to hold or adsorb anions in an exchangeable
form to the positively charged sites on clay minerals and
organic matter. AEC, expressed as milliequivalents/100
g soil, is an indicator of the positive charge (or the
positively charged sites) on clay minerals and organic
matter in the soil.

Anion exchange capacity increases as the soil pH
decreases. Anion exchange is much greater in soils high
in 1:1 clays and soils containing hydrous oxides of iron
and aluminum than it is in soils predominantly having 2:1
clays. Montmorillonite clay minerals have an anion
exchange capacity of less than 5 meq/100 g, while

kaolinites can have an anion exchange capacity as high as
43 meq/100gatpH4.7.

Anion exchange resin
Anion exchange resin is another term for anion resin.

Anionic resins

Anionic resins or anion-exchange resins possess a
positive charge on the functional group. During an ion
exchange reaction, anions such as HCO5', SO, and OH"
are exchanged. A polyaniline based anionic resin is given

in Fig.A.36.
+{cH.- (l.‘l i

CgH N H;CI'

Fig.A.36: Polyaniline based anionic resin.

Anionic surfactant

An anionic surfactant is a type of ionic surfactant used for
coating fertilizer materials to improve fertilizer quality.
Commonly employed anionic surfactants are sulphonates,
particularly alkyl aryl sulphonates, and their action is due
primarily to their hydrophobic nature. Sodium stearate
(CsH3sCOO 'Na*) is an example of an anionic surfactant.
(See also Adjuvant; Anti-caking agents.)

Ankur

Ankur is an aqueous solution of urea (33.5 t0 36.0%) and
ammonium nitrate (44.5%) with 1% corrosion inhibitor.
Ankur is used as a nitrogenous fertilizer (like urea-
ammonium nitrate).

ANL
ANL is short for ammonium nitrate limestone.

ANL brand fertilizer

ANL is the trade name for a fertilizer which is a mixture
of ammonium nitrate (AN) and lime or pulverized
dolomite. ANL is manufactured at Hopewell, Virginia,
in the USA. When added to the soil, it reduces the
hazardous characteristics of AN.

ANL fertilizer contains 20 % nitrogen, 10% calcium
oxide (CaO) and 7% magnesium oxide (MgO). It is
hygroscopic and is protected from atmospheric moisture
during storage and transportation by coating the pellets
with soapstone (sodium silicate).

Anne method for determining organic carbon

Anne method is one of the two methods for determining
organic carbon in the soil. In this method, the organic
matter is attacked and destroyed by boiling it slowly in an
excess mixture of sulphuric acid and potassium
dichromate. The excess potassium dichromate is
determined by Mohr’s salt (FeSO,) in the presence of
diphenylamine as indicator. The results obtained from
this method match well with those obtained from the dry
method. This method can also be used to analyze plant
materials. (See also Walkley-Black method.)
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Annual

An annual is a plant that completes its life cycle in one
year or less, during which it germinates, flowers,
produces seeds and dies. Most cultivated crops like
grain, fodder, pulse crops, some oilseed crops (other
than coconut, oil palms, etc.) Sunflower, wheat, rice and
marigold are examples of annuals (Fig.A.37). Winter
annuals refer to plants that complete their life cycle
during the winter season. Ornamental plants like dahlia
and carnations are winter annuals.

Annual ring

Annual ring is the ring that can be seen in a cross section
of a trunk in trees. It represents the xylem formed in one
year by the fluctuating activity of vascular cambium. The
age of the tree can be determined by counting the
number of cross sectional rings. The study of annual
rings is known as dendrochronology.

Annual soil temperature

The annual average temperature of a soil is considered
the annual soil temperature. ‘Standard’ soil temperature
is normally measured at the rock or hard-pan, or at a
depth of 50 cm unless the soil is 50 cm deep. Average
annual soil temperature (AST) is measured at a depth of
approximately 90 cm or 180 cm. The temperature values
recorded at both the depths are usually very close. The
difference between the warmest and the coldest monthly
means of temperature is known as annual temperature
range (of the soil).

Anorthite

Anorthite is one of the four components of feldspars,
expressed as CaAlSi;O;. Feldspars are a group of

silicate materials. They are the most abundant minerals
in the earth's crust. Anorthite or pure calcium feldspar
belongs to the plagioclase subdivision of feldspars.

Anoxia

Anoxia represents a condition where oxygen is absent.
Waterlogged soils create anoxic conditions in which the
decomposition of organic matter slows down. In bogs
and swamps, for instance, the rate of decomposition is so
low that plant remains are preserved for many years. A
few micro-organsms prefer anoxic conditions for their
growth. Clostridium sp, yeasts, etc. are examples.

ANR
ANR is short for apparent nutrient recovery.

Antagonistic interaction

Antagonistic interaction or negative interaction is a
phenomenon where the combined effect of two or more
nutrients is lesser than the effect of each of these
nutrients, taken separately.

When the presence of a nutrient adversely affects the
absorption of another nutrient, the two nutrients are said
to interact antagonistically. For example, excess copper
affects iron nutrition, or excess amounts of potassium
and calcium depress the absorption of boron.

While synergistic effect attracts attention, the
antagonistic effect between nutrients is often ignored.
What is important is to know (a) the situation when two or
more nutrients result in antagonistic effect, and (b) the
range over which the change-over takes place from
synergism to antagonism and vice versa. This would help
in balancing plant nutrients which are considered
antagonistic pairs.

Fig.A.37: Sunflower, a major oil seed crop is an annual crop.
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Anthracite coal

Anthracite coal is a hard and black variety of coal, with a
fixed carbon content in the range of 80 to 98% and a
heating value of 14243 x 10°to 16458 x 10°J.

Anthropic

Anthropic or anthropic horizon, is a surface horizon (or
epipedon), with high basic cation saturation created by
human activities such as cultivation or construction.
When the cause is agricultural activities, it is called
cultivated horizon or agropedic horizon. In this,
the surface horizon is homogenized by plowing or other
means. In terms of color, thickness and organic matter, it
has the same appearance and characteristics as mollic
epipedon. The change occurring in the soil due to human
activity (like plowing, fertilizing or construction) is
called anthropogenic change or anthropic change.

Anthropic change: See Anthropic
Anthropic horizon: See Anthropic
Anthropogenic change: See Anthropic

Antiauxin
Auxins are plant growth promoting substances,

responsible for many growth processes. Antiauxins by
contrast, compete with auxins for specific receptors.

Antiauxins inhibit the transport of auxins in the plant
and thus affect plant growth and morphology. An
example of an antiauxin is maleic hydrazide.

Anti-caking agent
Anti-caking agents are materials used for the surface
treatment of granular fertilizers to prevent caking.

An anti-caking agent helps maintain the physical
condition (such as easy-flow characteristics, storage and
handling) of a fertilizer.

Anti-caking substances are categorized as coating
agents (which consist of inert powders and liquid coating
agents) and internal conditioners. The two categories are
described below.

(i) Coating agents: These are conditioning
materials applied uniformly onto fertilizer particles.
Most coating agents are either very finely divided inert
powders (which adhere to particle surfaces) or liquid
coating agents that are sprayed onto the surface.

Inert powders, like clays (kaolin and china),
diatomaceous earth (kieselghur) and talc (basic
magnesium silicate) form mechanical barriers between
the material particles and also serve to absorb, spread and
inactivate any solution phase that may occur on the
particle surfaces. During caking, bonding occurs
between the particles; the dust-type anti-caking agent
weakens the bonds and reduces the severity of caking.

Inert clay powders are extremely fine (typically, 90%

are less than 10 mm, 50% of which are less than 1 mm),
adhere well to fertilizer granules and are used effectively
on urea, NP and NPK complex fertilizers, but not on
ammonium nitrate or other high nitrate products.
Diatomaceous earth does not adhere well as does clay,
but it has a good absorption property and is an effective
anti-caking agent for ammonium nitrate. Major
disadvantages of inert powders as anti-caking agents are
their dustiness and diluting effect on the main nutrient
element.

Inert powders can be made to adhere better by
spraying the fertilizer with a small amount of oil or wax-
free binders (usually 0.1 to 0.3 %). Fairly viscous oils (25
10200 MPa) give maximum results.

Liquid coating agents are organic surfactants or
non-surfactants. They usually function as crystal
modifiers to inhibit or weaken the crystal growth on and
between the particles, or as hydrophobic barriers to
moisture absorption.

Surfactants function by altering the interfacial tension
between the solid (particles) and the liquid (surfactant).
Their role as anti-caking agents is not clearly understood,
but they are believed to (a) provide protection from
moisture, (b) spread the liquid film, (c) change crystal
make-up or behaviour, (d) inhibit dissolution
and crystallization, or (¢) modify bond tensile strength.

Surfactants are both jonic and non-ionic. Ionic
surfactants are those that contain either cationic or
anionic molecules or groups in their structure. The
commonly employed aniomic surfactants are
sulphonates, particularly alkyl aryl sulphonates, and
their action is due primarily to their hydrophobic nature.
Cationic surfactants are fatty amines, which act by three
different mechanisms (a) forming a hydrophobic coating
on the surface of the particles, thereby improving water
repellence, (b) reducing the capillary adhesion between
the particles, and (c) inhibiting nucleation or modifying
crystal growth.

Non-ionic surfactants are neutral surfactants that do
not ionize in water and do not form positively or
negatively charged ions. They are non-toxic and are
unaffected by hard water. Non-ionic surfactants, like
polyoxyethylene condensates, are poor anti-caking
agents and not widely used. Silicone fluids belong to this
category.

Non surface-active coating agents are organic
compounds. They do not exhibit surface activity but do
form a moisture-resistant layer on the surface of
the fertilizer particles. Typical non-surface active
coating agents include paraffin wax, synthetic polymers
and oils.

(ii) Intermal or chemical conditioners: These
conditioners are added to fertilizers during processing,
usually as hardeners or crystal modifiers, to improve
storage properties.

For urea conditioning, the following composition is
found effective: Molten urea 0.3 to 0.5% of 37%
formaldehyde solution or concentrated urea
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formaldehyde (containing 26% urea, 59%
formaldehyde, 15% water). This reduces the formation
of dust in the finishing process because the granules are
harder and more resistant to abrasion and breakage than
untreated ones.

For ammonium nitrate, the most popular internal
conditioner is magnesium nitrate (1.8% magnesium
nitrate).

Anticlines
Sedimentary rock layers that are folded into arch shapes
are known as anticlines. (See also Fold.)

Antifloat materials

Antifloat materials (like diatomaceous earth) or wetting
agents (like liquid surfactants) are the coatings applied to
the external surface of a fertilizer to achieve an antifloat
effect by breaking the surface tension between water and
the coated fertilizer. Special controlled-release fertilizers
sink immediately on application and are applied to
irrigated crops. Polyon PCU-AF/Antifloat, marketed
by Sumitomo in Japan and Multicote, a resin-coated
antifloating urea, are examples of the special controlled-
release fertilizer class.

Anti-transpirants

Anti-transpirants are substances that retard the
transpiration rate of plants, mainly by affecting the size
of the stomatal opening. Monomethyl ester decenyl
succinic acid is an example of an anti-transpirant.

AOV

AOV is the abbreviation for analysis of variance. (See
also Variance.)

Apatite

Apatite is a highly complex hexagonal structured mineral
form of calcium phosphate [Cas(PO,);. (OH, F, CD)],. It
is the most common of all phosphate minerals.
Depending upon the dominance of fluorine, chlorine or
hydroxide, apatite is called fluorapatite, chlorapatite or
hydroxyapatite, respectively.

Apatite often occurs widely as an accessory
mineral with igneous rocks, such as pegmatite. It also
occurs in regional and contact metamorphic rock,
especially limestone. Large deposits of apatite are found
in Russia.

Apatite, a major source of phosphorus, is used in the
production of fertilizers. Enamel of the teeth is composed
chiefly of apatite.

Apical meristem

Meristem is the portion of cells of a plant tissue, found
mainly at the growing tips of roots and shoots and in the
cambium. Meristems are composed of actively dividing
cells which form a new tissue.

Apical meristems (Fig.A.38), the most important
meristems, are regions at the tips of each shoot and root
of a plant in which cell division occurs continually to
produce new stem and root tissues. The new tissues
produced are known as the primary tissues of the plant.
(See also Meristem.)
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Fig.A.38: Diagrammatic representation of
the longitudinal section of shoot (1) and root
Showing regions of apical meristem (2).

APN
APN is short for ammonium phosphate nitrate,

Apocarpous
Apocarpous are flowers that have many separate carpels,
Michelia as an example.

Apoplast

Apoplasts are interconnected cell walls or extra-cellular
spaces. The system of interconnected cell walls is a
pathway of solute (water and dissolved mineral salts)
movement across the cortex that leads to the stele in a
plant system.

APP
APP is short for ammonium polyphosphate.

Apparent bulk density

Apparent bulk density (or the apparent density) of a
fertilizer, is the mass per unit volume of a fertilizer
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excluding voids between the particles. It is not often
measured but is of interest in particle segregation studies
and in the development of granulation processes. In the
case of fertilizers, it is measured by using a bulk density
box or bulk density cup. (See also Bulk density of
fertilizer.)

Apparent density: See Apparent bulk density

Apparent free space

Apparent free space refers to the hypothetical partial
volume of a tissue through which a solution can pass
passively. It becomes a true measure of the free space
only if the test solute concentration in the free space is the
same as that in the external solution with which the plant
tissue has equilibrated. When the solute concentration is
higher in the free space than in the external solution under
high transpiration conditions, the apparent free space
value is also high.

Apparent free space is also that fraction of the root
volume into which the external solution appears to
diffuse.

Apparent nutrient recovery

Apparent nutrient recovery (ANR) is defined as the
nutrient absorbed by a crop from a fertilizer and
is expressed as a percentage of the nutrient applied.
ANR tends to overestimate fertilizer recovery and
is generally measurable without resorting to a tracer
technique.

ANR is defined as follows:

Nutrients rcmnved] £ [ Nutrients removed

from fertilized plot from unfertilized plot

ANR =

. x 100
Nutrient added

Apparent recovery efficiency

Apparent recovery efficiency is the same as apparent
nutrient recovery.

Application of fertilizer

Fertilizer application refers to the act of applying or
administering fertilizers, manures or amendments to
crops on fields, grasslands, forests or any type of soils.
There exist several methods for applying fertilizers.
Some of these are surface banding, strip (dribble)
banding, deep banding, high-pressure injection,
broadcasting, side dressing and foliar spray.

Aprotic solvent

Aprotic solvent is a solvent which neither donates nor
accepts protons. Carbon tetrachloride is an example of an
aprotic solvent.

APS
APS is short for ammonium phosphate sulphate.

AQ

AQ, also called acidity quotient, is the exchange acidity
ratio of litter, given by the ratio of exchange acidity of
humus to that of the top horizon. It characterizes the
influence of humus on soils. An AQ of less than one
indicates a healthy soil.

The characteristics of humus fractions are useful in
interpreting organic matter dynamics. Carbon to
nitrogen to phosphorus ratios in humic acid (HA) and
fulvic acid (FA) fractions help to assess the origin and the
turnover of nutrients in the soil organic matter from
different depths and zones. HA to FA ratios are
frequently used as indices of the degree of humification in
soil. These ratios are believed to reflect intense
humification caused by biological activity.

Aqua ammonia

Aqua ammonia, also called aqueous ammonia,
ammonia liquor and ammonium hydroxide is ammonia
dissolved in water to form a clear, colorless liquid with a
pungent odor. It is the simplest nitrogen solution made by
forcing compressed NH; (anhydrous ammonia) gas into
water, It has a pressure of less than 0.7 kg/cm® and is
usually composed of 25 to 29.4 % ammonia by weight (20
to 25 % nitrogen).

Ammonia dissolved in water is present principally as
the ammonium ion (NH,"’Non-ionized molecular
ammonium hydroxide (NH,OH), sometimes referred to
as an associated form of ammonium hydroxide, is also
present. Hydrated molecules of ammonia (NHs) may also
exist as NH;-H,0 or NH;-2H,0.

Purified water is used for the reaction of ammonia
and water in the production process. The methods for
water purification are (a) a conventional sodium-form
water-softening ion exchange resin, which replaces all
cations present with sodium ions, (b) both hydrogen-
form cation resin and hydroxyl-form anion resin,
resulting in total de-ionisation of water, or (c) reverse
osmosis purification equipment which results in total de-
ionization of water.

If water hardness is sufficiently low and/or if suitable
filtration is available to remove the precipitate formed
during the reaction of ammonia with water, the product
can be manufactured without pre-treatment of water. For
most water supplies, the precipitate is principally
calcium carbonate.

During the reaction of ammonia with water, a large
amount of heat is generated, which requires heat
exchangers to control the temperature. The resulting
aqua ammonia contains ammonium ions (NHJ"),
hydroxyl ions (OH’), and non-ionized ammonium
hydroxide molecules (NH,OH). The chemical reactions
are:

NH, + H,0 —» NH,OH
NH,OH T NH4+ =t (D HE
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The grade or strength of ammonium hydroxide available
commercially is 26 degree Baumé. The Baumé reading
refers to a specific gravity scale. A 26 degree Baumé
(Bé) solution is equivalent to 29.4% by weight of
ammonia dissolved in water. Since the Baumé reading
varies with temperature, the reading is standardized at
minus 9.4°C. The density of the material compared to
water is 0.8974. Ammonia products of 29.4% strength
are also frequently described as 26° Bé products, the
freezing point of which is about minus 62.2°C.

An aqueous solution has a vapor pressure which
varies with temperature. At ambient temperatures, the
vapor pressure of 26° Bé material equals atmospheric
pressure. This permits the material to be shipped and
stored in non-pressurized containers. This is the highest
strength material generally available commercially.

Aqua ammonia should be stored in a closed container
and kept cool, as otherwise the ammonia gas comes out of
the solution and the strength reduces. The nitrogen
concentration in aqua ammonia can be increased to 40%
by partial pressurization.

Aqua ammonia is corrosive to copper, copper alloys,
aluminum alloys and galvanized surfaces. Aqua
ammonia is an excellent acid neutralizer. Its pH varies
with concentration; typical values of pH are 11.7 at 1%,
12.2at5%, 12.4at 10% and 13.5 at 30 % concentration.

Transport and delivery costs limit the production of
aqua ammonia (NH;) to small, local, fluid fertilizer
plants. Aqua ammonia is regularly available in
concentrations of 19%, 25% and 29%. These are used
for direct soil application or as inputs to produce other
liquid fertilizers. Ammonia volatilizes quickly at
temperatures above 10°C; therefore, aqua ammonia is
usually injected into soil to depths of 5 to 10 ¢cm. It should
not be used in calcareous soil.

Aqua-gels

Polyacrylates, a form of polymers, are also known as
aqua-gel. They are used alone or with starch to promote
water storage in soils. The water holding effect,
however, varies with pH, water hardness and such
dissolved substances as urine or soil nutrients.

Polymer dispersions are employed to protect seeds.
They are applied at planting time by spraying, usually
along with fertilizers, soil conditioners and mulches
(cellulose, straw). They can also be applied after
planting. The quantities used depend on the actual
formulation, and vary between 10 and 50 g/m?. Polymer
dispersion products may be diluted in a product to water
ratio of 1:1 to as much as 1:60. The protective action of
polymer dispersions depends upon the quantity used and
environmental conditions.

Aqualfs
Aqualfs are a suborder of Alfisols.

Aquands
Aquands are a suborder of Andisols.

Aquaregia

Aqua regia is an extremely effective oxidizing solvent,
capable of dissolving metals like gold and platinum. It is
made of a mixture of one part concentrated nitric acid and
three parts hydrochloric acid.

Aquents
Aquents is a suborder of Entisols.

Aqueous ammonia

When ammonia is dissolved in water, it forms aqueous
ammonia. Aqueous ammonia is also called aqua
ammonia, ammonia liquor or ammonium hydroxide.
It is a clear, colorless liquid with a pungent odor. It is
the simplest nitrogen solution, made by forcing
compressed anhydrous ammonia gas into water. It has a
pressure of less than 0.7 kg/cm? (10 Ib/in?) and is usually
composed of 25 t0 29.4 % ammonia by weight (20 to 25%
nitrogen).

Aquerts
Aquerts is a suborder of Vertisols.

Aquic condition

Aquic condition is a condition brought about when soil
remains excessively wet for a large part of the year.
Aquic condition is caused by the saturation of soil by a
fluctuating water table or by the presence of water on the
capillary fringe of the water table. It is a reducing
medium.

Aquic soil moisture regime

Aquic soil moisture regime is the soil that is saturated
with water and depleted of oxygen. Low chroma mottles
are indicative of this condition. (See also Wetlands.)

Aquolls
Aquolls is a suborder of Mollisols.

Aquults
Aquults is a suborder of Ultisols.

Arable farming

The system in which a land is plowed and sown, once or
more than once a year is called arable farming. In this
way, it contrasts with pasture lands. Arable farming is
commonly practiced.

Arable land

Arable land or arable layer is the land fit for tillage or
plowing at regular intervals. In a cultivated soil, the
arable land may resemble the Ap horizon. In most
rendzinas, arable land nearly coincides with the
pedological profile.

Arable layer: See Arable land
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Arboriorice

Rice is classified on the basis of the grain variety. Many
famous varieties of rice include California Moish rice,
Thai Jasmine rice, Indian rice, black rice (China), etc.
Arborio is a rice variety common to Italy. Since it
absorbs water or liquid five times its weight, it cooks into
a creamy consistency. This rice is white, starchy and
round with a distinctly firm center. The rice has a
medium length and it is common in risotto dishes.

Arbutoid mycorrhizae

Arbutoid mycorrhizae are the transition stage between
ectomycorrhizae and endomycorrhizae. A fungal sheath
on the roots of the host plant characterizes these
mycorrhizae. Plants show the greatest growth response
to mycorrhizae in highly weathered tropical soils, like the
leached oxisols and ultisols. These soils are acidic, low in
basic cations, low in phosphorus and may have a high
toxic level of aluminum. (See also Mycorrhizae.)

Archebacteria

Archebacteria is a subgroup of bacteria, comprising
methanogens and species capable of tolerating
extremely high temperatures or a salty environment.

Arenaceous

Soils that have a high proportion of sand particles are
considered arenaceous. For instance, sandstone is an
arenaceous rock. Arenaceous rock is a sedimentary rock
composed mainly of cemented grains of sand.

Arenic horizon
Arenic horizon designates an extra grade subgroup

characterized by a sandy epipedon 50 to 100 cm thick
over an argillic horizon.

Arents
Arents are a suborder of Entisols.

Argids
Argids are a suborder of Aridisols.

Argillaceous soils

Argillaceous soils are clayey soils having a high
percentage of clay particles. Mudstone and mar] are the
examples of argillaceous soils.

Argillan

Argillan is the layer or coating of clay on the surface of
soil peds, mineral grains and soil pores. The coatings are
classified according to the type of surface, such as grain,
aggregate, channel, crack, normal void and chamber
vesicle. The argillan coating is also called clay films,
clay shins or cutans.

Argillic horizon

Argillic horizon is the clay accumulation horizon

indicated by the letters 'Bt'. It is formed below the soil
surface and is a mineral horizon characterized by the
accumulation of illuvial clay and covered by an eluvial
horizon.

The argillic horizon must have a certain thickness
which is related to the thickness of the solum. The clay
content of the argillic horizon must be higher than that of
the eluvial horizon. For example, if the E horizon
contains 10% clay, the argillic horizon must contain at
least 13%; if the former contains 20% clay, the argillic
horizon must contain at least 24% clay coating as
observed on pore walls, structural units or between the
sand grains. The clay is seen in the form of clay films on
ped faces, and is also observed on pore walls, structural
units or between sand faces.

The argillic horizon can be subdivided into subtypes,
which are distinguished by some characteristic features
and properties. These subtypes are identified by the
following prefixes to the word argillic: abrupto, ferro,
fibero, fragio, grano, lixe, luve, natro, neo, nito, ortho,
plano, pleintho, retro and stagno.

Arid land

Arid land is a dry and parched land, often with sparse
vegetation, and characterized by deficient rainfall ( <250
mm,) The term is often used to describe a region with
insufficient rains to support vegetation without
irrigation. In arid regions, droughts are very common
because of extremely low rainfall. Estimates of the arid
climatic zone vary from 15% to 30% of the world's land
surface, depending upon the strict definition of arid
climate.

Aridic moisture regime: See Aridic regime

Aridic regime

Aridic regime or aridic moisture regime is an area with
less moisture and high temperature. All parts of the soil
moisture control section of aridic regime are dry. Soil
temperature at 50 cm depth is above 5°C for more than six
months in a year and the soil is never moist for 90
consecutive days in a year. Soils with an aridic regime are
mostly found in zones of arid climate and sometimes
semi-arid climate.

Aridic and torric are synonymous but used in
different legends of classification.

Aridisols

Aridisols are one of the 12 soil orders of the world. They
develop in a climate with long dry periods and a few wet
spells. These soils have a low water retention capacity.
Aridisols occur mostly in hot, temperate or sub-
temperate deserts with aridic soil moisture regimes, dry
coastal regions, rain shadow plains, and on the leeward
side of high mountains.

Aridisols cover about 12 % of the ice-free land area of
the world, and show a variety of profiles. Some have a
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lime layer, some others have salt accumulation, and yet
others have thick carbonate silica-cemented hardpans.
Aridisols range from bare rich to bare poor soils and
exhibit a wide diversity in physical, chemical and
mineralogical properties.

With clay accumulation, aridisols develop argillic
horizons (Bt horizon). Aridity restricts vegetation in such
soils and lowers their organic content. Similarly, the lack
of water in the soil reduces leaching and increases the
basic cation saturation. In some aridisols, leaching is
shallow with no salt accumulation. The vegetative cover
of aridisols is desert shrubbery and short grasses.
Aridisols in cold climates, however, have a different
vegetation from that in warmer climates.

Aridisols need irrigation for crop production. They
often become productive with the addition of water and
fertilizer.

Aridisols are nitrogen deficient because of low
humus content. They are also deficient in iron, zinc,
manganese and copper. However, reduced leaching
causes accumulation of potassium; potassium deficiency
is, therefore, rare.

The suborders of soils belonging to aridisols are
argids and orthids.

Aridity index
Aridity index (AI) is a measure of dryness of an

ecoregion. It is defined as the ratio of annual moisture
deficiency to annual water needs.

Number of rainy days x Mean precipitation per day

Al =
Mean temperature + 10

Aridity index is a measure of the effectiveness of the
precipitation received. It could be described as a measure
of evaporation. Death Valley in California (USA) has an
aridity index of 7, which means the sun would evaporate
seven times the average rainfall received. On the other
hand, the Sahara has an aridity index of 200, meaning
200 times the average rainfall would be evaporated.

Moisture deficiency or aridity index is used to define
drought. Drought intensities using standard deviation (s)
of aridity index to analyze the occurrence of droughts in
arid zone ecologies are defined in Table-A..8.

Table-A.8: Relationship between aridity index and drought.

I?eparture of aridity Result
index from normal
< s Moderate
lhsto s Large
Isto2s Severe
> 2s Disastrous

Source: “Introduction to Tropical Agriculture”, Edited by
Anthony Youdeowei, et al. Longman Scientific and Technical,
Longman Group, UK, Lid. With permission from Pearson
Education Ltd.

Arnon's criteria of essentiality of plant nutrients

Arnon and Stout proposed three criteria that are now used
to decide if a plant needs nutrients. They are also called
the Stout-Arnon's criteria of essentiality of plant
nutrients.

Essentiality criteria are that (a) the deficiency of an
element results in a plant completing its life cycle, (b) the
deficiency is specific to the element in question and (c)
the element is directly involved in the nutrition of the
plant, such as a constituent of an essential metabolite
required for an enzyme activity. Based on these criteria,
the following 17 elements are considered essential for the
growth of higher plants: carbon, hydrogen, oxygen,
nitrogen, phosphorus, potassium, calcium, magnesium,
sulphur, iron, manganese, copper, zinc, molybdenum,
boron, chlorine and nickel. Plant nutritionists and soil
scientists would rather have a less restrictive definition
for establishing the deficiency symptoms, and so four
more elements (sodium, silicon, cobalt, and vanadium)
are added to the list of the 17 just listed.

It is now established that sodium is essential to plants
with a C, photosynthetic pathway. Silicon addition has
shown to improve the growth of sugar cane. Cobalt is
considered essential for microbial fixation of
atmospheric nitrogen. All these are beneficial elements
for most crops.

Aromatic plants

Aromatic plants are those that yield aromatic and fragrant
compounds. Mint, lemon grass, jasmine, rose, lavender,
etc. are examples of aromatic plants.

Artesian well

A perpendicular bore sunk into an oblique strata to tap a
water-bearing rock or an aquifer lying beneath a
relatively impermeable stratum is an artesian well. If the
water table at the margins of the aquifer is higher than the
outlet of the well, water flows out of the bore under
pressure. It may be necessary to cap the well in order to
regulate the supply of water for irrigation. Where the
well head is above the water level in the aquifer, a
condition referred to as a sub-artesian well exists, as
distinct from a naturally flowing artesian well. Water has
to be pumped to the surface for use.

Artificial fertilizers

Unlike natural fertilizers, artificial fertilizers (also
known as inorganic fertilizers, mineral fertilizers or
chemical fertilizers) are mined or made by chemical
processes. An artificial fertilizer is sometimes also called
bag muck because it is stored in a bag.

Artificial manure

Artificial manure or synthetic manure is a compost
produced primarily from plant residues. (See also
Compost.)
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Ash

Ash is a non-volatile solid mineral residue resulting from
the burning of organic matter (Fig.A.39).

Ash in analytical chemistry means the inorganic
residue of a complete combustion of a material. It
consists of mineral matter like SiO,, AL,Os, Fe,0;, etc. It
is an end product of a large-scale combustion of coal (as
in power plants) and is said to be the most plentiful
mineral.

Ash can be fly ash, bottom ash and boiler ash. There
are many uses of fly ash, such as in cement products, as
road filling and as an absorbent of oil spills.

The ash content of organic soils is an important
component of the soil matrix. Usually, as ash content
increases, the available nutrient content of the soil also
increases.

The increase of ash content in pit bag soil may be due
to several factors, such as mineralization of organic
matter, use of mineral fertilizers, introduction of
inorganic elements by ground waters, influx of mineral
elements during floods and their deposition from the
atmospheric dust.

To evaluate plant nutrient content, the plant material
is incinerated at about 600°C and its ash content is
analyzed. In this process, inorganic elements other than
C, H, Oand N can be estimated.

Ashing is the burning of material, such as plants. It
results in the breakdown of complex compounds into
simpler ones and is an important step in analytical work.

Ashing can be effected either by heating the sample
(often with sodium carbonate), in which case, it is called
dry ashing, or by heating with a single or mixed
concentrated acid (like perchloric acid, nitric acid or
sulphuric acid) in a wet digestion of mineral compounds,

mineral elements to the soil.

which is called wet ashing. Aqua regia (which is
concentrated nitric acid and concentrated hydrochloric
acid in the ratio of 1:3) is commonly used in wet analysis.

Ashing: See Ash

ASN
ASN is short for ammonium sulphate nitrate.

Aspergillus niger
Aspergillus niger is a fungus of common occurrence. It is

commonly used as a phosphate solubilizing micro-
organism and a compost degrading agent.

Aspergillus niger is widely used in industry for the
production of organic acids (citric, oxalic, gluconic) and
enzymes (amylolytic and pectolytic). The fungus is also
used in biological soil tests. It is used to assess the
available nutrient status of a soil by cultivating it in the
given soil under controlled conditions.

Assimilation

Assimilation is a familiar phrase in all metabolic
processes. It leads to the absorption and utilization of
food by living organisms for growth, reproduction and
repair. This includes absorption and incorporation of
nutrients or other inputs (such as carbon dioxide) into
photosynthates by plants.

The conversion or transformation of the absorbed
nitrate into amino acids and proteins is an example of
assimilation, which is similar to photosynthesis:

NO; —» NO, — - NH, — Protein

The ratio of the amount of photosynthesis occurring

in a unit mass of the leaf per hour to the weight of the

Fig.A.39: Stubbles and crop residues in the field are burnt for field sanitation, the resultant ash supplying
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chlorophyll in the tissue is known as the assimilation
number. This ratio, in practice, is the weight of carbon
dioxide (in mg) absorbed in an hour to the weight of
chlorophyll (in mg) in the tissue. The ratio of carbon
dioxide absorbed to the oxygen output is the assimilatory
quotient, which is generally near unity and is
represented by:
Light

— C HL,

6CO, + 6H.0 0, + 60,

The energy driving power of adenosine triphosphate
(ATP) and nicotinamide adenine dinucleotide phosphate
(NADPH2), which is necessary for the reduction of
carbon dioxide to carbohydrate by plants, is called the
assimilatory or reducing power.

Assimilation number: See Assimilation
Assimilatory power: See Assimilation
Assimilatory quotient: See Assimilation

Associated form of ammonium hydroxide

Associated form of ammonium hydroxide is another
name for non-ionized molecular ammonium hydroxide.
(See Aqua ammonia.)

Associated gas

Associated gas is the natural gas which occurs with crude
oil and which is released in the separation plant when
pressure is released. The composition of natural gas
varies with the pressure at which the separator is opened.

ASTM

ASTM is short for American Society for Testing and
Materials. (See also Sieving.)

Atmometer for estimating potential
evapotranspiration

Atmometers measure water evaporated from surfaces,
such as porous filter papers, porous porcelain spheres or
plates, Atmometers are very sensitive to wind speed.

The four classes of atmometers are (a) large
evaporation tanks sunk in the ground or floating on
protected waters, (b) small, open evaporation pans,
(c) porous porcelain bodies, mainly used by plant
physiologists in studying evapotranspiration from plants
and (d) wet paper surfaces.

Atomic absorption spectrometer

Atomic absorption spectrometry (AAS) involves
converting a sample at least partially into an atomic vapor
and measuring the absorbance of this atomic vapor at a
specific wavelength (I), to characterize a specific
element. The measured absorbance is proportional to the
concentration and is compared under the same
experimental conditions to that of a reference sample of

known composition.

AAS is used extensively in the analysis of trace
elements or micronutrients in fertilized soils as well as
elemental contaminants in polluted waters (Fig.A .40).

Fig.A.40: Atomic absorption spectrometer.

The advantages of AAS are that it has high sensitivity
for as many as 60 elements measurable in the ppm range,
and that the measurement is simple, rapid, relatively low-
cost and highly specific (with very few interferences).

AAS has four basic components which are (a) a light
source, emitting the spectrum of the desired analyte
elements, (b) a sample atomization cell, such as a flame
or graphite tube furnace, (c) a monochromator to isolate
the desired source emission line and (d) a
detector/readout system, to allow measurement of
change in the source line intensity by sample atom
absorption. Many commercial instruments based on
either a single or double beam design are available.

ATP
ATP s short for adenosine triphosphate.

ATPase: See ATP hydrolase

ATP hydrolase

ATP hydrolase (also called ATPase) is an enzyme
located in the plasma membrane. It initiates nutrient
uptake and hydrolyzes ATP. The hydrolysis results in the
splitting of water (H,0) into H* and OH’ ions, from
which H* is extruded into the outer medium, creating a
potential difference between two sides of the membrane;
the proton motive force thus obtained drives the ion
uptake, The plasmalemma-bound ATPase also drives the
uptake of anions (NO;” and H,PO,).

The hydrolysis of ATP results in the cleavage of
either one phosphate or two phosphate groups with the
formation of ADP or AMP. The ATPase activity is
associated with many energy-consuming processes. For
example, in muscular contraction it is associated with
myosine when activated by actin. (See also Nutrient
uptake.)

Atrazine

Atrazine is the generic name for 2-chloro-4-ethylamino-
6-isopropylamino-s-triazine. Atrazine is an example of
photosynthesis inhibitors and herbicides.
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Atrazine was the first s-triazine used in maize. The use
of this herbicide and others in the same group has
expanded to selective application in perennial crops and
orchids as well as for non-crop and industrial sites.

ATS
ATS is short for ammonium thiosulphate.

Attapulgite clay

Attapulgite clay is clay from Attapulgus, Georgia, USA.
It is hydrous, needle-like magnesium aluminum silicate
[(MgAl)s Sis O, (OH), -4H,0] and is the chief ingredient
in Fuller's earth. It is used as a suspending agent in
fertilizers, lime, gypsum, etc. and has absorptive and
swelling properties.

Attapulgite clay is also used in drilling fluids,
decolorizing oils and as a filtering medium.

Attractants

With growing need for an environmentally acceptable
pest control method, the use of specific insect attractants
has become an important part of pest control technology.
Chemical attractants can be used in conjunction with
simple, inexpensive sticky traps for monitoring insect
pest populations in relation to the economic threshold for
control and/or trapping of pests, for luring them to toxic
bait, or for creating confusion during mating.

Two general types of attractants have been studied
widely. These are (a) sex pheromones, used in
intraspecies chemical communication leading to mating
and (b) plant kairomones, used in interspecies chemical
communication for host plant selection.

Sex pheromone attractants are generally volatile
esters, alcohols and aldehydes that facilitate sexual
communication and mating over distances up to several
hundred meters and can be perceived in nanogram to
microgram quantities.

Kairomone attractants are volatile chemicals
released by plants, which serve as major cues host plant
selection by phytophagous insects. Increasing numbers
of kairomones have been identified and found to be useful
insect attractants. The most successful mixtures are
eugenol with geraniol or phenyl ethyl propionate.

Auger

An auger or soil auger is a tool with a pointed tip used
for boring holes in the soil for collecting soil samples
for analysis. Augers are of two types: worm-type and
hollow cylinder type, with a cutting edge or a screw at
oneend.

Auger fertilizer distributor

An auger-type fertilizer distributor is an implement that
can evenly distribute the exact amount of a fertilizer in all
directions, rendering width and flexibility to band
applications.

The distributor has spreaders with a mechanical

, Supply hopper
/ pply hopp

Blower

~—— Distance between lanes ——|

Applied amount

Working width
Distribution width

Overlap Overlap

Fig.A.41: Auger fertilizer distributor.

traverse distribution, generally equipped with a screw or
auger, called auger-type spreaders. The fertilizer
flowing from the hopper is conveyed to the auger and is
transported to the spreader tubes with adjustable
discharge spouts with a working width of 6 to 8 m
depending on the boom length (Fig.A.41).

For the application of powdered fertilizers, auger
type spreaders with identical boom lengths and working
widths are preferred. For uniform fertilizer distribution,
the exact driving of the distributor in parallel runs is
essential. To improve the metering and distribution of
mineral fertilizers, electronic control units ensure an
automatic discharge of desired amounts of the fertilizer as
indicated on the display panel.

Auger type spreader

Auger type spreader is a device used for applying
powdered fertilizers. It has electronic control units which
ensure an automatic discharge of desired amounts of the
fertilizer as indicated on the display panel. (See also
Auger fertilizer distributor.)

Autecology

Autecology is the study of environmental relations of
individuals or species. (See also Ecology.)

Auto allelopathy

Auto allelopathy is the inhibition of a species by self-
produced toxins. (See also Allelopathy.)

Autochthonous limestone

Limestone has two origins. One is autochthonous
limestone and the other is allochthonous limestone.
Autochthonous limestone is formed in-place by the
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biogenic precipitation from sea water. The primary
agents of autochthonous limestone are lime-secreting
organisms and foraminiferans, which are marine
protogoans with a secreted shell. Fossils of such
organisms, having a long geological history, have been
found embedded in such limestone and other carbonate
material. Thus, limestone itself has been an object of
interest to geologists and other scientists. Study of the
structure of caves has also revealed that autochthonous
limestone in fluvial sediments is in the form of angular
softened limestone embedded in clay.

Autoclave

An autoclave is a cylindrical vessel with a double wall
chamber, which withstands pressure (like 2.1 kg/cm?)
operations (Fig.A.42). It sterilizes solids and liquids
used in the laboratory to overcome contamination. This
equipment is essential in microbiology, pathology and
tissue culture studies. Sterilization is achieved mainly by
an air-free saturated steam inside the autoclave at a
temperature of above 100°C. The boiling water produces
steam which creates pressure inside the autoclave
chamber. The temperature rises as the pressure increases
to 1.05 kg/cmz2, When the temperature goes up to 121°C
and is retained at this level for a specified time (normally
15 minutes), the vegetative cells and spores are
destroyed. If the evacuation of air is incomplete, pressure
builds up without a proportional rise in temperature.
After the operation, it is necessary to wait for the
pressure to decrease to ambient to avoid harm by the
boiling water inside the autoclave.

Autogamy

Autogamy is one of the two types of fertilization, also
known as self-fertilization. Here, the pollens are carried
from an anther to the stigma of the same flower or to
another flower of the same plant. Autogamy is found,
for instance, in wheat, oats and peas.

Autotrophic bacteria
Autotrophic bacteria are bacteria that produce organic

constituents from inorganic compounds on their own,
utilizing energy from sunlight for oxidation processes.
Depending on the source of nutrition and energy, soil
bacteria are classified as autotrophic, which obtain
energy from (a) sunlight (photoautotrophs), or (b) the
oxidation of minerals such as ammonium, sulphur and
iron, and most of the carbon from carbon dioxide
(chemoautotrophs). Bacteria which oxidize ammonium
to nitrite (Nitrosomonas spp.) and nitrite to nitrates
(Nitrobacter spp.) are autotrophic.

Auxins

Auxins are a group of growth-promoting substances,
responsible for such plant related processes as promotion
of longitudinal growth by cell elongation, stimulation of
cell division in cambium and roots, maintenance of
apical dominance and initiation of root formation in
cuttings, as well as in the control of enzyme activity.

Naturally occurring auxins, such as indoleacetic acid
(IAA) and 4-indole-3-butyric acid (IBA), are
synthesized in the plant shoot tips. Auxins, important as
growth regulators, include (a) indole-3 acetic acid, (b) 4-
indole-3 butyric acid, (c) 2-(1-Naphthyl) acetamide and
(d) 2-(1-Naphthyloxy) acetic acid.

Synthetic auxins, known by various trade names
such as 2,4-D and 2,4,5-T are used as weed killers. Some
synthetic auxins are used for inhibiting the sprouting of
potato tubers, thereby increasing their storage life.
Auxins are also used in the prevention of fruit drop in
orchards, synchronous flowering in pineapple and
parthenocarpic fruit production.

Auxins have not gained much practical importance as
growth stimulators owing to their narrow therapeutic
range. Moreover, a small overdose can lead to a
herbicidal effect. Therefore, auxin type substances are
much more important as herbicides than as growth
regulators.

Antiauxins are substances that compete with auxins
for specific receptors. They inhibit the transport of
auxins in the plant and thus strongly affect plant growth

Fig.A.42: Types of autoclave. 1. Vertical type, 2. horizontal type.
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and morphology. N-m-tolylphthalamic acid, (N-m-t)
improves the yield of tomatoes, cherries, eggplants and
lima beans by increasing fructification.

There are four bioassays commonly employed for
auxins. These are (a) avena curvature test, (b) avena
straight growth test, (c) pea split stem curvature test, and
(e) cress root inhibition test.

Auxotrophic micro-organisms: See Auxotrophs

Auxotrophs

Auxotrophs or auxotrophic micro-organisms are
micro-organisms which cannot synthesize essential
growth factors and need to acquire these from external
sources. The external sources include organic
compounds, vitamins, etc. Bacillus anthracis is a
thiamine auxotroph, as it does not synthesize the
thiamine required for its growth.

Available biogenic element

Available biogenic element is another term for available
element.

element, is one that can be absorbed directly by the plant.
Such a substance has to be in a mineral and ionized form.
Its availability depends on its solubility in soil water and
in solutions in contact with the roots.

The availability (not to be confused with
‘exchangeable’) of a biogenic element is difficult to
determine. Because the availability depends on the
combination of three complex factors, namely (a) the
plant itself, (b) the force of retention of the element by
soil colloids and (c) the content of the element in the soil.

Soil pH can strongly influence the availability of
essential and non-essential elements for plant growth, as
shown in Fig.A.43.

Available form

A form in which an element can be absorbed by the plant
is called the available form.

That water in the soil, which the plant roots can
absorb to sustain life, is called plant available water. It
is the moisture held with water potential between minus
13 to minus15 bars.

In fertilizer terminology, for example, terms like
water-soluble, citrate-soluble, citrate-insoluble,

Available element available form and total phosphorus (P,O;) are used to
Available element, also called available biogenic delineate different forms of phosphorus available in a
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Fig.A.43: A bar diagram showing the effect of soil pH on the availability of plant nutrient elements.
Nutrient availability increases or decreases as per the thickness of the bar. The thicker the bar, the
more the availability, and vice versa. Similarly, the number code - 1 indicates very little availability,
2, marginal availability, and 3, sufficient availability. Even though the bar is thick, the number code
4 signifies very little availability because of the absence of complimentary elements and soil
interactions. Courtesy: Institute of Micronutrient Technology, Pune, India.
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phosphate fertilizer. The sum of the water-soluble
phosphorus and the citrate-soluble phosphorus represents
the amount of available phosphorus (as P,0s).

Generally, plant roots and foliage absorb plant
nutrients as water solutions of a variety of chemical
compounds with varying degrees of water solubility.
Thus, water solubility provides a simple conclusive
measure of the 'available' nutrients to plants.

Available nutrients

Available nutrients are soil substances that can be readily
absorbed and assimilated by growing plants. Available
nitrogen is defined as water-soluble nitrogen plus a part
of it that can be made soluble or converted into free
ammonia. Available phosphorus is that part of
phosphorus which is soluble in water or in a weak dilute
acid, such as 2% citric acid. Available potash is defined
as that portion of potash which is soluble in water or in a
solution of ammonium oxalate.

Available phosphorus form

A sum of the fraction of water-soluble and citrate-soluble
phosphorus available to plants is called available
phosphorus.

The content of fertilizers is expressed as 'water-
soluble', 'citrate-soluble', 'citrate-insoluble’', total
available phosphorus (as P,Os), etc., because the
phosphorus solubility of fertilizers varies.

Available phosphorus in fertilizers represents an
estimate of the fraction of the sum of water-soluble and
citrate-soluble phosphorus available to plants.

The technique of citrate extraction is useful in
determining all phosphates, such as calcium hydrogen
phosphate (CaHPO,), which are insoluble in water but
soluble in citrate solutions. The most common methods
in Europe use ammonijum citrate solutions (1N) where
extraction is performed in a strong alkaline medium or
neutral citrate solution. Very often, the extraction is
carried out for 30 minutes at room temperature, and is
followed by a treatment at 40°C. For neutral citrate
extraction, 65°C is the prescribed temperature. The
phosphorus content in the filtrate is termed as citrate-
soluble.

Most countries in the world use neutral ammonium
citrate solution for extracting the citrate soluble
phosphorus.

Available potassium in soil: See Exchangeable
potassium

Available water

Available water is the soil water that plant roots can
readily absorb. It is the water held in the soil against a
pressure of about minus 15 bars. Water held in the soil
between field capacity and wilting point is the available
water.

To evaluate the total quantity of water accessible to
plants (called the useful available water, UAW), it is

necessary to include the rooting depth (P) as well as the
bulk density (D) of the soil. Thus,

UAW = (PD) (c-w)

where ¢ is the field capacity water percentage and w is the
wilting point water percentage.

Available water capacity

Available water capacity is the quantity of water that a
soil is capable of holding between the field capacity and
the permanent wilting point. It is expressed on a volume
basis in units of mm of water per 100 mm depth of soil.

The concept of field capacity, while useful for
setting up an upper limit to the amount of available water
in the soil, is not precise for two reasons: (i) The soil may
remain saturated above the field capacity owing to
frequent rains for several days. (ii) Soil with a high
proportion of micropores continues to drain slowly for
several days after the rains. (See also Field capacity.)

A value

The A value for a plant is the quantity of a nutrient
available to it in the soil medium. It is determined in
terms of a standard fertilizer used, and is expressed as:

B(-y)

y

where B is the quantity of nutrient in the applied fertilizer
and y is the proportion of nutrient in the plant derived
from the fertilizer.

The A value is determined by a tracer technique;
Fried and Dean method for estimating nitrogen in the
soil uses a labelled fertilizer. This method involves
adding known quantities of N labelled nitrogen to the
soil, growing plants and determining the relative amounts
of soil and labelled nitrogen taken up by the plants. A key
assumption is that plants take up the soil nitrogen and the
labelled nitrogen in proportion to their effective
concentration in the soil.

The isotope dilution technique is used to estimate the
availability of soil nitrogen and other plant nutrients in
absolute units. This method assumes that (a) the labelled
fertilizer is mixed uniformly with the exact volume of the
soil foraged by the plant roots, (b) the added nitrogen is
not lost selectively from the soil after application, and (c)
transformations, such as immobilization and
mineralization, occur only insignificantly during the
period of study. However, some of these assumptions
need further scrutiny.

The A value is used for the assessment of the available
soil nutrients like N, P or S. The nitrogen isotope N
occurs in atmospheric nitrogen at a constant abundance of
0.3663 atom percent. The proportions of leguminous
plant nitrogen derived from atmospheric nitrogen and
soil nitrogen can be determined if the isotopic abundance
of atmospheric nitrogen and the soil nitrogen are
significantly different. This can be achieved by
incorporating small amounts of nitrogen fertilizer
enriched in °N into the soil.
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The symbiotically fixed nitrogen by a legume in the
field is estimated by a simultaneous determination of the
A value of a non-legume along with the legume crop. The
A value of a non-legume crop represents the soil nitrogen
as the principal source, while the A value of the
nodulating legume crop represents the symbiotically
fixed nitrogen, in addition to the soil available nitrogen.
The difference in the A values provides an estimate of the
symbiotically fixed nitrogen by a legume.

Average soil

Average soil is represented by the NF (numerical
estimation of fertility) value of 50. (See also Fertility,
numerical estimation of )

Avogadro's constant: See Avogadro’s number

Avogadro's number

Avogadro's number (N,) = 6.0221367 x10? represents
the number of carbon-12 atoms in 12.00 g of carbon-12.
Generally, it is the number of molecules contained in one
mole or gram molecular weight of a substance.

Presently, Avogadro's number is known as
Avogadro's constant. There are several methods for
determining Avogadro's number, some of which use
(a) Brownian movement, (b) radioactivity measurement,
(c) Faraday's laws of electrolysis and (d) x-ray
diffraction.

AVO meter

AVO meter is another name for a multimeter. It is used
to measure the resistance or conductivity of soil.

AZF-Grand Paroisse dual pipe-reactor process
for ammonium phosphate nitrate production

There are several processes to produce fertilizers
containing ammonium phosphate and ammonium
nitrate. Most of these are also used to produce the NPK
grades.

The AZF-Grand Paroisse dual pipe-reactor process
is one of the processes in which ammonium nitrate
solution is sprayed directly on fertilizer granules in the
granulator to produce ammonium phosphate nitrate
(APN) fertilizer. APN solutions are also made by
neutralizing phosphoric acid with ammonia and
amomonium nitrate.

AZF-Grand Paroisse prilling process for
ammonium nitrate production: See Ammonium
nitrate, production processes for

Azofication

Azofication is nitrogen fixation without symbiosis. The
soil bacteria of the Azofobacter group use organic matter
as the energy source and fix nitrogen for their own use,
which returns ultimately to the soil after the bacteria die.

Azolla

The word Azolla originates from two Greek words, Azo
(todry) and Ollyo (to kill), indicating that the fern is killed
by drought.

Azolla is a greenish colored fern floating on fresh
water and is used as a biofertilizer. The reddish color of
the fern is due to the accumulation of anthocyanin
pigment.

Azollabelongs to the family Azollacae. It flourishes in
tropical and temperate fresh water ecosystems. Azolla is
closely related to the family Hymenophyllaceae, and
specifically to the order Salyniales.

There are seven species of Azolla: Azolla caroliniana,
A. nilotica, A. filiculoides, A. mexicana, A. microphylla,
A. Pinnataand A. rubra.

Azolla pinnata is the most common species, found in
tropical climates. It grows in ditches and stagnant water,
and multiplies vegetatively (Fig.A.44). The vegetative
multiplication is caused by binary fission. In suitable
conditions, Azolla doubles in 1 to 3 days, though in fields
it takes longer. It fixes atmospheric nitrogen in symbiotic
association with Anabaena azollae, a blue green alga,
which lives in the dorsal cavity of the leaf.

Leaves of Azolla are triangular or polygonal in shape
and have a dorsal and a ventral lobe. The symbiotic algae,
Anabaena azollae, live in the cavities of the dorsal lobe.
The algae are barrel shaped and have no sheath. The
Azolla fern and the symbiotic Anabaena azollae (algae)
both photosynthetically make an important biofertilizer.
Azolla gets carbon photosynthetically and symbiotic
Anabaena azollae fix atmospheric nitrogen.

Fig.A.44: Azolla grown in pots. It is also grown in ponds
for large scale production.

Azolla is recommended for rice fields with stagnant
water. It can increase the rice yield by 15 to 20%. The
importance of this biofertilizer is its value as an organic
input in rice cultivation, which was first demonstrated in
Vietnam in 1957.

In China, the nitrogen requirement of rice is met by
Azolla to the extent of 50%. This is generally applied
along with phosphorus at the rate of 150 to 225 kg of
superphosphate per hectare (24 to 36 kg P,Osor 11t0 16
kg phosphorus/hectare). Indian studies have indicated
that the addition of 5 t/ha of Azolla can provide an
equivalent to 30 kg nitrogen/hectare to the paddy crop .

In countries like India, there are two recommended
methods for applying Azolla. Application as green
manure prior to rice planting is the first method; the
second method involves a dual cropping with rice, where
the Azolla grows simultaneously with the main crop.
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Before transplanting rice seedlings, the field is
prepared for Azolla inoculation by dividing it into
subplots of about 300 to 400 sq.m. in each area. These
plots are flooded with water and inoculated with fresh
Azolla. After 2 to 3 weeks, the water is drained out and
Azolla is incorporated into the soil. In a week's time the
rice seedlings are transplanted to the plots. Ideally, an
optimum level of temperature and moisture has to be
maintained with adequate supply of nutrients, especially
of phosphorus.

Azolla cannot be advantageously used in areas that
have no water, or, where pests and adverse temperatures
prevail, It perishes quickly if removed from water and is
thus not amenable to long distance transportation.

Azolla finds use as green manure, as fodder for
livestock, as a weed suppressant and as composting
material.

Azolla-Anabaena symbiosis

The Azolla-Anabaena symbiosis is one in which the fern
Azolla provides a habitat and carbon source to the blue-
green alga, the Anabaena azollae. In turn, the Anabaena
lives and grows in the cavity of the Azolla fern, fixing
atmospheric nitrogen (Fig.A.45). While the fern can
grow without algae, it is now established that Anabaena
azollae can also be isolated and grown in free living state.

The algae provide nutrients, whereas the fern
provides a protective cavity in each of its leaves for algal

AT

Fig.A.45: Azolla-Anabaena symbiosis. (Top) Anabaena
azollae in the cavity of Azolla leaf. (Bottom) Microscopic
view of Anabaena azollae. (Courtesy: Dr.P.L. Patil, Pune,
India).

colonies. Anabaena azollae creates colonies that fix
atmospheric nitrogen and produce possibly other
substances, promoting growth inside the Azolla leaf
cavities.

Ammonia produced by Anabaena is used or stored by
the algae, or it is supplied to the Azolla partner. This puts
Azolla in a more advantageous position than other aquatic
plants in low nitrogen supply conditions.

Azolla pinnata

Azolla pinnata is one of the seven species of Azolla, a
fresh-water fern (Fig.A.46). It fixes atmospheric
nitrogen in symbiotic association with Anabaena azollae,
a blue-green alga, which lives in the dorsal cavity of the
fern leaf.

Fig.A.46: A close-up of Azolla pinnata.
Azospirillum

Azospirillum is an associative micro-aerophilic nitrogen
fixing bacterium, commonly found in association with
the roots of cereals, grasses and monocotyledonous
plants. It is suitable for use in tropical conditions because
of its high nitrogen fixing capacity, low energy
requirement and tolerance to high temperatures (30 to
40°C).

The known species of Azospirillum are: A.lipoferum,
A. brasilense, A. amazonense, A. halopraeferns, A.
irakense and A. melinis. Different culture media are
developed for Azospirillum. Its cell is 1 mm in diameter.
Its looks like a curved rod and may vary in size. The
bacteria are chemoheterotrophic and associative.

The bacteria are aerobic organisms which derive food
and energy from carbon sources like mono, di, and
polysaccharides (L-arabinose, D-glucose, D-fructose,
sucrose and pectin). The nitrogen source is through the
fixation of nitrogen, amino acids, ammonium, nitrate
ions, etc. A nitrogen-free medium is desirable for the
growth of Azospirillum. In an ammonia-containing
medium, Azospirillum doubles in an hour, but in a
malate-containing medium, it doubles in 5.5 to 7 hours.
Azospirillum sp. increases mineral and water uptake of
the plants it associates with and also helps root
development and vegetative cover.
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Azospirillum, a biofertilizer, is recommended for
rice, millets, maize, wheat, sugar cane, sorghum,
sunflower, mustard, vegetables, etc. (Fig.A.47). Its
inoculation has shown positive interaction; nitrogen thus
supplied in several field crops has shown an average
response equivalent to 15 to 20 kg/ha of applied nitrogen.

Fig.A.47: Azospirillum inoculant. These nitrogen fixing
bacteria are commercially available for all non-legume
crops.

In a study carried out at Delhi and Dehradun in India,
inoculation with Azospirillum showed a significant
increase of irrigated barley yield with very little or no
fertilizer nitrogen application. A dual inoculation of
Azospirillum and Azotobacter could save approximately
one-third the quantity of nitrogen fertilizer used.

Azospirillum also produces growth producing
hormone-like substances, and is now classified as a PGPR
(plant growth promoting rhizobacteria). It is beneficial as
an inoculant even in the presence of fertilizer nitrogen.

In order to utilize associative diazotroph under
adverse conditions, mutants have been obtained that are
tolerant to manganese and aluminum, and that perform
better in acidic soils. Several carriers have been tested for
the survival of Azospirillum. Among these, powdered
and sterilized farmyard manure (FYM) was seen to
support the survival of Azospirillum organism for up to
31 weeks. Other combinations tried were FYM + soil
and FYM + charcoal. Azospirillum biofertilizer has been
widely adopted as an inoculant for rice in Tamilnadu,
India, where it is supplied in lignite carriers and applied
both by dipping the seedlings in inoculant slurry as well
as by soil application.

Azote

Azote is a French word, meaning nitrogen. A bacterium
is named Azotobacter for its atmospheric nitrogen fixing
characteristics.

Azotobacter

Azotobacter is a bacterium capable of fixing atmospheric
nitrogen. It is one of the dominant non-symbiotic
nitrogen-fixing bacteria, encountered in neutral to
alkaline soil conditions. These species are free-living
obligate aerobes, heterotrophic and Gram negative to
Gram variable. They exist as blunt rods and come in
varied sizes (2.0 to 7.0 x 1.0 to 2.5 mm). They produce
soluble, insoluble or fluorescent colors.

The oval shaped Azotobacter is present in large
numbers in the rhizosphere. It does not attach itself to
roots. Because Azotobacter synthesizes its nutritional
requirements from organic matter, it is called
heterotrophic. As it derives its energy from oxidation of
organic substances, it is said to be chemoheterotrophic.
Azotobacter uses mono, di, and polysaccharides, as well
as several other organic compounds as carbon sources. It
forms cysts to overcome adverse conditions which are
characterized by the presence of poly b-hydroxy butyric
acid. As the colony (for example, Azotobacter
chroococcum) gets older, it accumulates polysaccharide
or gum, together with a black melanin pigment, which is
another characteristic feature of the Azotobacter species.
These organisms grow when the pH is near neutral, but
pH below 6 hampers the process of nitrogen fixation.

Another important characteristic of Azotobacter is
that it excretes ammonia in the rhizosphere in the
presence of root exudates, which helps nutrient uptake by
the plant. Plant root exudates contain certain amino acids,
sugars, organic acids and vitamins, which serve as energy
sources for Azotobacter.

Species like Azotobacter chroococcum have the
ability to synthesize auxins, vitamins, growth promoting
substances and antifungal antibiotics. Some important
growth promoting substances are indoleacetic acid,
gibberellins and B vitamins.

Free-living, nitrogen-fixing bacteria are classified
into aerobic, anaerobic and facultative anaerobic types,
depending on the growth and survival pattern of the
organisms, either in the presence or absence of oxygen.
The aerobic bacterium fixes nitrogen (which is an
anaerobic process) by protecting the enzyme nitrogenase
from oxygen inactivation. This is primarily by virtue of
its very high respiratory rate, which constantly removes
oxygen from the active sites of fixation. The nitrogenase
enzyme is also bound to membrane and the active sites of
the enzyme are physically protected from oxygen
inactivation.

Azotobacter fixes molecular nitrogen at the rate of 10
mg nitrogen/g of carbon source from the synthetic
medium. Azotobacter fixes nitrogen even up to 1050
microgram nitrogen/ml of the culture medium, which
amounts to 14 to 28 mg nitrogen/g of carbon source. The
efficiency of nitrogen fixation, however, changes
considerably with the source of carbon present, the strain
of bacteria in the soil, the water content and the nature of
rhizosphere of the plant.

The following factors influence the bacterium in the
soil: (i) A lack of organic matter can inhibit its growth.
(ii) The presence of fungi (like Cephalosporium) inhibits
the growth of Azorobacter. (iii) Cellulolytic micro-
organisms degrade plant residues and encourage
proliferation of Azotobacter. (iv) Small amounts of
humus promote the growth and nitrogen fixation
capacity of Azotobacter.

Azotobacter biofertilizer (Fig.A.48) is recommended

for various monocots and cereals, like rice, wheat,
millets, cotton, sunflower, vegetables and flowers.
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Fig.A.48: Azotobacter inoculant is commercially available
in packets for monocot and cereal crops.

The Azotobacter biofertilizer can be applied in three
different ways: (a) coating seeds with the slurry of the
carrier-based culture and a little water, and then drying
the seeds in shade before sowing, (b) dipping the roots of
seedlings in the slurry. In the second method, when
saplings are ready for transplanting, they are uprooted
and their roots are dipped in the slurry for 10 to 30
minutes, after which seedlings are planted immediately,
and (c) mixing the inoculant with farmyard manure and
pouring it near the root zone of plants or broadcasting
near the root zone.
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Bacterial cell wall

Bacillus

Bacillus is a large, gram-positive, rod-shaped, spore-
bearing bacterium which has a tendency to form chains
and capsules. Bacilli are ubiquitous in soil and air, and
are often responsible for food spoilage. Some bacilli have
flagella and are motile. The Bacillus group includes
anthrax causing Bacillus anthracis, N-fixing Rhizobium
bacteria, Bacillus thuringiensis, B. popillae, B.
sphaericus and B. radicicola.

Bacillus radicicola

Bacillus radicicola is the former name of the Rhizobium
bacterium.

Bacillus thuringiensis

Bacillus thuringiensis (Bt) is an important insect
pathogenic bacterium commercially known as
'Thuricide'. It releases toxic polypeptide crystals which
are degradable by the enzyme, protease. The bacterium is
pathogenic to the following insects: Lepidoptera, Diptera
and Coleoptera.

Bacillus thuringiensis has been exploited
commercially and its sprays have been used in the USA
since the 1930s. It is the only commercialized transgene.
The Bt toxin provides resistance against insects by
binding to specific sites in the insect gut. However, insect
resistance to Bt is also known.

Bacteria

Bacteria (singular - bacterium) are simple, prokaryotic,
microscopic organisms that lack chlorophyll. They can
be spherical, rod-shaped, comma-shaped, corkscrew-
shaped, spiral or filamentous. (Figs.B.1 and B.2). Most
of the bacteria range in size from 0.5 t0 5.0 pm, and have
almost an unlimited capacity to multiply, which happens
by simple fission. Bacteria that use atmospheric oxygen
to function are classified as aerobic bacteria and those
that get their energy by reducing simple compounds like
sugars, nitrates and sulphates, are called anaerobic.

Fig.B.1: A bacterial cell with common
structural features: 1. Ribosomes; 2. Pili; 3.
Nucleoid; 4. Cell envelope and 5. Flagella.

Facultative bacteria mostly utilize atmospheric
oxygen but they can also respire anaerobically under
conditions of low oxygen supply, as in waterlogged or
poorly drained soils.

Depending on their source of nutrition and energy,
soil bacteria are classified as follows: (i) Autotrophic
bacteria obtain energy from sunlight (photoautotrophs)
or from oxidation of minerals such as ammonium,
sulphur, iron and carbon primarily from carbon dioxide
(chemoautotrophs). Bacteria that oxidize ammonium
ions to nitrite (Nitrosomonas spp.) and nitrite to nitrate
(Nitrobacter spp.) are examples of autotrophs. (ii)
Heterotrophic bacteria obtain their energy and carbon
directly from the soil organic matter. For example,
nitrogen-fixers such as symbiotic Rhizobium spp., non-
symbiotic Azotobacter spp. and Clostridium spp. are
heterotrophic. Decomposing and ammonifying bacteria
also belong to this group.
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Fig.B.2: Different forms of bacteria

Soil bacteria generally thrive best when they have (a)
adequate oxygen in a gaseous or combined form, (b)
temperatures ranging between 20 and 40°C, (c) soil
moisture above 60% RH, and (d) adequate organic
matter and a large amount of exchangeable calcium ion
(Ca*+), Though a pH of 6 to 8 is suitable for most soil
bacteria, a few species can function at a pH values as low
as3.

Bacteria are largely responsible for the decay and
decomposition of organic matter as well as for recycling
elements such as carbon, oxygen, nitrogen and sulphur.
Some bacteria, including cyanobacteria (blue-green
algae), get their food through photosynthesis. Some
bacteria are saprotrophs while others are disease-
causing parasites.

Bacteria are divided into two subgroups:
Archebacteria comprising methanogens and species
capable of tolerating extremely high temperatures
(thermophilic) or salty environments, and eubacteria
that include the remaining vast majority of bacterial
species.

In general, the presence of bacteria in soil is a sign of
good agricultural soil.

Bacterial cell wall

The bacterial cell wall is made of murein, a molecule that
makes the cell wall strong and rigid. This molecule has
long, parallel polysaccharide chains cross-linked with
short chains of amino acids at regular intervals. A net-
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like sac surrounds the cell wall (Fig.B.3) and prevents
rupture that would have otherwise been caused by water
absorption. The cell wall has minute pores which allow
water, ions and small molecules to pass.
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Fig.B.3: Bacterial cell wall contains murein
that makes it strong and rigid.

Bacterial synergism

Bacterial synergism is the ability of two or more bacteria
to bring about such chemical changes as are not possible
individually. For example, the oxidation of ammonia to
nitrate via nitrite is possible only by a combination of
Nitrosomonas and Nitrobacter.

Bacteriocin

Bacteriocin is the toxin produced by a bacterium with
specific inhibitor action. For example, Cicer rhizobia
have been detected to produce a toxin that plays an
important role in inter-strain competitiveness for
nodulation in legumes. Tyrothricin produced by Bacillus
brevis inhibits Gram-positive bacteria and cocci.

Bacteriophage

Bacteriophage is a virus that parasitizes a bacterium and
causes the rupture of bacterial cells. The bacteriophage
consists of a polyhedral head measuring upto
1000A units across the material containing DNA, which
is enclosed by a wall of protein.

A bacteriophage produces a transmissible dissolution
of specific bacterial cells. Rhizophage is a bacteriophage
that destroys Rhizobium bacteria.

Bacterium
Bacterium is the singular of bacteria.

Bacterization

Bacterization is the process of coating legume seeds with
a culture of nitrogen-fixing bacteria before sowing. Such
a coating becomes necessary when the organisms
essential for good growth are either insufficient in
number or are ineffective in the given soil conditions.
Bacterization stimulates the formation of root nodules
and symbiotic nitrogen fixation.

Badlands

The word badlands originates from the arid, semi-arid or
dry tropical lands in Dakota, USA. These highly eroded
regions are devoid of vegetation and often have narrow
ravines and sharp ridges. Here, the total precipitation and
its distribution is insufficient to support a protective
vegetative cover common in other arid regions with deep
alluvium deposits.

Bagasse

Bagasse is the residue left after crushing, and extracting
the juice from sugar cane. It has a variety of uses as a fuel,
as an animal feed, for making paper, insulating materials,
as a medium for bacterial growth and for the manufacture
of furfural. The term is also applied to similar residues
from other plants like beet, sorghum or sisal. Bagasse is
made up of cellulose and contains a high proportion of
hemicellulose.

Bag muck

Bag muck is another name for artificial fertilizers
supplied in bags.

Bag set of fertilizers

Bag set is the agglomeration or lumping of fertilizers
when stored in bags, samples of which can be dropped
from a height to observe the nature of lumps. (See also
Caking tendency, evaluation of).

Bait

An insecticide or rodenticide placed in such a way as to

attract the pest is called bait. Arsenic compounds and
Bordeaux mixtures are typical insect baits. Most types of
baits are highly toxic.

Balanced fertilization: See Balanced fertilizer

Balanced fertilizer

A balanced fertilizer contains all essential elements in the
right proportion for the growth of a plant or a crop.
(Fig.B.4 and B.5).The application of such additives or

Fig.B.4: A balanced fertilizer being administered through
irrigation water.
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nutrients to ensure proper crop growth is called balanced
fertilization. The plants in turn supply minerals essential
for the growth and well-being of livestock.

Fig.B.5: Grapevines are supplied with balanced fertilizers
through irrigation, using mechanical fertilizer distributors.

Balanced solution

A balanced solution contains salts in the proportions
required for maximum plant uptake under the given soil
and crop conditions. The solution may be prepared in
such a way that any toxicity of a critically required salt is
minimized by adjusting the quantity of the salt in that
solution. Another benefit of a balanced solution is that
one salt does not hamper the uptake of another salt. For
example, too much potassium hampers the uptake of
magnesium. If a toxicity-causing metal is in excess in the
soil, a balanced solution can minimize it. For example,
calcium phosphate in the balanced solution precipitates
excess aluminum and simultaneously provides the
necessary phosphate nutrition.

Thus, a balanced solution attempts to provide
adequate nutrition and overcome deficiency, while
minimizing toxicity through the constituent salts. The
actual constituents of a balanced fertilizer solution,
however, vary with soil conditions and crop needs.

Ballast elements

Ballast elements are nutrients that are beneficial, but not
essential to plants. These include sodium, silicon,
cobalt, lanthanum, cerium, vanadium and aluminum. It
may be noted that more than half the elements in the
Periodic Table are known to occur in plant tissues, but
their specific role in plant growth is still unclear.

Band application of fertilizer

Fertilizers and manures are applied to soils by many
methods. Broadcasting, contact placement, fertigation,
foliar and aerial application, etc. are some of the methods
used. When a fertilizer is applied to the crop, keeping in
view the distance and depth from the seed and the
quantity required at a specific growth stage of the crop, it
is called fertilizer placement.

Band application is a method of “placing” fertilizers.
When fertilizers are applied to the soil in narrow bands or
ribbons on the sides of the plants, as rings around the
plants, or at a certain depth during plowing, it is called

band application (Fig.B.6). Band application is also
called banding or band placement. Banding may be
done prior to, during or after planting. Banding is
effective in poor soils where compaction limits the root
development and where large surfaces limit contact
between the soil and the fertilizer. Banding, which
facilitates better nutrient utilization and vegetative
growth in the early growth stage, is essential for
promoting photosynthesis.

Fig.B.6: Applying fertilizers in bands or rows, manually or
mechanically, is a common practice.

No single method of fertilizer application can be
considered ideal for all crops. Placement of fertilizers is
crucial since it influences, both positively and adversely,
seed germination and plant growth. For instance,
potassium, inorganic nitrogen and ammoniated
phosphates can injure seedlings by salt burn and,
therefore, should not be placed too close to the seed. On
the other hand, phosphatic fertilizers are usually not only
placed close to the seed, but also drilled, sometimes,
together with the seed. Shallow-rooted crops and cereals
respond favorably to banding or contact placement.

While banding, two factors are important: depth
from the seed and the actual placement mode. In a single
band placement, fertilizers may be placed to the side of
the seed level or below. Here the fertilizer can be
dribbled on the opened furrow while plowing, and
subsequently covered. The commonly accepted distance
and depth of the band from the seed are around 5 cm each.
The fertilizer may be administered in a band on one side
of the plant row.

Banding can also be carried out on both sides, in
which case it is called double band. Double banding
requires a cultivator with multiple tines that can be
adjusted for distance and depth, depending on the crop
need. Both single and double bands also apply to standing
crops. Shallow rooted crops also benefit from banding.
Such an application of fertilizers on the side or around
standing crops is called side dressing. Circular band or
ring placement (which is a band made in a circular ring
away from the plant base) is ideal for fruit trees.

Deep banding is a pre-plant application of nutrient
elements 5 to 20 cm below the soil surface. Deep-rooted
crops fare better with deep banding of fertilizers.
Legumes, which are particularly sensitive to the
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placement distance, respond well to deep banding below
the seed row.

In cold weather, early nutrient supplies by band
applications may be inadequate because of (a) slow
mineralization of N, P, S, (b) restricted release of
nutrients and micronutrients from soil minerals and
organic matter, respectively, and (c) reduced diffusion of
phosphorus and potassium or limited absorption of
nutrients by the plant. The effective nutrient utilization
and the early growth enhancement due to band
application and fertilizers can benefit the plants in the
following ways: (i) Fast-growing young plants are more
likely to resist insect and disease attacks. (ii) A fast and
early growth of the crop is important in reducing weed
competition as it can improve herbicide effectiveness or
reduce the number of cultivation practices. (iii) An early
crop is generally important, particularly for vegetables
where a delay of even 3 to 4 days can affect the price,
market and the break-even scenario.

Banding: See Band application of fertilizer

Band placement of fertilizers: See Band application
of fertilizer

Banin-Navrot plot

Banin-Navrot plot is a log-log graph of the biological
enrichment factor (EFs) and the ionic potential (IP).
Ionic potential is the ratio of the cation valence to the
cation radii. IP is useful in understanding behavior of an
element in the soil solution. The Banin-Navrot plot
explains the biological significance of these attributes of
an essential element. For instance, elements with
IP>100 nm! exists as oxyanions, whereas those with
<30 nm! exist as salruted cations.
EFpis given by -

Element concentration in organisms (mg/kg)

EFy =
Element concentration in crystal rock (mg/kg)

Banin-Navrot plots for higher plants are remarkably
similar to those for animals. They bear close similarity to
the Banin-Navrot plots for soil microflora (bacteria and
fungi). The biological enrichment factor increases in the
following order: hydrolyzed cations < < solvated
cations < oxyanions forming ions. The solubility and the
consequent mobility of the ion are the determining factors
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Fig.B.7: Banin-Navrot plots for terrestrial plants and
animals. Source: Banin-Navrot, 1985 @Science, USA. As
adapted by U. Ashwathnarayan’s “Soil Resources and the
Environment”, 1999. Oxford and IBH Publishing Co.
Pvt. Ltd., New Delhi. With permission.

for plant nutrient essentiality. Therefore, an insoluble
element cannot become an essential or nutrient element.

Barium chloride method for determination of soil
CEC: See Cation exchange capacity

Bark

Bark is a cellulosic outer layer or cortex of trees and other
plants. The bark of certain species such as oak and
hemlock gives valuable products and is a source of tannic
acid. Quercitrin and quillaja are bark products of
medicinal importance. Quinine is produced from
cinchona tree. Phenolic-rich bark extracts mixed with
epichlorohydrin are good adhesive compounds. Cork is
an unusual form of bark.

Barrier, moisture

Any substance that is impervious to water or water vapor
is a barrier to moisture. The most effective moisture
barriers are high polymeric materials like vulcanized
rubber, phenolformaldehyde resins, polyvinyl chloride
(PVC) and polyethylene, which are widely used in the
packaging industry. Some of these are also used in
coating fertilizers like urea and ammonjum nitrate to
make them less water absorbent. The influencing factors
for moisture barrier properties in polymeric materials are
polarity, crystallinity and degree of cross-linking. Water
soluble surfactants and protective colloids increase the
susceptibility of a film to water penetration. Pigments
and fillers must be completely wetted by the polymer to
give good moisture resistance.

Basal application of fertilizer

Basal application of a fertilizer means applying the
fertilizer prior to sowing or along with the sowing of a
crop. An example is shown in Fig.B.8. The need of
resorting to basal application varies depending on the
crop and the soil. It is administered either as a single dose
or in multiple doses. The basal dose of a fertilizer ensures
requisite nutrient supply to the plant during the early

Fig.B.8: Basal dose of fertilizer being broadcast prior to
transplanting of rice. Picture reproduced with permission

from “Handbook on Fertilizer Usage”, 1994.
S.Seetharaman, et al (Ed). The Fertilizer Association of
India (FAI), New Delhi.
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stages of growth. During the later period of growth and at
the maturity of the crop, fertilizers are top-dressed as per
recommendations.

Basal dressing is another term for basal application.
Any amendment done at the beginning of the crop
rotation is designed to ensure that the soil has the requisite
soil nutrient elements.

Basal dressing: See Basal application of fertilizer
Basalt dust: See Basalt fertilizer

Basalt fertilizer

Basalt, a dark colored igneous rock formed by the
solidification of lava, is low in silica and rich in minerals.
Basalt dust, if used as fertilizer, can provide a range of
trace minerals to agricultural systems. Basalt's
agronomic value is highlighted from the fact that most of
the rich volcanic soils of the world are derived from
basalt. Basalt dust is very expensive for land application.
In addition, transportation costs add to the total costs.
However, if basalt is available nearby and if it can be
accessed easily, it proves to be very effective when used
with manures.

Base

Base is a large class of chemical compounds with the
following properties: (a) bitter taste, (b) soapy touch in
solution, (c) ability to turn litmus blue, and (d) ability to
react with acids to form salts. Both hydroxides and oxides
of metals are included as bases.

Water soluble hydroxides such as sodium, potassium
and ammonium hydroxides ionize to liberate hydroxyl
ions (OH) in large concentration. The hydroxyl ion
exhibits the properties described above.

Bases are classified as being strong or weak, like in
the case of acids. Examples of two common strong bases
are sodium and potassium hydroxides with pH ranging
from 7.1 to 14. They cause irritation to the skin, eyes and
mucous membranes. Ammonium hydroxide is an
example of a weak base.

In modern terminology, a base is any molecular or
ionic substance that can combine with a proton to form a
new compound. A Lewis base is any substance that
provides a pair of electrons for a covalent bond with a
Lewis acid. Examples of such bases are hydroxyl ions and
most anions, metal oxides, and compounds of oxygen,
nitrogen and sulphur with non-bonded electron pairs.

Base saturation

Base saturation is an important chemical property of acid
soils affecting plant growth and nutrient uptake and is
defined as :

Exchangeable Ca,Mg,Na K
X 100

Base saturation % =
Cation exchange capacity at pH 7 or 8.2

Base saturation helps to achieve maximum yield by

creating an ideal ratio of calcium (Ca), magnesium (Mg)

and potassium (K) in the soil. Viewed in terms of

chemical properties and reactions, base saturation is
synonymous with acidity index or liming index. The
relative dry matter yield with respect to the base saturation
is 25% for rice, 60% for wheat, 67% for bean and 53 %
for cowpea. For corn, the dry matter yield increases with
base saturation from 26 to 80 % in oxisol soils.

Basic phosphate slag

Basic phosphate slag or basic slag, also called Thomas
slag or phosphate slag, is a by-product of steel
manufactured in a Thomas converter. Here, oxidation of
high phosphorus-containing iron ore is done in the
presence of basic calcium oxide (high CaO) liner. A slag
forms in the process.

Usually, slag used for phosphate fertilization has 10
to 20% phosphorus pentoxide (P,Os). This can be
increased by adding phosphate rock to the blast furnace
charge. The basic open-hearth slag may contain up to 10
to 12% P,0;. It is used in agriculture for liming and for
providing surplus phosphorus. The slag is a good phosphate
fertilizer for acid soils because of its liming effect and
micronutrient content. It is usually applied as a finely
ground powder, sometimes granulated with potash.

Basic salt

Basic salt is a compound belonging to both the salt and
base categories because it contains hydroxide or oxide as
well as the usual positive and negative radicals of normal
salts. Bismuth subnitrate (BiONQO,) and basic copper
carbonate [Cux(OH),COs] are examples of basic salts.
Most basic salts, which are insoluble in water, have
variable compositions.

Basic slag

Basic slag is another name for phosphate slag, a by-
product of steel produced from phosphatic iron ores. It
contains 6 to 18 % phosphorus (as P,Os). Indian basic slag
is not used as commercial fertilizer because of its poor

quality.
Basic stain: See Basophillic cell components

Basin application
Basin application means applying a fertilizer in a circular

sloping strip around a tree. Such an application is useful in
plantations of coconut and fruit trees like mango (Fig.B.9).

Basin irrigation method

Basin irrigation is a method of irrigating a field that
slopes in more than one direction. It involves making
ridges of check basins called dikes on the land contour to
retain water. Basin irrigation is not suitable if the soil is
highly permeable, irregularly sloped or affected by
temporary flooding.

Basipetal translocation of fungicides

Basipetal translocation of fungicides occurs when the
fungicide entering plant tissues is transported downward
from the leaves to the roots. When the fungicide is
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Fi ig.B.9: A basin (ring) is made around a tree trunk to facilitate better irrigation and fertilizer application.

transported upward, it is called acropetal translocation
of fungicide. (See also Fungicides.)

Basophilic cell components

Staining is a technique used for observing various
components of a cell or a tissue. The cell or a thin section
of a biological tissue is actually immersed in a dye which
can be either an acidic or a basic stain. The cell
components that are receptive to basic stains are
basophilic components and those receptive to acidic
stains are acidophilic cell components.

Batch

A batch refers to a particular lot, say, of a fertilizer,
produced in a manufacturing plant as per the standard
procedure. The batch that is acceptable must meet the
product specifications in each production run.

Batch drying: See Drying

Batch process for measuring adsorption

Batch process is one of the processes used in measuring
adsorption. In this process, soil particles are uniformly
mixed in a solution and then separated from it by
centrifugal or gravitational force. This is followed by a
chemical analysis.

Baule unit

A Baule unit is defined as the amount of fertilizer
required to achieve at least 50% of the maximum possible
yield. It measures the nutrient supplying power of a soil
to sustain the crop yield and represents the growth factor
of a fertilizer. One Baule of a growth factor is equivalent
to one Baule of any other growth factor in terms of its
growth promoting ability. Suppose 50% of the maximum
yield is obtainable from 1 Baule unit of a nutrient, then a
maximum of 75% yield may be associated with 2 Baule
units, 87.5% of the maximum yield with 3 Baule units,
and so on.

Baumé

Baumé (°Bé) is an arbitrary scale of specific gravities
devised by the French chemist Antoine Baumé. It is used
in the graduation of hydrometers. The relations of
specific gravity (at 60/60° F) are as follows : °Bé = 145
- 145/sp.gr., for liquids heavier than water. °Bé =
140/sp.gr. - 130, for liquids lighter than water.

BCF
BCF is short of bioconcentration factor.

BC horizon

BC horizon is a transitional soil horizon between B and C
horizons. The first letter denotes the principal horizon
that the transitional horizon resembles most closely. (See
also Soil horizons.)

BC soil

BC soil represents a profile having no horizon of
eluviation and the maximum biological activity (i.e., A
horizon).

Bean rhizobia

Bean rhizobia are a fast-growing, acid-forming species of
Rhizobium bacteria that form nodules on the roots of
legumes like pea (Phaseolus). (See also Rhizobia.)

Bedder

Bedder is an implement used to make ridges or narrow
beds.

Bedding-drainage system

Bedding-drainage system or drainage by bed is a surface
drainage system similar to open-W drainage systems.
The major difference between the two is that the bedding
drainage has a higher crown and narrower drains. The
height and the width of the beds depend on the water
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drainage requirements. The more the water to be
disposed, the higher the crown and the narrower the
beds. Usually, bed widths are in multiples of the width of
the tillage and the planting equipment used and are
maintained by plowing a back furrow at the crest of the
ridge and working uphill, leaving the final furrows at the
drains. (See also Drainage.)

Bedrock

Bedrock is the solid rock underlying loose deposits such
as soil or alluvium. It is near the earth surface or at some
depth beneath the superficial deposits (Fig.B.10).

Soil surface

BE horizon

BE horizon is one of several transitional soil horizons. A
BE horizon lies between B and E horizons, and has more
properties of B horizon above it than those of E below it.

Beidellite

Beidellite is a 2:1 type clay mineral with expanding lattice
belonging to the silicon rich smectite group. It has a
cation exchange capacity (CEC) of about 100 meq/100 g
and is found in semi-arid region soils.

Beijerinckia

Beijerinckia is a nitrogen-fixing bacterium isolated by
Derx in 1950 and named in honor of the scientist
Beijerinck. These are aerobic bacteria having the shape
of straight or slightly curved rods. The bacterial cells
contain poly-B-hydroxybutyrate granules at each end.
The bacteria grow well in acid conditions and sometimes
developeven atapH aslow as 3.

The genus Beijerinckia has four species, namely, B.
fluminensis, B. indica, B. mobilis and B. derxii.

Beneficial cultivation

Beneficial cultivation refers to cultivation that improves
land condition and crop yield.

Beneficiation

Beneficiation, also called ore dressing, refers to a set of
steps (or treatments) that improve ore quality by
separating valuable components from the waste material
by sieving and floatation. For instance, the phosphorus
(as P,Os) content in phosphate rock is increased by
beneficiation of rock phosphate.

Beneficiation technique of froth floatation

The beneficiation technique of froth floatation is an
industrial method for separating ores from unwanted
gangue. Here, water and suitable frothing agents are
added to the powdered ore. Air is thenblown through the
mixture to form bubbles. The ore particles are caught in
these bubbles, which float on the surface leaving the
gangue particles at the bottom.

Froth floatation is generally employed with siliceous
ores when the other less expensive methods fail to
produce concentrates suitable for chemical processing.
(See also Floatation of phosphate rock.)

Bengal isinglass

Different red algae are used for making agar and each
alga carries the name of the country or the place where it
is used. The alga (red seaweed) Gracilaria lichenoides
found along the eastern Indian coasts is called Bengal
isinglass. The same alga found in Sri Lanka (earlier,
Ceylon) is called Ceylon agar.

Benor system of training

In an attempt to reach relevant farming information to the
actual farmer, Daniel Benor and his colleagues
developed, in 1977, an extension management system for
the World Bank, called the Training and Visit system, (T
& V system of farming). This system came to be named
after Benor.

The aim of this system was to strengthen the hands of
small landholder farmers. It passed proven agricultural
practices and technical know-how from national and
international research centers through extension officers,
subject specialists, village-level extension officers,
down to the farmer. The T and V system facilitated a
practical link between research centers and farmers'
experience.

The training and visit system was successful in
irrigation projects but not so in dryland farming.
Although it led to increased cash crop production by the
farmers, the system was abandoned a decade later, since
it was found to be inappropriate in resource-strapped
nations, where local conditions and practices made it
difficult to follow a strict regimen of inflexible
procedures and timetables.

However, the T & V system is credited with creating
a methodology for dissemination of farming information.
It paved the way for improved systems, which included
local parameters and variety. The T & V system was
deemed successful in Nigeria, Zimbabwe and many other
agricultural economies.
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Bentonite

Bentonite, also known as montmorillonite, volcanic
clay, soap clay and amargosite, is a soft, plastic, light-
colored, porous rock consisting largely of colloidal
silica. Composed essentially of clay minerals, it swells
extensively when wet. Bentonite belongs chiefly to the
montmorillonite group and has two varieties: (a) sodium
bentonite, with a high swelling capacity in water, and
(b) calcium bentonite, with negligible swelling capacity.

Bentonite is used variously as a suspending aid, a
gelatinous slurry to extinguish fire, a paint thickener, and
as a sealant for earthen pots. Bentonite is also widely used
in metallurgy, soap manufacture, and in petroleum
refining because of its high decolorizing power and
strong adsorbing capacity.

26°Bé product

26 °Bé product is commercial aqueous ammonia supplied
at 26 degrees Baumé which is equivalent to 29.4% by
weight of ammonia dissolved in water. Since the Baumé
reading varies with temperature, it is standardized at
some fixed temperature, like at 15°F. (See also Aqua
ammonia.)

Bernard calcimeter

Bernard calcimeter is the most commonly known
calcimeter for determining the calcium carbonate content
of soil. (See also Calcimeter.)

Berti and Cunningham's bioremediation method

Berti and Cunningham's bioremediation method is a
method used for the removal of lead ions from
contaminated soils. (See also Bioremediation through
green plants.)

Bessemer basic slag: See Blast furnace slag

Bessemer process

The Bessemer process, named after the British engineer
Henry Bessemer, is used to convert phosphorus and iron
ores into slag. In this process, air is blown at 1250°C from
the base of a refractory-lined furnace called Bessemer
converter. The by-product, dephosphorated slag or
basic slag, is regarded as a good phosphate fertilizer for
acid soils. (See also Dephosphorated slag.)

Best management practices

Best management practices (BMPs) in agriculture are
soil conservation practices. They include such practices
as strip-cropping, cover crops, green manure crops, soil
testing, liming, and chemical applications to prevent loss
of nutrients and pesticides.

BMP also provides water quality benefits. Various
consultants and soil conservation agents employ BMP to
help farmers develop conservation plants for their farms.

BET equation

The BET equation is named after its inventors Brunauer,
Emmett and Teller. It is used to determine the specific

surface area of a finely divided substance (like clay) by
measuring the volume of a monomolecular layer of an
inert gas (like nitrogen), physically adsorbed on the
substance at the boiling point of the gas.

The BET equation linearly relates the volume of the
adsorbed gas on the surface of a solid to the volume of a
monomolecular layer of the gas, and is expressed as:

P 1 C-1

= -+ Sl
Y (1-P) Viux G Vax C

where V is the volume adsorbed, P is the relative
pressure, Vy, is the volume of the gas required to form a
monomolecular layer, and C is a constant. The surface
area is obtained from the value of V.

With the value of P/V(1-P) calculated from the
volume adsorbed on the y-axis and the pressure P on the
x-axis, a straight regression line (y = m x + C) is
obtained in which the slope m is equal to (C-1)/VxC,
and the interceptis 1/V, x C.

BGA

BGA is short for blue-green algae. Previously they were
thought to be algae, BGA are actually bacteria, called
cyanobacteria. They fix nitrogen, hence are very useful
for crops.

BH

BH is the symbol for buffer intensity. The acid
neutralizing capacity (ANC) of a substance increases
with higher pH and the rate of change of ANC with pH
(dANC/dpH) is called the buffer intensity. The buffer
intensity of organic-rich, temperate zone acid soils
ranges between 0.1 and 1.5 mol./kg of organic matter,
per pH.

B horizon

B horizon is a major soil horizon and is enriched by
illuviation of fine or amorphous elements - clay, iron,
aluminum oxides and sometimes, humus.

B horizon is also a major mineral horizon in which
the structure of the rock has disappeared or is only very
slightly visible. It has one or more of the following
features: (a) illuvial concentration of clay, iron,
aluminum and free or combined humus, (b) residual
concentration of sesquioxides from the parent material,
and (c) alteration of the material, whereby the clays get
formed or the oxides liberated, or both. There are also
transition horizons between master horizons and they are
designated as AB, BE, BC, etc. The letter B is used for
endopedon horizons, indicating colloid accumulation or
changes due to weathering in a subsurface horizon. (See
also Soil horizons.)

Bidentate ligand

Depending on the number of sites at which one molecule
of aligand coordinates with the central metal atom or ion,
ligands have been classified as monodentate, bidentate,
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polydentate and multidentate ligands. Thus, a bidentate
ligand like ethylenediamine or bipyridyl is coordinated to
the central metallic atom at two sites. Bidentate ligands
may be neutral molecules or anions. (See also Ligand.)

Biennial
A plant is termed biennial when it requires two growing
seasons to complete its life cycle. Such plants flower and

bear fruits in the second year and then die. Carrot and
beetroot are examples of biennial plants (Fig.B.11).

Fig.B.11: Beet root, a biennial crop.

Bioaccumulation

Bioaccumulation refers to the accumulation of organic or
inorganic substances caused by an intake rate faster than
the excretion rate in an organism over a period of time.

Biochemical oxygen demand

Biochemical oxygen demand (BOD) is the amount of
oxygen used by micro-organisms to decompose organic
waste matter in water.

BOD facilitates measurement of organic pollutants
in water and the efficiency of waste treatment plants.
A high BOD indicates the presence of a large number
of micro-organisms which may cause a high degree
of pollution, as in the case of sludge and manure
effluents.

BOD is calculated by storing a sample of water
containing a known amount of oxygen at 20°C, and then
measuring the oxygen content after 5 days. The
difference between the two values gives the BOD.

Chemical oxygen demand (COD) is a measure of the
oxygen-consuming capacity of inorganic and organic
matter present in water. It is expressed as the amount of
oxygen consumed by a chemical oxidant in a specific test.
Water with high BOD or COD contains organic material
(such as algae and plant residues) which is undesirable for
aquatic life. High BOD waters can lead to poor aeration
conditions.

Bioconcentration factor - an environment issue

Bioconcentration is the increased chemical concentration
in an organism (through tissue absorption) with respect to
its rate of metabolism and excretion. The Environmental
Protection Agency defines bioconcentration factor or
BCF as the ratio of chemical concentration in the
organism to that in surrounding water.

BCF assumes importance since a higher uptake of
chemical compounds causes toxins to move up the food
chain. A higher infusion of pesticides, chlorinated
compounds and nitrogen fertilizers threatens many
species of birds, frogs, fish and other aquatic life.
Chemical uptake also takes place in plants which can
absorb such contaminants both through the soil and air.
An unacceptable and uncontrolled uptake of nutrient
chemical in plants can cause its concentrations to go up in
meat, milk and other dairy products. Although many
methods have been devised to calculate and assess
bioconcentrations, (often it is calculated as a function of
logP), relying on generalized BCFs may not be correct.
This is so because a BCF varies greatly with biotic and
physical factors like species, season, pH, temperature,
salinity, etc.

In the context of plant life, the bioconcentration
factor is the ratio of the plant shoot metal concentration to
the soil metal concentration. Most of the accumulator
plants have a BCF ratio of less than one. In the context of
applying the technique of phytoremediation to restore
lands of chemical excesses, it is estimated that it would
take ten years for a crop producing ten tons of biomass
per hectare with a BCF greater than twenty to reduce soil
metals by half. These figures put the potential
environment hazards, via nutrient excesses (NPK and
compounds), BTX compounds, chlorinated solvents, etc.
in the right perspective.

Biocontrol agent

Any biological agent which is used in the control of insect
pests or disease causing plant pathogens is called a
biocontrol agent. Such an agent could be an insect or a
micro-organism such as a fungus or bacterium.

The following are some examples of biocontrol
agents: (i) Bacillus thuringiensis (Bt) is used in the
control of caterpillars of moths infesting crops like
cabbage, tomato, brinjal, cotton, soybean, okra,
sunflower, etc. (ii) Bacillus subtilis controls the stem rot
disease of carnation. (iii) A strain of Bacillus subtilis
(No0.4000), also known as 'Quantum 4000', has been
developed to control groundnut diseases. (iv)
Agrobacterium radiobactor (strain No. 84) is developed
to control the soft-rot disease of vegetables, caused by
Agrobacterium tumefacience.

In fungi, various species of the genera Trichoderma,
Paecilomyces, Verticillium, Nomuraea, Metarhizium,
Beauveria, etc. are identified as biocontrol agents.

Trichoderma parasitizes disease causing fungi, and
controls diseases like wilt and root-rot caused by fungal
pathogens. Species like Trichoderma viride, T.
harzianum, T. hamatum and T. virens are used as
biocontrol agents.
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Paecilomyces lilacinus is used to control root-knot
forming nematodes in all vegetable crops. Verticillium
lecanii attacks aphids, white fly, scale insects, mites,
etc., and is used as a biocontrol agent in fruit crops like
grapes, pomogranate, guava and custard apple.

Helicoverpa nuclear polyhydrosis virus (HNPV) isa
virus that kills the larvae of Helicoverpa by infecting
them. These larvae destroy the crops of sorghum, gram,
pigeon pea, cotton, sunflower, maize, tomato, safflower,
etc., and can be controlled by the use of HNP virus.

Similarly, Trichograma sp. is an example of a
biocontrol agent insect which acts against insect pests like
bollworm, stem borers and fruit borers in crops such as
sugar cane, sorghum, maize, rice, cotton and okra.

Biocontrol of pests - some tested methods

Insect pests have been in existence from time immemorial
and farmers had to control them by the means available at
their disposal. Before chemical fertilizers became
popular, farmers used materials of biological origin for
the purpose.

Indian literature mentions many prescriptions for
insect pests that are applicable even today. The 11°
Century A.D. historic treatise “Vrikshayurveda” by
Surpala and the 16" Century A.D document
“Vishvavallabha” by Chakrapani Mishra have
recommended several herbs, plant parts and materials of
animal origin for controlling insect pests. Out of them
'karanja' (Pongamia pinnata), 'nimba' or neem
(Azadirachta indica), 'shatapushpa’ (Anethum sowa) and
'vasa' (Adhatoda vasica) have insecticidal and
antimicrobial properties. According to these books, the
plants were mixed with cow urine and ash, and used in
several ways for killing or repelling insect pests (for
instance, by applying to the affected tree by fumigating).
'Vishvavallabha' also recommends (a) planting of
'shatapushpa’ (Anethum sowa) and 'kuberakshi'
(Caesapinia crista) densely between tree rows for
controlling insect pests, and (b) planting of 'ajagandha’
(Cleome gynandra) to repel termites.

In the traditional Sri Lankan agriculture scenario,
poisonous plants were once commonly planted for
controlling pests. Also, branches, stems and leaves of a
poisonous creeper, 'Glory lily' (Gloriosa superba), were
spread over the field to kill pests on the rice roots. Paddy
farmers used these pest repellent plant materials in their
fields. A crude paste of neem (Azadirachta indica) and
mahapatta (Leea macrophylla Roxb.Ex) leaves wrapped
in cloth, used to be placed at the entry point of water
canals. These carried the pesticidal property right
through the fields. Farmers in some countries grew trees
along the borders of the fields, or kept branches of trees
in the area, so that birds such as owls could perch and
prey on insects.

Dusting plants with wood ash in the mornings when
leaves are wet with dew was a usual ancient practice for
repelling insects.

Leaves of 'mahapatta’ and neem, soaked in water for
several days (for maturation) and then sprayed over bean

plants was another traditional method for repelling insects.

Many of these above mentioned non-invasive
techniques are still in use in many farming communities
in Asia.

Biodegradability

The susceptibility of a substance or an object to being
decomposed by bacteria or other living organisms is
called biodegradability. Specifically, the rate at which
detergents, pesticides and other compounds may be
chemically broken down by bacteria and/or natural
environmental factors is also known as biodegradability.
This process of converting organic substance into simpler
compounds like water and carbon dioxide is called
biodegradation. Branched alkylbenzene sulphonates are
much more resistant to such decomposition than are
linear alkylbenzene sulphonates in which the long
straight alkyl chain is attacked by bacteria. If the
branching is at the end of the chain, the molecules are
about as biodegradable as normal alkyls. Among the
pesticides, the highly toxic organophosphorus types, are
more biodegradable than DDT and its derivatives.
Additives which can accelerate the biodegradation of
polyethylene, polystyrene and other plastics are
available. Soluble sugars formed from cellulose or
organic acids formed during cellulose fermentation are
examples of biodegradation. In the final stage of
biodegradation, carbon dioxide (CO,), and ammonium
(NHY) and nitrate (NO;) ions are formed from
carbohydrates and proteins, respectively.

Biodegradable polymer coating

Biodegradable polymers like polyurethanes are being
developed by incorporating carbon monoxide in polymer
chains like polythene, polypropylene and their
copolymers, to promote photochemical degradation.
Common polymers used as fertilizer coatings decompose
very slowly (if at all), while retaining their ability to
release nutrients at a controlled rate. This causes soil
polymer residue pollution. Coating fertilizers with such
biodegradable polymers overcomes this pollution
problem. (See also Polythene coated urea.)

Biodegradation : See Biodegradability

Biodiversity

Biodiversity or biological diversity refers to the sum total
of biota or living organisms including plants, animals,
macro- and microfauna with all their individual variations
and interactions on earth or in a particular area.

Agricultural biodiversity, sometimes called
agrobiodiversity, is a sub-set of general biodiversity and
is a fundamental feature of farming systems around the
world. Agrobiodiversity includes genetic resources,
cultivated and wild plants, livestock or domesticated and
wild animals, fish and other aquatic animals, soil
organisms, naturally occurring insects, bacteria, fungi,
agroecosystems like forest, rangeland, aquatic
ecosystems, and wild resources of natural habitats and
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landscapes useful to agriculture. Agrobiodiversity thus
includes not only a wide variety of species but also the
various ways in which a farmer can exploit biodiversity
for production and management purposes.

Agrobiodiversity provides sustainable production of
food and other agricultural products. It emphasizes both
strengthening and improving, (sustainability of
production, conservation, sustainable use) and
enhancement of diversity of all genetic resources for food
and agriculture. Agrobiodiversity also supports the
conservation, sustainable use and enhancement of
biological resources, particularly soil biota, pollinators,
predators, etc. which support sustainable production
systems. Agrobiodiversity also provides social and
ecological services provided by the agro-ecosystems.
Soil protection, wildlife protection and air quality are
examples.

Biodynamic agriculture

Biodynamic agriculture, biodynamic farming or
biodynamics is an organic farming practice that does not
rely on artificial fertilizers. Some natural mineral
fertilizers may be necessary during the early phase.

The concept of biodynamic farming was established
in 1924 by Dr. Rudalf Steiner, an Australian scientist and
philosopher. Biodynamics encompasses certain herbal
preparations which have some useful properties and life
energy stored in them.

Biodynamic farming, if used properly, can enhance
soil structure, nutrient cycles and plant growth. It works
on the understanding of life processes as well as mineral
processes used in conventional agriculture.

Biodynamic preparations are not fertilizers
themselves but they greatly assist the fertilizing process.
These can be used in combination with the existing
agricultural practices such as composting, manuring,
crop rotations and integrated use of livestock.

The preparations include the following: (i) Horn
manure (500) is used to increase microflora, nutrient
availability, humus formation and the water holding
capacity of the soil. (ii) Horn silica (501) enhances the
light and warmth assimilation of a plant resulting into
better fruit and seed development with improved qualities
such as flavor, color, nutritional content, etc. (iii)
Compost: Preparations numbered 502 to 507 are
collectively known as compost preparations and include
502 (Achillea millifolium) 503 (Chamomilia officinalis),
504 (Utrica dioca), 505 (Quereus robur), 506
(Taraxacum officinale) and 507 (Valeriana officinalis).
These preparations are designed to work directly with the
dynamic biological processes and cycles which form the
basis of soil fertility. The biodynamic method considers
weeds and pests as useful indicators of imbalances in soil,
plants and animals in a positive way. Pest and disease
control is managed by making use of specific products for
weed and pest control, made from those very weed and
pests themselves.

The biodynamic method of farming has been

practiced in Australia for decades to promote soil quality
and reduce soil degradation.

Biodynamic farming: See Biodynamic agriculture
Biodynamics: See Biodynamic agriculture

Biofertilizer phosphobacterium

The bacterium Bacillus megatherium var.
phosphobacterium is popularly known as biofertilzer
phosphobacterium. It is used for increasing the
availability of native soil phosphorus. The best result
occurrs on neutral to alkaline soils with a high organic
matter content.

Biofertilizers

Biofertilizers or bioinoculants contain micro-organisms
which are beneficial to agriculture. They supply plants
with nutrients, particularly nitrogen and phosphorus.
Biofertilizers are environment-friendly organisms which
enrich the soil and develop a symbiotic relationship with
plants. This relationship is seen among many bacteria,
fungi, actinomycetes and cyanobacteria.

Biofertilizers are mainly of two types : nitrogen fixers
and phosphate solubilizers. Crops inoculated with
nitrogen fixing bioinoculants get atmospheric nitrogen.
For example, Rhizobium fixes ammonia and has a
symbiotic relationship with legumes in which the
bacterium supplies the required amount of nitrogen (Fig.
B.12). After harvest, these bacteria continue to fix
nitrogen till the roots die. This fixed nitrogen is useful for
subsequent crops.

Biological nitrogen fixers or diazotrophs are micro-
organisms that fix atmospheric nitrogen and are grouped
as (a) free living bacteria (Azotobacter and
Azospirillum), (b) aquatic blue-green algae or
cyanobacteria, and (c) symbiotic bacteria such as
Rhizobium and Frankia. The Azolla and blue-green algae
Anabaena also associate symbiotically.

Afier nitrogen, the second most important plant
nutrient is phosphorus which exists in poor to medium
quantities in Indian soils. A few heterotrophic bacteria
and fungi, also called phosphate solubilizing micro-
organisms, solubilize inorganic phosphorus (Table-
B.1).

These phosphate-solubilizing micro-organisms grow
on insoluble phosphate sources, such as tri-calcium
phosphate, ferric aluminum magnesium phosphate, rock
phosphate and bone meal, by solubilizing them. The
symbiotic relationship of plant roots and fungi, like
arbuscular mycorrhizae or vesicular-arbuscular
mycorrhizae, mobilize phosphate (PO,” ) ions.

The slow release character of biofertilizers is their
major advantage. Plant nutrition, disease resistance, soil
fertility and tolerance to adverse soil or climatic
conditions are some other benefits of biofertilizers. They
also help counter increased soil salinity and chemical run-
off from agricultural fields.
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Fig.B.12: A field trial plot of soybean showing a healthy crop in a biofertilizer-treated plot (behind).
An untreated (control) plot is seen in the front.

Excessive use of chemical fertilizers and pesticides
causes considerable harm, both to the soil and to the
environment. It can reduce fertility and make the soil
impervious. A high concentration of chemical fertilizers
like urea becomes toxic to the site of application, and
results in the fertilizers being depleted faster by irrigation
or soil bacteria.

The high cost of fossil fuels, the widening gap
between the supply and demand of nitrogen fertilizers,
and the prevailing low purchasing power in developing
countries have caused serious concern for rice production

Table-B.1: Micro-organisms involved in phosphate

solubilization.

Bacteria Actinomycetes | Fungi
Achromobactersp. | Streptomyces sp. | Aspergillus sp.
Aerobacter

aerogenes A. awamori
Alcaligenes spp. A. flavus
Bacillus sp. A. fumigatus
B. circulars A. niger
B. fluorescence A. terreus
B. polymixa Candida sp.
B. pulvifaciens Cladosporium sp.
B. subtilis Curvularia lunata
Brevibacterium spp. Fusarium oxysporum
Erwinia spp. Humicola sp.
Escherichia freundi Mortierella sp.
E. intermedia Paecilomyces sp.
Flavobacterium spp. Penicillium digitatum
Nitrosomonas spp. Pythium sp.
Pseudomonas spp. Rhizoctonia sp.
Pseudomonas striata Rhodotorula sp.
Serratia spp. Schwanniomyces
Thiobacillus occidentalis

thiooxidans Sclerotium rolfsii
Xanthomonas spp.

in densely populated rice-growing regions of the
developing world. Biofertilizers can augment nitrogen
supply to rice and boost the crop yield. The use of
biofertilizers, along with chemical fertilizers helps to
maintain soil fertility for higher crop production.
Biofertilizers are slowly becoming popular in many
countries, especially for the supply of nitrogen and
phosphorus. However, they cannot completely replace
chemical fertilizers which supply N, P, K as well as
essential nutrients to plants.

Biogas

Biogas, a gaseous fuel, is produced by the fermentation
of organic matter by methane-forming bacteria
(methanogens). Biogas consists of a mixture of methane,
carbon dioxide and hydrogen.

A mixture of methane and carbon dioxide, or even
methane alone, formed in the deep layers of organic
material in swamp bottoms or landfills, is sometimes
called swamp gas or marsh gas.

Acetoclastic bacteria form methane exclusively
from acetic acid in anaerobic digestion. They grow
slowly and have a doubling time of several days, which
is the rate-limiting step in biogas production. Bacteria
that ferment fatty acids (mainly propionic acid and
butyric acid) to acetic acid are called acetogenic
bacteria.

Animal dung and plant residues are used to produce
biogas in a fermenter. The residual biogas slurry
containing 1.4 to 1.8 % nitrogen, 1.1 to 1.7 % phosphorus
(as P,Os) and 0.8 to 1.3 % potassium (as K,0) is used as
organic manure. Animal manure used for biogas
production does not lose its fertilizer nutrient value.

Biogas is usually made by the decomposition of
domestic, industrial and agricultural sewage wastes.
Methane, its major component, can be harvested and
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used as a pollution-free renewable resource and a derived
source of domestic energy. Biogas, produced in special
biogas digesters, is widely used in China and India
(Fig.B.13).
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Fig.B.13: A schematic diagram of an Indian biogas plant
(digester).

Biogas slurry: See Biogas

Biogenic compost

Biogenic compost is compost made from biologically
degradable kitchen waste or city tankage which is
collected and separated from houses. As this waste forms
30 to 40% by weight of total domestic usable waste, the
pollutant concentrations in biogenic compost is lower
than compost made from total domestic wastes. (See also
Garbage tankage.)

Bioinoculants

Bioinoculants is another term used for biofertilizers.

Biological accelerators

An activator or accelerator is a substance that activates,
accelerates or increases the total output of a process.
Microbial cultures added to organic material or residues
to hasten decomposition during composting are called
biological accelerators. Microbial cultures include fungi
like Aspergillus sp., Paecilomyces fusisporus, Trichurus
spiralis, Trichoderma viride and other phosphate
solubilizers.

Biological diversity
Biological diversity is commonly known as

biodiversity.

Biological efficiency

Biological efficiency, also called efficiency ratio, is
another name for physiological efficiency. It is the
amount of dry matter produced per unit of nutrient
absorbed or applied. (See also Physiological efficiency;
Nutrient recovery.)

Biological enrichment factor

Biological enrichment factor is the ratio of concentration
of an element in an organism to that in rock crystal. The
significance of the biological enrichment factor is
understood by the study of the Banin-Navrot plot which
plots biological enrichment and ionic potential in a log-
log graph. The solubility and mobility of the ions are the
determining factors for essentiality of an element as
nutrient. (See also Banin-Navrot plot.)

Biological harvesting of salts

Biological harvesting of salts is a method used for
determining soil salt depletion via bioremediation. The
salt uptake of plants is generally insufficient to maintain
salt balance and to reduce leaching. Forage crops take up
a significant amount of salt; 20 tons of forage crops
remove about one ton of salt annually. Halophytes can
deplete even more salt. (See also Bioremediation through
greenplants.)

Biological interchange

Biological interchange involves biological activity in
which elements interchange between organic and
inorganic substances in the soil. It is triggered by
biological decomposition of organic compounds and
liberation of inorganic materials that are utilized in the
synthesis of microbial constituents by two processes,
namely, mineralization and immobilization, which
occur continuously in normal soils.

Biologically active substance: See Activated sludge

Biological mineralization

Biological mineralization converts elements occurring in
organic compounds to an inorganic form by biological
decomposition. Decomposition is very rapid in warm,
well-aerated, moist soils and very slow in clay soils and
during cool springs. (See also Mineralization.)

Biological nitrogen fixation

When symbiotic and free-living bacteria reduce nitrogen
to plant-available ammonia (NH,), the phenomenon is
called biological nitrogen fixation.

Atmospheric nitrogen is fixed by a number of
micro-organisms called biological nitrogen fixers.
These include fungi, blue-green algae and bacteria.
Symbiotic fixation by Rhizobium spp. in association with
legumes, and the non-symbiotic fixation by Azotobacter
spp. and Beijjerinckia spp. are classic examples of
biological nitrogen fixers. In temperate and tropical waters,
blue-green algae and Azolla fern form a symbiotic
relationship. A similar relationship is seen in cycads.

Nitrogen fixing micro-organisms reduce atmospheric
nitrogen into ammonia with the help of nitrogenase
enzymes. Biological nitrogen fixation is a vital source of
fixed nitrogen for plant life. It is estimated that around 50
million tons of nitrogen gets biologically fixed every year.
(See also Effective nodule for nitrogen fixation.)
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Biological yield

Crop production can be measured by the total mass of, or
the economically useful parts of the plant. The total yield
of the plant material is known as the biological yield. The
ratio of the grain yield to the biological yield is the
harvest index.

Biomass

Biomass is the total mass of all organisms of a species ina
given area. For example, it is possible to measure the
biomass of trees in the world, or biomass of elephants in
parks and zoos. Biomass is also measured in grams of dry
mass/square meter (g/m?).

Renewable and recyclable organic matter formed
through the process of photosynthesis is also called
biomass. It includes all food and feed products, plants,
their residues and by-products, trees and forest products,
fresh and saltwater algae and plants. Considerable energy
is now being derived from all these sources, such as
alcohol, for use as a gasoline additive.

The portion of a cellular mass with microbiological
activity is called active biomass. For instance,
Rhizobium biofertilizer requires 10° bacterial cells/g of
carrier to be completely effective as active biomass of
Rhizobium. Active biomass increases with growth, and
decreases with the starvation of microbes.

By far the most promising component of biomass is
wood. Both by direct combustion and by chemical and
bacterial conversion, wood can be converted to gaseous
and liquid fuels.

Biomeal

Biomeal is organic manure. It comprises Penicillium (a
fungus) mycelium residue (PMR) in bulk quantity
enriched with a biofertilizer and micronutrients to meet
soil requirements.

The main input for biomeal production is organic
material rich in enzymes, hormones, organic acids and
proteins. The soil microbial population is dependent on
the soil organic carbon level. The microbial population
increases rapidly once biomeal is added making proteins
and organic acids available to the plants. The humus
present in biomeal enhances the availability of
phosphorus in the soil. The whole process helps in
achieving a balance in the soil ecosystem.

Thus, biomeal can be considered as a bio-soil
conditioner. It is highly suitable for the cultivation of
crops as it ensures optimum utilization of all essential
nutrients like nitrogen (N), phosphorus (P), potassium
(K), calcium (Ca), magnesium (Mg), sulphur (S), iron
(Fe), manganese (Mn), zinc (Zn), copper (Cu) and
molybdenum (Mo). It contains about 20% organic
carbon, 3 to 3.6% total nitrogen, 1.3 to 1.45% total
phosphorus (as P,0Os), 2.3 to 3% total potassium (as
K;0), 1.8 to 2.3% calcium (as Ca0), 0.7 to 1.1%
magnesium (as MgO), 0.25% sulphur, 3% iron, 90 ppm
manganese, 380 ppm zinc, and 70 ppm copper.

It also contains biodegrading microflora (like species

of Aspergillus, Cladosporium and Streptomyces), plant
protecting microflora (like Trichoderma spp.),
phosphate solubilizing microbes (like species of
Penicillium and Bacillus), and N-fixing microflora (like
Azotobacter and Azospirillum).

Prepared from typical organic waste (like PMR),
biomeal decomposes quickly, within the first few weeks
of its application to soil, depending on the formation of
carbon dioxide. Pre-soaking crop seeds like paddy with a
water extract of PMR helps better germination. This also
brings about favorable changes in the soil microbial
activity, resulting in better availability of nutrients (like
N, P and K), higher nutrient uptake and higher crop
yield. Besides this, the physical, chemical and biological
properties of the soil improve.

Generally, biomeal improves the soil structure, the
crop quality and the yield by at least 20 to 30%.
Increasing the biomeal dose enhances the microbial
population of fungi, actinomycetes and bacteria. It
also enhances the level of organic carbon, carbon
dioxide evolution and nitrogen in the form of ammonia
(NH;) and nitrate (NO;). Application of biomeal
also protects crops from diseases, like damping-off and
root rot.

Biomeal, which tolerates a wide range of soil pH (4.5
to 9), judging by carbon dioxide (CO,) evolution, also
works efficiently in salt-affected soils. The chelated
micronutrients present in biomeal are available to the
crop for a long time in optimum quantity. The
recommended dose of biomeal for different crops is
between2 and 5 Mt/ha.

Biomull

Biomull is a compost made from organic kitchen waste
and is used as an organic fertilizer. (See also Farmyard
manure.)

Biopurification factor

Biopurification factor (BPF) is the inherent capacity of a
biological system to resist the uptake of toxic elements.
BPF of a toxic element E is determined in relation to the
nutrient element calcium as:

E in food x Ca consumed

BPF = — s
E consumed x Ca in food

Since the BPF is functional, the toxic element should
decrease in the food chain while the nutrient element should
increase. A toxic element in grass is not automatically
transferred to the flesh of the grazing animal at the same
level of concentration, but often reduced.

Bioremediation through green plants

Bioremediation or biotreatment is the treatment of
contaminated land with naturally occurring or genetically
modified microbes. They degrade complex organic
compounds (like polychlorobenzenes, pesticides and
insecticides) which are thus made less harmful or even
useful, and which render the soil suitable for cultivation.
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Bioremediation is also used to treat contamination of
heavy metal and radioactive substances. While the micro-
organisms cannot destroy or degrade complex organic
compounds, they can make them less mobile.

Unlike organic compounds, metals cannot be degraded
and therefore, bioremediation through metal-accumulating
plants and crops (called phytoremediation) has emerged
as an inexpensive and environment-friendly alternative to
disposing metals in the sea or storing them in concrete
containers. Although still not commercially viable
(despite considerable research), phytoremediation is
definitely an emerging clean-up technology.

A number of subsets of phytoremediation has been
proposed to utilize the plant potential to remediate the soil
and the water contaminated with a variety of metal
compounds. One such method is the phytoextraction,
which uses higher plants to remove metals from the
polluted soil. At maturity, the metal-enriched, above-
ground portion of the plant is harvested and a fraction of
the metal contamination removed. Metal hyper-
accumulator plants have been known since the
nineteenth century.

Berti and Cunningham's bioremediation method is
used for removing lead ions from contaminated soils.
According to the United States Environment Protection
Act (USEPA), the hazardous waste material treatment
follows the toxicity characteristic leaching procedure
which works on a set of guidelines (lead, for instance,
with a critical value of 5 mg/liter, is acceptable).

Two approaches were attempted to bring down the
soil toxicity of a sample dump from 30 mg lead/liter to 5
mg/liter: (a) use of lead accumulator plants, like common
ragweed (Ambrosia artemisifolia), hemp dogbane
(Apocynum cannabinum), musk or nodding thistle
(Cardus nutans), and Asiatic dayflower (Commelina
communis), which exhibited concentrations of 400 to
1250 mg lead (Pb)/kg of shoots, and (b) the use of soil
amendments like lime, fertilizers, biosolids and
industrial by-products to promote plant growth which
enhanced metal intake, and prevented migration of
metals, reducing soil erosion and downward flow of soil
water.

More efficient soil remediation methods are being
tried by employing breeding or bioengineering
techniques on plants which can absorb, translocate, and
tolerate lead, while producing sufficient biomass.

The success of phytoextraction depends on the extent
of soil contamination, metal availability for root uptake,
and the ability of plants to intercept, absorb, and
accumulate metals in the shoots. It also depends on the
interactions of soils, metals and plants. The metal
adsorptions to soil solids, and/or precipitation as
insoluble compounds adversely affect the potential for
phytoextraction of several major metal contaminants,
including lead. The addition of chelates has been shown
to stimulate the release of metals in soil solution and
enhance the potential for root uptake.

Identification of metal hyper-accumulator plants has
significantly increased the interest in phytoextraction.

Today there is information about hyper-accumulators
capable of accumulating metals in their shoot at levels 100-
fold greater than those in the shoots of non-accumulator
plants. Plants are known to concentrate upto 100 ppm
cadmium, 1000 ppm of cobalt, chromium, copper and lead,
10,000 ppm of zinc and nickel, and 14,500 ppm of arsenic.

The sodium chloride uptake by plants is insufficient to
maintain salt balance and reduce leaching requirement.
Forage crops, however, are able to take up a significant
quantity of salt. An average forage crop yielding 20
tons/hectare with 5% salt content can deplete one ton of
salt per year. Certain halophytes and bushes also deplete
higher amounts of sodium chloride. The biological
harvesting of salt depends on the degree of salt tolerance
of the crop. (See also Phytoremediation.)

Biosequence

Biosequence is a sequence of soils, the properties of
which are functionally related to differences in
organisms, leading to a soil-forming factor. (See also
Soil sequence.)

Bio-soil conditioner: See Biomeal

Biosuper

Biosuper is the biological form of a superphosphate
fertilizer containing nutrient elements and rock
phosphate. When inoculated with S-oxidizing bacteria
(thiobacilli), the bacteria convert sulphur to sulphuric
acid and the acid solubilizes rock phosphate. Biosuper is
commonly used in Australia and New Zealand.

Biota

Biota is plant and animal life, that is, the flora and fauna
of an area or region. The activity of living plants and
animals influences soil formation and its development.
Micro-organisms decomposing organic matter and
burrowing animals mixing up soil are the examples of the
activity of biota.

Biotechnology: See Agricultural biotechnology

Biotic factors

Biotic factors are the living components of soil and refer
to organisms that influence the soil formation process.
All aspects of climate, geology and atmosphere affect
biotic environments. Biotic factors include soil micro-
organisms like bacteria, actinomycetes, fungi and
nematodes. These micro-organisms carry out a range of
harmful as well as beneficial activities in the plant
rhizosphere. The most beneficial common biotic
activities are nitrogen fixation, secretion of growth
substances, increasing the micronutrient activity and
breaking down organic matter.

Biotic factors can also be unsuitable and these prove
to be a hindrance to plant growth and crop yields.
Biochemical interference and allelopathy exhibited by
some plants which involve plant exudates in soil or air
hinder plant growth and suppress crop growth.
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Human interference can disrupt the biotic
environment which, in turn, leads to harmful effects. For
example, heavy chemical fertilization may encourage the
growth of insect and weed population. It also facilitates
greater vegetative growth, which calls for greater
chemical inputs. To reduce the effects of pests, proper
rotation and integrated pest management strategies are
commonly recommended.

Abiotic means inanimate, non-living or having a non-
biological nature such as rainfall, minerals, heat or wind.

Biotite

Biotite is a widely distributed and important rock-
forming mineral of the mica group. The general term
designates all ferro-magnesium micas, also called black
mica or magnesium-iron mica. This black and plate-like
mineral is found in some igneous rocks, such as granite.
It is tetrahedral mica with aluminum substituted for
silicon in the tetrahedral sheet, and ferrous (Fe?*) or
magnesium (Mg2*) ions in the octahedral sheet. Since the
charge is localized in the tetrahedral sheet, anhydrous
potassium ions are retained in the inter layer to give a unit
cell formula:

K (Mg,Fe’**); (Al,Fe**) Si3 Oy, (OH),

Biotite is useful in the potassium-argon method of age
determination. Potassium release occurs more easily
with biotite than with muscovite. Biotite is used as the
source of soil potassium. It is more easily weathered to
chlorite than muscovite and, therefore, is less common in
sediments. Although commercially unimportant under
hydrothermal conditions, biotite transforms to
vermiculite which expands on heating and has
widespread application as light-weight concrete, plaster
aggregate, insulation, plant growing medium and
lubricant.

Biotreatment

Biotreatment, also called bioremediation, is a method of
treating contaminated land using genetically modified
microbes or metal-accumulating plants to make the land
suitable for cultivation. Types of soil bioremediation
methods include land farming, composting, land
spreading and biopiles. Types of water bioremediation
include natural attenuation and engineered wetlands.
(See also Bioremediation through green plants.)

Bioturbation

Bioturbation is the process of reworking or rearranging
soil layers by soil organisms leading to soil mixing.
Bioturbation is usually caused by burrowing, gallerying,
digging or creeping by soil organisms.

Bird repellents

Bird repellents protect human beings, domestic animals,
plants and other products from bird attacks. A repellent
does not mix or blend with another substance because of
its physico-chemical nature and is chiefly based on

consideration of taste, which varies widely with the type
of bird.

BIS

BIS is short for Bureau of Indian Standards which
maintains standards for Indian goods. It was previously
called Indian Standards Institution (ISI). The bureau is
the custodian of all standards in India, similar to DIN in
Germany.

Bisect

Bisect is a profile of plants and soil, showing roots and
shoots in their normal positions and indicating their
vertical and lateral distributions.

Bituminous coal

Bituminous coal is the most abundant rank of coal. It has
14 to 30% water and has high heating value (15 to 16
MIJ/kg). Destructive distillation of bituminous coal yields
coke, coal and ammonia. The ammonia produced in the
process is recovered as ammonium sulphate. Coal grades
vary between lignite and bituminous and are called sub-
bituminous coals.

Biuret

Biuret is a compound formed from urea when the
temperature during the manufacture of urea goes above
140to 170°C.

2NH,CONH; —» NH,CONHCONH;+H,0

A biuret concentration of more than 2% in urea is
harmful to plants as it affects the metabolism of proteins.

Black alkali soil

Black alkali soils are made of a mixture of alkali salts and
organic matter. Alkali salts are mainly sodium carbonate
or sulphate. These soils have black or brown
incrustations on the surface. Their pH is higher than 8.8
and the exchangeable sodium represents at least 15% of
the cation exchange capacity (CEC), affecting the
growth of most plants. (See also Saline alkali soils.)

Black clay soil

Black clay soils, also called cracking clay, belong to the
vertisols order and are found in hot and dry climates.
Tropical black clays of North Africa, regur of India and
tirs of the Mediterranean are all examples of black clay
soil. Black clay soil is alkaline in reaction, soft when wet,
and it develops large cracks on drying. With up to 60%
clay, black clay soils (Fig.B.14) have a low carbon
content, characteristic high moisture retention property
and cation exchange capacity (CEC).

Black earth

Black earth is the general term for dark clays of the
tropics, including chernozem. It is alkaline in reaction,
becomes soft when wet and develops large cracks upon
drying.
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Fig.B. 14: Black clay soil, also called black cotton soil, has
high clay content and is harder to cultivate than light soils.

Black forest rendzinas

Black forest rendzinas are a humus rich class of
rendzinas. (See also Rendzinas.)

Black heart

Black heart refers to calcium deficiency in celery and
peanut plants, the deficiency being caused by inadequate
supply of calcium.

Black land

Black lands are open country acid soil lands. These are
dark in appearance, covered with heather and located on
high grounds. The term black land is also used for the
humus rich fen land seils found in low-lying areas with
slightly acidic to alkaline peat soils. Such low-lying areas
in eastern England have been drained to produce fertile
lands called fens.

Black layer

Black layer is the abscission layer formed in the basal
region of the placental tissue of carpel (for example,
corn) at physiological maturity. Black layer restricts
translocation of carbohydrates to the mature seed. The
appearance of black layer coincides with the cut-off of
radioactive assimilate translocation to developing kernels
in sorghum.

Black mica

Black mica is another term for biotite, a rock forming
mineral of the mica group. This black, plate-like mineral
which designates all ferro-magnesium micas, is found in
some igneous rocks like granite. In this mica, aluminum
is substituted for silicon in the tetrahedral sheet, and
ferrous (Fe?*) or magnesium (Mg?*) ions in the
octahedral sheet.

Black peat

Black peat is another term for upland moor peat. (See
also Peat.)

Black soils

Black soils, black earth or chernozems are soils with
dark colored surface horizons, developed from loose
carbonate materials with high content of fine particles.

Wiesenboden and solometz are also black soils. In
Australia, some authors use the word black soil for self-
mulching black clays.

Black tourmaline

Black tourmaline is a common tourmaline mineral
(borosilicate). It is rich in iron and is found in igneous and
metamorphic rocks. (See also Tourmaline.)

Blast furnace slag

Blast furnace slag, a by-product in the manufacture of pig
iron from ores, contains a significant amount of
phosphorus. This phosphorus is removed by adding lime
or calcium carbonate to the converter. The phosphorus
oxide formed combines with calcium oxide and silica to
form a slag on top of the molten iron. The slag is then
removed, cooled and powdered and is used for liming
acid soils. Depending on the process of steel
manufacture, the slag is called Bessemer basic slag or
open-hearth basic slag. (See also Liming materials.)

Bleicherde

Bleicherde is the light colored A, horizon of podzol soils
caused by leaching. (See also Podzoluvisols.)

Blended fertilizer

Blended or mixed fertilizer is a compound fertilizer
made by dry blending several fertilizer materials of the
same particle size range with no chemical reaction among
them. Blended fertilizers have at least two of the essential
plant nutrients, N, K and P. (See also Bulk blended
fertilizer.)

Block serpentine

Block serpentine or dead-end serpentine is a
modification of a serpentine irrigation scheme.
Serpentine irrigation increases the percolation of water in
clayey soils by maximizing stream flow, minimizing
erosion and water run-off, and increasing the water-soil
contact time by longer furrows. This arrangement keeps
a large soil area in contact with water as flow occurs in
only half of it. (See also Irrigation of clayey soil.)

Blood meal

Blood meal, an organic manure created from blood, is a
rich source of nitrogen. This high-grade nitrogen-
containing organic manure, when added to soil,
undergoes mineralization similar to low grade manures,
but releases a higher proportion of nitrogen. The release
of nitrogen depends on a host of factors, such as soil pH,
moisture, temperature, duration of manure application
and the rate of its mineralization.

The process of converting blood into blood meal has
received considerable attention since 1970. The
conventional method of drying blood is laborious and
time consuming. Hence, chemicals like alum, aluminum
sulphate, lime, etc., are used for reducing the time and
giving a good quality product. Depending on the
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chemicals used, the total time required for preparing
blood meal varies from 7 to 11 days, the percentage
recovery from 13 to 24 %; the manurial value of nitrogen
from 8.1t0 13.9% and the pH value from3.2to 11.7.

Among calcium carriers, superphosphate gives the
highest recovery of blood meal with the least level of
nitrogen and the highest level of phosphate, whereas
calcium hydroxide gives the highest level of nitrogen and
a high degree of recovery. The use of alum results in a
higher recovery of blood meal, whereas aluminum
sulphate gives a slightly higher percentage of nitrogen
and phosphorus (as P,Os) in the blood meal.

The nitrogen released by a nitrogen containing
manure is fully or partly utilized by the first crop and the
unutilized nitrogen serves as a nutrient for the next crop
grown in the same soil. The nitrogen uptake by the first
and the succeeding crop represents the degree of
nitrifiability of the added manure and of the utility to the
succeeding crop in terms of the time factor.

Among all organic manures, blood meal has the
highest nitrogen content (12 to 15%). It is quickly
nitrified when added to soil. While the blood meal
prepared by adding calcium hydroxide shows inferior
performance when applied to previous crops, it helps to
enhance the yield of the succeeding wheat crop. Blood
meal prepared by adding superphosphate has shown the
best performance with the first crop but it lacked in
residual effect.

Blossom end rot of tomato, pimiento peppers
Blossom-end rot is a calcium deficiency disease which
affects pimiento peppers and tomatoes.

Blue-green algae

Blue-green algae, the older name for cyanobacteria, is a
heterogeneous group of photosynthetic nitrogen fixing

A— - -

organisms (Fig.B.15). It contains chlorophyll-a, and is
used as a biofertilizer for wetland rice. The color of the
algae is due to the presence of the photosynthetic pigment
phycocyanin. (See also Cyanobacteria.)

Bluff podzol

Bluff podzol is a poorly drained soil with depressions
which are characterized by the presence of a bleached E
horizon and a fine-textured B horizon. Also called
prairie podzol or swamp podzol, such soils are present
in many parts of the world, like the Canadian prairie.
(See also Podzoluvisols. )

BMP

BMP is short for best management practices used in
crop production.

BOD

BOD, short for biochemical oxygen demand, is the total
amount of oxygen consumed by micro-organisms in the
process of decomposing organic matter in water.

Bog

Bog is a type of wetland characterized by spongy, poorly
drained, peaty soil. Bogs are divided into three classes:
(a) boreal regions found in cool areas dominated by
sphagnum and heather, (b) fens, dominated by grasses,
sedges, reeds, and (c) tropical tree bogs, with the peat
composed almost entirely of tree remains.

Bogs are formed in depressions created by glacial ice
and in small lakes in glaciated regions. Colonization by
sphagnum and subsequent poor drainage contribute to a
process that eventually fills the body of water with
vegetation. At the stage when surface vegetation is still
floating and not coherent, the bog is called a quaking bog
because of its surface instability. Peat bogs are not

Fig.B.15: Dried flakes of blue-green algae in a pond.
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generally found in lowland tropical areas because high
temperatures facilitate the rapid decomposition of
organic matter. Tropical peat bogs may develop, however,
in areas of high rainfall and with very low mineral content
groundwater. The peat from such bogs is composed of
the remains of seed plants as well as sphagnum.

Bogiron

Bog iron or bog iron ore is an impure, porous form of
limonite ferruginous deposit developed in soft, wet and
swampy land (bog) by the oxidation of algae, bacteria,
etc. and by iron-carrying solutions.

Bog iron ore: See Bog iron

Bond albedo

Bond albedo is defined as the fraction of total incident
solar energy that a plant reflects back into space. Bond
albedo and normal albedo or normal reflectance
determine the energy balance of the plant.

Bone ash

Bone ash is obtained by burning bones. It contains about
30 to 40% phosphorus (as P,Os) and hence, is used as a
fertilizer.

Bone flour meal

Bone flour meal is the soft mixture obtained by boiling a
mixture of bone, calcium phosphate and nitrogenous
organic matter in water. It can also be produced by
steaming under pressure to remove nitrogenous glue. Bone
flour meal contains around 2% nitrogen and 50 to 55%
phosphate. This chalk-like bone powder is available to
plants quickly as fertilizer material. (See also Bone meal.)

Bone meal

Bones, bone meal and other bone products are the earliest
phosphatic materials used as fertilizers. Bone meal is
produced and marketed in many forms: raw, steamed,
untreated, and crushed.

Raw bone meal is prepared by grinding raw bones. It
contains 20 to 28% phosphorus pentoxide (7 to 12% P)
and 4 to 6% nitrogen. The powder is effective as manure
only if the particles are smaller than 2.5 mm.

Raw bones have fatty substances stuck to them, which
slow down the decomposition of the bone meal. When
bones are treated with steam to remove the fat before
grinding, the resultant bone meal is called steamed bone
meal or bone flour meal which contains only 2%
nitrogen as against 4 to 6% in untreated bones. Steaming
makes the bones friable and amenable to fine grinding for
soil applications and increases the citrate-soluble
phosphorus content.

Bone meal contains 20 to 28% water-insoluble
phosphorus (as P,0Os), and about 50% citrate-soluble
phosphorus (as P,Os). Similar to superphosphate, bone
meal is effective in acidic soils for wheat and rice.
Burning bones gives bone ash which contains 30 to 40%
readily available phosphorus.

Bone phosphate of lime (BPL) in a phosphate ore is
the content of tri-calcium phosphate, Ca;(PO,),. In
commercial trading, the phosphorus content of phosphate
rock is calculated as the weight percentage of tri-calcium
phosphate and is expressed as bone phosphate of lime or
the total phosphate of lime (TPL).

For phosphate rock to be acceptable commercially as
a substance with sufficiently high percentage of
phosphorus, it must contain 30 to 40% phosphorus (as
P;0;) and 66 to 87 % BPL.

When ground bones are treated with sulphuric acid,
bone superphosphate is formed. It contains 1 to 2%
nitrogen and 16 % phosphorus (as P,Os). Bone tankage is
a concentrated organic manure with animal carcasses,
containing 7 to 20% phosphorus (as P,Os) and 3 to 10%
nitrogen.

Bone phosphate of lime

Bone phosphate of lime is a measure of the phosphate
content, expressed as tricalcium phosphate Ca;(POy), in
phosphate materials. (See also Bone meal.)

Bone superphosphate

Bone superphosphate is the resultant material of bone
solubilized by treatment with sulphuric acid. It has the
same agronomic value as superphosphate. It is also
known as dissolved bone. In Europe, it is called
vitriolated bone. It contains 1 to 2% nitrogen and 16%
phosphorus (as P,0Os).

Bone tankage

Bone tankage is a concentrated organic manure with
animal carcasses, containing 3 to 10% nitrogen and 7 to
20% phosphorus (as P,Os).

Boot leaf: See Flag leaf

Boralfs

Boralfs is a suborder of alfisols formed in cold regions.
The latter is either a frigid or cryic but not a perigilic soil
temperature regime. The regions are not saturated with
water long enough for the cultivation of most plants. The
great groups belonging to boralfs are cryoboralfs,
eutroboralfs, fragiboralfs, glassoboralfs, natriboralfs
and paleboralfs.

Borate

Borate is a salt of boric acid (H;BO,). There are two
known types of borates - orthoborate and metaborate
which are used as fertilizers. Besides these, polyborates,
boric acid, calcium polyborate (colemanite), sodium
tetraborate, solubor and complex borosilicate (boron
frits) are also used as fertilizers to reduce boron
deficiency. Borate minerals like kernite and tincal are the
main sources of borax.

Borax, a source of boron, is the salt of boric acid,
sodium hydroxide and sodium carbonate. Borax,
otherwise called disodium tetraborate decahydrate
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(Na,B,0,-10H,0) is a water-soluble white compound. It
occurs as a mineral in some alkaline salt deposits. The
main sources of borax are borate minerals, kernite
(N32B407‘4H20), rasorite and tincal (N32B4O7'10H20)
which are purified by recrystallization. On treatment
with an acid, borax gives boric acid which is absorbed as
boron by plants. Borax contains 10.5 to 11.4% boron or
36.5% boric oxide (B;05).

Borax is a supplier of micronutrient boron for plants
and is applied as such or as a foliar spray. Solubor is
preferred to borax for its greater solubility and because it
causes minimum changes in the crystallization
temperature.

Borax is a very important substance in other
industries too. It is used as a metallurgical flux in glass
and ceramic industries, a buffer, a mild alkaline
antiseptic and a source of boron compounds.

Borax: See Borate

Bordeaux mixture

Bordeaux mixture is a copper fungicide invented by
Millardet of France in 1882. It is a mixture of copper
sulphate and lime (either quick lime or hydrated lime),
and is available commercially.

Bordeaux mixture is used for the control of numerous
plant diseases such as downy and powdery mildews of
grapes, scab or fire blight of apple, early and late blight of
potato and various leaf spot diseases.

Besides its fungicidal nature, Bordeaux mixture is
also used to control bacterial diseases like citrus canker,
caused by Xanthomonas citri. Bordeux mixture is most
effective when used fresh. When stored, it loses its
fungicidal property. However, the stability of the
mixture can be increased by adding sugar or jaggery at a
rate of 0.1 g/liter of water.

A range of formulations has been tried for the
preparation of Bordeaux mixture. Of these, the one used
often is 4-4-50, representing the respective percentage of
copper sulphate, lime and water. For preparing this
mixture, solutions of copper sulphate and lime are
prepared separately with sufficient quantities of water.
They are then simultaneously added to a third container
and the mixture is agitated vigorously. The containers
should preferably be wooden or earthen or of materials
that do not react with copper sulphate.

The advantages of using Bordeaux mixture are that it
(a) is cost effective, (b) has natural adhesiveness or
tenacity, (c) controls a wide variety of diseases, and (d) is
safe to handle. The disadvantages include its (a)
phytotoxicity on crops, especially on fruits like apple and
peach, (b) corrosive action on metallic containers or
equipment, and (c) tendency to delay ripening of the
fruit.

Border irrigation method: See Border strip method
of irrigation

Border strip method of irrigation

Border strip method of irrigation or border irrigation
method divides land into border strips and delivers water
to each strip from a head at the upper end. There are
significant levels of percolation and run-off losses.
Border irrigation works well when the soil is inclined in
the direction of the water flow. (See also Irrigation
methods.)

Boric acid

Boric acid (H;BOs) is one of the boron-containing
nutrients added to fertilizers. It contains around 17%
boron. A solution of boric acid and water is used as a
foliar spray to overcome boron deficiency. (See also
Boron.)

Boron

Boron (B) is a non-metal occupying the first period and
Group 13 (formerly, III B) of the Periodic Table
(Fig.B.16). Boron is essential for the growth of new
cells. Its concentration in monocots and dicots varies
between 6 to 18 ppm and 20 to 60 ppm, respectively. In
most crops, the concentration of boron in mature leaf
tissue is over 20 ppm.
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Fig.B.16: Position of boron in the Periodic Table.

Boron is one of the seven micronutrients needed by
plants. It exists in soils as a (a) primary rock and mineral,
(b) mass combined in soil organic matter or adsorbed on
colloidal clay and hydrous oxide surfaces, and (c) borate
ion in solution. It occurs as borosilicate to the extent of 20
to 200 ppm in most semi-precious minerals that contain 3
to4 % boron.

Borosilicate contains varying amounts of iron (Fe),
aluminum (Al), manganese (Mn), calcium (Ca), lithium
(Li) and sodium (Na). As boron is resistant to
weathering, its release from the mineral is slow and,
therefore, it cannot meet the need of prolonged and heavy
cropping.

Though boron is essential for plants, its requirements
and tolerances vary widely from plant to plant. It is
required during (a) active cell division, (b) pollen
germination, flower formation, fruit and root
development, material transportation and cation
absorption, (c) new cell development in meristematic
tissue, (d) synthesis of amino acids and proteins, (e)
nodule formation in legumes, (f) translocation of sugars,
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(g) polymerization of phenolic compounds, and (h)
regulation of carbohydrate metabolism. Although boron
is required for the growth of agricultural crops, it is not
necessary for algae, diatoms, animals, fungi and micro-
organisms.

Fruits, vegetables, and field crops may suffer from
boron deficiency. The first visual symptom is cessation
of terminal bud growth, followed by the death of young
leaves. Boron deficiency restricts flowering and fruit
development, and the symptoms are (a) thickened, wilted
or curled leaves, (b) thickened, cracked or water-soaked
condition of petioles and stems, and (c) discoloration,
cracking or rotting of fruits, tubers or roots. The
breakdown of internal root tissues gives rise to darkened
areas, referred to as black or brown heart.

The total boron content in soil varies from region to
region and soil to soil. In Indian soils, for instance, the
total boron content ranges between 4 and 630 mg/kg soil,
while the available boron varies from traces to 68 mg/kg
soil. Irrigation of arid and semi-arid soils with boron-rich
water causes toxicity in plants, which can be reduced
with the addition of organic matter.

Boron is available in soils as an organic fraction and is
released on decomposition to be partly absorbed by plants
and partly lost during leaching. In soil solution, boron is
present as a non-ionized molecule (H;BO;) which is
absorbed by plant roots and distributed with the
transpiration stream. The soil texture, pH and the
moisture affect the movement of boron in soils. Coarse-
textured sandy soils are low in boron and crops in such
soils require additional boron in the form of borax,
whereas crops in fine-structured sandy soils do not
respond to the added boron. Fine-textured soils retain
added boron for longer periods than coarse-textured
soils. Clays retain boron more effectively than sands.
Plant uptake of boron from clayey soils is larger than that
from sandy soils.

The soil pH influences the availability of boron; the
higher the pH, the lower the boron uptake and the greater
the deficiency. Generally, for the same type of crop, the
application rate of a fertilizer containing water-soluble
boron is lesser for coarse soils than for fine-textured
sandy soils. Apple, alfalfa, asparagus, beet, celery,
sunflower are some of the crops requiring high levels of
boron (more than 0.5 ppm), whereas carrots, cotton,
lettuce, peanuts, peach, sweet potato, tobacco and tomato
need only 0.10 to 0.15 ppm of boron. The requirement of
barley, beans, citrus, corn, forage grasses, soybeans and
strawberry is lower than 0.1 ppm of the available soil
boron.

Interaction of boron with nutrients plays a vital role in
the efficiency of the use of boron. For instance, boron is
particularly effective with phosphorus, potassium and
micronutrients, whereas its efficiency suffers with
sodium, calcium and magnesium. For a good crop, it is
essential to have a correct calcium to boron ratio.

Boron compounds that are used to overcome boron
deficiency are borax, boric acid, borosilicate glass or
frits, calcium borate (Colemanite) and magnesium borate

(Boracite). All boron materials used as fertilizers are
stable chemicals and create no storage problem. The
various methods by which boron is applied to plants are
by drilling, broadcasting and spraying.

The presence of boron in a fertilizer has to be clearly
stated on the bag.

Borax (Na,B,0,-10H,0) is the most popular boron-
containing fertilizer. For most crops, 15 to 20 kg
borax/ha is applied at the time of sowing or transplanting.
As boron is readily leached out from the soil and the
initial uptake of the plant is large, it is applied as a fused
glass to reduce its solubility.

Solubor, a commercial product, is a highly
concentrated and completely soluble source of boron
(20%) like borax. It is preferred to borax and is applied as
spray or dust directly to the foliage of fruit trees,
vegetables and other crops. Colemanite, a naturally
occurring calcium borate (Ca,B¢0,;-5SH;0), is less
soluble and is also superior to borax.

Boron frits or borosilicate glass containing up to 6%
boron provide boron traces to plants. Borosilicate glass,
due to its slow solubility, makes boron available for a
longer time than borax. The finely ground form is more
effective than the coarse variety.

A dilute solution of boric acid and water is sprayed to
be absorbed by the leaves.

Boronated single superphosphate

Boronated single superphosphate is a superphosphate
containing 0.18% borax and is used as a fertilizer. (See
also Superphosphate.)

Boron deficiency

Boron deficiency, which is the most widespread
micronutrient deficiency in agricultural plants in
countries like India, sets in when the boron content in soil
comes down to 5 to 25 mg/ha.

Boron is found mostly in the topsoil. Dry weather
reduces moisture in the topsoil and the boron uptake by
the plant, causing boron deficiency. High rainfall areas
also witness the leaching out of borosilicate from the soil
which leads to boron deficiency.

Aluminum hydroxide adsorbs large amounts of
soluble boron, making the soil acidic and causing boron
deficiency.

Soils containing a high proportion of organic matter
are less deficient in boron. But when the deficiency does
occur, it causes stunting of both the root growth and
flower formation, as well as a reduction in the number of
flowers and their retention time. Pollen germination and
pollen tube growth are also markedly reduced.

Boron deficiency is manifested in the twisting and
distortion of the upper leaves of plants. This generally
leads to (a) death of the terminal bud, (b) development of
brown or reddish-yellow coloration of leaf tips and
margins followed by their premature death, (c)
occurrence of brittle stems and petioles, (d) internal
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browning or blackening of fruit and roots, and (e) leaves
with pale yellow spots, as in lucerne grass.

In various crops, boron deficiency also shows up as
marginal tip burn and the yellowing or death of the areas
between the veins. In sugar beets, boron deficiency is
reflected in small and deformed leaves and heart rot.
The deficiency also causes the cracking of bark,
gummosis, malformation of flowers and fruits
(Fig.B.17) and injury to the vascular zone (cambium and
phloem). Some examples of boron deficiency are cracked
celery stems, top sickness of tobacco, internal cork of
apple, hollow heart of groundnut, hollow stem of
cauliflower and brown spot of sweet potato.

Fig.B.17: Mummification of berries in grapes, a
symptom of boron deficiency. (Courtesy:
Institute of Micronutrient Technology, Pune,
India)

Boron deficiency also leads to stem-end russet of
tomato, death of the growing tips of alfalfa (with a new
growth occurring from a new shoot at the lower axillary
bud) corky internal tissues and discoloration of leaves of
cabbage, beet, turnip and cauliflower. Boron deficiency
in grapevines in San Joaquin Valley, California, was
found to drastically reduce the fruit set. The symptoms of
boron deficiency resemble those caused by an infestation
of leaf hopper insects.

Boron deficiency can be rectified by the application of
borax, the latter being mined in the USA, Sri Lanka,
India and Tibet. Borax contains 14% boron in the
fertilization schedule. The low solubility of boron frits
minimizes leaching losses when used for soil application.
Top dressing of boron is a desirable amendment.

Boron frits

Boron frits, a source of boron in a matrix of glass, make
the nutrient available over a longer period. An example
of a fertilizer impregnated frit is a glass frit applied at the
rate of 45 kg/ha, containing the following percentages:
iron (Fe) 3.9, manganese (Mn) 9.7, copper (Cu) 2.0, zinc

(Zn) 4.0, boron (B) 2.8 and molybdenum (Mo) 0.13.
(See also Frits; Boron.)

Boron toxicity

The critical level of boron toxicity varies from 80 to 800
mg/kg, depending on the plant and its varying degrees of
tolerance. Excess boron is toxic and should be avoided.
Severe toxicity in the soil also affects germination.

The most prominent symptoms of boron toxicity are
the yellowing of the leaf tip or leaflets followed by
browning and scorching or gradual necrosis of the tips
and leaf margins. This renders the plants stunted and
bushy, with a few thinly branched leaves supporting
small, curled-up and discolored leaflets. Older leaves
develop brown spots which make the leaf appear dried up
and brittle. (See also Boron.)

Borosilicate frits

Borosilicate frits are a source of boron. These are melted
glass particles containing measured amounts of minor
nutrients. Impregnated, granulated or powdered glass is
usually mixed with N, P and K fertilizers to make
application more efficient.

Borosilicate glass

Borosilicate glass is formed by fusing borax with silicate
glass and is used as a nutrient for crops like alfalfa and
apple. The boron content of borosilicate glass varies from
3 to 6% and its advantage lies in the slow availability of
boron due to its low solubility in water. The availability
of boron is directly related to the size of the borosilicate
glass particles; the finer the particles, the greater the
surface area and, therefore, the greater the boron
availability.

Borosilicates are substances in which borate (BO;)
and silicate (SiO."") ions are linked to form networks with
a wide range of structures. The addition of boron to the
silicate network enables glass to be fused at temperatures
lower than pure silica. This glass has a low coefficient of
expansion and a high softening point.

Borosilicate also contains varying amounts of iron,
aluminum, manganese, calcium, lithium and sodium.
(See also Boron.)

Borosilicates: See Borosilicate glass

Bottle test

Bottle test is usually carried out to test the chemical
compatibility of ingredients in a blend of fertilizer. A
small amount of freshly blended material is kept in a glass
bottle tightly closed and observed periodically for any
wetting of the sides, caking, disintegration, or gas
formation due to chemical reactions between ingredients
in the blends. (See also Compatibility.)

Bottom lands

Bottom lands are lands created by rivers, streams or
floods. They have deposits of alluvial materials like clay,
silt and sand and are used for cultivation.
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Bound water

Water molecules that are tightly held by various chemical
groups in a larger molecule or by colloids are known as
bound water. Carboxyl, hydroxyl or amino groups are
involved in holding water molecules and hydrogen
bonding is the factor. Proteins tend to bind water in this
way, and it means, water will remain unfrozen even at
temperatures as low as minus 40°C. This water is not
absorbed by plant roots.

Boy'sland

Boy's land is a colloquial term for light soil. Boy’s land
has a high sand content. It is easy to cultivate unlike
heavy land, (also sometimes called man's land) which
has high clay content.

BPF
BPF is short for biopurification factor.

BPL
BPL is short for bone phosphate of lime.

Brace roots

The adventitious roots in corn, arising from the
internodes, are called brace roots or anchor roots
because they anchor the plant and hold it in an upright
position.

Brachy soil

Brachy soil has coarse and angular fragments with fine
soil filling the inter-spaces.

Bracts

Bracts or floral leaves are modified leaves with a flower
or inflorescence in its axil. Bracts are often brightly
colored and may be mistaken for the petals of flowers.
The showy flowers of Poinsettia and Bougainvillea are
composed of bracts. The true flowers are comparatively
inconspicuous.

Bradyrhizobium japonicum

Bradyrhizobium japonicum is a slow-growing, nitrogen-
fixing strain of bacteria that inoculates soybean to form
root nodules for fixing atmospheric nitrogen.

Bradyrhizobium spp.

Bradyrhizobium spp. are slow-growing strains of
nitrogen fixing bacteria inoculating Lotus, Vigna and
Cicers types of legumes.

Brak soil

Brak soil, found in South Africa, is alkaline soil formed
owing to extreme temperature changes.

Brand

Brand or brand name refers to a design or a trademark, or
a specific designation used by companies or

manufacturers for a particular product. In the fertilizer
industry, a brand name is a specific designation applied to
an individual fertilizer (Fig.B.18). The grade of the
fertilizer has to be included with its brand name and
similarly displayed by the manufacturer on sacks and in
printed literature.
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Fig.B.18: Willase and Wilspar are two brand names for soil
conditioners and organic manures, respectively. (Courtesy:
Institute of Micronutrient Technology, Pune, India).

Braunification

Braunification is a process in which the soil acquires a
brownish color because of the presence of iron oxide
released from iron in primary minerals.

Bray-1 test

Bray-1 test is a method of estimating phosphorus,
(similar to Olsen's test).

Bray and Kurtz P, method for phosphorus
estimation

The Bray and Kurtz P, method for phosphorus estimation
uses a soil extracting solution [containing 0.025N
hydrochloric acid (HCI) and 0.03N ammonium fluoride
(NH,F)] for estimating the available phosphorus. The
method is generally used for acidic soils.

When 0. 1N HCl replaces 0.025N HCI, the method is
called the Bray and Kurtz P, method. The primary
phosphorus mineral is aluminum phosphate or calcium
phosphate. The fluoride complexes aluminum ion (A*+)
in solution, which results in a decrease in the aluminum
ion concentration in solution. Aluminum phosphate
dissolves to buffer or refurbish aluminum in solution and
releases phosphorus, which is then measured. This
represents the capacity of the soil to supply available
phosphorus to the plant. The hydrochloric acid in the
extractant also dissolves calcium-phosphorus (Ca-P)
minerals present in the slightly acidic soil.

Bray and Kurtz P, method for phosphorus
estimation: See Bray and Kurtz P, method for
phosphorus estimation
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Broadcasting

Bray's modified Mitscherlich equation for plant
growth and nutrient supply

E. A. Mitscherlich developed a relationship between the
growth of plants and the supply of plant nutrients. This
was further modified by R Bray. According to him, the
soil nutrient mobility decreases as the amount of that
nutrient needed in the soil to produce a maximum yield
increases to a constant value. This increase to a constant
value is from a value determined by the magnitude of the
yield and the optimum percentage composition of the
crop. The magnitude of the constant value is independent
of the crop yield, provided that the pattern of planting as
well as the fertility rate are constant, and the soil and
seasonal conditions are similar.

Bray modified the Mitscherlich equation for plant
growth and nutrient supply in the following way:

s (A-y) C

to
log(A-Y) = log A - C;b — C(x)

where A is the maximum possible yield obtained after
supplying all growth factors, Y the actual yield, x the
growth factor, C, the constant, b the amount of immobile
but available form of nutrients like phosphorus and
potassium, and C the efficiency factor for x which is the
added fertilizer form of the nutrient b. Bray showed that
the values of C; and C are specific and constant over a
wide area, regardless of the yield and the season.

Bray's nutrient mobility concept: See Bray's
modified Mitscherlich equation for plant growth and
nutrient supply

Breccia

Breccia is a coarse-grained elastic rock composed of
angular and large broken fragments, cemented together
in a finer grained matrix of any composition, origin or
mode of accumulation. The consolidated form is
equivalent to rubble. The rock can be formed by
sedimentation or by igneous activity and diastrophism.

Brimstone

Brimstone is coarsely ground sulphur which is used to
increase the acidity of soil and correct sulphur deficiency
in plants. (See also Agricultural sulphur.)

British imperial gallon

British imperial gallon is the volume occupied by exactly
10 pounds of water having a density of 0.998859 g per
cubic centimeter. One gallon = 4,54609 liters.

Broad-base terrace

Soil erosion can be controlled by reducing the gradient of
a slope and erecting such barriers as brush dams,
terraces, contour cultivation and contour strip cropping.

Reshaping the slope steepness to reduce run-off is called
terracing and a broad-base terrace is one such type.

The cross-section of a broad-base terrace is shown in
Fig.B.19.

Slope —— Cut Fill Terraces

7z

Fig.B.19: A cross-section of a broad-base terrace.

Broad-base terraces have the entire surface area
planted to slow down eroding water and to control run-
off (Fig.B.20).

Fig.B.20: Terraces made on slopes are cultivated to
reduce soil erosion by run-off water.

Broadcast application: See Broadcasting

Broadcasting

Broadcasting, or broadcast application, is a method of
applying fertilizer by throwing it over the soil either
manually or by a mechanical spreader at the time of
sowing (Fig.B.21). Broadcasting is also done as top-
dressing which means broadcasting the fertilizer on a
standing crop (Fig.B.22).

——

Fig.B.21: Broadcast spreader. Courtesy: Port Agric Lid.
www. portagric. co.uk With permission from Mr. Colin Port,
Port AgricLd., UK.

Broadcasting has many advantages: (i) Large
quantities of fertilizer can be applied without injuring the
plant. (ii) The distribution of nutrients throughout the
plow layer encourages deeper rooting and improved
exploration of the soil for water and nutrients.
(iii) Labor involved in applying the fertilizer is saved.
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(iv) Nutrients can be made available to plants at all times.
Broadcasting is particularly advantageous when a
maintenance fertilizer is to be applied to no-till cropping
systems and to forage crops.

Broadcasting is done when water-insoluble or citrate-
soluble phosphatic fertilizers are to be applied to acidic
soils. Nitrogenous fertilizers (such as ammonium
sulphate and ammonium sulphate-nitrate) can be
broadcast at the time of sowing. For potassium-deficient
soils, however, potash fertilizers (muriate of potash,
potassium sulphate) are broadcast at planting time to help
maintain and grow the crop. In the case of corn, a row
application of P and K fertilizers is preferred to
broadcasting, if levels of soil P and K are low. However,
healthy soil P and K levels call for broadcasting.

Top-dressing of nitrogenous fertilizers (such as
sodium nitrate, calcium ammonium nitrate, ammonium
nitrate sulphate and ammonium sulphate) supplies
nitrogen to plants that are closely spaced. For instance,
wheat and rice are top-dressed with nitrogen just prior to
the boot stage when the developing seed can be felt in the
stalk by fingers. When the land is excessively wet or
flooded, fertilizers can be aerially sprayed. Side-
dressing and top-dressing of crops other than rice are
most widely used in areas of high rainfall and coarse
sandy soils.

The application of phosphorus and potassium is
particularly effective in pre-plant applications.

Alfalfa, which needs nutrients to be applied before
sowing, also benefits greatly if the established stands are
top dressed. Many forage crops, sorghum and silage
crops benefit from top dressed nitrogen and phosphorus
in well drained soil conditions.

Phosphatic and potash fertilizers are top-dressed only
on pasturelands. Top dressing by aircraft or helicopters
is particularly beneficial on hilly terrain. An aircraft or
helicopter is used when (a) very small quantities of
fertilizers are needed over large areas, as in the case of
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Fig.B.22: Manual broadcasting of fertilizer in a standing crop.

micronutrients, (b) high quality materials are to be
applied, (c) fertilizer application is to be combined with
insect control or some other air operation, and (d) labor
and time are to be saved.

In New Zealand, nearly 38.4 million hectares are top-
dressed aerially. The aircrafts are also used for the
application of superphosphate. In the USA, a substantial
acreage of paddy is sown and top-dressed every year.
Care must be taken, however, to see that the top-dressing
of fertilizers on wet leaves does not scorch them. If the
fertilizer is spread uniformly, accurately and at the right
time, the crop are benefitted maximally. Inadequate
supply of fertilizers on low-fertility soils result in the loss
of yield.

Where soil phosphorus levels are healthy in a corn-
soybean rotation system, phosphorus fertilizers can be
broadcast and also incorporated into the soil prior to
planting.

However, broadcasting distributes fertilizers
unevenly and stimulates undesirable weed growth,
Water-soluble fertilizers like superphosphate get fixed
by broadcasting. Broadcasting urea on dry soil leads to
nitrogen loss by volatilization.

Broadfield den process

The Broadfield den process is a manufacturing process
(batch process) for normal superphosphate.

Broad leaf weeds

Weeds are plant pests that grow where they are not
wanted, for instance, often on a cultivated land where
they compete with crop plants for nutrients. They can be
classified based on their leaf forms, such as broad leaf
weeds or narrow leaf weeds.

Bronzing

Bronzing is the golden yellow coloration of the plant
tissue that occurs due to nutrient deficiency. Bronzing
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Bt cotton

causes a reduction in the formation of the green pigment
(chlorophyll), giving a distinctive yellowish to whitish
appearance. Sometimes, phosphorus deficiency causes
bronzing on the lower side of leaves.

Bronzing of leaves with tiny brown spots is a typical
symptom seen in rice crops, when excess iron is present
in the soil. (See also Iron.)

Brown calcareous soils

Brown calcareous soil is related to brown soils in
morphology. A major difference between the two is the
presence of active calcium carbonate throughout the
profile of brown calcareous soils. The top horizon is
characterized by a mull less thick and less humus-bearing
than in rendzina. This soil can have a calcareous
incrustation. It can also have vertic features. (See also
Calcareous soil.)

Brown coal

Brown coal, also known as lignite, is a soft, brown,
material with a high moisture content. In the process of
coalification, the proportion of carbon rises relative to
oxygen, and volatile substances and water are driven out.
The various stages in this process are referred to as the
ranks of coal. Brown coal and bituminous coal are
examples of ranks.

Brown coal is a low rank coal with 35 to 40% water
and, therefore, a low heat content. Drying, crushing and
pelletizing lignite with an asphaltic binder for direct use
as fuel has been successfully demonstrated. Lignite can
also be used as a source of hydrogen for ammonia
synthesis.

Brown earth

Brown earth is the neutral soil found in temperate
climates. Its profile is quite homogeneous, with good
structure, permeability and aeration. There is no horizon
of accumulation but these soils have a distinct cambic B
horizon. (Seealso Brownsoil.)

Brown forest

Brown forest is an old name, used in the USA, for
inceptisols. Inceptisols is one of the 12 soil orders in soil
taxonomy. (See also Soil taxonomy.)

Brown heart, Escarole

Brown heart is a disease caused in escarole crop, due to
calcium deficiency. (See also Calcium.)

Brown rendzinas

Rendzinas are distinguished as humus-rich black forest
rendzinas and white rendzinas with a high content of
calcium carbonate. Brown rendzinas, which are less rich
in carbonates and have a thinner B horizon, retain the
features of rendzinas. (See also Rendzinas.)

Brown rice

Brown rice is rice with its hull removed, but the bran and
embryo retained. (See also Paddy).

Brown soil

An acidic soil is called brown earth or brown soil. It is
characterized by little or no leaching of clay and iron and
is a mull with a B or Bt horizon.

Brown soil is very poor in organic matter and is colored
brown by iron oxides which arise from the weathering of
the parent rock. The profile is always decalcified, at least
in the upper horizons.

Brown soil occurs in frigid, temperate and tropical
zones, and typically has a pH higher than 5.5. The soil is
characterized by the mull type organic constituent of soil
(humus) with high biological activity. Brown soil is
sometimes also of the modder type at the extremes of the
class. The carbon to nitrogen ratio (C:N) of the surface
horizon is always less than 14.

Brown earth is a major type of British soil. It generally
has a dry brown surface and lighter subsoil. Brown earth
is an agriculturally desirable, well-drained land found in
the south and midlands of England, where the rainfall is
relatively moderate and the climate mild. There is no
horizon of accumulation but it is a distinct cambic B
horizon. The profile is quite homogeneous with a good
structure, permeability and aeration.

There are several types of brown earth, such as
eutrophic, oligotrophic and ferric.

Brunaur-Emmett-Teller adsorption equation

Brunaur-Emmett-Teller (BET) adsorption equation, also
known as BET equation is used to determine the specific
surface area of finely divided substances such as clay
minerals.

The specific surface area is computed by measuring the
volume of an inert gas physically adsorbed on the
substance as a monomolecular layer, at the boiling point
of the gas. (See also Specific surface area; BET
equation.)

BSA

BSA is short for British Standards Association which is
the custodian of the British standards. (See also Sieving.)

Bt cotton

Bt cotton is the name of a biotechnologically modified
cotton plant. Biotechnologically modified plants are also
known as transgenic plants. The modification entails
transfer of a gene from a beneficial bacterium, called
Bacillus thuringiensis (Bt) to the cotton plant, resulting in
disease-resistance traits in the new cultivar.

Cotton is susceptible to a host of pathogens. It needs
more pesticides than perhaps any other crop in the world.
Pesticides, however, become ineffective after the pests
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develop resistance. At this stage additional amounts and
varieties of pesticides become necessary, setting off a
vicious cycle: the more the pesticides, the more the
number of resistant pests, the greater the environmental
damage and the greater the health hazard to farm
workers.

One of the major threats to cotton cultivation comes
from the Cotton bollworm (Helicoverpa armigera) which
attacks cotton plants and affects the yield. The success of
Bt cotton lies in countering bollworm attack. Bacillus
thuringiensis (Bt) contains a gene named Cry 1 Ac. This
gene produces a protein, called delta endotoxin, which
has insecticidal properties. The gene is transferred to the
cotton plant cells in culture. From the cells grow cotton
plants with the newly introduced gene in each of their
cells. The resulting cotton plants are resistant to the
cotton bollworm and other sucking pests.

The cultivation of Bt cotton plants is considered a
safe and effective way to achieve good cotton yields. It
saves a considerable amount of pesticides from being
used and thus avoids contamination of soil and water,
which would otherwise have occurred by persistent use.
Bt cotton is thus seen to be a healthier alternative to
conventional pest management measures applied for
cotton cultivation. Thus, it is seen as an effective way to
manage pests and conserve the environment.

International authorities like USDA, EPA and FDA
have approved use of Bt cotton after a number of field
tests.

In India, a company called Mahyco Seeds Ltd.
developed three varieties of cotton hybrids with Bt cotton
in the year 2002. With the approval of the concerned
authorities, hybrid varieties of Bt cotton are cultivated in
the country. Compared to conventional pest management
methods, the pest population during Bt cotton cultivation
was observed to be less. While the seeds are expensive,
they are seen to give high yields with a significantly lower
use of pesticides. During 2002 to 2005, the yield
increased from 309 kg/ha to 460 kg/ha. The good cotton
yield has given a boost to the Indian textile industry, both
domestically and for exports.

Bubbler irrigation

Bubbler irrigation is a simple modification of drip
irrigation used on gently sloping lands. The method uses
low water pressure and open, standing outlet tubes
(Fig.B.23) which control the water flow by their
elevation, by a valve, or both. (See also Micro-
irrigation.)

Buffer

A buffer or a buffer solution is a solution that resists
change in its pH value brought about by the addition of an
acid or a base. It consists of mixtures of either weak acids
and their salts or weak bases and their salts. Buffers are
important in living organisms because they guard against
sudden changes inpH.

In biochemistry, the main buffer systems are
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Fig.B.23: Bubbler irrigation system.

phosphate (H;PO, / HPO} ') and bicarbonate (H,CO; /
HCO3) . The capacity of a solution to resist alteration in
its pH value is its buffering capacity.

Buffers have either reserve acidity or reserve
alkalinity. For example, a buffer of ammonium acetate or
acetic acid exists largely in the form of the ammonium ion
(NH;) and acetate ion (CH,COO'). When an acid is
added to this solution, the hydrogen ions (H*) furnished
by the acid combine with the acetate ions to form feebly
dissociated acetic acid.

CH:COO™ + H" —» CH;COOH (feebly dissociated)

As most of the added hydrogen (H") ions are taken up
by the acetate ions to form acetic acid which is itself
slightly dissociated, the hydrogen ion concentration (and
the pH) of the acetic acid or ammonium acetate solution
changes only slightly.

When a base is added to acetic acid or ammonium
acetate solution, hydroxyl ions (OH") furnished by the
base will be taken by NH; ions to form feebly
dissociated ammonium hydroxide (NH,OH) and there is
little change in the OH' ion concentration and the pH.

NH; + OH ——» NH,0OH

The pH of a buffer solution is calculated by the mass

law equation:

Cp
H = Pk + lo
P EC

A

where Pk is the negative logarithm of the apparent
ionization constant of the buffer acid and C, and Cg are
the concentrations of the buffer base (Cp) and its
conjugate acid (C,). Acetic acid and sodium acetate, and
ammonium hydroxide and ammonium chloride are
examples of buffers.

In laboratories, buffers are used to prepare solutions
of a known stable pH. Natural buffers - H;,CO,/HCO;
and H,PO, /H,PO, occur in living organisms, where the
biochemical reactions are sensitive to changes in pH.
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Buffering capacity of soil

The buffering capacity of a soil is a measure of its ability
to resist a change in pH. To exhibit buffering, the soil
must either remove the hydrogen ions (H™) of the added
acids or neutralize the hydroxyl ions (OH) of the added
bases.
Ca-clay + 2HCl ——» H-clay + CaCl,

H-clay being weakly ionized, the pH falls only
slightly.

The buffering capacity of a soil is its ability to re-
supply an ion to the solution and involves all solid
components or those adsorbed to cation or anion
exchange sites in the soil system. For example, when
liming neutralizes the hydrogen (H") ions in a solution,
the hydrogen ions held on the exchange site would desorb
from the exchange sites. The solution pH is thus buffered
until significant quantities of the exchangeable acids are
neutralized. Similarly, when plant roots absorb
potassium ions (K*), the exchangeable potassium ion is
desorbed to re-supply solution potassium ion.

Soil buffering capacity is the ratio of the
concentrations of the absorbed (AQ) ions to the solution
(AZ) ions. This ratio increases with increasing cation
exchange capacity (CEC), organic matter, and other
solid constituents in the soil.

AQ
AZ
Since CEC increases with increasing clay content, a
fine-textured soil exhibits a higher buffering capacity
than a coarse-textured soil.
Buffering capacity is a very important soil property,
which strongly influences nutrient availability and
fertilizer management.

Buffering capacity =

Bucket elevator

Feed materials

Lump breaker

Batch weigher

Buffer intensity

The rate of change of the acid neutralizing capacity with
the pH of soil is called buffer intensity. It varies from 0.1
to 1.5 mole/kg of organic matter per pH in organic soils.

Buffer solution

Buffer solution is a solution that resists change in its pH
value brought about by the addition of an acid or a base. It
generally consists of mixtures of either weak acids and
their salts, or weak bases and their salts. (See also
Buffer.)

Builders' lime

Builders' lime is another name for calcium hydroxide. It
is a white powder with a neutralizing value or CCE
(calcium carbonate equivalent) of 136% and is made by
hydrating calcium oxide (CaQ). It cannot mix with soil
because of water absorption.

Bulb vegetables: See Horticulture

Bulk blended fertilizer

A bulk blended fertilizer is generally defined as a
compound fertilizer produced by mixing two or more
fertilizers to yield specific ratios and grades. The process
of producing a compound fertilizer by dry mixing two or
more fertilizers with similar granular sizes in large
quantities is called bulk blending. The granules of the
constituents granules do not react chemically with one
another. Individual granules in a bulk blended fertilizer
may not have the same ratios and contents of the plant
food. The bulk blending process for producing NPK
fertilizers in batches is shown in Fig.B.24.

In Australia, a bulk blend of fertilizers is considered
to be a mixture of two or more compounds and straight

Optional direct bagging

Conveyor
Product

Bagging hopper

Product
- bagging station

Fig.B.24: Flow chart of bulk blending process of 'batch type' NPK fertilizer. Source: “Fertilizer Manual”,
1998. UNIDO, IFDC and Kluwer Academic Publishers, The Netherlands. With permisson.
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Bulk density of fertilizer

fertilizers, preferably in the form of pellets or granules.
These are also called blended fertilizers.

Bulk fertilizers are supplied to the purchaser
generally in a non-packed form for use or for repacking.

Bulk density of fertilizer

The bulk density of a fertilizer is the mass per unit volume
(including the voids between the particles) of the
fertilizer. Knowledge of bulk density is of interest in
package sizing, in calibrating volumetric feeders or
applicators and in determining the storage capacity of
bins and transport vehicles.

The bulk density of a fertilizer is determined by
weighing a container of known volume, filling it to
capacity with the sample to give the volume and then
dividing the measured weight of the filled sample by the
volume.

There are two types of bulk density, namely, loose
pour and tapped. Loose pour bulk density, also known
as the apparent bulk density, is the mass per unit
volume of a substance after it has been tipped freely into
the container under clearly specified conditions (Fig.
B.25). It gives the minimum density (meaning, the
greatest volume) expected. The values of loose bulk
density are commonly used to avoid equipments and
containers from being under-sized.

Funnel

5

Stand

Measuring
cylinder

Floor base —

Fig.B.25: Loose pour bulk density apparatus. The
dimensions (approximate) are in millimeters.

Tapped bulk density, also called tapped pour bulk
density, is the mass per unit volume of a substance tipped
into a container and then compacted under clearly
specified conditions (Fig.B.26). It represents the
maximum density (meaning, the smallest volume)
expected. Generally, the tapped bulk density of prilled
and granular fertilizers is 6 to 12 % higher than their loose
pour bulk density.

The bulk density values of fertilizers generally range
from 750 to 1500 kg/m? and are measured using a metal
box of the height, length and breadth of 30.48 cm each, or
0f 0.0283 m? volume.

| Metal box

Fig.B.26: Measuring bulk density of a fertilizer in
a metal box of 0.0283 m’ size.

The apparent density is the mass per unit volume of a
fertilizer, excluding voids between the particles. It is
not measured often, but is of interest in particle
segregation studies and development of granulation
processes. It is determined by submerging a known
weight of granules in mercury and measuring the
volume of mercury that gets displaced (Fig.B.27).
The apparent density values of fertilizer granules range
from 1.22 t02.65 g/cm’.

There is another type of density, designated as true
density. It is the mass per unit volume of the material and
excludes voids between the particles as well as pores
within the particles. This density is of interest in process
control and the design of process equipment. An air-
comparison pycnometer is used to determine true
density. The pycnometer has two sample chambers of
equal size. One is flooded with a measured volume of air,
while the other is filled with a weighed amount of the
ground test sample and then flooded with a measured
volume of air. The difference in air volumes is equivalent
to the sample volume. Based on the sample weight and
the volume, the true density is calculated. True density
varies with temperature and pressure.
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Fig.B.27: An apparatus for determining apparent
density of fertilizer granules.
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Bulk density of soil

The bulk density of soil is the mass per unit volume of
soil, including its pore space. It is used along with
particle density to calculate the porosity of soil. (See also
Soil porosity.)

Bulk fertilizer

A bulk fertilizer is generally a solid or a liquid
commercial fertilizer, which is delivered to the purchaser
in a non-packaged form without a label.

Also known as bulk-spread fertilizer, it can be
spread over a large acreage of land.

Bulk-spread fertilizer: See Bulk fertilizer

Bulky organic manure

Farmyard manure (FYM), farm compost, sludge,
green manure and other organic matter are collectively
called bulky organic manures, their bulk not being in
proportion to their nutrient content. These manures
supply plant nutrients in small quantities and organic
matter in large quantities.

Table-B.2: Common bulky organic manures and their
nutrient contents.

Organic manure N:P:K
Blood meal 10-12:1.2:1.0
Castor cake 5.558:1.8:1.0

Cattle dung 0.3-0.4:0.10-0.15:0.15-0.20

Cattle urine 0.80:0.01-0.02:0.5-0.70

Coconut cake 3.0-32%1.8:1.7

Cotion seed cake 3.9(6.5)*:1.8(2.8)*: 1.6(2.1)*

Farmyard manure 0.5-1.0:0.15-0.20: 0.5-0.6

Fish meal 4-10:3-9:1.8
Groundnut cake 4.5(7.8)*: 1.7(1.7)* : 1.5(1.4)*
Hair and wool waste 12.3:0.1:0.3

Horn and hoof meal 13.0:0.3-1.5: 00

Karanj cake 3.940:09-1.0:1.3

Leather waste 7.0:0.1:0.2
Linseed cake 9.9:14:1.2
Mahua cake 2.5-2.6:0.8:1.8
Meat meal W55 25705
Neem cake 52:1.0:1.4
Niger cake 4.8:1.8:1.3
Poultry manure 2.87:2.90:2.35
Rapeseed cake a3.1:1.8:1.0
Raw bone meal 3-4:20-25:0

Rural compost 0.5-1.0:0.2:0.5

Safflower cake 4.8(7.8)%:1.4(2.2)*:1.2(2.0)*

Sesamecake i WLy ey B SR T S e
Sheep/goat dung 0.65:0.5:0.03

Steamed bone meal 1-2:25-30:0

Town compost 1.5-2.0:1.0: 1.5

Water hyacinth compost | 2.0:1.0:2.3

* For decorticated material

Bulky organic manures have a three-fold effect on the
soil: (i) As these manures contain plant nutrients, they
have a beneficial effect on plant growth. Besides major
plant nutrients, they also contain traces of
micronutrients. But because they contain small quantities
of plant nutrients, they need to be applied in large
quantities. (ii) They increase the organic matter content,
improve the physical properties of the soil, temporarily
increase the humus content of the soil, improve the water
holding capacity of sandy soils and the drainage of clayey
soils. (iii) They provide food for soil micro-organisms,
increasing their activity to help convert unavailable plant
nutrients into available forms.

Table-B.2 lists some common bulky organic manures
and their associated substances, along with the values of
their average nutrient content.

Buminafos

Buminafos is a compound used as a defoliant or
harvesting aid in potato and cotton. (See also Defoliants.)

Bureau of Indian Standards: See BIS

Burger cylinder

A burger cylinder is a metallic cylinder with a sharp edge,
which is pushed into soil for extracting a known volume
of soil without affecting the soil structure. The soil
sample is then tested for water content, porosity and bulk
density.

Burkeite

Burkeite is a naturally occurring ore, containing sodium
sulphate and sodium carbonate. It is treated with
potassium chloride to make potassium sulphate. (See also
Potassium sulphate.)

Burned lime

Burned lime is another name for calcium oxide. It is also
known as unslaked lime or quicklime.

Burned lime is a white powder with a neutralizing
value or calcium carbonate equivalent (CCE) of 179%,
compared to 100% for calcium carbonate (CaCOs).
Calcium oxide (CaO) or calcium hydroxide [Ca(OH),]
used while liming gives quick results.

Burning technique in farming

Burning technique consists of the simultaneous removal
of vegetation as well as the arable soil surface layer by
burning them and spreading the ashes over the soil. This
makes mineral elements directly available to plants. In
the rice-growing areas in India, this kind of burning is
called rabbing (Fig.B.28).

Bury
Bury is the indoor storage of potato and other root crops.
(See also Clamp.)
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Fig.B.28: Stubbles and residues of the crops are burnt in
the fields, mainly to supply ash and mineral elements.

Bushel weight

Bushel is a formerly used standard measure for cereal
grain weight. It was based on the Winchester bushel, a
cylinder kept in the town hall of Winchester, England.

The weight of grain, when the cylinder was filled to
the brim, was known as bushel weight. The weight of
seeds varied with the amount of moisture and the quality
of seeds. To overcome this difficulty, a hectoliter (the SI
equivalent) is now used, which is equivalent to 2.5
bushel. (See also Yield.)

Bush fallow

Bush fallow is the shifting of cultivation at intervals to
allow for some restocking of organic matter. This
practice involves burning natural vegetation and
cultivating the soil till its fertility is exhausted and then

abandoning the site to move on to a new site. It also
involves returning to an earlier abandoned area that has
re-grown the natural plant cover, and beginning the cycle
again.

During fallowing, nutrients extracted from lower soil
horizons by plants are returned to the surface through the
accumulation of organic matter. This undisturbed
vegetative cover reduces the amount of water that passes
beyond the root zone, thus minimizing leaching losses.
The amount and type of fresh organic material added to
the soil depend on the type of vegetation involved and
how quickly it establishes itself. The amount of plant
residue added annually to the soil varies with the climate
and local conditions.

The fallow period necessary for restoring about 75 %
of the organic matter is as follows: 3 to 6 years for rain
forest, 9 to 20 years for humid tropical land and 9 to 22
years for semi-arid tropical savannah, for every year of
cultivation.

Bush fallowing is still practiced by farming
communities in the tropics. (See also Shifting
cultivation.)

Butters

Butters constitute one of many familiar Jandforms. The
mass of parent material has a distinct shape with
characteristic particle sizes. Its mineral or organic
masses are known as landforms.
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C; and C plants

Caking tendency, evaluation of

C;and C, plants

Plants are classified as C; and C, groups according to the
pathway of carbon dioxide fixation. Plants with a 3-
carbon compound (like phosphoglyceric acid) as the first
product of carbon dioxide (CO,) fixation are called C,;
plants; those with a 4-carbon compound (like oxaloacetic
acid) are C, plants.

C, plants exhibit high (a) photosynthetic efficiency,
(b) water utilization efficiency, (c) leaf chlorophyll
content, and (d) response to light intensity as well as to
high carbon dioxide and oxygen concentrations. They
have lower ratios for photorespiration and transpiration
than C, plants.

The optimum temperature range for photosynthesis is
10 to 25°C for C; plants, and 30 to 45°C for C, plants. The
C, plants are thus adapted to habitats with high
temperature, high light intensity and limited water
availability.

Rice, wheat, oats, barley, bamboo, cotton and
soybean are important crops in the C; group whereas
sugar cane, maize, sorghum, pearl millet, tropical
grasses, etc. fall under the C, group.

Cablegation

Cablegation is a method of irrigation which is done
through cables or pipes equipped with gates that open or
close.

Caking of fertilizer

Caking of fertilizer refers to the undesirable formation of
hard lumps or a coherent mass that usually occurs during
extended storage under pressure and in humid
environments (Fig.C.1).

Fig.C.1: Flowability of a fertilizer in a free particulate
state and its non-flowability, when caking occurs.

The allowable storage time for a fertilizer from the
time of its production to its field application can vary
from a few days to several years. During storage the
fertilizer should remain in a free flowing particulate form
and any caking should be readily reversible to the original
free particulate condition.

There are no universally accepted standards for
caking. Generally, when a fertilizer is applied by
machines, they can handle upto 15% material in small
lumps. Manually, however, a higher percentage of lumps
of medium hardness can be managed.

Fertilizer caking is caused by the formation of contact

points among the particles. Different types of contact
points are (a) phase contacts, (b) adhesive contacts, or

(c) surface diffusion. Phase contacts are crystal bridges
formed at the contact points between the particles. They
cause the most troublesome type of caking which occurs
during storage and are the result of continuing internal
chemical reactions, dissolution or recrystailization due to
heat,

Adhesive contacts (capillary adhesions) are formed
between the surfaces coming into contact as a result of
molecular attraction, known as van der Waals forces.
This type of contact is influenced mostly by the plasticity
of the particles and the pressure exerted on the fertilizer
material when it is stacked in bags or piled in bulk
(usually referred to as bag set or pile set). In this type of
caking the fertilizer easily reverts to a free particulate
form.

Surface diffusion is a result of water-salt complexes,
consisting of pairs of hydrated ions transported within the
adsorbed phase and then forming contacts with the
adjacent granules. The diffusion mechanism of caking in
fertilizers is greatly influenced by the degree of porosity
in the structure of particles.

The factors that influence caking can be internal
(related to the physico-chemical constitution of the
fertilizer) or external, such as environmental conditions
to which the fertilizer is subjected during handling and
storage. (See also Agglomeration.)

Caking tendency, evaluation of

Excessive caking can cause problems in the removal of
material from storage bins, rail wagons, trucks,
shiploads and during bagging operations.

The tendency of a fertilizer to cake can be assessed in
relative terms by storage tests in large or small bags, or
by accelerated storage, as described below.

(i) Large bag storage test: This involves storing the
fertilizer in a standard-sized bag for a period of 1 to 12
months, depending on the approximate period it is likely
to be stored. The material is evaluated at certain intervals
(e.g., after 1, 3, 6 and 12 months). The storage
temperature may vary, depending on the actual storage
conditions of the fertilizer. After storage, the test samples
are evaluated for bag set by dropping the samples from a
predetermined height and observing whether and how
they break. The caking tendency of the fertilizer is
determined by measuring the percentage of lumps
formed during storage and their hardness.

Drawbacks of the large bag storage test are that it
needs a large quantity of test material, and test area, and
considerable labor. In addition, the test takes a long time
(1 to 12 months) to complete and the measure of caking
can sometimes be unreliable because actual storage
conditions are difficult to simulate.

(ii) Small bag storage test: To simulate actual
storage conditions, 1800 cm? of the material is sealed ina
moisture-resistant bag and stored under a predetermined
pressure for a period of 1 to 2 months. The caking
tendency is then determined by measuring the hardness
and percentage of lumps formed during storage. The
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small-bag storage test also takes a long time to complete
and is not always reliable.

(iii) Accelerated caking test: Unlike in the large-bag
and small-bag storage tests, the sample in this test is
subjected to increased temperature, pressure and/or
humidity, to speed up caking. Moreover, the test duration
is shortened. But this method too is not fully reliable and
at best can be used as a 'screening method' for relative
evaluation of different anti-caking agents.

Calcareous

The term calcareous is used to describe a substance
containing calcium carbonate or calcium in the form of
chalk. Calcareous substances give effervescence with a
10% hydrochloric acid solution. (See also Calcareous
soil.)

Calcareous soil

Calcareous substances contain mostly calcium carbonate
or other calcium salts. A soil that contains more than 2%
calcium carbonate (often along with magnesium
carbonate) and produces vigorous effervescence when
treated with 0.IN hydrochloric acid, is termed
calcareous soil. Calcareous soil is classified depending
on the calcium carbonate content as slightly calcareous,
moderately calcareous and highly calcareous.

Brown calcareous soils are well-drained soils with a
medium to heavy texture. They are slightly acidic in the
surface layers and calcareous underneath and are
developed over limestone or calcareous sandstone.

Calcic horizon

Calcic refers to anything containing calcium or lime.
Calcic horizon is a diagnostic mineral horizon with
secondary carbonates, mainly calcium carbonate and
with or without accumulation of magnesium carbonate.
This horizon can be either in the C horizon or in the A
horizon, and sometimes even in the epipedon or the
surface layer (like mollic epipedon).

Calcic horizon is commonly found in aridisols. It is
more than 15 cm thick and contains at least 15% calcium
carbonate (CaCO;) equivalent (which is at least 5%
carbonates more than that in the C horizon).
Translocation of the carbonates to the C borizon or in the
mollic epipedons is evident from the lime-filled cracks
and stalagmites on the underside of rocks and stones.

A calcic horizon is evident in the accumulation of soft,
powdery lime in the top 125 cm of soil. The following can
be calcic: vertisols, gypsisols, gleysols and luvisols.

A horizon enriched with secondary carbonates but
which is indurated or hardened is called petrocalcic
horizon.

Calcicole plant

Calcicole plants are plants that grow best in calcareous
soils. Such plants grow primarily on chalk, limestone,
and calcium-rich soils. Examples of calcicolous forest

species are Pinus nigra var austriaca, Fraxinus
excelsior, Ulmus campestris, Acer campestre (called
field maple or hedge maple in Europe) and Viburnum
lantana. (See also Calcifuge plant.)

Calcic peat

Calcic peat is a type of peat categorized on the basis of its
environment.

Calcification

Calcification is the process that leads to the accumulation
of calcium carbonate in some horizon of the soil,
especially in the B and C horizons, as happens in some
aridisols.

The general reaction controlling the movement of
carbonate is:

2
CaCO0; + H,0 + CO, # Ca(HCO3),

When carbon dioxide (CO,) and water are eliminated
from the above system, the reaction proceeds in direction
1 with the precipitation of calcium carbonate; if CO, and
water are present, the reaction proceeds in direction 2
with the formation of soluble bicarbonate and is called
decalcification or decarbonation.

Calcifuge plant

Calcifuge plants are plants that do not adapt to calcareous
soil. Heather (Calluna vulgaris) is an example of a
calcifuge plant as it cannot tolerate excess calcium.
Coffee is another example of a calcifuge plant.

A calcifuge plant is extremely sensitive to manganese
deficiency as manganous ion (Mn**) becomes
unavailable in an alkaline medium. Calcifuge plants also
include some conifers.

A calcifuge plant can also be defined as a plant that
thrives on an acidic soil or soils poor in calcium
carbonate. Such plants are also called siliceous plants.

Calcimeter

Calcimeter is a device used to determine the calcium
carbonate in all types of air-dried soil samples. The
apparatus works on the principle that a soil sample (250
to 500 mg) placed in contact with hydrochloric acid
(HCI) causes carbon dioxide (CO,) emission.

CaCO; + 2HCl —» CaCl, + H,0 + CO,1

The volume of CO, thus formed is compared to that
released from the same quantity of pure calcium
carbonate (224 ml from 1 g of calcium carbonate). The
most commonly known calcimeter for this analysis is the
Bernard calcimeter (Fig.C.2) or automatic calcimeter.

Calcination

Calcination refers to a process of heating a solid to a
temperature below its melting point to bring about a state
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Fig.C.2: Diagrammatic representation of a Bernard
calcimeter.

of thermal decomposition or phase transition without
melting. The reactions involved are (a) thermal
dissociation including destructive distillation, (b)
polymorphic phase transition, and (c) thermal
crystallization, that is, devitrification of glass.

Calcined phosphate

Calcined phosphate is a fertilizer made by heat-treating
phosphate rocks.

Two types of calcined phosphate are known. In the
first, the rock phosphate is heated directly up to 780 to
835°C in a kiln, which dissociates calcium carbonate
(thermally), removes organic matter and improves the
quality of the final product. Calcium oxide and
magnesium oxide, produced by calcination of the
carbonates, are removed by slaking with water. Calcined
phosphate thus formed is used for the manufacture of
food grade phosphoric acid.

In the second type of calcined phosphate, the ground
rock phosphate is mixed with a small quantity of sodium
carbonate (or sulphate) and of the wet process acid. It is
calcined at about 1350°C in an oil-fired rotary kiln. The
product is free of fluorine and contains 38 to 42%
phosphorus pentoxide (P,Os), of which more than 90% is
soluble in neutral citrate. Fluorine is recovered as sodium
hydrogen fluoride. This type of calcined phosphate is
mainly used as an animal feed supplement and as an
effective fertilizer in finely ground form for acid soils.
The Tennessee Valley Authority (TVA) follows the
fusion process for defluorination of lower grade
phosphate rocks.

Hydrated aluminum phosphate minerals after
calcination at a controlled temperature, are useful for
direct application. The calcining is done in a rotary kiln

(or in a fluidized bed calciner) to remove the combined
water, thereby destroying the crystalline material and
improving the reactivity of the product.

At present, two aluminum phosphate ores are used for
direct application after calcining. One of these, which
occurs in Senegal, contains 29% phosphorus pentoxide
on a dry weight basis and has over 34% phosphorus
pentoxide after calcination. After calcination, the ore is
ground so that about 95% of it passes through a 100 mesh
sieve, and is used for direct application under the trade
name phosphal. About 75% of the phosphorus pentoxide
in this ore is soluble in alkaline ammonium citrate.

The other ore occurs in Christmas Island in the Indian
Ocean. This ore is 'C-grade', composed mostly of
aluminum and iron phosphates. It contains 25% P,Osona
dry weight basis which, after calcination, increases to 29
t033%.

Calcination is carried out in a fluidised bed reactor
within a temperature range of 400 to 600°C, after which
the product is ground (to 0.15 mm size) for use. About
70% of the P,O;s in the fertilizer thus formed is soluble in
alkaline ammonium citrate.

Major disadvantages of using calcined phosphates as
a fertilizer are the (a) absence of water-soluble
phosphorus, (b) high-energy requirements which lead to
high manufacturing cost, and (c) low profit margins as
the products can neither be ammoniated nor be used for
the manufacture of NPK fertilizer.

Some important fertilizer materials in the calcined
phosphate group are (a) defluorinated phosphate rock
or coronet phosphate, (b) rhenania phosphate, (c)
phosphate rock-magnesium silicate glass, and (d) basic
or Thomas slag.

Calcining

Calcining involves the heating of a solid to a temperature
below its melting point, which brings about a thermal
decomposition of the solid or the phase transition but not
melting. Calcining is often resorted to in the beneficiation
of ores. (See also Calcined phosphate.)

Calciphyte

Calciphytes are plants that require or tolerate large
amounts of calcium in the soil. (See also Calcicole plant.)

Calcite

Calcite or crystalline calcium carbonate (CaCO,), is used
for liming acidic soils. It is a dominant source of calcium
in both arid and semi-arid soils.

Calcite crystallizes as a colorless or white crystalline
material in a rhombohedral system with a hardness of 3
on the Mho scale. It exhibits the double refraction
property, which is apparent in icelandspar, the
transparent variety of calcite.

Calcite is very slightly soluble in water and is a major
constituent of limestone, marbles and carbonates. It gives
brisk effervescence with hydrochloric acid (HCI) and is
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sometimes used for bonding materials. The depth to
which free CaCO, leaches out is a measure of the depth of
true leaching and the thickness of the solum.

Calcite is the main source of quicklime and hydrated
lime or slaked lime. It is widely used as a metallurgical
flux to scavenge siliceous impurities by forming a slag in
smelting furnaces. It provides the essential calcium oxide
component in common glasses and cement.

Calcite limestone

Calcite limestone is crystalline calcium carbonate mined
by the open-pit method. It is used to neutralize soil
acidity. (See also Calcium carbonate.)

Calcium

Calcium (Ca), an element essential for the growth of
living organisms, is a soft grey metallic element
belonging to Group 2 (formerly II A) of the Periodic
Table (Fig.C.3). It is an important constituent of bones
and teeth in animals and is present in blood. It is required
for muscle contraction and other metabolic processes. In
plants, it is a constituent of the middle lamella and is
essential for plant cell elongation, cell division and
various anabolic and catabolic processes.

Calcium is an essential secondary plant nutrient. It is
absorbed by plant roots as calcium ions and supplied to
the root surface by mass flow and root interception. In
cells, calcium levels are micromolar, whereas externally
they are millimolar, facilitating a major role in metabolic
control. Calcium levels directly control many enzyme
reactions and enhance the uptake of nitrate, thus
becoming interrelated with nitrogen metabolism.
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Fig.C.3: Position of calcium, a secondary plant nutrient
element, inthe Periodic Table.

Calcium also facilitates the uptake of potassium ions
preferentially over sodium ions. Therefore, an optimum
ratio of potassium to calcium is important for a favorable
water balance in plants.

Calcium is generally an immobile element in plants.

Calcium concentration usually averages to about 33
ppm in the soil solution. A level of 15 ppm is adequate for
a high corn yield. A higher concentration or excess of
calcium in soil can cause deficiency of potassium and
some micronutrients, particularly zinc. Crops like
alfalfa, cabbage, potato and sugar beet, need higher
amounts of calcium.

Caicium content varies widely in soil. Plagioclase

mineral anorthite is the most important primary source of
calcium. The availability of calcium from soil to plants is
determined by many factors, such as the total calcium
content, soil pH, cation exchange capacity (CEC),
calcium percentage saturation, type of soil colloid, ratio
of calcium to other cations in solution, etc. Highly acidic
soils impede the uptake of calcium ions. As the calcium
percentage saturation decreases relative to the total CEC,
the amount of calcium ions absorbed by the plant
decreases.

Many crops respond to calcium applications when the
exchangeable calcium ion saturation falls below 25%.
The 2:1 clays (meaning, a lattice with 2 silica sheets for 1
alumina sheet) require a higher calcium ion saturation
than 1:1 clays (a lattice with 1 silica sheet for 1 alumina
sheet). An increased aluminum ion concentration in the
soil solution reduces calcium uptake by crops such as
corn, cotton, soybean and wheat. The calcium supply for
most crops is considered adequate when the soil calcium
to cation ratio is between 0.10 and 0.15. Ammonium,
potassium, magnesium, manganese and aluminum ions
suppress the calcium ion uptake by plants, whereas
nitrate ions enhance it.

Calcium deficiency leads to a decrease in the
development of terminal shoot buds and apical root tips,
thereby inhibiting plant growth. Calcium deficiency also
causes distortion of new leaves; in maize, for instance,
the deficiency prevents the emergence and unfolding of
new leaves and renders the tips of the existing leaves
almost colorless. A sticky gelatinous material causes the
leaves to adhere to one another.

Calcium deficiency is rare in fruits (excepting apples
which show pitting of flesh and skin) and vegetables;
however, it is seen as a disorder in the storage tissues.
Some vegetable crop disorders caused by inadequate
calcium content are summarized in Table-C.1.

Table-C.1: Effect of calcium deficiency on some cultivated
crops.

Vegetable crop Effect of inadequate calcium content

Bean Necrosis of hypocotyl

Brussels sprouts Internal browning

Cabbage Internal tip burn
Carrot Cavity spot
Cauliflower Leaf tip burn
Celery Black heart
Cotton Crinkle leaf
Escarole Brown heart
Lettuce Tip burn

Peanut Black heart

Pimiento peppers Blossom-end rot

Tomato Blossom-end rot

The quantity of calcium lost by leaching is 75 to 200
kg/ha/yr. This loss is greater than that of sodium ions as
the quantity of calcium present in a solution is higher and
is in an exchangeable form.
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Calcium ammonium nitrate production processes

Calcium is also lost or neutralized from the soil by
other routes. These are (a) rapid neutralization by acid-
forming fertilizers (ammonium), (b) slow neutralization
by acid formed by carbon dioxide in water due to
decomposition of organic matter, (c) erosion, leaving
more acidic subsoil to be limed, (d) slow removal of
harvested or grazed crops, and (e) slow neutralization by
acidic rain.

Calcium is added to plants as a component of other
nutrients, particularly phosphorus, as in
superphosphates. Primary sources of liming materials
are calcium carbonate and magnesium carbonate.
Gypsum is used for supplementing calcium as a
nutrient without correcting soil acidity. Synthetic
chelates, such as ethylenediaminetetraacetic acid
(EDTA) complexes of calcium containing 3 to 5%
calcium, are used as fertilizers both for soil and foliar
applications.

The uptake of calcium is progressively reduced by the
presence of ammonium, magnesium, potassium and
sodium ions, in that order. The foliar calcium to
magnesium ratio of 2:1 and potassium to calcium ratio of
4:1 are considered optimum for plant growth.
Phosphorus favors calcium uptake under acidic
conditions. A pH increase after excessive liming results
in deficiencies of iron, manganese, boron or zinc, leading
to subsequent chlorosis. Calcium and boron exhibit a
synergistic effect in reducing plant disorders.

Calcium ammonium nitrate

Calcium ammonium nitrate (CAN) is a nitrogenous
fertilizer produced by treating ammonium nitrate
solution with powdered limestone. It is a white to grey
chalky powder, with the color depending on the
limestone used in the manufacturing process. Made with
dolomitic limestone, the fertilizer contains 20%
nitrogen, 6% calcium and 4 % magnesium. If the quantity
of limestone is smaller than that of used ammonium
nitrate, the nitrogen content can go up to 28%. CAN is
preferred to ammonium nitrate in acid soils. The most
common grade of CAN contains about 21% nitrogen,
corresponding to 60% ammonium nitrate.

Several methods are employed for manufacturing
calcium ammonium nitrate. A concentrated ammonium
nitrate solution is mixed with powdered limestone to
obtain calcium ammonium nitrate granules. These are
cooled, dried and coated with a suitable material.

2NH,NO; +CaCO; —» Ca(NO,), +2NH; + CO, 4+ H,0

Other calcium compounds used for manufacturing
CAN are ground calcite or dolomitic limestone, chalk,
marl or precipitated calcium carbonate. The mixing is
done quickly to avoid decomposition of ammonium
nitrate. The granules contain 25 % nitrogen, half of which
is in a nitrate form and the rest in an ammoniacal form.
The fertilizer is water-soluble and useful to many crops
and soils; the nitrogen available to plants is relatively
resistant to leaching because of its ammoniacal form.

Technologies of both prilling and granulation can be
used for producing CAN. The prilled form is conditioned
with china clay, kieselghur or calcined Fuller's earth in
amounts ranging from 1 to 3% to improve the product
characteristics during storage. To improve the product
hardness, some manufacturers use pug mill to add
ammonium sulphate equivalent to 0.3 to 0.5% of the
sulphate (SOF ).

Calcium ammonium nitrate is widely used as a
fertilizer in Europe and the USA. It supplies nitrogen and
calcium to all crops and soils. As CAN is not acid-
forming, it is good for acid soils. However, it is
hygroscopic and difficult to handle because it absorbs
moisture from the air and becomes sticky. Therefore,
once a bag is opened, its content has to be used the same
day.

CAN is marketed under different trade names, like
Ammonium nitrate limestone (ANL), Cal-nitro,
Nitro-chalk, Nitrammoniacal, etc. (See also
Ammonium nitrate.)

Calcium ammonium nitrate production
processes

Calcium ammonium nitrate (CAN) is used when
ammonium nitrate is not acceptable. CAN contains
around 27% nitrogen, corresponding to about 75%
ammonium nitrate.

CAN is produced by mixing quickly concentrated
ammonium nitrate solution with ground or powdered
calcitic or dolomitic limestone, marl or the precipitated
calcium carbonate obtained during nitro phosphate

production.

Both prilling and granulation technologies are used to
produce CAN.

In prilling, ammonium nitrate solution is premixed
with ground limestone just before prilling. Prill towers of
30 to 50 m height (depending on the ammonium nitrate
concentration and cooling technique used) are employed.
1 to 3% China clay, kieselghur or calcined fuller's earth
is used to condition the prilled CAN. The mean particle
size of CAN formed is 2 to 2.5 mm. To obtain larger
particles of CAN, Hoechst and AZF have developed
technologies based on a combination of prilling and
granulation.

In the granulation process, the methods used are (a)
cold spherodizer, (b) fluid bed, (c) pug mill, and (d)
drum.

Pan granulation is difficult to handle as the pan is very
sensitive to such factors as heat and material balance. The
product obtained is also irregular in shape. The other
processes need additives and their melt concentrations
are also different. For example, a spherodizer needs
ammonium sulphate or magnesium sulphate while a fluid
bed requires magnesium nitrate. In the pug mill process,
0.3 to 0.5% sulphate as ammonium sulphate is added to
improve hardness. The melt concentrations by weight of
ammonium nitrate for these processes are as follows:
fluid bed 98 to 99%, pug mill 94.5 to 95.5% and drum
93.5t094.5%.
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In pug mill granulation, ammonium nitrate melt and
lime are proportioned in a controlled ratio to the pug mill.
The undersized and crushed oversized dust is recycled.
The fresh, damp granules pass to a drying drum and the
granules are screened in a hot condition. The cooler off-
gas is used for drying. The drying air is dedusted in dry
cyclones and dedusting is done by scrubbing. The cooled
product is coated before storage or bagging.

Calcium borate

The calcium salt of boric acid is called calcium borate.
Colemanite is a source of calcium borate,
(Ca,Bc0,,-5H,0), from which boron is extracted. It can
also be added to overcome boron deficiency. (See also
Boron; Colemanite. )

Calcium carbonate

Calcium carbonate (CaCO;) is a naturally occurring
white solid that is sparingly soluble in water. It is most
commonly used to neutralize soil acidity to the required
level in a process called liming.

The major sources of calcium carbonate are calcitic
limestone, dolomitic limestone, marl, chalk and marble.
Calcium carbonate is made by passing carbon dioxide
(CO,) into limewater. Pure calcium carbonate is assumed
to have a 100% neutralizing value. The values of other
liming materials are measured against the neutralizing
value of pure calcium carbonate. Calcium carbonate, on
heating, decomposes to give calcium oxide (quick lime)
and carbon dioxide.

Limestone, which consists mainly of calcium
carbonate, is called calcitic limestone or high calcium
limestone. Limestone containing more than 10%
magnesium carbonate is called dolomitic limestone or
dolomite. These forms contain about 12% magnesium.
Agricultural dolomitic limestone is a fine, grey to white
powder of a double carbonate of calcium and magnesium
with 12.8% magnesium and 17% calcium. The double
carbonate is much less soluble in water than the
individual carbonates.

Calcium carbonate equivalent

Calcium carbonate equivalent is an index of the
neutralizing value of liming materials, taking pure
calcium carbonate as 100. It is calculated as the molecular
weight of calcium carbonate divided by the molecular
weight of the neutralizing material, multiplied by 100.
For example, the calcium carbonate equivalent of slaked
lime is 136 and that of dolomite, 109. (See also
Neutralizing value; Neutralization. )

Calcium carbonate-fluorapatite

The sedimentary deposits of rock phosphate contain
varieties of carbonate-fluorapatite that are collectively
called francolite. It is an apatite which is a widely
occurring mineral of pale green to purple color. It
consists of calcium phosphate with some fluorine,
chlorine and other elements. Chemical analysis and X-
ray diffraction (XRD) show that the contents of calcium

carbonate-fluorapatite are calcium, sodium, magnesium,
phosphorus, carbonate and fluorine. Studies indicate that
francolite shows the replacement of calcium ions (Ca?*)
by sodium (Na*) and magnesium ions (Mg2*) in a
systematic, although limited way. Most importantly,
carbonate substitutes phosphate in a 1:1 ratio. The
maximum amount of substitution is 6 to 7% carbonate
(COZ#"). The incorporation of carbonate in a francolite
structure increases the content of fluorine.

Calcium cyanamide

Calcium cyanamide (CaCN,) is a dark colored,
granulated material containing around 21% nitrogen. Its
dark color is due to the presence of calcium carbide.

Calcium cyanamide is produced by heating a mixture
of limestone with coal in a nitrogen atmosphere.
Generally, the process is carried out in three steps. In the
first step, calcium carbonate (limestone) is decomposed
atabout 1100°C.

A
CaCoy— 77 Ca0 + CO;
1100°C
In the second step, calcium oxide (CaO) and coke (or
coal) are heated in an electric furnace to produce calcium
carbide.

Ca0 + 3C —» CaC; + CO

The final step involves heating the powdered calcium
carbide at about 1100°C with pure nitrogen (produced by
liquefaction of air and fractional distillation) to produce
calcium cyanamide.

CaC, + N, —>CaCN, + C
1100°C

The fertilizer-grade calcium cyanamide contains 21 %
nitrogen, 11% calcium, 11% free carbon, 5% oil, 2 to
4% water and oxides of aluminum, iron and silicon. In
the presence of moisture and air, calcium
dicyandiamide (a poisonous compound) is formed. It
distinctly leaves alkalinity in the soil equivalent to 1.3 kg
calcium carbonate (CaCO;) per 0.45 kg of nitrogen
applied. At pH 7 or below, calcium dicyandiamide is
converted into urea and lime within one week of its being

in the soil.

When dry, calcium cyanamide is dusty but it is
generally used as granules. It is poisonous, irritating to
the skin and used as a pesticide, fertilizer and defoliant in
cotton. It is as good a fertilizer as sodium nitrate or
ammonium sulphate, but not as fast acting.

Calcium cyanamide is an excellent weed Kkiller,
especially for tobacco plants, when applied 2 to 3 weeks
before sowing. It is also used for producing melamine,
urea and certain cyanide salts.

Calcium deficiency

Calcium deficiency is caused by the non-availability of
calcium, a secondary nutrient to plants. The deficiency is
seen first on the growing tips and on young leaves.
Chlorosis generally occurs along the margins of younger
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leaves which become necrotic, as seen in Fig.C.4. (See
also Calcium.)

Fig.C.4: Calcium deficiency causes
chlorosis of bud leaves, die-back of tips and
margins and death of terminal bud.

Calcium dicyandiamide: See Calcium cyanamide

Calcium dihydrogen phosphate

Apatite treated with sulphuric acid gets converted to
mono calcium dihydrogen phosphate [Ca(H,PO,).]
which is called superphosphate.

CasF(PO4); + TH;POy =— 5Ca(H,PO,), + HF

Calcium dihydrogen phosphate is more water-soluble
than apatite. (See also Superphosphate.)

Calcium excess

Calcium excess in plants exhibits magnesium deficiency
symptoms. When the excess is large, potassium
deficiency also occurs. (See also Calcium.)

Calcium hydroxide

Calcium hydroxide, [Ca(OH),], also called slaked lime
or hydrated lime, is a white solid that dissolves
sparingly in water. It is manufactured by adding water to
calcium oxide, a process that emits heat and is known as
slaking.

Calcium hydroxide is a cheap alkali, used for
neutralizing the acidity of acid soils and in the
manufacture of mortar, white wash, bleaching powder
and glass. It is an excellent absorbent for carbon dioxide
to produce insoluble calcium carbonate and has a
neutralizing value of 179%, compared to 100% of pure
calcium carbonate.

Calcium metaphosphate

Calcium metaphosphate [Ca(POs),] is available as
vitreous flakes. It is formed by treating phosphorus rock
with gaseous phosphorus pentoxide (P,Os). Calcium
metaphosphate is also obtained by burning elemental
phosphorus with calcium oxide at high temperatures in
the presence of oxygen. The molten product is tapped out
of the furnace, solidified on a water-cooled steel drum,
crushed and passed through a 10-mesh screen to obtain
1.6 mm size material.

Pure calcium metaphosphate contains about 72%
phosphorus pentoxide and is not water soluble. However,
it hydrolyzes slowly, forming water-soluble compounds.
More than 98% of phosphorus pentoxide (P,Os) in
calcium metaphosphate is soluble in neutral ammonium
citrate.

The major drawbacks of calcium metaphosphate as a
fertilizer are its (a) dependence on elemental phosphorus,
and (b) agronomic effect, caused by the rate of its
hydrolysis in the soil, which is too slow for short duration
crops (<90days).

Calcium nitrate

Calcium nitrate [Ca(NO,),], also known as lime nitrate,
nitrocalcite, lime saltpeter and Norwegian saltpeter,
was the first chemical nitrogenous fertilizer to be
marketed. It is produced as small white crystals by
neutralizing calcium carbonate with nitric acid, as per the
following reaction:

CaCO; + 2HNO; —» Ca(NO;); + H,0 + CO,

Calcium nitrate fertilizer absorbs considerable
amount of water, which makes it somewhat difficult to
handle. It contains 15% nitrogen and 21 % calcium. In a
prilled form, it becomes suitable for bulk mixing and the
powdered form is useful in sprays.

Calcium nitrate controls the blossom-end rot of
tomatoes and is used in Europe as a major source of
nitrogen.

Calcium nitrate used on saline soils displaces sodium
with calcium. In addition, calcium nitrate is a non-acid
forming fertilizer and improves physical properties of
acidic and exhausted soils. However, its advantage as a
fertilizer is offset by its extreme hygroscopic nature. This
calls for its production in air-conditioned plants and the
use of sealed moisture proof bags.

Calcium nitrate, in addition to its usage as a fertilizer,
finds application in explosives, pyrotechnics, and
inorganic chemical operations.

Calcium nitrate production processes

Calcium nitrate is produced in large quantities in Egypt,
The Netherlands, Norway, Portugal and Ukraine at
plants with a daily capacity of 150 to 1200 tons. Two
principal methods are known for its production, which
are as follows: (i) Neutralization of 50 to 56 % nitric acid
by ground limestone and addition of ammonia to the
filtered solution to make its pH about 4. This gives
calcium nitrate in solution which is evaporated to get a
concentration of about 79 to 82%. (ii) The other process
starts with calcium nitrate tetrahydrate, a by-product in
the nitro phosphate process. The crystals obtained are
melted by plant waste heat to get a 70 % solution.

The finishing operations are carried out by
granulation in a pug mill, drum granulator or pan
granulator. Because of effluent problems associated with
prilling plants, the trend is to switch over to granulated
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products. The granulation technology used for calcium
nitrate is the same as that used for calcium ammonium
nitrate except that cooling is done prior to screening and
crushing. For field application, calcium nitrate is coated
with stearyl amine (15%) in paraffin oil. It is, however,
not coated when applications are for drip irrigation or
greenhouse.

Calcium nitrate in vapor and air from the production
plants is scrubbed with water to keep the limit of 10 to 30
mg/Nm’ of dust in the exhaust.

Calcium nitrate urea

Calcium nitrate urea, also called calurea in Germany, is
a trade name for a white crystalline fertilizer material
containing mainly calcium nitrate and urea. It is
crystallized from an aqueous solution as calcium nitrate
with four urea molecules. It contains 34 % nitrogen and is
used as a fertilizer.

Calcium oxide

Calcium oxide (CaQ) is a white powder with a
neutralizing value or calcium carbonate equivalent
(CCE) of 179%, compared to 100% for calcium
carbonate (CaCO;). For quick results, either calcium
oxide or calcium hydroxide [Ca(OH),] is used. Calcium
oxide is also known as lime, unslaked lime, burned lime
or quicklime. Roasting CaCO; in a furnace makes
calcium oxide. A complete mixing of calcium oxide with
soil is difficult because it cakes due to absorption of
water.

Calcium phosphate

Calcium phosphate [Ca;(PO,),] is a white insoluble
powder and is the main constituent of bones. Calcium
phosphate occurs naturally as rock phosphate in the
mineral apatite Cas(PO,);, which contains OH, F and
CI ions to a small extent.

Calcium ions and hydrogen phosphate ions react in
the presence of an alkali to produce calcium phosphate.

HPO,” + OH — PO, + H,0
3Ca>* + 2P0, —» Cay(PO,),

Calcium phosphate is used extensively as a fertilizer.
Dicalcium phosphate is a common constituent of
nitrophosphate fertilizers and of compound fertilizers
formed by ammoniation of superphosphates. Calcining
of phosphate rock, sodium carbonate and silica in a rotary
kiln at 1250°C gives rhenamia, or calcium sodium
phosphate.

Calcium polyborate

Calcium polyborates are salts of polyboric acid such as
tetraboric acid with calcium. Calcium metaborate
consists of calcium ions (Ca**) and metaborate ions
[(BO2),J". The metaborate ion is made up of triangular
BO; units which are joined together through oxygen
atoms in a way that forms endless flat linear zig-zag
chains, as shown in Fig.C.5.
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Fig.C.5: (1) Linear [(BO)),f* ion found in calcium
metaborate and (2) cyclic structure of [(BO,)3J*".

Calcium sodium phosphate

Calcium sodium phosphate (CaNaPQ,) is another name
for rhenania. It is produced by calcination of a mixture
of phosphate rock, sodium carbonate and silica at
1250°C.

Calcium sulphate

Calcium sulphate (CaSQ,) is a white solid that occurs
naturally as a mineral anhydrite. It is found more
commonly as dihydrate, called gypsum (CaSO,-2H;0).
When heated, gypsum loses water at 128°C to give a
hemihydrate (2CaSO,-H,0), also known as plaster of
Paris.

Calcium sulphate is sparingly soluble in water and
makes water permanently hard. CaSO, is used in the
manufacture of certain paints, ceramics and paper. Its
naturally occurring form is used in sulphuric acid
manufacture.

Gypsum is the cheapest and the most useful material
in reclamation of sodic soils. Calcium, solubilized from
gypsum, replaces sodium, leaving behind the water-
soluble sodium sulphate, which is leached out as a result
of the following reactions in the soil:

CaS0,+Na,CO; = CaCO;+Na,S0, (leachable)
NaO 0"
Si  + CaSO,— Ca [Clay micelle]+ Na,SO, (leachable)
N
NaO  O-Si
Since both reactions are reversible, adequate leaching

arrangements have to be made to remove sodium
sulphate.

The application of about 40 t/ha of gypsum in Nevada
(USA) was seen to increase water infiltration and the
depth of water penetration substantially. These two
measures increased hay yield up to 2.3 t/ha per year.

Gypsum requirement (GR) is the amount of gypsum
necessary to be added to reclaim soil and is calculated
using the formula:

Metric tons of gypsum needed
to reclaim the soil

Gypsum requirement (GR) = =
Hectares of soil to some
fixed depth (30 cm)

The gypsum requirement is equivalent to (Na,) x 4.50
metric tons of gypsum per hectare for a 30 cm fixed
depth, where Na, is the milliequivalent of exchangeable
sodium to be replaced by calcium from the added gypsum.
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Calibration curve

Calibration curve depicts the relationship between two
measurements as a graph, as in the colorimetric
estimation of iron in soil. It is made by plotting the
intensity of light absorbed at a particular wavelength
against the corresponding concentration of, say, iron.
The unknown sample absorption is interpolated to get the
concentration. (See also Standard curve).

Caliche

Caliche is a mineral deposit of gravel, sand and nitrates
(such as Chile saltpeter). Mined in Chile, caliche
contains nitrates of sodium (8 to 20%), potassium,
magnesium and salts like borate, sulphates and chlorides.

The sodium nitrate fertilizer is extracted from
caliche. One ton of sodium nitrate (of 99% purity) is
extracted from 10 tons of caliche. Calcium carbonate gets
deposited within the soil and forms a layer of caliche
horizon. Sometimes, because of erosion, the top soil gets
washed away and caliche is exposed on the surface of the
soil. (See also Sodium nitrate).

Caliche horizon: See Caliche

Calmonite

Calmonite is a mixture of ammonium nitrate and
limestone, made in Germany.

Cal-nitro

Cal-nitro is a trade name of calcium ammonium nitrate
fertilizer, which is marketed in Europe and the USA.
(See also Calcium ammonium nitrate).

Calurea

Calurea is a dry, white, crystalline, nitrogenous
fertilizer. Also called calcium nitrate urea, it contains
34% nitrogen and 10% calcium. It can be spread
uniformly by a suitable farm distributor. When mixed
with superphosphate to adjust the nitrogen content, its
physical quality deteriorates.

Calvin cycle process

Calvin cycle is one of the two principal reactions by
which carbon dioxide is reduced to a carbohydrate in a
metabolic pathway during photosynthesis by marine
unicellular algae. The second principal reaction is the
light dependent process, during which sunlight is
absorbed by the photosynthetic green pigment
chlorophyll, and this energy is used to bring about the
photolysis of water. The electrons and protons produced
by the photolysis of water are used to reduce NADP
(nicotinamide adenine dinucleotide phosphate).

The ATP (adenosinetriphosphate) and NADPH
produced during the light reaction provide energy and
reducing power respectively for the succeeding dark
reaction. Calvin cycle takes place in the absence of light.

Cambic horizon

Cambic horizon is a subsurface soil horizon, with the
texture finer than that of loamy fine sand. In this horizon,
materials are altered or lost but not accumulated. The
absence of fine stratification in this horizon is the proof of
an altered structure. Other characteristics of this horizon
are the appearance of grey color, mottling on wetting,
redistribution of carbonate and yellowish or reddish color
in the underlying horizons.

Cambic horizon contains more than 3% weather-
prone materials, as indicated by the cation exchange
capacity (CEC) (which is higher than 16 milliequivalents
per 100 g of clay).

Cambisol

Cambisol is one of the twenty-four major soil types which
changes color, structure and consistency owing to
weathering in situ. Cambisol is described in the FAO-
UNESCO soil map of the world.

Cambisol is a group of soils having a cambic horizon
occasionally associated with ochric, umbric, calcic or
gypsic horizons. It has mollic overlying subsoil with a
base saturation which can be determined by 1M
ammonium acetate at pH 7, randomly distributed within
100 cm from the soil surface.

Cambisol soils have one of the two characteristic
horizons within a specified depth from the soil surface,
namely (a) an andic or natric horizon between 25 and 100
cm, and (b) a plinthic, petroplinthic or salic horizon
between 50 and 100 cm in the absence of loamy sand or
coarser textures to a depth of at least 100 cm.

Calcaric, chromic, dystric, eutric, ferralic, gelic,
gleyic, humic or vertic horizons can also be found in
cambisols.

Cambium

Cambium is a plant tissue. It is a thin layer of cells that
divide to give daughter cells. Cambium is found between
the bark and the wood of a stem, and also within the roots.

Cambium is responsible for secondary growth in
perennial plants. This growth is brought about by
producing new layers of phloem (food conducting
tissues) and xylem (wood). Based on temperature and
moisture, the cambium produces large wood elements in
the spring and minute ones in the summer, thus forming
the annual rings in a tree.

There are two types of cambium, namely vascular
cambium which gives rise to secondary xylem and
phloem, and cork cambium which gives rise to
secondary cortex and cork tissues.

CAN
CAN is short for calcium ammonium nitrate.

Capacity factor

The capacity factor of a soil represents the total amount of
nutrients which can be transferred with the soil solution,
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either when the soil solution is depleted by a crop or by
leaching. The ability of the soil to supply nutrients to
plant roots as well as the plant's ability to absorb and
utilize these nutrients determine the availability of
nutrients to the plant. In other words, it is the reserve
nutrient that moves into the soil solution during the
course of plant growth.

Numerous solution-culture experiments have showna
close relationship between the nutrient concentration in
the solution and the rate of nutrient uptake by the plant. In
a low concentration range (say, lower than 0.05
mmol/liter nitrate, ammonia, potassium and phosphates)
the relationship between the nutrient concentration in the
growing medium and the nutrient uptake by the plant is
linear and is given as:

U = 2nara-C;

where U is the uptake of a 1mm long root segment, r is the
radius of the root, a is the absorbing power of the root and
C; is the concentration of the ion at the root surface. Two
critical chemical properties of the soil that determine the
concentration of nutrients in the soil solution, are its pH
and redox potential.

Chemical methods currently used to identify the
capacity factor are based on the extraction of a readily
exchangeable or soluble nutrient. However, the
mechanism of supplying nutrients to the soil solution is
still not fully understood.

Capacity factor of nutrient

Capacity factor of a nutrient is a measure of the amount of
the nutrient available in the solid phase. When plants
withdraw nutrients from the soil solution, the solid phase
(reserve) goes into solution to replenish the loss.
Chemical methods currently used for determining the
capacity factor involve the extraction of the readily
exchangeable or soluble nutrient.

Capacity of agricultural machines

The capacity of an agricultural machine indicates the
limit of its capability. Two types of capacity are
commonly used - the field capacity of a machine and the
throughput capacity. Field capacity evaluates the
productivity of machines (like plows, cultivators and
drills) used for working the soil. Throughput capacity
describes the productivity of machines that handle or
process a product, such as grain augers, balers, forage
harvesters and combines.

Another concept relating to both types of capacity is
the difference between theoretical field capacity and
actual productivity. Theoretical field capacity is defined
as:

w2

x W
8.25

Theoretical field capacity =

where S is the speed of travel (m/h) and W is the width of
machine (m).

The lost capacity represents the loss of revenues or
resources. It is caused by lost time, idle time and under
utilization of the machine.

Capillarity

Capillarity is the tendency of a liquid in a capillary tube or
absorbent material to rise or fall due to surface tension.
This phenomenon is at work when fine pores in the soil
act as capillaries for water.

Capillarity is largely responsible for the transport of
water against gravity and is, therefore, very important to
plants. The size of capillary vessels in fruits and
vegetables limits their rate of drying.

The phenomenon of a liquid rising up in a narrow tube
or drop-bubble-film formation due to a high inter-
molecular attraction within the liquid is called capillary
action. Water rises through the minute capillary spaces
between soil particles and through soil pores.

Capillary action: See Capillarity

Capillary adhesion

Capillary adhesion refers to caking due to molecular
attraction caused by van der Waals forces. During the
storage of fertilizers in bulk or in bags, caking is caused
due to contact among particles under pressure. (See also
Caking.)

Capillary fringe

Capillary fringe is the zone comprising the horizons of
the subsoil, saturated or semi-saturated, above the free
surface of ground water, in a porous medium, and in
continuity with it. The pressure of water in this zone is
less than the atmospheric pressure. Because of the
irregularity of the capillary fringe, its upper boundry is
defined only by convention. If water is saline, the
capillary fringe contributes to salinization of the soil and
can be harmful to some crops, such as citrus or sugar
cane.(See also Ground water.)

Capillary moisture: See Capillary water

Capillary pores

Capillary pores are the finest pores in the soil occupied by
water. The water in capillary pores is known as capillary
water and it moves through the soil pores because of the
water potential gradient.

Capillary spaces: See Capillary water

Capillary water

Capillary water is the water held in capillary spaces by
adhesion and surface tension as a continuous film around
soil particles. The small spaces between soil particles are
called capillary spaces. When the force that holds
capillary water exceeds the 'pull’ or the 'push’ of a 60 cm
column of water, the water does not drain away easily.
Capillary water moves through the pores from wet to dry
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areas under hydrostatic gradient. It is, in effect, a
permanent soil solution which contains dissolved
solutes such as plant nutrients.

Water that moves up after the soil is drained is called
capillary moisture. This water stays as a film around the
soil particles and in the finer pore spaces by adhesion and
surface tension. (See also Soil water.)

Capping
The coating over the top of free or embedded grains is

known as capping in micromorphology. The form and the
thickness of the coatings vary.

Heavy rains followed by hot and dry conditions create
a crust on the soil particles which blocks the pores in the
soil. This crust is also called capping.

Capsule

A capsule in the biological context is a generic term used
for a variety of purposes, such as (a) a gelatinous
envelope around the cell walls of certain bacteria
(Fig.C.6), (b) a connective tissue envelope for organs
in the animal body (e.g., liver or spleen), (c) a type of
hard, dry, dehiscent fruit, opening in various ways to
release its seeds (e.g., cotton, okra or poppy), (d) a thin
metal envelope in an incubator, containing a liquid (e.g.,
ether) that expands and contracts and also maintains an
even temperature in the incubator, and (€) a soluble
gelatinous case containing a dose of medicine
administered orally.

Plasma

membrane
Cell wall
Cytoplasm
Cell surface
membrane
Mesosome
DNA
Food
reserve Capsule
Plasmid Ribosome
Pili

Flagellum

Fig.C.6: A bacterial cell and its parts. Some bacteria
produce a slimy secretion called capsule which provides
additional protection to them.

Carbamide

Carbamide is another name for urea. (See also Amide
fertilizer.)

Carbamide phosphoric acid

Acid-forming fertilizers with urea may help in reducing
the soil pH and the evolution of ammonia during urea
hydrolysis. Urea phosphate is one such compound, and is
formed by the action of urea with orthophosphoric acid.

The common grade is 17-44-0. Urea combined with
diammonium hydrogen phosphate [(NH,),HPO,] gives a
solid fertilizer 28-28-0.

Carbamidine
Carbamidine is another name for guanidine. It is a
crystalline basic compound related to urea. It forms a

number of salts which are used as fertilizers. Guanidine
phosphate is an example.

Carbohydrates

Carbohydrates like glucose, fructose, cane sugar, starch
and cellulose were earlier considered to be hydrates of
carbon, C,(H;0),. However, some carbohydrates cannot
be represented as hydrates of carbon. The term
'carbohydrates’ now includes all polyhydroxy-aldehydes
and ketones along with substances they yield on
hydrolysis. In short, compounds containing carbon,
hydrogen and oxygen with a general formula of (CH;0),
are called carbohydrates.

Plants produce carbohydrates by photosynthesis and
are classified into monosaccharides, oligosaccharides
and polysaccharides.

Monosaccharides are non-hydrolysable sugars, such
as glucose (Fig.C.7) and fructose, which are soluble in
water and sweet in taste. These are the building blocks of
various carbohydrate molecules. Monosaccharides
which contain an aldehyde group are called aldoses,
whereas those containing a ketone group are called
ketoses.
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Fig.C.7: Structure of glucose, a monosaccharide. A- open
chain; B and C- ring forms of a glucose and B glucose,
respectively.

Oligosaccharides are low-molecular-weight
condensation polymers of monosaccharides and may be
further classified as disaccharides (two monosaccharide
units) and trisaccharides (three monosaccharide units).
Sucrose and maltose are examples of disaccharides
(Fig.C.8).

Non-sugars like starch, dextrin and cellulose, which
on hydrolysis yield a large number of monosaccharide
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Fig.C.8: Formation of maltose, a disaccharide from
glucose molecules (monosaccharides).

molecules, are called polysaccharides (Fig.C.9). They
are amorphous, tasteless, non-reducing, mostly insoluble
in water and are further classified as homo-
polysaccharides and hetero-polysaccharides. Their
molecular weight is usually very high and many of them
(like starch or glycogen) have molecular weights of
several million.
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Fig.C.9: Structure of amylose, a polysaccharide.

Carbohydrates perform many vital roles in living
organisms. Sugars, especially glucose and its
derivatives, are essential intermediates in the conversion
of food into energy. Starch and other polysaccharides
serve as energy stores in plants, particularly in seeds,
tubers, bulbs, leaves, etc., and are a major energy source
for animals and including humans. Cellulose, lignin, etc.
form supporting cell walls and woody tissues of plants.
Chitin is a structural polysaccharide found in the body
shells of many invertebrate animals. Carbohydrates also
occur in the surface coat of animal cells and in bacterial
cell walls. Carbohydrates are an important natural source
of ethyl alcohol that is now used extensively in gasohol.

Carbon

Carbon (C) is found in every living being as it forms the
major constituent of living cells. As an essential element
for plants and animals, carbon is derived from
atmospheric carbon dioxide assimilated by plants and
photoautotrophic microbes during photosynthesis.
Carbon occurs in nature both in an elemental form and as
compounds. For example, coal contains elemental
carbon which, upon heating in the absence of air, loses
the volatile substances, and gives coke. Both coal and
coke are amorphous (non-crystalline) forms of carbon.

The two crystalline forms of carbon are diamond and
graphite. These are called the two allotropes of carbon.
Allotropes are two or more forms of an element that exist
in different physical forms, and differ in the bonding or
molecular structure of their fundamental units. Carbon is
found in a combined state in all living organisms, as well
as in fossil fuels such as methane and petroleum. It also
occurs in large amounts in carbonates such as limestone.

Carbon, a non-metallic element, is found at the head
of Group 14 (formerly IV) in the Periodic Table
(Fig.C.10). It is unique in the variety and complexity of
compounds it forms, which is due to the ability of carbon
atoms to bond to one another in long chains, rings and

combinations of rings and chains. Carbon in combination
with H, O, N, S and other elements produces such a
variety of compounds, that a separate branch of
chemistry called organic chemistry, came into being
around carbon compounds.

Elemental carbon is a fairly inert substance. It is
insoluble in water, dilute acids and bases, and organic
solvents.
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Fig.C.10: Position of carbon, a basic plant nutrient
element, in the Periodic Table.

Each carbon atom has four valence electrons and
these tend to share with other atoms in the formation of
four covalent bonds. Carbon forms two oxides - carbon
monoxide (CO) and carbon dioxide (CO;) - which are
formed when carbon or carbon-containing compounds
are burned in insufficient or in excess air, respectively.

2C + O, —» 2CO (restricted air supply)

C + O, ——CO, (abundant air supply)

The free element has many uses, ranging from
ornamental applications as diamond in jewelry to the
black-colored pigment of carbon black in automobile
tires and printing inks. Graphite, another form of carbon,
is used for high temperature crucibles, arc lights, dry-cell
electrodes, lead pencils and as a lubricant.

Charcoal, an amorphous form of carbon, is used as
an absorbent for gases and as a decolorizing agent in its
activated form.

Carbonation

Carbonation represents a chemical weathering process
which combines the action of acidity and the formation of
soluble bicarbonates, and is thus a kind of weathering by
acids. Carbon dioxide dissolves in water to produce
carbonic acid which acidifies the water and increases its
solvent action. When limestone dissolves in water, the
reaction of calcite (the main mineral in limestone) with
carbonic acid to form soluble calcium bicarbonate is an
example of carbonation.

H,O0 + CO, —» H,CO,
(‘HCO\ -+ H:(‘()-, S CillHCO;}:

In the process, the potassium, magnesium and
calcium found in many rocks (parent material) are
released. Many other organic and inorganic acids are
present in vegetated areas, and these contribute to
weathering. (See also Weathering.)
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Carbon cycle

Carbon cycle refers to the circulation of carbon atoms
between living organisms and the atmosphere. Carbon
dioxide is assimilated during photosynthesis by plants to
produce carbohydrates and other complex carbon
compounds. These in turn, are consumed by animals.
Animals and plants break down these carbon compounds
during respiration and release carbon dioxide back to the
atmosphere. Carbon dioxide is also released from the
decaying remains of plants and animals by the action of
micro-organisms in the soil.

Thus, carbon undergoes a sequence of
transformation, first used by a set of organisms,
subsequently liberated in its original state, only to be
reused by another set of organisms (Fig.C.11).

= Fossil fuel
I . e ————

4 . A o ™ burning
r —~N ¢ ‘.Q-f ISR
CO: in the [j .. L, —

| 3 S . CO:zin
tmosphere Ki’l‘mfﬁ{_\.'nllwkis. respiration and * biomass
decomposition by aquatic

and terrestrial biomags

Diffusion

Coal and oil

Fig.C.11: The carbon cycle.

Organic matter of the soil arises from the debris of
green plants, animal residues and excreta deposited on
the soil surface, which is mixed to a variable extent with
the mineral component. This matter is colonized by a
variety of soil organisms, most importantly micro-
organisms that derive energy for their growth from
oxidative decomposition of complex organic molecules.
These micro-organisms convert the organic compounds
to simple inorganic forms by a process known as
mineralization. For example, organically combined N,
P and S appear as ammonium (NH;), dihydrogen
phosphate (H,PO,) and sulphate (SO#) ions and about
half the carbon is released as carbon dioxide (CO,).
Mineralization, especially that involving the release of
CO,, is vital for the growth of succeeding generations of
greenplants.

The proportion of remaining substrates used by
micro-organisms (and incorporated into their cell
substance or microbial biomass) and other essential
elements suchas N, P, S, etc. varies. These elements are
largely unavailable for plant growth until they die and
decay and the process is called immeobilization.

The residues of organisms, together with the more
recalcitrant parts of the original substrate, accumulate in
the soil. Various interrelated processes of synthesis and
decomposition by which carbon is circulated through the
biosphere (comprising soil, micro-organisms, plants,
animals and air collectively) constitute the carbon cycle.

For the past 100 years or so, the CO, emissions have
increased from the combustion of fossil fuels and

respiration by organisms. They have also increased the
sequestration of carbon in living and dead organisms on
land and in water. This has led to a steady rise of CO,
concentration in the atmosphere. The rise, which
according to one estimate, is currently occurring at an
annual rate of 0.4 %, leading to an enhanced greenhouse
effect.

The amount of carbon in the form of soil organic
matter is very large (1500 x 10° tons of carbon) and any
change in the dynamic equilibrium of soil, vegetation and
atmosphere significantly affects the net addition of CO; to
the atmosphere. This makes the study of soil organic
matter, its composition, accumulation and decomposition
very important.

Carbon dioxide

Carbon dioxide (CO,) is a compound of two oxygen
atoms covalently bonded to a carbon atom. It is a
colorless, odorless, tasteless gas, soluble in water,
ethanol and acetone, and is 15 times heavier than air.

Carbon dioxide occurs in the earth's atmosphere at an
average of 0.04 % by volume. The volume keeps changing,
as it is consumed by plants during photosynthesis and
replenished during respiration and combustion of
biomass. CO,is a major source of carbon for plants.

Carbon dioxide is readily prepared in a laboratory by
the action of dilute acids on carbonates. It is also obtained
as a by-product from the manufacture of lime and from
fermentation processes. Chemically, CO, is not reactive
and does not support combustion. It gives carbonic acid
on dissolution in water.

Carbon dioxide is one of the key materials for urea
production. Liquid carbon dioxide is produced at high
pressures and has a small liquid range. Solid carbon
dioxide (known as dry ice), produced by subjecting
gaseous carbon dioxide to pressure and temperature, is
used in refrigeration, carbonated drinks and fire
extinguishers. It is also a constituent of medical
treatment, as it promotes exhalation.

The level of carbon dioxide in the atmosphere has
increased by 12% in the last 100 years, mainly due to the
burning of fossil fuels and the destruction of rain forests.
The increased level of carbon dioxide is the main cause
for an average increase of 0.5°C in the mean global
temperature through the greenhouse effect.
Environmentalists urge that measures be taken to prevent
any further increase in atmospheric carbon dioxide, and the
subsequent global warming and melting of ice caps.

In calcareous soils, the partial pressure of carbon
dioxide in the soil air influences its pH; it is 8.5 when free
calcium carbonate in the soil is in equilibrium with
atmospheric carbon dioxide. An increase in carbon
dioxide in the soil air decreases the pH to around 7.3.

Applications of carbon dioxide include its use as (a) a
refrigerant in either solid or liquid form, (b) an inert
medium, (c) a chemical reactant, (d) a neutralizing agent
for alkalis, (€) a pressurizing agent, and (f) an ingredient
in the manufacture of acrated water.
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Carotenoids

Carbonitric process

Carbonitric process is undertaken for the removal of
calcium ions or salts from nitrophosphate solution by
adding ammonia and carbon dioxide. It is a commercially
unsuccessful process.

Carbonitric process for nitrophosphate
fertilizers

During the carbonitric process, calcium ion or salt is
removed from nitrophosphate by passing carbon dioxide
and ammonia in a solution of phosphate rock and nitric
acid. The final product contains dicalcium phosphate and
ammonium nitrate with small quantities of calcium
carbonate.

Nitrophosphate is made by reacting phosphate rock
with nitric acid and the process is known as the Odda
process. Calcium ion is a non-nutrient as compared to N,
P and K, and hence acts as a diluent. Hence, it is desirable
to remove this calcium from solution. This is carried out
in the Odda process by cooling the solution to remove the
calcium nitrate that crystallizes out. Calcium ions can
also be removed by precipitating them as calcium
sulphate by adding ammonium sulphate to the solution.
(See also PEC process for nitrophosphate fertilizers.)

Carbonization

Carbonization is a fossilization process during which an
organism becomes a film of carbon, generally on the
bedding surface of a sedimentary rock. Many leaf fossils
are formed in this way.

Carbon/nitrogen ratio

Carbon/nitrogen (C/N) ratio is the ratio of organic
carbon to nitrogen in organic materials or soils. Micro-
organisms that decompose organic matter need nitrogen in
some form along with other nutrients; hence, the C/N ratio
indecomposing organic material and soil is important. This
ratio indicates the likelihood of nitrogen shortage and any
competition that might occur between micro-organisms
and higher plants for the available nitrogen.

The nitrogen content of humus or stable soil organic
matter ranges from 5.0 to 5.5%, whereas the carbon
content ranges from 50 to 58%, giving a C/N ratio
between 9 and 12. Whether nitrogen is mineralized or
immobilized depends on the C/N ratio of the organic
matter being decomposed by soil micro-organisms. A
C/N ratio of approximately 20:1 is the dividing line
between immobilization and mineralization. If this ratio
in the fresh material is greater than 30:1, nitrogen
immobilization occurs. For ratios between 20 and 30,
there may be neither immobilization nor the release of
mineral nitrogen. Organic material with a C/N ratio of
less than 20 releases mineral nitrogen.

The nitrogen content of the residue being added to the
soil can be used to predict whether nitrogen is
immobilized or mineralized. A nitrogen content of 1.5 to
1.7% is sufficient to minimize immobilization of the soil
nitrogen under aerobic conditions. In submerged soils

and under anaerobic conditions, the amount of nitrogen
required for decomposition of crop residues is about
0.5%. A severe nitrogen deficiency, which often follows
the addition of residues with high C/N ratios to the field
just before planting, is a result of this competition for
nitrogen.

The C/N ratio of soils tends to be fairly constant, the
median being between 10:1 and 12:1. The temperature
and precipitation influence the C/N ratio in soil organic
matter. Rainfall being constant, the C/N ratio is lower in
warmer than in cooler agro-ecological regions.
Similarly, when annual temperatures average about the
same, the C/N ratios tend to be lower in the drier regions.

Since the C/N ratio of soil tends to be constant, the
C/N ratio of added organic residues to the soil assumes
considerable importance. When a residue having a high
C/N ratio (such as wheat or paddy straw) is added to soil,
the resultant increased microbial activity causes a sudden
increase in the production of carbon dioxide (CO,) with a
concomitant depression in soil nitrates. This does not
happen when leguminous crop residues having low C/N
ratios (20:1 to 30:1) are added to the soil.

Available information on tillage effects on soil
organic matter and nitrogen availability leads to the
conclusion that all tillages lead to a decrease in the C/N
ratio of soil compared to native sod. Tillage increases the
oxygen content of the soil air and exposes protected
organic matter to microbial action. Thus, the more a soil
is tilled the greater the loss of its organic matter.

CARNIT process for ammonium nitrate
production: See Ammonium nitrate production
processes

Carotenes

Carotenes are reddish yellow pigments which occur in all
leaves, carrots and butter and give them their distinct
colors. Carotenes are unsaturated hydrocarbons (C4Hss)
that belong to a class of carotenoid pigments. They are
precursors of vitamin A and occur in certain plastids.
Examples are B-carotene and lycopene which give color
to carrot and ripe tomatoes respectively.

Carotenoids

Carotenoids are a large class of pigments usually located
in the thylakoid membranes of the grana in chloroplasts,
in the form of carotenoprotein complexes.

The general structure of carotenoids is that of
aliphatic and aliphatic-alicyclic polyenes with a few
aromatic-polyenes. They are widely distributed in plants
and act as photosynthetic pigments in cells that lack
chlorophyll. They have the same basic structure as
vitamin A, and are converted into vitamin A in animal
livers. More than 300 carotenoids are known and this
number is on the rise.

There are several biochemical functions in which
carotenoids play a role, apart from their well-known role
as photosynthetic pigments. Carotenoids act as blue light
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harvesting pigments, protect biological systems from
photodynamic damage and are safe food colorants.

Carpel

Carpel is the female reproductive organ of a flower,
comprising a stigma, style and ovary (Fig.C.12). It
develops into a fruit after receiving pollen grains and
fertilization. Flowers may have a single carpel, a condition
termed monocarpellary (as in orange), or many separate
carpels called apocarpous (as in michelia).

Stigma —&3,

Anthers

Stigma

Fig.C.12: Carpels of the flowers of 1. Gladiolus and
2. Tuberose.

Carrageenans

Carrageenans are naturally occurring hydrophilic
colloids found in various species of red seaweeds.
They perform a role similar to cellulose in terrestrial
plants.

Carrageenans are a highly sulphated galactan. Due
to this they are a strongly anionic polymer which makes
them useful commercially. They are commercially
extracted for their use as water soluble gums.

Carrageenans may be compared with furcellaran
extracted from agars (furcellarans have a smaller
proportion of half-ester sulphate). Agars, in contrast, are
commonly considered non-ionic.

Carrier-based inoculant

Mixing a liquid inoculant with carriers such as peat,
lignite or charcoal makes a carrier-based inoculant. The
carrier added to inoculum facilitates field application.

Carrier proteins

Carrier proteins are proteins bound to a non-protein
group and act as carrier molecules in transporting
electrons through the electron transport chain. They can
undergo oxidation-reduction easily, thus allowing
electrons to flow through the system. There are four
types of carriers: flavoproteins, cytochromes, iron-
sulphur proteins and coenzymes.

Carriers

Carriers are proteins that mediate the transport of
molecules across membranes or that carry out
oxidation/reduction reactions in the membrane. Besides
the protein components, redox carriers may also have
other moieties, such as heme and metals.

Carrier is also a term used for animals, insects or
any other living organisms that possess or ‘carry'
germs of a disease but not its symptoms, and are
able to pass on the infection to other plants or animals.
In the context of biofertilizers, non-living base
materials such as lignite (Fig.C.13), peat, charcoal,
sawdust, etc., which carry bacterial inoculum, are called
carriers.

Carriers also refer to neutral molecules like those
used to support a catalyst in a large scale reaction system,
or a gas used to convey a volatilized mixture for analysis
by gas chromatography.

Carrier theory of ion transport

According to the carrier theory, a carrier is present on a
membrane which combines with the ions on the outer
surface of plasmalemma and forms a complex. The
complex so formed can travel through the membrane,

carrier-based inoculum is used for direct inoculation.
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Fig.C.13: Inoculum of phosphate solubilizing micro-organisms being mixed with the carrier, lignite. The
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Catalyst

whereas it is impermeable to the free ion. After releasing
the ion on the other side, the carrier moves back to start
the process once again. This hypothesis can explain (a)
the accumulation of salts against the concentration
gradient, (b) the specificity in ion uptake which is found
in all plants, and (c) the transport of ions through
membranes which by themselves are impermeable. A
single type of carrier may be operative in carrying several
types of mutually competitive ions.

Carryover effect of fertilizer

Carryover effect or residual effect of fertilizer refers to
the continuing action of a fertilizer in providing nutrients
to a plant, for a season or more after its application. The
unutilized nutrients from the previous season become
available to the plant in the next season. Long-term
residual benefits are encountered more for potassium and
phosphorous than for nitrogen. Carryover effect is also
seen in manures.

In practice, phosphorus and micronutrients, once
applied, are generally available to the plants in the next
season. The residual effect depends on the nature of soil,
the amount of fertilizer added, the crop yield and the
portion of the crop left in the field after harvest.

Crop residues left in the field are often important
nutrient sources. For example, most of the potash taken
up by cereals is found in straw. The same is true for
several other crops (like sugar beet, potato and rape seed)
when more than half the nutrients are left behind in crop
residues. Management of the residue is, therefore, an
important part of plant nutrient budgeting and soil
management.

Carse

Carse is a Scottish term used for an alluvial riverside
plain.

Caryopsis

Caryopsis is a fruit (grain or seed) of cereals and grasses
where a dry, single-seeded indehiscent fruit has its fruit
wall fused to the testa (seed coat) of the seed. Wheat,
barley, corn and rice are examples of caryopsis fruit.

Cash crop

A cash crop is a high-value marketable crop produced for
sale rather than for domestic consumption or green
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Fig.C.14: Cotton, a major cash crop is grown on a large
cultivable area.

manuring. Sugar cane, cotton, turmeric, chilies and
tobacco are examples of cash crops (Fig.C.14).

Casual worker

A casual worker is a person employed on a daily wage
basis, usually for a short duration at a time or for a
particular season, or as per requirement like for crop
planting, weeding or harvesting (Fig.C.15).
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Fig.C.15: Casual workers in a field at harvest time.

The casual worker is not entitled to normal benefits
given to a regular employee, and his/her wages may be
paid in cash or in kind. Sometimes a casual worker is also
called a daily worker or daily wager.

Catacarb process for ammonia production: See
Ammonia production processes

Catalysis

Catalysis is the process of increasing or accelerating the
rate of a chemical reaction by use of a catalyst. (See also
Catalyst.)

Catalyst

A catalyst is a substance which, in small quantities,
facilitates a reaction or favorably alters the rate of a
chemical reaction, without itself undergoing any
permanent chemical change. This phenomenon is called
catalysis. Acid-based catalysis is an important type of
catalysis.

Catalysts that have the same phase as the reactants are
known as homogeneous catalysts while those having a
different phase are called heterogeneous catalysts.
Generally, a catalyst that increases the reaction rate is
known as a pesitive catalyst while one that slows down
the rate is known as a negative catalyst, retardant or
inhibitor.

Some examples of catalysts and their roles are as
follows: (i) Protein catalysts, called enzymes, speed up
many chemical reactions in living organisms. These play
a key role in all metabolic or biological processes and in
some manufacturing processes, such as the fermentation
industry. (ii) Catalytic converters, in automobiles,
employ a mixed oxide bed over which the exhaust gases
pass after they are mixed with additional air. These
catalysts promote oxidation of carbon monoxide and
hydrocarbons to carbon dioxide and water.
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Catchment basin

Catalysts may be inorganic, organic or complexes of
organic groups and metal halides. (Zeigler-Natta
catalysts). They may be gases, liquids or solids. In some
cases, their action is undesirable and destructive, as in the
oxidation of iron to iron oxide, which is catalyzed by
water vapor (rusting). The life of an industrial catalyst
varies from 1000 to 10,000 hours, after which it must be
replaced.

Catalysts are highly specific in their action and
application and very essential for many industrial
chemical reactions, as in petroleum refining and organic
syntheses. The activity of a solid catalyst is centerd in a
small fraction of its surface; adding promoters increases
the surface area by increasing the porosity or the number
of active points. Substances that act as poisons clog and
weaken the catalyst surface, thus decreasing the catalytic
activity.

Catalytic fertilizer

There are some fertilizers which do not carry any
essential nutrients to the plant but nevertheless have a
beneficial effect on plant growth. Such fertilizers are
known as catalytic fertilizers or stimulant fertilizers.
(See also Stimulants.)

Catch crop

Catch crop is a quick-growing crop, usually grown
between two main crops in rotation. It is grown for green
manuring. It is plowed back as a green manure before the
next crop is sown.

Catch crops (called cover crops in the USA) are
selected plant species grown in rotation for the purpose of
retaining nitrates (NO;) in the soil that might be
otherwise lost by leaching. Catch crops also help reduce
erosion.

Catch crops should have rapidly developing and

extensive root systems that are efficient in absorbing
nitrogen from the soil. They should easily decompose
when the field is prepared for the next crop, and should
have the following characteristics that fit into the crop
rotation mechanism : (i) They should not provide a home
to pests and disease causing agents.(ii) Surviving plants
should not act as weeds. (iii) They should not affect the
growth of the next crop and its yield.

Common catch crops in Western Europe are rye,
radish, mustard, rape seed and Italian rye grass, whereas
in India vegetable crops like cowpea, cluster bean and
lettuce are grown as catch crops. Significant reductions
or additions of nitrogen are reported, ranging from 20 to
45 kg per hectare, due to nitrate leaching or nitrogen
fixation. Crops differ in their ability to deplete the soil
nitrogen depending upon the season. A winter crop of
wheat is less efficient than a specialized catch crop.

A large-scale use of catch crops places constraints on
farmers because of (a) the labor and time needed for
sowing and plowing back, (b) the costs of seeds and
cultivation having to be added to the overall costs, (c) the
weed control program needing revision, and (d) the catch
crops having to compete with the main crop for water
uptake in dry conditions. When the growing season is
short, catch crops show little effect on nitrate leaching.

Catchment

A unit of treated or untreated area collecting run-off rain
water to a common stream or river is called a catchment
area (Fig.C.16). If this water were not collected or
harnessed for agriculture or drinking, it would be lost to
the sea.

Catchment basin

Catchment basin is another name for watershed. It is an
area which drains all the run-off into a river or stream.

Fig.C.16: Basal land surrounded by mountains forming a catchment area.



Cat clays

Cation exchange capacity

Cat clays

Cat clays or katteklei are strongly acidic clays resulting
from the aeration of anaerobic soils containing sulphide
minerals. The sulphides present are oxidized to sulphates
by chemical and bacterial actions, forming sulphuric
acid. Hence, these soils have a higher acidity thanpH 4.

Catena

A range of soils developed from similar parent materials
of similar age and under similar climatic conditions is
called catena. However, these soils may exhibit different
characteristics owing to their differing drainage and
relief patterns.

Catena is a fundamental concept which explains the
pattern of soils on hill slopes. The term was coined by
Milne to describe a repeating sequence of soils that are
found between the top of a hill slope and the bottom of an
adjacent valley.

There are two types of catenas. The first type occurs
on hill slopes and is derived from a single kind of parent
rock, despite which there is a sequential change in soils
along the slope gradient. The change here is due to
variations in subsurface drainage, lateral transport of
sediments, and translocation of materials at or beneath
the soil surface. The second type of catena also occurs on
hill slopes which contain more than one type of parent
rock due to variations in drainage and lateral transport.

Clarion-Nicolet-Webster soils that occupy 31,000
km? of the Des Moines Lobe in South Central Minnesota
and North Central Iowa form a well studied catena.

Cathodic protection

The protection of iron or steel against corrosion (rusting)
by using more reactive metals is known as cathodic
protection or sacrificial protection. A common form of
cathodic protection is galvanizing, in which the iron
surface is coated with zinc. Even if the zinc layer is
scratched the iron does not rust because zinc ions are
formed in solution in preference to iron ions. Magnesium
alloy is similarly used in protecting pipelines. (See also
Corrosion.)

Cation

Cation is a positively charged ion and is adsorbed at
negatively charged sites by electrostatic or coulombic
attraction. When an atom loses its electrons and becomes
a positive ion, it is called a cation. During electrolysis,
cations are attracted to the cathode.

The process is as shown below:

Ca(18°28%2P%38Y) —» Ca** (18228*2P)
Calcium Calcium ion

The most abundant cations in the soil are calcium,
magnesium, hydrogen, sodium, potassium, aluminum
and ammonium. The adsorbed cations resist their
removal from the site or surface by leaching water, but
can be exchanged by other cations in solution through
mass action.

Cation exchange

The exchange of one cation by another is called cation
exchange. This exchange takes place on the surface of
clays, humus colloids and on the surfaces of plant root
cell walls. Thus, if the soil is rich in sodium, as is the case
in an alkali or alkaline soil, the application of gypsum
causes calcium ions to exchange with sodium ions.

Cation exchange is an important factor in (a) soil
fertility, (b) correcting soil acidity and basicity, (c)
altering physical properties of soil, and (d) purification of
water.

Plant nutrients such as calcium, magnesium and
potassium are applied to plants mostly in exchangeable
forms. Thus, soil acts as a cation exchanger. The nutrient
cations like potassium, ammonium and calcium do not
permeate far into the soil before they are adsorbed at the
exchange sites. When water pollutants such as lead or
cadmium are disposed of in the soil, they do not get
leached but are adsorbed on the cation exchange sites.
They may finally form insoluble hydroxides, carbonates
or oxides.

When lime is added to neutralize acidic soils, most of
the exchangeable hydrogen ions (H*) and aluminum ions
(AI**) are neutralized and this alters the pH. Even a
temporary inundation of farmland by seawater replaces
the soil calcium with sodium. A high proportion of
sodium ions (Na*) on the cation exchange sites of clays
causes the breakdown of aggregates, altering the small
dispersed particles which pass through the soil pores until
they are lodged in the small openings. Soils with more
than 15% of cation exchange sites occupied by sodium
ion are undesirable for plant growth. (See also Cation
exchange capacity.)

Cation exchange capacity

Cation exchange capacity (CEC) is the number of
exchangeable cations per unit weight of dry soil. It is
measured in milliequivalents of cations per 100 g of the
soil (meq/100 g). The term milliequivalents is used
because the number of negative sites in a given soil
sample does not change, but the weights of the cations
that may be adsorbed to those sites at a given time do
change as they have different atomic weights. The
quantities of exchangeable cations in most soils are large.
The amounts of exchangeable ions present in soil up to
normal rooting depths (30 to 90 cm) range from hundreds
to thousands of kilograms per hectare. Cation exchange
capacity is also commonly expressed in centimoles of
positive charge per kilogram of soil (cmol [ +]/ kg).

The extent of CEC varies with the amount of clay, the
kind of clay and the quantity of humified organic matter.
The capacity varies from 10 to 20 meq/100 g for clays
such as kaolinite (found in tropical or subtropical areas),
and goes up to 40 to 80 meq/100 g for clays such as
montmorillonite (generally found in cooler temperate
climates). Some tropical areas have very high CEC; for
example, vertisols. CEC values for humified organic
matter are much higher, touching 100 to 200 meq/100 g.
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The measurement of CEC is complicated by (a) errors
due to the dissolution of soluble salts, calcium carbonate
(CaCO;) and gypsum, (b) specific adsorption of
potassium ions and ammonium ions (NH,')in the
interlayer position in vermiculites and micas, and (c)
specific adsorption of trivalent cations such as aluminum
(AP*) and ferric ions (Fe’*) on the surface of soil
particles. Errors can be reduced by using a method of
CEC determination that employs reagents of similar
concentration and pH to that of the soil analyzed.

The barium chloride method provides a rapid means
of determining the exchangeable cations and the effective
CEC of a wide range of soil types. In this method, CEC is
calculated as a sum of the exchangeable cations (calcium,
magnesium, potassium, sodium, aluminum, iron and
manganese). This method is simple, rapid and
particularly applicable to studies of environmental
problems related to soils where information on the CEC
at the pH of the soil in the field is of prime importance.
However, this method is unsuitable for saline soil
containing very high levels of sulphate (SO?), as barium
sulphate (BaSO,) precipitates.

The cation exchange capacity of a soil changes with
its pH. All cations are not held or adsorbed with the same
intensity of the force of attraction, nor do all the exchange
sites have the same strength of negative charge at the
particle surface. Some cations are held very tightly
because of their relatively small size and/or higher charge
per unit size. The most strongly held cation is hydrogen
ion(H*). The order of holding strength for some cations
is:

H' ~ A’ ~Ca’" ~Mg"* >K" ~NH," > Na'

Cation exchange resins: See Anion exchange

Cationic resin

A cationic resin has built in positive ions and it exchanges
negative ions. Cation exchange occurs with resins that
have ionized acid side groups such as -COO" and -080;”
with positive M* ions attached. Synthetic ion-exchange
resins consist of various copolymers having a cross-
linked three dimensional structure to which ionic groups
are attached. (See also Ion exchange.)

Cationic surfactants

Cationic surfactants are one kind of surface active agents.
They reduce surface tension and thus act as anticaking
agents in fertilizers. Surfactants - anionic and cationic -
function as crystal modifiers. Cationic surfactants, like
fatty amine, act via three different mechanisms by (a)
forming a hydrophobic coating on the surface of the
particles, thereby improving the water repellency, (b)
reducing capillary adhesion between particles, and (c)
inhibiting nucleation or modifying crystal growth. (See
also Anticaking agents.)

Cattle manure

The feces and urine and litter of cattle form cattle
manure. Cattle manure is cool, wet but non-flowing. It

decomposes more easily than horse manure. It also has
less nitrogen loss than horse manure. Cattle manure is the
most basic manure, generally accounting for the largest
proportion in a manure mixture. When soil warmth is
needed, horse and sheep dung is added to cow-dung. This
manure contains half the amounts of ammonia and
phosphorus contained in pig manure. Cattle manure has
0.55% K and is required in quantities of 105 kg per 90
square meters.

Causes du Quercy: See Phosphorite

Caustic-calcined magnesite

Caustic-calcined magnesite is a synonym for magnesia.
(See also Magnesite.)

CCE

CCE is short for calcium carbonate equivalent. It
expresses the relative chemical value of lime.

CDh

CD is short for coefficient of determination, and is an
indicator of the probability of occurrence of an event.

CDA sprayer

CDA sprayer is short for control droplet applicator
sprayer.

CDU
CDU is short for crotonylidene diurea.

CEC
CEC is short for cation exchange capacity.

Cell

A cell is the basic structural and functional unit of an
organism. Cell size varies, but most cells are microscopic
(0.01 to 0.1mm) and consist of a mass of protoplasm, the
hereditary material in the form of chromosomes in a
nucleus, surrounded by a thin membrane called plasma
membrane. The cell membrane regulates the exchange
of materials in and out of the cell and plays an essential
role in nervous transmission, contraction and interaction
of cells with one another.

Cell wall

Cytoplasm
Tonoplast
Nucleolus
Nucleus
Protoplasm

Chromatin
network

Vacuole

Fig.C.17: A cross-sectional view of a plant cell.



Cellulose

Cell wall

A cell wall is made up of cellulose in plants and chitin
in fungi. The structure of a plant cell (Fig.C.17) is
complex. Bacteria, certain algae, protozoa, yeasts and
some fungal spores are single-celled organisms, whereas
larger plants and animals contain millions of cells. Some
of the plant cell structures and their important functions
are given in Table-C.2.

Table-C.2: Plant cell structures and their functions.

Structure Description Function
Cell wall Cellulose fibrils Support and
protection
Plasma Lipid bilayer with | Regulates passage of
membrane embedded proteins | materials into and
out of cell
Central vacuole | Fluid-filled sac Storage of various
substances
Nucleus Bounded by nuclear | Control center of
envelope, contains | cell, directs protein
chromatin synthesis and cell
reproduction
Nucleolus Concentrated area | Ribosome
of RNA and protein | formation
within the nucleus
Ribosomes Assembly of protein | Protein synthesis
and RNA
Endoplasmic Membranous Transport and
reticulum channels protein synthesis

(rough ER)

Golgi apparatus | Stack of flattened
membranous sacs

Processing and
packaging of
proteins; secretion

Chloroplast Double membrane- | Photosynthesis
bound; contains

chloprophyll

Leucoplast Colorless plastid Storage of various
materials, especially

starch

Chromoplast Pigmented plastid | Imparts color

Double membrane- | Cellular
bound respiration

Mitochondrion

Microbodies Various metabolic

reactions

Vesicles

Cytoskeleton | Microtubules and | Cell support and

microfilaments shape

Movement of
materials between
cells

Plasmodesmata | Cytoplasmic
bridges

Source: “Plants and Society”. 1996. Estelle Levetin and Karen
McMahon. Wm. C. Brown Publishers. With permission from
McGraw-Hill Education, New York.

Cellulose

Cellulose is a fibrous polysaccharide which consists of a
long non-branched chain of glucose units (Fig.C.18). It is
the main constituent of all plant cell walls, many algae
and some fungi, and is responsible for providing rigidity
to the cell wall. Normally, wood contains 40 to 50%
cellulose. It is an important constituent of dietary fiber
and occurs together with polysaccharides and

hemicellulose derived from other sugars. In the woody
parts of plants, cellulose is intimately mixed, and
sometimes covalently linked with lignin. The extracted
cellulose is used in the textile industry for the production
of rayon, artificial silk, etc. because of its fibrous nature.
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Fig.C.18: A part of the cellulose chain, with D-glucose
units in (B1-4) linkage.

Cellulose exists in three forms - alpha (o), beta ()
and gamma (y). Alpha cellulose has the highest degree of
polymerization and is insoluble even in strong caustic
soda solution. Cellulose is a polymer of B-D-
glucopyranosyl units, which are linked to form chains of
2000 to 4000 units, eliminating water.

Cellulose of high purity is made from cotton. Using
acetic anhydride, acetic acid and sulphuric acid, cellulose
on acetylation forms cellulose acetate. There are many
chemical modifications of cellulose, including its esters
(cellulose acetate), ether (methylcellulose) and nitrated
products (nitrocellulose), as well as rayon and cellophane
(from cellulose xanthate). Thus, cellulose is the source of
many plastics, fibers, coatings, varnish, lacquers,
breakable glass, explosives and emulsion stabilizers.
Alkali cellulose is an intermediatory product made by the
action of sodium hydroxide solution on cellulose and is
used for making cellulose ethers and rayon.

On acidulation with concentrated nitric and sulphuric
acid, cellulose forms cellulose nitrate, also known as
nitrocellulose, which is used in explosives and celluloid.

Cellulose acetate

Cellulose acetate is an ester in which cellulose (cotton
linters or wood pulp) is treated with a mixture of acetic
anhydride, acetic acid and concentrated sulphuric acid.
This solution, when treated with water, forms a
flocculent white mass of cellulose acetate which is used as
a fiber and in lacquers, non-breakable glass and
varnishes.

Cellulose nitrate

Cellulose nitrate is a highly flammable material made by
treating cellulose (wood pulp) with a mixture of
concentrated nitric acid and concentrated sulphuric acid.
Despite the alternative name, nitrocellulose, cellulose
nitrate is an ester of cellulose containing -ONQ, groups
and is not a nitro compound. It is used in explosives and
celluloid.

Cell wall

Cell wall is the rigid outer layer that surrounds the cell
membrane of cells of plant, fungi, algae and bacteria (but
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not animals). It protects and/or gives shape to the cell. In
herbaceous plants, it provides mechanical support for the
plant body. Most plant cell walls are composed of
polysaccharide cellulose and are strengthened by lignin.
The cell walls of fungi mainly consist of chitin. Bacterial
cell walls consist of complex polymers of
polysaccharides and amino acids.

The skeletal structure of the cell wall is made of
cellulose. It serves as the first entry point for any material
into the cell and regulates the movement of water
throughout the plant, in addition to its major mechanical
strengthening functions. It is sufficiently flexible and
plastic to withstand mechanical stresses while permitting
the growth of the cell. The cellulose of the cell wall is in
the form of fibrils which are extremely fine fibers that can
be seen under an electron microscope.

Cell wall
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Fig.C.19: A. The rigid cell wall of a plant cell consists of
cellulose microfibrils running through the matrix.
B. Details of aplasmodesma.

Although the cell wall is one or two layers thick, it is
not a solid structure. It has minute pores or pits which
allow materials to pass through it which can be seen under
a light microscope. Cytoplasmic connections, called
plasmodesmata, occur between adjacent plant cells for
the movement of materials from cell to cell (Fig.C.19). A
sticky substance called middle lamella, composed of
calcium pectate, glues the cells together.

Cementation of soil

Cementation is a digenetic process, by which clastic
sediments are converted to rock through deposition or
precipitation of minerals in spaces between the grains. As
sediments are compacted, the matrix of fine silt and clay
fuses and helps to bind the larger particles together.

Soil in which grains are made to adhere to each
other by some material that acts as a cementing agent
(such as calcium, colloidal clay, hydrated oxides of
iron, silica and aluminum) is called cemented soil.
Cemented soils become brittle and hard because of the
cementing materials and fall into the categories of
(a) weakly cemented, (b) strongly cemented, and

(c) indurated soils.

The sediments are cemented together by chemicals
left by the water in the original sediment. A soil layer
with a hard and brittle consistency even when wet,
caused by some cementing substances (like calcium
carbonate, oxides of silica, iron, aluminum or humus), is
termed cemented or indurated. A poorly cemented
horizon can be broken by hand. A well cemented horizon
can be broken only with difficulty; if it is strongly
cemented it can be broken only with a hammer.

Cement kiln dust

Cement kiln dust is the potassium containing dust
material formed during cement production. This is
collected and used as fertilizer for its potassium and
calcium content.

Central permanent: See Adventitious roots

Centrifuge

Centrifuge is an apparatus in which liquid suspensions
are rotated at high speeds to separate the particulate
matter from the liquid by centrifugal force. If various
components of matter have different sedimentation
coefficients, these are separated by removing the
sedimented pellets at given intervals. During
centrifugation, materials of similar densities can also be
separated from a mixture of suspended materials.
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Fig.C.20: A cooling, high-speed centrifuge.

The centrifuge has a chamber positioned over the
axis, which rotates at high speed (e.g., 10,000 rpm or
more) to impart high gravitational force (Fig.C.20).
Materials of higher density are thrown toward the outer
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boundary of the chamber, while materials of lower
density are concentrated at or near the inner portion. This
technique is used effectively in a number of biological
and industrial operations, such as the separation of
components of blood, concentration of rubber latex and
separation of fat from milk. The separation of isotopes,
especially of uranium, is now possible by this method,
and is used for producing enriched uranium.,

Ultracentrifuge is an apparatus that develops
centrifugal forces a few million times that of gravity and
is used primarily in biochemical and molecular biology
research to separate substances from a solution
(Fig.C.21). Originally, ultracentrifuges were developed
for analytical purposes to determine the size of colloidal
particles.

Fig.C.21: An ultracentrifuge.

Cereals

All true cereals are members of the grass family.
Gramineae (also called Poaceae) is the largest and
economically most important family in the plant
kingdom. Grasses grow everywhere - from sea level to
high mountains, from the tropics to polar regions and
from wet and humid areas to deserts and arid regions.
About 50 species are cultivated worldwide, although 17
species alone provide 90% of human food and occupy
about 75% of the total cultivated land on earth.

Domesticated cereals include wheat, rice, corn,
barley, oats, sorghum, rye, Elucine sp. (ragi) and
Setavia. (Fig.C.22). Triticale is a new cereal derived by
crossing wheat with rye, followed by doubling of
chromosomes.

Cereal crops are grown for their edible portion.

Though botanically called caryopsis, they are popularly
referred to as grain, kernel or seed. Cereal grains are the
chief source of energy in our diet. They provide
carbohydrate in the form of starch. Cereal grains provide
60% of the proteins consumed. Most cereal grains can be
processed into malt, which can be used in a number of
products and in the brewing process. A wide genetic
variation exists among cereal crops, which offers
considerable scope for future plant improvement through
selection, breeding, bio-genetic engineering and induced
mutation.

P

Fig.C.22: Cereals- A. Sorghum, B. Wheat, and C. Corn.

Ceylon agar

The algae from which agar is made in Sri Lanka is
known as Ceylon agar or Ceylon moss. It refers to a dried
red seaweed Gracilaria lichenoides found mainly in Sri
Lanka.

Ceylon moss: See Ceylonagar

CGR
CGR is short for crop growth rate.

C-grade phosphate ore

Aluminum phosphate ore that occurs in Christmas
Islands is called C-grade phosphate ore. Used as a
fertilizer, it is mostly composed of aluminum and iron
phosphates, and after calcination contains 29 to 33%
phosphorus pentoxide (P,Os).
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Chalk

Chalk is a soft, white or greyish porous limestone very
rich in calcium carbonate. It is used as an agricultural
liming material.

Chalk comprises essentially calcareous sedimentary
remains of small marine organisms and shells in the sea,
dating back to some 100 million years. It is found
abundantly inthe South East of England.

Chalk, in its rough or powdered form, is spread on
land to correct effectively both soil acidity and calcium
deficiency. Sometimes it is kiln-dried, finely ground and
sold as lime.

Chalk is used in the manufacture of cement, crayons
and fertilizers. (See also Calcium carbonate.)

Chamaephytes

Chamaephytes are woody shrubs and low plants which
have low lying buds. These buds are less than 20 cm from
the ground in cold areas and more than 100 cm from the
ground in warm climates.

Chamaephytes is a class under the Raunkiaer
classification system of plants based on the positioning of
plant parts during unfavorable periods. The Raunkiaer
classification is named after Danish botanist Christen
Raunkiaer. It has four divisions, namely, phanerophytes,
chamaephytes, hemicryptophytes and cryptophytes.

Chamaephytes are dwarf shrubs, usually found under
the snow. They may be deciduous or evergreen.
Examples of chamaephytes include Andromeda polifolia
and Calluna vulgaris.

Charcoal

Charcoal is an amorphous form of carbon obtained by
the destructive distillation of wood. It is used as an
absorbent for gases and as a decolorizing agent in an
activated form.

Chasmophytes

Plants that grow in rock crevices and fissures or on rocKy
ledges and rock faces are called chasmophytes. These
plants are also called chomophytes. Chasmophytes are
commonly seen in volcanic regions, coastal belts and
dune areas. Such regions display hot and dry climates and
sandy and rocky surroundings. Cnidium japonicum, C.
portulaca and Carex pumila are examples of
chasmophytes.

Check basin method of irrigation

An irrigation method in which relatively level plots are
bunded on all sides is called check basin irrigation. It is
widely used in pastures and orchards where each tree is
within its own check basin.

Basin irrigation is not suitable for highly permeable

soils, irregularly sloped land, very slowly permeable
clays or for crops harmed by temporary flooding.

Chelate

A metal bound by an organic substance through two or
more contacts, to form a ring of atoms including the
metal is called a chelate. The organic molecule binding
the metal in a ring structure is called chelating agent or
ligand.

A chemical reaction involving a chelate ring
formation is known as chelation. Chelation helps large
amounts of metals to remain in a mobile form and
facilitates movement of metals to the roots.

Chelation prevents the chemical effect of an ion
without removing it from the solution. It is also a way of
supplying ions in a protected form, as in the case of the
removal of Ca*+ ions as an EDTA complex in the water
softening process.

Many functional groups of synthetic and naturally
occurring organic compounds can form a coordinate
bond to metal ions, producing metal-organic complexes
or chelates, several of which are biologically active.

Chlorophyll, the green plant pigment, is the
magnesium chelate of tetradentate ligand, whereas
hemoglobin, is the oxygen transporter of the haem group
of red blood cells, is an iron chelate.

Chelating agents play a very important role in
biological systems. They function as critical trace metal
carriers and also as sequestering agents. They can be used
as aids in agriculture as they supply trace metals to
deficient soils. For example, EDTA can be used as the
carrier for bivalent metals such as Cu, Zn, Mn and Co.
Using such carriers, certain plant deficiency diseases can
also be controlled.

Ethylenediamine belongs to the bidentate group,
while ethylenediaminetetraacetic acid (EDTA) is a
polydentate ligand.

Chelate complex: See Chelate; EDDHA

Chelated fertilizer

A chelated fertilizer is one in which one or more
micronutrient elements are held together by complex
organic molecules namely, chelating agents. The
solubility of all micronutrients (except chlorine and
molybdenum) is reduced at higher (than neutral) pH,
unless some special fertilizers are added.

Chelated fertilizers are water-soluble and stable
complexes of metal ions, and belong to a class of special
fertilizers. They may be used directly on the soil or
sprayed through a water solution.

The effect of a single application of a fast-acting foliar
chelate spray is not long lasting, so it requires quarterly
spraying. Direct broadcast of chelates on the soil takes a
longer time to act. This method of application requires 5
to 15 times more quantity of this expensive fertilizer than
when sprayed.

The knowledge of chelate stability in soil provides the
basis for developing a DTPA (diethylenetriaminepenta-
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acetic acid) soil test for Fe, Zn, Cu and Mn. The DTPA
soil test is calibrated for most crops and the general
interpretation for extractable micronutrients is given in
Fig.C.23.

DTPA soil test

Concentration (ppm)

Fig.C.23: DTPA - extractable Fe, Zn, Cu and Mn.

DTPA has been the principal choice among a number
of chelating agents because it has the most favorable
combination of stability constants to obtain complexes of
iron, manganese, copper and zinc. The extractant is
highly pH dependent and buffered to pH 7.30 with
triethanolamine and hydrochloric acid (HCI). The
addition of 0.01M calcium chloride (CaCl,) enables the
extract to attain equilibrium with CaCl,, so that it can
minimize the dissolution of calcium carbonate (CaCOs)
from calcareous soils. DTPA-extracts of micronutrients
from the soil correlate significantly well with plant
uptake.

Some well-known chelate fertilizers are Zn-EDTA,
Fe-EDDHA, Ca-EDTA and Cu-EDTA. The sodium-
ferric salt of ethylenediaminetetraacetic acid (EDTA),
known as sequestrone, is used in the prevention of
chlorosis of plant leaves.

Chelating agents

Chelating agents or chelating ligands are organic
molecules which contain atoms that can be attached to a
metal ion to form a complex. This complex has a ring
structure.

Chelation

A chemical reaction involving a chelate ring formation
between a metal ion and an organic compound is known
as chelation. (See also Chelate.)

Cheluviation

Cheluviation is a combination of chelation and
eluviation. Cheluviation refers to the process of
geometrical evolution by which minerals in the soil are
weathered and decomposed under the action of the
chelating organic, carboxylic and phenolic acids. This
occurs mostly in cold climate zones, with an annual mean
temperature of <5°C. Water, together with organic
extracts, forms a chelate with sesquioxides in the soil and
then moves down the soil profile carrying the oxides in
solution.

Cheluviation is most effective in mobilizing iron and
aluminum which are subject to leaching. In cheluviation,

aluminum is also eliminated by way of weathering. In
soluviation, in contrast to cheluviation, the weathering
liquid does not contain chelating substances or acids. The
weathering liquid is also not pure water, which would
correspond to hydrolysis. In soluviation, aluminum is not
eliminated through weathering, whereas silica is.

Chemical analysis

Chemical analysis is the determination of the
composition of a chemical substance. The analysis may
be either qualitative or quantitative.

Qualitative analysis determines the nature of an
individual compound or compounds present in a mixture.
Various chemical tests exist for identifying different
elements and compounds, whereas systematic analytical
procedures are usually used for mixtures.

Quantitative analysis involves measuring the
proportions or quantities of known components in a
mixture. Chemical analytical techniques fall into two
main classes - volumetric and gravimetric.

There are also many physical techniques available for
qualitative and quantitative analyses, such as
spectroscopic techniques, mass spectrometry,
polarography, chromatography and neutron activation
analysis among others.

Chemical analysis is used to determine the need for
soil fertilizers, or the compositional quality of fertilizers.
Chemical analysis of plant tissues is used to assess the
nutrient quantity as an index of the soil's ability to supply
nutrients to crop plants.

Chemical combination, laws of

Chemical combination involves the combination of
elements to give compounds. There are three laws of
chemical combination. The law of constant
composition (also called the law of definite proportions
or the law of constant proportions) states that the
proportion of elements in a compound is always the
same, no matter how the compound is made. The law of
multiple proportions states that when two elements X
and Y form more than one compound, the mass of Y
which combines with the fixed mass of X, are in simple
proportion to each other. The law of equivalent
proportions states that if each of the two elements X and
Y forms a compound with a third element Z, then the
compound of X and Y will contain X and Y in the relative
proportions in which they react with Z.

Chemical compatibility of fertilizers

Compatibility is the ability of two or more materials to
exist in close and prolonged association without any
adverse effect of one on the other. Compatibility can be
chemical or physical.

The chemical compatibility of a fertilizer is evaluated
by a simple bottle test, a large-bag test or a small-bag
storage test. In the bottle test for instance, a freshly
blended fertilizer is kept sealed at 30°C and inspected at
regular intervals for any wetting, caking, disintegration
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or obnoxious gas formation as a result of any chemical
reaction between the ingredients in the blend. (See also
Compatible.)

Chemical conditioners

Chemical conditioners are added to fertilizers during
processing to improve the storage properties of the latter.
They act as hardeners or crystal modifiers. For example,
magnesium nitrate is added to ammonium nitrate to
reduce the hygroscopicity of the latter. Similarly,
formaldehyde is added to urea.

Chemical equilibrium : See Equilibrium

Chemical fertilizer

A fertilizer produced from inorganic or synthetic organic
substances by chemical processes is called a chemical
fertilizer. This includes single fertilizers, mixed
fertilizers, compound fertilizers and organic fertilizers
mixed with chemical fertilizers but excludes white lime,
marl, plaster or gypsum. Each of these fertilizers may
contain a certain percentage of one or more nutrient
elements such as nitrogen, phosphorus and potassium.

Chemical laws

Chemical laws enunciate certain basic principles
concerning the combining power and reaction
characteristics of elements. Some of the important laws
are listed below:

(i) Law of mass action: The rate of a homogeneous
(uniform) chemical reaction at a constant temperature is
proportional to the concentrations of the reacting
substances.

(ii) Law of definite or constant composition: Any
chemical compound invariably contains the same
elements in the same fixed proportion by weight.
However, exceptions to this law occur in solid
compounds, such as silicates which are known as
nonstoichiometric compounds.

(i) Law of multiple proportions: When two
elements unite to form two or more compounds (for
example, nitrogen and oxygen can unite to form five
oxides), the weight of one element combining with a
given weight of the other is in the ratio of small whole
numbers. Hydrogen and oxygen unite in the ratio of 1 to 8
in water and 1 to 16 in hydrogen peroxide. The weight of
oxygen that reacts with one gram of hydrogen is in the
ratioof 1t0 2.

(iv) Law of conservation of mass: Any chemical
reaction between two or more elements or compounds
leaves the total mass unchanged, the reaction products
having exactly the same mass that was present in the
reactants, regardless of the extent to which their other
properties are changed.

(v) Law of Avogadro: Equal volumes of gases at
constant temperature and pressure contain the same
number of molecules, whether the gases are the same or
different. 22.4 liters of any gas contain 6.02 x 10”
molecules.

Chemical messengers
Chemical messengers is another name for hormones.

Chemical oxygen demand

Chemical oxygen demand (COD) is a measure of the
oxygen consuming capacity of inorganic and organic
matter present in water and waste water. It is expressed as
the amount of oxygen consumed from a chemical oxidant
in a specific test. The test is rapid and easy compared to
calculating biochemical oxygen demand (BOD).

Chemical potential

Chemical potential refers to a thermodynamic function
that expresses the ability of an uncharged atom or
molecule in a chemical system to perform physical work.

Chemical potential is the change in Gibbs free energy
with respect to change in the amount of a component,
while pressure, temperature and amounts of other
components remain constant. The components are in
equilibrium if their chemical potentials are equal.

Chemical pruning of plants

Chemical pruning of plants is a method of conirolling
plant growth by applying non-nutrient chemical
regulators which, when applied, influence the growth
and development of plants. In ornamental plants,
chemical pruning leads to more abundant flowering and
improved branching.

Chemical weathering

Chemical weathering is the process by which rocks are
decomposed, dissolved or loosened by chemical and
biological processes. Chemical weathering alters the
chemical structure of rocks. Major chemical weathering
agents are water, oxygen and carbonic acid. An instance
of chemical weathering is water combined with
atmospheric carbon dioxide, that produces a weak
carbonic acid. This weak carbonic acid dissolves soluble
rocks and minerals.

Chemical weathering is aided by physical weathering
since rocks heavily fractured and/or fragmented by
physical processes are more easily amenable to chemical
processes. (See also Weathering.)

Chemigation

Chemigation or fertigation is the application of pesticides
or fertilizers through irrigation waters in either an open or
closed system. The application of pesticides is called
herbigation, insectigation, fungigation or nemagation
depending on the nature of the pesticide. Nitrogen and
sulphur are the principal nutrients applied by chemigation.

The advantages of chemigation include: (a) elimination
of one or more field operations, (b) targetting nutrients,
especially nitrogen, close to the time when the plant needs
them most, and (c) correction of mid-seasonal deficiencies.
Optimum results are obtained if the supply of fertilizers is
made toward the middle of the irrigation operation and
terminated shortly before its completion.
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Foliar fertilizers are usually applied along with
agricultural pesticides as these (a) lower the cost of
application (pesticide spraying being necessary in any
case), (b) reduce the stress caused by the application of
pesticides, (c) improve the quality of pesticide spray liquids
and stabilize them, (d) reduce evaporation at low air
humidity to enable the fine droplets to reach the plant ina
liquid form, and (e) lower the surface tension of water.

Some of the limitations of this system are: (i) It is not
as effective as the surface application techniques for
phosphorus and potassium. (i) The application of
fertilizer is not as uniform as that by water application.
(iii) When pesticides are applied, it is sometimes difficult
to control the area of application.

Chemisorption

Chemisorption is adsorption involving primary valence
bonds. It is, therefore, stronger than physisorption where
the bonding is by van der Waals forces. Adsorption is an
important feature of surface reactions such as corrosion
and heterogeneous catalysis. This property is also used in
chromatography. (See also Adsorption.)

Chemoautotrophs

Chemoautotrophs are bacteria which derive their energy
and nutrition from the oxidation of inorganic substances
such as nitrogen, iron, sulphur and carbon from carbon
dioxide. For example, Thiobacillus obtains energy by
oxidizing hydrogen sulphide to sulphur. Other bacteria
utilize energy from the oxidation of ferrous salts to their
ferric form.

Chemodenitrification

Chemodenitrification is defined as denitrification that
takes place in deep soil layers by chemical reactions. For
example, reactions between nitrate (NOj)and iron
sulphide prevent the nitrate from entering groundwater,
while contaminating it with sulphate.

Denitrification is a process of transforming nitrate
either to nitrogen which is released to the atmosphere or
to various oxides of nitrogen. This generally involves the
action of microbes in the absence of oxygen (anaerobic).

Denitrification closes the nitrogen cycle and has four
requirements: an anaerobic environment, the presence of
nitrates, the presence of decomposable organic matter
and the presence of denitrifying organisms.

In microbial denitrification, nitrates serve as the
oxygen source for micro-orgamisms. Soluble organic
carbon compounds are used for microbial growth. The
loss of nitrate (by denitrification) can be reduced by
blocking the nitrite (NO;) formation by applying specific
inhibitors such as nitrapyrin (2-chloro-6-
trichloromethylpyridine), AM (2-amino-4-chloro-6-
trimethylpyrimidine) or terrazole (5-ethoxy-3-
trichloromethyl-1,2,4-thidiazole).

Chemoheterotrophic bacteria

Chemoheterotrophic is a subdivision of bacteria which
obtains nutrition and energy from carbon in organic matter.

Most soil bacteria belong to this group. It includes both
nitrogen-fixing and non-nitrogen-fixing groups.

Chemoheterotrophic rhizobia: See Rhizobia

Chemolithotrophic sulphur bacteria

Chemolithotrophic sulphur bacteria is a class of bacteria
involved in sulphur oxidation. For example, thiobacilli
utilize the energy released from the oxidation of
inorganic sulphur for the oxidation of carbon to carbon
dioxide in organic matter. (See also Thiobacillus.)

Chernozem

Chernozem is an isohumic soil, rich in deeply
incorporated organic matter and with a crumb structure.
It is black or dark brown in color and derives its name
from the Russian word for black earth.

Chernozem characterizes a slightly arid climate.
Marked seasonal contrasts are essential for its genesis.
Being stone-free and located on extensive flat and gently
sloping terrains, it forms excellent agricultural soils.
Chernozem is extensively used for cereal cultivation.
Chernozem is very deep and may go upto 6 meters in
some places.

Chernozemic soils

Chernozemic soils belong to a class of soil classification
based on the nature of cations adsorbed by organic and
inorganic soil colloids. These soils contain calcium in the
adsorbing complex.

Chilean nitrate

Chilean nitrate is a commercial product containing more
than 96 % sodium nitrate. Its name is derived from the ore
deposits found in Chile.

Chilean saltpeter

Chilean saltpeter is another name for sodium nitrate or
Chilean nitrate. It contains 16% nitrogen and 26%
sodium, and is one of the oldest nitrogen fertilizers
known and used.

Chinese moss: See Agar-agar

Chiselling
Chiselling is the process by which soil layers are stirred

or mixed with the help of a chisel cultivator or chisel
plow, without inverting various soil layers.

Chisso-Asahi process

The Chisso-Asahi process produces a smooth coating of
polymers for fertilizers. These polymer-coated,
controlled-release fertilizers control the rate of nutrient
release by means of the composition and thickness of
the polymer coating. A hot solution 5% by weight of the
coating material in a hydrocarbon solvent or chlorinated
hydrocarbon solvent is sprayed on warm granules of
fertilizers in a fluid bed drier and the solvent is then
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evaporated. Polyolefins, ethylene-vinyl acetate
copolymers, etc. are used as coating materials. The
incorporation of finely-divided materials such as talc and
silica into the coating makes it possible to produce
controlled-release fertilizers.

Chitin

Chitin is a polysaccharide comprising chains of N-acetyl-
D-glucosamine, a derivative of glucose, linked by g-1, 4
bonds and containing about 77 nitrogen atoms. It may be
visualized as cellulose in which the hydroxyl groups on
the second carbon are replaced by -NHCOCH; groups
(Fig.C.24). Chitin is structurally very similar to cellulose
and serves to strengthen various invertebrates. It offers

resistance to chemicals and is present in the cell wall of
some fungi as well as in the exoskeleton of insects.

CH,0H

CH,O0H

H NHCOCH 4 H NHCOCH 4

Fig.C.24: Structure of B-N-acetyl-D-glucosamine unit of
chitin.

Chloride waters

Chlorides are salts of chlorine and a metal. Some
common chloride salts are sodium chloride and
magnesium chloride.

The quality of irrigation water is one of the key factors
to be understood in irrigated agriculture. Chloride salts
are commonly found in irrigated water and along coastal
regions. And since irrigation water has a component of
recycled and treated water, most crops face the risk of
chloride toxicity.

Chloride salts enter plants through the roots and
leaves. High temperature and high evapotranspiration
rates increase the chloride concentration in plants. Thus,
sprinkler irrigation can also contribute toward toxicity
levels. These salts affect the physical and chemical
properties of the soil, and hence crop growth.

Knowledge of crop sensitivity to chloride is very
essential in view of the composition of irrigated water.
Chloride levels of around 250 mg/liter are considered
normal. Tobacco displays very low tolerance (below 50
mg/liter) to chlorides. Almonds, apricots, plums,
avocadoes and strawberries are very sensitive and cannot
tolerate > 180 mg/liter. The chloride content in water in
the range of 180 to 700 mg/liter is suited to moderately
sensitive (tomato and grape) to moderately tolerant
(barley, corn and alfalfa). Crops that can tolerate very
high amounts of chlorides include cauliflower, cotton,
sunflower, safflower, sesame and sorghum.

Care has to be taken to ensure proper crop planning,
based on the chloride content in water, especially because
a chloride hazard is confused with a salinity hazard.

According to the FAO guidelines for quality of
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Fig.C.25: Position of chlorine, a micronutrient element,

in the Periodic Table.
irrigation water, the chloride content of water less than 3
mmol/l is safe. Chloride concentration above 3 mmol/l

creates moderate problems, but if the concentration goes
above 10 mmol/l, it can cause severe problem.

Chlorine

Chlorine (CI) is a halogen, classified in Group 17
(formerly VII), Period 3 of the Periodic Table of
elements. It is a greenish yellow gas and has an atomic
weight of 35.5 (Fig.C.25).

Chlorine is one of the essential elements for plants,
although it is not always listed as a micronutrient. It is
absorbed in soil almost entirely as chloride ions (C1") which
are very mobile, soluble and mostly non-reactive in soil.
The role of chlorine in plants is believed to be biochemical,
osmotic and in balancing cell cationic charges.

Plants responding to chloride are tomato, pea,
lettuce, cabbage, carrot, sugar beet, barley, corn,
berries, vine crops, potato, cotton, woody ornamental
plants and fruit trees like coconut.

Chlorine is involved in the splitting of water
molecules in photoreaction II of photosynthesis. Several
enzymes such as ATPase, alpha-amylase and asparagine
synthetase require the chloride ion for activation. As the
chloride ion is very mobile and is tolerated at high
concentrations, it is ideal for maintaining the charge
balance when cations (such as potassium) move across
cell membranes. The chloride requirement of plants for
biochemical functions is hardly more than 100 mg/kg of
dry plant matter. However, chloride is usually present at
much higher concentrations (2000 to 20,000 mg/kg),
suggesting its involvement in functions other than those
of a biochemical nature.

The chloride content in plants ranges from 0.2 to
2.0% but in some salt tolerant plants it can be as high as
10%. Excessive chloride accumulation is harmful to
plants, causing the leaves to thicken and roll, lowering
the quality of potato tubers and the smoking quality of
tobacco. If plants sensitive to chloride receive more than
1t02% chloride ions (CI), yields are often reduced.

The environment entertains the chlorine cycle. Air,
water and soil are at the receiving end of the cycle. For
instance, air gets chloride from volcanoes and sea spray,
whereas water receives chloride from sewage, food,
water-softener wastes, industrial effluents and de-icing
salts used on roads. Soil gets its chloride supply from
animal manure, rainfall, irrigation waters and potassium
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chloride fertilizers.

Chlorine in soil follows water movements and is taken
up by plants as the chloride (CI') anion. The greater the
chloride concentration in a soil solution, the higher the
plant uptake. It may also be taken up aerially as ClI anion
or chlorine gas. Chloride, highly mobile in plants, is
required in the splitting of water (Hill reaction) during
photosynthesis. It enhances oxygen synthesis and
photophosphorylation. The accumulation of excessive
chloride ions can be toxic. Foliar sprays with chloride-
containing irrigation water, if left to dry on the leaves,
may cause salt burn.

Since field plots do not display any chloride
deficiency and most fertilizers have some chloride
(as contaminant), not much is done for chloride
rectification. More studies are required to find out
the effect of large additions of chloride ions (30 to 50
kg/ha).

The symptoms of chloride deficiency are not easily
identifiable. In nutrient cuitures, it was shown that
chlorine deficiency is associated with a reduced root
growth. Chlorosis in younger leaves and an overall
wilting of the plants are the two most common symptoms
of chlorine deficiency. Necrosis in some plant parts and
leaf bronzing may also be witnessed. Excessive chlorine
can be harmful but crops vary widely in their tolerance.
The principal effect of too much chlorine is to increase
the osmotic pressure of soil water and thereby lower the
availability of water to plants.

Table-C.3: Plant disease suppression using chloride fertilizers.

Crop Diseases Preferred
suppressed Chloride
and other benefits | fertilizers

Asparagus Fusarium crown, NaCl
Root Rot
Suppresses weeds

Barley Common Root Rot | NaCl, KCI
Prevents lodging
Strengthens straw

Sugar Beet, | Rhizoctonia root NaCl, KCl,

Table Beet rot CaCl,, MgCl,

Coconut and | Leaf spot NaCl

Date Palms diseases

Corn Stalk rot, Smut NaCl, KCl

Wheat Stripe rust, Take all| NaCl, KCl
Promotes healthy
stands

Pearl Millet | Downy mildew NaCl

Chlorine in fertilizers suppresses many diseases
(Table-C.3). Adequate quantities of chloride-containing
fertilizers can mitigate diseases like 'take all root rot',
'stripe rusts', 'leaf rust', 'tan spot of wheat', etc. A
moderately excess quantity of chloride is employed to
fight such diseases (many times above the nutritional
needs). For example, chloride banding of 40 kg/ha is

recommended to reduce 'take all root rot' on winter
wheat in western countries.

Potassium chloride, which contains large quantities
of chloride, is a widely used fertilizer. Ammonium
chloride, calcium chloride, magnesium chloride and
sodium chloride are other sources of chlorine.

Chlorine cycle

The chlorine cycle, like the nitrogen or phosphorus
cycle, is a complex cycle. Air, water and soil are at the
receiving end. For instance, air gets chloride from
volcanoes and salt spray from the seas. Water receives its
quota of chlorides from sewage, food, water-softener
wastes, industrial effluents and de-icing salts used on
roads. Soil gets its chloride from animal manure, rainfall,
irrigation water and potassium chloride fertilizers.

Chlorine in soil follows the movement of water.
Plants take up chlorine as chloride ions. The greater the
presence of ions in the soil, the greater the plant uptake.
Chlorine can also be taken by the plant from the air.

Chloride, being very mobile in plants, helps in
splitting water (Hill reaction), enhancing oxygen
synthesis as well as photophosphorylation. When human
beings or animals eat plants, or when plant residues are
burned, they release chloride to complete the cycle. (See
also Chlorine.)

Chlorine deficiency

Chlorine deficiency is caused by insufficient amounts of
this nutrient element in the soil, in a form usable by the
plants. As in the case of other elements, deficiency
symptoms vary from plant to plant. Common symptoms,
characteristic of chlorine deficiency, are wilting of the
leaf blade tips, followed by chloresis, bronzing and
necrosis. A restricted root growth with stubby, club-tipped
laterals is also characteristic of chlorine deficiency.

Coconut palm trees deficient in chloride have older
leaves with yellow and/or orange mottling and dried leaf
tips and edges. (See also Chlorine.)

Chlorite

Chlorite is a group of greenish clay minerals of variable
composition (similar to mica in structure), which
crystallizes in the monoclinic system. The term chlorite is
derived from 'chloros’, the Greek word for green.

Chlorites are composed of complex silicates of
aluminum, magnesium and iron in combination with
water, with the general formula :

(Mg:_r.Fe'“h e i (Siz s Al/Fe, _ﬁ}_l solu(OH )2

These are often called 2:2 type clays because they are
similar to the unit lattice of vermiculite. But strictly
speaking, they are 2:1:1 type clays. A layer of chlorite
has 2 silicate tetrahedral units, one alumina octahedral
unit and one magnesium octahedral sheet. It has a low
cation exchange capacity. Chlorites are most commonly
found in low-grade metamorphic rocks. They also occur
as secondary minerals in igneous rocks as alteration
products of pyroxenes, amphiboles and micas.



Chlorophyll

Chlorosis

Chlorites are infrequent in soils and when present,
make up a small fraction of clay minerals. Chlorites are
primary minerals and form vermiculites and smectites.
Chlorites do not swell on wetting.

Chlorophyll

Chlorophyll is a green pigment found in plants, algae and
some bacteria. It is a complex chelate of magnesium
containing porphyrins . It is a magnesium complex of the
phytil ester of porphyrin propionic acid. These pigments
belong to the tetrapyrrole family of organic compounds.
Genetic and environmental differences alter the relative
amounts of chlorophyll pigment production and also
produce leaves, ranging in color from dark green to
yellow. The principal chlorophyll is chlorophyll-a
(Fig.C.26), found in oxygen evolving organisms.

The leaf chlorophyll content is related to nitrogen
nutrition; therefore, the relative chlorophyll content can
serve as an indication of the nitrogen status of the plant. A
hand-held chlorophyll meter provides an indication of
the leaf nitrogen status of the crop.

Chlorophyll molecules have three functions. They
serve as an antenna to absorb light quanta; they transmit
this energy from one chlorophyll molecule to another by
a process of 'resonance transfer' till finally the
chlorophyll molecule, in close association with enzymes,
undergoes chemical oxidation. The resulting electron of
high potential is ejected from the molecule; this electron
can then be made to perform biochemical work (that is,
reduction of another compound). Thus, the energy of
light quanta is converted to chemical energy.

Chlorophylls a, b, ¢, d and e, bacteriochlorophyll and
bacterioviridin are all chlorophyll pigments.
Chlorophyll-a and chlorophyll-b are abundant in higher
plants. Chlorophyll-a contains a methyl group and
chlorophyll-b contains an aldehyde group at C; atom.

CH

Fig.C.26: A structural formula of the chlorophyll-
amolecule.

Chlorophyll meter

A chlorophyll meter measures the chlorophyll content in a
plant, without damaging it. A chlorophyll meter provides
an indication of the leaf nitrogen status of the crop.
Chlorophyll meter readings do not directly indicate the
chlorophyll content, but the value recorded can be related to
the percentage nitrogen in the leaf and grain yield as
influenced by the nitrogen rate. For nitrogen management
purposes, in corn, for instance, chlorophyll readings
have greater value at V8 stage, because the addition of
nitrogen fertilizer at this stage increases the yield, as
compared to the addition of nitrogen at the silking stage.

The advantages of early season chlorophyll meter
testing are that (a) the readings are quick, easy to read and
provide instantaneous values, (b) no samples need to be
collected, and analysed (c) the only cost of sampling is
labor, and (d) nitrogen recommendations are accurate.
The disadvantages are that (a) the initial expense is high,
(b) the early season corn leaf chlorophyll levels are
affected by hybrid selection and environmental stresses,
and (c) the chlorophyll meter test is not applicable to
fields that have received pre-plant or at-plant nitrogen
fertilizer applications beyond the starter nitrogen.

Chloroplast

Chloroplasts are chlorophyll-containing organelles in
plant cells that perform photosynthesis. They are lens-
shaped and bounded by a double membrane.
Chloroplasts contain membranous structures called
thylakeids (Fig.C.27) which are surrounded by a gel-
like matrix (stroma). The light reaction of photosynthesis
occurs on the thylakoid membranes, while the dark
reaction takes place in the stroma.

Disc

Double membrane
Lipid droplet
Thylakoid
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Fig.C.27: A schematic of chloroplast. The inset shows a
portion of grana with large and small thylakoids.

Chlorosis

Chlorosis is a loss of green color accompanied by
paleness and yellow coloration of tissue, caused by the
loss of protein nitrogen from chloroplasts in green leaves.

Chlorosis may be due to the deficiency of nitrogen,
magnesium, iron, manganese, zinc, etc. (Fig.C.28). It
can also be caused due to fungi, viruses, nematodes, etc.
The inadequacy of light, magnesium or iron, or an excess
of calcium carbonate prevents chlorophyll formation.
When chlorophyll formation is prevented by excess
calcium carbonate, the condition is called lime induced
chlorosis. Chlorosis commonly appears first in the lower
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Citrate-insoluble phosphorus in fertilizers

leaves; when nitrogen deficiency is severe, the lower
leaves turn brown and die.

Fig.C.28: Interveinal chiorosis of young leaves in beans.

The tendency of the younger upper leaves to remain
green even as the lower ones turn yellow or die is an
indication of the mobility of nitrogen in the plant. When
plant roots are unable to absorb nitrogen, proteins in the
old plant leaves are converted into soluble nitrogen for
synthesis of new proteins.

Chlorosis is also called green sickness. (See also Iron.)

Chomophyte
Chomophyte is another word for chasmophyte.

C horizon

C horizon represents the parent material of soils from
which solum is developed. It is a mineral layer or horizon
which remains relatively unaffected by pedogenic
processes. It does not exhibit the properties of O, E, A or
B horizons. In the absence of pedogenesis, a C horizon
can be altered by natural processes such as weathering or
gleying, or by a reversible cementation, accumulation of
carbonates of calcium or magnesium or cementation by
alkali-soluble siliceous materials.

Christian (Hans) procedure for Gram staining:
See Gram staining

Chromatography

Chromatography is a term used for a group of laboratory
techniques involving the separation of mixtures.
Chromatography deals with the separation of a mixture
by passing it in solution or suspension through a medium in
which the components move at different rates.
Accordingly, chromatography uses a set of separation
techniques, the principle of which is based on selective
absorption to identify the components of complex mixtures

(vapors, liquids, solutions). Tswett, the inventor of the
first chromatography technique, named it chromatography,
because the plant pigments used in the early experiments
produced bands of characteristic colors. Since then the
method has been widely applied to many varieties of
compounds, including colorless mixtures of
hydrocarbons and metallic salts. The separation is due to
redistribution of the molecules of the mixture between the
thin phase (adsorption layer) and the bulk phase (adsorbent)
in contact with it. As the latter phase sometimes approaches
molecular dimensions, the size and shape of the
molecules of the mixture are of great significance.

Chromatography involves the flow of a mobile (gas or
liquid) phase over a stationary phase (solid or liquid).
Liquid chromatography is used for soluble substances
and gas chromatography for volatile substances. As the
mobile phase moves past the stationary phase, there is
repeated adsorption and desorption of the solute taking
place at a rate determined chiefly by the ratio of
distribution between the two phases. If the ratio is large
enough, the components of the mixture will move at
different rates, producing a series of bands
(chromatographs) by which their identity can be
determined.

Chromosequence

A complex unit of soils, the succession of which is
constantly found in a defined order without any apparent
genetic link between them, is called a soil sequence. The
regular succession of soil is due to the preponderance and
sustained influence of one of the factors of soil formation.
When the differentiation is caused by a predominant
pedogenic factor such as variation in color, it is called
chromosequence.

Chronic toxicity

Chronic toxicity refers to prolonged exposure to a toxic
substance. (See also Acute toxicity.)

Chronosequence

Chronosequence is sequence of soils that changes
gradually from one to the other with time. (See also
Chromosequence.)

C1a
Cll is short for cropping intensity index.

Ciliates

Ciliates are the most prominent group of protists and are
a type of protozoa. Ciliates are commonly found in water
bodies. They are unicellular, essentially aquatic,
microscopic, eukaryotic organisms without a true cell
wall, classified in various phyla of kingdom-Protoctista.
They are called ciliates because of the large number of
hair-like structures on their surfaces. Protozoa range in
size from 1 to 106 um.

Citrate-insoluble phosphorus in fertilizers
Phosphate in fertilizers is present in more than one form
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of the orthophosphate ion. Because these forms differ in
their solubility, specific terms are used, such as water-
soluble, citrate-soluble, citrate-insoluble and available
as total phosphorus. Generally, neutral ammonium
citrate is used for extracting the phosphorus from a
fertilizer or soil. The residue remaining after citrate
extraction is citrate-insoluble phosphorus.

The difference between the total phosphorus and
citrate-insoluble phosphorus gives the amount of available
phosphorus. (See also Phosphorus available form.)

Citrate-soluble phosphorus

The solubility of phosphorus in different phosphate
fertilizers varies. Plant available phosphorus shows the
extent to which phosphorus is absorbed by plants under
conditions otherwise favorable for growth.

Phosphorus in fertilizers can be water-soluble,
citrate-soluble, citrate-insoluble or available as total
phosphorus (as P,Os). There are various chemical methods
to estimate phosphorus availability in plants and its
concentration in soils, plants, minerals and living tissues.

Most countries define water-soluble phosphates as the
components that go into solution at room temperature
when an aqueous suspension is made with 1 g of soil
sample in 50 ml of suspension volume (in the USA, the
proportion is 1 g soil in 250 ml suspension). The slurry is
then filtered and the amount of phosphorus contained in
the filtrate determined. The amount of phosphorus in the
sample is expressed as the percentage by weight that is
water-soluble.

The technique of citrate extraction determines
phosphates such as CaHPO,, which are insoluble in water
but soluble in citrate salt solutions. In Europe, the most
common techniques use ammonium citrate solutions
(IN). Extraction is done in a strong alkaline medium or
neutral citrate solution. Usually, the extraction is carried
out for 30 minutes at room temperature and is followed
by treatment at 40°C. 65°C is the prescribed temperature
for neutral citrate extraction. The phosphorus content in
the filtrate is referred to as citrate-soluble. The sum of
water-soluble and citrate-soluble phosphorus represents
an estimate of the fraction available to plants, and is
termed available phosphorus. Most countries in the
world use neutral ammonium citrate solution for
extracting citrate-soluble phosphorus.

The lack of correlation between the plant availability
of P,Os and its solubility in ammoniacal citrate solution
has led to other straight and mixed phosphate fertilizers
being rated on the basis of their citric acid solubility. The
treatment with 2% by weight citric acid solution (5 g
agitated with 500 ml of citric acid solution for 30 min at
20°C) dissolves phosphorus-silicon heteropolyacids,
which are hardly soluble in complex-forming solutions.

Citrate-soluble phosphorus content

Citrate-soluble phosphorus content denotes the
phosphorus content in fertilizers. The residue, after
water extraction, is extracted with 1N neutral ammonium
citrate for a particular period. The phosphorus content in

the extract is determined and is called the citrate-soluble
phosphorus content. Along with water-soluble
phosphorus content, it yields the total available content.

Citric acid cycle

The citric acid cycle, also known as Krebs cycle, is a
cycle of reactions. It plays a major role in the metabolism
of many heterotrophic micro-organisms capable of
respiratory metabolism. An enzyme converts pyruvic
acid to carbon dioxide in the presence of oxygen,
simultaneously releasing energy which is captured in
ATP molecules. Two molecules of carbon dioxide are
eliminated during each cycle.

The citric acid cycle is also known as the
tricarboxylic acid cycle. (See also Krebs cycle.)

City tankage: See Garbage tankage

Clamp

Clamp is the traditional form of storing potatoes or other
root crops by neatly piling them and covering them with
earth and straw. It is now mostly replaced by indoor
storage, which is known by such names as hog, bury,
grave, pie and pit.

A surface heap of silage, either walled or un-walled,
using wooden boards, railway sleepers or concrete to
reduce side wastage is also called a clamp. Some silage
clamps are constructed underground, and are known as
pits.

Clamps are often enclosed in polythene and the air is
evacuated so that the carbon dioxide accumulation
minimizes respiration losses, and reduce the likelihood of
fermentation.

Clarification: See Clarifying agent

Clarifying agent

A clarifying agent is an agent that removes fine particles
of solids to improve the quality of the liquid; the process
is known as clarification. Clarification is used in the
manufacture of pharmaceuticals, beverages, fiber and
film polymers. It is also used in the purification of
drinking water and waste water.

Clarity measurements of solution fertilizer

The clarity measure of a solution fertilizer is the amount
of visible light that passes through a sample without being
absorbed. It is expressed as the percentage of light
transmitted at the desired wavelength of the absorption
spectrum. A liquid with 25% light transmission,
compared to 100% transmission for distilled water, is
acceptable. Clarity measurements are made using a
spectrophotometer.

Clarity measures are used for fluid fertilizers
produced from wet-process phosphoric acids, which are
derived from uncalcined phosphate ores, and are black in
color because of the presence of finely divided
carbonaceous material. The carbonaceous material does
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not affect the nutrient value but makes identification
difficult, and clogs the equipment.

Classification of nitrogen fertilizers

Nitrogen fertilizers are divided into four groups based on
the chemical form of nitrogen present. These are listed
below.

Nitrate fertilizers: In these fertilizers, nitrogen is
present in the form of nitrates. Examples are sodium
nitrate and calcium nitrate. Nitrate fertilizers are made
from natural salt deposits or by the oxidation of
ammonia. Nitrate salts dissociate easily in soil solution,
and hence are available for plant absorption. There is also
a greater possibility of the nitrate salt getting leached out
by rainwater. Nitrate fertilizers are used for top and side
dressings. As nitrates are basic, they play a significant
role inreducing soil acidity.

Ammonium fertilizers: Here, nitrogen is present in
an ammonium ion form, such as in ammonium sulphate,
ammonium chloride, ammonium phosphate, anhydrous
ammonia and ammonia solution. Though ammonium
fertilizers are readily soluble in water, they are less
rapidly used up compared to nitrate fertilizers as
ammonium has to be converted to nitrate before
absorption. These fertilizers are not easily lost by
leaching and leave acidic residual effects in the soil.

Nitrate and ammonium fertilizers: Nitrogen is
present in these fertilizers in both the nitrate and
ammonium forms, such as in ammonium nitrate, calcium
ammonium nitrate and ammonium nitrate sulphate.
Fertilizers of this group are readily soluble in water and
suitable for a variety of soils and crops. They leave an
acidic residual effect in the soil.

Amide fertilizers: In these fertilizers, nitrogen is
present in an amide form, such as in urea and calcium
cyanamide. These fertilizers are soluble in water and
readily converted into ammoniacal nitrogen by micro-
organisms.

Clay complex

Clays have a net negative charge which attracts positive
ions. Specific ions fit into mineral lattices of clay
depending on their size and charge. The negative charges
in the crystal lattices are the sites of cation exchange.
The clay fraction on which the cation exchange sites are
located is called the clay complex.

Clayey soil, irrigation of: See Irrigation of clayey soil

Clay film

Clay films are coatings of clay on surfaces of soil peds
and mineral grains. The coatings can be classified
according to the type of surface affected (grain,
aggregates, channel, crack, void and chamber vesicle).

Clay-humus complex

A clay-humus complex is formed by electrostatic or other
bonds between clays and humic components of the soil.

Humus micelles, which are electronegative, like clays,
cannot be held directly on to clay. The elementary unit of
the structure essentially consists of a condensed aromatic
nucleus, forming a layer closely bound to the clay sheet
via cations of calcium, iron, aluminum etc.

The bonding energy between clay and humus depends
on the nature of the organic molecules adsorbed as well as
on the nature of the clay, the bonding cations and the
physico-chemical condition of the medium (pH, soil,
climate, etc.). The elementary units are bound together by
humic acids that form very weak bonds and thus, create
these porous structures.

The clay-humus complex is chemically active. It
exchanges nutrients which are then made available to
plants with hydrogen ions (H*) generated during the
decomposition of the organic matter. This occurs partly
because of a mass-action effect and partly because, under
comparable conditions, hydrogen ions are adsorbed more
strongly than calcium ions (Ca?+) or other nutrient ions.

Clay minerals

Clay minerals or layer silicates are a group of
aluminosilicates that are composed of layers of hydrated
aluminum and magnesium silicates. They form a crystal
lattice. Broadly, there are two major kinds of clay
minerals: (a) minerals which have one layer each of
silicon (Si)-tetrahedra and aluminum (Al) octahedra (1:1
layer silicates), and (b) minerals which have one layer of
aluminum (Al) octahedra and two layers of silica-
tetrahedra (2:1 layer silicates). The ultimate chemical
constituents of the clay minerals vary not only in amount
but also in the way they are combined in various clay
minerals.

The following classification into two major
subdivisions - amorphous and crystalline - has proved
useful.

(I) Amorphous

(A) Allophane group

(II) Crystalline

(A) Two-layer type (1:1 type sheet structures, composed
of units of one layer of silicon (Si) tetrahedrons and one
layer of alumina octahedrons)

(i) Equidimensional - kaolinite group

(ii) Elongate - halloysite group
(B) Three-layer type (2:1 type sheet structure, composed

of two layers of silica tetrahedras and one central
dioctahedral or trioctahedral layer)

(a) 2:1 Expanding structures
(i) Equidimensional - montmorillonite group,
vermiculite
(ii) Elongate - montmorillonite
(b) 2:1 Non-expanding structure
(i) Ilite group
(C) Regular mixed-layer types (ordered stacking of
alternate structural types) - chlorite group.

(D) Chain-structure types (similar to hornblend - chains
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of silica tetrahedrons linked together by octahedral
groups of oxygen and hydroxyls containing aluminum
and magnesium atoms) - attapulgite, sepiolite,
palygorskite.

The varied properties of clay minerals are important
in view of their wide economic uses. Important
properties of clay minerals are that (a) they can hold
certain cations and anions, which are readily
exchangeable for other cations and anions (the ion
exchange property, for example, helps soils to retain
potash in clay minerals in the soil), (b) their ability to hold
water, and (c) their ability to react with organic
materials. Clays with a high adsorbing capacity are used
in decolorizing oils, while others provide catalysts in the
breakdown of organic compounds.

Clays exist in many forms. For example, Kaolinite
and montmorillonite, which are clay minerals, have
different layer structures, differing abilities to absorb and
retain water, and differing abilities to adsorb and
exchange cations.

Productivity of soil depends to a certain extent on the
nature of its mineral content and its ability to retain (and
subsequently release for crop use) the cations,
particularly those applied in fertilizers.

Clay minerals are responsible for the plastic
properties of clay. Schematic diagrams of 1:1 and 2:1
layer silicates are given in Fig.C.29.

Si-tetrahedral layer

Al-octahedral layer

Si-tetrahedral layer
Al-octahedral layer
Si-tetrahedral layer

B (2:1 layer)
Fig.C.29: A schematic drawing of crystal lattice showing:
A. 1:1layer silicate, and B. 2.1 layer silicate.

Three planes of anion found in 1:1 layer silicate are:
(a) basal plane of oxygen, formed by the bases of a
silicon (Si) tetrahedral sheet, (b) a central plane of
hydroxyls of aluminum (Al) octahedral sheet and
shared oxygens of tetrahedral sheet, and (c) a top plane
of hydroxyls of aluminum ions (AI’*) octahedral
sheet. The tetrahedral and octahedral cations
occupy their appropriate places. In 2:1 layer silicates,
there are four planes of anions, oxygen and hydroxyl
(O, OH).

Clay pan

A dense horizon which has more clay accumulation
(resulting from leaching of the surface horizon) than the
horizon above is called a clay pan. Clay pans generally
hinder drainage, movement of air and water, as well as
growth of the root system. They are found, for example, in
planosols. They become sticky when wet and very hard
whendry.

Clays

Clays are active mineral portions of soils, less than 2 ym
in diameter and are predominantly colloidal and
crystalline alumino-silicates. They are characteristically
plastic and virtually impermeable when wet. They crack
whendry. A clay particle is called micelle.

Soil clays act in three ways: as particles of <2 pm
diameter, as minerals, and as part of the soil structure.

Clays have a net negative charge which attracts and
holds charged cations such as K*, Na*, NH,*, Ca**,
Mg** and H*. The amounts of positive ions held by clays
vary with the type of clays. The quantity of cations that can
be held or exchanged by a given amount of soil is the cation
exchange capacity (CEC) of that soil. The exchangeable
cations are not easily lost by leaching until they are
exchanged by other cations, generally hydrogen ions (H™).
Plant roots can use these firmly-held cations as nutrients.

Clays are referred to by group names like silicate
clays and sesquioxide clays. Montmorillonite, mica
(illite), vermiculite, chlorite and kaolinite belong to the
class of silicate clays, while iron oxides, aluminum
oxides, manganese oxides and titanium oxides belong to
the class of sesquioxide clays. These clays occur as a
major constituent of young soils formed from volcanic
ash, and include allophanes and imogolite. Sesquioxide
clays do not swell, are not sticky and, therefore, do not
behave like silicate clays.

Clay minerals are essentially crystalline and have a
layer structure. These are responsible for the plastic
properties of clay. Most clays become plastic when
mixed with water. The type of clay mineral, particle size
and shape, organic matter, soluble salts, adsorbed ions,
and the amount and type of non-clay minerals are all
known to affect the plastic properties of clay.

Irrigation techniques employed for clayey soils
encounter problems which are due to (a) large volume
changes caused when clays are wetted and dried, (b) great
stickiness and plasticity, and (c) exceptionally high water
retention capacity. These characteristics cause
inadequate aeration when clay is wet.

The properties of clay minerals are controlled by at
least six major factors. These are clay mineral
composition, non-clay mineral composition, organic
material, soluble salts, exchangeable ions and texture.
Generally, the clay mineral composition is the most
important factor and sometimes as little as 5% of a
particular clay mineral may largely determine the
properties of a whole body of clay.

The commercial value of clays is related to their
mineral and chemical composition. Major mineral or
soluble salt impurities are quartz, mica, carbonates, iron
oxides, sulphides and feldspar.

Clays are used for various applications like pottery,
insulation, etc.

Clay shins

The coating of clay on the surface of soil peds, mineral
grains and soil pores is known as clay shins. It is another
name for clay films.
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Clay soil

A soil with 40 percent or more clay, less than 45 percent
sand and less than 40 percent silt is called a clay soil. Its
high clay content makes it very compact and, therefore,
poorly suited for certain crops. Such soils are also called
heavy soils because they require more effort and heavy
machinery for plowing and cultivating than sandy or light
soils.

The major problems of clay soils are (a) inadequate
aeration when wet, (b) slow water infiltration, and (c)
limited moisture range for tilling. These soils are usually
reforested or used for permanent pasture if the clay
content is very high.

Clay soils become sticky and retain moisture when
wet, but shrink and crack when dry. Clay soils require
artificial drainage, particularly for arable farming.

Cleaning crop

Cleaning crops are fallow crops like potato or turnip
grown in well-spaced rows to enable the land between the
rows to be hoed and cultivated, so as to control weeds.

Cleave landsite

Cleave landsite is the bluish-white feldspar that occurs
frequently as a late stage mineral. It is also called albite
and is associated with a gem pocket, bearing lithium-rich
pegatites and platy varieties.

Climosequence

Climosequence is a sequence of related soils that differ
from one another in some characteristics, mainly due to
differences in climate as the soil forming factor.

Clod

A clod is an aggregate of small size (a few mm to 1 cm),
resulting from the agglomeration of elementary particles
of the soil. A clod is also defined as a compact and
coherent mass of soil of variable size (a few mm to a few
cm), produced artificially, mainly by human activity,
such astillage (Fig.C.30).

Fig.C.30: A plowed field showing clods.
Coalescence refers to the joining by compaction of
clods that were originally separate.

Clover rhizobia

Clover rhizobia is a strain of fast-growing, acid-
producing Rhizobium species. They form nodules on
Trifolium (pea group of legumes) for atmospheric
nitrogen fixation. (See also Rhizobia.)

CNC
CNC is short for critical nutrient concentration.

CNR

CNR is short for critical nutrient range.

C/Nratio

C/N ratio expresses the percentages of carbon to nitrogen
in organic matter, humus or soil. This ratio determines
the rate of transformation of nitrogen in organic matter.
(See also Carbon/Nitrogen ratio.)

Coagulant

A substance that induces coagulation is known as a
coagulant. Coagulants are used to precipitate solids or
semisolids from solutions, such as casein from milk,
rubber particles from latex or impurities from water.
Compounds that dissociate into strongly charged ions are
normally used for this purpose. Blood contains the
natural coagulant thrombin.

Coagulation

Coagulation is the process by which colloidal particles
come together irreversibly to form larger masses. It is
brought about by adding ions, which changes the ionic
strength of the solution and destabilizes the colloid. Ions
with high charge are particularly effective (trivalent
aluminum, AI**) in bringing about coagulation.

The formation of river deltas is a good example of
coagulation, which occurs when silt particles in rivers
come in contact with ions in sea water. Alum and iron
sulphate are used for coagulation in sewage treatment.

Coal

Coal is a brown or black carbonaceous deposit, formed
largely by the accumulation and alteration of ancient
vegetation in swamps and other moist environments. The
vegetation decomposes, forms layers of peat, and gets
subsequently buried deep in the earth where, under
increased pressure and temperatures, the peat gets
transformed into coal. This, in short, is the process of
coalification.

Two types of coals are known — humic coal or woody
coal (derived from plant remains) and sapropelic coal
(derived from algae, spores and finely divided plant
materials).

As the process of coalification continues, the
proportion of carbon rises relative to oxygen, and volatile
substances and water are expelled. Various intermediates
in the coalification process are referred to as the ranks of
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coal. Some of them are lignite or brown coal (soft and
brown with a high moisture content), sub-bituminous
coal (used mainly for power generation) and bituminous
coal (the most abundant type of coal). Other varieties are
semi-bituminous coal, semi-anthracite coal (with a
fixed carbon content of 86 to 92%) and anthracite coal
(bard and black, with a fixed carbon content of 92 to
98%).

Coal is used as a fuel and in the chemical industry.
When coal is heated in the absence of air, its volatile
components are expelled and it is converted into coke.
When bituminous coal is subjected to destructive
distillation, it is converted into a thick black liquid, called
coal tar.

Coal has varying amounts of ash and clinker and
impurities like clays and sulphur (between 0.5% and
3%). The calorific value of coal increases with its grade
till it reaches the anthracite level. The design of coal
burning (or gasifying) facilities is dictated by its calorific
content and impurities. Based on its moisture percentage,
coal is specified with values of volatile combustible
matter, fixed carbon, ash and percentages of carbon,
hydrogen, oxygen, nitrogen and sulphur.

Coal, used for the large-scale production of
hydrogen, is probably the world's largest source for
producing ammonia. Coal-based power generation units
and fertilizer production units are located near coal
mines.

Coal is also an important source of raw material for
the chemical industry. Pyrolysis or distillation of coal
yields coal tar and hydrocarbon gases which are
upgraded by hydrogenation or methanation to synthetic
crude oil and fuel gas, respectively. Catalytic
hydrogenation yields hydrocarbon oils and gasoline.
Gasification produces synthesis gas (CO-+H) from
which ammonia and other fertilizers are made.

However, coal creates environmental pollution and
entails high plant costs. As a result, its use at the current
scale may decline in the years to come.

Coalescence

Coalescence is the joining of clods that were originally
separate by compaction. The coalescence process is also
witnessed in the aging and weathering of excrements of
soil fauna into a dense undifferentiated mass. This
process is facilitated when the excrements are composed
of organic fine material.

Coal gas

Coal gas is a mixture of gases (chiefly hydrogen, methane
and carbon monoxide) obtained by the destructive
distillation of bituminous coal in a highly heated fire-clay
(or silica) retort or in by-product coke-ovens.

Coal tar

Coal tar is a black, viscous liquid or a semi-solid obtained
by the destructive distillation of bituminous coal in coke
ovens. The chemicals found in it are (a) light oil at up to

200°C, which contains aromatic hydrocarbons like
benzene, toluene, etc., (b) middle oil at 200 to 250°C, (c)
heavy oil at 250 to 300°C, which contains naphthalene,
acenaphthene, etc., (d) anthracene oil at 300 to 350°C,
which contains phenanthrene and anthracene, and (e)
pitch. Treatment with acids, bases and solvents is
required to separate the individual chemicals.

Coal tar is a raw material for plastics, solvents, dyes,
drugs and other organic chemicals. Crude as well as
refined products or fractions of coal-tar are used for
water proofing, paints, pipe coating, roads, insulation, as
pesticides and sealants.

Coarse grains

The grains of cereal crops like corn, pearl millet and
sorghum (Fig.C.31) are referred to as coarse grains (in
contrast to rice and wheat). They are also used as
livestock feed.

Fig.C.31: Sorghum, a cereal crop. Inset: Coarse grains of
sorghum.

Coarse silt

Coarse silt is a type of silt with a particle size, that ranges
between 20 and 50 um. Silt is often carried in suspension
in running water and is deposited on river beds or river
banks or in lakes as an alluvial sediment. Silt is a
constituent of soil and comprises particles which vary in
size between those of clay and sand. According to
international particle-size gradation, the size of silt
particles should be about 2 to 50 pm in diameter.

Coarse texture soil

Coarse texture soils are those in which the coarse fraction
of particles is more than the fine fractions. Sands, loamy
sands and sandy loams come under the coarse texture soil
group.

Coated fertilizers

Coated fertilizers are conventional soluble fertilizers
which (after granulation, prilling or crystallization) are
coated with a protective coating to control water
penetration, dissolution rate and nutrient release in the
soil. They are also called slow release fertilizers.

After testing many condensation polymers, drying oils,
waxes and bitumen for their suitability as a coating
material, three categories have been found the most useful.
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Cobb-Douglas equation

These are (a) polymer coatings (for example, PVDC
copolymers, polyolefines, polyurethanes, urea-
formaldehyde resins, polyesters and alkyd resins), (b)
sulphur-polymer coatings (hybrid products with a
multi-layer coating of sulphur and polymer), and (c)
sulphur coatings.

To maintain the particulate consistency of a fertilizer
during storage and handling, it is tested with internal and
external conditioners to prevent caking. External
conditioning, also called coating and surface treatment,
involves applying a thin layer of powders or surfactants
to the fertilizer granule surface to reduce caking
tendency. The addition of wax, and/or oil enhances the
caking action by suppressing dust formation. This
coating process is carried out in a rotating drum or a fluid
bed dryer.

Although coating with a fine, inert powder
(kieselghur, talc, lime, kaolin) has long been practiced as
an external form of inorganic conditioning, surface
treatment with non-ionic organic sealants (like polythene
waxes, paraffins and urea-aldehyde resins) is also
practiced. Coatings with surfactants (like fatty amines
and sulphonates) to make the particle surface
hydrophobic are also practiced.

Coating agents

Coating is the process of applying a layer on base
materials like fertilizer granules or seeds, to make them
moisture resistant or oxidation resistant.

Generally, a substance is coated by electrolysis,
vapor deposition, vacuum, or mechanical means
such as brushing, spraying, calendering and roller
coating.

Coating agents are substances used to protect base
materials from moisture, corrosion or oxidation.
Commonly used coating agents include metals, alloys,
resin solutions and liquid suspensions.

Fertilizers are coated to give them a slow-release
property and to make them free flowing.

Some materials used in fertilizer coatings are waxes,
polymers, elemental sulphur and asphaltic compounds.

Cobalt

Cobalt (Co), a metallic element with an atomic weight of
58.94, is one of the transition elements belonging to the
Group 9 (formerly Group VIII ) of the Periodic Table
(Fig.C.32). However, in extremely low concentrations
ranging from 0.1 to 1.0 parts per billion (ppb), cobalt
have been observed to improve growth, transpiration and
photosynthesis of cotton, mustard and beans. Cobalt is
required by symbiotic micro-organisms (e.g., rhizobia)
for the fixation of elemental nitrogen through the
formation of vitamin B;,.

Cobalt forms a complex with nitrogen atoms of the
porphyrin ring structure and provides a prosthetic group
for association with nucleotides in vitamin B,; co-
enzyme. This complex is called cobamide. Other cobalt

functions include leghemoglobin metabolism and
ribonucleotide reductase in Rhizobium, and activation of
enolase, lecithinase and succinic kinase.
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Fig.C.32: Position of cobalt in the Periodic Table.

The concentration of cobalt in dry matter of plants
ranges from 0.02 to 0.5 ppm. One ppb of cobalt in
nutrient solution was found adequate for nitrogen fixation
in alfalfa. The water content and catalase activity in
leaves increased and the concentration of the cell sap
decreased with cobalt application.

Cobalt content in soil is low and variable. In India, for
instance, it ranges from 4 to 80 ppm. The humus content
of the soil influences the availability of cobalt in it. The
nature of clay affects the absorption of cobalt from
solutions, in the order muscovite > hematite >
bentonite = kaolin. An increase in the pH of the soil
decreases the availability of cobalt. Cobalt deficiency is
more pronounced in coarse sandy soils and under high
rainfall conditions. To overcome deficiency, cobalt
fertilization with 100 to 200 g/ha as cobaltous sulphate
(CoS0,) is recommended.

Cobalt deficiency

Cobalt deficiency causes interveinal chlorosis in new
leaves, followed by induced iron chlorosis and white leaf
margins and tips, besides damaged root tips.

Cobalt is involved in nitrogen fixation and in the
stimulation of synthesis of chlorophyll and proteins.
Cobalt is also involved in the synthesis of vitamin B,,.
Inadequate dietary cobalt in humans can lead to anaemia
and loss of appetite.

Cobamide

Cobamide enzyme is the cobalt complex formed between
the cobalt-porphyrin ring structure and the nucleotide in
vitamin B,; co-enzyme.

Cobb-Douglas equation

Cobb-Douglas equation gives the response functions
between nutrient addition (X) and product yield (Y). This
power function is given by

=Xy

where a is a constant. (See also Response function.)



COob

Cold-mix liquid fertilizer plant

COD

COD is short for chemical oxygen demand. It is a
measure of the total oxidizable organic matter. (See
Biochemical oxygen demand. )

CoefTicient of utilization

The efficiency of nutrient utilization is the ratio of the
biomass to the total amount of nutrient in biomass, and is
termed as the coefficient of utilization or the efficiency
ratio. The coefficient of nutrient utilization can be
separated into two components, namely, utilization
quotient and biomass production.

CoefTicient of variation
The coefficient of variation (CV) is a measure of
variation in observations. It is defined as:

Standard deviation o

= 5 ¥ 100 = =— 1)
Mean of observations X

% CV =

According to professor Karl Pearson, CV is the
percentage variation in the mean, standard deviation
being considered as the total variation of the mean. It
helps in comparing the variability of two series. The
series having greater a CV is said to be more variable than
the other and one having lesser CV is said to be more
consistent than the other. (See also Standard deviation. )

CoefTicient of viscosity

The coefficient of viscosity is defined as the backward
dragging force (F) acting per unit velocity gradient
(dV/dx). This backward viscous force (F) acting
tangentially on a liquid layer is directly proportional to its
surface area (A) and velocity (V), and inversely
proportional to its distance (x) from the stationary layer.
Thus, the backward viscous force (F) can be arrived at by
the following formula:

-nAVvV

Fm or F=24dV
X

dx
where n is the coefficient of viscosity and is a constant; its

value depends on the nature of the liquid and it decreases
with increase in temperature.

Cohesion

Cohesion is the resistance of a particle to being pulled
apart, due to surface tension of the moisture film
surrounding it. Cohesion provides the force that holds up
a column of water in the xylem tissue of plants. The
cohesion tension theory offers an explanation for the
continual flow of water upwards through the xylem of the
plant.

Coke

Coke is a carbon form made by destructive distillation of
coal. It is used mainly for the reduction of iron ore in blast
furnaces, and as a source of synthesis gas. Lower grade

cokes, made by heating coal to a lower temperature, are
used as smokeless fuels for domestic heating. Coke from
petroleum residues is used for refractory furnace linings
in aluminum electro refining and as electrodes in the
electrolytic reduction of alumina to aluminum.

Coke oven gas

Coke oven gas is a mixture of gases produced in steel
plants during the carbonization of coal. It contains 50%
hydrogen, 25% methane, 8% carbon monoxide, 6%
nitrogen, and minor amounts of hydrocarbon, carbon
dioxide and impurities. It has a calorific value of 3750 cal
/NM3,

Coke oven gas is used for the production of ammonia
(the principal source of all nitrogen fertilizers since 1945)
by steam reforming after purification or by the separation
of hydrogen by a cryogenic process.

Ammonia manufacture by the Haber-Bosch process
requires nitrogen and hydrogen, of which the latter is
made from natural gas, LPG, naphtha, refinery gases or
coke-oven gases.

Cold manure

Manure is classified on the basis of the way it is collected
and stored. Cold manure is one such type of manure. It is
made by decomposing manure anaerobically and at
temperatures not exceeding 30°C. The benefit of such a
process is the prevention of ammonia volatilization.

While cold manure also prevents germination of
weed seeds, it is hazardous to incorporate it directly
because of the toxins that get added in the making of cold
manure.

Cold method for determining organic carbon

The cold method for determining organic carbon in soil is
a wet combustion process, wherein the organic carbon-
containing soil is refluxed with excess potassium
dichromate. The excess dichromate is back titrated with
ferrous sulphate using diphenyl anthranilic acid as an
indicator. Dichromate oxidizes carbon to carbon dioxide.
(See also Walkley-Black method. )

Cold-mix fertilizer solution

In a cold-mix fertilizer solution, the acid content of the
ingredients is neutralized before blending so that no heat
is emitted while blending the ingredients in a fertilizer
plant.

Cold-mix liquid fertilizer plant

Cold-mix or hot-mix liquid fertilizers are made by
blending liquid fertilizers with suitable solids or
micronutrients. The mixing plant is classified according
to its type of operation — whether hot or cold. In a hot-
mix plant, heat is generated when fertilizers are mixed;
this heat needs to be reduced to avoid volatilization
losses. In the cold-mix plant, no heat is generated in the
blending operation.



Cold sky

Colloid

Cold sky

Kanten, which means cold sky, is a name for agar-agar
in Japan. Different countries use different local species of
algae for making agar. Often, algae carry the name of the
country where they are used. In Japan, agar-agar made
from Gelidium sp is called kanten because it is made on
winter days or at high altitudes in the mountains.

Cole

Cole is defined as the soil's moist length minus dry length
multiplied by dry length. Various moisture states have
been used for the moist length, but the field capacity is
often used. Cole is often got from the clods’ volume
change rather than their change in length. In such cases

3[ dry bulk density
\j moist bulk density

Cole =

Cole generally varies from near zero to 0.12. The
degree of probable limitations on the soil's use is
correlated with the concept of cole.

Cole-coefficient of linear extensibility is a measure of
soil's capacity for shrinking and swelling. It is
determined by measuring a specimen in wet and dry
states.

Cole crops

Cole crop is a type in the classification of vegetable crops.
Cabbage and cauliflower belong to this group (Fig.C.33).

Fig.C.33: Cabbage and cauliflower are examples of cole
crops.

Colemanite

Colemanite (Ca,B¢0,;-5H,0) is a boron-bearing mineral
that releases boron at a slow rate for plant uptake. It can
be applied directly.

Collagen

Collagen is an insoluble fibrous protein found
extensively in the connective tissue of skin, tendons and
bones. Polypeptide chains of collagen predominantly
contain glycine and proline. These form triple-stranded,
helical coils to form fibrils, which have strength and
elasticity. Collagen accounts for over 30% of the total
body protein in mammals.

Collenchyma

Collenchyma is the cell of a tissue, located near the
surface, usually beneath the epidermis. Its principal role

is to give strength and flexibility to growing organs like
young stems. Collenchyma is also formed in petioles and
vein ribs of leaves as well as in pedicels of flowers. When
seen in cross section collenchyma appears polygonal
(Fig.C.34). It has unevenly thickened walls which are
prominent at the corners.
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Fig.C.34: A schematic diagram of collenchyma cells (not
to scale) A. Elongated cells. B. Outline of polygonal cells.

Collenchyma cells may contain chloroplasts and
starch grains. The cell walls, composed of cellulose and
pectic compounds plus a high proportion of water, are
plastic and have a tensile strength comparable to that of
sclerenchyma fibers. This combination of strength and
plasticity makes collenchyma effective as a support tissue
in developing stems and leaves without any other
supporting tissue.

Colloid

A colloid is a mechanical mixture that appears to be in
solution. Two phases exist in a colloidal system. One is
the dispersal phase and the other, a continuous phase.
Because the size of the particle is very small, the surface
to volume ratio of colloid is high, resulting in pronounced
adsorptive properties. Clay particles and humus in the
soil are considered colloidal because they can be
dispersed in the adsorbed water (making the soil swell
and become sticky). On drying, the particles lose their
water and the soil shrinks resulting in cracks in clayey
soils. Clay and humus can also become colloidal by
adsorbing cations.

Colloids are classified as sols, gels or emulsions. The
other type of colloids is aerosol which is a dispersion of
liquid or solid particles in a gas. Examples are mist or
smoke. Examples of colloidal systems are presented in
Table-C.4.

Table-C.4: Examples of colloidal systems.

Dispersed Dispersion Examples of
phase medium colloidal systems
Solid Solid Colored glass
Solid Liquid Gold sol

Solid Gas Smoke, dust
Liquid Liquid Milk

Liquid Gas Fog, liquid sprays




Colloidal silicates

Colorimetric method

The unique properties of colloids are primarily due
to the large surface areas in the dispersed phase, which
results in adsorption of ions and other materials. The
adsorbed ions impart an electric charge to the colloidal
particles because of which they repel each other.
Lyophobic colloids, which exhibit little affinity between
the dispersed phase and the solvent, are strongly
associated with the solvent.

Colloidal particles are so small that they cannot be
separated by filtration, nor can they be seen by the naked
eye. An electron microscope serves as a means to
determine the size and the shape of colloidal particles.
The solvent and dissolved substances can be separated by
dialysis and ultrafiltration. The stability of soil colloidal
suspensions is affected by electrolyte concentration, pH,
and adsorption of small ions and polymer ions.

Colloids are either lyophilic or lyophobic (they can
also be called hydrophilic or hydrophobic colloids
respectively when water is the dispersion medium) when
their dispersion requires the application of mechanical or
electrical force to provide a suspension. Hydrophobic
colloids are unstable and precipitate under the action of
electrolytes. They are characterized by strong ion
exchange properties. Colloids diffuse through
membranes very slowly, if atall.

Principal soil colloids are clay, humus, silica
(electronegative), alumina and iron (electropositive). On
an average, the proportion of colloids in soil is 80%
aluminosilicates, 10% free sesquioxides, 5% humus and
5% silica and other colloids.

Colloidal silicates

Colloidal silicates are a type of soil conditioners used to
optimize and stabilize soil and substrate properties that
are otherwise unsuitable for plant growth. They help
restore soils affected by heavy metals and salts.

Colloidal silicates include compounds of polysilisic
acid, produced and stabilized by synthetic means.
‘Agrosil’, a colloidal silicate, consists of (a) partly
dehydrated sodium silicate neutralized with acids,
(b) electrolytes, and (c) an organic additive to retard
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Colloidal suspension

Colloidal suspension is a very fine, heterogeneous
dispersion of one or more substances in another
substance or material. Colloidal particles may be
gaseous, liquid or solid, according to the nature of
suspension. For example, solid/gas (aerosol), solid/solid
(ruby/glass), liquid/liquid (emulsion) and gas/liquid
(foam) are colloidal suspensions. Rubber latex, milk,
blood and egg-white are examples of natural colloidal
suspensions.

Colluvium

Colluvium is a heterogeneous mixture of soil materials,
with or without rock fragments, that accumulates at the
base of steep slopes by gravitational action. A colluvium
has a rounded character to its elements, and is different
from alluvium which is angular.

Colorimetric method

The colorimetric method is based on the Lambert-Beer
law and is used for the determination of certain
elements (such as phosphorus) in soil. Colorimetry is a
technique by which an unknown color is evaluated in
terms of known colors. Colorimetry may be visual,
photoelectric or indirect by means of spectrophotometry
(Fig.C.35).

The Lambert-Beer law states that the intensity of a
monochromatic beam of light decreases exponentially
with the concentration (c) and the thickness (1) of the
absorbing substance (log I/I, = Acl), where A is a
constant and I and I, are the intensities of transmitted and
incident light, respectively.

Some colorimetric methods, such as the Comber
method, are used for rapid determination of pH. In
this method, the Comber reagent used is a 4% solution
of potassium thiocynate (KCNS) in pure alcohol. It
rapidly precipitates colloidal substances in the soil,
whereas the potassium thiocynate combines with free
iron in the soil and forms a red ferric complex. The more
acidic the soil, the clearer the reaction and the redder the
color.

: Hy/D; Lamp

W Lamp

Red

Collimating device

@ Blue
photocells

Mirror

Cuvette

Fig.C.35: A block diagram of UV-visible spectrophotometer.



Colored dyes

Compaction of soil

Colored dyes
Colored dyes are also known as stains. (See Staining.)

Columnar structure

Columnar is one type of soil structural units (peds)
decided on the basis of three characteristics of the soil -
its type, class and grade. When the tops and sides of the
aggregates are rounded, they look like columns; and are
called columnar structures. Columnar peds are either
vertically oriented or round-topped prisms. They can be
seen in some sodic soils.

Comber method for soil pH determination

The Comber method is a quantitative method for
evaluating the acidity of soils and is conducted through
the following steps: (i) Dry soil is sieved through a 1 mm
sieve into a test tube upto a height of about 2.5 cm.
(ii) Comber reagent to a height of about 4 cm. (iii) It is
shaken well for a few seconds and the mixture allowed to
settle. The supernatant liquid is blood red for a pH below
4, dark red for a pH of 5, red for a pH of 5.5, pink for a
pH of 6 and colorless for a pH of 6.5 and above.

Comber reagent

An alcoholic solution of potassium thiocynate is called
comber reagent.

Combine drill

Combine drill is an equipment or a machine in which
application of the fertilizer is done in bands, together with
the seed.

Combustion

An exothermic oxidation reaction which may occur with
any organic compound or elements like hydrogen,
sulphur, phosphorus and magnesium with oxygen is
called combustion. The end products of elemental
combustion are oxides; those of organic compounds are
carbon dioxide and water.

2H2 = 02 e 2H20
C(JI‘I]:O{, s 602 —_— 6C0)_ + 6H30

(carbohydrate)

Here, combustion is the reverse of photosynthesis.
The heat evolved by combustion is due to the rupture of
chemical bonds and formation of new compounds.

Substances differ greatly in their combustibility; that
is, in their ignition points (in the case of solids and gases)
or flash points (in the case of liquids). Rubber and nylon
are difficult to ignite at any temperature, whereas carbon
disulphide burns with almost explosive violence at
100°C. Oxygen actively supports combustion. No
oxygen is necessary when an oxidizing agent is present,
as in the combustion mixture of hydrogen and chlorine to
form hydrogen chloride.

Spontaneous combustion may occur at or below room
temperatures by (a) exposure to air of substances that are
highly sensitive to oxidation (like phosphorus), (b) heat
build-up due either to bacterial activity (compost, sewage

sludge) or due to oxidation catalyzed by moisture as in
wet waste materials (paper, cotton, wool), and (c)
internal heat accumulation due to auto-oxidation (fish oil,
linseed oil).

Commercial fertilizer: See Fertilizer

Commercial rock phosphate

Commercial rock phosphate is rock phosphate mined and
ground to 100 mesh fineness. This is the raw material
from which phosphate fertilizers, including phosphoric
acid, are made.

Commodity grade of diammonium phosphate:
See Ammonium phosphate

Common superphosphate

Common superphosphate or ordinary superphosphate is
a principal phosphate fertilizer that has been used for
more than a century. It is made by treating ground
phosphate rock with sulphuric acid. After 2 to 6 weeks of
aging, the product is ground and used as a fertilizer.

Compacted density

Compacted density of a material like soil, which can be
up to 10% higher than its settled density (loose pour bulk
density) of the same material, represents the maximum
bulk density that can be achieved through vigorous
shaking of the container. Loose pour density or bulk
density is the mass per unit volume of the material after it
is tipped freely into a container.

Loose pour density is the minimum density expected,
the knowledge of which is used in designing storage
containers and in calibrating volumetric feeders or
applicators.

Compacted density is measured in accordance with
international specifications (ISO-5311). In fertilizers, it
is estimated by using a bulk density box.

Compaction: See Compaction of soil

Compaction in fertilizers

Compaction in fertilizers is done by mixing raw materials
and agglomerating the mixtures by pressure. The process
increases the bulk density and reduces the porosity of the
granulated fertilizer.

Compaction of soil

The process of slow squeezing of sediments to form hard
rock (or putting the loose particles together by
mechanical force to form a compacted mass) is known as
compaction. As sediments pile up on top of each other,
they are gradually squeezed. The extent of squeezing
depends on the sediment. Mud may be highly compacted
when it changes into mudstone, while sand is squeezed
very little as it changes to sandstone. Sediments often
contain a great deal of water, which is gradually squeezed
out during compaction.



Companion crops

Complex fertilizers

Soil compaction results in a change in volume
brought about by application of aload by way of rolling,
tapping or vibration. When soil particles are pushed close
together, the mass per unit volume increases and the soil
is compacted. The increase in bulk density of the soil can
be due to mechanical forces such as those from tractor
wheels. Water percolation and root penetration become
difficult in compacted soil.

Companion crops

Companion crops are two mutually beneficial crops
grown together in the same field. For example, sorghum
and pigeon pea, if grown together, can be considered
companion crops. Pigeon pea facilitates nitrogen fixation
in the soil, which is beneficial to the growth of sorghum,
whereas sorghum increases the harvesting index of the
system. Wheat and chickpea or wheat and mustard are
other examples of companion crops.

Companion crops have similar cultivation and
management needs and produce easily separable seeds
after harvesting.

Compatibility

Agrochemicals, fertilizers or their mixtures, which do
not adversely interact or exhibit their individual
characteristics, are considered to be compatible with one
another. This compatibility can be chemical or physical.
The knowledge of compatibility is essential for preparing
fertilizer blends from individual salts.

The only completely incompatible combination in
fertilizer blends is ammonium nitrate and urea, which
results in a mixture with an extremely low critical relative
humidity (CRH) of 18%. This is due to a chemical
reaction between the two compounds.

Chemical compatibility of fertilizers can be
evaluated either by a simple bottle test or in a large-bag
or small-bag storage test. In the bottle test, a freshly-
mixed blend is tightly capped in a glass bottle, stored at
30°C, and inspected after a period of one day to several
months for any signs of wetting, caking, disintegration or
obnoxious gas formation.

Physical compatibility of fertilizer blends is the
ability of two or more fertilizer materials to remain
thoroughly mixed during storage, handling and
application. Segregation can be a major problem while
handling a bulk-blended fertilizer and is caused by
mismatched particle sizes. The most common method to
determine physical compatibility of bulk-blend
ingredients is to perform a particle-size analysis of each
ingredient and compare the data. There are two
techniques based on the particle size analysis to
determine physical compatibility, namely, cumulative
particle size distribution and size guide number (SGN).
If the difference in cumulative particle size distribution
between the ingredients is more than 20%, the
ingredients are incompatible and if it is between O to
10%, they are compatible.

SGN difference < 10% represents good compatibility
SGN difference > 20% represents incompatibility

The size guide number technique, developed by the
Canadian Fertilizer Institute, entails median particle size
determination of each blended ingredient by locating the
50% cumulative retained point from the size distribution
curve. The particle size (in millimeters) at the 50%
cumulative retained point is multiplied by 100 and
rounded off to the nearest five. This number is referred to
as the SGN of that blend ingredient. The SGN for each
bulk-blend ingredient is compared, and its compatibility
evaluated.

Competitive inhibition

Enzyme inhibition affects biochemical reactions. These
reactions are divided into competitive and non-
competitive inhibition. Competitive inhibition occurs
when the inhibitor molecules resemble the substrate
molecules and bind to the active site of the enzyme,
thereby preventing normal enzymatic reactions.
Competitive inhibition can be reversed by increasing the
concentration of the substrate. (See also Inhibitor.)

Complementary cation effect

The influence of one adsorbed cation on the release of
another from the surface of a colloid is known as a
complimentary cation effect. For example, ammonium
ion (NH;) exchange for calcium ion (Ca**) occurs more
easily when trivalent aluminum ion (AP*) is more
predominant than sodium ion (Na*).

Complete complex fertilizer: See Complex fertilizers
Complete disinfectant : See Disinfectant

Complete fertilizer

Crops need nutrients in sufficient quantities in order to
grow rapidly and produce high yields; but in excess
quantities they can become toxic to the crops. A complete
fertilizer is a mixture of different plant nutrients,
including macronutrients N, P and K in sufficient
quantities to ensure healthy plant growth.

Completely incompatible combination of
fertilizers

Components of fertilizer mixtures should not adversely
interact with each other. If they do, their storage and
blending pose problems. The only completely
incompatible combination in fertilizer blends is
ammonium nitrate and urea. This mixture has an
extremely low critical relative humidity of 18%. The
cause of the chemical incompatibility is the chemical
reaction between urea and ammonium nitrate.

Complex fertilizers

Complex fertilizers contain more than two plant
nutrients, of which at least two major nutrients are in a
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chemical combination. Each granule of a complex
fertilizer contains all the nutrients of the fertilizer.

Complex fertilizers are generally granulated, free
flowing and can easily be applied uniformly. Their
packaging and transporting costs tend to be lower than
those of conventional individual fertilizers.

Many crops need N, P and K at the same time and a
wide range of complex fertilizers containing all three
primary nutrients are produced for this purpose. Other
nutrients such as sulphur can easily be incorporated, if
required, into these fertilizers. Complex fertilizers cost
more than individual fertilizers, but the cost of
application tends to be lower in the long term. There is
also greater consistency of quality in complex fertilizers
and a more effective spread can be achieved on the farm.
As a general rule, if the extra cost of nutrients in a
complex fertilizer varies within 15% of the costs of
individual nutrients, the use of complex fertilizers is
considered to be justified.

A large share of the multi nutrient fertilizer used in the
European Union are complex fertilizers. Despite the
need for fairly advanced technology in their production,
complex fertilizers are routinely produced in developing
countries like India and China.

Among complex fertilizers are ammonium
phosphates, nitrophosphates, and NPK complexes.
Ammonium phosphates are generally manufactured by
neutralizing ammonia with phosphoric and sulphuric
acid, or phosphoric, nitric and sulphuric acid.

There are four types of ammonium phosphates
currently under production: (a) ammonium phosphate
(18-46-0), (b) ammonium nitrophosphate (23-23-0), (c)
urea ammonium phosphate (24-24-0) or (28-28-0), and
(d) ammonium phosphate sulphate (16-20-0-5S or
20-20-0-5S). The first three figures in the bracket
indicate the content of nitrogen, phosphorus and
potassium respectively. All of them are almost entirely
water-soluble.

Nitrophosphates are made by treating phosphate
rock with nitric acid or with a mixture of sulphuric and
nitric acids, followed by ammonia treatment.
The final product is made up of ammonium
nitrate, dicalcium phosphate and mono-ammonium
phosphate.

NPK complex fertilizers are based on either
ammonium phosphates or nitrophosphates. Potash and
additional nitrogen in the form of urea are added and the
slurry is then granulated.

A fertilizer containing two elements is called an
incomplete complex fertilizer, and one containing three
elements (N, P and K) is called a complete complex
fertilizer.

Complexing agent

A complex ion has a metal ion or atom surrounded by a
number of other molecules, atoms or ions. These
molecules, ions or atoms which donate one or more
electrons or share their electrons with the central ion or
atom are called complexing agents or ligands. Ligands

can be a part of positively charged or negatively complex
ions. Ammonia in [Co(NH,))** and chloride ions in
[PtCls)* are examples of ligands or complexing agents.

Foliar sprays of micronutrients such as Fe-EDDHA
or Cu-EDTA contain the ligands EDDHA and EDTA.

Complex lipids

Lipids are fatty acids and substances that are functionally
related to these compounds. Lipids are one of the chief
structural components of living cells and are classified as
complex lipids and simple lipids.

Complex lipids yield three or more primary products
per mole on saponification. They are esters of long chain
fatty acids and include glycerides (which include fats and
oils of animals and plants), glycolipids, phospholipids
and waxes. Lipids are a convenient and concentrated
means of storing food energy in plants and animals.
Glycolipids are lipids that contain carbohydrate residues.
Examples include sterol glycosides and plant
phytoglycolipids. Phospholipids are lipids which contain
phosphorus and include lecithin cephalin. Waxes provide
vital water proofing for body surfaces.

Composite fertilizer

A composite fertilizer contains two or more primary
nutrients, produced through chemical reactions in a
factory. Unlike dry mixtures or blends, it is made from
raw materials and intermediates rather than from finished
products. It is invariably granulated, with an identical
composition for each granule.

The term composite fertilizer is also used to denote a
compound fertilizer or a complex fertilizer, the nutrient
contents of which have undergone chemical interactions
during the manufacturing process.

Composite sample

A composite sample is a uniform sample, made to
prevent sampling errors. Fertilizers taken from various
bags or lots are mixed and homogenized to get a uniform
composite sample. Composite samples can also be made
by drawing samples from different portions of a container
using a suitable instrument and mixing these samples.

Composition guarantee

A composition guarantee, also known as guaranteed
analysis, or declarable content, is given in terms of
quantitative and/or qualitative characteristics that a
market product must comply with to meet the contractual
or legal requirements. When any plant nutrient or
chemical compound is guaranteed, the regulatory
authority shall subject it to inspection and analysis
in accordance with the prescribed methods and
regulations.

Compost

Compost is an organic manure formed by the slow
decomposition of (a) various plant or animal residues, (b)
wastes (like dung, crop waste, slaughterhouse waste,
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etc.), (c) pre-sorted household wastes, and (d) sediments
of sewage purification units.

Composting is the process of preparing compost for
soil conditioning by the microbial degradation of organic
waste, by using aerobic and anaerobic micro-organisms
to hasten decomposition. The carbon to nitrogen (C:N)
ratio of the material, its water content, aeration, pH and
temperature, etc. regulate the prevalence and
multiplication of the microbial population and the rate of
decomposition of the material.

Organic material is decomposed by aerobic
saprotrophic organisms, mostly fungi and bacteria. Some
decomposition is also carried out by detritivores.
Decaying organic matter is used as manure.

Anaerobic composting is a method of composting
farm wastes with insufficient air/oxygen supply. When
decomposable raw material like farm or crop wastes is
filled in composting pits to a height of 40 to 50 cm and
decomposed by micro-organisms in an anaerobic
environment, the process is called amnaerobic
decomposition. The compost is generally ready within 4
to 5 months and contains 0.8 to 1% nitrogen.

Conventional methods of composting require a long
period to produce good compost, often 8 weeks or more.
There is a combined action of organisms like
earthworms, bacteria, nitrogen fixers and cellulolytic as
well as lignolytic fungi, which hasten the process of
composting. Such decomposition of organic matter
results in a product which is rich in humus and has a low
carbon to nitrogen ratio. In recent years, there has been
considerable interest in the use of earthworms for
composting. This practice is called vermi-composting
(Fig.C.36).

There are different methods of composting,
depending on the availability of raw materials and
specific requirements of the region. For composting, the
organic matter is piled in a specially built pit.
Decomposition is facilitated by keeping the pile warm
and moist, and encouraging the growth of micro-

organisms. After a specified period of time, the compost
is ready for use. If the organic matter is deficient in
nutrients, these are added in the form of nitrogen,
phosphates, manure and animal wastes.

Compost is produced primarily from plant residues is
called artificial manure or synthetic manure. Compost
produced by a partial aerobic fermentation of diverse
organic material like cattle dung, urine, crop residues,
farm waste or agricultural waste (such as weeds, straw,
groundnut husks, etc.), is called rural compost. If
produced from materials of urban origin - like street
sweepings and dustbin refuge - the product is known as
urban compost.

When sewage sludge and municipal garbage are
composted, municipal compost is produced. This
compost can cause health hazards because the organic
and inorganic waste material may carry pathogens,
viruses and parasite eggs. This problem can be partially
solved by the self-heating of compost during
decomposition. But heating does not remove non-organic
material like lead, strong acids, etc. which harm plants.
Some toxic substances, harmful to plants and animals are
also produced during composting.

Composts are comparatively less effective than
fertilizers, as they contain less than 2% NPK, half of
which is mineralized during the growing season.

A rural compost generally contains 0.5 to 1.0%
nitrogen, 0.2% phosphorus (as P,Os) and 0.5%
potassium (as K,0O), whereas urban compost has about
1.5t02.0% nitrogen, 1.0% P,0sand 1.5% K,O.

Table-C.5 shows the ideal involvement of each
parameter for obtaining good quality compost.

Compost can be made entirely from plant materials.
Some examples are kitchen waste, plant litter, garden
pruning and industrial waste of plant origin.

The nutrient composition or concentration (%dw) in
fertilizers, based on wastes of plant origin, are given in
Table-C.6.

Fig.C.36: Vermi-compost heaps being decomposed in a shed.
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Table-C.5: Role of various parameters for good
quality compost.

Parameter Role in composting

Activators Efficient cellulolytic fungi and

biofertilizers.

Agitation No agitation or periodic turning in
simple systems and short bursts of
vigorous agitation in mechanized

systems.

Air flow 0.6 to 1.8 m' air/day/kg of volatile
solids during thermophilic stage or

maintain oxygen level at 10to 18%.
251035

Any length, 1.5mhighand2.5m
wide for heaps using natural
aeration. With forced aeration,
heap size depends on need to avoid
overheating.

50to 60 % (higher values possible
with bulking agents).

C/N ratio of material

Heap size

Moisture content

Particle size 10 mm for agitated systems and
forced aeration, 50 mm for long
heaps and natural aeration.

pH control Normally unnecessary

Temperature 55 to 60°C held for 3 days

Source: “Dictionary of Soil Fertility, Fertilisers and Integrated
Nutrient Management”, by HLS Tandon. Fertiliser Development
and Consultation Organization, New Delhi. With permission.

Compost has numerous uses, depending on its
quality. High quality compost can be used to replace the
lost topsoil in farms. The amount of compost needed for
this purpose is enormous; 160 tons of compost is required
for 2.54 cm of topsoil over one hectare of land.
Composting the organic wastes of a community of one
million people could produce an estimated 600 tons of
compost daily. Compost is widely used in nurseries and
landscaping industries and in inland reclamation.
Sanitary landfills also need compost or soil between the
trash layers and as a cap on the top, once the landfill is
closed.

Compost accelerators

Composting material and microbial cultures (such as
Aspergillus sp., Paecilomyces fusisporus, Trichurus
spiralis and Trichoderma viride) are added to organic
substances to hasten decomposition. These are called
compost accelerators.

Composted bark mixtures with mineral
fertilizers

Mixtures of mineral and organic fertilizers are used to
improve soil aeration and water retention capacity, in
addition to providing necessary nutrients for plant
growth. One such mixture is composted bark with
mineral nutrients. The organic substance of composted
bark is highly stable against biological degradation and
resembles peat.

Composting

Composting is the process of microbial degradation of
organic matter in the presence of aerobic and anaerobic
micro-organisms, to lower the C/N ratio and create a
well-rotted manure called compost. The major
objectives of composting are to stabilize putrescible
organic matter, to conserve as much of the plant nutrient
and organic matter as possible, and to produce a uniform,
relatively dry product suitable for use as a manure. (See
also Compost.)

Compound fertilizers

Compound fertilizers are fertilizers formulated with two
or more plant nutrients. A compound fertilizer is also
defined as a homogeneous product containing two or
more of the following plant nutrients. These nutrients are
nitrogen, phosphorus, potassium and magnesium. A
compound fertilizer, in the form of granules, pellets,
prills or crystals is free-flowing and can contain
micronutrients. It is also called a complex, composite or
multi-nutrient fertilizer.

Compound phosphatic fertilizer: See Phosphatic
fertilizer

Table-C.6: Nutrient concentrations (% dry weight) in fertilizers based on wastes of plant origin.

Fertilizer N P K Ca Mg S C/N
Castor cake ] 0.8 0.8-1.6 0.4 0.3 80 8
Coco waste 2.3-3 0.4-0.5 2.5-3.0 0.6 0.5 90 17-24
Brewers' grains 4 0.4-0.7 0.5-1.0 0.3 0.2 65-75 10-12
Fruit pulp 1.0 0.3 1.3 0.8 0.1 85-95 | 40-50
Rape 1.525 | 0.4-0.8 3-3.5 1.0-1.8 0.2 75 20-30
Vinasse 34 0.15 6-7 0.6-1.2 0.3 50 8
Pulp 5-6 0.7-1.0 0.8-6.0 - - 75-85 | 8-10
Potato starch wastewater 4-8% 0.7-0.9* 10*-12 - - - 5*-7
Filtration diatomaceous earth | 0.7 <0.1 <0.1 0.2 <0.1 6 4-8

* In fresh potato starch wastewater. (Source : “Agrochemicals”, 2000, Edited by Franz Muller, Wiley VCH Verlag GmbH. With

permission.)
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Concentrated organic manure

Concentrated organic manures are organic manures with
a higher percentage of major plant nutrients (nitrogen,
phosphorus and potash) compared to organic manures
like farmyard manure and compost. Materials of
animal or plant origin are the starting raw materials for
producing concentrated organic manures like oil cakes,
blood meal, fish manure, meat meal and wool waste.

Concentrated superphosphate

Concentrated superphosphate is produced by acidulating
phosphate rock in a rotating drum with superphosphoric
acid (not ordinary phosphoric acid). Concentrated
superphosphate has a higher phosphorus content than
triple superphosphate. Concentrated superphosphate has
a high bulk density of 1150 kg/m?3. It is water-soluble,
remains free flowing for long durations and has less free
acid.

Concentrated superphosphate, which can also be
made by removing water from triple superphosphate,
contains about 54% phosphorus pentoxide (with 19 to
23% phosphorus), most of which is monocalcium
phosphate. The crop response to concentrated
superphosphate is very similar to that of triple
superphosphate.

Concentration

Concentration defines the quantitative relationship of the
components of a mixture. The amount of a chemical or
pollutant in a particular volume or weight of a medium
like air, water or soil is known as its concentration. The
term concentration is used to describe the relative
amounts of solute and solvent in a solution. It is expressed
as mass, volume or number of moles of solute present in
proportion to the amount of solvent or total solution. A
solution in which a large amount of solute is dissolved in
the solvent is said to have a high concentration of the
solute. Conversely, a dilute solution has a lower
concentration of the solute. For example, a solution that
contains 0.01g of sodium chloride (NaCl) per cubic
decimeter is dilute as compared to the one that contains
0.10g of NaCl per dm?.

Concentration is measured in various ways. One
gram molecular weight of a substance dissolved per unit
volume has units of mol per dm? or mol per liter. This is
called molarity. The mass concentration is the mass of
solute per unit volume of solvent (g/dm?®). The molal
concentration or molality is the amount of the substance
in gram moles per unit mass of the solvent (mol/kg). The
simplest scale to measure is a percentage (wW/v or v/v)
and, therefore, it is often used for medical and household
solutions. When it is important to know the reactive
capacities of reagents, as in volumetric analysis, a
normality scale is used. Normality (N) of a solution is the
number of equivalents of the solute per liter of solution,
whereas molarity (M) of a solution is the number of
moles of solute per liter of solution.

Concretions

Concretions are chemical compounds like calcium
carbonate or iron oxide that sometimes accumulate in the
soil, in the form of aggregates or nodules of varying
sizes, shapes, hardness and colors.

Condiments and spices

Condiments and spices form a classification under
vegetable crops, based on their use. Some examples are
sesame, chili, ginger and black pepper.

Conditioners: See Conditioning materials

Conditioning materials

Conditioning materials or conditioners are anti-caking
materials added to fertilizers to control moisture
ingression and caking during their storage in bags. These
chemical additives keep the fertilizers free-flowing, and
make their mechanical distribution easy and uniform.

Materials ordinarily added to fertilizers are
diatomaceous earth, rice hull, ground peanut hulls and
vermiculites. Nowadays, liquid organic surfactants are
also being included as coating material for fertilizer
granules. Internal or chemical conditioners are
sometimes added during the processing of fertilizers to
improve their storage properties; the proportions vary.
For example, 0.3 to 0.5 % formaldehyde is added to urea,
and 1.8% magnesium nitrate to ammonium nitrate.

Conductivity, electrical

Electrical conductivity is the reciprocal of the resistivity
of a material. It is measured in Siemens per meter in SI
units. When a fluid is involved, the electrolytic
conductivity is given by the ratio of the current density to
the electric field strength.

Electrical conductivity between two electrodes set
apart at a fixed distance inside a small block is an indirect
measure of the soil moisture from the field capacity to
wilting peint. These blocks are made of nylon, gypsum,
fiberglass, etc., and buried in the soil with wires attached
to each block for measuring conductivity.

The electrical conductivity of a solution is the
conductance measured between the electrodes, 1 cm? in
area and placed 1 cm apart. The resistance is expressed in
ohms and the conductivity is expressed in Siemens per
meter or deciSiemens per meter. The measurements are
important mainly for the classification of the aridisols in
soil taxonomy and soil salinity. In fact, the conductivity
of aridisols in the saturation extract is higher than
deciSiemens per meter at 25°C. ’

The saline phase in FAO legend requires that the
conductivity of the saturation extract be higher than 4
deciSiemens per meter at 25°C, whereas high salinity
implies conductivity greater than 15 deciSiemens per
meter at 25°C. In the French classification, the lower
limit for the classification of a soil in the class of saline
soils is a conductivity of saturation extract of
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8 deciSiemens per meter over a thickness of at least 20
cm. A limit of 4 deciSiemens per meter is acceptable if
the salt is only magnesium carbonate.

Coniferous forest

A coniferous forest is a forest made up mostly of cone
bearing or coniferous trees such as pines, firs, hemlocks
and cypresses. Resistant to acidity and cold weather,
coniferous forests occur not only in the temperate regions
of Europe, Asia and America, but also in several parts of
South America.

Coniferous trees have small needle-like or scale-like
leaves and most of them are evergreen. The softwood
they produce is used for construction, furniture, paper
and resin.

Conservation

Conservation refers to the protection of environmentally
and culturally important things from harm or destruction.
Conservation is concerned with the sustained utilization
of resources - the rate, purpose, and efficiency of use.
Soil conservation is the protection of soil against erosion
or loss of fertility. Water conservation is the protection,
management and development of water and control of
pollution.

Conservation also means the improvement and use of
natural resources according to principles that will ensure
economic and social justice, and sustained production
benefits for a long period.

Conservation facilitates the optimal and rational use
of natural resources and environment, taking into
account the demands on them and the need to safeguard
and maintain them for the future.

A generalized definition of conservation that fits
many interpretations is the optimal maximization over
time, of the net social benefits in goods and services from
the resources.

The term 'conservation' is currently used to denote
the wise use of resources for the greater good of the
largest number. In particular, reducing the rate of
consumption of non-renewable resources and
introducing management and planning programs seek to
improve the quality of both the natural and man-made
environment.

Conservation terrace

Conservation terraces are man-made innovations
intended to increase the use of run-off water. They are
small, one-field watersheds that collect run-off for use in
an adjacent area. Conservation terraces have about two to
four times as much area under watershed as under the
planted level terrace area.

Conservation tillage

Conservation tillage refers to tilling the land to the barest
minimum requirement. In this method of growing crops,
seedbed preparation is avoided or excluded and the seeds
are placed at the required depth by opening a slit or

punching a hole into the soil. Conservation tillage
includes no tillage, zero tillage, minimum tillage or
reduced tillage. In zero tillage or no tillage the field is
not plowed and the plant residues remain standing. In
reduced or minimum tillage, fewer tillage operations are
carried out, compared to the conventional methods of
tilling. The practice of minimum tillage, suitable only in
some situations, involves tilling the land to the barest

Conservation tillage is a way of reducing erosion by
water and wind. Erosion is caused by soil detachment and
soil transport. Soil particles are detached by falling rain
drops, and these detached soil particles are carried by
wind or water. In areas where conservation tillage is
practiced, the residue cover absorbs the impact of the
falling raindrops and consequently reduces the
detachment. Similarly, water may collect around the
residue creating puddles. The puddles absorb raindrop
impact which reduces the detachment of soil particles.
Erosion is reduced if the soil remains covered with crop,
and the next crop is planted straight into it. For this to
happen, at least 30% of the soil surface should be covered
by plant residues, according to a study by the U.S. Soil
Conservation Service.

The limited success of conservation tillage may be
related to low fertility in the root zone. Phosphorus (P)
and potassium (K) accumulate in the upper layer of the
soil (top 5 to 10 cm) in conservation tillage, unlike in
moldboard plowing. With chisel plowing, more of P and
K are incorporated into the soil over the years than is
done by till planting or no till. Periodic plowing once in 4
or 5 years is desirable as it allows proper mixing of soil
for distribution of nutrients throughout the plow zone. It
also minimizes the run-off and erosion of surface soils
containing high amounts of plant nutrients, thereby
preventing environmental pollution and financial loss.

Conservation tillage leads to a higher accumulation of
the surface residues that create cooler and wetter
conditions at planting time, and a lower availability of
nutrients in the soil. The surface crop residues in reduced
tillage immobilize a large portion of broadcast-applied
nitrogen. A higher rate of surface-applied nitrogen is
required with no till than with conventional tillage. The
reasons for this are that (a) fertilizer nitrogen is
immobilized by micro-organisms in the organic layer that
accumulates on the surface with no-till, (b) more nitrogen
is mineralized from the soil organic matter when plowed,
(c) there is a higher yield potential with no-till in some
areas, (d) there is more water movement through the soil
with a higher loss of nitrates, and (e)
denitrification/volatilization may reduce nitrogen use
efficiency. Hence, the fertilizer nitrogen is generally
placed below the surface residue to avoid
immobilization, denitrification and volatilization losses.

Potassium and phosphorus applied through
broadcasting are usually effective, particularly in humid
areas. A lower potassium content in maize leaves occurs
at silking with no-tillage, whereas a potash application
increases the potassium content in the leaves in both the
tillage and no-tillage systems. The yield increases with
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band-applied fertilizers in no-till system compared to
plowed systems.

The application of nitrogen on the soil surface may
turn the soil acidic with no-till. This calls for monitoring
the pH of the surface soil. Certain herbicides, such as
triazines, are inactivated by a low pH at the soil surface,
with the result that weed control becomes ineffective.

Conservation tillage has the following advantages: (i)
There is reduction of energy, time, labor and machinery
costs. (ii) Plant residues protect the soil from rain and
wind erosion. (iii) More area can be planted in a short
time. (iv) Relay cropping in rows (with crops such as
soybean, sorghum or corn planted immediately after
wheat) is possible. (v) Steeper lands can be farmed for
row crop production. (vi) A higher organic matter
content in the soil and an increased water utilization
efficiency is possible (more water is stored in the root
Zone).

Conservation tillage has the following disadvantages:
(i) It is not applicable under all farming situations. (ii) It
has less active humus incorporation in soils. (iii) It can
accentuate weed problems. (iv) It is prone to herbicides
build-up. (v) It requires more seeds. (vi) It is prone to pest
damage from birds, mites and insects. (vii) It favors crop
pests and diseases. (viii) It is not suitable for poorly-
drained soils and for crops that require fine tilth, as in the
case of nurseries and small-seed crops like sesame and
mustard.

Consistence of soil

Consistence of soil is the resistance of soil to deformation
and the degree of cohesion of the soil mass. The attributes
of soil material are expressed in terms of its degree of
cohesion and adhesion or its resistance to deformation or
rupture. The consistency of soil varies with its water
content and degree of cementation. If a soil adheres to
other materials, it is considered sticky soil. There are
degrees of stickiness, like non-sticky, slightly sticky,
sticky and very sticky.

If a soil changes its shape under pressure and gets
back to its original shape when the pressure is removed, it
is called plastic soil. A soil can be non-plastic, slightly
plastic, plastic or very plastic.

The moisture content of a soil determines its
consistency which can be termed loose, very friable,
friable, firm or very firm.

When soil is dry, its consistency can be rigid or
brittle, loose, soft, slightly hard, hard or very hard.

Cementation of soil gives it a brittle or hard
consistency. It can be weakly cemented, strongly
cemented, or indurated.

Soil consistency is useful in estimating the soil flow or
support strength under applied forces. The cousistency
limits (Atterberg limits) of soil are used primarily in
classifying cohesive soil materials for engineering
purposes and are strongly correlated to other
fundamental soil properties. The consistency limits are
also used in the estimation of soil properties such as shear

strength and bearing capacity, compressibility and
swelling potential.

Consistency limits, Atterberg

The Atterberg limits of consistency denote the range of
water content over which the clay has plastic behavior.
They consist of plasticity limit and liquid limit.

Soil can be solid, plastic or liquid depending on the
quantity of water it contains. Plasticity is the property by
which soil can be deformed easily and still maintain the
shape given to it. If clay is moistened till it flows and is
then allowed to dry, it will go progressively from the
liquid stage to the plastic stage, thus, it passes from the
liquid limit to reach the plasticity limit.

If the drying of the clay is continued, the plasticity
limit passes, and the clay becomes a solid which is
friable.

Constant composition, law of: See Chemical
combination, laws of

Constant proportions, law of: See Chemical
combination, laws of

Consumptive use

Consumptive use in the context of crops refers to the total
quantity of water used for crop growth in a given area.
This includes the water lost by evapotranspiration
(evaporation plus transpiration or ET), and the water
contained in the plant tissues. Consumptive use of water
is determined by using lysimeters.

Consumptive use is increased by conditions like
warm weather, dry air and wind, which together increase
evaporation. Daily consumptive use ranges from 2 mm to
15 mm. The estimation of consumptive use of water is
needed to optimize the use of available water for
irrigating crops.

Contact fungicide

Contact fungicides, also called non-systemic fungicides
or residual protective fungicides, are one of the two
types of fungicides that do not penetrate plant tissues.
They serve a protective function by forming a barrier on
the plant surface that prevents the fungus from entering
the host, by inhibiting spore germination or mycelial
growth. Most non-systemic fungicides react with thiol
groups that are present in the enzymes of fungi, thereby
inhibiting many metabolic processes and acting as multi-
site inhibitors. Sulphur, copper oxychloride and cuprous
oxide are examples of inorganic contact fungicides, while
dithiocarbamates, phthalamides and dicarboximides are
examples of organic contact fungicides.

Contact placement

Contact placement is a method of applying fertilizer close
to seeds. This is also called drill placement as the seeds
and the fertilizers are sown together by drilling in the soil
(Fig.C.37). It ensures that a small amount of fertilizer
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Fig.C.37: Tractor-mounted combined seed and fertilizer
drill for contact placement of fertilizer.

gets spread with the seeds in each row. Contact
application can be damaging to seeds only if the seeds
have excessive concentration of fertilizer. Otherwise it
benefits plants in a variety of ways as it (a) enhances the
development of root and above the ground plant parts,
resulting in early cultivation, increased competition with
weeds, reduced heat stress during pollination, and early
harvest, (b) provides quicker soil cover by plants and
decreases run-off or erosion losses, (c) reduces grain
moisture content at harvest time and cut production costs,
(d) improves nitrogen use efficiency, increasing
production efficiency and reducing the potential for
water pollution, and (e) boosts the crop yield, quality and
ultimately the farmer's profit. (See also Localized
placement.)

Contact process

The contact process is one of the processes for making
sulphuric acid. The acid is made from sulphur dioxide
which in turn, is made by burning sulphur or roasting
sulphide ores. A mixture of sulphur dioxide and air is
passed over a hot catalyst to get sulphur trioxide.

280, + O, —» 280,

The reaction is exothermic and the conditions are
controlled so as to keep the temperature to an optimum
450°C. Formerly, platinum catalysts were used, but they
have now been replaced by vanadium oxide catalysts.
The sulphur trioxide is dissolved in sulphuric acid to get
oleum which is diluted to get the required concentration
of sulphuric acid. (See also Sulphuric acid.)

Container

Storage vessels, commonly made of steel, concrete or
wood are called containers. Efficient storage of farm
produce is important to meet market demands and to
increase the profitability of a farming enterprise. If the
product deteriorates in storage, its economic and
nutritive values tend to decrease. Farmers store food
products either in a specially designed structure, in any
convenient place or in a receptacle (especially jute bags
or baskets). Similarly, fertilizers are stored in 50 kg jute
or polythene bags, as well as in piles. These container
bags have to be moisture resistant, as some fertilizers

tend to absorb moisture from the atmosphere.
Agricultural silos and bins, constructed of aluminum,
galvanized steel or reinforced concrete are commonly
used to store and transport large quantities of cereal
grains. Such containers are provided with an air plenum
through which air is passed at about one fifth the level
needed for drying an equivalent quantity of grain.
Circular butyl rubber bins are also used to store grains.
Seeds are stored in sealed containers to extend their
storage life.

Contaminant

Contaminant is an undesirable foreign material present in
a product. Contaminants, when present in air, water or
food products, make them toxic or otherwise harmful.
Sulphur dioxide resulting from the combustion of high
sulphur fuels, pesticide residue in vegetables and
industrial dusts are some examples of contaminants.

Continental dunes

A dune is a ridge or hillock of sand created by winds. It
can attain a height of several hundred meters. The
continental dune formed inland exhibits a near perfect
symmetry when there is no dominating wind.

Continuity

Continuity, in the context of soils, is the length of
unbroken, continuous, or coherent soil pores.
Alternatively, continuity is a smooth or unbroken
sequence or graduation of soil. In such cases, distribution
is continuous rather than divided into distinct groups.

Continuous cropping

Continuous cropping, also called continuous cultivation,
is another name for crop monoculture. It involves
the cultivation of the same crop, on the same land, year
after year. Repeated growing of the same crop on the
same soil leads to soil sickness and this calls for large
amounts of fertilizers and pesticides to be added to it.
Crop rotations, prevent soil sickness and increase crop
productivity.

Continuous drying

Drying carried out with continuous flow of grain and air
in contrast to a batch process is called continuous drying.
(See also Drying.)

Contour cultivation

Contour cultivation refers to tilling and planting across
the natural slope of a land. On terraced fields, contour
tillage forms ridges and effectively controls soil erosion
during light rainfall on moderate slopes of 2 to 8%. A
combination of contour tillage, terracing and contour
strip cropping is more effective in controlling erosion
than contour cultivation alone (Fig.C.38).

Contour cultivation is found to increase yield along
the slope by 35% in sorghum and 20% in solaria, at no
additional cost. Experiments have proven that contour



Contour strip cropping

Coordination compound

- s BRI 2 o4
Fig.C.38: Contour strip cropping. Ridges and trenches
Jormed during contour cultivation reduce soil erosion.
farming reduces run-off and prevents soil erosion
compared to the up-and-down cultivation in major groups
of soil ina country like India.

Contour strip cropping

Contour strip cropping is a method of planting crops in
strips of suitable width across the slope or contour,
alternating with strips of soil-protecting and erosion-
resisting crops. Contour strip cropping shortens the
length of the slope, checks the movement of run-off
water, helps to desilt water and increases the absorption
of rain water by the soil.

Control droplet applicator

The control droplet applicator uses high-speed
spinning nylon discs with fine-toothed margins to
produce uniform size droplets in the range of 250 to 300
microns. Unlike the common spray nozzles which
produce a wide range of droplet sizes, the control droplet
applicator gives less spray drift and uses material
economicaily (Fig.C.39).

Fig.C.39: Control droplet applicator; nozzle produces
uniformdroplets.

Controlled-release compound

A controlled-release compound is one which releases the
material contained in it at a fairly defined rate over a
period of time. This not only provides more effective
control but also reduces the waste involved in using
unnecessarily high concentrations. Fertilizers and
pesticides are formulated using controlled-release
compounds, to increase shelf-life. Controlled-release

compounds can be effected by (a) encapsulation, (b)
incorporating them into a neutral matrix such as a rubber
or plastic, (c) coating them with sulphur as in the case of
urea coated with sulphur, and (d) absorbing them into
substrates of various types.

Controlled-release fertilizer

A controlled-release fertilizer is the one, the rate of
release of which is regulated by the use of coatings of
sulphur, neem, polymeric compounds, etc. on the
fertilizer granules. This enables the nutrients to be
available to the plants over a long period of time.

The term 'controlled-release' is sometimes replaced
by other terms, such as delayed release, slow release,
controlled availability, slow acting, or metered release
to designate controlled dissolution of fertilizer at a
lower rate than that of conventional water-soluble
fertilizers.

Control section

Control section is the predetermined depth of a soil
profile used to determine the water section, texture
control section, or temperature control section of a soil,
for that specific determination.

Conventional tillage: See Tillage

Conversion factor of fertilizer: See Recommended
dosage of fertilizers

Converted rice

Milling and polishing of rice lead to the loss of nutrients
from the grain. Processing of rice has hence been found
necessary in order to retain its valuable nutrients and
taste. After such a process is carried, involving soaking
and steaming the rice prior to the milling operation the
rice get transformed into converted rice.

Converted rice contains potassium, folic acid and
phosphorus in lesser quantities than brown rice.
Converted rice is commonly enriched with thiamine,
niacine and iron.

Cool semi-arid region

Generally semi-arid regions have a higher moisture
content than arid regions. Cool semi-arid regions are
those where the annual precipitation is as low as 38 cm.
The low moisture in semi-arid areas limits plant growth.
Dry-farming methods or irrigation are required for
producing crops in such regions.

Coordination compound

A coordination compound is a compound formed by the
union of a metal ion (usually transition metal) with a non-
metallic ion, atom or molecule called a ligand or
complexing agent. The ligand may be positively charged
or negatively charged (CI” or NH, - "NH,) or it may be a
neutral molecule like water or ammonia.



Coordination number

Copper

The most common metal ions are those of cobalt,
platinum, iron, copper and nickel, all of which form
largely stable compounds. When ammonia is the ligand,
the compounds are called amines. The total number of
bonds linking the metal to the ligand is called its
coordination number. It is usually 2, 4 or 6, and
depends on the type of ligand involved. All ligands have
free electron pairs on the coordinating atom N, O or S.
These free electrons can be donated or shared with the
metal ions. The metal ion acts as an electron acceptor
(Lewis acid) and the ligand, an electron donor (Lewis
base). The bonding is intermediate between covalent and
electrostatic or ionic bonds. The charge on the complex
ion is the sum of the charges on the metal ion and the
ligands. For example,

4NH, + 2CI" + Co*— [Co (NH,),(Cr),]*

The coordination compounds of micronutrient metal
ions are used as foliar sprays to overcome nutrient
deficiency.

Coordination number: See Coordination compound

Copper

Copper (Cu) is a transition element, belonging to Group
11 (formerly Group IA) of the Periodic Table. It is an
important non-ferrous metal and a micronutrient
(Fig.C.40) with two distinct functions - to serve as a
plant nutrient by being an activator or by being a part of
certain enzymes like tyrosinase, lactase, ascorbic acid
oxidase, cytochrome oxidase, etc., and secondly to play a
role in many electron transfer processes.
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Fig.C.40: Position of copper, a micronutrient element, in
the Periodic Table.

Copper is a component of several enzyme complexes
that influence carbohydrate and nitrogen metabolism in
plants. Its other function is to neutralize harmful soil
conditions. This is done by adding copper sulphate to the
soil to maximize the crop yield. The addition of large
quantities of copper in certain peat soils in Kerala (India)
was found to precipitate or inactivate some toxins present
in the soil and neutralize the harmful conditions. About
70% of copper in a plant is found in chlorophyll and plays
an important metabolic function.

Plants absorb copper through leaves as cupric ions
(Cu?*) in the form of a complex, such as EDTA. In soils,
copper is found mostly in the cupric (Cu?*) form,

adsorbed by clay minerals as well as organic complexes
to an extent of 2 to 100 ppm. The content of soil organic
matter, pH and other metallic ions such as iron,
manganese or aluminum influence the availability of
copper in the soil. The amount of exchangeable copper
decreases as the pH increases. Enhancing the
concentration of aluminum beyond 0.1 ppm in soil
solutions is found to decrease copper uptake in wheat
plants. The ratio of copper to other metallic ions in the
rooting medium is more important for plant growth than
the absolute concentration of copper.

The retention of copper in soil increases in proportion
to the organic matter content. Depending on their
stability, copper-humus complexes make copper
available to plants. The copper content in soil ranges
from 5 to 60 mg per kg, although both lower and higher
values are not uncommon. The average amount of copper
in soils is about 9 to 10 mg per kg. The most familiar
copper mineral in soils, chalcopyrite (CuFeS;), has
copper in the cuprous (Cu*) form. These minerals have
very low solubility which increases with pH. The nature
of the reactions of copper with various organic matter is
still to be fully explored. Soils which are high in organic
matter are more prone to copper deficiencies than those
with a lesser organic matter content.

The symptoms of copper deficiency vary with crops
and are similar to those of potassium deficiency. Copper
has low soil mobility and is considered to be deficient
when the copper level is below 4 ppm in dry matter.
Copper deficiency causes the early aging of chlorophyll
and a subsequent fall in crop yield. Lucerne, carrot,
onion, barley, oats, wheat and orange are sensitive to
copper deficiency. Copper deficiency is common in
vegetables, small grains and fruits growing on sands,
organic soils or over-limed acidic soils. In corn, the
youngest leaves become yellow and stunted. As the
deficiency becomes severe, the young leaves turn pale
and the older ones die (Fig.C.41). In many vegetable
crops, the leaves lack turgor and assume a bluish-green
hue. Stem melanosis is a disease occuring in certain beet
varieties due to copper deficiency. Organic soils are ofien
copper deficient, as are calcareous soils, the pH of which
falls in the range of 8.0 to 8.4. A foliar spray of a few
kllograms of copper salt per hectare is enough to correct

Fig. C 41: Leaffallin chzllz, caused by copper deﬁczency



Copperas

Corn cultivation management practices

copper deficiency for many years. Copper deficiency
increases the incidence of lodging, when simultaneous
growth occurs as a response to nitrogen fertilization.
Since pollen and ovaries are very sensitive to copper
deficiency, flowering and fruiting may be adversely
affected or even become absent.

Like most micronutrients, excess copper is toxic to
plants. It reduces the iron activity and leads to iron
deficiency.

Copper toxicity symptoms include a reduced shoot
vigor, a poorly developed and discolored root system
and leaf-chlorosis. The toxicity can be seen at places of
iron ore deposits and copper smelting. In citrus and
lettuce, high copper levels induce iron chlorosis. Copper
also significantly inhibits the uptake of zinc, and vice
versa.

The most common copper fertilizers include copper
sulphate and copper ammonium phosphate. Copper
sulphate solution is sprayed on plant leaves. Copper
ammonium phosphate is added directly to the soil or
sprayed on plants as a suspension in water. Copper salts,
produced as frits or chelates, are suitable for soil
application. Copper chelates are available for soil as
well as for foliar application, in view of the slow release
of copper to plants and prevention of copper ions getting
converted into insoluble compounds in the soil.

Copperas

Copperas, also called green vitriol, is ferrous sulphate
heptahydrate. It is an iron salt fertilizer, which is most
effective in overcoming iron deficiency.

Copper chelates

Copper chelate (Cu-EDTA), a stable complex of cupric
ion and an organic ligand like EDTA is a good source of
copper and can be used as a foliar spray. The strong
chelating action of the soil organic matter for copper ions
supplied as a salt, is due to multiple ligand groups,
primarily carboxyl groups, present in it. Plants can
utilize copper from copper complexes even when the soil
pH is high. This is because the complexes prevent the
adsorption and precipitation of copper on the soil surface.

Copper deficiency: See Copper

Copper frits

A frit is a mixture of silica and fluxes which are fused at
high temperature to make glass. Copper frits are melted
glass particles containing measured quantities of copper.
These are mixed with fertilizers before application. Frits,
which release micronutrients slowly, are inert, easy to
handle and easy to mix with fertilizers.

Copper toxicity

Copper toxicity, like the toxicity of most micronutrients,
is caused by an overdose of copper which significantly
inhibits zinc uptake. Copper toxicity symptoms include a
reduced shoot vigor, a poorly developed and disfigured

root system and leaf chleorosis. The toxicity is seen at
places of iron ore deposits and copper smelting.

Co-precipitation

Co-precipitation is the precipitation of a trace element
with the major constituent element which occurs while
doing gravimetric analysis. To overcome impurities, the
precipitate is dissolved and re-precipitated, or the
precipitation is carried out in dilute solutions.

Cork cambium

Cork cambium is a type of cambium cells arising within
the outer layers of the stems of woody plants, usually as a
complete ring surrounding the inner tissues. The cells of
cork cambium divide to produce an outer corky tissue and
an inner secondary cortex. Cork, cork cambium and
phelloderm together make the periderm, an
impermeable outer layer that protects the inner stem
tissues, if the outer tissues split due to the increasing stem
girth with age. The periderm then takes over the
functions of the epidermis.

Corn

Corn, a native of the American continents, is a member
of the grass family. It was called maize by the native
Indians, and is botanically known as Zea mays.

Although the ancestry of corn is being debated,
today's corn is commonly believed to be the descendant
of a Mexican wild grass called teosinte, Zea mexicana.
Teosinte had ears on many stalks that dispersed the seeds
easily. Teosinte over the years probably mutated to form
the less adaptive corn of today.

The corn plant grows to around 2 meters and bears
separate staminate inflorescence (which are the tassels on
the stalk) and pistillate inflorescence (which gives rise to
the ear of corn). The ear, containing the kernels, is tightly
covered with a husk or bract, making it difficult for the
seeds to disperse.

According to the nature and composition of starch in
the endosperm, corn can be of various types, such as
sweet corn, popcorn, flour corn, etc.

The corn plant grows on all soils, except very clayey
or very sandy soils. It cannot tolerate waterlogging and is
moderately sensitive to salinity. Corn grows best in
temperate to tropical climates, with daily average
temperatures above 20°C.

Corn contains large amounts of carbohydrate but
low amounts of proteins. It is used as animal feed and as
an ingredient of many processed foods and industrial
products. They include corn starch, corn flour, corn oil
and syrup, laundry starch, glues, etc.

Corn cultivation management practices

Effective management practices for corn cultivation
involve common strategies that help optimize yields,
reduce the risk of pathogens and maintain ideal soil
conditions.



Corn, major diseases

Corrective fertilization

It is a common practice to cultivate hybrid comn
varieties that respond well to local soil conditions and
increase yields. Such varieties ideally include plants with
arobust root system.

Early planting is an accepted practice to minimize
rootworm attack. The eggs hatch in spring, and the larvae
feed on young roots while the adults feed on leaves and
pollens. If the plant completes the growth and pollination
stages, before the worms grow into adults, the loss
caused by these pathogens can be minimized.

Crop rotation is considered a useful management
practice in corn production. Corn is usually rotated with
soybean to fight pathogen attack, considering the nature
of residues left behind by either crop. Corn generates
more residues than soybean. Corn residues break down
gradually while soybean residues disintegrate easily. A
lower soybean residue bulk helps keep waterlogged
conditions at bay, thus aiding corn crop.

Generally accepted tillage practices for corn in low-
rainfall areas are ridge tillage and no-tillage. A one-pass
field cultivation, or fall chisel plowing and spring
cultivation are considered ideal on poorly drained soils.
However, the corn yield (in a corn-soybean rotation)
gradually decreases, if the no-till practice is continued.

Considering that poor soils lead to poor crops, the
management of nutrients is another crucial task for
optimum corn yields.

Nitrogen may be commonly supplied through
anhydrous ammonia along with soybean residues.
Injecting UAN (urea-ammonium nitrate) into the soil also
supplies N to the crop.

Phosphorus and potassium are also required for corn
and may be applied by (a) incorporation with a tillage
implement, (b) deep banding within the ridge with ridge
tillage, and (c) applying as a starter fertilizer. A post-
harvest broadcast of P and K fertilizers is ideal for corn in
its second year of rotation. However, since excess of
phosphorus leads to zinc deficiency in corn, phosphorus
management has to be proper and realistic.

Liquid livestock manure can be injected into the soil
before planting. Alternatively, may be side-dressed
between crop rows.

Magnesium deficiency affects corn with whitish
stripes on the veins of the lower leaves. The addition of
dolomite limestone is effective in correcting Mg
deficiency. On average, 22 kg/ha of dolomite is seen to
increase the dry weight of corn significantly, although
the exact application depends on the extent of deficiency.

As far as implements are concerned, row cleaning
devices are useful in reduced tillage conditions. They
remove band residues over the corn rows, thus aiding
stand establishment, early growth and maturity.

Corn, major diseases

Corn, like any other crop, is susceptible to pathogenic
attacks. One such pathogen is the corn rootworm, which
is of two types, the western corn rootworm and the

northern corn rootworm. Both are common in the corn
fields of Colorado, USA.

Western corn rootworm, which can create major
losses, has black wing covers. After overwintering in the
egg stage, the larvae hatch around the middle of May
when soil temperatures start to increase. The larvae feed
on root hairs, small roots and even primary roots. The
larvae grow into adult beetles which start feeding on
leaves and pollens of nearby crops. The beetles mate, lay
eggs and multiply. In highly affected fields, loss in yields
canbe as much as 10%.

Crop rotation, insectigation and planting
management are some of the measures to control this
disease.

Another disease is the southern leaf blight caused
by Bipolaris maydis. It can damage corn crops, if not
controlled.

Corn smut is a major fungal disease of corn caused
by Ustilago maydis. This fungus has two spore stages,
namely teliospores and basidiospores. The pathogen
overwinters on plant residues or on the soil in the
teliospore stage. It germinates in spring as the mean
temperatures start to increase and the basidiospore
stage begins. The fungus reaches young and
growing tissues of corn plants and produces masses of
brownish black spores which then rupture through the
membranes. In this way, propagation of the fungus is
carried on. Corn smut affects most corn fields, at least to
some extent.

Corn oil

Corn oil is an adjuvant used in herbicide sprays. It
improves their function by improving wetting, reducing
evaporation, increasing penetration and enhancing
deposition and compatibility. Corn oil is not phyto-toxic;
itis added for better penetration in plant leaves.

Corn rootworm: See Corn, major diseases

Corn smut: See Corn, major diseases

Corn stover

Dried and mature stalks and leaves after the removal of
grains of cereals like corn, sorghum and pearl millet are
called stover. Corn stover can be used as a feed, as
bedding or as residue material to be incorporated into the
soil. It is also used as surface mulch.

Coronet phosphate

Coronet phosphate is a defluorinated calcined phosphate
rock.

Corrective fertilization

Applying fertilizer to a soil to correct its nutrient
deficiency is known as corrective fertilization. For
example, adding urea to correct nitrogen deficiency in
soil is corrective fertilization.



Corrosion

Cotyledon

Corrosion

Corrosion is the erosion of metal in the presence of air,
water or chemicals by a chemical or electrochemical
attack on the metal surface. Corrosive reactions are
oxidation-reduction reactions, which produce
compounds that lack metallic properties. For example,
iron or steel left exposed to air or moisture forms iron
oxide on the surface, resulting in the loss of some metal.
Corrosion reduces the intrinsic properties of the metal.

The simplest method of protecting a metal from
corrosion is to cover it with paint or some other
impervious protective coating. Another method is to plate
the metal with a thin layer of another metal. For example,
iron can be plated with copper by electroplating, with tin by
dipping the iron into molten metal, or with zinc
(galvanized iron). Yet another protective method is to
bring the metal into contact with a more active metal like
magnesium, that corrodes preferentially. This type of
action is called cathodic protection because the
protected metal acts as a cathode, where reduction occurs.

Around 40% of corrosion problems are due to stern-
corrosion cracking, hydrogen embattlement and
corrosion fatigue. These corrosion phenomena arise out
of mechanical and chemical failures. They constitute
some of the worst corrosion problems because failure of
the structure occurs often without warning and sometimes
with catastrophic results. Other forms of corrosion
attacks include fretting corrosion, liquid metal
embrittlement and corrosion by gases.

Corrugation

The creation of V-shaped, small, close furrows is known
as corrugation. These furrows are used for irrigation.

Corrugation method of irrigation

The corrugation method of irrigation, which is a
modification of furrow irrigation (with closed furrows),
is the oldest method of irrigation. Here, water flows from
a main ditch through a series of narrow and shallow
furrows by gravity. The crop is planted on top of the
ridges before water is let in. Field crops, such as corn and
cotton are irrigated via a single furrow to carry water to
all plants. Crops like berries and grapes, as well as
orchards, which are planted widely, have two furrows for
irrigation. Generally, this method of irrigation results in
severe soil erosion, especially when the slope is more
than2%.

Corundum

Corundum is a colorless mineral form of aluminum
oxide. It is transparent when pure, and assumes color in
the presence of other elements. Rubies contain chromium
and are red. Sapphires contain iron and titanium and are
blue.

Corundum occurs as a rock-forming mineral in both
metamorphic and igneous rocks. It is resistant to
weathering and occurs in alluvial deposits. It is the second
hardest material known and is used as an abrasive.

Cost-benefit analysis

Cost-benefit analysis involves assessing the relation
between the cost of an operation (including all social and
financial costs) and the value of the resulting benefits.
This gives the cost-benefit ratio, which indicates
whether the benefits of a project are higher than its cost.
When applied to agriculture, it means that the
expenditure involved in applying fertilizer to the soil (that
is, the fertilizer cost plus the cost of applying it) must be
less than the net gain by way of an increased crop yield to
justify the use of fertilizer. In practice, the cost-benefit
ratio varies, depending on the soil type, the crop to be
harvested, climatic conditions and management practices
adopted.

Cost-benefit ratio: See Cost-benefit analysis

Cottonseed meal

Cottonseed meal or cake is the pulverized cottonseed
press cake that remains after the removal of oil.
Depending on the extractive process, varying percentage
of protein remain in the meal and it is normally sold with
36 to 45% protein content. The 42% product contains
approximately 42% crude protein, 6% crude fiber, 25%
nitrogen free extract, 10% ether extract and 7% ash. Ash
is high in potash and phosphate. The total digestible
nutrient averages 79%. Some types contain gossypium,
which is toxic.

Cotyledon

Cotyledon is a part of the embryo in a seed plant.
Cotyledons forms the first leaves of a plant. The number
of cotyledons is an important feature in classifying plants.
Among flowering plants, the class known as
monocotyledonae has a single cotyledon, and the class
called dicotyledonae has two cotyledons (Fig.C.42).
Conifers have either two cotyledons, as in Taxus (yews)
or between 5 and 10 as in Pinus (pines). In seeds without

Cotyledons

/

Fig.C.42: Cotyledons of a dicot plant.



Cotyledon leaf

Critical relative humidity

an endosperm (such as garden pea or broad bean), the
cotyledons store food for use during germination. In
seeds showing epigeal germination, like runner bean, the
cotyledons emerge above the soil surface and become the
first photosynthetic leaves.

Cotyledon leaf: See Leaf

Counter staining

Counter staining is a technique in which cells or thin
sections of normally transparent biological tissues are
immersed in two or more color dyes (stains) to make
them more clearly visible through a microscope. Staining
increases the contrast between the various cells or tissue
components. Counter staining involves the use of two or
more stains in succession, each of which colors different
cell or tissue constituents. Methylene blue in acid fast
staining or safranine in Gram staining are examples.

Cover crop

A cover crop, also called a nurse crop, is a crop that
protects soil, protects another crop sown beneath it, or
provides cover for game birds. Temporary leys, for
example, are usually sown using a cereal as the cover
crop and grass is sown immediately after the sowing of
the cereal seeds. The effectiveness of a cover crop
depends on the closeness of the spacing and the
development of a good canopy for intercepting raindrops
and exposure of the soil surface.

Ccp
CP is short for crude protein.

Cracked gasoline: See Gasoline

Cracking

Cracking is a process of using heat to break down
chemical compounds. The term is usually applied to the
cracking of petroleum crude into various fractions.

Cracking is an important process, as a source both of
branched chain hydrocarbons (suitable for gasoline) and
of ethylene and other hydrocarbons.

Catalytic cracking is cracking which uses a catalyst
for lowering the temperature and for modifying products
according to the need. Cracking of naphtha yields the
hydrogen required for ammonia synthesis.

Cracking clays

Clays that shrink during dry periods, causing gaps
between large clods are called cracking clays. Cracking is
a characteristic of black soils.

Creep, soil

A slow mass movement of soil material down relatively
steep slopes, primarily under the influence of gravity and
without the intervention of water or wind, is called creep.
It is facilitated by saturation with water and by alternate

freezing and thawing.

Creep is most effective in the upper soil layers and is
usually absent below the depth of 90 cm. The rate of
movement rarely exceeds 2.5 cm per year. The economic
cost of creep can be considerable due to the repairs it
demands.

CRH

CRH is short for critical relative humidity, beyond
which a fertilizer starts absorbing moisture .

Crinkled leaf, cotton

The crinkled leaf of cotton is a symptom of calcium
deficiency.

Crinkly leaf

Crinkly leaf or curly top is a disease of cotton and leafy
green crops, caused by manganese deficiency.

Critical concentration of nutrient: See Critical
nutrient concentration

Critical depth: See Critical water table depth

Critical difference

Critical difference is the difference between two
experimental treatments. The difference must be
statistically significant and considered real. (See also
Least significant difference.)

Critical nutrient concentration

Critical nutrient concentration (CNC) is the minimum
concentration of a nutrient in a plant tissue at maximal
growth. CNC is commonly used in interpreting plant
analysis results and diagnosing nutritional problems. As
the determination of the exact CNC is difficult, the use of
critical nutrient range (CNR) is resorted to. CNR is
defined as the range of nutrient concentration at a
specified growth stage above which the crop is amply
supplied with the nutrients and below which the crop is
deficient.

Critical concentration describes that degree of
concentration at which growth or yield begins to decline
significantly. It is derived from calculating the yield of a
plot as against its nutrient concentration.

Critical nutrient range: See Critical nutrient
concentration

Critical relative humidity

Critical relative humidity is the atmospheric relative
humidity at which a material begins to absorb moisture
from the atmosphere. A high critical relative humidity is
advantageous because materials can then be better
handled and even exposed to more humid atmospheric
conditions, without the risk of getting wet, absorbing



Critical value

Crop

moisture, turning non-flowable or caking. (See also
Hygroscopicity.)

Critical value

A critical value is the concentration of an element, below
which any supply of the element leads to an increased
growth of the plant. The concentration of an element in
plant tissues and their growth are closely linked. Various
symptoms and signs of disorder indicate the deficiency of
one or more essential elements in a plant, which are
visible only after the plant has suffered growth
retardation.

To diagnose nutrient deficiency, critical values
have to be determined for individual crops and
soils, preferably when no other nutrient element limits
the growth. For example, the critical values in corn
are about 3% nitrogen, 0.3% phosphorus and 2%
potassium in the leaf opposite and below the uppermost
ear at silking time. It should be noted, however, that
moisture supply to plant has a significant influence on the
critical value.

As it is difficult to determine the exact critical value, it
is more realistic to use a critical nutrient range, above
which the crop is amply supplied with the nutrient, and
below which the crop is deficient. While using the critical
nutrient range, the critical value becomes independent of
soil type.

The critical nutrient ranges for micronutrients and
macronutrients for various crops have been recorded.
Under severe deficiency, a rapid increase in the yield due
to the addition of a nutrient can cause a small decrease in
the nutrient concentration. This is known as the
Steinberg effect which results from dilution of the
nutrient in the plant. When the concentration reaches the
critical range, the plant yield is maximal. Nutrient
sufficiency occurs over a wide range of concentrations at
which the yield is unaffected. When a plant absorbs
nutrients without increasing production, it is known as
luxury consumption. Excess nutrients beyond the
critical range, reduce plant yield through toxicity.

Critical water table depth

Critical water table depth is defined as the depth of the
water table above which the salts in groundwater can rise
through capillary action to cause a salt build up on the
surface horizon. A close relationship exists between the
critical depth of ground water and its salt content, which
leads to salinization of the surface soil.

When a water table is lowered, evaporation decreases
hyperbolically, which sets the critical maximum
evaporation rate at 0.1cm/day. Based on this criterion,
the critical water table depth for sandy loam soils of
Sonepat district of the state of Haryana (India) is
observed to be 80 cm.

The depth above which groundwater is liable to
salinize surface soils decreases with increasing salt
concentration. For salt concentrationof 1, 2.5 and 5 g per
liter, the critical water table depths are roughly 3, 2 and 1
meter respectively. The maximum quantity of salts (Qs)
that can be accumulated in the soil profile during a year,
equal to the natural leaching potential of the soil, is
related to maximum permissible (critical) flow velocity
(Vm) as follows:

10-Qs

bodea
where Cw is the salinity of groundwater and T is the time
in days. The depth of water table that prevents the flux
from being higher than Vm is defined as the critical
depth; it is 70 cm for sandy soils and 225 cm for loam
soils.

Crop

Crops are plants grown on a cultivated land to produce
yields like (rice, wheat, sorghum) (Fig.C.43) for human
consumption or as animal fodder. Even plants which are
not sown but which come up naturally in a cultivated land
from wild seeds (e.g., crop thistles) are all called crops.
The term also applies to a produce harvested from a

Fig.C.43: Sorghum crop in a field.
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cultivated land by combined operations (such as mowing,
cutting, reaping and gathering).

Crops are classified on the basis of the duration of
growth as annuals, biennials and perennials. They are
grouped on the basis of usage as food, feed, industrial
crops and cash crops. Crops are also grouped according
to the purpose they are grown for, or according to their
products.

Crops are classified based on the type of production -
such as field crops, forage crops, horticultural or
plantation crops and also on their market value or grades.

Crops may also be classified according to their
botanical family. Over 80% of crops are grasses
(Gramineae), legumes (Leguminosae) and crucifers
(Crucifereae). They are also classified according to their
dominant economic function for the cultivar.

Crop circle

Crop circle refers to a circular area in a field of standing
crops, especially of wheat or other cereals, in which the
stalks have been flattened to the ground.

Crop dusting

Crop dusting refers especially to the aerial spraying of
powdered insecticide or fertilizer on crops.

Crop geometry concept

The crop geometry concept, refers to actual spacing
between two eye bud sets (of sugar cane) or two plantlets
in each row, and the number of rows unplanted for
growing a short duration intercrop, to make farming
more economical. It is recommended for cash crops like
sugar cane.

The relationship of crop geometry to crop
productivity is based on the solar energy that becomes
available to the crop and is actually used by the crop at the
given location in that season.

The economic benefits of crop geometry depend on
the nature of the intercrop grown, proximity to a market,
rates realized from the intercrop, fertility status of the
soil, crop variety used, fertilizer dose applied and
irrigation and management practices adopted. There is a
wide scope for economy in the use of water and fertilizer.
There is also an increase in the microbial activity in the
soil, making it healthier and leading to a better
environment for crop growth.

In implementing the crop geometry concept, it is
essential to carefully decide the row distance, the spacing
between the two eye bud sets or two plantlets, the number
of rows to be left unplanted for growing an intercrop,
irrigation resources and the variety to be planted.
Depending on the crop geometry pattern on a large scale,
it is possible to get a higher yield at a lower cost of
cultivation, leading to higher profits.

The concept needs to be tested on different types of
soil, in different crop varieties differing in their tillering
habits, abilities, leaf angle, leaf size, leaf area index,

yield potential due to variation in maturity habits and
nutrient needs.

Crop growth rate: See Leaf area index

Crop log system

The crop log system, also called foliar diagnosis, is a
reliable method of assessing the nutritional status and
needs of the crop. Plant indices, which indicate the level
of nutrients in the plant tissue (usually the leaf), help
assessing the nutritional status of the crop and its impact
on the crop yield. For crop logging, sugar cane plants are
sampled every 35 days and analyzed.

The maintenance of the nutrient level in a plant (leaf
nitrogen) helps to optimize the fertilizer dose for
optimum yield. Soil moisture is a limiting factor in
maintaining the nitrogen index in the leaf. The changes in
tissue indices at the early stages of crop growth are
dependent more on irrigation and temperature than on
fertilizer alone. This is typically seen in crops like sugar
cane.

A higher dose of nitrogen fertilizer does not always
result in a higher nitrogen index in the leaf tissue (in sugar
cane). For determining the optimum index, the
knowledge of the fertility status of the soil is necessary.
By adopting the crop log technique, it is feasible to
achieve a maximum crop yield with the most economic
fertilizer dose. The index value, once fixed for a
particular variety of crop under a given set of weather
conditions, helps to achieve a fairly good economic
cultivation of the given crop. The plant index for a
particular nutrient is maintained by applying a small dose
of fertilizer as and when necessary.

The nitrogen index in the leaf of a sugar cane crop
fluctuates between 2.1% (during the early growth phase)
to 1.2% (during the maturity stage). In the early growth
phase, 1.3% nitrogen in the leaf blade indicates a
deficiency of nitrogen in the plant. Thus, the crop log
technique can be profitably used for reducing the
nitrogen dose. A normal level of leaf nitrogen in sugar
cane is found to be 1.4% under tropical conditions. The
sheath moisture and leaf nitrogen are all correlated with
the uptake of nitrogen by the sugar cane crop.

The range value noted for other indices are sheath
moisture (72% to 85%), phosphorus index (0.18% to
0.22%) and potassium index (1.8% to 2.75%). The
sheath moisture in 3 to 6 leaves in the first four months
and again at the harvest time, acts as a reliable guide for
predicting the crop (sugar cane) yield and the quality of
the crop respectively. Plant index studies indicate the
necessity of adjusting the staggered instalment of the
nitrogen dose during the grand growth period, leading to
amaximum utilization of the applied nitrogen.

Crop mark

Crop mark is a Jocal variation in the color or growth of a
crop, especially when seen from the air, caused by a
varying depth of soil.
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Crop rotation

Crop monoculture

Crop monoculture or continuous cropping involves the
growing of a single crop at one time, year after year, in
the same region. A repeated growing of the same crop on
the same soil (Fig.C.44) can potentially result in soil
sickness, caused by the combination of the build-up of
soil pathogens, nutrient depletion, change in soil
structure, soil exhaustion and accumulation of toxic
substances. A monoculture crop usually requires large
amounts of fertilizers, pesticides, etc. A continuous
monoculture of both corn and soybean is reported to give
in successive years a lower yield and lower tissue
concentrations of phosphorus, copper and zinc, than in
the first year.

Fig.C.44: Sugar cane is grown as a monoculture crop.

Crop rotation increases the long-term crop
productivity compared to that from continuous cropping.
The legume and meadow-based rotation and conservation
tillage systems often maintain more favorable soil
properties than those of monoculture and plow-based
methods. In addition to decreasing the incidence of
disease, crop rotation may also improve physical and
nutritional properties of the soil. Meadow and
leguminous cover crops improve the soil structure and
fertility.

Crop rotation significantly improves the corn grain
yield which averages at 1.22 tons per hectare in a
corn-oat-meadow-rotation, compared to 0.96 ton per
hectare in a corn-soybean rotation or in corn
monoculture.

Increasing the frequency of corn and sorghum in
rotation with soybean increases the surface organic
carbon and nitrogen, especially under a no-tillage
situation. Crop rotation increases the yield and
profitability (via diversification) and decreases
environmental risks due to reduced chemical inputs. (See
also Agriculture.)

Cropping intensity index

Cropping intensity index is a measure of the crop yield
advantage. It is used in multiple cropping data
interpretation. The growing of a double crop in a year

gives a cropping intensity index of 2.0, whereas a
monoculture crop gives an index of 1.0.

The criteria generally adapted to measure the yield
advantage of multiple cropping over the monoculture
relate to the (a) land equivalent ratio, (b) relative
crowding coefficient, (c) aggressivity index, and (d)
competition index.

The form of multiple cropping varies from area to
area, depending on the farmer's total resources. Multiple
cropping increases the agricultural production from 12 to
22 %, depending on the region and the crop.

Cropping pattern

Crops are grown all the year round in most parts of the
world and especially in tropical regions, when sufficient
water is available.

In most parts of the Indian subcontinent, seasons are
distinctly demarcated based on climatic and cropping
patterns. In Northern India, for instance, there are two
distinct seasons, known as Kharif (June to September)
and Rabi (October to April).

Kharif (meaning in Arabic, the summer rains) is also
called the wet season or the monsoon season in which the
autumn crop is sown just before the onset of the summer
rain or the crop season during the monsoon period. Rabi,
in Hindi, means the post-monsoon dry season or the
post-rainy season. The crop is sown in September-
October and reaped during spring. Crops grown between
April and June, which is a relatively short crop season
between the two main Rabi and Kharif seasons, are
known as Zaid crops.

Crop price support

Crop price support involves a subsidy granted by the
government or by a public body as an alternative to
fertilizer subsidy. Subsidies are normally granted to keep
commodity prices down. The most common forms of
subsidy are direct fertilizer subsidy, storage and
transport subsidy, and purchase credit subsidy.
However, input subsidies are often preferred to output
subsidies for a variety of techno-economic, accounting
and administrative reasons.

Crop rotation

Crop rotation refers to the growing of crops in a regularly
scheduled sequence in contrast to growing one crop
continuously or different crops haphazardly on the same
land or area. In crop rotation, two or more crops are
grown in a field in a fixed sequence. A traditional farmer
usually resorts to crop rotation to produce several crops
in a season. Rotation facilitates stable production,
diversity in crop availability, and income and labor
distribution. Rotational systems are usually associated
with livestock production; if ley is included, it is known
as ley farming or alternate farming.

One of the earliest agriculture systems practiced was
the four-course rotation. The Norfolk rotation follows a
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root crop-cereal-ley-cereal sequence. This was modified
at the beginning of the 20th century to meet the changing
needs of agriculture. In Norfolk, Britain, sugar beet
replaced other root crops and in some cases potato was
introduced in a still widely used five-course rotation
which comprises a sugar beet-barley-ley-potato-wheat
sequence. In some areas, six-course rotation (East
Lothian rotation) is followed, whereas elsewhere, other
course systems have been evolved (e.g., Fenland
rotation).

In comparison to monoculture practices, crop
rotation is beneficial owing to (a) reduced chances of
diseases and pests, and risks arising from these, (b) a
better weed control and maintenance, (c) improved
fertility, and (d) a more even distribution of annual labor
requirement.

Crop rotation is greatly beneficial in reducing the
build-up of species-specific pests because a change in the
crop species breaks the life cycle of the pest. A non-host
plant in rotation prevents the pest from increasing its
numbers on the crop plant. While crop rotation does not
totally eliminate the pest, it helps control pest numbers.
For example, corn rootworm which thrives only on corn
root, is reduced to a manageable level by crop rotation.
When crop rotation is not adequate, insecticides should
be used on the soil.

Crop rotation has also an indirect effect on crop pests.
Cereal crops produced on legume-grass sod with good
drainage, aeration and organic matter may lead to
healthier plants that are more tolerant to plant pests,
thereby indirectly reducing crop losses. Corn grain, in
rotation with a legume sod, always outperforms
monoculture corn, regardless of how much nitrogen is
applied. Fungal diseases like 'take-all’, 'eye-spot' (also
called Cercosporella foot rot), 'straw breaker' and
"collar rot’ can be controlled by crop rotation with a non-
grass crop, as these diseases do not survive in the soil in
the absence of cereal plants. Under intensive cropping, a
rotation of more than three years may not be
economically desirable.

Crop rotation is useful in the management of short-
lived pests, but for pests surviving for several years in the
soil, longer rotations may be required.

Crop yield

Crop yield can be looked at as production of
economically important biomass. The yield of crops is
expressed either in terms of a plant or the area in which
they are planted. For example, grains per plant, ears per
plant, tons of grain per hectare, etc. (See also Yield.)

Cross-fertilization

In plants, fertilization is caused by pollens from the same
flower or another flower, either of the same plant or a
different plant. This occurs either by self-fertilization or
cross-fertilization. Cross-fertilization or allogamy is
supposed to have happened when the male and
female gametes are derived from different individual
plants.

Cross-inoculation groups

Cross-inoculation groups are the seven species of
rhizobia, which have the ability to form nodules on roots
of limited species of legumes. (See also Rhizobia.)

Cross-pollination: See Allogamy

Crotonylidene diurea

Crotonylidene diurea (CDU) or crotonylidene urea is a
fertilizer containing 28% nitrogen which is released
slowly. CDU is made by reacting crotonaldehyde with
ureaina 1:2 ratio. (See also Urea.)

Crotonylidene urea: See Crotonylidene diurea

Crown drip

Crown drip is the drip of rainwater, melted snow or fog
from vegetation which helps nutrient cycling in some
ecosystems.

Crude protein: See Crude protein level

Crude protein level

A proximate analysis indicating the nitrogen content of
protein in animal food is the crude protein (CP) level.
Assuming that protein contains all nitrogen in the food,
and that all proteins contain 16% nitrogen, CP is given
by:

100
CP = %N x
16
Crushing strength of a granule

Crushing strength of a granule is the ability of a granular
or other particulate product to resist breakdown by
physical pressure. The knowledge of crushing strength of
the fertilizer granule helps in devising methods for
handling and storage of granular fertilizers. (See also
Granular strength.)

Crusting

A crust is a hard layer, coating or deposit on a surface
(like soil). An increase in the bulk density of the top layer
of the soil results in a crust, the thickness varying from a
few millimeters upwards to around 25 mm. The impact of
raindrops, clay dispersion and translocations are among
the reasons for the crust to form, but the actual crusting
happens when the soil is dry because of dispersions and a
subsequent illuviation of fine particles into soil pores
(Fig.C.45). A high proportion of silt and the absence of
organic matter help form the crust. Rainfall and sprinkler
irrigation often form the surface seal crust, especially
when the bare soil surface is wet and has the pores
blocked. When heavy rains followed by hot and dry
spells create a crust of soil particles, the soil pores get
blocked and the crust is called capping.

The flocculation of suspended soil colloids plays an
important role in surface crust formations. Dispersed soil
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Fig.C.45: Crust formation in laterite soil (Courtesy:
Dr. Vrishali Deosthali, Department of Geography,
University of Pune, India.)

particles have a negative impact on soil structure, and
contribute to soil erosion as well as contaminant
movement. Flocculation at a given soluble bivalent cation
charge fraction increases as the organic carbon content of
the soil colloids decreases. Crusting occurs at a particular
ratio of the coarse to the fine fraction.

Crusting index, defined by the Food and Agricultural
Organization (FAQO) to characterize soils, is as follows:

% fine silt + % coarse silt

Crusting index = % clay

This index exceeds 2.5 for soils prone to intense
crusting. An index based on soil organic matter content is
also used by FAO.

1.5 (% fine silt) + 0.75 (% coarse silt)
% clay + 10 (% organic matter)

Crusting index =

This index exceeds 2 for soils prone to intense
crusting.

Crusting index: See Crusting

Crystal bridges

Fertilizer caking results from the formation of contact
points among particles. Three known types of contact
points are (a) phase contacts, (b) adhesive contacts, and
(c) surface diffusion. Crystal bridges are formed at the
contact points between particles in phase contacts. This
results in caking during storage as a consequence of
continued internal chemical reactions, dissolution and
recrystallization processes and thermal effects.

Crystallization process for granulation of
ammonium nitrate: See Ammonium nitrate
production processes

Cultural profile

Cultural profile is a newly-prepared pit in a cultivated
land, extending from the surface of the soil to a depth
reached by the majority of plant roots (usually upto 1 m).
It comprises a succession of layers individualized by

intervention of agricultural implements, plant roots and
natural factors reacting with them.

Culture

Culture is a general term for the cultivation of micro-
organisms, animals, plants or their cells in vivo or in
vitro in a medium which provides appropriate conditions
for multiplying their numbers and/or improving their
breed. Culture optimization is an interactive procedure,
whereby the composition of nutrient media and growth
conditions are changed a little at a time to identify
conditions under which maximum growth rate occurs.
Cultures of cells are prepared in the laboratory for a wide
spectrum of scientific research (Fig.C.46).

Fig.C.46: A fungal culture grown on different culture media.

Cumulative particle size

Fertilizer blends must be physically compatible for
preserving their quality. The most common method to
determine the physical compatibility of bulk blend
ingredients is to perform a particle size analysis of each
ingredient and compare the data obtained. The two
techniques of particle size analysis to determine physical
compatibility are the cumulative particle size distribution
and the size guide number. If the difference in
cumulative particle size of each ingredient is more than
20%, the ingredients are incompatible, and if it is
between 1 % and 10%, they are compatible.

Curasol

Curasol is the commercial name for a synthetic soil
conditioner based on polyvinyl acetate.

Curly top of cotton

Curly top of cotton, also called crinkly leaf, is a disease
caused by manganese deficiency in cotton.

Current suppressant

Current suppressants or transpiration retardants are
substances that retard or inhibit the transpiration stream
or current in plants. The flow of water through the xylem
of a plant (from the roots to the stem and leaves) and its
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evaporation through the stomata of leaves is called
transpiration stream or transpiration current. The
three types of suppressants are (a) polar substances like
cetyl alcohol or oxyethylene decosanol, (b) plastics like
polyethylene, and (c) substances that lead to stomatal
closure, like phenylmercuric acetate and decenyl
succinic acid.

Custom fertilizer mixture

A custom fertilizer mixture is a fertilizer formulated
according to specifications based on the results of soil
tests, furnished by the consumer prior to mixing.

Cutans

In the micromorphological analysis of soils, cutans refer
to a modification in the texture, structure or arrangement
of the natural surfaces of the pedological material (due to
the concentration of particular soil constituents or the
modifications in situ of plasma). Cutans can be composed
of any of the component substances of the soil material.

Cuticular transpiration

Transpiration of a plant or leaf refers to the release of
water vapor through it. Unlike foliar transpiration,
transpiration also takes place by direct evaporation from
the outer walls of the epidermal cells through the cuticle.
This is called cuticular transpiration.

Ccv

CV is short for coefficient of variation.

Cyanamide

Cyanamide, the trade name for calcium cyanamide,
contains calcium hydroxide and carbon in small
quantities as impurities. It is used as a fertilizer, the
powdered form of which contains about 22 % nitrogen.

Cyanobacteria

Cyanobacteria, earlier called blue-green algae (BGA),
are unicellular, filamentous bacteria whose nitrogen
fixing ability - both independently as well as in
association with plants - makes them a valuable
biofertilizer.

Anabaena azollae (Fig.C.47) form large colonies in
the leaf cavities of the free floating fern Azolla pinnata.
Rice cultivation in South-East Asia uses enormous
amounts of this fern as a source of biofertilizer. The
water fern and tropical herb Gunnera macrophylla have a
symbiotic relationship with blue-green bacteria.

Cyanobacteria can also fix nitrogen without
associating with the plant. They are the main micro-
organisms in desert soils, and are known to increase the
nitrogen content of that soil. It should be noted, however,
that only some species of blue-green algae of the genera
Nostoc, Scytonema and Anabaena can fix atmospheric
nitrogen in a solution culture. These bacteria derive food
from sunlight and nitrogen from the atmosphere. Their
respiration is either aerobic or anaerobic. The aerobic

Fig.C.47: Anabaena azollae, an associative
cyanobacterium of Azolla. (Courtesy: Dr. P. L. Patil,
Pune, India.)

filamentous bacteria form heterocysts, the site of nitrogen
fixation. Heterocysts are large, thick-walled cells that
grow between pigmented cells on the algal filament.
Vegetative cells and heterocyst cells are interdependent
for nitrogen fixation. Heterocysts derive the enzyme
reductase in the form of D-glucose-6 phosphate, pyruvate
or isocitrate from photosynthesising vegetative cells.
Vegetative cells depend on heterocysts for nitrogen
nutrition in the form of glutamine, glutamate and other
amino acids.

Mass production of cyanobacteria used in the
production of biofertilizers utilizes soil-based algae
inoculants. BGA production involves four methods
which are (a) pit method, (b) trough method (Fig.C.48),
(c) field method, and (d) nursery-cum-algae production
method.

Fig.C.48: 1. Production of blue-green algae in small tanks.
2. A closeup of dried algal flakes.
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Anaerobic bacteria are facultative, meaning, they can
live in different environments. They fix nitrogen without
forming heterocysts. Cyanobacteria take 20 hours to
double. This biofertilizer is recommended for submerged
rice crops as it enhances the yield by about 15 to 20%.
Besides their ability to fix nitrogen, the cyanobacteria
also produce some useful substances like auxins, vitamins
of Bi2 group, indolacetic acid and gibberellic acid.

Blue-green algae are a source of biofertilizers and are
available in the form of dried algal flakes (Fig.C.49).
They may contribute 25 to 30 kg of nitrogen per hectare
per cropping season, depending on the ecological
conditions.

Fig.C.49: BGA biofertilizer is available in the form of
dried algal flakes.

Ten days after the transplantation of rice, the dried
algal flakes are applied to the soil at the rate of 10 kg/ha.
Best results are obtained when the fields have adequate
levels of available phosphorus. The nitrogenase activity
could account for a daily input of approximately 0.5 kg of
nitrogen per hectare.

Cycad-cyanobacteria association for biological
nitrogen fixation

Many instances of symbiotic associations exist in nature,
among plants and micro-organisms. They result in an
overall benefit to not only the interacting parties but also
the soil mass and the environment at large. One such
instance of a symbiotic relationship is between a few
species of cyanobacteria and cycads. Their association
brings about biological nitrogen fixation.

A cycad is a tropical evergreen seed plant which has a
large crown of fernlike compound leaves, a thick trunk
and fleshy seeds enclosed in large cones. Often confused
with a palm, cycads form mutualistic, facultative
symbioses with nitrogen fixing cyanobacteria. The plant
provides fixed carbon and a stable environment to the
chemoheterotropic bacterial species which, in return,
fixes nitrogen for the plant. The bacteria colonize the
coralloid roots of the plant and grow, degenerate and fix

nitrogen throughout the life of the cycad. This symbiosis
is estimated to have many applications in agricultural and
medicinal fields and is considered beneficial to the soil
environment.

Cyclone

A dust-collecting device consisting of a cylindrical
chamber, the lower portion of which is tapered to fit into
a cone-shaped receptacle below it, is called a cyclone.
Dust-laden air enters through a vertical slot-like duct on
the upper wall of the chamber at the rate of at least 30
meters a second. Since the particles enter at a tangent,
they whirl in a circular or cyclonic path within the
chamber. The centrifugal force exerted on the particles is
proportional to their weight and square of their velocity.
The particles slide along the walls of the chamber and
gradually circulate down into the conical receptor, while
the clean air escapes through a central pipe at the bottom.
The dust accumulates in the cone and is discharged
continuously or at intervals. The larger the particles, the
more efficient the process of their removal. In simple
cyclones, particles below 50 microns in diameter are not
retained, but improved models retain particles as small as
20 microns.

Cyclones are used in handling and granulating
fertilizers to avoid air pollution and are a safety
requirement in the production plaats.

Cytochrome

Cytochrome is any of the numerous compounds
comprising haem bonded to a protein. (Haem is an iron
containing compound of the prophyrin class which forms
the non-protein part of hemoglobin and some other
biological molecules). They are pigments occurring in
the cells of nearly all animals and plants. Several types
are known; cytochrome C is the most abundant and is
obtained in pure form. Cytochromes and cytochrome
oxidase have important functions in cell respiration. Qut
of these, cytochrome oxidase is an iron-porphyrin
containing protein which is an important enzyme in cell
respiration. It catalyzes the oxidation of cytochrome C
and is reduced in the reaction. It is then reoxidized by
oxygen.

Cytokinins

Cytokinins are chemicals which, apart from their other
activities, promote cell division in cells of various plants.
These are usually grown as a callus in a culture, free from
any contamination. They are correctly applicable to the
cytoplasm changes accompanying mitosis or to the
cleavage of cytoplasm into daughter cells after nuclear
division.
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Davies compactometer

2,4-D

2,4-D is short for 2,4-dichlorophenoxyacetic acid. It is
known for its weed-killing properties. There are two
types of weedicides, namely, selective and non-selective.
2,4-D is a selective weedicide used for eliminating weeds
without causing injury to the crop.

Daily wager

Daily wager is another name for casual worker or daily
worker. He or she is a person employed on a temporary,
day-to-day basis or whenever required. The daily wager
is generally not entitled to such benefits as pension,
provident fund, medical expenses etc. that are given to a
regular employee.

Daily worker: See Daily wager

Dal soil

Dal soil is the local name for a type of peat soil in The
Netherlands where young peat layers cover sandy
subsoil. (See also Peat soil.)

Dalton

Dalton is a unit used for expressing the molecular weight
of proteins. It is equivalent to atomic mass unit and is
1/16™ of the mass of oxygen, 16.

Danish agar

Furcellaria fastigiata, a type of algae harvested in
Denmark is called Danish agar.

DAP
DAP is short for diammonium phosphate.

Darcy and Ritter law

The Darcy and Ritter law relates to the movement of
water through a porous medium (like soil) and is defined
as:

R.S.P K.A.t.H
orQ = 7

Q=

where Q is the volume of water passing in unit time, Risa
constant (the value of which depends on the nature of the
mineral) known as the saturated hydraulic conductivity
(for an impermeable soil, R is less than 0.4 and for a
highly permeable soil, R is higher than 20), S is the area
of the medium receiving the water, P is the water
pressure, which depends upon the water column height,
L is the soil thickness traversed by water, A is the soil
area in square centimeters, t is the time in seconds, H is
the water height (head) in centimeters, and K is the rate
constant in centimeters per second.

Darcy's equation takes the same form as several
other laws in science, like Fick's law for chemical
diffusion, Ohm's law for current diffusion and Fourier's
law for heat flow. The equation shows that there must be
a difference in water potentials for water to flow, and the
rate of flow depends on the hydraulic gradient and the
hydraulic conductivity of the soil.

Darcy's equation for one-dimensional flow
Darcy's equation computes the one-dimensional flow of
water through saturated homogeneous soil.

khA
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where q is the flow rate, k is the hydraulic conductivity of
the flow medium, h is the head or potential causing flow,
A is the cross sectional area of flow and L is the length of
the flow path. (See also Infiltration.)

Darcy's law for flow of water through sand
columns

Darcy gave a simple law for the flow of water through
sand columns. The rate of flow of a fluid through a unit
cross-section of a porous mass under a unit hydraulic
gradient at 15°C, is given by the following expression:

K+H
L

V=

where V is the rate of flow in cm, H is the water column
height in cm, L is the sand column height in cm and K is
the permeability coefficient, which has the dimensions of
velocity, called the filtration velocity.

Darcy's law for flow of water through soil

Darcy's law of vertical flow of water through soil says
that the volume of water passing through the soil is
directly proportional to the soil area and the water
pressure, and inversely proportional to the thickness of
the soil traversed by the water.

At low hydraulic gradients, a threshold gradient was
noticed in some studies, below which there was no flow
in fine-grained soils. Similarly, at high hydraulic
gradients corresponding to Reynolds number in excess of
10, the flow in the soil may not follow Darcy's law.
Fortunately, in majority of cases of groundwater flows,
these conditions do not occur. When the conditions are
such that the fluid can be categorized as Newtonian,
and the flow conditions represent laminar flow,
Darcy's law is generally believed to be applicable to soil
systems.

Dark fen land soil
Dark fen land soil is another term for black land.

Dauer humus

The Dauer humus is a kind of hunras that is resistant to
attack by micro-organisms.

Davies compactometer

A Davies compactometer measures soil compactness.
The device consists of a fixed part placed against the
vertical side of the profile, and a mobile part that turns
around the axis at a constant force and speed, allowing a
graduated shaft to penetrate the soil perpendicularly. The
depth to which the shaft penetrates is a measure of soil
compactness.



DCD

Decalcification

DCD
DCD or DD is short for dicyandiamide.

DD: See Dicyandiamide

Dead-burned magnesite

Dead-burned magnesite, caustic-calcined magnesite
and synthetic magnesite are loose synonyms of
magnesia.

Magnesite usually occurs as a compact white
microcrystalline mass. It refers to magnesium carbonate
crystallized in the trigonal system.

Dead-end serpentine irrigation

Dead-end serpentine irrigation scheme, also known as
the serpentine scheme for irrigation, is used to hold
water for long periods on the soil surface, especially on
clayey soils. This is done by lengthening rows in
undulating form (serpentine rows) and by cutting
passageways across the furrow to connect several
channels, so that water flows back and forth like a snake's
tail.

Dealkalization

Dealkalization is the leaching of sodium ions (Na+*) held
on soil particles. These ions are substituted by other ions
like Ca**, K* and NH,", usually by chemical treatment.
Sodium concentration is harmful to most plants.

Alkaline soils are reclaimed by amending a part or
most of the exchangeable sodium by more favorable
calcium ions at the root zone. Agronomic practices, like
the application of low-nitrogen organic manure,
facilitate this amendment.This practice is common for
rice crops.

Chemical amendments for reclamation of alkaline
soils are grouped as (a) soluble calcium salts (e.g.,
gypsum, calcium chloride, phospho-gypsum),
(b) partially soluble calcium salts (e.g., calcium
carbonate), and (c) acids and acid formers (e.g.,
sulphuric acid, iron and aluminum sulphates, lime-
sulphur, pyrites).

The atmospheric oxidation of sulphur and pyrites to
sulphuric acid is very slow, unless accelerated by
microbes like Thiobacillus ferroxidans. All amendments
are made to supply soluble calcium. Leaching, after a
chemical amendment, removes soluble salts and other
reaction products:, Table-D.1 shows comparative
efficiencies of various amendments used for reclamation
of sodic soils.

Deb method

Deb method is an analytical method for determining free
iron in soil and is particularly useful for dissolving the
free (nonsilicate) iron in soils. In this, iron is first
extracted using sodium dithionate, to which a mixture of
sulphuric and nitric acids is added to destroy organic
matter. The quantity of iron present is then determined

colorimetrically with potassium thiocyanate or
phenanthroline chlorohydrate by shaking the samples
overnight at ambient conditions in a reducing and
complexing solution.

Table-D.1: Expected efficiencies of various amendments
used in sodic soil reclamation.

Amendment Chemical Gypsum  Sulphur
composition (kg)* (kg)*
Gypsum CaSO,- 2H,0 1.0 5.38
Sulphur Ss 0.19 1.00
Sulphuric acid H,S04 0.57 3.06
Calcium carbonate CaCOj; 0.58 3.13
Calcium chloride CaCl,-2H,0 0.85 4.59
Ferrous sulphate FeSO4 TH,0 1.61 8.69
Ferric sulphate Fe,(SO4)::9H,0 1.09 5.85
Aluminum sulphate Aly(SO,)+ 18H,0 1.29 6.94
Pyrite (30% S) FeS, 0.63 1.87

* Amount equivalent of 1kg of chemically pure substance
Source: Gupta and Abrol, 1990. As adapted by U.
Aswathanarayan's “Soil Resources and the Environment,”
1990, Oxford and IBH Publishing Co. Pvt, Ltd, New Delhi.
With permission.

Debris

Debris refers to scattered pieces, remains, or loose
natural material of broken rock. It is also the coarse
resultant of decay and disintegration of rocks. Debris is
found either at the place where it is produced or where it
is transported by water streams and glaciers. The
gravitational soil flow, down a slope, can be as slow as a
few centimeters per day or as rapid as the mudflow or
earth flow. Wreckage, ruins, dead stalks and leaves left
behind in the field after harvest are also called
debris (Fig.D.1). Debris also denotes interplanetary
material, including cosmic dust, meteorites, comets and
asteroids.
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Fig.D.1: Plant debris in a field.

Decalcification

Decalcification refers to the removal of calcium ions (or
calcium carbonate) from soil by leaching. Leaching
generally occurs in humid climates because of the
solubilizing action of water-containing carbon dioxide.
Leaching increases soil acidity, a condition that is
favorable to some plants, because of its ability to reduce
infection and make micronutrients more soluble for
better plant absorption. Annual soil calcium leaching
ranges from 87 to 250 kg/hectare. (See also
Calcification.)
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Decarbonation

Decarbonation is the decomposition of calcium
carbonate, by water containing dissolved carbon dioxide
(CO,) and humus. The general reaction controlling the
movement of carbonate is:

5

CaCO; + H,0 + CO, Ca(HCO;),

If CO, and water are present in the above system, the
reaction proceeds with the formation of soluble
bicarbonate.

Decay

Decay refers to the chemical breakdown of organic
material into its elements by the action of micro-
organisms or decomposer enzymes. Decay also denotes
the rotting and decomposition of organic tissues, which
occur during composting. Another form of decay is the
spontaneous transformation of a radioactive nuclide into
a daughter nuclide, which may or may not be radioactive,
with the emission of one or more particles or photons.
(See also Decomposition.)
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Deciduous forest

Trees that shed their leaves annually are called
deciduous trees. Examples of deciduous trees are oak,
ash, beech and maple. Forests in temperate zones of both
the hemispheres are full of trees that shed leaves in the
autumn. These forests are known as deciduous forests
(Fig.D.2). Deciduous forests in temperate zones have
temperatures of about 10°C and annual rainfall from 75 to
150 cm. These forests are found in North America,
middle Europe, Russia, Japan, eastern China, Australia,
New Zealand and parts of Chile and Paraguay. Rain
forests near the equator also have many deciduous trees.
(See also Forest.)

Deciduous trees: See Deciduous forest

Fig.D.2: A deciduous forest.

Declarable content of fertilizer

The declarable content or guaranteed analysis of a
fertilizer is a statement about the elements or oxides
present in that fertilizer. It is displayed on a label or on
any other document as per legal requirements.

Decomposer

Soil organic matter, composed of living or dead plant and
animal matter, is decomposed by micro-organisms
(particularly by bacteria, actinomycetes and fungi)
(Fig.D.3). These decomposing agents, mostly bacteria
and fungi, are called decomposers. In compost
degradation, they act as biological accelerators.
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Fig.D.3. Fungi like Aspergillus (1), Paecilomyces (2), and
Trichoderma (3) are decomposers which accelerate the
process of decomposition.

Decomposition

Decomposition is the decay or breakdown of material. In
simple decomposition, one substance breaks down into
two or more simpler substances. For example, water
yields hydrogen and oxygen. In double decomposition,
two compounds break down and may recombine to form
different compounds. For example:

BaCl; + H.S04 — BaS0, + 2HCI

Chemical reactions that occur during the breakdown
of matter are oxidation, reduction, hydrolysis, hydration,
etc. These reactions are brought about by temperature,
oxygen, light, water, nutrients, micro-organisms,
soil moisture, soil pH, and soil texture - either
individually or in combination. Decomposition may
occur as a result of reaction at room temperature,
heating in air, electrolysis, bacterial or enzymatic action
(e.g., fermentation), radiation (e.g., photo
decomposition) and thermal decomposition (heating in
the absence of air). Thermal decomposition is
synonymous with pyrolysis and destructive distillation.

Decomposition of organic matter is very important
for healthy plant growth. Warm conditions and moisture
facilitate decomposition, whereas cold, dry or
waterlogged conditions and lack of nutrients reduce the
rate of decomposition. A constant action of micro-
organisms changes the ratio of organic carbon and total
nitrogen (C: N) in the soil.

Soil organic matter is an active and important portion
of the soil. It is a source of nitrogen, phosphorus and
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Deep placement

sulphur. For maximum benefits, readily decomposable
organic matter must continually be replenished with fresh
residues. Organic matier is decomposed by micro-
organisms like bacteria, actinomycetes and fungi. These
are called decomposers or saprobes. Nutrients like
nitrogen and carbon, which are released during
decomposition, are used by these micro-organisms for
their own growth and reproduction, as well as for
further speeding up the rate of decomposition in the soil.
If soils are well aerated, decomposition produces
carbon dioxide (CO,), ammonium ion, (NH,) , nitrate
ion (NO3), dihydrogen phosphate (H,PQO;), sulphate
(S0, water (H,0) and some other nutrients useful for
plant growth.

Decomposers produce enzymes which lower the
activation energy necessary to break chemical bonds
in organic materials. Most biological processes require a
means to reduce this activation energy so that the
process can occur in natural conditions. Decomposers
bring about this phenomenon by the chemical breakdown
of dead organisms or animals or plant wastes. They
secrete enzymes on dead matter and then absorb
the products created by the breakdown. Many
decomposers, like nitrifying bacteria, specialize in
breaking down organic materials difficult for other
organisms to digest.

Decomposers perform a vital role in the food cycle by
returning the constituents of organic matter to the
environment (in inorganic form) and helping the plant to
assimilate them. The decomposed products are less
desirable in anaerobic conditions. The rate of
decomposition, speeded up by adding nitrogen, is
directly proportional to the number of microbes in that
soil, as nitrogen released during decomposition is
essential to build proteins in a new microbe population.
Hence, bacteria are seen to be heavy users of nitrogen.
Plants grown in nitrogen-deficient soil show nitrogen
deficiency, because soil microbes use up most of the
available nitrogen before allowing it to reach the plant
roots. The same is true for other nutrients as well.

Microbes grow well when the soil pH is between 6
and 8. But at pH below 6 or above 8, the decomposition
rate slows down. Soil with a high clay content retains
more humus, where organic substances adsorb to the clay
surfaces and promote decomposition. In highly toxic
conditions, or conditions of excessive soluble salts,
organic phytotoxins greatly restrict decomposition.

De-electronation

De-electronation is an oxidation process involving the
removal of electrons. The process of reduction involving
the addition of electrons is known as electronation.

Deep banding : See Deep placement

Deep Litter

There are various ways in which fresh manure can be
collected and stored (and if required, processed, into
compost) before use. In the deep litter system of manure

making, animals are free to walk around and defecate on
to a straw mat. By the action of their walking, the feces
get compacted with only the top layer decomposing
aerobically. Such manure may be directly applied to the
soil.

Deep percolation

Water is held in the soil by hydrogen bonds, and the
extent of its strength is known as water potential, which
is measured in bars.

There are three types of water in the soil. One is
gravitational water, the second is plant available water,
and finally, there is unavailable water. Excess water,
when added to soil by rain or through irrigation, either
runs off or moves into deeper layers of the soil. This
downward movement of water deep into the soil is called
deep percolation. The water penetrating the soil is held in
pores and is bonded to the soil surface by its water
potential, which determines its availability to plant roots.
When the water potential is more than minus 15 bars, it
is not available to the roots for absorption.

The amount of water lost to the ground through deep
percolation depends on the soil permeability, which in
turn depends upon soil texture and structure, the presence
of impermeable layers (hardpan or calcium carbonate) in
the soil profile, and the exchangeable sodium percentage
(ESP). Sandy soils are unsuitable for plant growth.

Deep placement

Deep placement is a method of applying a fluid or solid
fertilizer to the subsurface or deeper levels of soil, to
ensure that the fertilizer reaches the root zone and does
not run-off the surface (Fig.D.4). Nitrogenous fertilizers
are supplied to paddy crops in this way.

Direction
of pull
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Fig.D.5: Deep placement of anhydrous ammonia in the
soil under pressure, at a depth of about 15 cm.

Deep banding is the pre-plant application of solid,
liquid or gaseous nutrients 5 to 15 cm below the soil
surface. Some applications may be as deep as 40 cm.

Depending on the design of the applicator, nutrients
are concentrated in the soil to form streams, sheets or
points. Often, the fertilizer is applied in conjunction with
atillage operation, months before the next crop is sown.

Dual application, another term for deep banding,
refers to the simultaneous application of anhydrous
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ammonia (NHs) as a nitrogen source along with fluid or
solid P, K and S fertilizers.

Deep tillage

Deep tillage, also called chiselling or subsoiling is the
process of destroying soil crusts and loosening the soil,
by tilling it to a depth of 30 to 40 cm. Deep tillage helps
increase soil aeration, root penetration and infiltration of
rainfall. Tillage or subsoiling means ripping up or
physically tearing the hard pan using suitable equipment
(Fig.D.5).

A chisel, set at a depth of about 30 cm, can break the
tillage pan. Deep tillage results in more water storage in
the root zone and permits irrigation before planting.
When soil is fertilized after deep tillage, it increases corn
yield by up to 30%. Tillage ona clay loam to a depth of 40
cm is beneficial for more than three years.

Tilling up to a depth of 50 cm has the following
benefits: (i) The plow sole or the pan just below the plow
depth is temporarily eliminated. (ii) Plant root
penetration in the tilled layers is increased, especially
after fertilization and chiselling. (iii) There is greater
movement of water into the soil and larger storage of
water in the plant root zone. All these benefits result in
increased crop yields.

Deep tillage is more effective when the soil is dry
enough to shatter and crack. If deep tillage is performed
on wet soil, problems of compaction, non-aeration and
permeability increase, adversely affecting the yield.
Deep tillage is done prior to planting or during dormant
periods when root pruning or root disturbance of
permanent crops is less disruptive.

Deep tillage is most useful in soils in which hardpans
are formed out of accumulated clay or precipitated
calcium carbonate (CaCQs), or where high residual
sodium carbonate stops water from percolating to the
lower layers.

Tillage practices modify such soil properties as its
structure, texture, bulk density, particle density, degree
of compaction, percentage of pore space, percentage of
organic matter, water infiltration rate, erodibility, water
holding capacity, cation exchange capacity and pH.

Deferrization

Deferrization means destruction of iron (III) constituents
of the soil under the influence of weak acids (mainly
organic acids) and a subsequent leaching of the iron in its
ferrous form.

Deficiency diseases

The inadequacy of one or more essential nutrients (like
vitamins, mineral elements, proteins or amino acids)
causes deficiency diseases in animals or plants. Nutrient
deficiency results in poor growth. Plants suffering from
the deficiency of one or more nutrients show signs of
abnormality in color and structure of leaves and shoots;
for example, grey leaf, chloresis and brown heart.

Deficiency of micronutrients: See Micronutrients

Deficiency symptoms

A deficiency in plants may be caused by the non-
availability or shortage of a particular nutrient or water,
the presence of a disease, insect attacks, adverse weather
conditions, etc. The apparent physical sign or expression
of adeficiency is a deficiency symptom.

If the symptom is seen early, the problem can be
corrected during the growing season by supplying
the needed nutrient through a foliar spray. If the
deficiency symptoms appear at a later stage of the crop
development, it can be corrected only in the next growing
season.

Nutrient deficiency can lead to (a) a complete crop
failure at the seedling stage, (b) severe stunting of plants,
(¢) peculiar appearance of leaves at varying times during
the season, (d) internal abnormalities, like clogged
conducting tissues, (¢) delayed or abnormal maturity, (f)
drop in the yield with or without leaf symptoms, and (g)
poor crop quality with reduced protein, oil or starch
content.

Nutrients can show different deficiency symptoms in
different plants, affecting their roots, shoots, leaves,
flowers or fruits (Table-D.2).

Nutrient deficiency symptoms in leaves are called
foliar symptoms. These appear as chlorosis, necrosis,
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Fig.D.5: Deep plowing by a traditional wooden plow (left) and by a tractor-mounted mold board plow (right).
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Table-D.2: Common symptoms of nutrient deficiencies.

Nutrient element Symptoms

Nitrogen Reduced chlorophyll production, yellow pigments, carotene and xanthophylls appear, dwarf and
abnormally light green plants, erect, light green to yellow leaves, fiery appearance in acute
deficiency condition.

Phosphorus Dwarf and abnormally dark green plant, leaves erect, usually narrow. In acute condition leaves
turn greenish brown to black, and bronzing occurs on back side of leaves. Retarded tillering and
root development.

Potassium Slow and stunted growth of plants, stalks weak, leaves chlorotic, small dead spots of specks at the
leaf tip, rusty appearance of margins, cupping of margins and tips.

Calcium Decreased development of terminal shoot buds and apical root tips, plant remain dark green, young
bud leaves chlorotic, die-back symptom at tips leading to death of terminal but in acute condition.

Magnesium Chlorotic discoloration of leaves starting from tips and margins, leading to interveinal chlorosis.
Veins remain green, leaves exhibit stripy or spotty appearance. Leaf detaches early.

Sulphur Stunted, thin-stemmed and spindly plants, delayed maturity in cereals, poor nodulation in
legumes, leaves light-green, veins still paler, no dead spots.

Boron Abnormal development of meristematic tissues. Apical meristems become stunted and die.
Abortion of fruits and flowers. Quality and yield reduction in some grain and fruit crops.

Chlorine Chlorosis of younger leaves, wilting.

Copper Slow growth of plants, stunted growth, distortion of young leaves and death of growing tip of plant.

Iron Interveinal chlorosis and bleaching of young leaves. In severe cases, the plant turns light green.

Manganese Only young leaves show interveinal chlorosis; in severe case, the plant remains stunted.

Molybdenum Middle and older leaves chlorotic. Occasional rolling of leaf margins, restricted growth and flower
formation.

Zinc Interveinal chlorosis or whitening of upper leaves, distortion and rosetting of leaves.

cupping, pigmentation, folding and wrinkles. In the case
of nitrogen deficiency, chlorophyll production is
reduced, and the yellow pigments carotene and
xanthophylls appear, resulting in pale green or yellow
leaves. Deficiency symptoms in shoots may show up as
stunted growth, rosetting of buds, reduced tillering and
die-back of twigs. In flowers and fruits, deficiency shows
up by immature falling, reduced fertilization or
flowering, and by the defective shape of flowers. In
practice, a visual symptom may be caused by more than
one deficiency or by more than one factor. Similarly, a
deficiency due to one nutrient may also relate to an excess
of another nutrient. Some nutrient deficiency symptoms
look quite similar to those produced by biotic or abiotic
factors like diseases, insect attacks, adverse weather
conditions, excessive moisture, etc. One has to be very
skillful to diagnose a nutrient deficiency symptom
visually.

There are instances when a crop shows no obvious
nutrient deficiency symptoms although the deficiency
exists. This situation is referred to as hidden hunger
(Fig.D.6). The nutrient addition over a long period, say,
a year, helps to enhance the yield and overcome the
problem of hidden hunger.

Definite proportions, law of: See Chemical
combination, laws of

Definitive host
A definitive host is an organism that supports the sexually
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Fig.D.6: A graph (Mitscherlich curve) of yield and disease
resistance against nutrient uptake, showing hidden
hunger.

reproductive form of a parasite. Some parasites require
two hosts during their life cycle. The first part of the
life cycle (till the sexual maturity of a parasite) is
completed on the first host, known as primary host. For
the second part of the life cycle, i.e. after sexual maturity,
parasites need a second host which is known as the
definitive host.
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Deflocculating agents

Materials used to keep the particles of a substance
separate and prevent them from aggregating into lumps
are termed deflocculating agents. They may also be
called dispersing agents as they prevent sedimentation
of soils in water when the solid particles are kept
suspended in water. Sodium carboxymethyl cellulose,
methylcellulose, etc. are good dispersing agents.

Deflocculation

Deflocculation is the process of breaking down soil
aggregates into individual particles. Deflocculation of
soil is favored by high exchangeable sodium in soil. It is
also called dispersion of soil.

During the flocculation of a colloid by an electrolyte,
the ions carrying an opposite charge to those on the
colloid are adsorbed to a varying degree on the surface.
The higher the charge of the ion, the more strongly it is
adsorbed. In all cases, the precipitate will be
contaminated by surface adsorption.

Upon washing the precipitate with water, a part of the
adsorbed electrolyte is removed, causing a drop in the
electrolyte concentration in the supernatant liquid. If this
falls below the coagulation value, the precipitate may
pass into the colloidal solution again.

Defluorinated phosphate rock

Defluorinated phosphate rock or coronet phosphate is
made and used in Japan as a fertilizer. A high-grade
phosphate rock is ground and mixed with small quantities
of sodium carbonate or sulphate and wet-process acid.
The mixture is calcined at 1350°C in an oil-fired rotary
kiln. The product thus obtained contains 38 to 42%
phosphorus pentoxide (P,0;), of which more than 90% is
soluble in neutral ammonium citrate. Almost all fluorine
is driven off and recovered as sodium bifluoride
(NaHF;). The product is an effective fertilizer when
applied in a finely ground form to acid soils.
Defluorination has also been demonstrated by the fusion
process.

Defoliants

Defoliants are substances that induce defoliation of
leaves to facilitate harvesting. Defoliation is stripping
of leaves from plants, especially by use of chemical
sprays.

Defoliants are used in harvesting American cotton.
They are used to a lesser extent in soybean, vines and
tomato cultivation, and for destroying potato foliage.

Desiccants induce shedding of leaves by accelerating
drying of different parts of the plant. Hygroscopic
substances, like activated alumina, calcium chloride and
silica gel are called desiccants. These absorb water vapor
from air and are used to maintain a dry atmosphere in
containers, while packaging and transporting food
materials.

Defoliants and desiccants are both harvesting aids and

are also used as herbicides. They may be organic or
inorganic. Many are toxic. 2, 4-D, 2, 4, 5-T, sodium
chlorate, dimethylarsenic acid and arsenic acid are
examples of defoliants, while paraquat, diquat and
endothal are examples of desiccants.

The following are some other harvesting aids:
(i) Buminafos is used as a defoliant in potato and cotton.
(ii) Dimethipin is a defoliant for cotton plants and a
desiccant for potato and vines. (iii) Merphos is a
defoliant in cotton. (iv) Thidiazuron is a substituted urea
with cytokinin activity used to defoliate cotton.
(v) Tribufos is a very effective defoliant for cotton. In the
USA about half the cotton plantations are treated with
organophorus defoliants 1 to 2 weeks before harvesting.
Dimethipin enhances the maturation process and reduces
seed moisture in the harvesting of rice, rape seed, flax
and sunflower.

Defoliants and desiccants have also been used in war
to destroy vegetation.

Defoliation: See Defoliants

Degleification

Degleification, the opposite of gleification, is due to re-
oxidation of ferrous salts by aeration of the soil and its
improved porous structure. Degleification is brought
about by various cultural practices.

Gleification which causes the soil to take on a bluish,
greyish or greenish color, happens because of the
presence of ferrous salts in poorly aerated soil, the poorly
aerated condition being caused by excess water.

Degradable waste

Materials that are "degradable" are susceptible to
decomposition. Degradation of waste material generally
happens in one of two ways: biodegradation and
photodegradation.

Biodegradation is the process of assimilation or
consumption of materials by living organisms, such as
bacteria and other microbes. Sometimes biodegradation
is called "digestion". A biodegradable waste is material
which is capable of being broken down by micro-
organisms into simple, stable compounds such as carbon
dioxide and water.

Photodegradation is the process in which material is
decomposed by the action of light. In nature, for the most
part, photodegradable materials are decomposed via
ultra-violet light in sunlight.

Degradation

Degradation is a chemical reaction in which a complex
compound is converted into simpler compounds in
stages. Soil degradation involves the wearing out of the
surface by erosion, which makes it agriculturally less
productive or generally less useful. It may result from
oxidation, heat, sunlight, solvents, bacterial action or
from infectious micro-organisms in proteins. The
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Denitrification

process of breakdown of soil organic matter with the
evolution of energy, formation of humic and fulvic acids
and conversion of plant nutrients to inorganic form is also
known as degradation.

Degraded soil: See Degradation

Degree Baumé solution

The grade or strength of ammonium hydroxide available
commercially is 26 degree Baumé which corresponds to
29.4% by weight of ammonia dissolved in water with a
density of 0.8974 kg m™3 at minus 9.44°C. (See also Aqua
ammonia.)

Degree of dissociation

Dissociation is the breakdown of a molecule or an ion into
smaller molecules or ions, respectively. The degree of
dissociation is the ratio of the amount of dissociated
molecules to the original amount of all molecules, and is
givenby:

[Dissociated molecules]

o=
[Total initial molecules]
An example of dissociation is the reversible reaction
of ammonia at high temperatures to nitrogen and
hydrogen.

2NH;=—==N,+3H,

The equilibrium constant or dissociation constant
(k) in the above case is given by:

o N - [
[NH,J’

As the reaction is dependent on temperature and
pressure, the extent to which an ammonia molecule
dissociates itself to nitrogen and hydrogen is known as its
degree of dissociation. Assuming the degree of
dissociation as o, we have at equilibrium (1-o) ammonia,
a/2 nitrogen and 3a/2 hydrogen.

Dehulled rice
Dehulled rice is another name for brown rice.

Dehydration

Dehydration entails removal of water. In the case of a
material like fertilizer, 95% or more is removed by
heating. The term dehydration is not applied to loss of
water by evaporation or sun-drying.

The primary purpose of dehydration is to reduce the
volume of the product, increase its shelf life and lower
transportation costs.

Special equipment for dehydration includes tunnel
dryers, vacuum dryers, drum dryers, etc. in which the
bulk product is exposed to a hot air environment. Another
method is spray-drying, in which a liquid product is
ejected from a nozzle into hot air. Dried milk and egg-
white are prepared in this way.

Dehydration also means the removal of one or more
molecules of water from a chemical compound. For
example, dehydration of ethyl alcohol gives ethylene.

CEHSOH e C:Hq - Hgo

Deliquescent

A substance with a tendency to absorb atmospheric water
vapor and dissolve in it or to become liquid is known as
deliquescent. The term refers specifically to water
soluble chemical salts in the form of powders which
dissolve in water absorbed from the air. Such salts should
be kept tightly closed.

Ammonium nitrate absorbs moisture from air and
becomes a liquid. Hence, it is coated with chemicals like
talc, polymers, etc. to impart free flow characteristics to
it.

Denitrification

Denitrification refers to the breakdown of nitrates and
nitrites by denitrifying bacteria in soil in anaerobic
conditions, followed by the release of gaseous nitrogen.
Waterlogging of the soil excludes oxygen and promotes
conditions for anaerobic denitrification.

Nitrogen is lost from the soil largely owing to its
removal by crops and by leaching. Under certain
conditions, however, inorganic nitrogen (nitrate and
ammonium ions) can be converted into gases that are lost
to the atmosphere.

Four conditions are necessary for denitrification,
namely, the presence of (a) nitrates, (b) anaerobic
environment, (c) soluble carbon, and (d) denitrifying
organisms. Chemical denitrification can also occur in
acidic soils.

Some micro-organisms get oxygen from nitrite
(NO;) and nitrate (NO3 ) accompanied by the release of
energy, nitrogen (N) and nitrous oxide (N,0). This
process happens by the following probable pathway:

+4H +2H +2H +2H
2HNO,—— 2HNO,—>2NO —> N,O—— N,
' 2H,0 * 2H,0 -H,0 -H,0

This process takes place mainly in the presence of
Pseudomonas, Acromobacter, Paracoccus and
Thiobacillus denitrificans.

In most field soils, there is immense potential for
denitrification. However, conditions must change for an
organism to shift from aerobic respiration to a
denitrifying type metabolism, involving the use of nitrate
(NO3y as an electron acceptor in the absence of oxygen.
The amount of gaseous nitrogen lost by denitrification
varies, along with the proportion of the two major
products of denitrification - nitrogen and nitrous oxide
(N;0).

The magnitude and rate of denitrification are strongly
influenced by several soil and environmental factors, the
most important being (a) the amount and nature of
organic matter present, (b) moisture content,
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(c) aeration, (d) soil pH and temperature, and (e)
concentration and form of inorganic nitrogen (i.e.,
ammonium or nitrate ions).

In arable soils, estimates of nitrogen losses by
denitrification vary from 3 to 62% of the applied
nitrogen, with the greatest losses recorded in rice and
heavy clay loam soil. The losses subsequently decrease in
loam soils and sandy loam soils, in that order. The loss of
the nitrate (NO3) by leaching or denitrification can be
reduced by blocking the nitrite (NO,) formation and by
applying nitrification inhibitors such as nitrapyrin (2-
chloro-6-trichloromethylpyridine), AM (2-amino-4-
chloro-6-trimethylpyrimidine) or terrazole (5-ethoxy-3-
trichloromethyl- 1,2,4-thiadizole).

Some natural compounds, like those found in neem,
also inhibit nitrification.

Den process for triple superphosphate production

The Den process for producing triple superphosphate
involves four operations namely reaction of phosphate
rock with phosphoric acid, the denning step where the
reaction solidifies from its liquid phase, the time being 10
to 30 minutes compared to 30 to 120 minutes for single
superphosphate, storage/curing in piles for 3 to 6 weeks,
and granulation. (See also Triple superphosphate
production processes.)

Density
The density of a substance is defined as the mass of the
substance per unit of volume.

Three types of density measurements are used in the
fertilizer industry: (i) Bulk density (ii) Apparent
density (iii) True density. (See Bulk density of
fertilizer.)

Deoxyribonucleic acid

Deoxyribonucleic acid (DNA) is a complex sugar protein
polymer of nucleoprotein, which contains the complete
genetic code for every enzyme in the cell.

DNA occurs as a major component of the genes that
are located on chromosomes in the cell nucleus. The
DNA molecule is a unique and vastly intricate structure
first elucidated by Crick and Watson in 1953. It is built
from 3000 to several million nucleotide units arranged in
adouble helix containing phosphoric acid, 2-deoxyribose
and nitrogenous bases (adenine, guanine, cytosine and
thymine. See Fig.D.7). The spiral consists of two chains
of alternating phosphate and deoxyribose units in
continuous linkages. The nitrogenous bases project
toward the axis of the spiral and are joined to the chains
by hydrogen bonds. Adenine always unites with thymine
and cytosine with guanine. The complementary nature of
the bases on the joined chains allows each chainto actasa
template for replication of the other when the new chains
are separated, thus producing two new strands of DNA.
The sequence on the bases on the chains varies with the
individual, and it is this sequence that governs genetic
code.

Paired
nucleotide

Double helix
of DNA

C = Cytosine
G = Guanine
A = Adenine
T = Thymine

=— Nucleotide
| base

Fig.D.7: Structure of DNA.
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DNA works in conjunction with ribonucleic acid
(RNA). Synthesis of self-replicating DNA was also
reported in 1967. Elucidating the structure of DNA
molecule is under continuing research. Recent studies on
DNA indicate that the helix may have a left-handed rather
than a right-handed form.

The transgenic plant is an example of recombinant
DNA which is a result of understanding the nature and
function of DNA.

Dependent variable: See Regression

Dephosphorated slag

Dephosphorated slag, also called basic slag or Thomas
slag, is a byproduct of the Bessemer process for melting
iron ores containing phosphorus. It is a good phosphate
fertilizer for acid soils and is also valued for its liming
effect and micronutrient content.

Iron made from high phosphorus ore in contact with a
base (CaO) is converted into steel by oxidation in a
Thomas converter. The slag mainly contains lime-
phosphate-silicate which melts to form calcium
silicophosphate. At the end of the blowing process, the
slag floats on the molten steel surface. Adding a
phosphate rock in place of lime to the converter increases
the phosphorus pentoxide (P,0s) content. This is not
possible, however, with phosphate containing fluorine
because the latter reduces the solubility of basic slag in
2% citric acid. A typical range of composition of the
basic slag is given in Table-D.3.

Table-D.3. Composition of basic slag.

Components % Weight
P,0s 15-20
ALO, 0.5-2.5
Ca0 42-50
Fe,0s 9-13
Si0, 4-6
MnO 3-6
MgO 2-4
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The slag is applied in a finely-ground state or by
granulation with potash. Phosphorus-potassium (P-K)
mixed fertilizers have phosphorus pentoxide (P,Os) to
potassium oxide (K;O) ratios between 1:1 and 1:3.
Addition of fused phosphate or dicalcium phosphate is
legally permitted, to allow P,Os content of the slag to be
adjusted to maintain a constant P/K ratio.

Depreciation

Depreciation is the reduction in the value of an asset, (like
a machine), due to passage of time, and wear and tear.
Provision for depreciation can be made in the balance
sheet. Depreciation also represents the decrease in the
value of a currency.

Depressant

The property of a drug to induce sleep and to numb
mental awareness is a depressant. Alkaloids present in
many plants act as depressants.

Depth per unit time for infiltration

Infiltration rate is measured in terms of the volume per
unit time per unit area and is simply estimated as depth
per unit time for infiltration.

Derived savannah

Owing to intense human activity on the forest-savannah
boundary, the vegetation of savannah has been
encroaching rapidly upon tropical rain forests. This
creates an ecological zone of transition, commonly
known in West Africa as derived savannah.

Desalination

Desalination, also known as desalting, is one of the
several processes for removing dissolved mineral salts
from sea water or other brines. The following are among
the most important processes: (i) Distillation with reuse
of vapors by compressive distillation or multiple effect
evaporation. (ii) Electrodialysis which is an ion-
exchange process more efficient for purification of
brackish water than sea water. (iii) Reverse osmosis
which uses pressure applied to the surface of a saline
solution separated from pure water by a semipermeable
membrane through which ions cannot easily penetrate.
The pressure forces the water component of the solution
through the membrane, thus effectively separating the
components of the solution. Membranes used are
cellulose acetate or graphitic oxide. The method is
planned for use in a desalination plant proposed for the
brackish waters of the lower Colorado river, and is said
to be the world's largest. (iv) Flash distillation which
appears to be the most effective method so far developed
for sea water desalination, accounting for about 90% of
the world production capacity. There are more than 400
desalination plants in the USA. producing over 341
million liters of freshwater a day.

Desalting: See Desalination

Desertic soil

Desertic (arid) soil is a type of soil seen in arid, temperate
and tropical climates. They support sparse or sporadic
vegetation because of the net deficiency of rainfall
leading to a thin or even discontinuous organic layer.

Desertification

Desertification is the process by which good land turns
into desert because of drought, deforestation, and
disproportionate agricultural or human activity. Thus,
environmental degradation arises from human activity
and climatic influences under any rainfall regime in arid,
semi-arid and sub-humid areas. A reduction in the
growth of important plant species or incidence of drought
can initiate or accelerate desertification.

Animal grazing leads to the land being stripped off its
cover and accentuating the desertification process. If the
environment becomes drier and the soil continues its
degradation through erosion and compaction,
irreversible desertification sets in. It is estimated that
60,000 km? area of land is lost each year all over the
world owing to desertification.

Desert pavement

Desert pavement is a phenomenon in which a coarse
residue is left on the surface of the desert after fine
particles of the soil have been blown away by the wind.
When coarse sand, gravel peds or clods are too large or
dense to be swept away by the wind, they cover the wind-
eroded soils with fragments generally larger than 1 mm in
diameter.

Desiccants

Desiccants are hygroscopic substances such as activated
alumina, calcium chloride, silica gel, zinc chloride, etc.
They absorb water vapor and maintain a dry atmosphere
in the container meant for food packaging, chemical
reagents, etc.

Desiccants induce shedding of leaves by accelerated
drying of various parts of the plant. Desiccants and
defoliants facilitate harvesting.

A tightly-closed vessel, usually of glass, containing a
desiccant is used in the laboratory for drying test
materials, and is known as a desiccator. Some types of
desiccators maintain partial vacuum.

Desiccator: See Desiccants

Desilication

Desilication is the loss of silica due to hydrolysis and
leaching. Weathering of primary minerals occurs to
different degrees in all soil environments, releasing
highly mobile basic cations, moderately mobile silicic
acid [Si(OH),), and relatively immobile trivalent
aluminum (AI**) and bivalent iron (Fe?*) ions into the
soil solution. The fate of these ions depends on the
leaching intensity of the soil, the composition of the
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organic matter, the amount of reactive surface area and
the pH. The loss of Si(OH), from the soil is known as
desilication. In soils with a pH range of 5 to 7, much of
the silica is lost by leaching.

Desilting
Periodical removal of finer particles of soil (silt) from a

reservoir or canal to maintain its capacity is called
desilting.

Desorption

Desorption is the process by which an adsorbed substance
is released. Desorption may be achieved by heating, by
reduction of pressure, by the presence of another more
strongly adsorbed substance or by a combination of all.
(See also Adsorption.)

Destructive distillation of coal

The destructive distillation of coal involves heating of
complex organic substances in the absence of air to break
them down into a mixture of volatile products that are
then condensed and collected.

Atone time, destructive distillation of coal carried out
in a temperature range of 300 to 1000°C (to give coke,
coal tar and coal gas) was the principal source of
industrial organic chemicals. As the end-product is
carbon, other terms used are carbonization, pyrolysis
and thermal decompeosition.

Crude shale oil may be obtained by destructive
distillation of carboniferous shale. Residual oils from
petroleum refinery operations are subjected to coking or
destructive distillation to reduce their hydrogen content.
The main product of the destructive distillation of wood is
charcoal which contains sulphur, phosphorus and small
quantities of ash.

Detergents

Detergents are synthetic, organic liquids, which are
water-soluble cleaning agents. They have wetting and
emulsifying properties that remove dirt.

Detergents are common emulsifiers which have
lyophobic and lyophilic parts in their molecules to
stabilize the emulsion. They, unlike soap, are not
manufactured from fats and oils. Linear alkyl
sulphonates (LAS) and alkyl benzene sulphonate (ABS)
are examples of synthetic detergents. Synthetic
detergents are classified into anionic, cationic or
nonionic detergents based on the mode of chemical
reaction. (See also Emulsion.)

Deuterium

Deuterium is one of the three isotopes of hydrogen, the
other two being hydrogen-1 and tritium. Hydrogen-1 and
deuterium are naturally occurring stable isotopes, while
the radioactive tritium is made artificially.

In nature, the ratio is one part of deuterium to 6500
parts of normal hydrogen. Deuterium is present in water

as the oxide HDO from which deuterium is usually
obtained by electrolysis or fractional distillation. Its
chemical behavior is similar to that of hydrogen,
although deuterium compounds react slowly.

Devarda's alloy

Devarda's alloy contains 45% aluminum, 50% copper
and 5% zinc. It is used to detect and analyze nitrate
groups. It converts nitrate into ammoniacal nitrogen in
alkaline solution while analyzing nitrogen fertilizers.

Dextrin

Dextrin is a group of colloidal products, formed by the
hydrolysis of starches with dilute acids or by heating dry
starch. The yellow or white powder or granules obtained
are soluble in boiling water and insoluble in ether or
alcohol. Dextrin is used in adhesives, as thickening
agents and in penicillin manufacture.

D horizon

D horizon is the geological material situated directly
below the parent material of the soil and is lithologically
discontinuous from the soil above. The letters C or R
designate the D horizon, preceded by the numerical 1.
(See also Soil horizons.)

Diagnostic horizon

Diagnostic horizon is a horizon with a set of
quantitatively defined properties such as color, hardness
and temperature, or values like depth, content, volume
and density. It is measured by methods independent of the
observer.

To verify diagnostic horizons, some data (percentages
of lime and salt) needs to be obtained from the laboratory.
Diagnostic horizons help identify soil orders and sub
groups which are denoted by a letter code.

Diagnostic horizons found at the soil surface are
called epipedons and those found below the surface,
endopedons.

Diagnostic techniques

Diagnostic techniques are used to measure the fertility
and nutrient status of the soil. These help the farmer gain
knowledge essential for fertilization related practices and
issues, which relate to crop requirement, yield goal,
weather and soil characteristics.

Interpretation of the following tests depends on the
relationship of the test results with the actual crop
response: (i) Field experiments with fertilizers: These
are done both for simple as well as complex fertilizers,
the former requiring 4 to 9 plots for experimentation and
the latter requiring field and laboratory facilities. Often,
experiments are conducted on selected pieces of the
government’s or the cultivators' own land. (ii) Pot
culture experiments with fertilizers: These are also
called greenhouse experiments and are performed under
controlled conditions on a small piece of land (Fig.D.8)
for relatively quick and inexpensive diagnosis.
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Fig.D.8: A greenhouse provides controlled conditions for
crop growth.

Soil samples collected from the plow layer depth at
different places of the same field are mixed thoroughly
and then used for experiment. (iii) Visual observation of
plants: If a soil is deficient in one or more nutrients, the
plants growing there indicate the deficiency. A severe
nutrient deficiency or excess reflects on different plant
parts, especially leaves. (iv) Soil analysis methods with
fertilizers: Soil analysis determines the plant nutrient
resources of the soil. Farmers can send soil samples for
analysis and get a clear picture of the state of their soil for
planning the next crop and for determining fertilizer
dosage. (v) Method using micro-organisms as
extractants: Some micro-organisms exhibit behavior
similar to that of higher plants. For example, the growth
of Azotobacter reflects nutrient deficiency in the soil.
Compared to the utilization of higher plants,
microbiological methods are rapid, simple and require
little space.

Diammonium phosphate
With excess ammonia, the technical grade of
diammonium phosphate (DAP) contains 16 to 18%

nitrogen and 20 to 21 % phosphorus. It is formed by the
following reaction:

2NH; + H;PO;, —> (NH,), HPO,

DAP is an important fertilizer as well as an
intermediate in the production of complex fertilizers and
bulk blends.

Diazotrophs

Diazotrophs or biological nitrogen fixers are micro-
organisms which fix atmospheric nitrogen, without the
presence of growing plants. They are also called free
living micro-organisms. Azotobacter is an example of a
diazotroph.

Dicalcium phosphate

Dicalcium phosphate (CaHPQ,) is made from calcium
carbonate and phosphoric acid. It contains 34% citrate-
soluble phosphorus pentoxide (P,Os). Itis not commonly
used as a fertilizer, but is used as a supplement to animal
feed.

Dicyandiamide

Dicyandiamide, referred to as DD or DCD, is used as a

nitrification inhibitor and a slow-release nitrogen source.
Dicyandiamide is mixed with fertilizers for

nitrification control and the utilization of nitrogen for a
longer period. Its chemical structure is given in
(Fig.D.9).

NH
NHJ_C—NH—C =N
Fig.D.9: Chemical structure of dicyandiamide.

Dicyandiamide is a stable compound and its
application at the rate of 15 kg/ha inhibits nitrification for
up to three months. Urea containing 1.4% DD and urea
ammonium nitrate solutions with 0.8% DD are available
for increasing the effectiveness of nitrogen fertilizers.

Dicyandiamide, because of its non-volatile character,
is easier to handle compared to nitrapyrin.

Diethylenetriaminepentaacetic acid soil test

Diethylenetriaminepentaacetic acid (DTPA) is
commonly used for extracting the available cations ~ iron
(Fe), manganese (Mn), copper (Cu) and zinc (Zn) - from
the soil. The choice of DTPA from among a number of
chelating agents is because of its stability constants for
simultaneous complexing of Fe, Mn, Cu and Zn. The
extractant is highly pH dependent and is buffered at pH
7.30 with triethanolamine.

The DTPA method is inexpensive, reproducible,
replicable and easily adaptable for routine operations.

Diffusion
Diffusion is defined as the movement of a substance from

a region of high concentration to a region of low
concentration.

Diffusion occurs most readily in gases, less so in
liquids and the least in solids. When nutrient supply in the
root vicinity is not sufficient to satisfy the plant demand, a
concentration gradient develops and the nutrients move
by diffusion. Most of the potassium (K) and the
phosphorus (P) move from the soil to the root surface by
diffusion, as described by Fick's first law:
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where dc/dt is the rate of diffusion, dc/dx is the
concentration gradient, D, is the diffusion coefficient
which describes diffusivity of a homogeneous medium,
and A is the cross sectional area. As soil is not
homogeneous, the concept of a diffusion rate in soil may
be difficult to understand. The diffusion coefficient for
the soil medium is given by:

.- 0ua(3) )

where D, is the diffusion coefficient in the whole soil
medium, Dy, is the diffusion coefficient in free water, 0 is
the volume of the soil water content, T is the tortuosity
factor, and b is the soil buffering capacity. This
relationship shows that as the soil moisture content (6)
increases, the diffusion coefficient (D) increases and
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results in an increase in the diffusion rate. As the
moisture content is lowered, the moisture film around the
soil particles becomes thinner and reduces the diffusion
of ions through these films.

The distance that a diffusive nutrient moves through
soils is usually in the range of 0.1 to 15 mm. Hence, the
nutrients within the soil zone alone contribute to the
nutrient supply to the roots by way of diffusion. For most
ions, diffusion coefficients are in the region of 109 to
107 cm? S'. Phosphorus has the slowest diffusion
coefficient of 10" c¢m? S”. The plant requirement of
phosphorus is met mostly during diffusion. Fertilizer
applications can improve the mass flow and diffusion of
ions to the roots by increasing nutrient concentrations in
the soil solution. The increase in the clay content and the
lowering of soil moisture temperature slow down
diffusion. The addition of P and K increases the diffusion
gradient and helps to offset these retarding effects.

Diffusion coefTicient: See Diffusion, Fick's law
Digestion: See Degradable waste

Digger
Digger is a type of modern plow.

Dike

Dike or dyke is a non-permeable barrier erected around
water storage tanks. Dikes are also built around tanks in
chemical plants to contain spillage and prevent pollution
in the event of a mishap.

Dilatancy

In Newtonian fluids, the velocity gradient is directly
proportional to the shear stress. In non-Newtonian fluids,
viscosity increases as the velocity gradient increases; that
is, the faster the liquid moves, the more viscous it
becomes. Such liquids are said to be dilatants and the
phenomenon they exhibit is called dilatancy. It occurs in
some pastes and suspensions containing high
concentrations of suspended matter.

Dilatants: See Dilatancy

Diluent

Diluent is a substance that reduces the concentration of an
active material for a beneficial effect. Examples: (a) the
use of diatomaceous earth (diluent) with extremely
impact sensitive and explosive nitroglycerine to form a
much less shock-sensitive dynamite, (b) addition of sand
to cement to improve workability with no serious loss of
strength, (c) addition of an organic liquid having no
solvent power to a paint or lacquer to reduce the viscosity
and improve application properties. Diluents are also
defined as low-gravity materials used primarily to reduce
cost; for example, blown asphalt, wood flock, etc. in
rubber and plastic mixes.

Diluents, such as calcium carbonate, are added to
make a fertilizer formulation. In application, there is no
clear difference between a diluent and an extender.

Dilution effect

Dilution effect in nutrient management occurs when the
application of one nutrient results in a reduced
concentration of another nutrient, leading to a greater
uptake of the second nutrient. The application of the first
nutrient may be beneficial to the plant and may result in
increased yields. But its presence may have a dilutory
effect on another nutrient, leading to the greater uptake of
the latter.

Dilution effect is distinct from a negative effect since
there is no adverse or harmful influence. The addition of
sand to urea to get different grades of urea 40-0-0 from
46-0-0 is an example of dilution. Dilution of anhydrous
ammonia with water to give aqua ammonia is another
example. If the effect of one factor is influenced by the
effect of another factor, the two factors are said to
interact. The interaction may be positive, negative or
neutral.

Dimethipin

Dimethipin is used as a defoliant, to aid harvesting in
cotton plants and as a desiccant for potato vines. It
enhances the maturation process and reduces seed
moisture in the harvesting of rice, rape seed, flax and
sunflower.

DIN

DIN is a series of technical standards which originated in
Germany and is now used internationally. DIN is used to
designate electrical connections, film speeds and paper
sizes. In the size analysis of solid powders (like soil or
fertilizer), particle size separation is carried out by a
series of sieves of different openings. In Germany, DIN
sieves are used.

Dinoflagellates

Dinoflagellates are organisms which have rigid cell walls
made of cellulose encrusted with silica and two flagella
for locomotion. They are classified in a phylum of mostly
single-celled organisms, under Protoctista. They are
generally photoautotrophs and contain xanthophyll and
chlorophyll pigments. Some of the species are
bioluminescent.

Dipolemoment: See Liquid

Direct allelopathy

Allelopathy is the chemical inhibition of one plant (or
organism) by another, caused by the release of inhibiting
substances or toxins into the environment. When a plant
harms or kills the other plant by its toxins, it is a direct
allelopathy. For example, when the seeds of a weed
called dyer’s woad fall and rot, they emit a toxin into the
soil that kills the roots of nearby grass plants.
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Direct fertilizer subsidy

A subsidy is financial assistance granted by a government
or by a public body to keep commodity prices at
affordable levels. Direct fertilizer subsidy is one of the
most common forms of subsidies given to keep fertilizer
prices down. Many countries grant direct fertilizer
subsidies, mainly for nitrogen fertilizers.

Direct method for recovery of ammonia or
ammonium sulphate: See Ammonium sulphate
recovery by the direct method

Direct neutralization of ammonia for producing
ammonium chloride: See Ammonium chloride
production processes

Direct response: See Linear response

Direct slurry granulation process

Direct slurry granulation process is granulation directly
from slurry rather than from a powder form. (See also
Fertilizer granulation.)

Disaccharides

Low molecular weight condensation polymers of
monosaccharides are further classified into
disaccharides (two monosaccharide units) and
trisaccharides (three monosaccharide units). Sucrose
and maltose are examples of disaccharides.

Disc plow

The disc plow consists of a number of disc blades
attached to one axle or gang bolt (Fig.D.10). This plow is
used for rapid, shallow plowing.

Fig.D.10: Blades of a disc plow.

Numerous rocks and roots are present in fields. The
disc plow, which rolls over obstacles, is preferred to the
moldboard (another kind of plow). The disc plow is also
used for sticky soils that do not scour on a moldboard
(Fig.D.11).

Diseases of rice: See Rice, major diseases of

Disinfectant
A disinfectant is a chemical liquid that destroys micro-

th.D.f 1: Disc plow in operation.

organisms. Disinfectants are used to destroy harmful
micro-organisms or to inhibit their activity.

Disinfectants are either complete or incomplete.
Complete disinfectants destroy spores as well as
vegetative forms of organisms. Incomplete
disinfectants destroy vegetative forms of organisms but
do not injure spores.

Some disinfectants are: (a) mercury compounds
(mercuric chloride, phenylmercuric borate), (b) halogen
and halogen compounds (chlorine, iodine, fluorine,
bromine and calcium and sodium hypochlorites),
(c) phenols, including cresol from coal tar and
orthophenylphenol, (d) synthetic detergents (anionic,
such as sodium alkyl benzene sulphonates and cationic,
such as quaternary ammonium compounds), (€) alcohols
with low molecular weights, except methanol, (f) natural
products (pine oil), and (g) gases (sulphur dioxide,
formaldehyde, ethylene oxide, etc.).

Heat and electromagnetic waves are also used as
disinfectants.

A number of compounds like mercurous and
mercuric chlorides, copper sulphate or carbonate and a
mixture of zinc oxide and zinc hydroxide are employed as
seed disinfectants. The effectiveness of disinfectants is
rated by their phenol coefficient. Phenol is the standard
and the corresponding disinfectant measuring system is
called phenol coefficient. The disinfectant to be tested is
compared with phenol on a standard microbe (usually
Salmonella typhi or Staphilococcus). The disinfectants
that are more effective than phenol have a coefficient
more than 1. Those that are less effective have a
coefficient less than 1.

Disodium tetraborate decahydrate

Disodium tetraborate decahydrate (Na,B,O,-10H;0) is
the chemical name of borax.

Dispersing agent

A dispersing agent is a surface-active agent added to a
suspending medium to promote uniform and maximum
separation of extremely fine solid particles, often of
colloidal size. True dispersing agents are polymeric
electrolytes (polyphosphates) and lignin (derivatives). In
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nonaqueous media sterols, lecithin and fatty acids are
also dispersing agents.

Applications of dispersing agents are used to suspend
fine particles in wet-grinding of pigments and sulphur
and the preparation of ceramic glazes, oil well drilling
muds, insecticidal mixtures, carbon black in rubber and
water insoluble dyes.

Dispersion

Dispersion is the phenomenon by which a particulate
matter is distributed uniformly throughout a continuous
phase. Dispersion also means distributing or spreading a
substance over a wide area.

In a two-phase system, with one phase of finely-
divided particles distributed throughout a bulk substance,
particles are considered to be in the dispersed or internal
phase, and the bulk substance is considered to be in the
continuous or external phase. Under natural conditions,
distribution is seldom uniform, but under controlled
conditions, uniformity can be achieved. The various
possible systems are: gas/liquid (foam), solid/gas
(aerosol), gas/solid (foamed plastic), liquid/gas (fog),
liquid/liquid (emulsions), solid/liquid (paint) and
solid/solid (carbon black in rubber).

High sodium content in sodic soils disperses clay and
humus into individual hydrated particles. This dispersion
adversely affects water movement, root growth and
nutrient uptake by plants.

In foliar application, solid fertilizers should be
dispersed uniformly ina solvent (like water). The spray
then has a uniform concentration and there is no salt burn
on the leaves or clogging of the spray nozzle. The
blended mixture is considered uniform when the fertilizer
composition is uniform.

Splitting up of a ray of white light by refraction into its
component colors is also known as dispersion.

Dissociation

Dissociation is the reversible decomposition of molecules
into two or more simpler fragments, atoms, radicals or
ions. It may occur in the gaseous, liquid or solid state or
in a solution. For example, the dissociation of water
occurs as follows:

H,O0====H"+0OH

Thermal dissociation is induced by applying heat,
photo dissociation by light, electrolytic dissociation by
a solvent, or by electric discharge. All electrolytes
dissociate to some extent in polar solvents.

Dissociation is quantitatively expressed as the ratio of
the number of product molecules (moles) to all initial
molecules (moles) and is called the degree of
dissociation.

Equilibrium, characterized by a dissociation
constant, may occur during dissociation. For example,

NH,;NO; === NH," +NO;
CH;COOH === CH;CO0 +H"*

The energy necessary for splitting a bond is called
dissociation energy (the heat of dissociation) and its
value depends on the strength of the bonds in a molecule.
Molecules with lower dissociation energies split more
readily.

Dissociation energy is determined by calorimetry,
electron impact, spectroscopy or by kinetic methods.

Dissociation is an endothermic process and its rate
increases by increasing the temperature. Since
dissociation is accompanied by an increase in the number
of particles in the system, increasing the pressure shifts
the equilibrium toward undissociated molecules.

Dissociation constant

The equilibrium of a system is characterized by its
dissociation constant and is achieved during dissociation.
For example,

NH4NO; === NH,' + NO;

The dissociation constant (k) depends on the
temperature of the system and is expressed as:

. _[NH{] [NOS |
[NH,NO; ]

The dissociation constant of a complex compound or
a complex ion is the reciprocal of the stability constant of
the complex. The dissociation constant, which is a
measure of the electrolyte strength, plays an important
role in choosing complexing agents like EDTA and
EDDHA for complexing micronutrients for foliar
application.

Dissociation energy

Dissociation energy or heat of dissociation is the energy
required to break a bond. Its value depends on the
strength of the bonds in a molecule, those with lower
dissociation energies breaking more readily.

Dissolution

Dissolution refers to the action or process of dissolving
or being dissolved. Dissolution of a solid into a liquid is a
heterogeneous process in which the solid (solute) passes
into solution because of its interaction with the solvent
(for example, ammonium nitrate in water or foliar spray
preparation). Dissolution of solids begins at point defects
or dislocations of monocrystals and on the surface of
grains of polycrystalline compounds. The rate
controlling process may be either diffusion or some
elementary step of the phase reaction.

The Nernst equation for dissolution of a solid in a

liquid controlled by diffusionis:

3 kS (C;—0)

g u
where dc/dt is the time dependent variation of
concentration, S is the surface area of the solid, C is the
concentration, C is the concentration at the surface
determined by the solubility of the compound and k is the
rate constant.
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Donnan equilibrium

The rate constant (k) is determined by the ratio of
D/v3, where D represents the diffusion coefficient, v the
solution volume and § the thickness of the liquid layer
adherent to the surface of the solid (in which
concentration gradients exist even under vigorous
stirring and transport is realized by diffusion). Nernst
equation has no general validity, since not only diffusion
but also any step other than diffusion of the phase reaction
may become the rate determining step.

Dissolved bone

Dissolved bone
superphosphate.

is another name for bone

Dissolved oxygen

Dissolved oxygen content is one of the indicators of the
suitability of a water supply for biological, chemical and
sanitary investigations. Adequate dissolved oxygen is
necessary for the life of fish and other aquatic organisms
and is an indicator of corrosivity of water, photosynthetic
activity, septicity, etc.

A recent study in Hong Kong found that the lack of
oxygen in highly polluted waters can sharply alter the sex
ratio among fish, resulting in far more males than
females.

Distributional efficiency: See Efficiency

Distribution pattern of fertilizer application

The distribution pattern of fertilizer application through
an applicator is a measure of the uniformity of fertilizer
distribution in soil. It can be determined accurately on a
test stand where boxes with areas of 0.25m? are kept at
different places over the whole application width to
collect the fertilizer. The collected fertilizer is weighed
and the mean is calculated; the smaller the deviation from
the mean, the more uniform the distribution pattern.

DNA
DNA is short for deoxyribonucleic acid.

Dolomite

Dolomite is a carbonate of calcium and magnesium. Itisa
mineral of formula CaMg(CO,), with a rhombohedral
system. It has a density of 2.8 g/cc and hardness of 4 on
the Mohs scale.

Dolomite has a vitreous lustre which is between
transparent and translucent. It effervesces with hot
concentrated hydrochloric acid (HCI).

A carbonate-rich sedimentary rock of chemical or
biological origin contains 50% or more carbonate, of
which at least half is in the form of dolomite. The color of
dolomite is darker than limestone and does not give any
effervescence with cold and dilute HCI.

Dolomite may also contain iron and manganese.
Depending on the proportion of dolomite and calcite,

there are many transitional phases between calcareous
dolomites and dolomitic limestones.

Dolomite has multiple applications. It is used in the
manufacture of magnesium and its compounds. It is also
used as building material, as a refractory for furnaces, as
a fertilizer, for the removal of sulphur dioxide from stack
gases and in ceramics. (See also Limestone.)

Dolomitic hydrated lime

A dolomitic limestone, when calcined, forms a mixture
of oxides of magnesium and calcium. Upon hydration,
the mixture gives dolomitic hydrated lime with 42 to 50%
lime and 28 to 32% magnesium oxide. The hydration of
the mixed oxides can be carried out in a closed rotating
cylinder, with water being introduced as a fine spray or
steam.

Dolomitic hydrated lime has good neutralizing
power.

Dolomitic limestone

A major source of calcium carbonate is dolomitic
limestone. Limestone contains 4.4 to 22.6% magnesium
carbonate (MgCOs). Pure dolomite, on the other hand,
contains 54.3% calcium carbonate (CaCO;). The rest is
made up of MgCO;.

Donnan equilibrium
Donnan equilibrium is the dialysis membrane

equilibrium. It is set up in the presence of a low
molecular mass of colloidal electrolyte.

Donnan equilibrium is an electrochemical
equilibrium governed by electrical and diffusion
phenomena. A colloidal electrolyte Na*R of
concentration C; and sodium chloride (NaCl) of
concentration C, are placed together on one side of a
membrane with distilled water placed on the other side.
After some time, x moles of NaCl diffuse through the

membrane, creating the following situation at
equilibrium:
Aqua solution Distilled water
R(C) CI (x)
CI'(C,-x) Na' (x)
Na' (C, + C,-x)
Membrane

Only low molecular mass ions are in equilibrium
because the colloidal component does not traverse
through the membrane. The condition of equality of
chemical potential of the electrolyte on both sides of the
membrane leads to the following equation for x:

GG +C)
N ——
C, + 2G,

In the absence of the colloid (C,=0), NaCl is
distributed uniformly between both compartments; with
an excess of colloid (C,>>C,), NaCl passes
quantitatively into pure water.
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A special case of Donnan equilibrium is seen during
membrane hydrolysis. Both Donnan equilibrium and
membrane hydrolysis lead to the formation of a
membrane potential at the dialysis membrane.

Nutrients in the soil solution enter plants through their
roots by diffusion, with the cell wall acting as a
membrane. In saline soils, NaCl preferentially diffuses
through the root, bypassing the phosphate nutrients
because of their larger charge and size. This increases the
osmotic pressure inside the root, which has to be
overcome for diffusion or absorption.

Dermancy

When a plant is said to be dormant, it means the plant is
alive but not actively growing. Dormancy is a state in
which the growth of a specific plant part is not resumed
even though the environment supports germination,
seedling growth or development of other (apparently
identical) tissues of the same species or plant.

Dosing
Dosing is the practice of mixing waste material in the soil
to keep the soil aerated and to reduce clogging.

Dose is also the quantity of a substance administered
or the amount of ionizing radiation received by any
matter or living organism.

Double decomposition

Double decomposition entails a chemical reaction in
which two compounds exchange ions and typically
precipitate an insoluble product. For example,

AgNOs(aq) + KCl(aq) ——> AgCl(s) + KNO;(aq)

The reclamation of sodic soils with gypsum is a
classic example of double decomposition, where calcium
substitutes sodium and gets leached with water.

2NaCl + CaSO,42H,0 —> CaCl, + Na,S0O4 + 2H,0

Double superphosphate

Double superphosphate contains 42 to 45% phosphorus
pentoxide (P,Os) and less sulphur, unlike single
superphosphate. To make double superphosphate, a
higher ratio of sulphuric acid to rock phosphate is
maintained than that needed for single superphosphate.

Cas(POy), +3H,S0, —> 3CaS0,+2H;P0O,
4H;PO, + Ca3(PO4); —> 3Ca(H,PO,),

The phosphoric acid combines with rock phosphate to
produce a more concentrated superphosphate which is
used mainly as an intermediate for phosphopotash
products. In the production of double superphosphate,
phosphate rock is treated with a mixture of sulphuric acid
and dilute phosphoric acid.

Draa

Draa are very large sand dune formations, the
dimensions of which are in hundreds of meters and their
spacing in kilometers.

Drainage

Drainage refers to the removal of excess gravitational
water from soil by natural or artificial means. If the
downward gravitational flow of matter is impeded, the
result is waterlogging which leads to an anaerobic
condition called impeded drainage.

Drainage is a limiting factor for most plants. Surplus
water may be traced to a pond where the rate of
precipitation exceeds the rate of infiltration into the soil.
Alternatively, temporary or permanent water tables have
to be drained artificially to protect plant roots.

A cultivable land with drainage creates a favorable
condition for higher plants and micro-organisms. The
main advantages of a drainage system are that it (a)
improves soil aggregation, encouraging granulation and
better plant root development, (b) improves soil aeration,
biological activity, and nutrient uptake, (c) permits
satisfactory cultivation, and (d) lowers the specific heat
of the soil, reducing the energy requirement to increase
the temperature of the drained soil and thus ensuring
rapid seed germination.

Most crops grow better when wet soils are drained.
Waterlogging results in drooping leaves, decreased stem
growth rate, leaf abscission, leaf chlorosis, adventitious
root formation, decreased root growth, death of smaller
roots, absence of fruits and reduced yields. Rice, which
favors submerged and poorly-drained soils, is an
exception.

In arid or semi-arid areas, adequate drainage is
necessary for removing excess salt from the plant root
zone, for which an artificial drainage system is
established simultaneously with the irrigation system.
Drainage practices in humid regions are different from
those in arid regions. In humid areas, drains are made at
depths of 75 to 120 cm, while in arid areas they are made
at a depth of about 180 cm; the greater depth is meant to
leach out the excess salt below the root zone.

Surface drainage and sub-surface drainage are
among prevalent drainage systems. Surface drainage can
be achieved by constructing gently sloping open ditches
for water collection, making the soil surface smooth and
creating enough slope to facilitate water run-off. Burying
conduits on specified slopes is the most commonly found
subsurface drainage system. Surface drains can be used
on all kinds of soils but are especially preferred in the
case of fine-textured clay soils. Subsurface drains require
sufficiently porous soils for water to percolate through it
to the buried drain tile or porous tubing.

Surface drainage systems are best adapted to drain
flat or nearly flat soils. These systems are (a) are
slowly permeable, (b) are shallow over rock or fine
clay, (c) have surface depression that traps water,
(d) receive run-off or seepage from uplands, and
(e) require removal of excess irrigation water and/or
lowering of the water table.

The three principal surface drainage systems are open
ditch, drainage by beds and smoothing. These systems
include tile drainage, tube drainage, mole drainage,
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sump-and-pump drainage and special vertical techniques
such as relief wells, pumped wells and inverted or
recharged wells. Subsurface drainage systems have
become increasingly popular in recent years because the
prices of productive crop land make the installation of
drainage systems on wet and inexpensive land highly
preferable to acquiring better land.

Relative water polluting effects of sub-surface
drainage systems are found in high nitrate concentrations
in tile drain effluents. Surface drainage water has high
sediments and fewer soluble phosphates, pesticides, etc.

Drainage problems are generally uncommon in most
of the tropics where soils have high infiltration rates and
permeability. Heavy rains cause small accumulations and
depressions that drain off easily. In areas where drainage
is essential, surface ditches are employed.

Drainage basin

Drainage basin, also called watershed, topographic
watershed or catchment basin, is a region or a ridge of
land that separates waters flowing to different rivers,
basins or seas.

Drainage by beds

Drainage by beds, also known as bedding, is a type of a
surface drainage system. It is similar to an open 'W'
shaped drainage with one difference — namely, it has a
higher crown and a narrower gap between the drains.

Bedding is generally preferred in areas of high
rainfall and fairly level fields.

Drainage classes

The drainage class of a soil depends on the water table
and its fluctuations, permeability of the soil and
topography of the land. Interactions among these factors
determine the drainage classes which are: (a) exclusively
drained (dry soil), (b) well-drained (no gleyed spots), (c)
moderately well-drained (slight gleying), (d) imperfectly
drained (considerable gleying), (e) very poorly drained
(highly gleyed), and (f) not drained.

Dravite

Dravite is magnesium-rich tourmaline. It is a
borosilicate which is the main source of a boron-
containing mineral found in soil.

Dried slurry

There are several organic, peat-based and mineral
fertilizers available for use. Mixture of two or more are
commonly applied to suit each soil type, crop, etc.

Dried slurry is the organic component of such
mixtures, which are based on composted bark or lignite
or other organic materials such as spent mushroom
substrate.

Drift retardant
When a liquid is forced through a spray orifice under

pressure, a large number of extremely fine spray droplets
accompany the normal sized droplets. These 'fines’ can
easily drift from the target area even by a slight breeze. If
the spray is of a herbicide and if it is phytotoxic, the
drifted herbicides or the 'fines' can seriously damage
non-target plants and crops. A long chain polymer (like
anionic polyacrylamide) added to a spray tank to reduce
the number of fine spray droplets is known as a drift
retardant.

Drill

Seeds can be broadcast, drilled or dibbled. A drill is an
implement used for sowing seeds in rows or placing a
fertilizer at a certain position on or below the soil surface.
This process is known as drilling. Seeds and fertilizers
are drilled simultaneously in the soil, using an implement
called combine drill, usually down the same seed-tube,
and not by separate hoppers for seed and fertilizer
(Fig.D.12). Combine drill is usually recommended for
phosphate fertilizers. Fertilizers inserted below the soil
using the drill are called drilled fertilizers. The
combined drill gives good results with wheat, maize and
other cereals capable of withstanding contact with
fertilizers. This method is, however, unsuitable when the
rate of nitrogen application is higher than 25 kg/ha, as
this may lead to the burning of the seed.

Fig.D.12: Seed and fertilizer sowing drills: Modern type,
tractor mounted (1) and traditional, wooden type (2).

Drilled fertilizers

Fertilizers embedded below the soil surface using a drill
are called drilled fertilizers. This method of fertilizer
application is usually recommended for phosphate
fertilizers. (See also Drill.)

Drill placement

Drill placement is the method of applying fertilizers close
to the seeds and is commonly recommended for pre-plant
application. It is also called contact placement because
here the seeds and the fertilizer are sown together by way
of drilling. The major objective is to place the fertilizer in
the moist root zone.

Drip irrigation method

Drip irrigation or micro-irrigation is a method for
delivering a slow and frequent water flow to the soil,
using a low-pressure distribution system and special
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flow-control outlets. Here, water is conveyed through a
network of pipes and tubes and discharged through small
orifices at the base of the plants at a controlled rate
(Fig.D.13). The system economizes on water and is used
especially for high value cash crops in water-scarce
regions.

Fig.D.13: Drip irrigation method as used in a greenhouse.
Inset shows an emitter for controlled droplet application.

Drought

Drought refers to a condition of extremely insufficient
rains, which can adversely affect the region's economy.
Agricultural drought occurs when plant growth is
affected by the prolonged shortage of soil moisture.
(Fig.D.14). Moisture deficit results when water available
in the soil is not sufficient to meet the needs of potential
evapotranspiration of crops. Hydrologic drought is
common when reservoirs are depleted. Studies on the
incidence and prediction of droughts and measures to
combat the effects of droughts are important.
- 5 L " a

Fig.D.14: Land with clayey soils generally develop cracks
owing to drought.

Absolute drought describes a condition when there is
either no rainfall or very scanty rainfall (roughly less than
0.25 mm for 15 consecutive days). Partial drought is
said to have occurred when on at least 29 consecutive
days, the mean daily rainfall does not exceed 0.25 mm.
Drought is a period when crops need more water than that
which is available from rainfall and from water stored in
soil. Agriculturists use the Palmer index to express
drought intensity as a function of rainfall and hydrologic
variables. Drought is said to have occurred when
available moisture in the root zone is below 30% of the
water-holding capacity of the soil.

Drought can be determined in terms of the moisture
deficiency or aridity index, which is the ratio of annual
moisture deficiency to annual water need. Based on the
standard deviation (o) of the aridity index to analyze
droughts in arid zones, drought intensities are
categorized as follows:

o moderate
Ltoo large
cto2 severe
>20 disastrous

The intensity and duration of a drought determine its
effects. The occurrence of a short period of drought
reduces crop yield. Drought causes (a) depletion of water
in aquifers, (b) lowering of the water table, (c) an
increase in the salinity of water, and (d) scarcity of
drinking water. Long-term droughts have more
widespread effects. After a drought, water does not
penetrate deep into desert soils and the rate of
evaporation is high.

Another consequence of drought is the scarcity of
grasses and fodder, often leading to famine and migration
of human beings and livestock. The impact of drought is
reduced by irrigation, water reclamation, use of hybrid
seeds, re-afforestation and development of rangeland
grazing.

Cereal crops such as sorghum and millet are best
suited for cultivation under dry conditions. This feature is
known as drought resistance. Drought resistance is a
characteristic of plants suitable for cultivation in dry
conditions, regardless of the mechanism that provides the
resistance. There are some 30 factors (like the root to leaf
ratio, the reduction of leaf surface, etc.) which affect
transpiration and enable drought resistance. Cereals like
sorghum have bulliform cells or motor cells that endow
drought resistance. Some plants have a greater capacity
to survive desiccation, which is known as their drought
hardiness.

To improve the availability and use of soil moisture in
drought-prone areas, the following four techniques are
available:

(i) Improving soil moisture intake: The soil moisture
intake is improved by (a) planting cover crops which
produce ground cover and reduce run-off, (b) leaving
crop stubble or debris in place, which slows down the
run-off, (c) strip cropping, (d) spreading organic and
inorganic material on land to slow down run-off and
reduce evaporation, (e) tilling to improve infiltration,
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(f) applying chemical wetting agents to speed up
infiltration, and (g) constructing run-off bunds and
terraces, which physically retard the run-off.

(ii) Reducing evaporation losses: Moisture losses due
to evaporation can be reduced by (a) mulches, (b) anti
evaporation compounds - spraying of wax, hexadecanol,
bitumen, asphalt, etc., (c) removal of weeds by physical
extraction or with herbicides, (d) planting hedges or
shelter belts, and (e¢) wind breaks.

(iii) Reducing evapotranspiration losses: Reduction
of evapotranspiration is achieved by (a) cultivating crops
with low evapotranspiration, (b) removing deep-rooted
weeds, (c) spraying crops with suitable compounds to
reduce albedo, and (d) spraying with wax, silicone, resin,
rubber, latex, etc.

(iv) Reducing percolation losses: Percolation losses
can be reduced by (a) addition of hydrophytic material,
and (b) insertion of an impermeable film made of plastic,
rubber, etc.

Drought is the most serious threat to agriculture
because of the frequency with which it occurs in the
regions prone to it. Efforts made to control drought range
from planting more trees to cloud seeding.

Drought, absolute: See Drought
Drought hardiness: See Drought
Drought resistance: See Drought

Drouinean method for active lime determination

Lime activity is determined by the Drouinean method
which is usually applicable to soils containing more than
8% total lime. The lime is treated with excess ammonium
oxalate. Calcium oxalate precipitates from active lime
and the excess oxalate of ammonium is determined by
titration with potassium permanganate after acidification.

Dry ashing

Ashing refers to the phenomenon of burning a plant. It
leads to the breaking down of complex compounds into
simpler ones, which is an important step in analytical
work. When ashing is done by heating the sample, often
with sodium carbonate, it is called dry ashing.

Dry combustion method

Dry combustion method is another name for the Dumas
method.

Dryer

The term “dryer” refers to equipment used for drying
food products, textiles, paper, chemicals, fertilizers, etc.

A dryer is a machine or device for drying something.
Numerous types of equipment are used in chemical
industries to remove water from a product during
processing. The major types of dryers include the
following:

Belt dryer, Centrifugal dryer, Convection dryer,
Conveyor dryer, Flash dryer, Fluid-bed dryer, Freeze
dryer, Pan dryer, Rotary drum dryer, Rotary tray dryer,
Rotary vacuum dryer, Screw dryer, Spray dryer,
Tubular dryer, Tunnel dryer, Truck tray dryer and
Vibrating dryer.

A dryer also means a substance that is used to
accelerate the drying of paints, varnishes, printing inks,
etc. The drying is done by catalyzing the oxidation of
drying oils or synthetic resin varnishes, such as alkyds.

Commonly used dryers are salts of metals with a
valence of two or more and unsaturated organic acids.
The approximate order of effectiveness of the more
common metals is cobalt, manganese, cerium, lead,
chromium, iron, nickel, uranium and zinc. These are
usually prepared as linoleates, naphthenates and resinates
of the metals. Paste dryers are commonly metal salts such
as acetates, borates or oxalates dispersed ina dry oil.

Dry farming

Dry farming, also called dry land farming, is carried out
in arid and semi-arid areas without irrigating the land but
with techniques to conserve moisture. The technique
consists of cultivating a given area on alternate years and
allowing moisture to be collected and stored in the fallow
year. Moisture losses are reduced by mulching and by
removing weeds.

In Siberia, where melting snow provides much of the
moisture for spring season crops, the soil is plowed in
autumn, providing furrows which can collect snow and
prevent it from evaporating or being blown away by
winds. Usually, alternate narrow strips are cultivated to
reduce erosion in the fallow year. Dry farming methods
are also employed in the drier regions of India, Canada,
Australia and the erstwhile USSR.

Dry formulation

A dry formulation, also called dry mixing, is a mixture
of ingredients either in a dry condition or in a shurry
which is granulated, prilled or flaked as it dries. The
ingredients have to be safe for mixing and storing as well
as chemically and physically compatible with each other.
The formulations should use uniform particle sizes to
reduce segregation and have a high critical relative
humidity to spread the formulation at ambient humidity.
The granules produced remain stable, hard and dust-free.

The simplest method of producing a micronutrient
mixture is to dry-mix it with the primary nutrient
materials. This method works well with non-granular
materials, when all materials are of fine texture (say, 1
mm or less), and when the segregation is not significant.
In countries like the Philippines, farmers turn to dry
mixing according to their requirements.

Bulk blending is a form of dry mixing in which all
nutrients are granular (1 to 3.3 mm diameter). For
example, boron is incorporated in a superphosphate
based phosphorus and potassium mixture so that the
fertilizer can supply 0.2 t0 0.5 % boron.
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Dryice

Solid carbon dioxide is known as dry ice. It is produced
by cooling gaseous carbon dioxide under pressure.

Dry ice is used in refrigeration, carbonated drinks and
fire extinguishers. It is also a constituent of medical
gases, as it promotes exhalation.

Drying
Drying entails the removal of about 90 to 95% of water
from a material, usually by exposure to heat.

Industrial drying is performed by both continuous and
batch methods. The type of equipment and temperatures
used depend on the physical state of the material - liquid,
solution, slurry or semi liquid (paste), solid or sheet.

Continuous drying: The rotating-drum dryer is used
for flaked or powdered products (soap flakes); a heated
metal drum revolves slowly in contact with a solution of
the material, the dry product being removed with a doctor
knife. In paper manufacture, drying is performed by a
battery of staggered steam heated revolving drums
located at the dry end of the four drinier machine, the
paper passing around the drums at high speed. The
moisture content is reduced from 60% to about 5%. In
spray drying, milk, egg-white and other liquid food
products are passed through an atomizing device into a
stream of hot air. Ammonium nitrate is prilled in this
method by spraying a solution from the top of a tower
with hot air blowing upwards.

In tunnel drying, the product travels on a conveyor
belt through a heated chamber of considerable length.

Batch drying: Steam jacketed pans are used if the
material is in a paste or slurry form, or in removable trays
placed in an oven, if in solid units (fruits, vegetables,
meats, etc). The revolving tube dryer used for granular
solids and coarse powders is a long, horizontal cylinder
in which a current of warm air runs counter current to the
movement of the material.

Freeze-drying is a specialized technique utilizing a
high vacuum and low temperatures.

Dry land farming: See Dry farming

Dry land plants

Dry land plants, known as xerophytes, grow and survive
in unfavorable habitats, such as dry soils (Fig.D.15) orin
extremely dry or arid conditions. (See also Xerophytes.)

Dry mixing
Dry mixing is another word for a dry formulation.

Dry season

In tropical regions, especially in south Asia, the year is
divided into wet and dry seasons and cropping patterns
are designed accordingly. The October to April - period
generally comes under the dry season when water
deficiency occurs, as stored water level comes down
because of evapotranspiration.

Fig.D.15: Various cacti are true dry land plants.

DTPA soil test

DTPA stands for diethylenetriaminepentaacetic acid.
The DTPA soil test is calibrated for most crops. Its
general interpretation for extractable micronutrients has
now been documented. The knowledge of chelate
stability in the soil provides the basis for developing the
DTPA soil test for Fe, Zn, Cu and Mn.

Dual application of anhydrous ammonia

Dual application of anhydrous ammonia means its
simultaneous application as a nitrogen source as also with
fluid or solid P, K and S fertilizers.

Dual salt process for ammonium chloride

Dual-salt process (modified solvay process) is the most
important method used for producing ammonium
chloride. Here ammonium chloride and sodium
carbonate are produced simultaneously using carbon
dioxide, common salt and anhydrous ammonia as the
principal starting materials. (See also Ammonium
chloride.)

Dumas method for analysis of total nitrogen

The analysis of total nitrogen is done by two methods,
namely, the Dumas method (also called the dry
combustion method) and the Kjeldahl method (also
called the wet oxidation method). In the Dumas method,
the sample is weighed, mixed with cupric oxide and
heated in a tube to 1800 to 2000°C in a stream of oxygen.
The oxygen converts any nitrogen present in the
compound into oxides of nitrogen which are passed over
hot copper (at 650°C) to reduce them to nitrogen gas.
The carbon dioxide and water vapor formed are absorbed
in chemical traps. The nitrogen gas formed is collected
and its volume measured, from which the mass of
nitrogen or the total nitrogen content is determined by gas
chromatography with a thermal conductivity detector.
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The relative molecular mass of volatile liquids is
calculated by weighing. An empty thin-glass bulb with a
long narrow neck is first weighed at a known
temperature. A small amount of the sample is then
introduced in the glass bulb, heated (in a bath) to drive out
airand vaporize the liquid, after which the tip of the neck
is sealed, the bulb cooled and weighed as before. Filling
the empty bulb with water and weighing it again gives the
volume. The vapor mass is estimated from the air
density.

Dune

Dune is a ridge or hillock of sand or other sediment
created by the wind. It is formed wherever bare sands are
attacked by violent winds - on coasts, riverbeds, glacial
margins or deserts. However, it is in the desert that dunes
cover the largest area. They can occur in isolation or as
fields of many separate or joint dunes (called erg) and can
be mobile or fixed (Fig.D.16).

Fig.D.16: Sand dunes cover large areas either as separate
or joint dunes.

There is no commonly accepted classification of
dunes. This is partly because of their complexity and
particularly because numerous intermediates and special
forms have to be accommodated in any classification.
Nevertheless, some dune types are widely recognized.
Draa are very large dune formations, the dimensions of
which are in hundreds of meters and with hundreds of
kilometers between them. Barchans and transverse ridges
are two other types of dunes. Parabolic or blow-out dunes
are hairpin or spoon shaped. Longitudinal or seif-dunes
are sometimes hundreds of kilometers long, as can be
seen in the Sahara or some Australian deserts.

The maritime dune formed on shores is generally
asymmetrical in shape because of wind action. The slope
facing the wind direction is gentle. The maritime dune is
unstable, can move several meters and can rise up to a
height of 150 min a year.

The continental dune is formed inland and exhibits
near-perfect symmetry, if there are no dominating winds.
It can attain a height of several hundred meters.

Dung
Dung, also termed as feces or excreta, is the solid waste
or undigested material expelled by animals. It contains
bacteria and dead cells and is used as manure. It is also
used as a soil amendment, soil conditioner, biogas input,
domestic fuel, and as the main ingredient of farmyard
manure (FYM). On a dry weight basis the NPK
percentages in dung are approximately 1.57, 0.56 and
1.05, respectively.

The dark-colored liquid that drains from a heap of
dung manure and consists of soluble compounds of
ammonia and organic matter, is called dung liquor.

A pit used for dung or manure is called dung mere.
Dung liquor: See Dung
Dung mere: See Dung

Dunnage

Dunnage, a prerequisite for storage, is a platform built on
the floor of a godown and used for keeping fertilizer
bags, thereby preventing them from coming into contact
with the floor. Generally, it is made of wooden planks,
bamboo or plastic. (Fig.D.17).
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Fig.D.17: Platform of wooden planks used in godowns for
storage of goods.

Dust: See Dust, an environment issue

Dust, an environment issue

Dust is made up of finely divided solid particles. Dust
may have damaging effects on humans and animals when
inhaled. It also constitutes a fire hazard. Dust can thus be
an environmental concern.

Dusts are suspensions of particles of 10 microns or
less in diameter, though sizes of up to 50 microns may
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also be present. Such dusts include (a) metallic particles
of all types, some being more harmful than others,
(b) silica, mica, talc, quartz, sulphur, clays, calcium
carbonate, asbestos, etc., and (c) organic materials such
as chemicals, pesticides, fertilizers, flours, cellulose,
coal, etc. Dust particles ranging from 0.5 to 2 microns
size are most damaging to the lungs. Silicosis is caused by
chronic exposure to uncombined silica or quartz in mines
and quarries. Dust suspensions in enclosed industrial
areas pose a fire hazard regardless of the chemical nature
of the dust. An explosion may be initiated by a spark or an
open flame.

Dust collecting bags, dust collectors or electrostatic
precipitators can be used for dust control. A threshold
limit value for various dusts is available in literature.

Dustiness

Handling of large quantities of fertilizers and raw
materials creates dustiness. The dust can lead to (a) loss
of material during the process, (b) environmental
pollution, and (c) exposure of employees to dust hazard.

Like many industries, the fertilizer industry generates
dust. The most common reasons for dust in granular
fertilizers are (a) inefficient screening, (b) poor
conditioner adherence, (c) friable granules which abrade
easily, and (d) granular surface dust created in the
process.

The extent of dustiness of a fertilizer is normally
measured by passing the sample through a counter
current airflow inside a 'dusting tower' and measuring
weight loss. The counter-current airflow is adjusted to
entrain a specified particle size (dust) while allowing the
granules to fall to the bottom of the tower. The equipment
can also be used to evaluate chemical conditioners, such
as kaolin's adherence to granular fertilizer.

A dust control treatment involves spraying the
fertilizer with a petroleum oil-based liquid so that
dust particles adhere to the granules, or agglomerate
and do not become air borne. Oils of high
paraffin content or amines enhance dust control
properties.

Particle collection systems or devices for control of
particulate matter may be considered on the basis of
structural or application similarities in several principal
categories. These are the gravity settling chamber,
inertial device, packed bed, cloth collector, scrubber,
electrostatic precipitator and air filter.

Dyer's reagent

Dyer's reagent is a 2% solution of citric acid with a pH
equal to 2, used for the estimation of available
phosphorus in the soil. It corresponds to root action.

Dyke

Dyke or dike is a non-permeable barrier erected around
tanks or chemical plants to contain spillage and prevent
pollution.

Dynamic equilibrium
A chemical reaction in which the forward and the reverse
reactions proceed simultaneously at equal rates is said to
be in dynamic equilibrium. Each chemical reaction can
be understood kinetically as reversible having different
rates in the forward and reverse directions. The observed
rate of change of concentration is then the difference
between these two rates, and this difference, due to the
lowered forward rate and increased rate of the reverse
reaction, may gradually become zero. Any further
movement of the reaction toward the product is thus
stopped and the system is in chemical equilibrium. The
apparent equilibrium constant K, is expressed as the ratio
of the rate constants of the forward and reverse reactions,
such as:

K,
where K. = K,/ K_;, and A and P are the reactants and
products, respectively.

This equation links kinetics to thermodynamics and is
followed exactly by elementary sulphur reactions. From
the kinetics stand point, the reaction is not at a standstill
but occurs at equal rates bi-directionally. The
equilibrium between the solution potassium ion (K*)
and the exchangeable K* ion in soil is an example of
dynamic equilibrium.

Fixed ~ ___~_ Exchangeable __~_ Solution
Potassium ™ potassium potassium

Dyne's rain gauge

Dyne's self-recording rain gauge is used for recording
the time of rainfall and determining its intensity and
duration. The continuous type of recording rain gauge
uses a calibrated spring balance to record the weight of
precipitation, on a clock-driven chart.
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Early district

Ecology

Early district: See Early soil

Early soil

A soil that warms up rapidly in spring and is more capable
of supporting the early growth of a crop than other soils in
the area is called an early soil. Early district is an area
occupied by early soils.

Earthworms

Earthworms are important soil organisms. They aerate
and stir the soil, facilitating better water infiltration and
easier root penetration. Their presence is useful to
agronomists, gardeners and fishermen. Being
saprophytes, earthworms live only on dead organic
matter. They do not consume living vegetation like
destructive cutworms do.

Moist, well aerated, warm soils with a pH between 5
and 8, and low salt concentration are the conditions best
suited to earthworms. Earthworms flourish in fairly deep
soil with a medium or fine texture and high calcium
content, and in soil undisturbed by tillage. Mice, moles,
mites, millipedes, ants, strong insecticides and heavy
machinery kill earthworms.

Earthworm species such as Eisenia foetida and
Uginus ugini (Fig.E.1) are used for making
vermicompost, an organic manure.

T
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Fig.E.1: Adult earthworms of (1) Eisenia foetida, and
(2) Uginus ugini.

Earthworms significantly influence soil structure,
fertility and crop productivity. Several methods have
been developed to estimate their numbers in soils. These
methods are mainly: (a) physical, in which earthworms
are removed from the soil for a physical body-count, (b)
behavioral, in which earthworms are stimulated to move
out of the soil and be counted, and (c) indirect, wherein
the number of earthworms are estimated by trap catches
or from other physical evidence. There are other
methods: hand sorting, washing and sieving, chemical
and electrical expulsion, and trapping. (See also
Vermicompost.)

Easily accessible water

Easily accessible water (EAW) is the fraction of usable
water in soil that is easily available to plants.
Approximately, two thirds of useful available water is
easily accessible. Only when EAW is exhausted, do
plants need to be protected against drought.

A precise estimation of EAW is difficult because it is
largely dependent on the root system and evaporation
conditions. A rough estimate of EAW is obtained from:

d fine earth

BD
EAW = 0.66 x F(RC - PWP)

where BD is the bulk density, RC is the retention
capacity, PWP is the permanent wilting point and d is
the rooting depth in cm.

East lothian rotation

East lothian rotation is a crop rotation system with six-
course rotations (See Crop rotation.)

EAW
EAW is short for easily accessible water.

EAY
EAY is short for equivalent area yield.

EB horizon

EB or AB horizon is a transition soil horizon between A
or E horizon and B horizon. It has dominant
characteristics of an overlying A or E horizon and
subordinate properties of an underlying B horizon.

Ecology

Ecology is the branch of biology dealing with the totality
of the interrelationships of living organisms with the
external environment. It is concerned with fundamentals
common to all living systems. The term autecology
refers to the study of environmental relations of
individuals or species, whereas synecology refers to the
study of groups and communities of organisms.

Systems ecology is a new branch of ecology in which
mathematical concepts are used to explore qualitative and
quantitative interrelations of living organisms at a
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number of levels. Ecology has been subdivided for
convenience on the basis of environment or habitat, such
as marine ecology, fresh water ecology or terrestrial
ecology.

Though ecology deals primarily with biological
phenomena, it does involve the chemistry of nutrients,
metabolism, photosynthesis, etc. in plants and animals,
and the interfering systems or processes. Thus,
insecticides, oil spills, chemical waste disposal, air and
water pollution, and radioactive contaminants have a
direct bearing on the ecology of a given area.

Economic efficiency

Economic efficiency is achieved when all economic units
operate at their optimum levels.

Economic yield

Economic yield refers to the economically useful parts of
a biological yield, such as the seed. Economic yield is the
proportion of crop yield that has an economic value and
that can be traded.

Ecosystem: See Agroecosystem research

ECP
ECP is short for exchangeable cation percentage.

Ectomycorrhizae

Ectomycorrhizae is one of the two common types of
mycorrhizae. In this type, the mycorrhizal fungi form a
mantle or sheath on the root surface of host plants, and
the hyphae penetrate only between the cells. (See also
Mycorrhizae.)

Ectoparasite

A parasite that lives on the exterior of its host is an
ectoparasite.

Edaphology

Edaphology is a branch of science that studies the
influence of soils on living organisms, especially plants.

Edaphic means something relating to the soil, or
produced or influenced by the soil. A very alkaline soil
may be the edaphic factor limiting plant growth in a
particular location or region.

EDDHA

EDDHA is short for ethylenediamine di-o-
hydroxyphenylacetic acid. It is a chelating agent
(C1sH2404N,) that forms a chelate, which complexes with
metal ions. Fe-EDDHA, which is stable over an entire
pH range, is commonly used as an iron fertilizer because
of its affinity to iron. The comparison of a soil treated
with iron chelates, such as EDTA (ethylenediamine tetra-
aceticacid), DTPA (diethylenetriaminepentaaceticacid)
or EDDHA shows that EDDHA is most effective in
making iron available to plants. The structural formula of
EDDHA is shownin Fig.E.2.

n

~" “CH.NH.CH,.CH,.NH.CH”
COOH HOOC
Fig.E.2: Structural formula of EDDHA.
Edible oil

Edible oil is oil that is fit for human consumption. Like
any fat or oil, edible oils are glyceryl esters or glycosides
of higher fatty acids. Edible oils that are liquids at normal
body temperature are called oils. Edible oil is used
primarily in food-stuffs (salad dressing, margarine, etc)
and for cooking. Olive, safflower, cottonseed, coconut,
peanut, soybean and corn oils are all edible oils, some of
which may be hydrogenated to a solid form. They vary
in degree of unsaturation, ranging from 78% for
safflower to about 10% for coconut. Castor oil, though
technically edible, is not usually considered edible.
Medicinal oils are generally not derived from animal
sources.

Edible oil cakes

Qil cakes suitable for cattle feed are called edible oil
cakes. Coconut and groundnut oil cakes are examples of
edible oil cakes. These are also used as fertilizers.

EDTA

EDTA is short for ethylenediaminetetraacetic acid, an
amino polycarboxylic acid. It is a tetraprotic acid and is
represented as H,Y with four carboxyl groups and two
nitrogen atoms (Fig.E.3) acting as ligand sites. Thus the
compound is a hexadentate ligand. Ligands include ions
such as CI', NO, and CN" or neutral molecules like NH;
and H,O, which possess a lone pair of electrons that can
be shared with a metal cation in coordinate covalent bonds.

4"

0OOCH,C CH,CO0O

N - y
N-CH,-CH, - N y4

1

00C H,C CH,COO

Fig.E.3: Structural formula of EDTA.

The water solubility of EDTA is very low and,
therefore, its di-sodium salt Na,H,Y-2H,0 is commonly
used in titrations. The Y* forms very stable, one-to-one
complexes with practically every metal ion in the
Periodic Table. The reactions are carried out in a neutral
or alkaline medium as the complex decomposes in acidic
medium.

EDTA is used (a) as an antidote in lead poisoning
because it binds to lead ions (Pb?*) and prevents it from
inhibiting important enzyme functions, (b) to bind iron
and calcium and as a water softener in products like
shampoos, (c) to tie up metal ions that catalyze oxidation
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(and hence deterioration) of the food product, (d) to
increase the storage life of whole blood by removing free
calcium ions (Ca?*) to inhibit clotting, and (e) for
extracting trace elements, especially copper. EDTA
metal complexes, such as NaFeEDTA, MnEDTA,
ZnEDTA and CuEDTA are used as fertilizers and foliar
sprays.

EFy

EFj is short for biological enrichment factor. It is the
ratio of an element in an organism to that of the same
element in a crystal rock.

Biological enrichment factor varies with the
jonization potential of elements. It depends on the
hydrolysable nature and the oxyanion forming nature of
the element. (See also Banin-Navrot plots.)

Effective nodule for nitrogen fixation

Nitrogen-fixing bacteria, like the various strains of
Rhizobium and Bradyrhizobium, fix gaseous nitrogen and
convert it into ammonia (NH,). This activity is carried
out after they colonize the roots of legume plants like
peas, beans, soybean, alfalfa, clover, etc. The plants
react to this infection by producing tumor-like swellings
called nodules. This marks the beginning of a biological
symbiotic relationship where the plant becomes a host to
the bacteria, providing them with energy, in exchange for
nitrogen necessary for the production of protein.

All the nodules do not have fixed nitrogen. Root
nodules that are large and round (as in the case of
soybeans and peanuts) or small, rounded or cylindrical
(as in clovers, alfalfa), often clustered on the roots, and
always pink or reddish pink are effective nodules. The
color is due to the leghemoglobin pigment which
indicates nitrogen fixation (Fig.E.4). Greenish color of
the nodules indicates ineffective nodules.

Fig.E.4.: Root nodules of soybean containing pink
pigment, leghemoglobin.
The vigorous growth of plants and the green color of
grasses in a typical grass-legume pasture are the evidence
of effective nodulation.

Effective nodulation depends on the number of
bacteria present, the kind of legumes grown, the supply
of N fertilizers, soil conditions, and the availability of K,
Mg, Ca, Fe, Mo, Cu and B. A constant supply of
nitrogen fertilizers discourages N-fixation by bacteria

because the plant does not need excess nitrogen. As a
logical extension, effective nodulation is observed to be
significant in poor soils. The more the supply of
phosphorus, the more abundant are the nodules.
Generally, magnesium is considered more important for
nitrogen fixation than is calcium. Mo, Fe and B are also
considered necessary for nitrogen fixation to take place.
Care should be taken to ensure the availability of Mo to
plants growing in soils rich in Mn and Fe. (Mo may be
ideally supplied with the inoculum itself.)

Effective management practices may be evolved
with the above indicators in mind, for maximizing the
formation of effective nodulation.

Effervescence

Effervescence is the release of carbon dioxide (CO,) or
gas by the action of an acid (like hydrochloric acid) on a
carbonate or a salt. For example:

CaCO; + 2HCl — CaCl, + COA + H,0

This reaction is used in soil science to grade the soil
carbonate content. For instance, if there is no
effervescence, carbonate content is less than 1%.
Similarly, the carbonate content of 1 to 10% results in
slight effervescence, of 10 to 20% in moderate and more
than 20% in brisk effervescence.

Calcium carbonate is used to neutralize acidic soils
and the presence of excess carbonate affects the
micronutrient availability to plants.

Efficiency

Efficiency is a measure of output. It is the measure of,
say, the crop yield or nutrient uptake (which are an
outputs) for every unit of fertilizer deployed (which is an
input). If one kg of a fertilizer produces 10 kg grain and
another produces 8 kg from the same soil and under
identical conditions, the first fertilizer is said to be more
efficient than the second one.

Efficiency is expressed as a percentage of the output
to the input of power, etc. and is expressed as:

Output

%

Efficiency =
[nput

Efficiency is considered under different headings as
defined below.

(i) Mechanical efficiency deals with how well a
machine converts energy from one form to another. For
example, an engine converts chemical energy or heat
energy from fuel into mechanical power and causes
torque and rotation of the engine crankshaft. All energy
in the fuel is not converted into torque and shaft rotation,
as a majority gets converted into heat and escapes through
the radiator and the exhaust. Therefore, engines are not
100% efficient. A typical petrol engine is about 35%
efficient; a diesel engine is slightly better. An electric
motor, however, has a high efficiency. It converts
electrical energy into shaft rotation and torque with an
efficiency of around 95%.
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Effluent

(ii) Performance efficiency refers to the quality of
work done by a machine. For a harvesting machine, the
performance efficiency is a measure of the actual
performance compared with the ideal or desired
performance. If a machine is to perform more than one
operation (combine), we could measure the bushels of
grain harvested compared with the total baskets of grain
in the field. The combines could also be evaluated
according to the amount of damaged grain. Other
harvesting machines could be evaluated on the basis of
the amount of damaged fruits or the number of cracked
shells.

(iii) Field efficiency compares the amount of work or
volume of activity done by a machine with its real
capacity. A machine is capable of covering ground at a
rate determined by its width and the speed of travel. If the
machine is operated with a constant width and speed, it
will operate at 100% field efficiency. A machine can
operate at 100% field efficiency for short periods, but as
soon as the speed changes (slows down for turns, etc.) or
the width changes (overlap width of the machine to
prevent skips), it operates at less than 100% efficiency.
Machine field efficiencies of less than 100% are caused
by lost (or unproductive) time and the failure to use the
full working width. Some field efficiencies of common
agricultural machines compiled from various data are
givenin Table-E.1.

(iv) Economic efficiency refers to a situation in
which all the economic units are deemed to operate at
their optimum levels, and at the lowest costs. This kind
of model demands 3 types of efficiencies which are (a)
productive efficiency, where the costs of production are
kept at a minimum while producing output, (b) allocative
efficiency, in which only the most essential types of
output (goods and services) are produced by an economic
unit, thus minimizing wasteful allocation of resources
(such as funds, manpower, technical skill, time, etc.),
and (c) distributional efficiency where the output is
equally and proportionately shared among the
consumers, again ensuring optimal utilization of
resources to the user’s satisfaction. This situation is said
to operate in the environment of perfect competition. In
this hypothetical industrial structure, many small firms
(so small that no one firm can singly dominate or
monopolize the supply or price situation) compete to sell
a single product. Other assumptions are that there is a
multitude of buyers; there are no exit or entry barriers
and all want to maximize profits.

Although in real life, attainment of economic
efficiency is fraught with a barrage of constraints (like
transportation difficulties, changes in demands, changes
in costs of inputs, loss incurred due to damage caused to
output, lack of communication of information, etc.) it
forms a strong basis for the comprehension of efficiency,
as aconcept.

Efficiency of nutrient utilization

Efficiency of nutrient utilization is defined as the ratio of
biomass to the total amount of nutrient in the biomass.

Table-E.1: Efficiency and speed of common

agricultural machines.
Type of machine Field efficiency (%) Field speed
(km/hr)
Range | Typical | Range |Typical
Tillage
Moldboard plow 70-90 80 3.0-6.0] 4.5
Heavy duty disk 70-90 85 3.5-6.0] 4.5
Tandem disk harrow 70-90 80 3.0-60] 40
Chisel plow 70-90 85 4.0-6.5] 4.5
Field cultivator 70-90 85 3.0-8.0{ 5.5
Spring tooth 70-90 85 3.0-6.0] 5.0
Roller packer 70-90 85 4.5-7.8] 6.0
Rotary hoe 70-90 80 5.0-10.04 7.0
Row crop cultivator 70-90 80 2.5-5.0{ 3.5
Rotary tiller 70-90 85 1.0-4.5] 3.0
Planting
No-till planter 50-75 65 2.0-4.0] 3.0
Conventional planter | 50-75 60 3.0-7.0] 4.5
Grain drill 65-85 70 2.5-6.0] 4.0
Harvesting
Corn picker 60-75 65 2.0-4.0] 2.5
Combine 65-80 70 2.0-5.0] 3.0
Mower 75-85 80 4.0-7.0] 5.0
Mower conditioner 55-80 75 3.0-6.0] 4.
Baler, small 60-85 15 2.5-5.0] 3.5
Forage harvester,
(Pull type) 50-75 65 1.5-5.0] 2.5
Self propelled forage
harvester 60-85 70 1.5-6.0] 3.0
Sugar beet harvester | 60-85 70 2.5-5.0( 3.0
Potato harvester 55-70 60 1.5-4.0] 2.0
Cotton picker or
stripper 60-75 70 2.0-4.0] 3.0
Miscellaneous
Fertilizer spreader 60-70 70 3.0-5.0] 4.5
Field sprayer 50-80 65 3.0-7.0] 6.5
Beet topper 60-80 70 [2.0-3.0] 2.5

The concentration of mineral nutrients must be above a
critical level for optimal functioning of the enzymes, the
collective activities of which culminate into growth. The
efficiency of nutrient utilization is made of two
components - the utilization quotient and biomass
production.

Efficiency of water use: See Water use efficiency

Efflorescence

Efflorescence refers to the loss of combined water
molecules by a hydrate when exposed to air, resulting in
partial decomposition (indicated by the presence of a
powdery coating on the material). This occurs commonly
with washing soda (Na,CO,-10H,0) which loses almost
all its water constituents spontaneously.

Effluent

Effluents are fluids (including water) discharged from
domestic, industrial or municipal waste collection
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systems or treatment facilities. An effluent can also be a
waste product in gaseous or liquid form discharged
through a pipe or a similar outlet from a chemical or
industrial plant.

Most effluents pollute the surrounding environment
with their harmful contents. For example, the alcohol
industry uses molasses and malt as raw material. The
effluents from this industry have high concentrations of
soluble salts, highly acidic pH, high temperatures, high
BOD:s (biological oxygen demand) and CODs (chemical
oxygen demand), all of which are harmful. Besides, most
of them have an unpleasant smell and are of a deep yellow
to dark brown color due to their lignin content. Paper
industry effluents have a medium to high concentration of
salts, high BOD and COD, suspended solids and a toxic
concentration of silica. The BOD, the COD and the
suspended solids decrease if treated in a conventional
treatment plant. But even so, lignin often remains un-
degraded and salinity levels remain unchanged. Such
effluents can contaminate ground water.

Waste waters or effluents are increasingly regulated
to prevent pollution of ground and surface waters.
Although irrigating with effluents does partially clean the
water by percolation through soil, not all contaminants
can be removed from the effluent water, as soluble salts
continue to flow to ground or surface waters.

Effluent disposal on land or into waters is permitted
only if it does not cause (a) extensive groundwater
pollution and a public health hazard, (b) the accumulation
of hazardous substances (for example, mercury,
cadmium salt, pesticides, etc.) in the soil or water and
thereby into the food chain, (c) the accumulation of
pollutants such as odor into the atmosphere, and
(d) aesthetic losses.

Eh

Eh is the voltage difference between a reference electrode
for hydrogen and a calomel electrode in a solution. It
represents differences in the redox potential of an
oxidation-reduction system. The voltage difference
between a hydrogen electrode and calomel electrode is
0.248V.

Eh = E measured + 0.248 V

Eh is used to study redox potential of a system. Thus,
in the soil, there is exchange of electrons between redox
systems like Fe?+/Fe*+, Mn2+/Mn** and the potential
difference varies between 900 mV and 300 mV. The
variation in Eh depends on several factors such as the
concentration of the metal, moisture content, pH, organic
matter content and the presence of microflora.

E horizon

E horizon is a soil horizon from which particularly large
amounts of material (such as clay and iron) have been
removed by leaching. E represents the word eluvial.
Eluviation means translocation of weathered products
from an upper horizon to a lower horizon. E horizons are

usually lighter in color than either the overlying A or the
underlying B horizons.

EHU

EHU is short for erosion hazard unit.

Elbaite

Elbaite, a lithium rich variety of tourmaline, is a
borosilicate. Elbite is the main source of a boron
containing mineral found in soil.

Electrical conductivity

Electrical conductivity of a material is a measure of the
ease with which it conducts electricity. The electrical
conductivity of a material is the reciprocal of its
resistivity and is measured in Siemens per meter in SI
units. Electrical conductivity is used to measure the
salinity of soil solutions with an instrument called the
electrical conductivity bridge.

Electric furnace slag

Electric furnace slag is produced by the reduction of rock
phosphate in an electric furnace during the preparation of
phosphorus and the manufacture of pig iron and steel.
The slag contains 0.9 to 2.3 % phosphorus pentoxide and
its neutralizing value (calcium carbonate equivalent,
CCE) is between 65 and 80% .

Electrolysis

Electrolysis refers to decomposition brought about by
passing an electric current through a liquid or solution
containing ions. When a salt is fused or dissolved in a
solvent, the ions become free. In an electric field, the
positively charged cations move toward the cathode and
the negative charged anions toward the anode (Fig.E.5).
The process is called electrolysis.

Battery

Chlorine
S
outlet
Carbon Zinc cathode
anode

Solution of
ZnCl: in water

Fig.E.5: Electrolysis of zinc chloride solution.

Electrolysis of acidified water gives hydrogen and
oxygen. The electrolytic process is used in the production
of a number of chemicals and metals, for electroplating
and in the production of electricity from batteries.

Electrolysis for hydrogen production in ammonia
synthesis: See Ammonia production processes

Electrolyte

Electrolyte is a liquid or gel which contains ions and can
be decomposed by electrolysis.
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Element

Electrolytes are salts, usually composed of orderly
arrangements of ions, that are not free to move easily in
solid. However, they ionize in water to give ions.

Electrolytes are classified as strong electrolytes
when they dissociate completely in water, and weak
electrolytes when they dissociate partially. Sodium
chloride is a strong electrolyte and acetic acid, a weak
electrolyte.

Electrolytic dissociation

Electrolytic dissociation is the process by which
electricity is passed through an electrolyte solution which
dissociates into its ions. Acidified water, when subjected
to electrolysis, dissociates into hydrogen and oxygen ions
which are deposited at the anode and cathode,
respectively to produce hydrogen and oxygen.

Electronation reaction

A reduction process involving the addition of electrons is
known as an electronation reaction.

Electron-dense stains: See Electron stain

Electron stain

Electron stains, used for staining samples for electron
microscopy, are described as electron-dense stains.
Compounds of osmium, uranium, lead, etc. are used for
staining as they reflect electrons. Material to be observed
under an electron microscope is fixed using
glutaraldehyde or a mixture of glutaraldehyde and osmic
acid (OsO,). These act as a fixative and as a stain in lipids.

Electrophos

Electrophos is a trade name for phosphoric acid made
from phosphorus which is obtained by heating rock
phosphate in an electric furnace. Phosphorus is burned in
air to form phosphorus pentoxide (P,O;). This is
hydrated to give phosphoric acid:

CayoF2(POL), + 15C +68i0, —>1 5P, + 15C0O +3(3Ca0-2Si0,) +CaF,
P,+ 50,+6H,0 —> 4H,PO,

The phosphoric acid, also called white acid or
furnace acid, is an important intermediate in the
production of phosphatic fertilizers. Phosphoric acid thus
made is much purer than the wet acid made from rock
phosphate and sulphuric acid, and is used in the non-
fertilizer segment of the chemical industry.

Electrostatic adsorption: See Adsorption,
electrostatic

Electrostatic ULV sprayer

Electrostatic ULV sprayer is short for electrostatic ultra-
low volume sprayer. It is designed to apply small
volumes of liquid (generally less than 5 liters/ha). The
drop size of the liquid is 60 to 70 microns so that drops
can be carried by the wind to give a thorough crop cover.
The spray is prone to drift and so the ULV sprayer is not
used for applying herbicides or toxic chemicals.

Electrostatic ULV sprayers, which produce positively
charged droplets of controlled size (about 50 microns),
fall mainly on the target crop area and behave fairly
predictably in terms of the area covered.

Electro-ultra filtration

Electro-ultra filtration (EUF) is a method that estimates
the available nutrient in the soil by the application of
electric potential. It is especially used for the estimation
of potassium in soils. EUF, a form of electrophoresis, is
used in Germany to determine the nitrogen fertilizer
requirement for sugar beets.

Electrovalence

The number of electronic charges carried by an ion is
called its electrovalence. For example, cupric ion (Cu2+)
has a valence of two and nitrate ion has one.

Element

Elements are basic constituents of matter. A chemical
substance in its atomic form (which cannot be further
broken into simpler substances) is called an element. In
an element, all atoms have the same number of protons or
electrons, but they may differ in mass. For example,
hydrogen (Fig.E.6) has mass numbers of 1, 2 and 3, and
are called hydrogen, deuterium and tritium,
respectively. The hydrogen atoms with a higher mass are
called hydrogen isotopes.

1.0079 3
1
259.14°K 4
252 RIK 5
2.2 6
"H
5 7
Is* 8

Fig.E.6: Properties of Hydrogen atom: 1. Atomic
number, 2. Element symbol, 3. Relative atomic mass,
4. Melting point, 5.Boiling point, 6. Electro-negativity
(Allred, Rochow), 7. Oxidation states and 8. Electron
configuration.

The atomic number of an element indicates its
position in the Periodic Table and represents the number
of protons present, which is the same as the number of
electrons. All elements above bismuth (Bi) in the
Periodic Table are unstable and radioactive.

Elements are classified as metals and non-metals.
Approximately 75% of the elements are metals and
others are non-metals (Fig.E.7). At room temperature,
most elements are solids, whereas mercury and bromine
are liquids and the rest are gases.

A few of these elements (O, N, noble gases, S, Cu,
Ag and Au) are found in a free state while the rest
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Fig.E.7: Periodic Table showing the position of elements -
metals and non-metals.

combine with other elements and occur in the form of
compounds.

Among the 92 naturally occurring elements, 20 are
essential for plant growth. These are C, H, O, N, P, K,
Ca, S, Mg, Fe, B, Cu, Mn, Zn, Mo, Cl, Co, Ni, Va and
Na.

Elemental sulphur

Elemental sulphur is a yellow, non-metallic element
belonging to Group 16 (formerly VI B) of the Periodic
Table (Fig.E.8). Sulphur occurs in many sulphate and
sulphide minerals. It has various allotropic forms.
Sulphur is an essential element in living organisms and
plants, occurring in amino acids, cysteine and
methionine, and therefore, in many proteins. It is also a
constituent of various cell metabolites, including
coenzyme A, biotine and thiamine. Plants absorb sulphur
from the soil as sulphate ions. Native sulphur is found in
Sicily and the USA. Flowers of sulphur are obtained as a
fine yellow powder by subliming sulphur.
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Fig.E.8: Position of sulphur, a secondary nutrient, in the
Periodic Table.

Sulphur is an important raw material for fertilizer
production (Fig.E.9). It is used in rubber vulcanization,
petroleum refining, pharmaceuticals, drugs, explosives,
insecticides, fungicides, in the manufacture of sulphuric
acid, and as a soil conditioner as well as a coating for
controlled release of fertilizers.

When sulphur is applied to soils, it is slowly oxidized
by micro-organisms to sulphuric acid in the presence of
air and water. Lime in the soil reacts with sulphuric acid
to form calcium sulphate. Finely ground sulphur in soil is
more reactive than coarsely ground sulphur, but the latter
is easier to apply as it is less irritating to the skin and eyes.

acid i
Zinc sulphate

Triple superphosphate

H1POy

>—> Ammonium phosphate

Fluids

Fig.E.9: Use of sulphur for producing various fertilizers by
different processes.

Elongation test

Elongation test is one of the many simple empirical tests
used to ascertain the suitability of a given clay. The
physical and geotechnical properties of soils are based on
their mineralogical composition, grain size, chemical
composition and moisture content. In the elongation test,
a clay soil cylinder, 300 mm in length and 25 mm in
diameter, is held horizontally at its two ends, leaving 100
mm in the middle unsupported. The cylinder is stretched
until it breaks. The length of the neck is measured. The
longer the neck, the more suitable the clay.

Eluvial horizon

Eluvial horizon is a distinct soil horizon depleted of its
dissolved and suspended soil material and soluble salts,
by the process of leaching. It is designated by the letter E,
though formerly it was designated by the symbol A,.
Eluvial horizon is also called eluvial layer, eluviated
horizon, or leached layer.

Eluvial layer
Eluvial layer is also called eluvial horizon.

Eluviated horizon

Eluviated horizon is another term for eluvial horizon.
(See also Eluviation.)

Eluviation

Eluviation is the downward movement of dissolved and
suspended soil material through water from one subsoil
layer to another. The layer, thus depleted, forms the
eluvial horizon. The layer of accumulation which
receives the dissolved and suspended soil material by the
process of eluviation is called illuvial layer or illuvial
horizon and the process is called lluviation. Thus,
eluviation and illuviation are processes that use
percolating water in solution or suspension, to move soil
material from one horizon to another within the soil.
These processes are similar to leaching and occur in
areas of excessive rainfall. While eluviation involves
movement between the soil layers, illuviation is a
deposition process. Eluviation takes place in surface soil
horizons and illuviation in subsurface or lower soil
horizons. Leaching may involve a total loss of nutrients
and other soluble substances from the soil.



Emery

Endophyte

The horizon that has lost fine elements and that occurs
above an argillic or bulgic horizon or above a cheluvium
is called eluviated horizon. It is different from an
impoverished horizon that has a reducing clay content.

Emery

Emery or corundum is a naturally occurring alumina
(natural aluminum oxide, Al,O,) used as an abrasive and
polishing material, and in the manufacture of some
concrete floors.

Emulsifier: See Emulsion

Emulsifying agents

Emulsifying agents are materials that stabilize the
emulsion of two liquids which are not miscible and that
tend to separate out from each other. Emulsifying agents
maintain the stability of the concentrate within limits.
Casein is an emulsifying agent in milk, which is
composed of butter fat dispersed in water.

Emulsion

Anemulsion is a fine dispersion of very small particles of
a liquid in another immiscible liquid. Usually, an
emulsion involves dispersion of oil in water or water in
oil, which is stabilized by an emulsifier.

Emulsifiers enable the formation of an emulsion.
They also promote its stability. These substances have
lyophobic and lyophilic parts or groups in their molecules
to stabilize the emulsion. Soaps and detergents are
examples of emulsifiers. Dietary fats are reduced to an
emulsion in the duodenum to facilitate their subsequent
digestion. Proteins stabilize many naturally occurring
emulsions, such as milk or rubber latex. Egg yolk
proteins stabilize mayonnaise and salad dressing.

Fertilizers and pesticides that cannot be dissolved
directly in water are dissolved in an organic solvent.
They can then be mixed with water to form an emulsion
using an emulsifier. For example, a sulphur emulsion for
foliar spraying is made by dissolving sulphur in carbon
disulphide and mixing with water.

The breaking of an emulsion is necessary in many
industrial operations. The separation of water-in-oil
emulsions in the petroleum industry and product
recovery from emulsions produced by steam distillation
of organic liquids are examples. Extracting butter from
milk or curds is another example of emulsion breaking.

Emulsions may be broken by (a) adding multivalent
ions of the charge opposite to the emulsion droplet, (b)
chemical action, such as the addition of acids to the
emulsion stabilized by soaps, (c) freezing, heating,
aging, or centrifuging, (d) high potential electrical fields,
and (e) treatment with ultrasonic waves of low intensity .

Encapsulation

Encapsulation means enclosing in, as in a capsule. It is a
process in which a material (or an assembly of small,
discrete units) is coated with or imbedded in a molten

film, sheath or foam, usually of a elastomer. A foam-
forming plastic may be used to fill spaces between
various electrical and electronic components, so that they
are embedded in and supported by the foam. Plastics and
other materials used for this purpose are often called
potting compounds. A specialized use of this technique
is in growing crystals for semi conductors in which a
coating of liguid boric acid is the encapsulating agent.
The use of a glass silicate coating to encapsulate nuclear
waste for permanent disposal is under investigation.

The granules of soluble fertilizers are coated with
certain substances to control their dissolution rate. The
coating of fertilizers is an example of encapsulation.

Endogenous inhibitor

Endogenous inhibitor is a substance produced by an
organism which at low concentration inhibits its own
growth, the growth of another organism, or some
physiological process associated with growth in a
relatively specific manner. A characteristic of higher
plant growth inhibitors, such as abscisic acid, is that their
effects are often antagonized by specific growth
promoters like gibberellins and cytokinins.

Endomycorrhizae

Endomycorrhizae or endomycorrhizal fungi are one of
the main structural types of mycorrhizae. In this type, the
hyphae of the endomycorrhizal fungi actually penetrate
into the root cells of the host and develop a symbiotic
association. Mycorrhizae mainly function as phosphate
solubilizers. (See also Mycorrhizae.)

Endomycorrhizal fungi: See Endomycorrhizae

Endoparasite

The parasites that lodge in the internal organs or tissues
of their hosts are termed as endoparasites.

Endopedons

The diagnostic horizons formed below the soil surface
(subsurface horizon) are called endopedons. Some
common endopedons are calcic horizon, gypsic
horizon, salic horizon and sulphuric horizon.

Endophyte

An organism that completes its life cycle in a plant,
showing no external sign of infection, is called an
endophyte.

Endophytic micro-organisms are found in virtually
every plant on earth. These organisms reside in the living
tissues of the host plant and do so in a variety of
relationships, ranging from symbiotic to slightly
pathogenic. As a contribution to the host plant,
endophytes may produce a plethora of substances
beneficial to the plant and which may incidentally be
useful in modern medicine, agriculture and industry.
Novel antibiotics, antimycotics, immunosuppressants
and anticancer compounds are a few examples of what
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Environment

has been found after the isolation, culture, purification
and characterization of some endophytes. The potential
of finding new drugs for treating newly developing
tissues in humans, plants and animals is significantly
high.

A group of fungi parasitic on grasses are endophytic
and are toxic to grazing animals.

Some plants generating bioactive natural products
have associated endophytes that produce the same natural
products. For instance, paclitaxel, a highly
functionalized diterpenoid and famed anticancer agent
was found in yew tree species (Taxus spp.). Taxomyces
andreanae, an endophyte of Taxus brevifolia was isolated
(and characterized) and was found to produce the same
paclitaxel.

End point, volumetric analysis: See Volumetric
analysis

Energy sources

There are different kinds of energy sources. Some are
renewable, some are non-renewable and some others are
mechanical.

Non-renewable energy sources are materials of
geological origin. Petroleum, natural gas, coal, shale oil,
uranium, etc. are non-renewable energy sources. These
cannot be replaced or replenished once the existing
supply is exhausted.

Renewable sources, on the other hand, can be
replenished on a predictable time basis. Biomass, for
instance, is a renewable energy source and includes
wood, baggase, bark and sawdust, which have a thermal
value. Several of these sources have been in use for many
years as fuel in industries dealing with sugar cane,
plywood, paper and pulp. Another instance is (biogas)
methane, obtained from animal manures, which is also a
renewable energy source. Mass cultivation of algae and
hydrocarbon-producing plants such as guayule and
copaiba have been under consideration for use as energy
sources for a few years now.

There are also a number of mechanical energy
sources the development of which involves the
application of engineering (as in thermal and
hydroelectric power stations), solar radiation, wind,
water flow, tides and thermal gradients in ocean water.
Several of these, as also the atomic power, are already in
use.

Enriched manure

Chemical fertilizers are added to manure to improve its
performance or nutrient content and such manures are
called enriched manures. An enriched manure can be a
nitrogen-potash fertilizer produced by the addition of
chemical fertilizers to organic manure. The conditions
are kept generally favorable for microbial decomposition
when soil is warm and moist - in
which state the manure rapidly releases nutrients. The yield
from the soil increases significantly when an enriched
manure is applied at about 2 to 4 tons per hectare.

A continuous cultivation of crops leads to an
increased nitrogen demand that cannot be fully met by
manure. A careful combination of organic manures with
chemical fertilizers can give the most optimal returns
from the soil without destroying soil fertility.

Enriched rice

Rice is categorized on the basis of the kind of processing
done on it, before it reaches the market. Enriched
rice represents rice to which various nutrients such
as thiamin, niacin and iron have been added to make
it more nutritious. The use of enriched rice is widely
prevalent in most advanced countries. Hence, enriched
rice has more nutrients than brown rice or unprocessed
rice.

Enriched superphosphate

Enriched superphosphate is essentially a mixture of
single superphosphate and triple superphosphate made by
acidulation of phosphate rock with a mixture of sulphuric
and phosphoric acids.

Entisols

Entisols refer to a soil order consisting of mineral soils
that have no characteristic or distinct diagnostic
pedogenic horizons. It is one of the 12 recognized soil
orders. Entisols occupy about 16.2% of the earth's ice-
free land surface. Over two-thirds of entisols are found in
the temperate regions of the earth and the remainder is
mainly in the tropics.

The mineral soils of this soil order do not exhibit
diagnostic subsurface horizons. These soils are within a
specified depth of the soil surface, generally 1 to 2
meters. These weakly expressed soils are commonly
found on geomorphic surfaces and are unstable because
of frequent flooding, erosion, truncation and human
impact. Soils formed from resistant mineral parent
materials are coarse in texture and subject to very little
pedogenic development over time.

Entisols are commonly found along flood plains of
rivers, stream valley systems, desert sand dunes and high
gradient mountainous terrain. Entisols are associated
with recently mined or disturbed lands. Aquents, arents,
fluvents, orthents and psamments are suborders of
entisols.

Environment

An environment is the physical, chemical or biological
condition of a region in which organisms live.
Ecologically, environment is defined as the sum total of
the influences of external conditions that affect the life
and development of organisms.

Biotic and abiotic factors are the main components of
an environment. Factors such as air, water, trees, lakes,
gases, landform, climate, etc. together constitute an
environment. All components of the environment and
their influences on living organisms have to be
considered together for any study on environment.



Environmental and pollution laws on tail gas

Environmental impact assessment

Important environmental factors influencing plant
growth include temperature, moisture supply, radiant
energy, soil reaction, biotic factors, atmospheric
composition, soil structure, soil-air composition,
mineral nutrient supply and growth-restricting
substances.

Pesticides used in agriculture represent an important
group of materials that can pollute the environment.
Some of them are highly toxic, and if misused, can cause
harm to many non-target organisms.

The U.S. Environmental Protection Agency requires
manufacturers to conduct tests on materials or products
that may affect the environment or public health
adversely. The agency is also concerned with the effect
of other potentially detrimental materials like pesticides,
fungicides, herbicides and industrial wastes.

Environmental and pollution laws on tail gas of
nitric acid plants: See Nitric acid production processes

Environmental approach of the Norsk hydro
nitrophosphate process: See Environmental impact
of fertilizer industry

Environmental approach — Uhde closed scrubber
system: See Environmental impact of fertilizer industry

Environmental approach — Uhde methodology of
pollution control: See Environmental impact of
fertilizer industry

Environmental, health and safety issues in the
manufacture of phosphoric acid: See
Environmental impact of phosphoric acid industry

Environmental impact assessment

An environmental impact assessment (EIA) and an
environmental impact statement (EIS) present guidelines
on risk management at a regional level. All chemical
plants should be subject to periodic environmental impact
review. The frequency of the review is established either
by law or by company regulations. An EIA becomes an
EIS when the company or a plant formally releases the
EIA to controlling government organizations.

The objectives of conducting an EIA are to (a)
determine the achieved level of protection to man and
environment, (b) identify discrepancies and sources
relative to established legislation and internal rules,
(c) analyze emergency cases and check implementation
of recommendations, (d) check implementation of
related policies and decisions, (¢) determine necessary
adjustments and provide information on justification and
efficiency, (f) provide a basis for recognizing both good
and inadequate performance, (g) demonstrate
management's commitment to environmental protection
and provide motivation for improvement, (h) provide
information on achievements in environmental
protection to public authorities and community

shareholders, and (i) provide inputs to the company's
education and training activities.

The methodology of EIA preparation depends on the
company, its size and organizational system. Three basic
approaches are used to prepare an EIA, and are as
follows: (i) In large companies, a special safety or
environmental department assumes the responsibility for
preparing aregular EIS. (ii) In medium-sized companies,
a task force is formed. This group consists of the
operational staff, safety staff and maintenance staff under
the responsibility of a technical manager. (iii) In small
companies, a specialized auditing company may be given
the contract. However, participation of the local staff is
also crucial for the success of the implementation of the
recommendations.

In all the three cases, the group is given access to all
technical documents, environmental reports, regular
water and air analysis reports, reports on technical
deviations and accidents and a background to the factory
operations. Operational hazard studies or similar reviews
are also made available.

In an ideal situation, the EIA group acts in the
following sequence: (i) Review the documents.
(ii) Conduct a detailed physical audit of the installation.
(iii) Prepare the questionnaire and discuss it with workers
and staff. (iv) Prepare a statistical review document of the
crucial parameters. (v) Prepare chapters for normal
operation, incidents/accidents. (vi) Review new
legislation and identify new industrial obligations.
(vii) Prepare recommendations on technology
adjustment, training, education, equipment revamping
and adjustment of management procedures.
(viii) Prepare the economic / financial analysis report
containing specifications of costs, penalties and yields,
economic efficiency of the adjustments and financial
resources, and modalities of implementation.
(ix) Discuss the draft report with management. (x) Edit
and print the report. (xi) Disseminate and advertise.

As a unified format of the EIA does not exist, any
format created should cover the following areas:
(i) Review of the legislation and internal company rules.
(ii) Review of statistical data. (iii) Review of
technological processes, emissions, effluents and
disposal, and of the present situation outside the factory
area at local control points. (iv) Analyze the economic
and financial situation.

From 1997 to 1999, the International Organization
for Standards (ISO) brought out a series of
'Environmental Management Standards,' called the
ISO 14000 series. The ISO 14000 series is intended to
help companies improve their environmental
performance and keep environmental issues from
becoming trade barriers. All standards except 14001 are
guidance documents.

The aim of the preparation of these standards is to
introduce uniform requirements for the operation of
industrial plants and establish a framework for managing
the environmental impact. The standards feature a wide
variety of environmental disciplines like environmental
management system, environmental auditing,
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environmental performance evaluation, environmental
labelling, life-cycle assessment and environmental
aspects of product standards.

ISO 14000 standards are voluntary. Companies
intending to be certified under ISO 14001 should meet the
specific requirements of the standard. The basic activities
under the environmental management system should be
implemented and documented in a special manual.
Necessary training should be imparted to all the
personnel. It is assumed that a company would prepare
the necessary documents by internal auditing or using
special consultants. Given below are some of the aspects
of production that can impact the environment, and
guidelines to avoid harm.

Environmental impact of ammonia industry

Ammonia is made from natural gas, sulphur rich crude
oil or from coal via gasification. Water is needed for
boilers and cooling.

(a) Wastes and emissions from ammonia
production plants: In the production of ammonia, the
main emission into the atmosphere comprises carbon
dioxide and some oxides of nitrogen and sulphur. Care
should be taken to avoid evolving ammonia by way of
leakage although any flow cont2ining ammonia is
scrubbed and recycled. However, some ammonia is
leaked into the atmosphere around the production plant
from faulty operations and during maintenance.
Ammonia becomes explosive at concentrations of 16 to
25% volume in air, which can occur during loading and
unloading operations and by leakages from storage
vessels of ammonia. The limit of ammonia leakage in the
workplace must be kept below 10 mg/Nm’.

The partial oxidation and gasification processes
produce water containing dissolved and suspended
impurities. These impurities must be treated to meet
effluent disposal standards.

Catalysts used in steam-reforming, partial oxidation
and coal gasification contain hexavalent chromium,
nickel, zinc, iron and minerals, and so they have to be
replaced every 2 to 6 years. This replaced material,
which cannot be disposed as landfills are generally
recycled. The potassium carbonate in carbon dioxide
absorption contains inorganic and organic additives that
could be hazardous when released in large quantities.
Small amounts of light hydrocarbons, ammonia,
hydrogen, carbon dioxide, etc. are apt to leak out from
flanges and joints. Oxides of sulphur and nitrogen
contribute to acid rains and carbon dioxide is a green
house gas. The concentration of even 1.25 mg/l ammonia
in water is harmful to fishes.

(b) Pollution prevention and control in the
manufacture of ammonia: Carbon dioxide emissions
are lowered by using carbon dioxide (CO,) in urea and
nitro phosphate plants. Spent catalysts are recycled for
metal reclamation. Ammonia must be stored, transported
and handled in the special tanks. Since ammonia, natural
gas and hydrogen, handled in the production process can
leak out and form explosive mixtures with air, gas

sensors, fire alarms and fire fighting equipments are
required to be located in critical places. For instance, as
ammonia is stored under low temperature and under
pressure, safety equipments like gas masks, eye wash
fountains and showers, must be located at work places.
Besides trained operators, detailed operation manuals
and safety guidelines are necessary for the safe operation
of the plant.

For future developments, an ammonia synthesis plant
based on desulphurized natural gas and a reforming
process requiring a low amount of energy (<28 GJ/ton)
and decreased amount of oxides of nitrogen to almost
zero concentrations would be in the right direction from
an environmental perspective.

Environmental impact of fertilizer industry

Solid fertilizers are produced in two stages: (i) Synthesis
of the product by one of the following methods: Reaction
of (a) ammonia and carbon dioxide as in the manufacture
of urea and ammonium carbonate, (b) sulphuric acid
and/or phosphoric acid with phosphate rock as in
standard super phosphate and triple super phosphate, and
(c) sulphuric, phosphoric and nitric acids with ammonia.
(ii) Giving a physical form to the product by
crystallization, granulation or prilling.

(a) Wastes and emissions in the manufacture of
fertilizers: Phosphate rock contains 3 to 4.5% of fluorine.
This, when acidulated, gives out hydrogen fluoride and
flurosilisic acid by reaction with silica in the rock. Most of
the fluorides are retained in triple super phosphate, whereas
about 25% is released from single or standard super
phosphate. Phosphate rock bins are equipped with
individual bag filters for collection of dust and recycling.
An efficient scrubber system allows recovery of
fluorosilisic acid which can be converted to synthetic
cryolite, aluminum fluoride and other fluorosilicates.

Ammonia and fluorine produced during the
ammonia-acid reaction in the manufacture of mono and
diammonium phosphates are scrubbed by water and/or
acids. During the granulation and prilling stages the
gases evolved from the dryers are filtered, when dry, by
cyclone separators and bag filters. Water condensation is
prevented by insulation and external heating. Most of the
materials recovered are recycled.

Acidulation of phosphate rocks with nitric acid
produces oxides of nitrogen and fluorine compounds.
These compounds after evaporation, prilling and
granulation produce gaseous fluorine compounds,
ammonia and dust.

The environmental hazard stems from the fact that
the main emission from ammonium nitrate, calcium
ammonium nitrate and ammonium sulphate is steam
which contains ammonia and ammonium nitrate. Even
while these are scrubbed with water and the water is
recycled, the ammonium nitrate mist from the prilling
tower disperses into the atmosphere and can reach soil
many kilometers away. The amount of ammonium nitrate
emitted even from the best equipped dust collection
system is 0.25t0 0.5 kg per ton of the fertilizer.
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The main evolution from a urea plant is from the
prilling tower. The hot vented air from 10,000 to 15,000
Nm’/ton of urea contains 500 to 1000 mg/Nm’ of air.

Liquid effluents originating from urea and
ammonium nitrate plants are concentrated solutions from
scrubbers. Aqueous effluents can also come from spills,
leaking pumps and flanges from fertilizer plants.

The emissions from fertilizer plants can have a
negative impact on the environment. For example,
ammonia and acid fumes can cause mists and damage the
vegetation in the vicinity. The fluoride emissions can
harm vegetation and the animals being fed on this
vegetation. Similarly, the dust released into the
atmosphere can also cause harm to vegetation. When
plant nutrients are released to the aquatic environment
from the scrubber system or run-off water, they cause
eutrophication of water resources especially in lakes and
closed reservoirs.

(b) Pollution prevention and control in fertilizer
manufacture: The nitrogen dioxide emission from the
nitro phosphate process can be controlled by adding urea
to the digestion stage. Most emissions are wet scrubbed.

Ammonium nitrate and fertilizers containing a high
percentage of ammonium nitrate are oxidizers and hence
require special transport and storage facilities and should
not be tagged with hydrocarbons or carbohydrates.

To remove ammonium nitrate fumes, low-velocity
filters may be necessary. For urea dust, a venturiplate
scrubbing unit may be used. The dust thus generated, is
passed through cyclones and the larger particles
recycled. The finer particles are collected or removed by
bag filters or wet scrubbers. The other gases, mists,
fumes, etc. may be water scrubbed.

Scrubber liquors may be concentrated and recycled
or otherwise treated and returned to the aquatic
environment. Radioactive elements from phosphoric acid
are removed by the normal industrial processes. As far as
possible, fluorides should be transformed into useful
industrial products.

The cost of pollution abatement equipment accounts
for 10 to 20% of the total cost, and the maintenance and
operational costs related to environmental protection
accounts for another 10 to 20% of the total production
cost.

The principles applied in pollution abatement of
some major fertilizers are as follows:

(i) Pollution abatement in urea process : The major
pollutants from a urea plant are ammonia and urea, which
occur due to the (a) gland cooling water leakage from
reciprocating and centrifugal pumps, (b) process
condensate from the concentration section, and (c)
effluent air from the prilling tower or granulator.

Toyo Engineering Company and Mitsui Toatsu
Company of Japan have developed an integrated
pollution control system for urea plants. The salient
features of the system are the following: (i) The leakage
of gland cooling water pumps is controlled by adopting a
closed circuit of the gland cooling water system. The

lubrication oil in the gland cooling water is removed
through an oil separator installed on the cooling water
circulation line. The blow down steam containing urea
and ammonia is discharged to the process condensate
treatment stage. (ii) The process condensate and large
liquid pollutants in the urea plant are evaporated under
vacuum in an evaporator or concentrator. The evaporated
water along with the mist of urea is condensed on the
surface condenser. Uncondensed gas is vented to the
atmosphere through an absorber for ammonia, carbon
dioxide and inerts. The process condensate from the
second stage of the surface condenser is stripped at 3 MPa
for ammonia and carbon dioxide. The mixture is sent to a
low pressure decomposer for the recovery of ammonia,
carbon dioxide and heat. (iii) The urea dust from the
prilling tower or urea granulator contains fine particles of
< 1 micron in diameter and the quantity of air containing
these dust particles is about 600,000 Nm’/hour. The dust
scrubber of Toyo Engineering scrubs the air from the
prilling tower or granulator with a 20% aqueous urea
solution. Any mist in the exit air is captured by a
demister. These control measures when implemented,
reduce the liquid and gaseous effluent levels as follows:
(a) levels of urea and free ammonia in liquid effluents is
reduced to 3 to 5 ppmw, and (b) the urea concentration in
the gaseous stream is about 30 to 50 mg/Nm® of air.

The Foster Wheeler process combines the processes
of condensate purification and air dedusting. It involves
the steam stripping of raw process condensate from a
urea unit, which is further mixed with a circulating
stream of urea solution and introduced into an
evaporative scrubbing system. The air from the prilling
or granulation stages is introduced into the bottom of the
evaporative scrubbing system. Particles entrained in the
air are dissolved in the urea solution which cools as a
result of water evaporation. A portion rich in urea, is sent
to the urea plant from the scrubber. The main solution
from the scrubber is circulated through the condenser to
condense vapors. The amount of heat required for the
evaporative scrubbing system comes from the heat
generated in the vapor condenser. If additional heat is
required it is supplied by the steam heater. The integrated
system has certain advantages. It is a small synthesis
equipment with low cooling water consumption, and it
eliminates medium pressure steam for urea hydrolysis.
The system is successful in dedusting of air from the
ammonium nitrate prilling or granulation plant.

The Stamicarbon bv process water treatment unit
processes effluent water containing ammonia (around
6%), carbon dioxide (about 4%) and urea (about 1%).
The process has two kinds of units ~ desorption units and
hydrolyzing units. The process waste water enters a
desorber where ammonia and carbon dioxide are
recovered by heat. The effluent containing urea is then
sent to a hydrolyzer where urea is decomposed at 200°C.
The liquid is sent to a second desorber and the gaseous
part is sent to the first desorber where it serves as a
stripping agent. All vapors are condensed in a condensate
where carbamate is produced. The gases are vented and
the effluent from the absorber after cooling can be used as
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process water. The design value of the urea and ammonia
in the effluent is 5 ppmw each. However, in practice it is
below 1 ppmw.

(ii) Pollution abatement in Ammonium nitrate /
calcium ammeonium nitrate process: The Institute of
GIAP pollution abatement system has a bell-shaped
shroud installed around the spray head in the upper part
of the prill tower. This collects the fume-laden air from
the part of the tower where fumes are formed. (Fumes are
created when air contacts hot ammonium nitrate solution
in the prill solidification process). The airflow through
this shroud is only about 25% of the total airflow through
the tower, and the remaining 75% is practically free of
dust and fumes. The air from the shroud is passed
through a scrubber and brinks. Fumes and vapor from the
neutralizer and evaporators are connected to the same
scrubbing system. The system recovers 3 to 7 kg of
ammonium nitrate per ton of the product from all
sources. The atmospheric emission contains less than 0.5
kg/ton of the product and opacity of less than 10% can be
achieved.

(iii) Pollution abatement in complex fertilizers
(NP/NPK): The Uhde methodology of pollution
control considers potential emissions related to the
specific equipment and technological parameters. This
methodology involves a four step approach, as listed
below: (i) Reduce or avoid the formation of pollutants at
the source. (ii) Select process conditions and equipment
to reduce the emissions to a minimum at the source.
(iii) Contain the pollutants in a minimum of carriers.
(iv) Recover airborne pollutants.

The Beladune Fertilizers Limited (BFL) Process
uses a double mol scrubbing system and a BFL vaporizer
to remove the condensate containing 2.5 to 3% ammonia
during the diammonium phosphate (DAP) production.
The system utilizes waste heat to vaporize ammonia,
scrub fluorine and provide hot water for cake washing in
the phosphoric acid plant. All condensate water is
drained to a sealed tank and recirculated to a single large
spray nozzle at the heat exchange inlet. The off-gases
flow through the heat exchanger and the gas
stream/condensed water enters a separator having a
demister. The purified gas is vented out and the acidic
water is returned to the plant.

In the Uhde closed scrubber system, exhaust gases
from the pipe reactor and granulator enter the granulation
scrubber for cleaning through recirculated solution. The
gas from the solution enters the main scrubber along with
exhaust from the drying drum. The off-gases are washed
in the final scrubber with water and sulphuric acid.
Excess circulating solution is returned to a pipe reactor.

(iv) Pollution abatement in Nitrophosphate
fertilizers processes: In the Norsk hydro nitrophosphate
process, all wash-waters collected in a place are treated
with calcium hydroxide or calcium carbonate to
precipitate phosphates and fluorides. A flocculent is
added to increase the rate of precipitation. The slurry is
recycled and water is used as wash-water. The water
vapor from the neutralization and evaporation stages are

scrubbed with 60% ammonium nitrate. The vapors are
condensed and ammonia stripped, and they are returned
to the neutralization stage.

The gaseous emissions from the four stages of
digestion, crystallization, separation and filtration are
scrubbed by wash-water. To take care of excessive
oxides of nitrogen, some urea is added to the scrubbing
solution. The emissions from the conversion unit are first
scrubbed with acidic ammonium nitrate and then with
acidic water at the second stage. Conventional cyclones
are used to treat emissions from the granulation stage.

In the BASF nitrophosphate method, the emissions
are oxides of nitrogen, as also ammonia and dust. Waste
air containing oxides of nitrogen (>2000 mg/Nm®)
enters the first scrubber. The gas coming out of the
scrubber is mixed with that from the cooling section and
from calcium nitrate filters. The second scrubber is fed
with ammonia solution and water. The ammonium nitrate
formed is decomposed by adding urea. As already
mentioned, phosphate rock dust, fluorides, acids,
ammonia and radioactive elements are the main health
hazards in the production of this fertilizer. Coating
materials, such as silica, are hazardous when inhaled.

(v) Pollution abatement in phosphogypsum
production: The composition of phosphogypsum
produced as a byproduct of the phosphoric acid
production process depends on the type of phosphate rock
used. Most of the phosphogypsum is used in landfills. A
small quantity is disposed into the sea.

A large amount of water is required for not only the
disposal of phosphogypsum, but also for entire
production of phosphoric acid. Water is required for
cooling the phosphoric acid processing units and for
absorbing gaseous and particulate emissions. This
washed water is used to pump the phophogypsum as a
slurry in to a storage site which are commonly ponds near
the plant. During rains, there is a risk of phophogypsum
overflowing from the ponds and polluting the
environment. The contaminated water must be treated
before discharge. The disposal of phosphogypsum into
the sea raises pollution issues relating to the impact of
gypsum, trace elements and pH of the discharged water.
In an open sea or a sea under good tidal conditions,
gypsum quickly dissolves without changing the calcium
ion concentration. In addition, all heavy metals present in
the phosphogypsum are also present in the seawater and
hence the change caused by the effluent disposal is
insignificant. The pH change in the same volume is also
found to be negligible. Phosphogypsum is used to a small
extent as cement retardant and as additives in
construction materials, paperboard products and in
agricultural applications.

Phosphogypsum is converted into lime and elemental
sulphur by reducing agents such as coal. Phosphogypsum
is purified by repulping and filtering to remove the traces
of phosphorus pentoxide and make it suitable for use in
the ammonium sulphate process as is being followed at
Gujarat State Fertilizer Company, India. Ammonium
carbonate - made from ammonia, water and carbon
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Environmental impact of nitric acid industry

dioxide - is mixed with washed fine phosphogypsum
crystals to get slurry of calcium carbonate and
ammonium sulphate liquor. The slurry is filtered and the
solution clarified in a settler. The filtered cake is repulped
with effluent water and disposed off into chalk ponds.
Excess ammonia in the filtrate is removed and evaporated
to get ammonium sulphate which is centrifuged. The
waste calcium carbonate is used to produce lime, building
lime, activated lime, cementation binder, bitumen mastic
and flooring tiles.

Environmental impact of nitric acid industry

Major raw materials for the manufacture of nitric acid are
anhydrous ammonia, air and process water.

Water is required for steam turbine condensation, for
process make up and for cooling. The nitric acid process
produces large amount of high pressure steam.

(a) Wastes and emissions from nitric acid plants:
The main emissions are oxides of nitrogen, the
concentrations of which vary between 75 and 2000 ppmv
and depend on the acid concentration, absorption tower
pressure, temperature of the cooling water, quality and
quantity of process water and the tail gas treatment. The
waste water from the blow down of the cooling tower
water and the boiler and water treatment plants contain
dissolved salts that have low environmental effect. The
platinum/ rhodium catalyst needs treatment after a period
of time and is sent back to the manufacturer for recovery.
Small amounts of nitric acid and ammonia are released
during the maintenance operations. The main impact of
the release of oxides of nitrogen is acid rain and
greenhouse effects.

(b) Pollution prevention and control in the
manufacture of nitric acid: When catalyst wastes are
recycled, a good plant design and optimal operation can
reduce emissions. Nitric acid is stored in closed stainless
steel tanks. The plant area should have impermeable
flooring and all surface drainages should be connected to
a neutralization pit. Small amounts of nitrate salts
produced in the neutralization pit should be discharged
with a cooling water blow down waste.

The tail gas is treated with sodium hydroxide in a
scrubber to achieve concentrations of oxides of nitrogen
of less than 200 ppmv. The byproduct of the washing
process is low concentrated sodium nitrate/nitrite which
is safely disposed of with cooling water blow down.
Goodpasture (USA) developed a process to scrub tail gas
with ammonium nitrate solution with addition of ammonia
in the scrubbing unit to recover ammonium nitrate. Norsk
Hydro has developed a scrubbing process where an
aqueous urea and nitric acid solution is used for scrubbing.

In many industrialized countries, an extended
absorption method is used to control oxides of nitrogen in
tail gas. This method increases the efficiency of the
absorption system by adding a second absorption tower,
adding more solutions to the absorption tower and in
some cases reducing the temperature in the absorption
stages. Potassium carbonate, hydrogen peroxide, etc. are
used to increase the efficiency of the absorption process.

A substantial reduction in the concentration of oxides of
nitrogen is observed by saturating the scrubbing liquid
with oxygen. The extended absorption method has the
added advantage of recovering nitrogen as nitric acid.

In the nonselective catalytic reduction (NSCR)
process hydrogen or hydrocarbons are burned in tail gas
over platinum/rhodium catalysts to remove oxides of
nitrogen in excess oxygen. This burning requires a 1:1 to
1:1.25 excess fuel component compared to the amounts
in oxides of nitrogen. Natural gas is used as a fuel in this
method. The following reactions illustrate the process:

20, + CH, — CO, + 2H,0
2NO, + CHy—» CO, + 2H,0 + N,
4NO + CH; —» 2N, + CO, + 2H,0

These reactions are highly exothermic. This method is
designed with two or more catalyst beds in series with
intercooling to remove excess heat. The nitrogen
industry uses a catalyst containing AlLO,; with 2%
palladium in the first bed and Al,O; in the second bed.
The temperature of the gas leaving the reactor ranges
from 680 to 800°C.

The selective catalytic reduction (SCR) process uses
ammonia to reduce the oxides of nitrogen to nitrogen in
the presence of a catalyst and to bring down the tail gas
content to 100 ppmv of the oxides of nitrogen. The
following reactions occur during this process:

4NH; + 6NO — 5N, + 6H,0
8NH; + 6NO, — 7N, + 12H,0

The reaction temperature is usually between 200 and
450°C. Inthe Russian process two different catalysts are
used ie alumina-vanadium and alumina-copper-zinc. The
process has been successfully used in several commercial
plants in Japan, USA and western Europe.

In the absorption process, absorption by silica gel or
molecular sieves is attempted. The oxides of nitrogen
from the absorbate are then returned to the process. The
Compagnie Francaise de 1' Azote process is a version of
the wet absorption scrubbing method to remove oxides of
nitrogen. Two processes that combine the high efficiency
absorption columns and the selective catalytic reduction
are the Rhone Poulenc process and Institute of Mineral
Fertilizers (INS Poland) process.

The principle of the high efficiency absorption
columns is based on liquid-phase oxidation and
absorption. The product is dilute acid which is recycled.
The non-absorbed gases are passed over a catalytic
reactor where the reduction of the oxides of nitrogen
takes place with ammonia. The tail gas passes through the
turbine and out of the stack.

The Imstitute of Mineral Fertilizers Process is a
double pressure process where a high -efficiency
absorption tower ensures 99.9% efficiency. After
treatment, the gas contains oxides of nitrogen to the
concentration of 40 ppmv which is then passed over a
double catalyst system (the first step uses platinum-
rhodium and the second step uses palladium).



Environmental impact of phosphoric acid industry

Environmental impact of sulphuric acid industry

Oxides of nitrogen fumes are toxic and the threshold
limit value for an 8 hour period is 3 ppmv. Wearing a
breathing apparatus is necessary. Nitric acid is highly
corrosive and its handling is always done with a
protective suit, goggles, face shields, PVC gloves and
boots. Also, eye wash fountains are required to be
provided at strategic places throughout the plant. Trained
operators and operating manuals and guidelines are
essential for the safe operation of plants. Also,
continuous monitoring of the concentration of oxides of
nitrogen in the stack gases needs to be carried out.

Environmental impact of phosphoric acid
industry

Phosphoric acid is made from sulphuric acid and rock
phosphate. Phosphate rocks, depending on their origin,
can contain radioactive elements like uranium, thorium
and radon or heavy metals such as cadmium, nickel and
copper. The crystalline nature of phosphate rock
influences the process efficiency and byproducts. Hence,
choosing the source of phosphate rock is important. The
production of one ton of phosphoric acid needs 7.1 tons
of make-up water. Additional water is necessary to pump
the phosphogypsum slurry to the dumping site or into the
sea. Two kinds of water are essential for phosphoric acid
plant, namely, cooling water and process water.

(a) Wastes and pollutants in the manufacture of
phosphoric acid: Hydrogen fluoride is released from the
acidulation of phosphate rock, which combines with
silica to form fluorosilicates. Phosphate rocks with low
silicate content also produce hydrogen fluoride. Both
fluorides are harmful emissions. In most cases water used
to transport gypsum to storage is recirculated. Other
aqueous effluents from a phosphoric plant originate from
spills and leakages from pumps and flanges. Around 5
tons of dry phosphogypsum is produced per ton of
phosphorus pentoxide. This waste gypsum contains 40 %
water, heavy elements like cadmium and radioactive
elements, and some phosphoric acid. These impurities in
phosphate rocks are partitioned between the ore
beneficiation process waste, acid process waste and the
final product.

The increasing cadmium level in fertilizers is a cause
for concern. While igneous phosphate rock contains very
little cadmium (<1 mg cadmium/kg of phosphorus)
sedimentary sources contain much higher levels of
cadmium (43 to 380 mg/kg of phosphorus). However,
the amount of cadmium entering the ecosystem from
fertilizers is 6% of the total cadmium present in the
phosphate rock. As cadmium sulphate is water soluble
and cadmium phosphate is acid soluble, most of the
cadmium remains in the acid while phosphates are made
out of the acid.

The phosphogypsum produced during phosphoric
acid manufacture requires a large surface of land for
disposal or a transportation system for disposal into the
deep sea. Sea disposal has to follow many guidelines. The
land disposal of phosphogypsum calls for specially lined
surfaces for the stacks to prevent leakage and
contamination of the ground water. The excess water

from the stacks should be drained and neutralized before
release.

(b) Pollution prevention and control in the
manufacture of phosphoric acid: The emission of
hydrogen fluoride can be reduced by efficient absorption
systems. The wastewater released from phosphogypsm
slurry must be carefully circulated. Though the
hemihydrate process produces smaller quantities of
phosphogypsum and a higher concentration of
phosphoric acid, the pollution problems are similar.
Phosphogypsum, after processing, can be used as
construction material or may be converted into cement
and sulphuric acid. Fluorides are converted into useful
industrial products, or the process water is discharged
with phosphogypsum. Phosphoric acid is highly
corrosive to mild steel and hence rubberlined mild steel
tanks are used along with plastic pipes and valves. All
storage tanks should be kept in controlled conditions.
Plant areas should have impermeable flooring with the
surface drainages connected to a neutralization pit.
Complete recovery of uranium from phosphoric acid is
being attempted. However, complete removal of
cadmium from the acid is difficult. Fluorides are
removed by scrubbing.

(c) Health and safety issues in the manufacture
of phosphoric acid: Phosphate rock dust and radioactive
clements are the main health hazards of this process. A
reasonable level of fluoride in food and drinking water is
2 mg/day of fluoride ingestion. The first signs of chronic
fluorosis in man is mottling of teeth followed by
ossification of ligaments. Animals are affected by
concentration of fluorides in excess of 30 mg/Nm’.
Vegetation is more sensitive to exposure of fluorides than
animals or human beings.

The concentration of radio nuclides in phosphate
rock varies according to the location from where it is
mined. About 40% of the radio nuclide concentration in
phosphate rock is present in phosphoric acid and 2% is
present in phosphogypsum. The long-term effects of
phosphate fertilization have not shown any concentration
change of uranium, thorium and radon. The soil
conditions facilitating the uptake of radio nuclides by
crops have not been studied in detail though these
elements in soil are absorbed by the plants. To avoid
ingestion of radioactive elements, a high level of
cleanliness and hygiene should be observed in these
chemical plants. Acids should be handled by trained
operators with fully protective suits, using detailed
manuals and guidelines for the safe operation of the plant.
A daily monitoring of the fluoride level is obligatory.

Environmental impact of sulphuric acid industry

Sulphuric acid is made from any one of the basic raw
materials - sulphur, pyrites or tail gases from
metallurgical industries. The production of 1 ton of
sulphuric acid (of 100% concentration) requires 0.33 ton of
sulphur and produces 1.8 tons of high pressure steam. The
manufacture of sulphuric acid requires three qualities of
water, namely, demineralized water for boiler feed,
process water to absorb sulphur trioxide and cooling water.



Environmental impact of wastes

Environmental issues related to fertilizer use

(a) Wastes and emissions from sulphuric acid
manufacture: Sulphur dioxide and acid mist are released
from waste gas from the final absorber tower. Apart from
boiler blow downs and water treatment plant
regeneration, aqueous effluent from sulphuric acid plant
originates from spills, leakages from pumps and flanges.
The vanadium catalyst used for the oxidation process is
returned to the catalyst manufacturer for vanadium
recovery or safe disposal. Small amounts of sulphur dust
are produced when sulphur is stored in open air. Sulphur
dioxide and acid mist released into the atmosphere may
contribute to acid rain.

(b) Pollution prevention and confrol in the
manufacture of sulphuric acid: Sulphur with low ash
content reduces catalyst requirement and produces less
solid waste. Yellow sulphur is preferred to other colors of
sulphur that have organic impurities. The catalyst is
recycled. Sulphuric acid of more than 96% can be stored
in mild steel tanks. Plant areas have impermeable
flooring with the surface drainages comnected to a
neutralization pit. Emission levels of sulphur dioxide and
acid mist is reduced by using a double conversion /
double absorption system. Fiber mist eliminators having
low gas velocities are used to remove all particles with
more than 9 microns and 99% of all the smaller sized
particles. Electrostatic precipitators are effective. In
specific cases, final tail-gases are scrubbed with ammonia
or caustic soda solutions. The existing single absorption
facilities are upgraded with one of the following options:
(i) Conversion to double absorption. (ii) Switching to
cesium type catalyst. (iii) Additional alkaline tail-gas
scrubbing. These installations are costly and they
generate liquid effluents that need to be disposed of.

(c) Safety issues and occupational health hazards
in the sulphuric acid production process: Any sulphur
dioxide concentration in excess of 27 mg/Nm? is known
to be a strong irritant and the allowable maximum safe
and industrially accepted concentration is half this value.
The maximum safe concentration for sulphuric acid mist
for a 24 hour period is 0.14 ppmv. The acid should be
handled by skilled workers with full safety protection
appliances such as eye wash fountains at strategic points,
detailed operation manuals and safety guidelines.
Continuous monitoring of sulphur dioxide levels in the
stack and of acid mist and sulphur trioxide concentration
in the gas after passing through the final absorber must be
measured weekly.

Environmental impact of wastes and emissions
from ammonia production plants: See
Environmental impact of ammonia industry

Environmental impact of wastes and emissions
from nitric acid plants: See Environmental impact of
nitric acid industry

Environmental impact of wastes and emissions
from sulphuric acid: See Environmental impact of
sulphuric acid industry

Environmental impact of wastes and emissions in
the manufacture of fertilizers: See Environmental
impact of fertilizer industry

Environmental impact of wastes and pollutants in
the manufacture of phosphoric acid: See
Environmental impact of phosphoric acid industry
Environmental issue, dust:
environment issue

See Dust, an

Environmental issues related to fertilizer use

Though there are concerns that soil fertility management
practices of modern, high yielding cropping systems are
harmful to the environment, results from long term
fertilizer experiments designed to assess the influence of
fertilization tend to dispel some of these concerns. Some
Japanese research tends to show that NPK fertilization
does not negatively affect the physical, chemical and
biological properties of soil as much as some times
suspected. It also shows that yields stood at twice the
levels as those of unfertilized soils.

(a) Soil protection by nutrient balance: Nitrogen
forms a part of chlorophyll, and is in DNA and RNA for
storing and processing genetic information. Nitrogen is
also needed in amino acids that make all proteins and in
enzymes that control transformations occurring in the
living world. Phosphorus is involved in plant processes
ranging from cell division to the development of a good
root system for timely and uniform ripening of the crop.
Young and fast growing tissues need phosphorus for
functions related to growth, development,
photosynthesis and the use of carbohydrates. It is a
constituent of ATP and ADP, the two most important
substances in the life processes.

The gains and losses of nutrients often roughly
balance out. This means that biological growth depends
on the cycling of nutrients between the biomass and the
organic and inorganic stores. Removing or harvesting
portions of the biomass without replacing nutrients in the
biomass, depletes one or more of the nutrients. Hence,
subsequent yields are reduced. Nutrients are also lost in
the ecosystem through leaching, denitrification,
volatilization and erosion. Erosion is the single largest
factor responsible for soil degradation, which includes
the loss of phosphorus.

Nutrient loss and soil fertility can result in
environmental degradation. Soil nutrient depletion is a
worldwide concern. In Africa, there is a large annual
deficit; in Brazil applied nutrients meet 35% of the
nutrient needs and in India only 24%. Potassium and
phosphorus are deficient on a large scale in China. Almost
all countries show deficient nutrient budgets.

The application of fertilizers to soil to protect it from
the depletion of nutrients and to enhance the environment
requires several conditions to be satisfied. These relate to
the (a) nutrient ratio, (b) ratio of biomass to fertilizers,
and (c) time of nutrient application. Mismanagement of



Environmental management standards

Environmental perspective on pollution prevention

plant nutrients can cause harmful modifications to the
prevailing conditions of the ecosystem. Nitrogen in the
surface water brings down the quality of drinking water
and leads to eutrophication. Nitrogen in groundwater
also affects the quality of drinking water. Phosphorus in
surface water produces eutrophication.

(a) Nutrient ratio: Thirteen essential nutrients are
provided to the soil from its own resources as well as
from added fertilizers and manures. All these nutrients
are needed in the right proportion. Nitrogen, the most
widely deficient nutrient, when added to the soil results in
alarge yield but it does not contribute to soil fertility build
up. Unbalanced use of nitrogen causes depletion of other
soil nutrients.

In one experiment, application of nitrogen
(~ 175 kg/ha) not only increased rice yield by 2.9 times
but also increased the removal of phosphorus, potassium
and sulphur by a factor of 2.6, 3.7 and 4.6, respectively.
On the other hand, phosphorus deficiency reduces the
efficiency of nitrogen. An inadequate phosphorus supply
leads to nitrate leaching into groundwater. There is no
response to potassium application in the absence of
phosphorus, which at high levels reduces zinc
availability. Hence, the balance of all nutrients is
essential and good soil management achieves this.

(b) Ratio of biomass to mineral fertilizers: The
sources of natural nutrients are soil, water, atmosphere,
biomass and farmyard manures. Soils are the source of
multiple nutrients. The atmosphere supplies nitrogen,
sulphur dioxide, carbon dioxide and chlorides. Water
supplies calcium, magnesium and potassium. Biomass
and farmyard manure supply nutrients and have complex
effects on soils and plant growth by improving the soil's
physical and chemical properties and biological activity.
Since the amount of biomass and farmyard manure is
generally limited, the substitution of mineral fertilizers
with farmyard manure to be effective as source of
nutrients would need a fourfold increase of livestock,
which is impracticable. The use of organic matter as
fertilizer has the following disadvantages: (i) Continuous
use of organic products under reducing conditions may
retard plant growth. (ii) City compost and sewage may
be contaminated by organic toxic compounds and
heavy metals. (iii) Farmyard manure is a source of
cadmium. (iv) A large use of farmyard manure may cause
bacterial pollution of ground water and eutrophication of
surface waters. (v) The application of biomass because of
its large volume operations are labor and energy
intensive.

(c) Time of fertilizer application: Plants require
different nutrients in varying quantities during their life
cycle. In cases of over-supply, the unused part of the
nutrients may pollute the environment. The plant nutrient
supply from various sources should cover the immediate
needs of the plant. If the risks from leaching,
volatilization, denitrification or fixation are high, which
can happen in rainy, tropical climates, it is important to
respond to a supply or demand situation rather than think
in terms of total nutrient doses.

The daily uptake of nitrogen increases between
tillering and jointing. The second critical period is
between panicle initiation and flowering. Phosphorus
demand grows after sucker settlement; however, to
produce rich roots, phosphorus is necessary from the
very beginning. Between half-time tillering, jointing and
the preparatory phase of the panicle initiation, the
demand of phosphorus is about 1 kg/ha/day. After
flowering, initiation and grain growth, the demand of
phosphorus is 0.2 to 0.3 kg/ha/day.

Potassium consumption takes place during the first

two weeks and the nutrient supply must reach 15
kg/ha/day.

Environmental management standards: See
Environmental impact assessment

Environmental optimum

An environmental optimum refers to the optimum return
within the framework of environmental guidelines. If,
for example, the application of nitrate fertilizer ensures
that leached nitrate does not contaminate or pollute
drinking water, the environmental optimum is reached.
The World Health Organization recommends that
drinking water should contain less than 50 mg nitrate per
liter. If this stipulation is met, the environmental
optimum is reached. (However, in the case of crops,
whatever the rate used, the nitrate addition should be
justified by the need of crop.)

Environmental perspective of the Institute of
Mineral Fertilizers Process in nitric acid
production: See Environmental impact of nitric acid
industry

Environmental perspective on fertilizer nitrogen:
See Fertilizer nitrogen, an environmental perspective

Environmental perspective on human
intervention in agriculture systems: See Human
intervention in agriculture systems, an environmental
perspective

Environmental perspective on pollution
prevention and control in fertilizer manufacture:
See Environmental impact of fertilizer industry

Environmental perspective on pollution
prevention and control in manufacture of
ammonia: See Environmental impact of ammonia
industry

Environmental perspective on pollution
prevention and control in manufacture of nitric
acid: See Environmental impact of nitric acid industry

Environmental perspective on pollution
prevention and control in manufacture of



Environmental perspective on soil protection

Environmental significance on plant nutrient ratio

phosphoric acid: See Environmental impact of
phosphoric acid industry

Environmental perspective on soil protection by
nutrient balance: See Environment impact related to
fertilizer use

Environmental perspective on the non-selective
catalytic reduction (NSCR) process of nitric acid
production: See Environmental impact of nitric acid
industry

Environmental pollution abatement: See
Environmental impact of fertilizer industry

Environmental pollution abatement in
nitrophosphate fertilizers: See Environmental
impact of fertilizer industry

Environmental pollution abatement in

phosphogypsum production process: See
Environmental impact of fertilizer industry

Environmental pollution prevention and control
in the manufacture of sulphuric acid: See
Environmental impact of sulphuric acid industry

Environmental problems, global: See
Environmental protection and pollution prevention

Environmental Protection Agency of the USA

The Environmental Protection Agency (EPA) of the
USA, which President Nixon created in December 1970,
came in existence as a result of intense concern about
environmental pollution. It was created to enable
coordinated and effective governmental action to be
taken for the betterment of the environment.

The EPA was established to consolidate, in a single
agency structure, appropriate integration of federal
research policies, monitoring, standard-setting and
enforcement activities to ensure environmental
protection. EPA’s mission is to protect human health and
to safeguard the natural environment - air, water and land
- upon which life depends.

As a complement to its other activities, EPA
coordinates and supports research and antipollution
activities by state and local governments, private and
public groups, individuals, and educational institutions.
The EPA also strengthens efforts among other Federal
agencies with respect to the impact of their operations on
the environment. In all, EPA is designed to serve as the
public’s advocate for a livable environment.

The EPA has been working for a cleaner, healthier
environment for the American people. From regulating
auto emissions to banning the use of DDT, from cleaning
up toxic waste to protecting the ozone layer, from

increasing recycling to revitalizing inner-city
brownfields, EPA’s achievements have resulted in
cleaner air, purer water and better-protected land.

Environmental protection agencies of other
countries work on similar lines.

Environmental protection and pollution
prevention

Production of fertilizers includes steps concerning
mining, mechanical and chemical processing, material
handling and transport. Fertilizers are ultimately for
soils. Hence, fertilizer producers and users have to be
concerned with fertilizer impact on the environment.
Fertilizer production processes release emissions
containing potential pollutants that may lead to acid rain,
ground water contamination, water acidification, and
eutrophication. All these may contribute to global
environmental problems.

Adverse environmental effects from fertilizer
production, distribution and application are not easy to
generalize. It is worth recalling that the fertilizer industry
has evolved over more than 100 years to meet the
changing demands of the farmers. Besides,
(a) environmental awareness has evolved and come to the
forefront only in the last three decades, (b) the fertilizer
industry operates at different levels of safety, depending
on the complexity of different processes, and (c) fertilizer
application practices have evolved over a long period of
time and with different crop production patterns. In order
that fertilizer processes and uses minimize adverse
environmental impact, it is important that measures for
pollution prevention be fully used with the highest
standards of operation and maintenance.

Eco-friendly technologies are now available for basic
fertilizer production. These technologies, however, for
varying socio-economic reasons and a lack of full
appreciation for the environment have not always got
totally implemented. Fortunately, environmental
awareness and sensitivity are on the rise and the emphasis
is on minimizing the total adverse environmental impact
of fertilizers, which calls for environmental protection at
all stages of industrial development. Local standards and
regulations are increasingly complying with
internationally adopted standards and guidelines. The net
effect is that all producers and users of fertilizers are
under increasing pressure to develop and implement
environmentally sensitive fertilizer production
technologies and more efficient pollution abatement
processes and installations. Existing facilities are also
attempted to be retrofitted to bring them closer to the
latest in fertilizer technology.

Environmental significance of time of fertilizer

application: See Environment impact related to
fertilizer use

Environmental significance on plant nutrient
ratio: See Environment impact related to fertilizer use



Environmental significance on the ratio of biomass

Epinasty

Environmental significance on the ratio of
biomass to mineral fertilizers: See Environment
impact related to fertilizer use

Environment pollution abatement in ammonium
nitrate/calcium ammonium nitrate production:
See Environmental impact of fertilizer industry

Environment pollution abatement in the

production of complex fertilizers: See
Environmental impact of fertilizer industry

Environment, pollution to: See Environment

Environment, safety issues and occupational
health hazards in sulphuric acid production: See
Environmental impact of sulphuric acid industry

Environment, Stamicarbon bv process of effluent
water treatment for: See Environmental impact of
fertilizer industry

Environment, the phosphorus fertilizer industry
and use of phosphorus: See Phosphate industry, an
environmental perspective

Enzyme

Enzyme is a complex organic substance formed in the
cells of plants and animals. Enzymes serve as catalysts
for chemical reactions of biological processes such as
digestion. They are highly specific in their catalytic
behavior. A given enzyme is effective for only one
particular reaction. The first synthesis of an enzyme
(ribonuclease) was reported in 1969.

Enzymes are classified by the kind of substrate
consumed in the reactions catalyzed. Enzymes that
breakdown proteins by hydrolytic cleavage are called
proteolytic enzymes. Some of the enzymes and their
actions are listed in Table-E.2.

Table-E.2: Enzymes and their actions.

Enzyme Action

Amylase Hydrolyzes starch

Carboxylase Converts cellulose to glucose

Cholinesterase | Inactivates acetylcholine

Invertase Converts sucrose to glucose and fructose

Lipase Hydrolyzes fats

Maltase Converts maltose to glucose

Nitrogenase Helps convert nitrogen into ammonia; also
reduces ethelyne to acetylene.

Pepsin Hydrolyzes proteins

Protease Hydrolyzes proteins and peptide linkages

Rennin Hydrolyzes proteins

Ribonuclease | Decomposes RNA

Trypsin Splits proteins to amino acids

Urease Decomposes urea to NH; and CO,

Zymase Converts sugars to alcohol and Co,

Enzymes are identified by four numbers. The first
indicates the group of enzymes to which the enzyme
belongs. The second number represents the subclass. The
third figure indicates sub-sub class. The fourth is simply
the serial number of the enzyme in the sub-sub class. The
major groups are (a) oxido reductases, (b) transferases,
(c) hydrolases, (d) lyases, (€) esomerases, and (f) ligases.

EPA
EPA is short for Environmental Protection Agency.

EPIC

EPIC is short for erosion productivity impact
calculator. (See Erosion prediction.)

Epidermis

Epidermis is the outer cellular layer of the skin or the
outer layer of cells of leaves, stems, roots, etc. Leaves,
herbaceous stems and floral organs usually retain the
epidermis throughout their life. Most woody stems retain
the epidermis until it is replaced by the bark.

The epidermis of the leaf has apertures called
stomata which are surrounded by two specialized guard
cells. The opening and closing of the stomata is caused by
relative changes in the turgor between the guard cells and
the surrounding epidermal cells (Fig.E.10).

Midrib of leaf

Upper
epidermis

Lower Stomata
epidermis

Phloem

Vascular Collenchyma

bundle Xylem

Fig.E.10: A diagrammatic representation of a section of
leaf showing the epidermis and other primary components.

Cotton and kapok fibers are unicellular epidermal
hairs from the seed and inner fruit wall respectively. Root
hairs are thin-walled extensions of certain root epidermal
cells. They develop only on growing root tips and may
arise from an epidermal cell or from specialized cells
known as trichoblasts. The life of a given root hair is
usually no more than a few days.

Epinasty

Epinasty refers to a tendency in plant organs to grow
more rapidly on the upper side. For example, the
presence of a low ethylene concentration causes epinasty
in tomato petioles.

Epinasty is characterized by the elongation of the
petiole, making it bend downwards. This affects the
orientation of the lamina which may become vertical. But
epinasty is different from wilting, in that the leaf and the
petiole remain puffed out.
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Epipedons
The horizons at the uppermost soil surface are called

epipedons. They are thinner (generally, 20 to 30 cm
thick) than A horizons.

Epiphyte

An epiphyte is a plant that grows on another plant, but is
not parasitic. Epiphytes only seek physical support to
grow and are not otherwise dependent on their hosts.
They can grow equally well on poles, roofs, buildings,
walls, etc. Some epiphytes have aerial roots.

Epiphytes grow in humid regions, obtaining carbon
dioxide from the air and producing their own food. Their
aerial roots additionally absorb the moisture that settles
on them; they also absorb nutrients from the bark and leaf
cavities of the host trees. Occasionally, an epiphyte
becomes very large and dense (like in the case of Spanish
moss) and can cause physical injury to the host, robbing
the tree of sunshine and moisture. Epiphytes include
many mosses and lichens and some tropical orchids.

Epsomite

Epsomite (MgSO,-7H,0), a naturally occurring mineral,
has needle-like, orthorhombic crystals. It may be found
in the saline efflorescence of the surface of some soils of
arid regions. It is soluble in water, which makes
magnesium easily available to plants. It is used as a
source of magnesium in many chemical industries like
paper, sugar refining, etc.

Epsom salt, MgSO,-7H,O (rhombic), is the
commonest hydrate of magnesium sulphate. Used as a
plant nutrient to overcome magnesium deficiency, epsom
salt finds application in fertilizer manufacture besides
being used in fireproofing cotton and in tanning leather.
Epsom salt is also known to be a laxative.

Epsom salt: See Epsomite

Equation for dissolution of solid in liquid

Dissolution of a solid in a liquid is a heterogeneous
process in which the solid (solute) passes into solution
because of its interaction with the solvent. William
Nernst equation for dissolution of a solid in a liquid
controlled by diffusion is:

& ks (€0
d[ e . .\_ -

where dc/dt is the time dependence of concentration, S is
the surface area of the solid, C is the concentration, C; is
the concentration at the surface determined by the
solubility of the compound and k is the rate constant.

Equatorial forests

Equatorial forests, also called tropical rain forests, are
found in equatorial regions. The region has temperatures
of over 27°C all the year round, an average annual
rainfall of about 2000 mm or more and an abundant
growth of dense, luxuriant and evergreen vegetation.

The trees of equatorial forests usually have epiphytes
growing on them. Such forests are found in Congo,
Amazon basins and South East Asia.

Tropical rain forests, which produce high biomass,
use soil efficiently. Due to rich and highly competitive
plant growth, the plant biomass contains many nutrients.
However, felling of trees leaves the soil in poor
condition.

The primary products from tropical rain forests are
derived from wood. A large number of minor forest
products includes gum arabic, tannin, honey, fruits, nuts,
wild palms, medicinal herbs and mushrooms.

Equatorial zone

The equatorial zone is the region between 28.5°N and
18.5°S on both the sides of the equator. It is also called
torrid zone.

Equilibrium

Chemical equilibrium is a condition in which a reaction
and its opposite or reverse reaction occur at the same rate,
resulting in a constant concentration of reactants. For
example, ammonia synthesis is at equilibrium when

ammonia molecules form and decompose at equal
velocities.

N, + 3H;

—=—= 2NH;

Physical equilibrium is exhibited when two or more
phases of a system are changing at the same rate, so that
the net change in the system is zero. An example is the
liquid to vapor or vapor to liquid interchange in an
enclosed system, which reaches equilibrium when the
number of molecules leaving the liquid is equal to the
number entering it.

Equilibrium constant

The equilibrium constant is a number that relates
concentrations of the starting materials and products of a
reversible chemical reaction to one another. For
example, in a chemical reaction represented by the
equation

aAB+bCD ——— cAD +dBC

the equilibrium constant (K) would be

[AD] [BC]
N ——
[AB]* [CD]®

where a,b,c and d are the number of molecules of AB,
CD, AD and BC in the balanced equation and [AD],
{BC], [AB] and {CD] are the molecular concentrations of
AD, BC, AB and CD in the equilibrium mixture. At any
one temperature, K is usually at least approximately
constant regardless of the relative quantities of several
substances. So when K is known, it is often possible to
predict the concentrations of the products when those of
the starting materials are known. The constant (K)
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changes markedly with temperature. The constant can be
calculated from the relations of thermodynamics if the
free energy for the chemical reaction is known or can be
calculated by measuring all concentrations in one or more
carefully conducted experiments.

Equivalent acidity
Equivalent acidity is the amount (weight) of calcium

carbonate needed to neutralize the acidity caused by a
certain amount of an acid forming fertilizer.

Equivalent area yield

The equivalent area yield is a criterion used for
comparing mixed culture and monocultures of crops. The
equivalents represent production of mixed crops in terms
of the total area of pure stands of the component crops
which would have been required to give the same yield. A
value less than one indicates that the mixed crop was less
productive than the pure stands. The equivalent area yield

(EAY) is givenby

Yield of cereal Yield of legume
EAY = 1.n amixture ina mixture

Yield of cereal Yield of legume

in solid stand in solid stand

Equivalent point: See Volumetric analysis

Equivalent proportions, law of: See Chemical
combination, laws of

Equivalent spherical diameter

In particle size analysis by sedimentation principle, the
equivalent spherical diameter refers to the diameter of a
non-spherical particle that is equal to the diameter of a
spherical particle of the same density and the same rate of
fall.

Erg

Dunes, especially desert dunes, which occur in isolation
or in fields of many separate or joint dunes are called erg.
They can be mobile or fixed.

Erg is also a CGS unit of work and is defined as the
amount of work done by a force of one dyne in moving
the point of application through one centimeter. Since erg
is a small unit, a more commonly used unit is a joule
which is 107 ergs.

Erodibility

The relative ease with which a soil is eroded under
specified conditions of slope as compared to another soil
under similar conditions of slope is known as erodibility.
Erodibility depends on soil properties (particle size, clod
forming properties, cohesiveness, aggregates and
infiltration capacity), vegetation, topography and land
use practices.

Erodibility index of soil: See Erosion prediction

Erosion

A gradual destruction or wearing away of the earth’s
surface by natural agents such as wind and water, is
called erosion. Soil erosion is a subject of serious study.

Erosion control

The process of eroding or being eroded by wind, water or
any other natural agent is called erosion. The detachment
and movement of soil or rock fragments by water, wind,
ice or gravity is known as seoil erosion. It can be
controlled to some extent by taking measures to reduce
soil detachment or soil sediment transport or both.

By far the best and most common method of reducing
the soil detachment is to cover the soil surface with crops.
(Fig.E.11). Such a cover on the soil surface intercepts
raindrops, reduces the speed of wind and water and
reduces soil erosion rate. The roots of plants create pores
in the soil, to increase soil permeability, which further
helps prevent erosion. Furthermore, the root exudates
help the aggregation of soil particles. Other materials
(like mulch, straw, papers and wood chips) also intercept
raindrops and retard run-off. The stubble mulch
farming practice is an effective wind and water erosion
control technique for semi-arid lands.

Soil erosion by water can be reduced by obstructing
steep slopes with barriers like terraces, brush wood
dams, contour cultivation and contour strip cropping.
Constructing terraces, in particular, reduces the average
land slope and hence erosion (Fig.E.12). But if terraces
are not properly designed and maintained, they could
collect water and the overflow thereon can do more
damage than good. The practice of zero tillage also
reduces soil erosion by encouraging wild vegetation.

(Bottom) Vegetative cover reduces erosion.
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To reduce erosion, the collection of water in
restricted areas and its movement into narrow channels is
avoided. In general, any method that increases the
infiltration rate and absorptive capacity of the soil (such
as surface tillage, organic residue incorporation, and
stubble mulches) reduces the run-off of water over the
surface. Permanent pastures or grassed waterways are
used to check gully erosion of medium intensity.
Similarly, in situations leading to mild erosion,
roughening the soil surface may help to keep erosion in
check.

Wind erosion is most common in arid and semi-arid
climates. It is a very serious problem during dry seasons
in most countries, especially when the soil is less
cohesive, the loose particles are small, vegetative cover
is sparse and wind speeds are high.

Factors like climate and soil erodibility index
influence wind erosion and these are not readily
controllable. Wind erosion can be controlled by
mulching, windbreaks, wetting the soil, creating soil
roughness and minimum tillage. For severe wind erosion
conditions, barriers like tree shelter-belts can very
effectively check wind velocity (at least for short
distances) and trap the drifting sand.

It may not always be possible to prevent the loss of
large masses of soil (mass wasting) caused by natural
forces, like landslides. But some measures can reduce
mass wasting. For example, contour cultivation
restricts erosion during a low-intensity rainfall on
moderate slopes. Ridges made during contour tillage,
combined with terracing or contour strip cropping (See
Fig.E.12) are quite effective in controlling erosion.

Uncontrolled soil erosion affects human beings but
many times they are also themselves responsible for
erosion when they allow overgrazing, lumbering,
massive urbanization especially on continental land
slopes and coastal topographic features.

Fig.E.12: Terracing is an effective erosion control method on steep slopes.

Erosion hazard units

The universal soil loss equation predicts the expected
soil loss. The soil loss estimator for Southern Africa
(SLESA) is a more refined equation for estimating
universal soil loss and addressing the soil loss problems
peculiar to South Africa. This model yields the erosion
hazard units (EHU) on a scale of approximately 0 to
1000. A number of monograms and graphs are available
to simplify the calculation of EHU (See Erosion
prediction.)

Erosion prediction

The universal soil loss equation (USLE) given below, is
widely used to predict the extent of erosion from farms.
The equation, first proposed in 1965 in the USA with six
variables, is considered universal because it can totally
describe the soil erosion process:

A = RKLSCP

where A is the long term average soil loss, R is the long
term average rainfall run-off erosivity factor, K is the soil
erodibility index, L is the slope length factor, S is the
slope angle factor, C is the soil cover factor and P is the
erosion control practice factor.

Soil loss estimator for Southern Africa (SLESA) is
a refined form of USLE. SLESA depends on (a) physical
systems like crop, climate, soil topography, (b) control
variables such as energy interception, rainfall energy,
soil erodibility, slope steepness and slope length, and (c)
crop ratio, soil loss from bare soil and topographic ratio.
This model yields erosion hazard units (EHU) on a scale
of approximately 1 to 1000.

Erosion productivity impact calculator (EPIC) is a
computer simulation model used for the prediction of
consequences of soil erosion on productivity. This model
takes into account the parameters relating to
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(a) hydrology (surface run-off, percolation, subsurface
flow, drainage, evapotranspiration, irrigation, etc.), (b)
weather (precipitation, temperature, radiation and wind),
(c) erosion by wind and water, (d) nutrients, (e) soil
temperature, and (f) tillage. Analogous to the universal
soil loss equation is the wind erosion equation as given
below:

E =f{1K C"L V")

where E is the erosion per hectare per annum, I' is the
soil erodibility index, (with I' representing the potential
loss from a wide, unsheltered, isolated field with a bare,
smooth, non-crusted surface, and the knoll erodibility
index (I) which is erodibility of windward slopes
expressed as percentage slope), K' is the soil ridge
roughness factor (which is a measure of natural or
artificial roughness other than that caused by clods and
vegetation), C' is the local wind climatic factor; L' is the
field length or its equivalent along the prevailing wind
erosion direction and the sheltered distance in the same
direction, V' is the equivalent quantity of vegetal cover
and vegetal roughness. These parameters give rise to
some sub-relations; for example, V' is related to other
parameters, the values of which are available from
appropriate tables. The soil erodibility index ranges from
0 (stony) to 300 (very fine sand); the soil roughness
ranges from 1.0 (smooth soil surfaces) to 0.5 (rough
surface); the field size (L") ranges from0to 1.0.

Erosion productivity impact calculator

Erosion productivity impact calculator (EPIC) is a
computer simulation model used for the prediction of
consequences of soil erosion on productivity. (See also
Erosion prediction.)

ERT Espindesa processes for non-granular
monoammonium phosphate

ERT Espindesa, Nissan Scottish Agricultural Industries,
Fison's Ltd. and Swift Agricultural Chemicals have
developed processes for the manufacture of non-granular
monoammonium phosphate which is used as an
intermediate in the production of compound fertilizers.

The most important feature of the ERT Espindesa
process is that unlike in other processes, the reaction to
MAP or DAP is completed within the pipe reactor and
further ammoniation is avoided. Hence, powdered or
granular product can be easily made.

Pure monoammonium phosphate is completely water-
soluble and contains 12% nitrogen and 21 % phosphorus
(52% as P;0s). (See also Monoammonium and
diammonium phosphate production processes.)

ESP
ESP is short for exchangeable sodium percentage.

ESR

ESR is short for exchangeable sodium ratio. (See Water
quality.)

Essential chemical elements

Besides the carbon, hydrogen and oxygen found in
organic compounds, all plants, animals and micro-
organisms require a range of elements in inorganic forms
in varying amounts. Essential chemical elements are
those that are required by living organisms like plants for
their normal growth, development and maintenance.
These elements are so critical in the metabolic functions
of the plant that without these elements, plants cannot
complete its life cycle.

Sixteen elements are considered essential for plant
growth. Their relative concentrations range from 1.5%
for nitrogen to 0.1 ppm for molybdenum. Of these
sixteen elements, carbon, hydrogen and oxygen are the
most abundant elements and are not considered as
mineral nutrients. The remaining 13 elements are
grouped into macronutrients (N, P and K), secondary
nutrients (Ca, Mg and S) and micronutrients (Fe, Zn,
Mn, Cu, B, Cl and Mo) (See Fig.E.13).

Fig.E.13: Essential chemical elements.

Plant nutritionists and soil scientists are increasingly
using a less restrictive definition of essentiality of
nutrients for plants. Accordingly, they have added five
more elements to the list of essential elements. These are
Na, Si, Co, V and Ni.

The essentiality of sodium has been established for
plants with C, photosynthetic pathway and for the
optimum growth of celery, spinach, sugar beet and
turnip. Scientists from Japan, China and Korea have
established the essentiality of silicon for rice. Cobalt is
required for the microbial fixation of atmospheric
nitrogen. Vanadium is required for the functioning of
some micro-organisms. Nickel is present in the enzyme
urease and is required for the hydrolysis of urea.

Sodium, potassium and chlorine ions are the chief
electrolytic components of cells and body fluid. They
determine the body's electrical and osmotic status.
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Calcium, phosphorus and magnesium are all present in
bones. Calcium is essential for the activities of nerves
and muscles. Phosphorus is a key constituent of the
chemical energy carriers (e.g., ATP) and of the plasma
membrane and nucleic acids. Magnesium is the
constituent of chlorophyll and it activates certain
enzymes. Sulphur is a constituent of some amino acids,
such as cysteine and methionine synthesis (in plants
and micro-organisms). The trace elements serve as
cofactors or constituents of complex molecules; for
example, iron in haem and cytochromes, and cobalt in
vitamin By5.

When a plant nutrient is present in insufficient
quantities, deficiency symptoms develop in plants.
Similarly, when the nutrients are present in excessive
amounts, they may become toxic to plants. The margin
between the critical deficiency and toxicity is quite
narrow for micronutrients, especially for Cu, B and Fe.

Esters

Esters are a class of organic compounds formed by an
acid reacting with alcohol. Methyl acetate
(CH,COOCH;) is an example of an ester formed by
acetic acid reacting with methyl alcohol. Esters
containing simple hydrocarbons are volatile and fragrant
substances that are used as flavorings in the food
industry. Triesters occur in nature as oils and fats, which
are esters of glycerol and long chain fatty acids.

Ester sulphate

Ester sulphate is formed by the reaction of sulphuric acid
with an organic alcohol. Ethyl sulphate, which contains
the C-O-S bonds, is an example. Most of the sulphur in
surface horizons in a well-drained agricultural soil is
present in an organic form. The nature and properties of
these compounds, which govern the release of plant
available sulphur, fall under (a) hydroiodic acid (HI)
reducible, non-carbon bonded sulphur (such as ester
sulphates, phenolic sulphates and sulphated
polysaccharides), (b) carbon-bonded sulphur, and (c)
residual or inert sulphur.

In the hydroiodic acid reducible sulphur compounds,
sulphur is present mostly as sulphate esters and ethers
with C-O-S linkages. A mixture of hydroiodic acid,
formic acid, and hypo phosphorus acid in different
proportions gives hydrogen which reduces the sulphate
esters and ethers. The carbon-sulphur (C-S) bonds are
not ruptured under these conditions. Aryl and alkyl
sulphates, phenolic sulphates, sulphated polysaccharides
and sulphated lipids are examples of this class of organic
sulphur compounds. About 50% of the organic sulphur
belongs to this class.

Ethylenediamine di-o-hydroxyphenylacetic acid

Ethylenediamine di-o-hydroxyphenylacetic acid
(EDDHA) is a chelating agent used for micronutrients
like iron and manganese.

Ethylenediamine tetra-acetic acid

Ethylenediamine tetra-acetic acid [(HOOC-CH,),
NCH,-CH,-N(CH,-COOH),] (EDTA) is a chelating
agent which reversibly binds with iron, magnesium and
other metal ions. It is used in the estimation of calcium,
magnesium and some other metal ions.

Ethylene glycol method for treating clay minerals

Ethylene glycol method is a way of treating clay mineral
samples. The latter are mixed with ethylene glycol prior
to subjecting them to X-ray diffraction which
distinguishes the clay mineral layers with the expanding
lattice. Ethylene glycol, because of its polar nature,
penetrates between the layers and changes the basal
spacing. Thus, montmorillonite treated with gthylene
glycol increases its basal spacing from 10 to 17A, while
in llite the basal spacing remains at 10A .

If ethylene glycol is adsorbed as a very thin film to a
soil or clay, forming a monomolecular layer, the
retention of ethylene glycol is taken to be the measure of
the surface soil area.

Weight in grams of
ethylene glycol retained

Thetodl surfite . by unheated soil

area (m’/g)

x 0.00031
Weight in grams of
vacuum-dried unheated
soil sample

Eubacteria

Eubacteria is a subgroup of bacteria. They have rigid cell
walls which give the cells a fixed form. Eubacteria cells
have different shapes - spherical, rod-like or helical.
Most are immotile but some have flagella. They are
unicellular and divide by binary fission.

Eucaryote

Eucaryote is an organism comprising a cell (or cells)
which contains genetic material (DNA) within a distinct
nucleus.

All organisms are eucaryotes, except bacteria.
Eucaryotes are mostly multi-cellular but there are some
unicellular eucaryotes. Fungi, slime moulds, protozoa,
algae, nematodes and higher plants and animals are
eucaryotic organisms.

Eucaryotes (also spelled as eukaryote) are also called
eucaryotic organisms.

EUF
EUF is short for electro-ultra filtration.

Eukaryote: See Eucaryote
Eutectic point: See Eutectic solutions

Eutectic solutions
A eutectic solution consists of two or more substances,
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usually metals, and has the lowest melting point that any
mixture of these components can possibly have. The
minimum melting point for a set of components is called
the eutectic point.

Alloys with a low melting point are usually eutectic
solutions. An alloy usually containing bismuth, lead, tin,
cadmium or indium and with a melting point in the range
of about 51 to 260°C, is a fusible alloy. For example, the
Pb-Sn-Cd-Bi alloy (called wood's metal) has an eutectic
temperature of 70°C. The In-Pb-Sn-Bi alloy has an
eutectic temperature of 57°C. Some eutectic fusible
alloys are used for punch and die moulds and for pattern
application. They are also used as solders and as heat
transport media.

The most important non-pressure nitrogen liquid is
the urea-ammonium nitrate-water solution. This system,
which has a freezing point of minus 26.5°C, forms a
eutectic solution and contains 39.5% NH,NO,, 30.5%
urea and the rest, water.

Eutrophication

Eutrophication means excessive richness of nutrients in a
lake or other water body, causing a dense growth of plant
life. The phenomenon is unintentional and results in
uncontrolled growth of algae and flowering water plants.
Eutrophication is frequently caused due to run-off from
the land. Very often, it can also be caused by an increased
amount of phosphorus, nitrogen and silicon.

Phosphorus and nitrogen help algal growth, whereas
silicon determines the composition of the algal
community. Algae with silicate skeletons provide food
for organisms higher in the food chain (such as fish). The
algae utilize N, P and Si in the ratio of 7:1:7 by weight. A
low nitrogen to phosphorus ratio in fresh water favors the
production of nitrogen-fixing cyanobacteria. A high
nitrogen to phosphorus ratio with low silicon favors the
production of dinoflagellates, the toxic algal species that
forms 'red tides' in water, discoloring it.

This unwanted growth of water plants eventually
leads to the accumulation of a considerable mass of dead,
decomposing organic material. As decomposition
requires oxygen, the decomposing matter uses up a large
portion of dissolved oxygen in water, leading to the
creation of near-anaerobic conditions and death of
aquatic life in that water. The unwanted growth of water
plants and weeds also clogs waterways. Eutrophication
affects rivers, lakes and estuaries as well as coastal areas
and enclosed water bodies.

Bacteria, especially autotrophic bacteria, oxidize
ammonium to toxic nitrites, and then to nitrates. The
percolating water makes the nitrate flow into ground
waters which can be a health hazard for animals and
human babies.

Eutrophication also contributes to creating additional
sources of carbon. In earlier geological ages,
eutrophication was said to have caused an enormous
growth of water plants and swamp plants. These plants on
their death have contributed to form vast deposits of gas,

oil and coal. Farmland drainage that carries nitrates from
fertilizers encourages the growth of micro-organisms,
particularly algae, in drainage water.

The phosphate removal process involves the addition
of a metal ion source to waste effluents, to insolubilize
dissolved phosphates. This process is later agglomerated
by anionic polymers.

E value

E value is the amount of isotopically exchangeable
phosphorus or labile phosphorus present in the soil. The
total amount of ammonium (NH,") and nitrate (NO5)
ions, as also the readily mineralizable organic nitrogen, is
necessary to get the quantity factor Q which gives both
labile and non-labile forms of soil phosphorus. In the case
of nitrogen and phosphorus, a stable isotope (}N) or
radioisotope (**P) has been used to measure Q. For
example, the amount of isotopically exchangeable
phosphorus (called the E value or L value) is calculated
from the quantity of the tracer added (3?P soil) and the
specific activity of the soil solution after isotopic
exchange between the solution and the soil surfaces has
taken place, using the following equation:

32P (in soil) x 32P (in solution)

E value = >
32P (in solution)

The quantity of isotopically exchangeable
phosphorus, utilized by a growing plant over the spanof a
growing season, is called the E value. This value is the
laboratory equivalent of the L value, measured over a
shorter but specified period of equilibration. Basically,
labile phosphorus is the fraction of soil P that is
isotopically exchangeable with 2P within a specified
time.

The quantity of phosphorus present in a soil solution
at a given time is the measure of its intensity. When
phosphorus intensity is diminished by the withdrawal of
phosphorus from the solution, the solid phase phosphorus
goes into solution to replenish the loss. The solid phase of
phosphorus (or of any nutrient) that acts as a resource is
called the quantity factor or capacity factor of the
nutrient. The quantity factor or reserves of soil
phosphorus includes both the labile and non-labile forms
of phosphorus. The labile phosphorus is directly linked
with solution phosphorus (intensity factor) with a high
dissociation rate, while the non-labile phosphorus is
indirectly linked with the solution phosphorus with a low
dissociation rate.

Evaporation pans

The estimation of potential evaporation or
evapotranspiration in a field is done in many ways. Using
evaporation pans is one of the methods for the direct
measurement of water loss. It provides a very useful field
method for measuring or estimating evapotranspiration.
Usually the pan values are converted into the
corresponding open water evaporation values by
applying a pan coefficient or correction factor which
varies with the type of the pan, site and climate.
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Evapotranspiration

The sum total of evaporation and transpiration is
evapotranspiration. (See Evapotranspiration loss.)

Evapotranspiration loss

Large quantities of water are lost by evaporation from the
soil surface and by transpiration through plants. The sum
total of the effects of evaporation and transpiration is
evapotranspiration; the water thus lost by the two
mechanisms is called the evapotranspiration loss. The
loss of water due to evapotranspiration is nearly equal in
amount to the consumptive use, which is the quantity of
water lost by evapotranspiration, plus that contained in
the plant tissues.

Evapotranspiration increases when the air is dry,
warm or windy and the soil water is near the field
capacity to be absorbed by the roots from the soil surface
or vegetation. Evapotranspiration decreases under the
opposite conditions, namely, high humidity, cool
temperatures, wet soils and no winds. Potential
evapotranspiration is the maximum transpiration
possible under conditions of a slow-growing crop,
adequate water supply and completely shaded soil.

Most of the water absorbed by the plant eventually
escapes as vapor from the leaves. Though it is not always
easy to calculate, an estimate of the seasonal
evapotranspiration is valuable. It helps in designing
irrigation systems and in determining the amount
of water to be supplied or the number of crops that
can be grown with the available water. For this
purpose, the knowledge of both short-term (daily or
weekly) evapotranspiration and of soil water storage is
necessary. Evapotranspiration varies with the season,
depending on the total radiation received from the sun
and the quantity of heat that converts liquid water into
vapor.

It is necessary to reduce evapotranspiration. Mulches
are highly effective as they act as barriers to the escaping
moisture, and cover the soil to decrease soil temperature.

The estimation of potential evapotranspiration is
carried out by the following methods: (i) Direct
measurement using evaporation pans, atmometers,
lysimeters or evapotranspirometers. (ii) Moisture and
water-budget methods. (iii) Meteorological formulae
using the (a) aerodynamic approach based on the physics
of vapor transfer process, (b) energy budget approach,
and (c) a combination method using the aerodynamic and
energy budget approaches.

Excessively drained soil

Excessively drained soil (dry soil) is one of various soil
drainage classes.

Exchangeable acidity

Exchangeable acidity, which is another term for reserve
acidity, is the acidity produced when soil is treated with a
neutral salt solution.

Exchangeable aluminum

Exchangeable aluminum is the trivalent positive ion of
aluminum retained on the negative charge of clay
minerals or humus. Exchangeable aluminum, along with
hydrogen, forms a group of acid-forming exchangeable
cations. The exchangeable acidity is mostly due to the
aluminum ions, though generally exchangeable hydrogen
is considered responsible for the acidity.

AP" + H,0 — AI(OH)*" + H'

Leaching with an unbuffered salt solution, such as
1.0N potassium chloride (KCI), can help estimate the
quantity of exchangeable aluminum. The aluminum
content is then determined in the extract by titration or by
spectrophotometry. If the exchangeable aluminum
occupies more than 60 % of the cation exchange capacity,
the soil medium becomes toxic to plants. The knowledge
of the exchangeable aluminum content is, therefore,
important in the studies of plant nutrition and of
pedogenesis.

Exchangeable base:
percentage

See Exchangeable cation

Exchangeable cation percentage

Cations that are adsorbed to the surface of the soil
colloidal particles and exchanged by cations in the
solution are known as exchangeable cations or
exchangeable bases. For example, if a soil saturated
with potassium ions is brought in contact with a solution
rich in calcium ions, the solution gradually becomes
poorer in calcium ions and richer in potassium ions.
Determination of the content of exchangeable bases
implies taking out the ions from the colloidal complex
and then estimating concentration. The ratio (expressed
in percentage) of the quantity of exchangeable cations
held on the negative colloidal complex of the soil to the
cations existing in the soil solution is called exchangeable
cation percentage (ECP).

Exchangeable cation (meq per 100 g soil)

ECP = x 100

Cation-exchange capacity (meq per 100 g soil)

The exchangeable sodium percentage (ESP) is an
important parameter as sodium is toxic to most plants and
affects the physical properties of the soil, like
permeability.

Exchangeable cations: See Exchangeable cation
percentage

Exchangeable elements

Cationic elements that are held by electrostatic attraction
on soil colloids can be exchanged easily when the soil is
brought in contact with neutral salt solutions. These
easily exchangeable elemental ions are known as
exchangeable elements. The positively charged cations
are held on the surface by the negatively charged soil
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colloids or due to charge imbalance arising from
isomorphous substitution. The replacement of one
metallic ion by another without breaking or changing the
structure is known as isomorphous substitution. The
replacement of AI* for Si** in the tetrahedral
coordination of clay minerals, or of Mg?* for AP+ in the
octahedral coordination, are examples. These
replacements are responsible for the deficit in the positive
charge, which will be compensated by the retention of
exchangeable cations.

Positive ions are adsorbed at the negatively charged
sites by electrostatic or coulombic attraction. These
adsorbed cations resist removal by leaching water, and
can be replaced by other cations in solution by mass
action. The exchange of one cation by another is called
cation exchange. Cations are held on the exchange sites
with different adsorption strengths and hence the ease
with which these elemental ions can be replaced or
exchanged also varies in the following order. AP* >
Ca?* > Mg?* > K* = NH,” > Na*. This series is
known as the lyotropic series. This order depends on the
strength of adsorption or desorption of cations. The
adsorption depends on the size and the charge of the
cation. The complementary cation effect occurs when the
exchange of one cation for another becomes easier as the
adsorption strength of the third or complementary cation
increases. For example, ammonium (NH,") exchange
for divalent calcium (Ca?*) occurs more easily when
trivalent aluminum (AI**) is more predominant than the
sodiumion (Na*).

Exchangeable potassium

Most potassium ions absorbed by plants in a given season
come from the exchangeable potassium and soluble
potassium often in about equal proportions. In neutral
and basic soils, soluble potassium is a major plant
potassium source and in acid soils, the soluble potassium
alone may be adequate to fulfill plant needs. The
exchangeable potassium accumulates as mica and
feldspars weather and as potassium in plant residues is
released to the soil solution. Like other exchangeable
cations, potassium ions are held around negatively
charged soil colloids by electrostatic attraction on the
exchange complex of 2:1 layer silicates.

The amount of exchangeable potassium in a soil may
vary from 40 to 600 mg potassium per kg of the soil. Soils
containing smectite have more exchangeable potassium
than those containing illite these in turn have more
exchangeable potassium than soils containing kaolinite.
The cations held are easily exchangeable when the soil is
brought into contact with neutral salt solutions. The
distribution of potassium between negatively charged
sites on the soil colloids and the soil solution is a function
of the kinds and amounts of complementary cations, the
anion concentration and the properties of the soil cation
exchange materials.

Calcium is commonly present as a major cation in the
soil and on the exchange complex. The exchangeable
potassium on soil colloids of 2:1 clay minerals such as
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Fig E. 14: Binding positions of exchangeable potassium.

illite, vermiculite, etc. is held at three types of exchange
sites or binding positions (Fig.E.14). The planar position
(p) on the outside surfaces of some clay minerals, such as
mica, is rather unspecific for potassium. By contrast, the
edge position (¢) and the inner position (i) in particular
have a rather high specificity for potassium.

Exchangeable potassium in soils is generally
determined by extracting the soil with neutral 1IN
ammonium acetate and hence includes water soluble
potassium also. The entire quantity is known as available
potassium in soils. The level of exchangeable potassium
in soil is an important factor in determining the
responsiveness of any crop to the application of potassic
fertilizers.

Exchangeable sodium

Exchangeable sodium is defined by the sodium ions
exchanged or adsorbed on soil particle exchange sites.
The percentage of these exchangeable sodium ions to the
total soil exchangeable cations of all types in the soil is
called the exchangeable sodium percentage (ESP).
Sodium adsorption ratio (SAR) is, however, preferred
to ESP since measuring the ESP is time consuming. SAR
helps in classifying salt affected soils as saline, sodic and
saline-sodic soils. Saline soils have an SAR <13 to 15
and electrical conductivity (EC >4 dS/m), sodic soils
have an SAR >13 to 15 and EC <4 dS/m and saline-
sodic soils have an SAR >13to 15 and EC 24 dS/m.

Exchangeable sodium percentage

The percentage of exchangeable sodium ions to the total
exchangeable soil cations in a soil is called exchangeable
sodium percentage (ESP). It is the degree of saturation of
soil exchange complex with sodium.

Exchange acidity ratio of litter

Exchange acidity ratio of litter is given by the ratio of
exchange acidity of humus to that of the top horizon.

Excreta
Excreta is another term used for feces or dung.

Expanding lattice clays

Sticky swelling clays are referred to as 2:1 type or
expanding lattice clays. The ratio 2:1 shows the number
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Exudations

of silica sheets per alumina sheet per clay layer. Water
penetrates between the layers and makes each clay
particle swell. Montmorillonite and smectite are the
examples of expanding lattice clays.

Extensibility index

Extensibility index is the relative increase in the volume
of a clayey material following hydration. A clayey soil
may, under certain conditions, increase its volume by
half. For example, the montmorillonite in vertisols have
an index of 35, which means the volume increase is 35
percent.

Extensive farming

Extensive farming is a method of farming in which large
stretches of land are used to raise livestock and produce
crops, the yields usually being below average compared
to those from intensive farming. In extensive farming,
external inputs are applied at a minimum. In intensive
farming, crop yields are raised through increased (a)
mechanization (b) inputs of labor, (c) use of nutrients, (d)
protection against pests, and (e) irrigation. The
difference between the intensive and extensive systems is
one of economy rather than principle, the preferred
system being guided by the local conditions.

External coating of granular fertilizer

External coating of a fertilizer involves applying a thin
layer of powder or surfactant to the surface of the
granules. Granular coating helps reduce the caking
tendency of a fertilizer. Coating agents such as
kieselguhr, talcum, kaolin, waxes and fatty amines are
commonly used. These are called external
conditioners.

External coating is also called external conditioning
or surface treatment of a fertilizer.

External conditioners: See External coating of
granular fertilizer

External conditioning: See External coating of
granular fertilizer

External respiration

The exchange of oxygen and carbon dioxide between
body tissues and the environment is called an external
respiration.

Extraction

Extraction is the process of separation of a desired
constituent from a mixture by selective solubility in a
suitable solvent. For example, oil is extracted from
groundnut or dried coconuts by solvents like hexane - the
process being named as solvent extraction. Leaching
involves the extraction of soluble constituents from a
solid mixture by downward movement with a percolating
solvent. Leaching is closely related to solvent extraction,
in which a soluble substance is extracted from one liquid
by another immiscible liquid. Both leaching and solvent
extraction are often called extraction.

Exudate

Exudate is a material that passes from within a plant
structure to the outer surface or into the surrounding
medium, usually by diffusion (and not through an
aperture), as in root exudates, leaf exudates, etc.

Exudations

Exudations are secretions or modified excretory products
from epidermal glands. They are such substances as oil
(from oil beetles), wax (from bees), silk (from
caterpillars), nutrient or sugary secretions (from termite
and aphids), or scents to attract other insects (from
butterflies), unpleasant scents and irritant fluids to ward
off undesirable organisms and for self-defense (from
earwigs, sting bugs, bed bugs, caterpillars, etc.). Some
of these substances exude through pores in the cuticle;
others are discharged from special openings or tubes, as
wax in greenfly and whitefly.
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FA

FA is short for fulvic acid. It is a component of soil
humus, the other two being humic acid (HA) and
humin. When soil organic matter is extracted with an
alkali to study its components, the fulvic acid fraction
gets separated. (See also Fulvic acid.)

Facultative anaerobes

Facultative anaerobes are micro-organisms which can
grow either in the absence or presence of oxygen.

Facultative bacteria

Facultative bacteria are those which utilize atmospheric
oxygen but can also function in an anaerobic condition,
as found in waterlogged or poorly drained soils.

Facultative parasite

A facultative parasite is an organism that can live either
on organic matter from dead or decaying tissues of
plants or animals (as saprophyte) or as a parasite on a live
host.

Fallow crop: See Fallow land

Fallowing

Fallowing is the technique of keeping land free of
cultivation for a certain period, to restore its productivity
through the accumulation of nutrients and moisture. In
wheat growing areas with limited rainfall, Indian farmers
use fallowing in the kharif season (wet season).

Fallow land

Fallow land is an area left unsown during a growing
season. Such land is plowed and harrowed from time to
time (to control weeds) but not cultivated. In this way,

soil moisture is saved. The accumulation of water in soil,
though very little, helps crops grow in the next season.
Periodic plowing and harrowing help improve
infiltration and restore soil fertility. Fallowing is
advantageous in several ways, especially in rain-fed
farming (Fig.F.1).

A fallow crop or cleaning crop refers to crops like
potato or turnip grown in well-spaced rows, such that
weeds between the rows can be controlled by hoeing and
cultivating.

False fruit: See Fruit

Family, soil: See Soil taxonomy

FAO guidelines for irrigation water

The FAO (Food and Agricultural Organization) has
established guidelines for the quality of irrigation water,
which consider the following factors to determine the
suitability of any particular water for irrigation:
(a) chemical composition of water, (b) crops to be
irrigated, (c) soils to be irrigated, (d) management
practices for irrigation and drainage, and (e) climate.
The interaction of all these factors can lead to the
modification of irrigation water for its successful
utilization.

Farm

A farm is an area of land used for growing crops and for
rearing animals (Fig.F.2). A person who runs a farm or
cultivates it, is called a farmer. Any service building like
atool shed or poultry shed located on a farm is known as a
farm building.

Farm building: See Farm

Farm bureau: See Farm service center

Fig.F.1: Fallow land is left unsown during a growing season and is advantageous in rain-fed farming.
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Fig.F.2: A typical farm showing vegetable cultivation, perennials, a greenhouse and a farm building.

Farmer

A farmer is a person who runs a farm or cultivates it. A
farm laborer is a person employed by the farm operator
for assistance in farm operations.

Farm forestry
Farm forestry is another term for agroforestry.

Farm laborer: See Farmer

Farm service center

A farm service center or an agro-service center is a place
where information on farm inputs like seeds, fertilizers,
pesticides, agricultural implements and other services is
available. A farm bureau is an organization of farmers
and others interested in agriculture, rural life and
agricultural improvement.

Farmyard manure

Farmyard manure (FYM) refers to the decomposed
mixture of organic matter consisting of the dung and
urine of farm animals, and litter and left-over material
from roughage or fodder. It is a two-component mixture
of solid and liquid in the ratio of 3:1. The solid portion is
made up of dung and straw. The dung portion of FYM
contains 0.55 % nitrogen, 0.40% phosphorus and 0.30%
potassinm while the urine portion contains 1.02%
nitrogen, traces of phosphorus and 1.3 % potassium. The
mixture is also called long dung.

Farmyard manure is usually stored in heaps
where bacterial activity releases ammonia and the
material degrades into a simpler liquid called
short dung. All crops do not respond to these manures
in the same measure. Crops like potato, tomato,
sweet potato, watermelon, radish, carrot, cauliflower,
onion, garlic, sugar cane, rice, jute, orange, banana,
grape, apple, guava, mango, etc. respond to FYM

very well. In contrast, cereals like sorghum, pearl
millet, wheat, foxtail millet, finger millet, barley, oats,
oilseeds like groundnut, linseed, sesame, castor,
coconut, and cash crops like cotton are less responsive to
FYM.

Farmyard manure improves the physical properties of
soil by increasing its humus content and water holding
capacity. FYM also improves clayey soils. The organic
matter and the carbonic acid produced flocculates heavy
soils, thereby enabling them to absorb rainwater more
easily.

On average, farmyard manure contains 0.5%
nitrogen, 0.2% phosphorus (as P,Os), and 0.5%
potassium (as K;O). Thus, an average dressing of 25 tons
of farmyard manure per hectare supplies about 45 kg
nitrogen, 18 kg phosphorus (as P,Os) and 45 kg
potassium (as K;O0). However, the first crop only
partially uses the nutrients; the subsequent crop utilizes
the remaining. Generally, 30% of nitrogen, 30% of
phosphorus and 50% of the potassium contained in the
manure are recoverable by plants.

The manure value of fresh poultry droppings is twice
that of FYM, as poultry droppings are richer in
phosphorus and potassium. In addition, micro-organisms
decompose uric acid in fresh droppings and give
ammonia. However, this ammonia is easily lost. The
evolution of ammonia can be controlled by adding one
ton of quickly dried fresh poultry droppings to 50 kg of
superphosphate.

For centuries, farmers have been using farmyard
manure as a fertilizer. The amount and quality of dung
produced by different animals depend upon the animal's
age and the fodder consumed. However, even in a
country with significant animal population, all the dung
and urine may not be converted into manure. Sometimes
half of it is converted into fuel cakes (Fig.F.3). As
animals are not always kept in confinement, some of the
excreta are lost during grazing. If the stable-floors are not
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Fig.F.3: Pile of dried dung cakes.

cemented, animal urine is absorbed by the soil and much
of the excreta are lost by leaching in the rain. Nitrogen
from the dung and urine is lost by exposure to the sun.
Ammonia formed during the rotting of the farmyard
manure is lost to the atmosphere.

New environmental laws have generated renewed
interest and awareness in the old practice of adding
animal manure to cultivated soils.

Biomull is the organic manure derived from the
kitchen midden and transformed into compost.

Fast-growing Rhizobium bacteria

Rhizobium is an example of Gram-negative bacteria.
Gram-negative bacteria are bacteria which lose the initial
color of the Gram stain and then take on the light pink
color of the final stain. Rhizobia demonstrate two
different growth patterns. The first one is fast growing
and the other, slow growing.

The fast-growing strains of rhizobia utilize the
Entner-Meyerhoff-Parnas pathway. They are capable of
catabolizing glucose, galactose, sucrose, trehalose and
dulcitol, and produce acid on the medium (yeast manitol
agar). These strains have the genes for nodulation and
nitrogen fixation on large plasmids that are larger than
the entire chromosomes of other bacteria. Some
examples of strains are clover rhizobia, pea rhizobia,
medic rhizobia and bean rhizobia. The names indicate
the specific group of legume that they inoculate. These
are generally characterized by a much slower uptake of
both ketoglutaric acid and glutamic acid in the medium.

The fast-growing variety doubles every 2 to 4 hours.

Fats and oils

Fats and oils are glyceryl esters or glycerides of higher
fatty acids. Substances that, at normal body
temperatures, are liquids or solids are called oils or fats
respectively. Oils have a larger proportion of unsaturated
fatty acids than fats do. Fats and oils, being triesters, are
commonly called triglycerides or simply glycerides.

Fats are esters of carboxylic acids (such as stearic
and palmitic acids) with glycerol, which are produced by
animals and plants from natural storage material. Such
esters and their mixtures exhibit a crystalline structure at
room temperature. Lard and tallow are examples.

Fats are insoluble in water. They are the most
concentrated sources of energy in human diet and give
more than twice the energy provided by starches. Diets
having high fat levels are proven to be unhealthy to
human beings.

Fats and oils, particularly of fish and plant origins,
are commercially important; cottonseed, rapeseed,
coconut, soybean, sunflower, palm and peanut oils, olive
and fish oils, etc. are examples.

Qils and fats may be of animal, vegetable or plant
origin. For example, whale oil, tallow, butterfat and ghee
are of animal origin. Linseed oil and coconut oil are
examples of a vegetable origin. The plant sources of oils
and fats are nuts or seeds. Nearly all terrestrial animal
fats are from adipose tissue. Fats differ from mineral oils
(like kerosene) and essential oils (e.g., clove oil and
lemon grass oil).

Physical and chemical properties of oils and fats
depend on the type of fatty acids present in the glycerides.
Two or even three different acids are esterified for each
glycerol molecule. While most fats and oils are based on
C,6 and Cj5 acids, with 0 to 3 double bonds, there are
exceptions like coconut oil which is rich in short chain
acids.

Fats and oils have a calorific value twice as high as of
carbohydrates and they store this energy in plants and
animals. Fats and oils in soils, however, hamper water
infiltration.

Fatty acid

Fatty acid is a carboxylic acid derived from or contained
in an animal or vegetable oil or fat. All fatty acids contain
groups with usually 4 to 22 carbon atoms with carboxyl
terminals. The generic formula for all acids is
CH,(CH,), COOH. Fatty acids, which may be saturated
or unsaturated, exist as solids, liquids or semisolids.

A saturated fatty acid contains carbon atoms of alkyl
groups which are connected by single bonds. The
important ones are butyric (C,), lauric (C;;), palmitic
(C o) and stearic (C,g) acids. They have a number of uses.
Stearic acid is primarily used as a dispersing agent and an
accelerator in rubber products and soaps.

An unsaturated fatty acid is one in which one or more
double bonds between the carbon atoms are in the alkyl
chain. These acids are usually of vegetable origin and
consist of alkyl chains containing 18 or more carbon
atoms with a characteristic end of a carboxyl (COOH)
group.

Most vegetable oils are mixtures of several fatty
acids or their glycerides. The most common unsaturated
acids are oleic, linoleic and linolenic (all C;g). Safflower
oil has around 60 to 80 % linoleic acid, peanut oil contains
21% linoleic acid and olive oil is 83% oleic acid.
Palmitoleic acid is abundant in fish oils.
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Fauna

Fauna is the animal life distributed over a particular
region, habitat or geological period. All soil-inhabiting
animals, whether large or small, together constitute
fauna (Fig.F.4). Microfauna are microscopic animals
living in a microhabitat. Protozoa and nematodes are
examples of microfauna. Soil fauna such as earthworms,
anthropods, mites, centipedes and millipedes have a
significant effect on the structural and functional
properties of soil.

Mouth Mouth

Clitellum —— Intestine

Anus

Fig.F.4: Organisms like earthworms (left) and nematodes
contribute to soil fauna and microfauna, respectively.

Feather meal

Feather meal is a fertilizer made up of feathers. It is a
slow nitrogen-releasing fertilizer with a nitrogen content
ofaround 13%.

Feces

Feces or excreta are solid wastes or undigested material
expelled by animals and human beings. Dung refers
specifically to the solid excreta of bovines and equines.
Feces contain bacteria and dead cells and have a
manure value.

More than 50% of the organic matter in feces is in the
form of complex products, consisting of lignin and
protein. This organic matter is resistant to further decay
and thus the nutrients in it are liberated slowly. On a dry
weight basis, the N, P and K percentages in feces are
1.57,0.56 and 1.05, respectively.

Fe-EDDHA

Fe-EDDHA is an iron chelate of ethylenediamine di-o-
hydroxyphenylacetic acid (EDDHA). It is commonly
used as an iron fertilizer because of its affinity to iron.

Feed-grade urea

Feed-grade urea is sometimes referred to by the number
262 which is arrived at by multiplying its nitrogen content

(42%) by 6.25, the latter being the conversion factor used
by chemists to convert nitrogen content to its protein
equivalent.

Feekes' scale

The development and growth of cereal grains, especially
of wheat, has always been a subject of interest to
agriculturists. A study of these aspects is crucial to the
proper management of crops. Several growth stages have
been identified, quantified and converted into scales for
wider use. Some scales have evolved, namely the
Feekes', Zadoks' and Haun scales. Feekes' scale is the
most widely used numerical staging scale.

Feekes' scale is classified into four major stages,
namely tillering, stem extension, heading and ripening.
This scale has eleven stages to describe the changes in
a plant's physical form. The scale tracks development
of the cereal plant from the first-leaf stage up to the
grain-ripening stage. For example, the one shoot stage is
the first stage. The beginning of tillering is the second
stage. The period when tillers are formed is the third
stage. The tenth stage, called the heading, is subdivided
into five sub-divisions. The eleventh stage is the
flowering stage which is also subdivided, for further
study.

The knowledge of precise growth stages of wheat is
crucial for effective fertilization, herbicide programes
and other procedures.

Feel method for determination of soil texture

The feel method is a rough and quick method to
determine the in-situ texture of the soil.

Feldspars

Feldspars, a group of silicate materials, are the most
abundant minerals in the earth's crust. Feldspars have a
structure in which (SiAl)O, tetrahedral is linked together
with potassium, sodium and calcium. Occasionally,
barium ions also occupy large spaces in the same
framework. Commercially, feldspar usually refers to
potassium feldspar with the formula KAISi;Og. This
feldspar has little sodium.

The chemical composition of feldspars may be
expressed as combinations of (a) anorthite (CaAl,Si,Oy),
(b) albite (NaAlSi;Oy), (c) orthoclase (KAI1Si;Og), and (d)
celcian (Ba.A1281203)

Feldspars form colorless, white or pink crystals with
a hardness of 6 on the Mho's scale. They are used in
pottery, cement and concrete, insulating compositions,
fertilizers and glass.

Feldspars are subdivided into two groups. One of
them is alkali feldspar (including microcline, orthoclase
and sanidine) which has a significant amount of
potassium, a smaller proportion of sodium and negligible
calcium. The other group, namely plagioclase feldspar,
varies in composition from pure sodium feldspar (albite)
to pure calcium feldspar (anorthite) with negligible
amounts of potassium.
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Fenland rotation

Fenland rotation is a kind of crop rotation system that
follows a three-course system and includes root crops,
peas, celery, bulbs, etc.

Fen: See Fen peat

Fen peat

Fen peat is the peat that develops in low and marshy area
of land called fens. Fen peat has an alkaline to slightly
acidic character. Fens were at one time low lying
extensive areas in eastern England and were the largest
swamplands in England. These areas were collectively
called Fenland. With modern drainage systems, these
lands have now been brought under intensive cultivation.

Fermentation

Fermentation is a process in which a chemical change is
induced by organisms like bacteria, yeasts or fungi, or by
the enzymes produced by them. The fermentation
process involves (a) breaking down of organic substances
by the action of organisms, and (b) evolution of heat and
gases such as carbon dioxide. During fermentation,
organic matter is decomposed in the absence of air
(oxygen) and hence there is always accumulation of the
reduction products or products of incomplete oxidation.
The period for fermentation may vary depending on the
temperature. The cooler the temperature, the longer the
time required for fermentation.

The making of wine, vinegar, etc. is possible because
of fermentation. Alcoholic fermentation comprises a
series of biochemical reactions by which pyruvate is
converted into ethanol and carbon dioxide.
Caralyst

> 2GH0H + 2C0,

CﬁH 1 3Or.
Enzyme

Several fermentation products are of great
importance to human beings, and hence, the process of
fermentation is carried out on a large scale.

Many microbiological processes involving
fermentation occur in the presence of air and yield
incomplete oxidation products, like acetic acid from
alcohol, and citric acid from sugar. These processes are
used industrially.

Micro-organisms like fungi, bacteria and
actinomycetes produce antibiotics. The activated sludge
process for sewage digestion is a form of fermentation.
Edible protein can be produced from petroleum by a
continuous fermentation process. Fermentation is also
used for producing synthetic amino acids.

Fermenter

A fermenter is a large vessel in which physical
parameters such as pH, temperature, dissolved oxygen
concentration and substrate concentration can be adjusted
to create optimum conditions for the growth of micro-
organisms. Thus, it is an important equipment used for
the production of Rhizobium, Azotobacter, Azospirillum

and several other important micro-organisms. It is also
used for the production of by-products of the
fermentation process, which are the basis of activities
like baking and wine and beer making.

For any fermenter, the basic requirements are an air
inlet port, an air outlet port and an inoculation port.
Fermenters are available in different sizes. For a batch of
5 to 10 liters, a glass fermenter with a compressor for
aeration is suitable. An autoclavable polycarbonate bottle
is used for a 30 to 50 liter batch whereas metal fermenters
(Fig.F.5) are employed for 50 to 100 liter batches. There
are medium sized fermenters for 100 liters and large ones
for 1000 liters. Industrial fermenters have a device to
separate the steamn supply for sterilization in situ.

Fig.F.5: A fermenter unit for large scale production of
micro-organisms like fungi or bacteria.

A fermenter for Rhizobium production must have a
container made of stainless steel (SS) as it is non-toxic to
bacteria. It must also have an accurate thermal control
system, a pressure gauge and a safety valve. It should
withstand direct heating and internal steam pressures in
excess of 2 kg/cm?. Sterile air is supplied for aerating the
medium and supplying oxygen to the rhizobia. The
fermenter is provided with appropriate facilities for
regulating aeration (like an air exhaust tube) and for
removing the broth culture.

Fern leaf, potato

Fern leaf refers to the zinc deficiency symptoms in
potato.

Ferro phosphorus

Ferro phosphorus is an alloy of iron and phosphorus. It is
produced in two grades - with 18 % phosphorus and 25 %
phosphorus. It is used in the steel industry for adjusting
the phosphorus content of special steels, and for
preventing the thin sheets from sticking when rolled and
annealed in bundles.

Ferrous sulphate

Ferrous sulphate heptahydrate (FeSO,-7H,0), also called
green vitriol or copperas, is a blue-green water-soluble
crystal and is the best known ferrous salt. It is obtained by
the action of dilute sulphuric acid on iron in a reducing
atmosphere. The anhydrous compound is very
hygroscopic. It gets oxidized gradually in an aqueous
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solution. On heating, the solid decomposes to give red
ferric oxide, sulphur trioxide (SO,) and sulphur dioxide
(50y).

Ferrous sulphate contains about 19% iron and is used
as a fertilizer. Iron deficiencies in plants are corrected
mainly by foliar applications of an iron salt, generally 2%
ferrous sulphate. Such foliar applications are repeated 2
to 3 times if the deficiency is severe.

Ferrous sulphate solution of 1 to 2% concentration is
used to correct iron deficiency in orchards. Apart from
ferrous sulphate, the most widely used iron source in a
fertilizer is a synthetic chelate like Fe-EDDHA.. (See also
Iron.)

Ferrous sulphate heptahydrate

Ferrous sulphate heptahydrate (FeSO,7H;O), also
known as green vitriol, contains 19% iron and is a
common iron fertilizer.

Fertigation

Fertigation is a method of applying fertilizers through
irrigation water. It is a part of chemigation, and is
carried out in open ditches, sprinklers, splitters, etc.
(Fig.F.6). It can supply nutrients to crops at the most
beneficial time.

Fig.F.6: 1. Fertigation through sprinklers and drip
irrigation. 2. Balanced fertilization in polyhouses.

Fertigation is usually resorted to when a higher
dosage of fertilizer is required. The process is most
effective in sands and sandy soils, although nutrient
retention is low in such soils. Fertigation is useful for
mobile nutrients like nitrate and sulphate. In sands,
nutrients like potassium, magnesium and boron also
become mobile. Fertigation is an economical way of
dispersing nutrients in deserts where irrigation is
indispensable.

But it cannot always replace the old techniques of
fertilizer application like band placement and
broadcasting. A well-spread water supply facilitates a
uniform distribution of fertilizers. However, fertigation
is not as beneficial if the supply system is poorly
designed, or there is too much of wind leading to an
uneven water supply.

Fertigation by a sprinkler system can cause leaf salt
burn, especially if saline water is used and there is rapid
evaporation between the wetting cycles.

Nitrogen and sulphur via urea and ammonium
sulphate are the principal nutrients applied through
fertigation. Phosphorus fertigation is less common
because of its possible precipitation in high calcium or
magnesium waters. Sulphur application is generally done
by sprinkler irrigation. The application of nutrients
through irrigation water is generally uniform for soluble
nutrients.

In order to prevent nutrients from leaching beyond the
crop root zone, or from accumulating near the soil
surface and making them inaccessible to the crop, they
should be introduced toward the middle of the irrigation
period and the supply terminated shortly before the
completion of irrigation.

The following are the advantages of fertigation:
(i) Nutrients can be applied at the time of maximum need.
(ii) Field operations are reduced. (iii) There is saving of
labor. For instance, corn needs application of nitrogen
twice which can be provided by fertigation with less
labor. The efficiency of nitrogen application by
fertigation method is around 95 % while that of potassium
is about 80% and of phosphorus around 45%. (See also
Chemigation; Liquid fertilizers.)

Fertile land

A fertile land or fertile soil is land that is rich in nutrients
and capable of producing good crops (Fig.F.7). The
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Fig.F.7: A fertile land produces a healthy crop.



Fertile soil material

Fertilizer

quality of the soil to provide essential nutrients in a
balanced manner to the crop is called fertility. Fertility of
soil is influenced by important factors like humidity,
temperature, physical conditions and acidity. Non-fertile
land is called a sterile land.

Fertile soil material is also known as topsoil or soil
layer moved in cultivation. It is that part of soil which
contains nutrients in appropriate amount for the growth
of plants when other factors such as light, temperature,
humidity, etc. are favorable. It is used for top dressing
gardens.

The term fertile is also used for plants or animals that
are able to reproduce successfully.

Fertile soil material: See Fertile land

Fertility index

Fertility index expresses the relative sufficiency as a
percentage of the amount of nutrients adequate for
optimum yields. The lower the fertility index, the higher
the crop response to fertilization.

Fertility, numerical estimation of

Storie's classification for numerical estimation of
fertility (NF) is evaluated as:

NF =abcx

where a is the profile character of the soil, b is the grain
size distribution of the surface soil and c is the slope of the
soil — all three parameters being in comparison with a
maximum value of 100 for NF; x covers miscellaneous
factors such as drainage, chemical reaction, erodibility,
etc.

Storie considered the productivity of the land to be
dependent on 32 properties concerning soil, climate and
vegetation. To avoid unwieldiness, only nine properties
are used in evaluating the Storie Index Rating of fertility
(SIR). The nine factors are soil morphology (A), surface
texture (B), slope (C) and six variables (X) - the drainage
class, sodicity, acidity, erosion, micro relief and fertility,
rated from 1 to 100%. These are converted into their
decimal values and multiplied :

sm—.[,-\n{‘ T \] < 100

Poor soil, average soil and good soil are represented
by the NF values of 10, 50 and 70, respectively. Soils that
are deep, have no restricting subsoil horizons, and hold
water well, have the greatest potential for the widest
range of crops.

The fertility of an area is estimated by multiplying the
SIR index of each part of land by its area.(See also Storie
index rating of fertilizers.)

Fertilization

The enrichment of soil by organic or chemical fertilizers
is called fertilization. Fertilization increases and
maintains land productivity.

Fertilization also means the formation of zygote
during the process of sexual reproduction or the union of
male and female reproductive cells. Fertilization can be
self-fertilization or autogamy as found in wheat
(Fig.F.8) and oats, or cross-fertilization or allogamy as
found inrye, sorghum, triticale and pearl millet.

Fig.F.8: Picture of wheat panicle. (Inset) close-
up view of spikelet containing male and female
reproductive organs for autogamy in wheat.

Fertilizer

Any natural or manufactured solid or liquid material,
added to the soil to supply one or more nutrients essential
for the proper development and growth of a plant is called
a fertilizer. Fertilizers, in the broadest sense, are
produc