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AAS

Absvisic acid

AAS
AAS is short for atomic absorption spectrometer.

Abherent

Apy substance that prevents adhesion of a material to
itself or to another material is known as abherent. 1t miay
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, et¢.)

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

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

AB horizon

Horfzons are soil layers which are roughly parallel 1o the
goil’s surface. They are unique in their feel. color,
profiies, tc.

An AB horizon is also called EB horizon. It i3 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 1t. (See also Soil horizons.)

Abiotic factors

Ahiotic 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 planied in good quality sotls 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 growih, whereas
gbnormal seedlings show stumted, abnormal growih.
(Conrtesy: Makyco Seeds Lid., 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. Termnperatire is a significant
factor in abrasion. Friction raises the temperature of the
surface, which in turn, increases the abrasion.

An abrasive is a4 material used for grinding, rubbing,
palishing 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., metalsy, 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 if5 resisiance (0
forming dust, fines and/or being fractured. (See also
Granular sirength of fertilizers.)

Abrasive: See Abrasion
Abrupto argillic: See Argillic horizon

Abrupt textural change

Abrupt textura! chiange 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 borizon.
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 actd

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 nuturally 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 hud 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 chloreplasts, 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 siructure of ABA is
shown in Fig. A 2.
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Fig . A.2: Structural foremda of absciséc acid

Abscission

Abscission is the natural detachment of leaves, branches,
flowers, etc. Separation of an organ takes place due io 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 diumeter 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 seli-pruning, dispersal of seeds or ather
reproductive structures, and removing dead, injured or
diseased parts.

Abscission facilitates recycling of mineral mutrients
to the seil, thus mainiaining a balance in leaves, 100is,
and in vegetative and reproductive parts. Generally, the
process of abscission s restricted to the abscission zone
uf an organ (Fig.A.3}. The portion of the abscission zone
that remains atiached to the plant, develops into & corky
protective layer.
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Fig A.3: Abscission
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When auxins are applied (as t5 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 absecission. On
application o young fruits or leaves, gibberellin
promotes growth, delays mawmration and ultimately
prevenis or delays abscission. Abscisic acid promotes
abscission and senescence and can also retard plant
growth. As a matier of interest, ethylene in small
amounts can alse 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
calcuolation,

Absolute temperatures are expressed in Kelvin or
degrees Rankine corresponding to the centigrade and
Fahvenheit 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,

Absorbeni

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

Absorption

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

The movememnt of a fluid or a dissoived substance
across a cell membrane is also called absorption.
In plants, water and nutrients are absorbed from the soil
by the toots (Fig.A.4). This phenomenon is due o 2
coinbined etfect of osmotic pressure within the plant
cefls, electrical charge of the absorbed ions, surface
tension, permeability of the cell membranes, etc. The
fixation of potassivm ion between the layees of clay
minerals, such as itlite, 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 columnn in the plants
{to compensate for the water lost by transpiration) is
called] passive absorption.

Absorption ratio of potassivm: 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
forirrigation and/or for commercial or domestic uses.
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Fig.A.4: Diagrammatic representation of absorption of plant nutrients from the soil by plant roofs. Inset: An

enlarged portion of the root tissue,

Accelerated caking test

The accelerated caking test is one of several iests to
gvaluate 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
rapidiy.

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

Accelerator

The substance that accelerates the speed and cutput of a
process is calied an aceelerator. (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
(ike insecticides and pesticides) have recejved
greater focus. Acceptable risk is defined as the risk level
at which a sericusly 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 uncerfainty. Diagnostic
x-fays, fluoridation of water and ingestion of saccharin
in small amoums 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 aod
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 o the product requirement at
the user's end rather than by the inherent capabilities of
the process.

Accessory nutrients

Among ihe various nutrients essential for plants, there
are some growth enhancing nutrients like vitamins,
purines, pyrimidines and amino acids. These are called
accessory nuirients. {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 constiiuies
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Fig.A.5: Diagrammatic representation of Virious nulrient
elements ina plant cell.



Acclimated micro-organism

Acid

1 t03 % of plant tissue. {il) Phosphorus constitutes 0.05 to
1.0% of plant tissue and is found in nucleoproteins,
phytin and lecithin. (iii) Sulphur is a constitwent 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 environmemtal changes, such as a change in
temperature, pH, oxygen conceniration, etc. Acid
twolerant thizobia are examples of acclimated micro-
Organisms.

Aceretion of soil; See Soil accretion

Accumnlation layer

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

Accumulation zone: See Accumulation layer

Accumulators

Plants which concentrate large quaniities of elemenis
such as selenivm and aluminum in their tissues are known
as accumulaiors. Such planis can be used for toxicity
controf 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-irom and
nickel-cadmium are among the common types of
accumulators.

Acetobacter diazotrophicus

Acetobacter (or Gluconacetobacter) diazotrophictis 15 a
nitrogen fixing endophyte, very specific to sugar-rich
grops. It tolerates acidic and nitric conditions and ¢an be
isolated from the soils, toots, 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 fake several days to
double.

Acetogenic bacteria

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

Acetylene reduction assay

The biological reduction of dinitrogen (MN=N) w
ammonia {(NH,) is carried out by prokaryotes in soil and
plants with the help of the enzvme nitrogenase.
Niteogenase also reduces a variety of subsirates like
acetylene, nitrite, cyanide, ew. It also caialyzes the
reduction of acetylene to ethylene. The end product
cthylene is easily detected by gas chromatography.

C2H2+ 2H" + 2¢ —_— C2H4
(Acetylene) (Ethylene)

The reduction of acetylene is only indicative of
nitrogen fixation which has to be, however, confirmed by
isotopic methodology or other miethods. The theoretical
ratio of 1 mole of nitrogen fixed per three moles of
acetylene reduction cannot be used for quaniifying the
fixation as the ratios can vary widely. This is because a
part of the electtons are diverted for concomitant
hydrogen evolution. Acetylene reduction assay is
therefore to be interpreted with cawtion 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 conceniration of a substance. Inan
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 evelved is
sampled and estimated by gas chromatography using a
flame jonization detector, The rate of ethylene evolved is
indicative of the nitrogen fixing potential of the system.
Becanse of its simplicity, high specificity and sensitivity,
low cost and short assay period, the method has been
widely applied fo detect nitrogen fixation in a whole
range of systems ranging from purified nitrogenase
components to legume-Riaizobinm associations.

Acid

Acids are one of the Jargest classes of chemicals whose
aqueous solutions have one or more of the following
properties: (a} sour taste, (b) ability t¢ turn litmus paper
red and cause other indicator dyes o 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 salis. All acids contain
hydrogen. In water, acids jonize and form hydronivn
ions (H,0"), usually written simply as hydrogen ions.

Acids are classified as strong acids or weak acids
according to the concentration of hydrogen jons that
resulis 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 jon of the
solvent. The Lowry-Bronsted definition of an acid as a
substance that can give up a proton is usetul in the



Acid former

Acidic soils

understanding of a base. The most significant
coniribution 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
malecule by forming a covatent bond with two electrons
from the second molecule or ion is an acid. Thas, 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 eleciron orbitals can be
disiorted. Hard acids have positive oxidation state, and
their valence electrons are not readily excited, Solt 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 o accept
electrons and form covalent bonds more readily than hard
acids. For example, halogen acids show a progression
from hard (HF} w0 sofi (HD,

Major groups of acids are as follows:

{5} Inorganic mineral acids like hydrochloric acid and
phosphoric acid.

{ii) Organic acids, whose four major groups are
{a) mone carboxylic acids which conwain one COOH
group {(examples inciude aceric acid), (b)
dicarboxylic acid. which contain two COOH groups
{examples include pihalic, sebacic and adipic acids),
(c) fatty acids which contain long chain COOH
groups (examples inchude 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 microbiai anaerobes, capable of hydrolyzing and
fermenting organic compounds (in sewage)} 0 organic
acids, like acetic a¢id and propionic acid. These microbes
should. for better anaerobic sludge digestion. be in
equilibriem with methanogenic bacteria.

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

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 ferrilizer.
For example, bacteria oxidize ammonjum-containiog
fertilizers like ammontum chloride, aromonivm sulphate
and urea to form nitrate and hydrogen ions, as shown
below:
+ Bacteria i +
NH, +20, — NO,;+H,0+2H
All fertilizers containing nitrogen, sulphur and
phosphorys, and fertilizers lacking inetallic cations
belong to the category of acid forming fertilizers.

Sulphur, an ingredient of some fertilizers and
fungicides, is oxidized w suiphate and hydrogen ions as:

Thiobacilli > +
2§ + 30,+ 2H,0—> 250} + 4H

The sulphate ion by itself is pot acidic. The
acidifying capaciry of oitrogenous fertilizers varies
widely. Soine countries make it a mandatory requirement
that the acid forming capability of fertilizers be specified
in terms of calcivm carbonate or lime required to
neuwtralize the acidic effect (kg of lime/kg of nirogen
fertilizer.) This quantity of lime depends on the anions
{CY", NOy, S0, etc.} present in the fertilizer as well as
the amount of nitrate formed from oxidation of
ammaninm jons,

The quantity of caicium carbonate reguired to
neutralize the acid residue of a fertilizer is its equivalent
acidity. The theoretical equivalent acidity values of some
fertilizers are givenin Table-A 1.

Takie-4.1: Theoretical equivaten: acidity values of
some nitrogencus feriilizers

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

Soits with pH less than 7.0 are called acidic soils.
Decomposing  organic matter and root  respiration
produce carbon dioxide. This carbonr dioxide dissolves in
water and forns 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  AIOHY* or aluminum (AP') ions.
Ammonium  nirate, ammonium 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 tons. Some of these are excreted by plant
roots, lowering the soil pH within the root zone.

Leaching increases soit acidity, albeit slowly, in soils
with a high carbonate content. In highly industrialized
areas, acid rain caused by the discharge of the exides 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, magoesium
and potassium,
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Acid rain

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 Hming, which i3 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 swaining technique, it the color comes from &
pezative ion (organic anion), the statn is described as an
acidic stain. For example, eosin. (See also Staining .}

Acidimetry

The determination of the concentraiion 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 bage of a known strength (standard solution.)
An indicator is generally used to establish the end paing.

Acidity index

Acidity index is a term apptied to commercial fertilizers
which are left behind as a residue in the soil. The amount
of calcium carbonate required (o 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 nuirient
uptake. {See also Base saturation. )

Acidity quotient

Acidity quotient (AQ)) is defined as the exchange in
acidity ratio of lirer, given by the ratio of exchange
acidity of humus to that of the top horizon. It
characterizes the influence of hurmus on s0ils, AQ of less
than 1 indicates healthy soil.

Acid neatralizing capacity

The acid neutralizing capacity (ANC) of a substance is
given as the moles of protons per unit volume o1 the mass
required for changing the pH of an aqueous sysiem i a
desired value at which the net charge from the ions not
reacting with the hydroxyl jon {OH") and hydrogen ion
(H*)is zera.

ANC is expressed as:
ANC = [HCO; ] + 2[CO{ ] + [OH7] - [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 seils, found in
ihe temperate zone which are vich in organic content,
falls in the range of 0.1 to L.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 §) and by the bio-
uptake of organic matter and carbon dioxide (aq). 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 ot loss, as is often the ease 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 techrique, 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 marter and the
surrounding envirorunent create different types of peat.
Peat is used as tuel in gardening, etc.

Acid peat {oligotrophic} is of atmospheric origin.
Over the ages, as bogs developed their own pecualiar
vegetation {like hazel, pine trees, reeds, moss, etc.), the
decomposition of dead plant material led to the
accumulation of peat in lake beds. This accurnulation 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
soil pHto 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 nitri¢ acids. When these oxides
of sulphur and nifrogen get dissolved in atmospheric
moijsture, they cause acid rain. Similarly, sulphur dioxide
and mitrogen oxides emitted in the atmosphere by forest
fires and the burning of fossil fuels are converied into the
respective acids and precipitated as acid rains.

Usuatly, the pH of rain water 15 5.6 10 5.7, bui that of
acid rain can be as fow as 2.0. The amount of dissolved
sulphur during ansnual rainfall ranges from 10 kg/ha (in
less industrial aveas) to as much as 100 kg/ha (o highly
industrialized areas).

Acid rain affects plant growth. Ii alse damages
foliage, impairs photosynthesis, destroys fish in lukes
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and rivers, and atfects marble, limestone and buildings
{especially stone masonry constructions). Lichens are
particularly sensitive to changes in pH and are used as
indicators of acid pollwion. In many developing
countries. acid rain is caused by excessive burning of
waod, coal and petroleun products,

Though oxides of sulphur and nitrogen are principal
culprits in cansing acid rain, emission of ammeonia from
livestock wasie, fertilizer applications and industrial
provesses alse contribute considerably to the formation
of acid rain. Certain volatile organic compounds can also
cause acid rain through photochemical reactions.

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

Acid sulphate soil

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

In anaerohic conditions, acid sulphate seil 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 incoastal belis and in estuarine and delta areas
of the munid tropics. These are known as Katteklef (cat's
coat) in The Netheriands. [n lndia, acid sulphate soils
occus 1nthe states of Orissa, Kerala and West Bengal,

Acidulated bone

A grouwnd bone or a bonie meai treated with sulphuric acid
iscalled acidutated bone.

Acidulated phosphate rock

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

Acidulated superphosphate

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

Acidulating the soil

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

Generally. moderately acidic soil is better suited o
plants than neutrzl 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 invreases rice yields by
increasing the avatlability of micronutrients, Similarly,

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

For acidulation, several acidic or acid forming
maserials (Hke elemental saiphur, irom pyrites, sulphuric
acid and aluminun compounds) are used. Sulphur 1n
elemental or suspension form is the most effective soil
acidulant, if applied several weeks before planting a
¢rop. The microbial exidation reaction inay be stower in
atkaline 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 micromutrients, (c)
reducing ammonia volarilization, {d) increasing water
penetration, {€) controlling certain weeds and soil-borne
pathogens, and {f) enhancing range grasses. It can be
dribbied 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.
Liguid ammonium sutphide, when applied in bands ot
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 rear the band and mcrease
nticronutrient availability.

Acidulation

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

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 & known
quantity of the sample in aqueous solusion or KCI
solution for soils, and hot 85% alcohol for oils and fats
using phenolphthalein as anindicator,

Acquifers
Geological formatons like sand, gravel or any porous

rock that transmit waier 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 o a depth of one inch in 24
houes or ¢.042 cu ft/sec. This unit is used mainly in the
USA.

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



Acropetal transtocation of fungicides

Activated sludge

Acropetal translocation of fungicides

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

Actin

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

Actinomycetales

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

Actinomyeetes

Actinomycetes are filamentous micro-organisms that are
intermediate between bacteria and fungi. They have a
mass of fine elongated threads called niyeelium, 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.
Actinomiycetes come under the bacienal order of
actinomycetales and belong to the phyla Acinobacieria.
Like bacteria, actinomyceles sgcrete 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 1§
not enclosed in the cell nuclens. Maost actinomycetes are
acTobic and help decompose organic matter, like
cellulose and other resistant organic molecules. The
characteristic odor of a freshly plowed moist field is due
io s0il actinomycetes. A very few of the actinomycetes
establish symbiotic nitrogen fixing association with
plants like soapberry, alders, bitterbrush, coffee berry,
Agstralian pine, mountain mahoganies, ete.

Actinomycetes are helpful to at least seven boianical
families. Actinomycetes help in the synthesis of 4 grea
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
goils.

Activated sewage products

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

Activated sludge

Shudge, when subjected to microbial action, becomes a
bivlegically active substance and is called activated

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

A mixtore of organic materials resulting from the
purification of mupicipal waste conrains both
macronutrients and micronutrients. There are two types
of this sludge: (i) Imhoff sludge - which is a low-grade
sludge comtaining 2 to 3% ammonia and about 1%
phospharic acid. (i) Activated sludge - which is a high-
grade sludge containing 5.9 0 7.5% ammonia and 2.5 to
4.0% phosphoric acid. These are derived from running
sewage through setiling tanks, without access to air, and
then leaving it to decompose anacrobically. After the
activated sludge treatment, fagooning 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
mfusion of air into the sewage increases bacterial activity
i the sludge. This praduct is good for land use as its plant
nutrient coniem ranges from 3w 6% N, 2t04% P,0O, and
65w 1.5% K,0.

The sewage and septage residues, along with
industrial waste, can replace chemical feriilizers
equivalent to about 1% of nitrogen, 4% of phospbhorus
and 0.3% 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 comtains toxic heavy meials such as
boron, cadmium, copper, mercury, nickel, lead.
selenium and zinc as well as phytotoxins, pesticides or
other twxic compounds, Sewage shidge may carry
pathogens and infectious agents responsible for cholera,
diarrhoea, hepatitis, belminth parasites, poliomyelitis
and tapeworms. To reduce the pathogenic hazards from
sludge, many techniques are used which are as follows:
(3} 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 anmually 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 (twrf grass) and irees, Tt is,
however, not used for root crops, vegetables, fruits,
tobacco and dairy paswures. Crops respond 1o sewage
sludge as they do to a commmercial fertilizer in the first
yvear of application; the response may get betier in
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subsequent years hecause of the residual effect of the
added plant nuirients. Many physical properties of the
soil {such as the water and nutrient holding capacity,
infiliration, apgregation) are seen te 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
activaies, accelerates or increases the total ontput of a
process, Microbial cultures added to organic materials or
residues 10 hasten their decomposition act as biological
acceleraiors. These microbial cultures include fungi like
Aspergilius sp.. Paecilomyces fusisporus, Trichirus
spiralis, Trichoderma viride and other phosphate
solubilizers (Fig. A.6).

i &

Fig.Ad.6: Growth of various compost acceleraiors s
evident as differently colored colanies on the medium.
Metallic oxides (like zinc oxide}, which promote
crogs-linking of sulphur in subber vuleantization ave 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 mixre.
Stearic acid, atong with thiazoles, increases the
effectiveness of acidic organic accelerators, Any trace
amount of a substance, required (¢ induce luminescence
in certain crystals, is also an acceleraror. Silver and
copper activaie zine sulphiide and cadmium sulphide.

Active absorpiion

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

Active acidity
Active acidity is one of the two types of acidity. (See¢ alsa
Reserve acidiry.)

Active biomass : See Biomass

Aective calcium carbonate

Active calcium carbonate is a fine form of lime which is
readily soluble in carbonared water. It enriches seil
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, ic is
called an active ion uptake. (See also lon vptake, active
and passive.)

Active lime

Active lime is a fine form of lime, Tt is readily soluble in
water comtaining carbon dioxide. I enriches soil
solutions with soluble bicarbonate, which progressively
saturates the adsorption complex of the soil with a high
conient of ¢lay.

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

Active lime is inseluble in lime-rich soils, leading to
lime chlorosis. Chlorosis, caused by iron deficiency,
makes plant leaves lose their color abnormally. Chlarasts
i8 common in those soils of Northern Africa, which are
rich in active lime. Peach, cheswivt and oak do not
tolerate active lime,

Lime activity is determined by the Idrouinean
method in which lime is treated with excess ammenium
oxalate. Calciurn oxalare precipiiaies from the active
lime and the excess oxalate of ammoninin is determined
by titration with potassium permanganate, This method is
applicable usually to soils containing more than 8% total
lime.

Activity index

Activity index {AD) is a measure of the suitability of slow
nitrogen releasing substances, as a nitrogen fertilizer. An
example of such a substance is urea-formiddehyde-
ureatorm. 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
1W°C.)

Ureaform contains about 38% niirogen, a fraction of
which is cold water insoluble and another fraction is hot
water insoluble. For ureaform to be effective as a
nitregen fertilizer, the Al should be at least 48, according
to American Association of Plant Feod Congrol Officials
(AAPFCO),

Activity ratio

Activity ratio is the ratio of the activity of two types or
species of cations it an equilibrinm selution. Plants take
up potassium ions from the aqueous liguid phase of soil
and iis solutes, The concentration of potassium lons in the
sedl sodution depends mainly on the crop, its fype and
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Adenosine monophosphate

growth. The optimum potassivm level varies between 10
and 60 ppm depending on the crop, the soil texture,
overail fertility level and moisture content.

The effectiveness of soil potassium for a crop uptake
is influenced by the preseoce of other cations like calcinm
and magnesium. Aluminum cations (in acidic seils) and
sedium ions (in saht affected soils) may also influence the
uptake of sotl potassium by the crop.

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

A, S
\ A(Ca+Mp)

where a, is the activity of potassiuin ion and 2, + Mg I8
the activity of calcium and magnesiuvm cations. AR*
provides a satisfactory estimate of the availability of
potassinm, The activity ratio is alse a measure of labile
potassium in soil and gives the amount available to the
CIOP TOOLS.

To describe the soil status, it 1s necessary to specify
not only the current potential of potassium in the labile
pood but also the way the intensiry depends on the quantity
of labile potassium present through multiple
measurements. The relation between exchangeable
potassium ions (Quantity, Q) and the activity of solution
patassium cation {Intensity, 1) is a good measure of the
status of potassium in the soil and the availability of more
labile potassium in that soil. The abilicy 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
selution is a good extractant for exchangeable sqil
potassium,

AR

Activity ratio of potassium

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

Actomag

Aciomag is a trade name for a selectively calcined
dolomite produced by a patenied US process. When
dolomite is calcined at an appropriate temperature,
magnesium carbonate (MgCQ,) is decomposed, leaving
behind magnesium oxide (Mg(Q, 27%) and nearly intact
calcium carbonate (CaCOQ;_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 elecirode. (See also pH.)

Acute toxicity

Acute toxicity reters to the ability of a substance to cause
damage to a living tissue or unpairment to the central

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

Acure 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 exaimple, a small
quantity of kaolin or talc is added to ammonium nitrate
gramules or prills to make them free flowing. Similarly,
0.3 to 0.4% formaldehyde is added © urea to make urea
abrasion resistant.

Adenosine diphosphate

Adenosine diphosphate (ADP) is a phosphorus
coinpound 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 v l o

0 L CH
HO—P—O0—CH, X N

| N

0 0

|
H0-—-l|920

OH

OH OH

Fig. A, 7: Structure of ADE.

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.

NH,
N
NZ N\
0
0 L | JcH
HO—P—0—CH, X N
| N
OH o
OH OH

Fig.A.8: Sbucture of AMP,
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Adjusted sodium adsorption ratio

Adenosine triphosphate

Adenosine triphosphate (ATP} is a npucleotide 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 syathesized to store releasable enmergy with the
breakdown of ATP 0 adenosine diphosphate (ADY)
and w0 phosphate ion by dephospharylation. Here, ADP
and ATP act as energy currency within the plant.

NH,
N
0 e | N
[ k\ /CH
Ho—lr—o—CH2 B N
0 0O
|
HO—li’ZO Sugar
e HO OH
P
|
0

Fig A.9: Structure of ATP.

In the ATP molecule, deosyribose is linked
covalently to adenosine (through an N-glycosidic
linkage) and to three phosphate groups. These
phosphodiester bonds are sequentiaily hydrolyzed io
yield an ADP molecule and an inorganic phosphate, or a
molecule each of adenosine monophosphate (AMP)
and pyrophosphate, by dephosphorylation. Beth
reactions yield a large quantity of energy {about 30.6
kl/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 biomolecutes. The
reactions bringing about these phenomena often involve
an enzyme-catalyzed transfer of the phosphate group to
intermediate substrates. Most ATP mediated reactions
Teguire magmesium 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 eleciron 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 wgether, invoives 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 liguid and a solid. The inter-facial forces aciing here
may congist of valence forces or interlocking action or
both.

The separation of two different phases (A and B)
requires energy. Adbesion is measured as a foree or work
necessary 10 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 Lm* is:

W,

a = Oa ~Op —Ogp

where o, and o, are the surface energies of the two
surfaces, o,, i the surface energy of the interface
between AandB.

When 2 liguid is in contact with an insoluble solid,
three kinds of surface energy exist: (a) between the liquid
and the gaseous phase, (b) between the sclid and the
gaseous phase, and (¢} between the solid and the liquid
phase. The work of adbesion is calculated from:

W, = o (1+ cos 6)

where o 1s the surface energy at the liquid-air interface
and 9 is the angle of wetting.

The mutual attraction between molecules of the same
substance is calied cohesion. Synihetic 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 t 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 paiticles and the pressure exerted on the
material (fertilizer) when stored inbulk.

Adjusted SAR

Adjusted SAR is short for adjusted sodivm adsorption
ratio.

Adjnsted sodium adsorption ratio

Sodium adsorption ratio (SAR) represents the tendency
of sodium 1o increase its proportion on the cation
exchange sites at the expense of the cther types of cations.
SAR is given by the ratio of sodivm content to the content
of calciom plis magnesium in water. When water
coniains bicarbonate (HCO;z)}Yand carbonate (C(Jf‘} ions,
they precipitate calcium and magnesium ions which
increase the SAR value. Acidic waters can dissolve solid
carbonates and bicarbonates, which in twrn form
carbonates of calcium and magnesium. The new formula,
taking inte account these changes, is known as the
adjusted SAR. Itis given by the following equations:

Na*

Ad) SAR i premstmesamste
\f(Ca‘ + Mg™")
2

x [1 + 8.4 - pH]
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- - - 24
pH, = (pk{ - pK/) + p(HCO; + COy” ) +p(Ca’* + Mg™ )

where (pk{ - pK/} is essentially the Ca, Mg and Na ion
concentration, p(HCG,+CO ) is the carbonae and
bicarbonate concentration, p(Ca®™ + Mg®*) is the
concentration of calcium and magnresium ions.

Adjuvant

Adjuvant in general means something helpful or
auxiliary. It is 2 substance that enhances the body's
immune response to an antigen. When added to the main
composition, the adjuvans 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 charactecvistics, retarded nutrient
release, better pH adjestment, enhanced deposition and
compatibility and reduced odor.

There are four types of adjuvants, namely
(a) surfactants, (b) eils. (¢} drift retardant, and
(d) athers.

Surfactant adiuvant 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
laiter having a high atfinity for water. Froin the structure
of the hydrophilic phase, three classes of surfactants ave
recognized, namely, anionic surfactants, cationic
surfactants and non-wonic surfactants. In agriculture, the
most commoniy used surfactants are non-ionic which are
non-toxic, easy 1o use and not affected by hard water.

The following are examples of the three surfactant
classes: (i) Anienic surfactanis - Sodium stearate
C,,H;COO'Na’. (ii} Cationic surfactants -
Ceiylirimethyl ammeonium bromide Gy, Hy3(CH,),N-Br .
{iii) Non-ionic surfactants (Fig.A.10) - Poly (ethylene
oxide) laurylalcohol € ;HaQ (CH,CH, 01, H.

CH.

2
Me CH, Me 2
| CH,
Me

Me—Si— O—Si — 0 —§;j

N

Fig A.J0: A new form of silicone type, non-ionic surfactant,

Me Me

Surfactants have Jifferent uses as wetting and/or
dispersing agents, emulsifiers, foaming agents,
detergents, etc. A wetting agent (<0.1%)} is added (o
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 surfactani is ideal for a specific herbicide on a
particular species. In recent times, formulations
coniaining phytobland oils and highly concentrated {4 1o
10%) surfactants are gaining increased popularity. These
products are more effective in tmproving herbicide

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

0il adjuvants have been used in herbicide sprays for
many years and are divided inte 3 types. (i) Phytotexic,
non selective adjuvants in herbicides: These are highly
unsaturated (for example, diesel and oil} and readily
suiphonaied, giving them a low unsulphonarable residue
character. Qils of this categery are added to the knock-
down type herbicides to facilitate uptake through the bark
for spraying canals and ditch-banks or wo brush killers.
(it} Phytotoxic, selective adjuvants in herbicides: These
are not actually adjuvants and may be sprayed directly
without mixing with water or in combination with
herbicides.(iit) Phytobland eil-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 2 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 diveried from the target area even by a slighi
breeze. If the herbicide is sufficiendy 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 1o 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 o serve as a marker, (b) emetics
which canse immediate vosniting to reduce the hazard of
accidenes] ingestion, and (c) stench creating agents added
to 2 toxic pesticide to prevent it from being mistaken for a
soft drink.

Adoption

Adoption, in the present context refers i the acceptance
and implementation of an improved or a new rechnique
related o farming, such as. a specific method of use of
fertilizer or irrigaiion, by a farmer.

ADP
ADP 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 I8 months) is
planted between June and August and harvested the next
year from December w February. This pattern of sugar
cane pianting is comanon in the Indian states of Andhra
Pradesh, Karnataka and Maharashira,

Adsorbate

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

Adsorbent

The solid surface on which a subhstance {(adsorbaie)
accumulates is called an  adsorbent. Activated cachon,
activaied alumina and silica gel are examples of
adsorbeuts,

Adsorption

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

Depending on the nature of forces involved,
adsorption is divided into two types - chemisorption and
physiserption. In chemisorption, a single layer of
molecules, atoms or ions is held ta the adsorbent surface
by chemical bonds. In physiserption, adsorbed
inolecules are held by the weaker van der Waals forees.
In addition, adsorption caused by elecirical attraction of
the 1ons to a charged surface is known as electrostatic
adsorption.

The quasuity adsorbed depends on the {a} pressure
{conceniratioi) at a constam temperature illusirated by
the adserption isotherm, (b} remperature at a constant
pressure which is expressed by the adsorption isobar,
and (0) effect of pressure on temperature at a constant
amount adsorbed which is called the adserption isostere.
The cause (energy or power) of adsorption is called
adsorptive force,

Compared to a pure solvemt, surface-active
substances accumutaie on the surface and reduce ihe
surface energy of the solution. Bonding of ions or
compounds to the surface of a solid or liguid, which is
usuaily 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 amounr of gas adsorbed at a plain solid surface
t0 the pressure of gas in equilibrium with the surface.

The derivation of Langmuir isotherm assumes that
{a) the adsorption is resericted to 3 surface monolayer
which is energetically uniform, and (b) there is no
mteraction 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

8 1+ bp

where ‘b’ 18 a constant called the adsorption coefficient,
which is the equilibrium constant for the adserption
PTOCESS,

Adsorption complex

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

Adsorption, electrostatic

Adsorption cansed by electrical atiraction of ions to a
charged surface is known as electrostatic adsorption.

Adsorption isobar

The quantity of substances adsorbed by a solid depends
O {ts tentperature ax 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
sotute as a thin film on the outer or inner surface of the
material. This can occur by three mechanisms, pameldy,
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 jon
swarm 50 that fully dissociated ions from the functional
group are free to move about in the soil soluiion, In ihe
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 s likely to
involve hoth ioaic and covalemt bonds. Covalent bonding
varies with electron configurations of both the surface
groups and the complexed ion; the inmer-sphere surface
complex is hence considered as the molecatar basis of the
term specific adsorption,



Adsorption, specific

Aerial spraying

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

Soil solution composition determines the velative
affinity of a given metal cation o a soil adsorbent. The
interactive sirength among the three adsorption
mechanisros decreases in the order of inner-sphere
complex, onter-sphere complex and diffuse jon swarm.

Adsorption. specific

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

Adsorptive

A molecule ar an ton in soil solution that can potentiatly
be adsorbed is known as an adsorptive.

Adsorptive force

The energy or power of adsorpton is called adsorptive
force,

Adulteration of fertilizers

Adulieration of fertilizers involves the practice of adding
extranenus materiai w a standard fertilizer to lower its
quality. A fertilizer is said to be adulterated when (a} it
contains harmful or defeterious ingredients or unwanted
crop or weed seeds in quaniities sufficient to harm the
plant when applied according to the directions on the
labei, (b) its composition differs from that given on the
label, andfor (¢} useless materials like salt or sand are
added toit.

Adventitious roots

Adveuntitious roots are those that appear on plant paris
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.

Aeolan soil

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

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

They possess 3 high murient 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 {¢)
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 oxvgen consumed by microbes in soil under
optimum respiratoiry conditions {artificiaily created) to
that consumed by them in the soil under nanral
conditions is the aeration factor expressed as a
percentage. However, natural soil conditions cannot he
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 soit, usvally 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 stinosphere. In a well-aerated soil, the
exchanges oceur rapidly and continually.

Most crop roots, except rice, nged oxygen for
respiration and growth. Microbes also peed oxygen for
decomposition of organic matter and for oxidation of
chemical compounds like ammonia, sulphur, hvdrogen
sulphide, iron sulphide, etc. Boih 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 exchaoge or the oxygen diffusion
rate (ODR) depends upon the size and continity of soil
pores. Large soil pores increase the ODR, wlereas 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 decomiposition of soil organic matter. A
deep ripping, drainage of excess water or addition of
organic residues loosens the compacted soil and helps
seil 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



Aerabes

17

Afforesiation

Fig A.11: Aerigl spraving is advamageons particularly over large areas, in tree plantations or if e land is (oo wer.
Courtesy: "The US Environmental Protection Agency " and “International Network for Environmental Compliance
and Enforcement”. With permission fromihe office of the INECE Secretariat, Washingion, DC.

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

Aerobes

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

CgH,,04+ 60, — 6CO,+ 6H,0 + Energy

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

Aerobic reactor : See Aerobes

Aerobic respiration

Respiration in the presence of oxygen is catled aerobic
respiraiion. Oxidation of food requires oxygen in the
living cells and is aceompanied by the release of water,
energy and carbon dioxide.

Aerodynamic method for evapotranspiration

Agrodynamic method, which is improved by the energy
balance approach, is uvsed for estimating
evapotranspiration. The method employs meteorotogical
formulae, which consider taciors influencing the remioval

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

Aeroponics

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

Aerosol

Aerosol is a type of colloid. Tt is the dispersion of liquid
or sotid particles in gas such as mist. smoke or foam.

Affinity

The tendency of an atom {or compound} to react with
atems (or compounds) of a different chemical
constitution is known as iés affinity.

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

The hemoglobin molecule has a mwch greates
affinity for carben 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 Jand Jor the firsi 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 end (o grow down to the underground water, pump
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Fig.4.12; Afforestation with Glyricidia p!arzmzmn on hills,

Fig. A.13: Afforestation with Casuarina (rees.

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

Planting irees reduces (a) soil erosion because tree
roots bind the soil and reduce its transportation, (b} soil
salinity because irees keep the water table weli below the
soil surtace due to transpiration of water, thus preventing
salts from rising, and (¢) run-off which reduces the
quantity of soil particles and fertilizers being added to
TIVErs.

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

Appropriate mechanisms have been set-up all over the
world for prowmoting afforestation, tree plantation,
ecnlogical 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 inIndia,

Aflatoxins

Aflatoxin refers to a group of highly toxic polvauclear
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
¢ many animals including fish and birds. The B, and G,
straing are carcinogens.

Aflatoxins fluoresce strongly under UV light. They
are soluble in methanol, acetone aod chloroform, but
only slightly soluble in water and hydrocarbon solvents.
Prevention of mould growth is the most effective
protecticn 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 o 20 ppb does
not atraci penalty.

AFNOR

AFNOR iz a French standard system like the German
DIN system or Bureau of Indian Standards (BIS).
AFNOR sieves are one of ihe 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 indicales, after cultivation involves
operations such as harrowing, rolling and other cultural
activities carried out in a field after the crop is sown or
planied.

Agar

A phycocolloid derived from red algae such as Gelidium
and (rracilarig 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 gemis
Eucheuma, used widely in Malaysia for making a
gelatinous material.

Agar is a mucilage synthesized by red algae and
stored along with cellulose wn the cell wall. It is a dry,
amorphous and gelatine-like extract, devoid of any non-
nitrogenous material from  Gefidium and  other
agarophytes. The extract is the sulphuric acid ester of a
linear galactan, soluble in hat 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 & mixture of a partially methylated neuiral
polysaccharide (agarose) and sulphuric acid ester
{agarapectin} of  linear galactan, The gel is made under
steaim pressure or by boiling, and #s agar content
depends on the algal species, season and extraction
method.

Agar is manutactured from various algae or seaweeds
called agarophytes, whereas the term agareidophyte
denotes the red seaweeds that yield a substance
chemically akin to an agar-like substance, but with
different viscosily and gelling properties. The important
agarophytes used for extraction of agar are Acanthopeliis
Japonica, Ahnfeltia plicara and species under the genera
Gelidium, Gracilaria and Prerocladia. Other red algae
are Comphvigephora, Eucheuma, Hypnea, Gigarting
and Furcellaria.

Different counirics use different red algae for making
agar. For example, Suwhria (Fig.A.14), Gelidium,
Prerocladia, and Aknfeltia ave used in South Africa, the
US, New Zealand and Russia respectively. Often, the

Fig A 14: Suhria vitam, a red alga wsed in

making agar.
aiga 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 calied Bengal
isinglass. Gracilaria verrucosa (Fig. A.15) in China is
known as Chinese moss, whereas in Japan, agar-agar
tmade from Gelidium sp. is called Kanéen, which means
cold sky, because it was made in cold winter days or high
up in the mountains.

)

Fig. A.13: Graciluria verricosa (confervoides),
an agarophyie.

Agar is used for many purposes - as a solidifying
agent in the culture medium used for multiplication of
beneficial bacteria like Azotobacrer and Azospiriifum
during biofertitizer 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 feather, and as an adhesive in the
manufacture of plyweod. Agar is even used in foosd
products, for thickening soups, sauces, ice creams,
maited milks, jellies, candies and pastries. Due to its high
temperature tolerance, agar is fovored in food products.
1t substitutes pectin for making jeilies, 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 niirient
media as a solidifving agent. Usefu! micro-
organisms dre grown on suitable agar based
media.

Agar hased inoculant

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

Agaroidophyte

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

Agaropectin

Agaropectin i the sulpburic acid ester of a linear
galactan, used for making gel.

Agarophyte

Aparophyte 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

Agslomeration

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

matter. A combination or aggregavion of colloidal
particles suspended in a liquid into clusters or flocks of
approximately sphericat shapes iz also knmown as
agglomeration. It is achieved by neuralizing electric
charges which maintain the stability of colioidal
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 rakes
place iz known as the agglomeraiion process. The
aggloneration process is used for the production of
pranmular NPK products. In this process, the final
mechanical strengths of the agglomerated granules arve
obtained by mechanical intertocking or by fitting together
ndtividual particles.

Aggregate

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

Agoregate 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 io 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 maierial iemaining on one or several
steves represerits stable aggregates. Aithe scale of clay or
sil-sized particles, methods generally consist of
characterizing by turbidimetry or densitometry of the
suspension, obtained by exposing the aggregate (0
disruptive forces.

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

Aggregate stability: See Aggregate

Aggregation

Aggrepation is a peneral term describing the endency of
large molecules (or celloidal particles) to combine in
clusters or climps, especially in solotion. 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
aunit called aggregate, and ihe process of this formation
is called aggregation (Fig.A.17). A soil conststing of
strong aggregates is an aggregated soll with a stable soil
structure, which is suitable for plant growth.

_W: ‘ s 2

Fig. A I7: Aggregation of sufl particles leads 1o the formation
of clexls.

Agon

Agon is a kind of plow which opens a furrew deeper than
the raise, o Improve swampy terrains,

Agricultural aircraft

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

Agricultural aircrafis are sought after because of their
ability to operate regardless of iarm conditions,

N " ¥y

Fig A.18: Agricultural aircraft being used for aericd
spriving,

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 o
human babitat and sensitive non-target cultivation, and
crop plani coverage are amoeng the factors that limit the
use of these aircrafis. Some of these considerations are
pariicularly pertinent when wet and dry type pesticides
are to be digpersed.

Agricultural biotechnology

Agricultural biotechnoiogy is a branch of agricultural
science that deals whh research and application of
biotechnology tools to agriculiure. ft involves tecihniques
like genetic engineering. plant and animal tissue culture,
development of bio-fertilizers and bio-pesticides,
artificial synthesis of natural substances, etc. Bt cofton is
a well known example of agriculfural biotechnology.

Agricultural chemistry

Agriculnral chemistry is not a distinet discipline. [t is the
science of chemical compositions and alierations which
occur in the production, protection and use of crops and
livestock, This branch embraces life processes that are
cominon in the creation of food and fiber for munans and
aiimals. To assist this creation and production, many
chemical subsiances are developed, which come under
the category of herbicides, insecticides, tungicides, plant
growth reguiaiors, fertilizers, animal feed supplements,
nuiritional supplements and medicinal compounds for
disecase prevention.

Agricultural chemistry selectively embodies the
elements of many disciplines that impinge on agricultare,
such as genetics, physiology, microbialogy.
entemology, efc.

Agricultural chemiswry is used to study, explere and
investigate the cause and effect relattonships of
biochernical reactions pertinent to plant and animal
grawth, to develop methods to control these reactions
whenever required, and to preduce the desired chemical
producis.

Agricultural dolomitic limesione

Agricultural dolomisic 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 carhonate. {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
hiclogical materials, systems and processes, They apply
physical and engineering sciences and achieve new peaks
inagriculural productivity by increased mechanization.
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As enhanced production is demanded from an ever-
decreasing land area, agriculiural 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 farn operate
like a factory with a high degree of automation and
mechanization, with inputs for pouitry, dairy and meat
animals.

Agricaltural engineering involves the efficient
managemeitt of soil and water resources, development of
pewer techiiques 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, atc.

Agricultural fungicides

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

Agricultural lime

The Hming materials used for correcting the acidity of
soils are 2lso called agricultural lime.

Agricultural machinery

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

To carry oul agricultural operations, large special
purpose machines are often used. For iiltage, 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: racior driven plow, thresher, moldboard plow and
wheat ard rice harvester.

plows or disks, while for loosening compacted soils, deep
rippers are convenienty emploved (Fig.A.19). For all
this, a push-buiton conirol activates fluid power to purop
through the flexible hoses to impari linear or rotating
motion, as well as to perform infricate eperations by
highly specialized machinery. The latter can increase the
precision needed in modern agriculture using. for
instance. lagsers for laying out irrigation systems and
microprocessors for sensing or comtrolling such
operations as regulating feed mixtures for dairy cows or
grading fruits and vegetahles. A variety of elecironic
devices are employed in the automation of many
harvesters, Plows, discs, cultivators and fertilizer
spreaders ar¢ mounted on tractors, but if these are two
Jarge, they are controlled aind operated hvdraulically.

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 Agriculiural
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 yieids, 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 mechanisias of these
exchanges.

Agricultural meteorology is concerned with the sdy
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
transporiation of materiais such as water, chemicals,
fertilizers, etc.

Agricultural meteorologists vse multispectral
scammers piaced 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 sulphuer used for correcting sulphur
deficiency or for increasing soil acidity is called
agricultural sulphur or agri-sulphur. li has a sulphur
content of about 90 % . It is oxidized 1o sulphate ion by soil
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micro-organisms when applied to ibe 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
planiing. Biological oxidation of sulphur in well-aerated
wet soils is generaily rapid.

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

Agricnltural waste

Agricuttural waste inclodes weeds, straw, chaff leaves,
sugar cane waste, groundnus husks, ete. It is used as raw
material for making compost. (See also Compaost.)

Agricultural yield

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

Agriculture

Agriculfure is essentially about the production of crops
and livestock. It covers 4 whole range of technologies
concernied with the production of useful substances from
plants, animals, soils, livestock, ete., as well as related
processing and marketing activities (Fig. A.20}. The term
agri-buginess 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 manufacure and
distribution of all industrial inputs required for farming,
farm producits like crops and animals, conversion of these
into finished products, and finalty, marketing them.

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

In many couniries, agriculiure is the largest private
seclor enterprise, The final product of the food and fiber
industries in the USA, for instance, amounts io abowt
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 cune is an example of a monoculture crop. It provides an ideal spporiunity for the survival and
breeding of crop pests.
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increase food production. The last 30 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
agricuttural 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 monocuiture provides an ideal oppostunity for
the survival and breeding of crop pests. The practice of
monoculure has often led to the depletion of fertility of
land and the destruction of natural habitats for useful soil
flora and fauna.

Advances in agricultural technclogy have also
stimulated the development of plowing machines with
hydraulic devices that can dig deeper into the soif, and of
seed drills that automatically plant seeds in the plowed
soil (Fig. A.22).
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Fig A.22: Advances in agricaiture have led w0 the
development of improved machines like multicrop planter
{lefi) and twa furrows whole stick sugar cane cutter planter.
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In many developing couniries, 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
1o 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 vears and another site is
cultivated similarly.

Selective breeding of crop plants and farm animals
has a greal impact op agricultural produoctivity. Advanced
variams of crop plants have hncreased the nuiritional
vaiue of the produce and also increased their resistance to
diseases. While animais have been selectively bred to
fmprove their yield of milk, meat and other products,
recemt developments in genetic engineering have opened
up new vistas to explore the use of genetically modified
crops in agriculture,

Agri-sulphur: See Agriculturai sulphar

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,

floodd, cold, ete. oceur in a very onpredictable 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 regien becomes important to identity
and recognize the possible cropping periad.

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 mitlion hectares
of geographical area, presents a Jarge number of complex
agro-climatic sitations.

Agroecosystem: See Agroecosystem research

Agroecosystem research

Fcosystem refers to a biological comumunity of
interacting organisms and their physical environment. 1t
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 agriculral systern with all its inputs and outpuis.

Agroecosystemy research encompasses a detailed
examination of all elements of basic agricultural biology,
in which economic production as one component of the
biological response {6 the physical surroundings and o
the inputs of materials and energy is made intelligible.

In shert, agroecosystem research is concerned with
the totality of the biology of an agriculniral system, Whern
preduction  methods, browght to maturity through
experimenis, begin tw move toward the limits of
biological processes, agricultural systems become very
important. During the transition, it hecomes imperative
to know which biclogical processes determine the vield
and how they determine their limits. Whether or not the
cycles involved in this pheromenon can sustain the high
yield of intensive agricultural production {cuused by
chemicals} is determined by the chemistry of nutrient
cycling.

Agroecosystem research uses methods of ecosystern
analysis. They measure the entry of energy and material
inte the population of plants and animals, and explain
how these inputs affect the physiclogical processes
determining the growth and maintenance of these
OIEANISINS.

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

Agroforestry

Agroforestry or farm forestry is the culiivation of forest
trees on a farm, along with conventional crops, (such as
herbaceous plants) which lead to economic gains, Agro-
sitviculture,  agro-horticulture,  agro-hori-silviculiure
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Agrotain

and homestead agroforestry are examples of agro-
foresiry systems.

Agroforestry methods have yet to be widely applied
in tiopical regions where sciemific management
technigues co-exist with iraditional land use practices. At
one level, shifting cultivation can be described as a form
of agroforesiry.

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

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

Agrometeorologists: See Agricultural meteorology

Agronomic efficiency

Agronomic efficiency refers to the amouat of biclogical
production from refevant 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 Nuirient
efficiency.)

Agronemic nutrient efficiency

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

Grain yield of Grainyield 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 dissohution 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 gm diameder is generally far
miore effective thap a phosphate coarse pariicle.

Agronomy

Agronomy is a branch of agriculivral 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 turi grass for lawns, recreational
areas, highway embankments, drainage diiches and
waterways.

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

The management of soils and water for efficient
production of specific crops is of major inierest in
agronomy (Fig.A.24). An agronomic classificaiion 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
Weller Inanagement are majer inferests of agronemy.

Agropedic horizon

Agropedic horizon is another tesm for anthropic
harizen, or the cultivated horizon.

Agro-service center

Anagro-service center or a farm service center is a place
where information is disseminated oy services regarding
farmi nputs like seeds, fertilizers, pesticides and
agriculturai implements provided . Agro-service centers
ar¢ generally operated by government bodies, agro
industries, individueal entreprenenrs, local bodies,
manufacturers of fertilizers and equipments, etc.

Agrosil colloidal silicate

Agrosi! colloidal silicate is a synthetic soil conditioner
that consists of partially dehvdrated sodium silicate
precipitated with acids, electrolytes such as phosphaies
or sulphates and an organic additive. The purpose of
these substances is to exert biotic, chemical or physical
influences on the soil, its strucrure, as well as the waler
regime. Agrosil colloidal silicate is added to soil to
rmprove 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 opame of NBPT {(N-n-butyl
thiophosphoric triamide), which is a urcase inhibitor. It is
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recommended for pre-planting surface application of
urea and urea-containing ferrilizers.

Ag soil
Ag soil is a s0il type with rwa 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 a high 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, (See also Soil horizons.)

Al
Alisshort 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 23) and represents
the relative air content of the soil.

Fais defined as:
Va

Vit Vs + Va + Vw

where Va is the volume of air, Vt is the toial 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

Soil
particles

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

While reporting air-filled porosity, information on
soil metric potential is relevant. Assuming that the pore
space 1s wholly filled with water, the air-filied 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 caleulaied using the tension table procedure
for any specific metric potential and the following
equation:

(\N\ ki \Np)
V, x 0.01

Fa =

where Ws i the weight of the saturated soil core, Wp i3
the weight of the core ai specific potential and Vi is the
volume of the core.

The difference method {based on the soil dry bulk
density, Du, and ihe soil water content) is also used to
determing Fa of the core at any gravimetric water content
that is calculated knowing the total porosity (Siy 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 piants wherein the crop does not atiain maturity
becanse of root damage caused by hydrogen sulphide
toxicity, and/or deficiencies of {(a) silicon and
magnesinm, (b) bases, and (¢) nitrogen and potassium at
later stages of plant growth,

Flooded soils contain hydiogen 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 properiies of
sutfaces, is the ratio of the radiant flux reflecied by a
surface io the incidens flux. White surfaces have albedos
close to one and black surfaces have albedos close to
zero. For the measurement of soil moistre, neutron
ptobes containing radicactive materials {such as
besyllivm or radium} are used and they work on the
principle of refiection by waier 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 iypes of atbedos 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
notmal reflectance. is a measure of the relative
brightness of a surface when viewed and iflluminated
vertically.

For solar system objects, bond albedos range from
.76 for cleud-shrovded Venus to as low as 0.01 w 0.02
for some asteroids and safellites. The value for earth is
0.33. The bond afbedo value depends on the spectrum of
the incident radiation,

Normal reflectance, which strengly depends on the
wavelength, is referred to as a 'perfectly white Lambert
surface’- a surface that absorbs no light, and scatiers the
incident energy isotfropically. Magnesium oxide,
magnesiinn 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
ciay and free iron oxides are removed, or in which iron
oxides are 50 separaled that the sand or silt particles
become alinost colorless.

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

Albite

Albite is a white or bluish-white feldspar of the
plagiociase feldspar group and it belongs io the wiclinic
system. It has a general formula Na (AISiOg). Albite
occurs frequently as a late stage mineral assoctated with
gem pocket, bearing lichinm-rich pegmatites. The plate
variely of albite is called cleave landsite.

Albite and anoerthite are components in the complex
plagioclase series. At high pressure, albuie breaks down
1o jadeite (NaAlSi, 0} and quartz {5i0,).

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 alcchol-water mixtres).
Albumins can be coagulated by exposure to heat.

Aldoses

Mounsaccharides containing an aldehyde group are
called aldoses whereas those containing a ketone group
are called ketoses,

Alfisols

Alfisal is one of the 12 orders categorizing world soils, It
consists of leached residual scils with a clay-rich B
borizon. Thése soils are stightly-to-moderately acidic,
Alfisols have umbric or ochric epipedons as weil as
argillic horizons and hold water at < 1.5 MPa tension for
at least %0 days when the soil is warm enough for plants to
grow outdoors.

Alfisols develop m humid and sub-humid climnates.
They are distributed approximately equally across the
tropical, teraperate and boreal environiments, and are
often found under forest vegetation. They comprise 9.6%
of the earth's ice-free land area. The high precipitation
canses clay 1 move downward and form the clay
acoumulation horizon (Bt lorizon) below. A good
amount of available water facilitates plaat growth during
warni seasons in such soils.

Alfisols have a mean anmal soil temperaiure of
<. 8°C or a bage saturation in the lower part of the argillic

horizon of 35 % or more when measured atapH of 8.2,

Aifisols are namrally productive soils that do not need
irrigation or fertilizers. They develop under deciduous
forests or savannah environments in mid-to-lower
latitndes.

Alfisols can sustain traditional slash and burn
subsistence agriculture and are moist enough to be
intensively cultivable during the growing season.
Relatively voung 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 xeraifs.

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 (o several millions per gram of
o0il, The main groups of algae are green algae, blue-
green algae, vetlow-green algae and diatoms. Algae
form the firs¢ 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 aguatic photosynthetic
organisms (Fig.A.26). which transform light energy into
energy-rich organic compounds. In soil. algae do not
receive light but gei their energy by oxidation of other
malerials.

g A
S =

Fig. A.26; Picture of a water body almost totally covered with
algal growrh (excepr as shenen by the arrow).
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Formerly regarded as planis, algae are now classified
as members of the kingdem Protista. Algae are a
heterogeneous group of cryptopamic plants comprising
thirtean large phyla and several smaller groups, which
are yet to be studied fully.

Algae are vnicellnlar or multicellutar (filanentous,
ribbon-like or plate-like}. The most familiar types are
slimy, fibrous masses that grow in stagnant water. They
wolerate 2 wide range of moisture conditions,

Some algae grow symbiotically with fungi, and are
called Richens. Lichens are crucial o 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.

Subsances like copper sulphate are toxic tw algae and
serve a8 algicide. Organisms living on algae are called
algicotous. 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 mechanismus are very similar to other plants;
all possess chlorophyll and carry out photosynthesis.
Their nutrient requirements, carbohydrases, proteins and
endt product assimilation process are very similar o those
of higher piants.

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

Algal boom: See Algae
Algicide: Sce Algae
Algicolous ; See Algae

Alginates

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

Alginates are considered apionic polymers of
manauronic 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.

Alzology : See Algae

Alkali

An alkali is a soluble hydroxide ot a metal, particularly of
one of alkall metals. The term is also applied to any
subsiance which bas an alkaline reaction. With a pH
above 7, it tums red litmus blue. The alkali industry
praduces sodivm  hydroxide, sodium carbonate, salt
cake, sodinm bicarbonate and corresponding potassivm
compounds. The measurernent of the concentration of
alkali present is determined by titration with a siandard
ackd osing an indicator.,

Alkali feldspars

Alkali feldspars are one of the two groups of feldspars,
which inciude microcline, orthoclase and sanidine. In
alkaii feldspars, potassiom is dominant with a smaller
proportion of sodivra and negligible calcium. The other
group of alkali feldspars is plagieclase 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 than 4 dS/m
and pH uswally above 8.5 are called alkali soils. They are
also called sodic soils or keflar 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 caicium carbonate. It
causes foxicity of boron and deficiencies of zine, iron
and, to a lesser extent of, manganese and copper. [t also
affects adversely the sorption behkavior of these elements
i the soil. Anexcess 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 betéer or have fewer
problems if the soil is moderately acidic,

Alkali soils are treated with gypsum. or with acid-
forming matertals like iron pyrites which release calcinm
from the native calcite of the soil. This is followed by
leaching wiih good quality water. This treatment serves
1o 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 resulis in soid
coimpaction, 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 af least one nitrogen atom ina
ring siructure in the molecule. Usually these are derived
from mitrogen ring compounds such as pyridine,
quinoline and pyrrole. Though some are hiquids {they are
usually colorless), crystailine solids with a biuer rtaste,
combine with acids without water elimination. They are
soluble in alcohols and imsoluble in water. Some
examples are atropine, merphine, nicotine, caffeine,
cocaine and strychnine,

Allantoin nitrogen

Allantoin is one of the components of ureides formula
CHN,Os. The enzyme allantoinase present in legume
nodules converts allantoin to allanmtoic 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.

Alelochemical effects, reduction of: See
Allelopathy

Allelopathy

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

Allefopathy is generally related te problems of crop
production {a) on certain types of soil, (h) in stubble
mulch facming, {c) with some crop rotations, ¢(d) with
crop mopoculture, and {e) with foresi site replanfing.,

Some effective allelopathic cheinicals are simpie
phenolic  acids, coumarins, terpencids, flavopoids,
alkaloids, cyapogenic glvecosides and 2lucosinolaies.
Secondary compounds  implicaied in  biochemical
interactions among planis are also involved in several
protective and defensive functions for the plant.

Chemicals are released into the environment by
(a) oxidation of voladile chemicals from parts of the hiving
plant, (b leaching of water-soluble toxins from the
above ground plait parts in response to 1ain, fog or dew,
{c) exudation of water-soluble toxins from the below
ground plant parts, ¢d) release of toxins from parts of
non-tiving plants through leaching of toxing from the
litter of sloughed root cells, or (¢) micrebial by-products
resuliing from litter decomposition. To have lasting
effects on other plants, these chemicals irust accumulate
sufficiendy in the immediate environment, or persist for
some time, or be continuously released.

Allelochernicals are released as a gas of liguid from
the plant roots, leaves, stems or fraits. The inhibition of
one species by another is direct allelopathy. Indirect
altelopathy is the inhibition of intermediate orgamisms
{often a bacterium, alga or fungus) on which the
inhibited plant depends for natrients or water. Aute
allelopathy is the inhibition of a species by self produced
toxims.

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

Companion plants, which produce oiganic matter, or
moculation with micro-organisms that readdy metabolize
toxins, may be usetul in perennial crop ecosysiens.

Altelopathy is different from competition; the latter
involves removal or reduction of vital facrory like
nutrient, moisture, light. space, 2t¢. [rom the
environment by conipeting species.

Alley cropping

Allev cropping refers to a farming systein in which arable
crops are grown i1 alleys, that is, in spaces hetween two
crops of leguminous shrubs or trees. Alley cropping
hastens restoration of soil fertility and enhances
productiviry.

Allocative efficiency: See Eificiency

Alochthonous limestone

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

Allogamy

Allogamy is a type of fertilization in plants. Tt 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

Altophane is a general term for amorphous,
aluminosilicate gels of a wide range of composition,
commonly found in volcanic sails, They have a very high
phosphorus retention capacity . Most clay minetals have a
layer-latiice siructure, but a small group of allophanes
form holtow spherical crystals.

Allophane and imogolite are maost comnmwnty found in
relatively voung soils {< 10,000 years} formed om
volcanic ash and pummice. Allophane exists as a hollow,
nearly spherical particle with a diameter of 3.5 10 5 .
An allophane with a silica to alumioum ratio of 0.5 and
having a chemical formuta of

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

contains most of itz aluminum in a six fold coordination
and has charge properties very similar to those of
imogolite, bearing very litile pernmanent negative charge
(due o isemorphous substitution}, but a4 variable positive
and negative charge due io the proton association or
dissociation at the surface hydroxyi (OH) groups. At the
other extreme, an aliophane with a Si: Al ratio of 1 and
having a chemical formula of

H,0, 20H A1"0, 20H H,0 (28i, A1)" 30, 20H, H,0

contains half of its aleminum in the tetrahedral sheet and
half in the octahedral sheet. Although a large layer charge
arises because of the substitution of ajuminum for silicon,
it is neutratized 10 a variable extent, depending on the



Altuvial soil

30

Alternate farming

ambient pH, by the aszociation of protons at the surface
OH groups. Thus, allophanes and imogolite have pH
dependent surface charpesatpH > 4.5,

Alluvial seil

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 zine are common in these soils,

Alluviom

Streams and rivers deposit sediments of various pariicle
sizes ranging in size from small stones to big boulders.
Such deposition by the action of water is called aliuvium.

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

Alpha aluming

Alpha alumina (c-alumina} is one of two forms of
white or colorless oxides of alumina. 1t 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 {u) particle is an elementary particle consisting
of two profons and two neutrons firmly bound together.
The specific energy of back scattered o-particles is used
10 analyze mineral compositions or geological
formations.

An w-particle 13 identical to the nucless 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, o) or (p, o) reactions, or by double
ionization of accelerated helivin atoms in an accelerator,
where n and p stand for netiiron and proton, respectively.

Each a-pariicle has 2 mass of 6,644 x 107 kg, that is,
400273 am.u., and an eleciric charge of +2. The
particle is highly stable and its binding energy equals
28.11 mev; its spin and magnetic mopmenis are zero, The
current of an o-particle emitted from nuclei of 51,
2tRa, ¥Th, *Ra, #%Puo, etc. is called alpha radiation.

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

R = ay®

where a is the consiant (= 9.7 » 107 m? %} 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 u-particle can also be caleulated
for other substances. Thus, «-radiation is normally not
hazardous o hwmnans unless ingested divectly into the
body.

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

Alpha radiation
A current of a-pariicles emitted from nuclei of 250,
Ra, ¥2Th, 2Ry, *°Po, el¢. 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 ey farming.

Fip.A.27: Alluvial soil, which is the mosi fertile soil, is largely deposited along river banks due ta floods or the
Jlowe gf water.
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Alternate furrow irrigation

Alternate furrow irrigation involves irrigating alternate
fiurows 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
voverage of the field daring 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 alternaie host, also known as the secondary host, is
the host plant of a pathogen (usually a fungus). It is called
s0 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
grominis tritici, the fungal pathogen, causing the black
stem rust disease of wheat.

Alternative agriculture

Generally farming involves use of chemical fertilizers,
pesticides, eic. with a view to obtaining a higher yield.
Alternative agriculture or alternative farming maindy
relies on the use of organic manures, biclogical agenis,
recycled wasie material, etc., bypassing the use of
chemicals and feriilizers. A common example of
alternative agriculiure or alternative farming is organic
farming.

Alum

Alum is a double sulphate of a monovalent and irivalent
sale. Itis represented as:

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

(NH,),"SO,-A1,(S0,),-12H,0

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

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

Alumina

Alumina is 2 white or colorless oxide accurring in two
forms, o-alumina and y-alumina. The y-alumina twrns
into a suble o form on heating. Naturally occurring
alumina 18 called corundam or enery.

The gemstones ruby and sapphire are alumioum
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 sali.

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

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

Alumina occurs in phosphate rocks along with tron
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 15310 4%,

Aliminuin

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,
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Fig.4.28: Position of aluminwum, a bencficial elenent, in
the Periodic Table.

Pure aluminun, 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.

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

Aluminum jon forms octahedral coordination with
water molecules and hydroxyl ions. If seil is noi strongly
acidic, one (or more) of the water molecules jonizes,
releasing the hydrogen ion (H*) into the solution and
increasing the soil acidity.

2AP3Y +3H,0—> [AIOH]** +[A1(OH),I" + 3H"

The toxic level of soluble and exchangeable
aluninum can be substantially reduced by first raising the
soil pH in the range of 5.2 to 5.5 and by further liming i
matkce it in the range 0f 6.0t0 6.5,

In acidic soils, aluminum may compete for uptake
with copper and make the scil copper deficient.
Molybdenum s 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 alsc restrices the uptake of calciom and
magnesium by plants.

Aluminum jons are toxic to the roots of many plants
such as cotton, tomate, aifalfa, celery, barley, corn,
sorghum, and sugar beets. Aluminum toxicity is
probably the most important growth limiting factor in
many acid sotls.

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 thermt to dry out and die.
Aluminum toxicity also reduces the growth of both shoots
and roots.

Anexcess of aluminun interferes with cell division in
plant roots, inhibits nodule initiation (by fixing the soil
phosphorus o forms that are less available to plant roots).
and decreases oot respiratioi. Alwinum inierferes with
enzymes controliing the depasition of polysaccharides in
ceil 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.

Alnninuna-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 toots but no fine
branching,

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

Aluminum sulphate

Aluminum sulphate s a wlhite or colorless crystailing
compound. The bydrated variety of aluminum sulphate
has 18 water molecutes, [AL{S0y):- 18H,O] and occurs
naturally as a rare minerai alumogenife, Aluminum
sulphate, which is prepared by dissolving alurtinum
hydroxide or china clay {alumino silicates) in sulphuric
acid, decomposes on heating to sulphur dioxide, sulphur
trioxide and alumimnm oxides, The alopiinum ions
present in aluminum suiphate 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 flocowlating agent and is
very important in sewage treatment and purification of
drinking water. It is also used in the preparation of
moidants and as a fireprooting agent. In the paper
industry, it is sometimes erronecusly catled alum which
is a double sulphate of a monovalent and trivalent salt
described as:

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

When applied (o soils, aluminum sulphate dissolves
and decomposes o sulphuric acid. It is used o acidify
neniral or alkaline soils.

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

Planis can develop alumimun toxicity, when

aluminum sulphate is used indiscriminately.

Alunogenite

Alunogenite is a naturally occurring form of hydrated
aluminum suiphate Al{SO,); 18H,0.

AM

AM is a substitmed pyrimidine (2-amino-4-chloro-6-
methyl pyridine) that acts as a nitrification inhibitor, It
controls nitrogen loss by inhibiting the pitrification
process in soil and helps the effective utilization of
fertilizer nitrogen. This action by AM inhibits the growih
of Nirrosomonas and retards conversion of NH; o Nos
fur 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 whenwet,

Ameliorant

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

Amelioration: See Ameliorant

Amendment

Amendinetit is a material added o reclaim abnormal
soils like acidic or saline-sodic soils. It involves a part
{or most) of the exchangeable sodiwm in saline-sodic
soils (which is harmful to plants and which disperses
clay particles) being repiaced by more fovorable calcium
ions m the root zone, The addition of lime to acidic soils
for crop production is an examiple of an amendment,
Thus, amendment is a substance added to the soil 10
improve its physical and cheniical properties for benter
farming.

Amensalism

Some organisms produce a substance which is inhibitory
t otier organisms. The inhibitory effect of such a
substance is called amensalism (simiar 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
fiters,

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 moistore levels, most color
examinations are carried out on moist samples 10 provide
some basis of uniformity. Sofl colors are determined
accurately and very easily by comparing them with the
Armerican Munsell color chart scheme.

Amide fertilizer

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

Catalyst

3H, + N, NH,

(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% npitrogen and is the
cheapest and most popular fertilizer for meeting the
nitrogen requirement of crop plants. It is hygroscopic in
its erystalline form and is difficult to handle. But it stores
and spreads well in the form of granules and prills.
Urease, an enzyme, converts urea info ammonium
carbonate which releases ammonia. When the release of
ammoma occurs on (or near) the soil surface, ammeonia is
lost to the air. 1f the release occurs near the seeds, the
seeds may fail to germinate. Roots may get affected by
the toxicity of ammonia. Crops can be affecied by & high
concentration of ammonia.

Calcium cyanamide, CaCN,, {21 o 22% niirogen)
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, caleium 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 (HCOQOH) becomes formamide or
niethanamide {(HCONH;) while acetic acid (CH,COOH)
hecomes 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 compourds containing NH:™ lons, as for
exampie, in KNH, and Cd(NH;);, are also known as
amides ¢that are formed by the reaction of ammonia
with electro-positive metats, such as sodium or
potassium.

ONa + 2NH,—> 2NaNH, + H, %

Aminization

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

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

NH,

Bacteria [

Proteins ™ R —C— COOH + R-NH,
| 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 matier, are essential constituenss of all living
cells. These are polymers conposed of simple monomers
called c-amino acids, linked by peptide linkages.

Amino acid is a carboxylic acid with an amino group
-NH;; a-aming 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-— (:3— COOH
NH,
where R is analky] or aryl group,
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Ammonia oxidation

Autotrophic organisms, principally green plants,
synthesize amino acids. The simplest naturally occurring
amine acid is glycine (H,NCH,COOH). Aboui 20
commonly eccurring amino acids have been identified as
building btocks 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 amine acid. Many such
amino acid molecules join together to form peptide
linkages and hence the polypeptide. The sequence of
these amine acids in the polypeptide determines the shape
and stmcture of proteins and their properties and
biological role.

Amino area

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

Ammonia

Anhydrous ammenia is the basic building block of almost
all niirogen fertilizer materials, Most of the world's
ammenia is produced synthetically by a direct reaction of
the elements hy the Haber-Bosch process. The process
invoives an exothermic and teversible 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) emperature of 500°C,
{b) pressure of 270 to 350 atmospheres, {¢) a catalyst
containing finely divided iron with molybdenum or
calcium as a promoter. finely divided osmium or
uraniwmn, finely divided nickel over pumice stone
ar ferric oxide with traces of sitica and potassinm oxide,
and (d) pure gases (as otherwise the catalysi gets
poisoned).

Free ammonia is extremely toxic (o nricro-organisms,
animals and higher plants. Ammonia produced as a part
of normal metabolism is immediately converted into a
less harmiful 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 moisinre and clay
conient.

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

Ammonia is alse used in the manufacture of nitric
acid, hydrazine hydrate, urethane, acrylonitrile and
sodiom carbonate (Solvay process). In  addition,
ammonia is used as a refrigerant, in nitriding of steels, in
the petroleum indusiry, in the manufacture of explosives
and rocket fuel, 4s a veast nuirient, eic,

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

The simplest nitrogen solution is aqua ammonia
which comains 25 to 29% ammoniz by weight. Since
ammonia volatilizes above 10°C, agua ammoania is
injected into the soil to a depthiof 3 to 10 ¢,

Ammonia, anhydrous: See Anhydrous ammonia

Ammoniacal fertilizer

An ammoniacal fertilizer contains nitrogen in its
ammomiacal (NH,*) form. Cherical (or syathetic)
fertilizers are the most important sources of nitrogen.
Anhydrous ammenia, 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 classificatior is
based on their availability to plants.

The major ammoniacal nitrogen fertilizers are urea,
aqua ammaonia, anhydrous amimonia, amnenium nitrate,
ammaonivm chloride, etc.

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

Table-A.2: Composition of some coammon
ammoriacal nitrogen fertilizers

Fertilizer %N | %P0 %S
Anhydrous 82 5 ;
Ammonia b

i 2024 | - .
ammonia

Ammonium 33-34 s ‘
nitrate

Ammonium 21 ¥ 24
sulphate a0
,»'\Imnmmum 30 2 5y
nitrate sulphate !
Urea 45-46 - -
Urea sulphate 3040 - 6-11
Urea sulphur 30-40 - 10-20
Ulrca ElIT]]T‘IOII‘liUI‘I] 7832 i 2
nitrate solution 7

Ammonia liquor

Ammonia liquor is another name for aqua ammonia or
ammeonia selution. It is made by abserbing amrmonia in
water, and its commercial grades generally contain about
80% ammonia.

Ammeonia oxidaiion

When heated electrically to arcund 750 to 900°C in the
presence of a platimum 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 hear generated
maintains the catalyst teniperature. The nitric oxide (NO)
formed is further oxidized to nitrogen diexide (NO») by
aimaspheric air, and the cooled gas {50°C) is absorbed in
water in the presence of air to give nitrie acid.

H,O
ZNO 40, =2 N5 T‘" 2HNO;

The efficiency of ammonia conversion, exptessed as
the percentage of ammonia converted into nitric oxide,
depends strictly on the caialyst activity, selected
femperature, pressure, mixing efficiency of the incoming
air with ammonia. and the velocity of the gas flowing
through the catalyst. Among the non-piatinum catalysts
are the oxides of cobalt, iren or chrontium.

Niutric acid made as above s of 98% purity and has a
specitic gravity of 1.50.

Owing to the absorption of ammonia, the ammonivm
ion produced in the soil is oxidized to nitrite by the
bacterium ANitrosomonas and then (o 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: Sce
Ammenia production processes

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

Ammonia production processes

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

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

The process of synthesizing ammonta 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
at a high temperanire and pressuse.

N: i 3H3—"‘—.‘ 2NH3

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, nawural
gas, fuel oil or petrolewm fractions, coal and coke oven gas.

More than 60% ot the hydrogen is derived from
methane or natural gas, fuel oil or petrofeum fractions by
sicamn reforming and partial oxidation. Coal gasification
was & source of hydrogen until World War Il.

In the commercial production of ammonia, the

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

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

Table-A.3: Feedstock versus processitechnique for

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

Coke oven gas

Partial oxidation

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 inchude electrolysis,
pariial oxidation or gasification. desulphurization,
primary reforming, secondary reforming, shifts in bigh
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:

¢1) Electrolysis: Hvdrogen 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, Zitbabwe, Peru, Iceland and Canada.

Purified water mixed with potassivm hydroxide
{added 10 increase the conductivity) is electroltyzed in
electrolytic ceils. These cells in an alkaline medium vary
in their efficiency in producing hydrogen. But the power
constmed is around 4.3 kWh/m' of hydrogen. The
process generales one volume of oxygen per iwo volumes
of hydrogen ar about (L7 ton of oxygen per ton of
amironia produced. The other byproduct is heavy water,
as pure water contains (1L.0135% heavy water (D,0).
Heavy water is used in nuclear reaciors.

The cost of producing amimonia by the electrolytic
hydrogen process is not as dependent on die 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

Hi0 ooy a4 104

pl
Hydregen is also a byproduct of the elecirolytic
production of ¢chiorine from caustic soda. Such feedstock
is used by several small ammonia planis. The amount of
hydrogen produced is too small to supply normal plants.
(i) Partial oxidation process: Hydrogen is
produced from hydrocarbons by partial oxidation at high
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temperatures. Iin this process, hydrocarbons that are
heavier than naphtha can be used as feedstocks for
ammonia production. Natural gas and naphitha can also
be used. The plant cost for partial oxidation process 13
considerably higher than that for steam reforming.
Howeves, the partial oxidation process offers a wider
choice of feedstock with greater tolerance for impurities,
The feedstock requirement is typically about (.76 tons of
heavy oil per ton of ammonia.

Among the mam 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
C,H,S, + L 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 shit, the
typical composition of the resulting gas is 46% H,, 47%
CO and 4% COy (on dry basis) with small amounts of
H-5 and nitrogen. A considerable amount of soot
(carbon) remains suspeaded 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 w 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 athigh steam partial pressure.,

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

CO = H@0=—3»C0» -+ H>

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

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

About 106% of the world's ammonia production s based
on ¢oal, coke or lignite, Coal gasification process for
ammornda production can be classified according 1o the
method of pasification uvsed - 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 turaps (3 t¢
30 mun) charged at the top descend against the upward gas
streain. 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 lass 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 o 30 mm), (b} the coal has 1 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.
Tncidentally, the fine coal particles formed during che
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 fAluidized bed through feed screws.
Steam and oxXygen are injected near the bottom of the
fluidized bed. The lamer is isothermal (1000°C) in
conlrast 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 twe advantages of the Winkier 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 aum),
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 essenmtially a partial
oxidation process (like most coal gasification processes)
and i3 adaptable w heavv oil, light hydrocarbons or
natural gas. In this process, coal is dried and ground o
pass through a 200 mesh sieve. The powdered coal is
picked up by streams of oxygen and blown into the
gusification chamber. Steam enters through annular
openings around the burners. The gasification is
complete in about one-tenth of a second at temperanires
in the range of 1000 w 1200°C. Part of the ash produced
is tused and removed from the bottom and another part is
entrained in the gas. The gas coniains about 56% CO,
31% H,, 11% CO, and less than 6.1% 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 oit.

The disadvantages of the process are thai it requires
coal to be finely ground, and it itvolves operation at low
pressures {1t 3 atm) and high oxygen consumnption,
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The Texaco process differs from the Koppers-
Totzek process in that the finely ground coal is slurried
with water (35 o 40 % water). The preheated slurry is fed
along with oxygen inw a gasifier that can operate at up to
80 atm and a temperature of around 1300°C. The fused
ash, quenched with water, is temoved from the bottom as
aslurry. The hot gas is cooled and the soot and {1y ash are
removed by scrubbing. The sequence of the remaining
steps of synthesis gas preparation is the shift conversion
of carbon monoxide, acd the removal of hydrogen
sulphide and carbon dioxide by the wash of cold methanol
and liquid mitrogen, The principal effluems from the
pracess are coal slag. waste water, hydrogen saiphide,
carhon dioxide, a mixture of carbon monoxide and
nitrogen from nitrogen wash, and small quantities of taii
gas from ammeonia synthesis.

{iv) Steam reforming: Steam reforming is carried
out in fwe 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, natarai
gas may contain entrained dust or droplets of oil or water,
which are to be removed by separators, filters, eic, After
initial purification, natural gas is compressed to reformer
pressure and passed over activated carbon ar ambient
temperature or over hot zine oxide (290 to 400°C) to
remove sulphur by absorption. In some cases, both
activated carbon or zine oxide {ZnO) treatments are used.

ZnO + H,S — ZnS + H,0

Chlorides, present in sorne namural gases, poison the
low iemperature 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 pas) and passed through a “hydrotreater”
containing a cobalt-molybdenum catalyst, This catalyst
converts sulphur compounds into hydrogen sulphide
(H,5.) The gas then goes to a sulphut removing catalyst.
like zinc vxide.

RSH + H —» H,S + RH

Sulphur, chlerides and other catalyst poisons can
enier the aminonia plant in the steam or in the air, (o the
secondary reformner. Precautions need to be taken o
avoid this. One methed is 1o keep the sulphur content in
natural gas helow 0.5 ppm. The main sulphur compoungs
in natural gas are hydrogen sulphide and mercapians. In
addition. a layer of guard absorbent may be placed ontop
of the catalyst, particalarly in the case of a low
temperaiure 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 0= CO + 3H;

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

CO + H,0 ===(0, + H,

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

The gas that leaves the primary reformer usually
contains 5 (o 153% methane on dry weight basis. The
secondary reforming process aims at conversion of
methane 0 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 MN:H atomic ratic of 113 in the
synihesis gas, The oxygen in the air burns part of Hy, CO
and CH,, thereby raising the temperature high enough
for rapid completion of the reforming process. When air
is the spurce of nitvogen to the secondary refonner, heat
is supplied from that generated in combustion reactions
together with the heat in the preheated air and in ¢he gas
from ihe primary reformer. The gas leaving the
secondary reformer contains around 56% hydrogen,
12% carhbon monoxide, 8% carbon dioxide, 23%
niiragen, and less than (.5% methane and argon. It also
contains seeam from nearly half of the toal volume of
gases ondry 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 shifi conversion.
Potassium carbonaie with varicus additives is used to
promote the absorption of carben dioxide in most
ammomnia plants, The carbon monoxide from the
secondary reformer is cooled to around 375°C which is
the optimum temperatute for the shift conversion
reaciion.

CO + H, O —» H; + CO,

Carbon monnxide 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
steant. This exothermic reaction is carried out tn two
steps with heat removal between the steps as the reaction
is more rapid at high temperamres (300 w0 400°C) and
eguilibrium 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 vcarbon monoxide to carbon
dioxide, the gas may contain 18 % carbon diexide. From
the year 1940 to 1960, a 20% solution of mono
ethanolamine was used io absorb carbon dioxide. Since
1960, most plants have started to use potassium
carbonate solution with additives that promaote absorption
and inhibit conversion. These improved processes are
known as the Catacarb process and the Benfield process,
The major advantage of potassium carbonate sofution is
the lower heat requirement for stripping carbon dioxide
from the solvent. A wmodified process known as
Vetrocoke process, which uses a mixtuve of potassium
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carbonate and sodium carbonate with arsenic oxide, is
move efficient. This process absorbs carbon dioxide in
the plant more efficiently but results in the emission of
relatively large amounts of CO; to the annosphere,
thereby causing pollution. An increased carbon dioxide
concentration in the atinosphere contributes most to
greenhouse etfect and acid rain, Special care should be
taken in the Vetrocoke process because it uses potassiwin
carbonate solution activated by arsenic oxide (As;(O4) as
an absorhent. Careless operaiion of suchi plants can fead
to contamination of the soil and underground water
SOUTCES.

The pgas after carbon diexide absorption contains
about ¢.3% carbon monoxide and less than 0.1% carbon
dioxide. These gases must be remwoved prior to the
ammonia synthesis step by methanation, lest they
decrease the activiry of the ammonia synthesis catalyst
and cause deposition of ammonium carbonate in the
synthesis loop. These methanation reactions are reverse
of the refonmer reactions. And a nickel based catalyst is
used where hot gases are passed over the catalyst at a
tenperature of 300 10 350°C.

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

These reactions are exothermic. The synthesis gas
after methanation contains about 74% hvdrogen, 24%
niirogen, (.8 % methane and 0.3 % argon, on adry weight
basis. This gas is to be compressed to pressure ranging
from 10 to 80 MPa depending on the ammonda synthesis
process.

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

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

Ammonia synihesis: 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 planis 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
bydrogen 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 aimospheres over an activated iron oxide catalyst,

N, + 3H, quum 2NH,

The catalyst is mainly ferroso-ferric oxide (Fe;0.4),
promoted using potash, aluminum, calcium or
magnesinm. The catalyst also could be poisoned by
sulphur, arsenic, phosphorus, chlorine and heavy
hydrocarbons.

A typical ammonia syntbesis reactor is a steel
cylinder of a height of 10 1o 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 converiers also differ in the way temperature
control of the reaciants i8 achieved. and on how low
reaction bheat 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 i3 improved by increasing the
surface area per unit volume with a small particle size. A
radial flow converter provides a larger gas flow area
corapared to the axial flow converter. All modern, low-
energy designs of ammonia converters use radial or cross
flow designs with indirecs temperature controf,

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 recyeling the
unreacted synthesis gas. The gas that feaves the converter
contains around 12 to 18% ammonia, depending on the
pressure. The conversion per pass increases with
pressure. This gas is cooled, firet by heat exchange with
the incoming gas, and then by air or water. The cooled
ammoma gas is finally condensed to a liguid 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 ro minus 33°C. The gas remaining after
ammonia condensaiion is recycled to the converter by
Using a compressor,

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

Natural gas| 1.0
L 1 s
Fuel oil 115
Coal 1.45

The manufacture of ene ton of ammonia requires
about 980 NM? of natural gas, one ton of naphtha or fuet
oil or 3.8 tons of coal. Against a thermodynamic
requirement of energy to get one ton of ammonia (4,46
million Kcalsy, the energy consumption by ilie stean
reforming process is 9.6 million Kcals. Techinology 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 catalysi) and impurities in the
synthesis gas, reduce pressire drops hy betier converier
designs, and the use of improved puritication methods
and better design of cold exchange or heat exchange
equipment. It is now possible to predoce ammonia with
an input energy of 8 million Kcals/ton of animonia
produced.

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

Other process techniques: The present day low-
energy designs for amnionia production use indivectly
cooled converters. The design and lavout of various
piants 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
intermediare heat exchanger for the feed, all in a single
vessel,

Kellogg technology uses a horizontal cylindrical
copverter 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 a trofley 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 hear
exchanger is installed at the first beds outlet. The gas
enters af the bottom and tlows 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 catalvst bed. The
effluent gas from the first bed is cooled in the
interchanger and it flows through the second bed. The
amimonia 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 retrofiited into old converiers,

Uhde technology uses three catalyst beds. The first
two beds and an interchanger are housed in one vessel.
High pressure sieam generated by a wasie 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 preasure steam bodler.

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
commerciatly 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 wo S0%
hydrogen. Hydrogen recovery of 70 to 80% is achieved
in the pressure swing adsorption process.

In 1988 ICI set up two identical 430 tong per day
ammonia plants based on the Leading Concept
Apmonia (LCA) process in Britain. The LCA process is
differem from the traditional steam referming 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. Namral gas s desulphurized
and passed through a feed gas saturator where it comes in
contact with cireulating hot process condensate, The
ammoma syathesis reactor operates at a pressure of 8,0
MPa using a cobalt-promoted catatyst. The gas enters at
225°C and leaves at 380°C.

The Linde Ammonia Concept is 2 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 1o get
ultra pure hydrogen. Pure nitrogen from an air separation
plant is mixed with pure hydrogen to give inerts-free
aminonia synthesis gas. The process has the following
three features that differentiate it from the conventional
steam-reforming process: (i) Elinination of secondary
reforming. (i1} The use of an isothermal shift reacior 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 foilows. (i) The isothermal shift reactor ailows
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. (iify 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 plang where disturbances
in the carben monoxide shift or carbon dioxide removal
areas cause a shutdown due oy high temperature in the
methanator,

‘The PARC process combines air separation {to
produce nirogen) with steam reforming, HT shift and
pressure swing adsorption (PSA) to make synthesis gas.
In the proprietary PSA unit, nitrogen purge is used 10
enhance hydrogen recovery and to fulfilll the
stoichiometric mitrogen requirement. A Rankine cycle is
used to generate electric power from the hear of the high
temperature shift converter. This process eliminates the
need for secondary reforming, LT shift, carbon dioxide
serubbing 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 anunonia process rather than radically new
schemes. The test runs of his process have shown the
production of about 7Gcalfton of ammonia produced.
Further improvement in the pre-reformer, positioned
upsiream of the primary reformier allows reformer feed to
be heated o a higher temperature at a low stean1: 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 2 low steam dry gas ratio.

New developments are related to two steps of
amenonia synthesis: (4 construction of the reactor, and
(b} developinent of a new catalyst. While developing a
new catalyst, fovorable properties of ruthenium az an
ammonia synthesis catalysi 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 remperature. Lower mole percent of
hydrogen and nitrogen and a high partial pressure of
ammoniz are allowed in the precess. The expected
immediate energy saving is about 0.2 to 0.3 Geal/ton of
ammunia. The stability of this new ruthenium catalyst
musi be proven before it replaces the iron based catalysi.
Until now, two cairiers 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-hased ammonia synthests
catalyst, jointly developed by M. W . Kellogg and British
Petroleum. This new catalyst, which uses futhenium
supported on a proprietary graphite structire with
Various cO-prometers, was seen to provide 10 to 20 times
ihe activity of a conventional iron-based catalyst. The
KAAP ammoma plant has the following technical
features: (a) a single-case synihesis gas compressor, (b) a
radial flow. intercooled converter design, (c) a low-
pressare synthesis loop, and (d) a high activity ammonia
symhesis catalyst.

The KAAP reactor 1s 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 catalvst. A series of intercoolers and external steam
generators are provided for heat imiegration, The feed to
the KAAP reactor confains 15% anmonia which is
increased tomore 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 Glion. (ii} The
averall plant capital cost is reduced by about 5%.

The Topsoe 8-250 converter system alse uses two
radial flow converters in series with waste-heat boilers
hetween the converters and after the last converter, This
system saves energy to an extent of .11 Gealfton of
ammonia over the previons Topsoe converter S-200,

This new converter has {a) 4 low pressure becawse of
the radial flow, (b) use of small particle size catalyst,
{c} high conversion per pass due w indireci cooling, aud
(dY good operability and easy temperature control. The
new converier system offers either the same performance

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

Ammonia production is highly capital intensive. Iis
mvestment 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
hydracarbons in plants using centrifugal compressors.
Standard designs for 900, 1040, 1360 and 1500 tons per
day {ipd} have evolved. The majority of new plants are in
the range of 1000 t0 1500 1pd capacity.

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

Feedstock Plant cost factor
Natural gas 1.00
Naphtha 115
Heavy oil 1.60
Coal 2.00

In practice, plants from 100 te 600 1py {ions per year)
of ammonia production capacity are considered small
scale piants. While ammonia production is a mature
technology, there is room for improvements in s
efficiency and reliability by making use of (&)
optimization of pre-reforming and adiabatic reforming
processes, (b) new methods in electrically driven
compressors (like three dimensional impellers), () berter
design of furnace elements (burner nozzles, insuiation)
and heat exchangers, (d) improved steam generation
methoeds, (e) integrated gas turbine drives with steam
turbines, (f} more efficient process condensate stripping
to produce medium-pressure steam, (g) improved
ruthenium catalyst and jts alternatives, (h) easier and
econgmically viable dynamic control sysiems, and (i}
reduced emissions of carbon dioxide and oxides of
nitrogen to meet stringent environmental regutarions.

Storage and transportation: Most ammonia is shipped
from the plants where it is produced o other locations for
direct use as fertilizer or for further processing o
finished fertilizers. or for use as a raw material for non-
fertilizer products. Ammeonia is mostly transported by
sea. Ships that carry it also carry other liquefied gases,
such as liquefied petroleum gases (LPG). Ammonia is
almost invariabiy transported in the liquid state and,
therefore, it must either be compressed or refrigerated,
semi-refrigerated or pressurized, Fully vefrigerated
storage tanks are equipped to maintain the temperature ag
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 enconntered in niost climates,
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Transportation of anhydrous ammonia by pipelines is
economically agtractive in some cases. Examples of long
distance ammonia ransportation by pipelines are found,
for instance, in the United States, Russia and Mexico.
Anhydrous amronia is also fransported by rail and road.

Ammonia sohition

The solution of ammonia in water is called ammonia
solution. commonly referred to as aqua ammonia. It is
also called aquecus armmonia, amynonia liguor or
ammonitm hydroxide. It is the simplest nitrogen
solution made by forcing compressed NH; (anhydrous
amraenia) gas into water.

Ammonia-sulphur solution

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

Ammoniated sulphate

Ammoniated sulphate, also called ammonium
dihydrogen phosphate sulphate. is a double sait of
NH.{H,PO.) and (NH,), SQ,. It is made by neuiralizing
amixture of H;SO4 and H:PQ, by gaseous ammontia.

Ammoniated superphosphate

Ammoniated superphosphate i8 a2 powdered or
granulated grey material with an acid odor. Anhydrous
or aqueous ammonia is mixed with ordinary
superphosphiate obtained by treating phosphate rock with
sulphuric acid:

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

To 9.1 kg of phosphorus {in the form of P20s), 2.7 to
12 kg of ammonia is added. Where coocentrated
superphosphate is used, 2 kg of ammonia is added for
every 9.1 kg of phosphorus.

Amminiated superphosphate containg 2 1w 6%
nitrogen and 6 0 21% phosphorus (14 to 49% P.Os,
Ammoniation of superphosphate offers an inexpensive
way of adding nitrogen to a fertilizer, which reduces the
water-sofuble phosphorus content to less than 20% in
ordinary superphosphate whereas nearly 50% in triple
superphosphate. Nittogen promotes phosphorus uptake
by plants by {a) increasing the tip and root growth, (b)
aliering the plant metabolisr and (c) increasing the
solubility and availability of phospherus. Ammomacal
fertilizers facilitate absorption of phosphorus better than
nitrate fertilizers do.

Ammonium superphosphate becomes easy o store
when made free-flowing by mixing with non-caking
agents like limestone, sand, rice twil, granite dusi, kaolin
clay or tobacco stems. It is not effective as a fertilizer for
wheal and rice in laterite soil, but gives higher response
in black cotion soil, alluvial and calcarcous soils.

Similar to ammonivm phosphate suiphate,
gmenoniated 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 evenin low fertility agricultural soils.

Aminoniating solution

Amsnoniating solution is ammonta or a solution of
ammonium nitrate or urea in ammaonia liquor. it is used
for ammoniating superphosphate or its derivatives. (See
also Nitrogen solution. }

Ammeoniation

Ammoniation is the process of infroducing ammonia
(ammonia liquor or aqua amnoniay into fertilizer
materials like superphosphate to form ammoniated
compounds, such as amunomium polyphosphate and
ammmoniated  superphosphaie.  Various products are
formed depending on the (a) proportion of ammonia
used, (b} resulting reaction termperatures, (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
gther compounds.

Ammonia volatilization

When ammonium jon is in a hasic soluiion, ammonia
volatilization leads to a loss of mitrogen from soil or water
1o the atmosphere in the form of ammonia gas, The
amount of ammonia lost is propertional to the quantity of
ammonium ion {NH;" and ammonia in the soil solution
and the soil pH. The losses are highest from the surtace
when ammonium fertilizers or urea are applied on
calcareous ¢high carbonate content) soils. On non-
feriilized soils, the ammonia losses are smaller { < 1G%)
compared to as much as 30% when urea or ammoninm
fertilizers are applied.

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

Generally, aminonia volatilization in calcareous soils
is greater with ured fertilizers than with ammonium salts;
the exception is of ammonium sulphate or diammonium
phosphate that forms an insoluble calcimm salt as a
precipiiate. Ammonia losses incTease with moisiure 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 soi!
compared to subsurface and surface band methods.

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

In ammonification, the amines and amino acids,
produced by the aminization of organic compounds (like
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protein} arz decomposed by heterotrophs o release
aminonium. This step is cailed ammonification and is
represented as follows:

R-NH; + H,O —— NH; + R-OH + Energy

iu;u

OH + NH4

Ammonification

Ammonification is a biological process by which organic
forms of soil mitrogen are converted into ammonia or
ammoniuin ions. The final reaction in this process is the
hydrolysis of amino groups. The amines and amino actds
released I aminization are reacted upon by other
heterotrophs, releasing nitrogen in an incrganic
ammonium (NH#} form, Both asrobic and anaerobic
micro-organisms can carry out this teaction. A diverse
population of bacteria, fungi and actinomycetes is
capable of releasing ammoniuvin ions.
NH,
H,0 |

Proteins ——» R— C— COOH + R-NH,+ Urea +CO,

Bacteria | (Amino acid) (Amine)

H + Energy
R-NH; + H,O —» NHj3; + R-OH + Energy
H,0
NH;" + OH

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

Ammoniwmn bicarbonate

Ammotium  bicarhenate, also called ammoniom
hydrogen carbonate (NH,HCC(,), is a low nitrogen
containing fertilizer (17%N). used largely in China. It is
produced by heating ammoniwm hydroxide with excess
carbou dioxide and evaporating the water formed.

Ammonium bicarbonate is a hygroscopic, whilte,
crysailine compound sotuble in water bat insoluble
alcohol and acetone. It decomposes above 35°C 1o
ammonia, carbon dioxide and water vapor, releasing
irritant fumes. Only 30'% of the applied nitrogen of this
fertitizer is recovered by plants owing to the unstable
nature of ammonium bicarbouate,

Ammonium bisulphite

Ammonium bisulphite is a solution grade fertilizer,
available commercially as a 53 (0 60% solution. It is
mtade by absorbing sulphur dioxide {obtained as a by-
product {Tom smelting operations) in aqueous amimoenia
solution. This non-pressurized solution provides both

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

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

Ammoniuwm carbonate

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

Aminonium-carbonate-gypsum process for
producing ammonium sulphate

The production process invelves the reaction of
anmonium  carbonare  with gypsum, removing the
precipitated calcium carbonate by filtration, evaporation
and crystallizing ammonjum  sulphate followed by
centrifuging the liquor.

This method, also known as the Merseburg Process,
is based on combining ammonia and carbon dioxide
firsi 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; — (NH4),CO3
CaSO, - 2H,0 + (NHg); CO; =9 CaCO;s + (NHy), SO4 + 2H,0

The exothermic process has many advantages, such
as the availabiiity of a byproduct {calcinm carbonate)
used in cement production and agriculwure. This process
does not require any sulphur supply. The major
disadvantage is the large energy (steam) requirement for
aramoiium sulphate recovery frota the ditute solution,

At the Sindri plant in India. ainmonia is absorbed in
water and carbonated at a pressure of about 2.1 kg/em’ in
a series of two alumioum towers. The prepared liquor
strength corresponds to approximately 170 g of ammonia
and 223 g of carbon dioxsde per liter. In FACT {The
Fertilizers and Chemicals Travancore Ltd .}, Travancore,
India, jet absorbers are used for preparing ammonia
solution and ammonium carhonate liguor 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 bypraduct of phosphoric
acid plants is used, impurities are removed by repulping
the filter cake prior 1o washing and dewatering on a drum
or disc filter.

Reactions of ammonium carbonate and gypsum
solutions are carried out in & series of wooden vessels or
mild steel vessels having steam coils and agitators (o give
a total retention time of 4 {0 6 hours. The slurry produced
is filiered and the calchum carbonate cake washed and
dewatered. The solution is evaporated and the crystals
are cenerifuged and dried ina rotary drier at 120°C.

Ammonivm chloride

Ammomnium chloride, jike all other aminoniumn salis, is
used as a fertilizer. It containe 24 to 26% nitrogen snd 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. {is crystals are used in compound fertilizers.

Anunoniwm chiloride is a gooed source of mtrogen for
colton, rice, wheat, barley, maize, sorghum, sugar cane
and fiber crops. It is easy to handle. In some cases,
however, the material tends o become lumpy and
difficult io spread.

Ammonium chioride is used either directly for
fertilization or in a variety of compound fertilizers, such
as ammonium phosphate chlonde or ammonivm
potassium chloride or in combination with wurea or
ammgoninim sitlphate.

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, ammoniwm chloride is relatively
cheaper than ammonium sulphate and hags some
agronomic advantages for rice. Nitrification of
ammonivm chloride is less rapid than that of urea or
ammonium sulphate. Therefore. nitrogen losses are
lower and vields, higher.

However, ammonium chloride js a highly acid
forming fertilizer and the amount of calcium carbonate
required to npeutralize the acidity is more than (he
fertilizer itself. Further, it has a lower nitrogen content
and a higher chloride content compared to urea and
ammenium nitraie, making it harmfuf to some plants.

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

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

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

Indusirial uses of ammonium chloride are in
dry-battery manufactuie and as a flux for soldering and
brazing,

Ammonium chloride production processes

Ammeonimn chloride is used as a fertifizer 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, (by direct neatralization of ammonia
with hydrochloric acid, and {¢) miscellaneous methods.

{a} Mosi of the ammonium chloride for fertilizer use

is made by the dual-salt process. In this process,
ammoniuim 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% sodiwn chloride is treated with carbon
dioxide in large absorption towers to form ammonium
carbonate:

2NH3 + HZO 4 COg =" (NH‘;}ICO}

Additional carbonation produces ammonium
bicarbonate:

(NH4),CO; + CO, +H,0 —» 2NH,HCO;

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

NH4HCO; + NaCl —» NaHCO; + NH,Cl

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

In the Selvay process, equilibrinm is reached at about
75% completion, and the maother liguor is reacted with
lime to give ammonia:

2NH,CI + 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, s ammeoniated,
cooled below 15°C and salted out using washed solid
sodium chloride, The precipitated ammeoninm chloride is
centrifuged, washed and dried. The fine crystals can be
granulated by roll compaction. Large ammonium
chloride crystals of 2 to 3 mim size have been developed
by ceoling, nucleation and crystallization, under closely
controlled conditions in specially designed vessels.

The slarry from the crystallizer is centrifuged,
washed and dried to about 0.25% iree 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 soumrce is not likely 1o meet the nitrogen
fertilizer needs.

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

NH;(g) + HCl(g) —» NH,CI

This neutralization reaction is carried out wder
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 pressare of 250 to 300
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mm of mercury and a slurry temperatore of 75 to 80°C are
the typical operating conditions.

Operation under vacuum provides cooling and
elimination of abnoxions ackd vapors, in addition to
attendant costs and maintenance charges. The acid and
ammenia feeds are adjusted to achieve a steady pH of 8.
The control system cuis off the acid when the pH falls
below 7 to protect the rubber and plastic lined reactors
and centrifuges from corroding. The shurry containing
80% solid ammonium chtoride is withdrawn and
separated by centrifuging. In some cases, drying is dons
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 tfrom the centrifuges 1s pumped
back to a sawrator. The gases evolved from the liquor are
scrubbed to preveni corrosion. The liquor from the
condenser-serubber system is rerurned to the mother
liquor rank. In the direct reaction between hydrochloric
acid and ammeonia, traces of chlorine can cause
explosions by the formation of nitrogen trichloride,
warranting adequaie safeey 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. Gramulation by roll compaction
provides maierial for direct application.

(c) Miscellaneous processes: Ammonium chloride
can akso be made by reacting ammonium sulphate wiih
sodium chlaride;

(NH,),S0O4 + 2NaCl —» Na,SO, + 2NH,Cl

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,CI + NaySOs

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; + NH4Cl1
(NHy); SO4 + 2KC1 = 2NH4CI + K550,

These reactions go to completion in most graaulation
processes involving these NPK fertilizers,

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

Ammonivm citrate

Ammonium citrate is a white, granular, water-soluble
salt of ammonia and citric acid. It is used in a newtral
sojution for determining the phosphorus conteni of
phosphate  fertilizers (such as calcivm 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 aikaline 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 i{N ammonium
citrate is carried out routinely for 30 minutes, first ar
room temperatire and then at 40°C. For neutral
ammonium citrate solution, a temperature of 65°C is
preferred.

Seme European countries use an alkaline ammonivm
citrate solution, which exiracts smaller amounts of
phosphorus. Some experts consider it 10 be better
correlated with phosphorus uptake and plant growih.
However, most countries use a neutral norinal
aminenium citrate soluation for extracting citrate soluble
phosphorus.

Ammonium dihydrogen phosphate sulphate: See
Ammoniated sulphate

Ammeonium fertilizers

Ammoniom sulphate, ammonium nitrate, ammonium
phosphate, ammoniom chloride, anhydrous amnonia
and ammonia solution are among the important
ammeoniacal fertilizers. These nitregenous 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 te be niirified (for
conversion 1nto its nitrate form) for plant absorption in
the early stage of growth. Only paddy can absorb
ammonjum 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 carhonate:

2NH; + 40, —» 2NO; +2H,0+4H"

The amount of lime needed depends on the acidity of
the fertilizer anions (CI'.S0{ )} and on how much
ammonium is oxidized.

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

Table-A.4; Acidiry (lime requirement) of seme ammonitm
Jertilizers {theoretical)

Fertilizer Li“‘egﬂk‘gﬁ“‘em
Ammonium chloride NH,Cl 5.30
Ammonium nitrate NH;NO; 1.80
Ammonium sulphate (NHy), SO, o
Calcium ammonium nitrate 0
CaNH4(NO;),
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Ammonium fixation

Ammenium fization or the fixation of ammonium ion is
a phenomencn by which certain clays (illites,
monimorillonites, eic.) bond ammoenivm ions tghtly
hetween the mineral lattices that are neither exchangeable
for other ions nor available 1o planis. However, near the
edges of the clay lattice, external ions may replace some
of the ammonium ions if clays are expanded, and such
nifrogen may become available for plant growth. The
mamber of ammeonium ions tixed on the edges of the clay
lattices increases as more ammoniwm is added. The
ammenium tons fixed are less than the adsorbed
quaniities of ammoniwm. The clay fixation of ammonium
ion (NHj% provides some protection against rapid
nitrification {followed by leaching.) The important
fractions in fixing ammomnium ions are coarse clay (4.2 to
2 wm) and fine silt (2«0 5 pm).

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

Ammonium form, immaobilization of

Immobilization is the use or reuse of solubie 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, foilowed by evaporation of
water. {See also Ammoniurd hicarbonate. }

Anunonium hydroxide

Ammonivm hydrexide is also known as ammonia
solution, agua ammenia, aquecus ammonia or
ammonia ligoor. It is the solution of ammonia in water
and is commonly referred io as ammonium hydroxide. It
is the simplest nitrogen solution made by forcing
compressed ammonia (anhydrous amrnonia} gas into
water.

Ammonium metaphosphate

Metaphosphates are salis of metaphosphioric acid that
react with ammonia to form ammoninm metaphosphate,
Ammonium metaphosphate is also made by reacting
phosphorus pentoxide with ammonia.

Ammonium metaphosphaie 1s a white flutfy 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 existsasa
dimer and in solution it occurs as a trimer or tetramer.

Ammonium moelybdate

Ammonium  molybdate, (NH):Mo;0:-2H,0 s an
important molybdenum fertilizer. Tt is an arnmonium salt
of molybdic acid and contains about 50 % molybdenum.

Ammonijuin molybdate is generally mixed with NPK
fertilizers, depending on the crop requirement (generally
50 o0 1000 gm per ha). The fertilizer is also applied as 2
foliar spray, but coating or soaking seeds with
ammonium  molybdate is the easiest method of
application, which requires very little fertilizer.

Ammonium nitrate

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

The nitrogen from ammonium nitrate is immediately
available to plants, whereas the ammoniacal nifrogen
becomes available only after its nitration. Feriilizer 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 ammonturn sulphate nitrate,

The nitrogen in ammonium nitrate is more rapidly
available than that in urea or ammonium suiphate. 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 seediing
damage due to volatilization of ammonia. Ammonium
niirate and ammonium sulphate are sirongly 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 to0 3.3 mm size and contains 32 to 353% nitrogen by
weight. The crystalline form is highly hygroscopic and is
readily soluble in water. Becanse of this high solubility in
water, it is less effective for flooded rice than urea or
other amenoniacal 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, ammonium pitrate and its compounds are
stored int 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
feriitizers, 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 ammonjum nitrate fertilizer.

Ammonium nitrate and urea are the most widely used
sources of nitrogen froin among all solid feriilizers
available., A twe bale crop of cotton removes 56 kg of
nisrogen per hecéare in the seed alone and 16.8 kg of
nicrogen per heciare in the lint. To supply this amount of
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nitrogen, the addition of 224 kg per hectare of aminoninm
nitrate is required. A 2240 kg per hactare tobacco crop
vemoves 123 ke of nitrogen per hecrare, and 5600 kg per
hectare crop of rice removes 90 kg of nitrogen per
hectare.

Ammoninm 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’ 18 a rademark for a2 mixture of ammonivm
nitrate (98 %) and coating agenis {2 %).

Ammonivm nitrate-lime fertilizer

Ammonium nitrate-lime fertilizer is a non-acid forming
mixture of ammonium nitrate and lme. It is
manufactured at Hopewell, Virginia, in the USA and is
soid under the trade name 'ANL’. It comtains 20%
nitrogen, 10% calcium (as CaQ) and 7% magnesium (as
Mg0.} Tt is usually prepared in a peliet or prilled form
suitable for mixing. with other fertilizers, direct
application and shipping out.

Ammonium nitrate limestone

Ammonivm nitrate limestone is a white to grey, chalky
powder. It is alsc known as calcivun ammoniwm nifrate,
a mnitrogenous fertilizer. If made fiom dolomitic
limesione, it contains 20% nitrogen, 6% calcium and 4%
magnesium. The color of the powder depends on the
limestone used in the manufacturing process.

Ammonivm nitrate production processes

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

Ammeonium nitrate contains 33 to 34% nitrogen, half
of which 15 in an ammonijum form and the remainder ina
pitrate form. It is applied directy or in combination with
calcium carbonate, limestone or dolomite. The
combination is called calcinm ammonizm nitrate or

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

Ammoniom 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 ammowma o form ammonivm
nitrate (Fig.A.29). The process chemistry is simple, the
reaction between anhydrous amnionia and nitric acid
being,

NH; (g) + HNO; (aq) —» NH4NO;

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. Exceps where
ammonium  nitrate is used as a liquid fertilizer,
ammeninm nitrate solution is concentrated and processed
into prills or granufes.

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 gccurs,

4NH,NO; — 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:

2NH4N03 —» 2N2 + 02 - 4H20

Production technology of amimonium nitrate: Solid
ammonium pitrate is produced as prills, granules or
crystals, Irs production involves the following steps:
(4} neuwralization, (by concentration, (¢) finishing,
(d) process condensate treatment, and (€) vapor treaiment
wiih heat recovery,

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

Vapour to scrubber

Nitric acid (60%)

Ammonia gas (?I
e ————— = »
u

»

Il

9 | AN-solution (97.5%)

Ammonia gas

Fig A.29: Flow chart of ammoniwm nitrate production 1. Ammonia preheater, 2. Nitric acid preheater,
. Reactor, 4. Circulating pump, 5. Flash evaporator, 6. Neutralizer, 7. AN-pump, 8. Reboiler, 9. Flash
evaporator. (Source: “Fertilizer Manual, 1998, UNIDQ, IFDC and Klower Acadertic Publishers. The

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

In a pressure-neutralized process, the neutralizer
usuaily operates at a pressure of 4 to 5 armosphere and at
a temperature of 175 w 180°C. A 50 w0 60%
concentration of nitric acid is used. Ammonia is fed inwo
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 {0 adjust the pH to 7. The
concentration of ammonium nitrate in the neuiralized
solution is in the range of 80 o 87%. It is evaporated
further (o 4 concentration of 94 (o 98 % by using steam, A
final evaporator-concentrator is used to increase the
concentrarion from 99.51099.8%.

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 erystal 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 ¢ s reaching the final concentration.
Other salts used as stabilizers include the sulphaies of
aluminum and iron, ammonium sulphate-calciuin nitrate,
ammonium phosphate and permalene-34 (a mixture of
boric acid, dimmnmomum phosphate and armmonium
sulphate). Caking of the product is aveoided by coating the
prills and granules with very small amounis of anfi-
caking agents such as oil/amine mixtures.

Several finishing processes such as graining, flaking,
grapulation, crystaliization and prilting are used. In low-
density prilling, abowt 953 % ammonium nitrate solution is
fed into the prilling kower and the prills formed are cooled
and dried. The priils are porous and have an apparent
density of around 1.28 g/cm’ compared to high- density
prills with a density of 1.65 g/cm’. Low deusity prills are
used in explosives and as blasting agems.,

The high-density prillng process uses more than 99 %
eoncentraied 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 ammonivm nitrate.

Industrial nestralization processes for ammonium
nitrate: Various industrial neutralization processes for
ammomniom aitrate are; (a) Uhde neutralization uader
vacuum or aimospheric pressure, (b) Uhde neutralization
under 0.2 w 0.25 MPa pressure, {¢) Hydro-agri
neutralization under 9.4 to 0.5 MPa pressure, {d} Carnii
neutralization ag 0.7 to 0.8 Mpa, and (g} pipe reacior
neuiralization {AZF).

Uhde neufralization under vacuum or atmospheric
pressuge process calls for a relatively Jow investment
cost. The 304L stainless steel reactor is slightly

pressurized to prevent ammenium pitrate solution from
boiling due fo the heat of the newtralization reaction. The
ammoniuom nitrate solution is evaporated in a flash
evaporator ¢ remove some water and cooled to reach a
95% concentration of ammonium nitrate. The
neniralization conditions are 0.03 to 0.12 MPa pressure
and a temperature of 130 o 143°C. Uhde neutralization
under 0.2 to 0.25 MPa pressure process was mainly
developed 10 balance heat requirements. The heat of
reaction is used 1o concentrate ammwonium nitrate via a
heat exchanger. In the hydro-agri neutralization
process, neutralization is carried out under 2 pressore of
0.4 w (.5 MPa and a temperature of 175 to 185°C. The
process calls for reactors made of specialized materials
like ritanium 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 sohttion for which a low
carhon stainless steel reactor is used, and (b) acidic
solation for which a titanium reactor is installed. The
alkaline hot solution passes through a steam boiler and a
talling film evaporator made of low carbon siainless
steel. The concentrated solution is recycled to the reactor
where adduwional niiric 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 o 97% concentraiion.
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
conceniraied in a falling tilm evaporalor.

The important indostrial finishing processes include
the (a) AZF-Grand Paroisse prilling process, (b GIAP
nentrafization/prilling  technology, (c) grapuiation
processes, and (d) production of straight granulated
ammaonium nitrate.

In AZF Paroisse prilling, the ammonjum nifraie
solution from the pipe reactor {after the neuiralization
step) is first concentrated o 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 botiom for discharge o drying, coeling
and screening operations. For porous ammeonium nitrate
prills, 95% solution is used to dissclve the off-
specification material. The main producers of high
density prills are Russia and other Republics of the
erstwhile Soviet Union.

GIAP neuwiralization/ prilling technology is a high
density prilling process. In this process, neutralization is
carried out at 70 to 90°C to get 89 1o 92% ammenium
nitrate salution. This solution is further concentrated io
99,7 to 99.8 % of ammonium nitrate and fed to the spray
heads of special design tw form "uniform’ prills. The
spray heads in conjunction with a fluidized cooling bed
can provide up to 85% prills of 2 to 3 mm Jdiameter.
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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 ditticult emission
control, limited product size and tower product hardness.
Granulation processes are flexible and allow easier
emission conteol. Granuiation 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
disiribution; 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
agrononiic effecis 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 contend): (a) cold spherodizers, (b)
drum, (¢} pug mill, (d) pan, (e) {luid bed, and (f) fluidized
drum. However, the concentration of ammonium nitrate
melis (wt %) is different, and is as follows: (a) drum, 96
to 96.5, (b) pug mill, 95.5 w0 96, {c) pan granulation,
>94.5, (d) fluid bed granulation, > 99, and {g} fluidized
drnem granulation, >97.5, In all methods, additives are
essential for granulation and for improving storage
properties,

In the granulator, a hot, virwally moisture-free melt
is sprayed onto the moving bed of solids to solidify on the
cool particles. Round granules get forined by
agglomeration, As the size increases, they move upwards
and roll over the rim of the rotating pan. The granulation
temperature is conirolied by the rate at which the solids
are fed into the pan. The recycle ratio is about 0.5/0.7:1
for ammomun nitrate. The granules formed have an
irregular surface and are smoothened by cooling and
polishing. The cooled gramiles are conveved to a screen.
Over-sized materials from the screen are Ted 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 drom granulation process consists of
a rotary drum fitted with lifters and a fluidized bed
installed inside the granulator, Tt is swept with
conditioned air as per the need. The seed material fad to
the granulator undergoes a size increase, and cooling
and/or drying, as the case may be, ocowrs m the
granulator in a series of cycles. The mmmber of cycles
required to obtain the desired pasticle size is determined
by the residence tisme in the drunt and is controlled by an
adjustable overflow threshold.,

Various additions such as micronuirients, 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 meli and how much can be
recycled as dry matter io the drum.

The crystallization process is very similar to the
prilling process up to the point of evaporation. The liquor
containing 80 o 83% solids is transferred from the
vacuum evaporator o a vacuum crystallizer where
crystal growth is controlled to vield large crysials tor
fertilizer use at about 40°C. The crystals along with the
slurry are centrifuged. The crystais are dried in a rotary
drier and the mosher liquor is returned w the evaporator.

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

Pollution control requirements have become
stringent in receni times. This is more so for high-density
ammonium nitrate prifling in view of high mele
temperatures as weil as the large volume of air exhansted
trom prill iowers. The air fuines exhausted from the
prilling tower coniain 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 subniicron size. The
problem is less serious with low density pritling because
of lower solution temperatures. Even in the granulation
processes, the probiem is less serious because of much
smaller volumes of air being in contact with hot solution.
The process vapors containing small amounts of
anumonium niirate and nitric acid may be freed from
these impurities by means of dropler 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 pritling or
granulation contains ammenia and aminonium nitrate and
is not absorbed by applying the usual scrubbing methods
and is guite visible as a persistent blue haze, Such a haze
can have iremendous environmental consequences. To
avoid this haze and to reduce emission of submicron
ammaonium nitrate aerosols, fiber mist eliminators are
instatlad.

Ammeonium nitrate-pulverized dolomite

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

Armunonium nitrate sulphate

Ammonium nitrate sulphaie has two grades — 30-0-0-5(5)
and 27-0-0-1148). 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% ammoniwn sulphate and 79%
ammonimn nitrate, and ihe second hax 462%
ammoniwn sulphate and 53.8% ammeonium nitrate.
These are made either by blending in bulk (for direct
application) or by nentralizing 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 graing, grass, seed crops, eic.

Ammoninm nitrophosphate

Ammonium nitrophosphate  is another name for

ammonium phosphate nitrate,

Ammonium orthophosphates

Ammonium orthophosphates are tmportant members of
the phaosphate fertilizer family, formmed by the reaction of
aphydrous ammionia with orthophosphoric acid (H;PO,).
Monoammomnium phosphate (MAP) and diammonium
phosphate (DAP) are the two major forms of ammonium
orthophosphates.

Ammonium erthophosphates are applied to soil either
directly, or as a solwtion, or in a suspension form,
depending on the proporiion of insoluble phosphates
present in the soil.

Ammoniwn phosphate

Ammonium phosphates refer o a generic class of
phosphorus fertilizers and are manufactured by reacting
anhydrous ammoma wiih orihophosphoric  acid or
superphosphoric acid. These are etther in solid or liguid
form.

Anhydrous ammonia added o 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 ammaa, technicat grade diammonitm
phosphate (DAP; containing 16 to 18 % nitrogen and 20 w
21% phosphorus is formed by the reaction:

2NH;+H;POy — (NH,4),HPO,

Ammonium phosphate fertilizers are highly soluble in
waier 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
phyvsical properiies 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 {malnly aluminum and
iron phosphates). This gel promotes granulation and
serves as a conditioner o prevent caking even at
moderately high moisture levels. A small proportion of
phosphate rock added w0 phosphoric acid before
ammoniation improves the granulation.

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

Diammonium phosphate 1s unstable at temperatures
above 150°C while monoammonium phosphate remains
stable even at much higher temperatures. These two
tertilizers usually form a part of concentrated compound
fertilizers and are rarely used individually in their pure
staies.

Granular DAP is commonly produced by a slurry
process, developed by TVA (Tennessee Valley
Authority) or the Jacobs-Dorreo Indusirial Process, In
the wet process, acid of about 40 % phosphorus pentoxide
(P,05) is reacted with ammonia in a preneutralizer where
the mole ratic of NH::H.PO, is controlled at about 1.4.
The heat of the reaction raises the slurry temperature
boiling point (about 115°C). The hot slurry containing
about 16 to 20% water is paumped into the granulator,
where more ammonia is added to increase the moiar 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 10
produce moncammonium phosphate.  wherein  the
preneutralizer is operated at a molar ratio of ahout 1.4,
The phosphoric acid is then added into the granulator 10
decrease the ratioto 1.0,

Pure moenoammonium  phosphate  is completely
water-soluble and contains 12% nitrogen and 21%
phosphorus {as 52% P.0s). The production of non-
graiular monoammonium phosphate bas been achieved
by a nmumber of processes developed f[or use as an
intermediate in the production of comiplex fertilizers, by
Scottish  Agricultiral Industries, Fison's Ltd., Swiift
Agricultural Chemicals, Nissan and ERT Espindesa to
name¢ 4 few. In general, all processes aim at a simple, low
cost method by elimivating granulation, recycling and
drying, Though the pioduction of powdered
tonoarmmoniem phosphate is on the decline, it 1s still in
use because of its high phosphorus content (as P;Os).

In addition, a group of fertilizers, such as ammonium
phosphate-sulphates, ammeoninm phosphate-chleride
and ammonium phosphate-nitrate are produced by a
number of processes involving the neutralization of
ammonia with a mixiure of phosphoric acid and plant
waste acids like sulphuric acid, nitric acid or
hydrochleric acid. These fertilizers are tree flowing and
non-hygroscopic (or less hygroscopic) corapared to the
individual components, and have been successfully used
inmany types of soils,
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Ammonium phosphate chloride: See Ammonium
phosphate

Ammonium phosphate nitrate

Ammoniwm phosphate niteate {APN), also called nitric
phosphate or ammoniom nitrophesphate, 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 ronte or by the mixed-acid route, covering
a range of formulations with N:P,0; raiios between 0.3
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
(CatC () per ton of the fertilizer.

Nitrophosphates are manufactured in granular form
for direct application or blending. Cal¢ium nitrate, which
is a hygroscopic reaction product, is removed by
refrigeraiion and centrifugation, or is converted o
calcium carbonate by injecting carbon dioxide. Some
processes employ sulphuric or phosphoric acid, along
with nitric acid. to convert a part of the calciam nitrate to
calcium sulphate or calcium phosphate. The acidified
shurry 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 suiiable for qurt
and sodd crops, and sugar cane which has a velatively long
Lrowing seasoil.

There are several processes involved in the
production of fertitizers containing ammoninm
phosphate and ammionivm nitrate, Most of these are used
0 produce NPK grades, A slurry of concentrated
anrionium  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 v/hour. In AZF-Grande Paroisse dual pipe-reactor
process, aiminonium pitrate solution is directly sprayed
on granules in the granulator. APN solutions are made by
neutralizing phosphoric acid with NH; and NH,NQ,,

Ammonium phosphate sulphate

Ammenium  phosphate  sulphate (APS), a coimplex
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
avid 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. Ii is agronomically usetl
tor 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 poiato 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 i it to the extent
of 15%,

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

Table-A.3: APS specifications of two grades in India

ettt APS
pecifications
Grade Grade
16-20-0 20-20-0

Moisture
(percent, maximum) 1.0 1.0
Total N

L 3 i 16.0 20.0
(weight percent, minimum)
Total ammoniacal N

LT W 16.0 18.0
(percent, minimum)
Nitrogen in the form of urea 20
(weight percent, maximum) i e
Ammonium citrate-soluble
phosphates (as P,O;) - 20.0 20.0
neutral (minimum)
Water-soluble phosphate as :

. . s C

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, Fertifizer Development and
Consulition Qryanisation, New Delhi. With permission,

Ammenjum phosphate sulphate is produced by two
metheds. In the firste, a mixture of sulphuric and
phosphoric acids i1s neutraiized by ammonia before the
resulting slurry is granulated. To achieve this,
phosphoric acid, sclphuric acid and ammonia are
introduced. wsing 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 neurralized slurry,
ammoniated 10 a mole ratio of 1.8 or 2% and urea are
added to raise the niirogen content to 20%, and
granulated. The gramiles are dried by hot air and
screened by double-decked vibrating screens. This
resuits in a granulated free flowing APS.

In the second methed, ammonivm-sulphuric acid
solution from the gypsum ammonium carbonate process
is added to phosphoric acid and then the mixture is
ammorated. Again, urea is added, as in the first meihod,
to bring the nitrogen content to the required level. Whena
20-20-0 grade is required, am allowance of 2% in
ammoniacal nitrogen (18% minimum) is made to
accommodate the nitrogen in the form of wrea (2%
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maxhnum). A total nitrogen content of 20% iz also
stipwlated. When a 16-20-0 grade is sequired, 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 prade and 17% for the 20-20-0 grade. The
sulphur conient often remains unspecified i the
Fertilizer Contzol Order {FCO).

Ammeoninm 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
polycarbosylate. Coal distillation gives carboxylic acids
which, on ammoniation, can be used as a fertilizer or
blended with other fertilizers.

Anmunonium polyphosphate

Ammonium  polyphosphate (APP) is made by
ammouiating hot superphosphoric acid containing about
T9% phosphorus pentoxide. It is also produced by a
direct reaction of anhydrous ammonia with
orthophosphoric acid, eliminating water. Tt has good
storability and can be pumped out when required. The
solid granular fertilizer contains 15% nitrogen and 62%
phosphorus {as P,0s).

Ammonium  polyphosphate is used to produce
complete liquid fertilizers for direct application. Both
liquid and solid ammoniwn polyphesphates are available.
A nitrogen-phosphorus-potassiuim  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
fonger chain polyphosphate components. When applied
divectly, 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 comnsidered superior to solid fertilizers that contain
some amouni of waier-insaluble phosphorus.
Ammenium polyphosphate is a chelating agent as it
miaintains a higher concentration of micronutrients than is
possibie with orthophosphate solutions. For example,
ammonium polyphosphate can maintain 2% zinc in
solution as compared 10 0.05% zine with phosphates.

The process for producing granular amumonium
polyphosphate uses heat of reaction of phosphoric acid
(54 % P,(}) with gaseous ammaonia (o evaporate the water
and dehydrate ammonium phosphate, forming a melt,
The melt, which can be gramulated, usually contains 15 to
25% PO as polyphosphate, but it can be increased to
almost 50% by preheating the acid and ammonia, or by
using a mote concentrated phesphoric 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 pelymeric forms of phosphorus in iiguid
ammonium polyphosphate 1s 1.6 o 2.0 days under
anaerobic conditions and 5.2 o 8.7 days under aerobic
conditions. The corresponding values of solid
ammonium polyphosphate are 3.9 to 9.2 days umnder
anaerobic and 12.5 to 27 (G under acrobic conditions.

It 15 established that hydrolysis rate is highest in
laterite, iniermediate in sodic and slowest in aliuvial
soils. The soil factors that affect hvdrolysis are pH,
temperature, texture and water content. (See also
Polyphosphate fertilizers. )

Ammoninm polysulphide

Ammonium polysulphide exists only in solution. It is
made by passing hydrogen sulphide through a 28%
ammoniun  hydroxide solution and then dissolving
additional sulphur in the resulting solution. This solution,
which is red 1o brown to black in color, contains about
45% sulphur and 20% nitrogen and has the odor of
hydragen sulpbide. It can be mixed with other liquid
fertilizers like anhydrous ammonia, aqua ammonia and
ured-armenium nitrate sofutions.

To ensure reasonmable stability. the mixed liquid
fertitizer should not comtain more than 10% of
ammonium polysuiphide, as it is incompatible with
polyphosphate containing liquids.

Aminonium polysulphide is stored under pressure (0.1
kpfcm?), 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 waier. Another
instance of polysulphide is potassium polysulphide [0-0-
22-23(8)], which is used in sprinkler and flood irrigation
systemns, to remove salts and supply potassinm,

Ammonium pyrophosphate

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

Pyrophosphoric acid is made by dehydrating
phosphoric acid obtained by the wer acid process
(Fig. A.30). Polyphosphate denotes twe or more
orthophosphate jons (H,PO. ) combined after the loss afa
water molecule per iwo orthophosphate iong; the simplest
form js the pyrophosphoric acid. (HP,05).

0 (4] 0 0

HO—P — OH + H0 —P— OH—>» HO — P—0 —P — OH+H,0

| | |

OH OH OH OH
Orthophosphoric acid Pyrophosphoric acid

0 0 0 (0]
I I Il
HO~—+pr— c\——ll- — OH + 3 NH, ——>HN —u—ljr —0— lp—n— NH,

OH OH HO ONH,

Fip.A.30: Chemical reactions involved inthe formation of
pyrophosphoric acid and apmoenium pyrophosphate.

Triammonium polyphosphate is a liquid containing 10
to 15% nitrogenand 15 to 16% phosphorus (o1 34 10 37%
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P:6x). Granulation during manufactore results in a solid
product ! 1-53-0 which can be applied directly or blended
with other granular fertilizers. The addition of a 99.5%
urea solution gives a  granular urea-anUNODIwN
polyphosphaie, called urea-apnnonivm polyphosphate
(UAP), with a product composition of 28-28-0 which has
100% water-soluble phosphorus. Liguid ammonium
polyphosphate is mnore 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%
zine ion as against orthophosphate solution, which helds
amere 0.05% zinc ion, (Fig. A.31).

b2l

H4N—O—]|’-— ~0 PN
6 C|)NH4
Zn
0] ONH,

HN—O0—P —0— ||-|’— O—NH,

(0] 9
Fig A.31: Zinc chelare of ammonium pyrophosphate.
Ammonium sulphate
Ammoniwm  svlphate, (NH,),50,., a water-soluble

crystalline salr is a nitrogenous fertilizer containing about
21 % nitrogen and 24 % sulphur. [t occurs narmrally 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 shelflife.

Ainmoniacal nitrogen is fixed in the so0il in an
exchangeable form uniil niteated by nitrifying bacteria.
The ammoniacal nitrogen of ammonium sulphate does
ot leach out easily. Ammonium sulpbate is an acid
forming fertilizer, and hence used in newtral or alkaline
soils. In its free flowing form, it is directly applied i¢ the
s0il or bhlended with other granular wmaterials,
Ammeoninm sulphate also supplies sulphar, which is an
essential nutrient for plasnts.

Ammonium sulphate is a quick-acting fertiiizer. 1t is
resistant o leaching as it gets adsorbed on the soil
colleids, clay and bumus, and replaces calciurm, This
adsorbed ammonium salt i8 copverted (o nitrate by
nitrifying bacteria for use by growing plants.

Ammonium sulphate is produced in different ways,
The major ones are: () Production from synthesized
ammonid arkd suiphuric acid.

2NH, + H,S0, —» (NH,),S0,

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

pulverized calcium sulphaie, 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 soluticn 0 form ammoniura sulphate and
caleium carbonate.

CaS0,2H,0 +(NH,),CO, —» CaCO,+(NH,),S0,+2H,0

Ammonium sulphate is commeonly transported in
polythene or paper bags. It is adsarbed on soil colloids,
clay and humus, replacing calctum, It is maore heneficial
than nitrate fertitizers at planting time. This adsorbed
portion is slowly released and in about a month most of
the ammonium sulphate is converied into the nitrate
form, which is used by growing plans,

Since rice crops absorb nitrogen even in the
ammomiacal form, ammoniuwm sulphate fertilizer is used
as a source of nitrogen for rice in the USA and Souiheast
Asia. In the USA, ammonium sulphate is afso used for
potato scab control,

The main disadvantages of ammonium sulphate are its
acid forming npature, low nitrogen percentage
(21%) and high costs for packaging, storage and
transportation,

Ammonium sulphate nitrate

Amrmonium sulphate mnigrate, (NH,3,80,-NH,NO; 5 a
double sali fertilizer formed by the neuiralization of
waste acid by ammonia and subsequent crysiallization. It
has & higher nitrogen content (about 26%) than
ammenium sulphate (21 %), and can inake soil acidic.

Ammonium sulphate nitraie {ASN} is a less
hygroscopic fertilizer than ammonium nitrate and thus
solves the preblem of disposing waste actd and liquors
produced i nitrating reactions,

Mixing moist salts containing 62.5% ammonium
sulphate and ammonium nitrate alse produces
amnenium suipbate nitrate, The following three double
salts are used routinety.

(\”14)3504NH4N0;
(NH,),S0,-2NH,NO;
(NH,),S0,-3NH,NO;

1f a small quantiiy (1%} of ferrous sulphate is added
during crystallization, ammonium sulphate nitrace is
cbtained as a free flowing solid; otherwise, it sets into a
hard cake during storage.

Tennessee Vailley Authority (TVA) produces
ammonium nirrae-sulphate comtaining 30% nitrogen,
mainly {(MH,),30,, 3NH,NO:, by ammoniation of a
mixture of nitric-sulphuric acid. followed by pan
gramulation of the resulting slurry. Tts storage properties
are superior o those of tie individval components.

Ammeonium sulphate production processes

The use of ammoninm sulphate as a fertilizer is relaiively
small compared to thas of wrea, ammonium nitrate, UAN
solutions and anhydrous ammeonia.
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The crysial size of atnmonium sulphate is governed
by the requirenient and type of application envisaged by
the customer. For bulk blending or direct use in fertilizer,
large crysials of 1 to 3 mm are preferred; somewhat
smaller crystals are acceptabie for direct application.
Operating experience as well as additives may be needed
to obtain erystals of the desired size.

The factors that contribute to good storage of
ammonivm sulphate and refated 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.
(i) The product should not lrave any free acidity. (iii) The
product should he cooled with dry air under conirolled
conditions after drying, v avoid moisture condensation,

Several methods are used for ammoniuwm 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
teactor/evaporator under asmospheric pressure or
vacuunt, and recovering the crystals by filiering or
centrituging.

(it} Scrubbing coke-oven gas or tower gas with suiphuric

acid in a specially designed reactor and recovering

the crysials via centrifuging or filtration.

(iii) Reaction of avunoninm carbonate with gypsum,
removal of the precipitated calcivm carbonate by
filtration, evaporation and crystallization of
ammonium sulphate, followed by cenirifuging the
liquor.

{iv) Bvaporating the by-product solutioh conraining
ammonium sulphate produced from other processes
such as caprolactum manufacturing unit, and
separating the almost pure salt by crystallizmg and
centrifuging or recovering by slurry granulation.

(v} Direcily reacting gaseous ammonia with sulphuric

acid in a spray tower to form anhydrous ammonium

sulphate.

{vi) Simultaneous production of ammenium sulphate and
other ammenium salis containing multinutrients in
granulated fertilizer processes.

(viDOther miscellaneous processes such as recovering
ammomium sulphate from sulphur dioxide in flue gas
or in sulphuric acid tail-gas.

(i) Direct nentralization: Anhydrous ammonia and
stropg sulphuric acid are reacted in a contimuous
satyrator-crystallizer unit operating under vacuum or
atmospheric pressure as follows:

2NH; + H,SO4 — (NH,4),S0,

Ammonia and sulphuric acid are introduced via a
shurry recycle line, wherein they react and superheat the
recycling shurry. The slurry is subsequently flashed in the
upper chamtber 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 o the system for temperature
control of the process. The loss of water in this zone

super-saturates the shurry which recireunlates (o the lower
suspensicn vessel via an internal pipe and comes into
comact with small crystals and vuclei. This induces
further crystal growth in terms of size rather than in
number, The slurry is recycled by a thermal syphon and/
or by anexternal pomp.

This type of crystallizer is generally known as
"Krystal’ or 'Oslo unit'. During operation the pH conirol
is reguired to be maintained within close limits (3.0 to
3.5), as otherwise. thin crystals result. The excessive
acidity promotes an overgrowinl of crystais in the
pipelines. A higher pH or a lower acidity leads to inferior
crystals which are difficoli to wash and siore and may
cayse ammonia losses as well.

In another type of reduced-pressure crystallizer with
a draft wbe battde 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
fonmation inside the unit.

Several types of atmospheric pressure units are
preferred 0 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 columa mcorporating a few large
sloited bubbie-hoods is used. In some other cases, a
single vessel is employed for both reaction and
crysiallization and the heat of reaction is removed by
evaporation of water. There are designs where separate
vessels for reaction and crysiallization 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 crystatlization temperature is in the
range of 63 i0 66°C.

In most cases, the product is recovered from
ammonium sulphate stuery by cominuous or automatic
batch rype 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 m a single equipment.

Ammonium sulphate liquor is corrosive and wetted
parts of the equipment are made of stainless stesl or
rubber lined mild steel. To improve the shape and size,
midifiers are used, such ag trivalent metaltic salts. Smait
amounts of phosphoric acid or arsenic compounds are
added as corrosion inhibitors,

(ii) Scrubbing of coke-oven gas or town gas:
Bituminous coals vsed for gas and coke produciion
cottain about ) to 2% nitrogen as ammonia and the
ammonia is recovered (2.5 (0 3.0 kg of ammonia per ton
of coal used). This ammonia byproduct is associated with
high temperature carbonization as in coking plamts for
iron and steel praduction. However. inn view of the low
rewmns for this operation, recovery of ammenia as
ammonium phosphate, ammonium thiocynate,
ferrocynide, pyridines or tar is being atiempted.

Three methods are known for ammonia or
anvnonium sulphate recovery: direct, indirect and semi-
direct.
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Ammonium sulphate production processes

In the direct method, the whole gas stream is cooled
to remove tar and then passed through a saturator where
it is washed with sulphburic acid. The ammoniun
sulphate siurry is then ecentsifuged, washed. dried and
stored. The advantages of this process are high
recoveries with low effluesnts, low investroent and low
operating costs (including low steam needs). However,
in many cases the product is contaminated with iar and
pyridines. Where the same reactor is used as a scrubber
and crystatlizes, flexibility regarding the size, shape and
ihe purity of the product suffers because of the ditficulty
in maintaining the pH and free acidity required
suppress impurities.

In the indirect method. the gases are cooled (by
recirculating wash liguor and scrubbing) and passed
through a bubble-cap type still to release free ammonia
from salts, This free asnmonia is either stripped with
water to get amimonia solution or is sent to a sulphuric
acid washer for gething ammonium sulphaie. The
advantages of this method are that {a} the ammonium
sulphate produced is free from impurities, and (&) the
process is flexible and can be used to also make agua
ammonia and its derivatives. However, effluent disposal
problems are high and so are ammonia losses due to
incomptete 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 selution of
ammoniwn sulphate containing 5 to 6% sulphuric acid at
about 30 1o 70°C. This process gives higher aminonia
recoveries than those attainable by any other process.

{iii) Ainmonium-carbonate-gypsum process: This
method, also known as the Merseburg Process,
combines ammonia and carbon dioxide to produce

Gypsum

Carbonate
liquor

9

ammonium carbonate, which is then reacted with
gypsum or anhydrite to yield ammonium sulphate and
calcium carbonate in an exothermic reaction (Fig. A.32).

2NH; + H,0 + CO; —» (NH4),CO5
CaS04-2H,0+(NH4)2,CO3 —» CaCO3+(NH4)2804+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 nof require any sulphur supply. The major
disadvamtage is the large energy (steam) requirement for
ammoniut sulphate recovery front a dilute solution.

At the Sindri plant in India, ammenia is absorbed in
water and carbonated at a pressure of about 2.1 kg/em’ in
a series of two aluminum towers. The prepared liquor
strength corresponds o 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
ammoniuvm carbonaie lquer 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 dewaiering
on a drum or disc filter.

Reactions of ammonium carbonate and gypsum
sohutions are carried out in a series of wooden vessels or
mild steel vessels having steam coils and agitators to give
a toial retention time of 4 (o 6 hours. The shurry produced
is filtered and the calcinvm carbonate cake washed and
dewatered. The solution is evaporated and ihe crystals
are cenirifuged and dried in a rotary drier at 120°C.

{iv) Recovery from mdustrial byproduct liquors:
Ammonium sulphate is recovered from the waste streams
of caprolactum, acrylonitrile and certain other processes

Cooling water

18 Carbon
dioxide

Sulphuric acid 3

Fi1g.4.32: Flow chart of the gypsum process of ammonium sulphate production. 1. Gypsum conveyor,
washing tank, 3. Gypsum dewatering filier, 4. Primary reactor, 5.

2. Gypsum
Secondary reacior, 6. Calcium carbonate filer,

7. Amymortum carbonae storage tank, 8. Sulphate liquor clorifier, 9a and 9b. F vaporater feed purnps, 10a and 10b.
Vacuum evaperaior crystal, 11. Stwrry concentrator, 12, Baick or continuous centrifuge, 13. Dryer conveyor, 4,

Rotary dryer, 15. Product conveyor, 16 and 17, Ammonium carbonate tawers,

21, Pumps.
permission. )

i18and 19. Heat exchangers, 20and

(Sowrce: “Fertilizer Manual, 1998, UNIDO, IFDC ard Khower Academic Publishers, With
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first by concentrating the liquor w around 35%
ammonium  sulphate. The ammonium sulphate is
recovered from the slurry by centrifuging and drying.
The process, which is uneconomical because of low
coneentraiions of ammonium sulphate, produces around
1.8 o 4.0 tons of ammonium sulphate per ton of
caprolactum.

(v) Spray-tower ammioniation: A good amount of
ammonium sulphate is made in Japan from spray towers
from sulphuric acid and anhydrons ammonia. The acid is
sprayed on ammonia vapor inside the tower. The heat of
reaciion produces a dry amorphens 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
ammonium sulphate and ammonium nitrate are made by
ammoniating a mixture ot sulphuric acid and nitric acid
or by combining these ammonium satss in special ways.
Three double salts have been identified and these are
{NH,},50,-NH.NO;., (NH);50,-2(NH,)NO, and
(NH};50,-3NHNO,.

One German process produces (NH,),80,-NHNO,
containing 62% ammonium suiphate and 38%
ammonium nitraie, by ammoniating the requisite mixture
of sulphuric and nitric acids. The mixmre is evaporated to
a moisture coment of 3% . About 1% ferrous sulphate s
added to prevent caking. The double salt is granulated
after spraying ammonia solugion.

In a simpler process, ammonium nitrate solution is
evaporated 0 95% concentration, ¢ooled 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, coeled and bagged. Prilling can also be
adopted.

The Tennessee Valley Authority {TVA) preduced
ammonium sulphite - ammoniuin 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
sturry. lis storage properties are superior w0 ammonium
nitrate or a mixmre of solid ammoniom unkrate -
ammonium sulphate since free ammonium nitrate is
absent.

When mixitures of sulphuric acid and phosphoric acid
are ammoniated, a variety of mixed and double-salt
praducts can be made. One of the popular compositions is
'ampuophos’ containing 16% nirogen (N) and 20%
phospherus (as Py0:). The ammoniated slurry is
granulated in a pug mill or a dnun unit, then dried and
screened. The mixed salt has good storage properties
under normal conditions.

Many methods have been developed to recover
sulphur from ihe flue gas, involving scrubbing with
ammonia of injection of ammonia into flue gas. From
these reactions, ammonium sulphite, bisulphite, sulphate
and their mixtures result. Because the dernand for
ammonium sulphate fertilizer is low, the sulphur from the
flue gases is disposed oft as calciuin sulphate.

Ammonivm 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 ammontum sulphate
slurry is then centrifoged. 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 becanse of the difticulty in mainiaining 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 indivect
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 wawer
to et ammonia solution or 1s sent to a sulphuric acid
washer for getting ammonivm sulphate. The advantages
of this method are that (a) the ammonium sulphate
praduced is free from impurities and (b) the process is
flexible and can also be used to make aqua ammonia and its
derivadves. However, effluent disposal problems are
high and so are losses of ammonia due io 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 aminenia or ammonium
sulphate recovery: direct, indirect and semi-direct
p]’DCESSCS.

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 condensaies. The
released ammonia from the small ammonia sill s
combined with the main gas stream and heated to 70°C.
This gas is scrubbed with a nearly saturated solution of
ammonivm sulphate containing 3 to 6% sulphuric acid at
aboui 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
ammoniem sulphate. )

Ammonium taranakite
Ammonium taranakite is ammonium aluminum
phosphate, Al{NH ) HO(PO,)s-H,O. Taranakite
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represents a group of products formed by phosphate
fertilizers reacting with soil constituents.

Ammoenium thiosulphate

Ammonium thiosulphate, [(NH.5.0: or ATS] is a
crystailine sate, the aqueous solution of which is
commonly used as a liquid fertilizer. Crystalling
ammonium 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 stegl or
aluminum drums.

Ammonium thiosulphate is prepared by the reaction
of sulphur divxide and aqueous ammonia, followed by a
further reaction with elemental sulphur.

4NH,OH + 250, —» 2(NH,), SO, + 2H,0
(NH,), SO; + S —»(NH,), S,0,

ATS ean 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 sutphate i available immediately
to plants, while the sulphur gets oxidized over a period of
time to sulphate ion (SO ). Tt is thus available to plants for
alonger time,

Ammonium thiosulphate also acts azs a urease
jnhibitor. When added to a urea-anunogiwmn nitrate
solution, it inhibits wrease activity for a month or se. In
industry, it is also used as a photographic fixing agent,
analytical reagent, fungicide and as a brightener in sitver-
plating baths.

Ammophos

Ammaophes is the trade name of one of the maost popular
brands of ammonium phosphate fertilizers. It contains
16% nitrogenand 20 % phosphorus {as P.0;).

Ammophos is made by ammoniating a mixwre of
sulphuric and phosphoric acids, After amumoniation, the
slurry formed is granutated in a pagmill 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
sood storage properties.

Two grades of ammonium phosphate are known, Qne
contains 1% nitrogen and 48% phosphorus (as P,Os),
the other contains 16.3% 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 sulpharic acids
with amnonia. The first grade of ammophos has a
theoretical lime requirenent of 3 kg of calcium carbonate
per kg of fertilizer, which indicates the acid forming
nature of the fertilizer.

Ammonium dihydrogen phosphate sulphate is also
called anunoniated suiphate. It is a double sali of
ammonium dihydrogen phosphate, NH(H.PO,) and
ammoniem sulphate, (NH,L50,, and is formed by
neutralizing a mixture of sulphuric acid and phosphoric
acid by gasecus ammonia.

Amorphous humus

Amorphous humus is the dark-colored amorphous
cotloidal material in soil. It represents a complex fraction
of organic matter of plant-animal-microbial origin that
resists decomposition.

Amorphous humus, being a celloid, holds water,
improves the water retaining propesties of the soil and
also enhances the s0il workability and fertility,

Humus acts as a storehouse of elements which are
important to piants 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 medivm for
the growth of plants. (See also Humus. )

Amorphous substances

Amorphous substances do not have their constituent basic
particles (ions. atoms or molecules) reguelarly arranged as
in crystalline matertals. For instance, plasmas, gases and
glasses are non-crystalling. Liquids are always in an
amorphous state. In gases, the particles are so apart that
they can exercise trapsitional, rotational and vibrational
movements and form an assembly of statistically
distributed particles. In liguids, 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
crystalhne perjvdicity. (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 ( > 102 Pa §),

The obvious uses of amorphous solids inctude
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 mediun.

The variation is the shori-range order (and not
necessarily the loss of long-range order alone) affecis the
properties of amorphous semiconductors, One class of
amorphious semiconduciors is the glassy chalcogenides,
which contains one or more of the chalcogens - sulphur,
selenium or tellurium - as major constituents, These
materials bave applications in switching and memory
devices. Another group contains tetrahedraliy bonded
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amorphous solids, such as amorphous silicon or
germanium,

When amorphons 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 temperatuies can reduce the number of
dangling bonds.

AMP
AMP is shart for adenosine monephosphate.

Amphiprotic solvent

A solvent such as water that can donate and accept
protons is known as an amphiprotic solvent.

H,0 + HCl s===H;0" + CI (as base)
H,0 + 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 zine, tin, lead) is amphoteric because it
reacts as an acid with alkalis o give aluminates and also
reacts as a base with acids io give salis,

AI(OH), + 3NaOH —>Na,A10, + 3H,0
(Acidic)” ]

A1(OH), + 3HCI '——'A]Cla + 3H,0
(Basic) -

Compounds like amino acids which have both acidic
{COOH) and basic {NH,) groups in their molecules are
amphateric. Water, which can depate and accept
protons, is kinown a5 an amphiprotic solvent.

The existence of amphoteric oxides ts cousidered as
evidence of the existence of metatloids,

Amylase

Amylase 15 an enzyme that hydrelyzes starch, These
enzymes, widely distributed in animals and plants, break
down starch or glvcogen o dextrin, maltose or glucose,
Anmylase in human saliva is called ptyalin,

Amylopectin

Amylopectin is a polysaccharide consisiing of various
proportions of twe glucose units joined by 1-4 finkages.
The positions are where the two glucose uniis 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 constifuent
of starch. Amylose is made up of linear links of several

hundred glucose molecules. A water-amylose mixture
turns blue when iodine is added 1o i,

Amylum

Amylem is an ordinary starch, that ocours in all green
plangg. 1t is a molecule of starch, built out of a targe
uumber of a-glugose rings joined by oxygen atoms, and is
amajor energy source for animals.

Anabaena azollae

Anabaena azollae is a svmbiotic cyanobacterium that
colonizes the dorsal cavities of leaves of Azolla, a
floating fern, and fixes atmospheric nitrogen.

Anabaena-Azella 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 anacrobes (a} obligate
anaerobes which grow onjy in the absence of oxygen,
and (b) facultative anacrobes which can grow either in
the absence or presence of oxygen. Anaerobes usually
{ive 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 o organisms. In the absence of
oxygen which is the most common electron acceptor,
other substances like nitrate, ferric ion (Fe**} and carbon
act as electron acceptors. Thus, bacteria living under
anacrobic conditions bring about denitrification wherein
nitrate is converted to nitrogen.

In anaerobic conditions. growing plants produce I-
amino cyclopropane-1-carboxylic acid in their roots,
These plants are intolerant (0 a waterlogging
eitvironment {poor oxygen transfers to the rools 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 ot the leaves to droop
(epinasty). Leaf wilting may be due to a combination of
(ay low water absorption by roots. (b) anaerobic
conditions, or (¢) water loss from Jeaves. Anaerobic
conditions reduce the transport of growth hormones like
gibberellic acid and abscisic acid.

Energy transtormation in anaerchic conditions
results in poor growth rates. Anaerobic conditions can
also promote production of toxic substances like
hydrogen sulphide. butyric acid and other volatile facty
acid eomnponents of carbohydrate decomposition. These
toxing produced in the roots may be transported to the
ather parts of the plant.
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Anaerobic decomposition

Amnaerobic decomposition is the incomplete
decompostition of organic matter by micro-organisins in
an amaerohic environment. Compost, an example of
anaerobic decompasition, is used as manure.,

Anaerobic respiration

Respiration that proceeds in the absence of oxygen is
cailed anaerobic respiration, Some yeasts and bacteria
perform amacrobic respiration. [t is also called intra-
molecular respiration.

Carboxylase
CH,,0

A 2C,H,OH + 2CO, + Energy
Alcohol e
dehydrogenase

Anaerobiosis

Anaerobiosis is the generation of an anaerobic or oxygen
deficient atmosphere, 1i has a significant effect from an
agronomic or bivlogical perspective.

Analysis

Analysis, in general, means to separate something inio its
constiment parts to facilitate learning more about them.
Chemical analysis of a material for instance, involves
identification and measurement of the chemical
constinuents of the material.

There are different types of analyses, such as
quantitative analysis, qualifative 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
mixure.

Qualitarive analysis of a fertilizer gives the presence
of different nutrients in it, while quantitative analysis
gives the percentage composition of the nutrients in the
fertdlizer. 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), indicates the percentage of
N.P.K. respectively.

Amnalysis 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
abservations 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 turther analysis has to be carried ot to
determine which method is better. The F-test is also
knowin as the variance ratio test.

ANC
ANC is short for acid neutralizing capacity.

Anchor roots

Anchor voots are adventitions roots that rise itom the
internodes to anchor the plamt in order o render an
upright position. Anchor roots are seen in many crops
including corn roots.

Andisols

Andisols are black or dark brown seils with weakly
developed horizouns, formed from velcanic ejecta as
parent material. These form the A hotizon which is rich
in orgame material,

As one aineng 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 baik
density, are a littte more developed than entisols. while
refaining the influence of voleanic gjecta.

Adter extensive weathering, andisols can change into
another soil order. Rapid weathering is a dominam
feature of most andisols which are physically, chemically
and minegralogically unique. They are found along the
tectonically active Pacific Ring of fire, Central Adantic
Ridge, North Atlantic rift, the Caribbear and the
Mediterranean regions, where volcanie or pyroclastic
deposits are common. These weakly developed fertile
soils are texturally undifferentiated and are characterized
by short-range order aluminosilicaies oot ranslocated
from the upper to the lower horizons.

Andisols are used extensively for crop production in
developing countries. Aandisols 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 coiored 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 nirogen. as ammonia, requires 3.57 kg of
chemically pure calcium carbonate for nentralizing the
acidity when converted o the nirraie form. (See also
Pieire method of determining acidity or basicity.)

Angle of repose

The angle of repose is the angle that the sleping surface of
4 heap of loose material poured on 2 horizontal surface
tnakes with the horizonmtat surface. The International
Standardization Organization {150} defines it as the
angle at the base of 4 cone of fertilizer formed with the
vertical axis, as the material is zsllowed to fall onto a
horizontal base plate under specified conditions.

The particle shape, size and sarface 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 fertifizer, and of the
sloped roofs of fertilizer bulk storage buildings.

The IS0 procedure for measuring the solid fertilizer
static angle of repose (ISO 8398) involves pouring a
sample through a funnel inge 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).

Ground

Fig. A.33: An appararus for derermining 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 prifled urea, have a low angle of repose (< 30°) and
irregularly shaped products like granuiar KClhave ahigh
angle of repose (>35%. Larger materials have higher
angle of repose values than fine materials. Fa most rocks
and sands, the angle of repose is 30 t0 35,

Angles of repose for different fertilizers are given in
Table-A.6.

Table-A.6: Angles of repose for different fertilizers

g' Name of fertilizer Grade |Angleof
0. 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 UNIDQ, IFDC and
Kluwer Academic Publishers, The Netherionds. Withpermission.

Angstrom

Angsirom, a basic unit of length, formerly used to
measure wavelength and jnterinolecular distances, is
nametdt after a Swedish physicist, Anders J. Angstrom
who studied the solar spectrum. Angsirom is not an 8.1,
unit and it has now been replaced by nanometei. 1 A® =
0.1 nanometer.

1 Angstrom (A°) = 1x10"%m = 1x10%cm.

Anhydrite

Anhydrite is a nawrally occurring, solid, white mineral
called anhydrous calcium sulphate {CaSQ,). It differs
from gypswin in hardness and in hydration. It is used as a
raw material in the chemical indusiry and in the
manufacture of fertilizers and cement.

Anhydrons ammonia

Anhydrous amrnonta is an ammonivm fertiitzer made by
the Haber-Bosch process, by reacting hydrogen with
nitrogen in the ratio of 3:1 at high temperamres (430 to
500*C) and pressure {about 506 atm) in the presence of an
iron catalyst promoted by poiassium and alumina. Thae
nitrogen derived from air and the hvdrogen obtained
from (a) svnthesis 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 ammenia thus proaduced can be direcdy used
as a fertitizes, It can also be converied to ammonium salts
which are important fertilizers, by reacting ammonia
with nitric, saiphuric aod phosphoric acids. Anhydrous
arnmonia is also reacted with carbon dioxide to get urea
which is another iinportant source of nitrogen.

Anhydrous ammoniz is an important fiuid tertitizer
and is the cheapest nitrogen source, having the highest
nitrogen comtent (about 82%) among nitrogenous
fertilizers. However, because of safety and
environmental considerations, many dealers and users
are now switching over to other sonrces of nitrogen.

Anhydrous liguid anmumonia 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

Chisel

Front swept Back swept

Fig.A.34: Focls used in the application of anitydrous
ammonia,
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30°C), anhydrous ammonia must be swored and
transported in pressure vessels,

Due to the volatile nsture of anhydrous ammonia it
has w be injected with an applicator 15 to 30 cm below
the soil surface to be effective and to reduoce ammonia
loss (Fig. A.34). Ammonia loss depends on the soif type,
its moisture conteni, apd the depth to which the
applicator is injected (Fig.A.35),

Ammonia applicatoss range in size from small 5-row
rigs to large rigs that have a swath width of upio 20 m (65
feety and are pulled by high-powered tractors.
Anhydrous ammonia is usually metered by a variable
orifice-type meter or by a piston pumyp,

— Direction of pull

Tube behind chise
carrying
pressurized
anhydrous ammonia

Fig A.35: Ankhydrous ammonia gas released in the soil under
pressure (hehind the chisel) ar a depth of abour I5cm gets
aidsorbed on soil particles.

Physical properties of anhwdrous ammonia are
somewhat similar o other liquids under pressure like
butane or propane gas. Because of the difficulties in
handling aphydrous ammonia, water solutions of
ammeonia, urea, aounonivm 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
stiedding of cotton leaves io facilitaie mechanical
harvesting.

Anhydrous ammeonia sulphur

The zulphur compound i N/P/-/8 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 ir is added
separately. Thus, sulphur is added (up w0 10%) w©
anhydrous ammonia to provide sulphur and nitrogen o
growing planis. This compound is cabled anhydrous
ammonia sulphur. When injected inw the soil, most of
the sulphur separates and is oxidized slowly to sulphate
jon. The other sulphur containing fertilizers are urea-
sulphur, sulphur fortitied superphosphate and sulphur
suspensions containing 3% adapulgite clay as a
flocculent.

Animal meals

Animal meals are organic manures derived from animal
wastes or by-products at buicher shops, slaughterhouses
and carcass disposal plants. These include horn meal,

bone meal, blood meal. hide meal, feather meal, meat,
ane carcass meal.

Horn meal (horns, hoofs, claws, etc.) consisis
mainly of protein and kerasin which decomposes stowly,
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
coniaing other staughterhouse wastes such as intestine
contents and has a short-term etfect on nitrogen supply.
The main constituents of hide meal are skins and hair,
where the effect of the mitrogen supply is quite slow.
Sometimes, it is contaminated with toxic chromium saits.
Feather meal. like horn meal is a slow nitrogen-
releasing fertilizer with nitrogen content of around 13 %.

Mear and carcass meals are shori-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: Nutriemt conterits (% dry matter} in animel
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 | 2.4-7.0
K 0.2-0.8 | 0.2-1.5] 0.2 0.2 |0.3-0.5
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 3-4 2.4 B 4.5 3.5

Seurce; "Agrochemicals ", 2000, Edited by Franz Muller. Witey-
VCH Verlag GinbH & Co. KGadA. Reproduced with permission.

Anion

An anion is an atom whick gains or acquires an electron,
becomes nepatively charged, and is attracted wward the
anonde in electrolysis. Thus, a flucrine atom, by taking up
an electron in its p orbital, becomes a fluorine ion
{fluoride ion).

F(1s%2s 2p) + e —» F(1s? 25* 2p%)

Anions are generally drawn from an atom of a non-
netal iike fluorine {F) or a group of atoms {(for example,
SO/ ). The number of electronic charges carried by the
anion is called its electrovalence.

Salts are usually compased of orderly arrangements
of jons 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 o 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 compeie 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
coampetitive ability of that anion, Generally, weakly held
inorganic anions such as Noy and CI are of little
consequence, whereas specifically adsorbed anions such
as OH', SO7F and MoO,* can be competitive with
phosphorus adsorption (H POy, ).

Anion adsorption of small cations oceurs by surface
compiexation 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 aniens CT', NOy, $e0y2)
and to a lesser extent HS', $0,2, HCO; and CO4™, 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
comuplex. The exchange of ions of the same charge takes
place between a solution (vsually aqueous) and a solid
(ion exchange resin} in contact with it. The type of
exchange, whether cation or anien, is determined by
functional groups added to the resin. lon exchange
resins are ideally suited to protein purification, antihody
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 anivn exchange resins, the
elecironegative ions present in water (like C1°, SO.*) ate
held by the ammoniom ions in the tesin. The outgeing
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 moderasely
concentrated solution of caustic soda can regenerate the
resin.

The reaction processes in resins occur widely in
nature, especially in the absorption and reteniion of
water-soluble fertilizers by soil, The order of adsorption
of apions is H,PO, > SO > NQ; =CL

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
mater int the soil.

Anion exchange capacily increases as the soil pH
decreases. Anton exchange is much greater in soils high
m 1:1 ¢lays and soils containing hydrous oxides of iron
and aluminuei than it is in soils predominanity having 2:1
clays. Montmorillonite clay minerals have an anion
exchange capacity of less than 3 meq/100 g, while

kaolinites can have an anion exchange capacity as high as
43meq/100gatpHA4.7.

Anion exchange resin
Anion £xchange resin is another term for anion resin.

Anionic resins

Apionic resins or anion-exchange resins possess a
positive charge on the functional group. During an ton
exchange reaction, anions such as HCOy, SO, and OH
are exchanged. A polyaniline based anionic resin is given
inFig. A 36,

{cH,- cI‘H}
n

CeHyN*H;CI

Fig 4.36: Polyaniline based anfonic resin,

Anionic surfactant

An anionic surfactant is a type of ionic surfactant used for
coating fertilizer materials 1o improve fertilizer quality.
Coramonly employed anionic swifactants are suiphonates,
particuiarly alkyl aryl sulphonates, and their action i8 due
primarily to their hydrophobic nature, Sodium stearale
(C-H::COO0 Na*is an example of an anionic surfactant.
(See also Adjuvant; Anti-caking agents. )

Ankur

Ankur is an aqueous solution of urea (33.510 36.0%) and
ammoniwm pitrate (44.5%) with 1% corrosion inhibitor.
Ankur is used as a nitrogenous fertilizer (like urea-
ammonium nitrate),

ANL

ANL is short for ainmoninm nitrate limestone.

ANL brand fertilizer

ANL is the trade name for a fertilizer which is a mixiure
of ammonium nitrate (AN} and lime or pualverized
dolomite. ANL is manutactured at Hopeweil, Virginia,
in the USA. When added fo the soil, it reduces the
hazardous characteristics of AN.

ANL fertilizer contains 20% nitrogen, 10% calcium
oxide (Ca0) and 7% magpesium oxide (MgQ). It is
bygrescopic 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 botling it slowly inan
excess mixtare of sulphuric acid and potassiom
dichromate. The excess potasshun dichromate is
determined by Mobr's salt (Fe50,) in the presence of
diphenylamine as indicater. The results obtained from
this method match well with those obtained from the dry
method, This method can also be used to analyze plant
niaterials. (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 germinaies, flowers,
produces seeds and dies. Most cultivated crops like
grain, fodder, pulse crops, some oilseed crops (other
ihan coconut, oil palms, etc.y Sunflower, wheat. rice and
marigold are examples of annuwals (Fig. A.37). Winter
annuals refer fo plants that complete their life cycle
during the winter season. Ornamental plants like dahlia
and carnations are winter anauals,

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 i one
year by the fluceuating activity of vascular cambium. The
age of the tree can be determined by counting the
number of ¢ross sectional rings. The study of annual
rings is known as dendrachronology.

Annual soil iemperature

The annual average temperature of a soil is considered
the annoal soil temperature, “Standard” soil temperature
is normally measured at the rock or hard-pan, or at a
depih of 50 cin unless the scil is 50 em deep. Average
annuai soil temperature (AST) is measured at a depth of
approximately 90 cra or 180 cm. The temperature values
recorded at both the depths are usually very close. The
difference hetween the warmest and the coldest monthly
means of (emperatire is known as annual temperature
range (ofthe scil).

Anorthite

Anorthite is one of the four components of feldspars,
expressed as CaAlSi0Oy. Feldspars are a group of

silicate materials. They are the most abundant minerals
in the earth’s ¢crust. Anorthite ar pure calcium feldspar
belongs o the plagioclase subdivision ot feldspars.

Anoxia

Anoxta represents a condition where oxygen is absent.
Waierlogged 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-ergansins prefer anoxic conditons for their
growth. Clostridivm sp, yeasts, etc. are examples,

ANR
ANR is short for apparent nutrient recovery.

Antagonistic interaction

Antagonistic mieraction or negative interaction is a
phenomenon where the combined effect of two or more
nutrients is lesser than the effect of each of these
nuirients, taken separately,

When the presence of a nutrient adversely affects the
absorption of another nutrient. the two nutrients are sad
to tnteract antagonistically. For example, excess copper
affects iron nutrition, or excess amounts of potasstum
and calcium depress the absorption of boron.

While synergistic effect attracts aitention, the
antagonistic effeci between nutrients is often ignored.
What is important is to know (a) the sitvation when two or
more qutrients result in antagonistic effect, and (b the
range over which the change-over takes place from
synergism to anéagonism and vice versa. This would help
in balancing plant nutrients which are considered
antagonistic pairs,

Fig A.37: Sunflower, a majer oif seed crop is an annual crop.
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Anthracite coal

Anthracite coal is a hard and Black variety of coal, witha
fixed carbon content in the range of 80 o 98% and a
heating value of 14243 x 10% (0 16458 ~ 107 §.

Anthropic

Anthropic or anthrepic horizon, is a surface horzon {or
epipedon), with high basic cation saturation created by
heman activities such as cultivaiion or censtruction.
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. Interms of color, thickness and organic matier, it
has the same appearance and characteristics as mollic
epipedon. The change occurring in the soil due to human
activity (like plowing, fertilizing or construciion) is
called anthropogenic change or anthropic change.

Anthropic change: See Anthropic
Anthropic horizon: See Anthropic
Anthropogenic change: See Anthropic

Antiauxin
Auxing are plant growth promoting substances,

responsible for many growth processes. Antiauxing by
contrast, compete with auxins for specific receptors.

Antiauxins inhibit the transport of auxins in the piant
and thus affect plant growth and worphelegy.  An
example of an antiauxin is maleic hydrazide.

Anti-caking agent
Anti-caking agents are materials used for the surface
treatment of granular fertiiizers to prevent caking.

An anti-caking agent helps maintain ihe physical
condition (such as easy-flow characteristics, storage and
haudling} 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 betow,

(i) Coating agents: These are conditioning
materials applied uniformly onto fertilizer particles.
Most coaling agents are either very finely divided inert
powders (which adhere to particle surfaces) or liquid
coating agents that are sprayed onto the surface,

Imert powders, like ciays (kaolin and china),
diatomaceons earth {kieselghur) and tale (basic
magnesium silicate) form mechanical barriers hetween
the material particles and also serve to absorb, spread and
inactivaie any solution phase that may occur on the
particle surfaces. During caking, bonding occurs
between the particles: the dust-iype anti-caking agent
weakens the bonds and reduces the severity of caking.

Inert clay powders are exiremely fine (typically. 90%

are less than 10mm, 50% of which are less than { mm),
adhere well to fertilizer granules and are used effectively
on urea, NP and NPK complex fertilizers, but not on
ammonium nitrate of other high nitrate products.
Diatomacecus earth does not adhere well as does clay,
but it has a good absorption property and is an effective
anti-caking agent for ammonium nirrate. 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 amtount of oil or wax-
free binders (usually 0.1 to .3%). Fairly viscous ails (25
to 200 MPa) give maximurn results,

Lignid coating agenis are organic surfactants or
non-surfactants. They wusually function as ¢rystal
maodifiers 1o inhibit or weaken the crystal growth on and
berween ihe particles, or as hydrophobic barriers to
moisture ahsorption.

Surfactants function by altering the interfacial tension
between the solid (particles) and the liquid (surfactant).
Their tole as anti-caking agents is not ¢learly understood,
but they are believed to {a} provide protection from
moisture, (h) spread the tquid film, (¢) change crystal
make-up  or behaviour, (d) inhibit dissolution
and crystallization, or (¢) modify bond tensile strength.

Surfactants are both ionic and non-ionic, Tonic
surfactants are those that contain either cationic or
anionic molecules or groups in their structure. The
commonly employed anionic surfactants are
sulphonates, particularly alkyl aryl sulphonates, and
thieir action ts due primarily to their hydrophobic natre.
Cationic surfactants are fatty amines, which act by three
different mechanisms {a} forming a bydrophobic coating
on the surface of the particles, thereby improving water
repellence, (b} reducing the capillary adhesion between
the pariicles, and (¢} inhibiting mwleation 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-loxic and are
unaffected by hard water. NMon-ionic swrfactanis, like
polyoxyethylene condensates, are poor anti-caking
agenis 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 woisture-resisiant layer on the surface of
the fertilizer particles. Typical non-surface active
coating agemts include paraffin wax, synihetic polymers
and oils.

(i) Internal 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 compesttion is
found effective: Molien wrea 0.3 to 0.5% of 37%
formaldehyde solution or concentrated urea
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formaldehyde (containing 20% wurea, 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 byeakage than
nntreated ones.

For ammonium nitrate, the most popular internal
conditioner is magnesivm nitrate (1.8% magnesium
nitrate}.

Anticlines

Sedimentary rock layers that are folded into arch shapes
are known as aniiclines. {See also Fold.)

Antiftoat materials

Aniifloat magerials (fike diatomaceous earth) or wetting
agents (like liquid surfactanis) are the coatings applied to
the external surtace of a fertilizer to achieve an antifloat
effect by breaking the surface fension between water and
the coated fertitizer. Special controlled-release fentilizers
sink immediately on application and are applied to
irrigated crops. Polyor PCU-AF/Antifleat, markered
by Sumitome in Japan and Multicote, a resin-coated
antifloating urea, are examples of the special controlied-
release fertilizer class.

Anti-transpirants

Aunii-transpirants aré 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.

AV

AQV is the abbreviation for analysis of variance. (See
also Variance.}

Apatite

Apatite is a highly complex hexagonal structured mineral
torm of calcium phosphate [Cas(PQ,);. (OH, F, C,. It
i3 the most commoun of all phosphate minerals.
Depending upon the dominance of fluorioe, chlorine or
hydroxide, apatite is called fluorapatite, chlorapatite or
hydroxyapatiie, respectively.

Apatite often occurs widely as an  accessory
mineral with igneous rocks, such as pegmatite. It also
occurs in regional and contact metamorphic rock,
especiatly fimestone. 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 i3 the portion of ¢ells of & plant tissue, found
mainly at the growing tips of roots and shoots and in the
cambium. Meristemns are composed of actively dividing
cells which form a new tissue.

Apical weristems (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 1o
produce new stem and root issues. The new tissues
produced are known as the primary tissues of the plant.
(See also Meristem.)

Leaf

Procambium

Apical meristem

Region of cell
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r[--;\lJ il ,II'H ':f.
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L

2 —

Fig.A.38: Diagrammatic represeniation of
the longitudinagl seciion of shoot (1} and root
showing regions of apical meristem (2},

APN
APN iz short for ammenium phesphate 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 celt wails 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 volumie of a fertilizer
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excloding voids between the particles, It is not often
measured but is of interest in particle segregation studies
and in the development of gramuation processes. In the
case of fertifizers, 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

Appareni free space refers o the hypothetical pariial
volume of a fissue through which a solution can pass
passively. It becomes a true measure of the fres space
only if the test solute concentration in the free space is the
same as that in the external solution with which the piant
tissue has equilibrated. When the solute concentration is
higher in the free space than in the external solution under
high transpiration cenditions, the apparent free space
value is also high.

Apparent free space s also that fraction of the root
volume into which the external solution appears w
diffuse.

Apparent nutrient recovery

Apparent nutrient recovery (ANR} is defined as the
nwrient absorbed by a crop from a fertilizer and
is expressed as a percentage of the mutrient applied.
ANR tends @ overestimate fertilizer recovery and
is generally measurable without resorting to a tracer
technique.

ANR is defined as follows:

Nutrients remuved} i [ 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 o the act of applying or
adminisiering fertilizers, manufes or amendments o
crops on fields, grasslands, forests or any type of s0ils.
There exist several methods for applying fertilizers.
Some of these are surface banding, strip (dribble)
banding. deep banding, high-pressure injection,
hroadeasting, side dressing and foliar spray.

Apraetic solvent

Aprotic solvent is a solvent which veither donates nor
accepts protons. Carbon tetrachioride 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 horizen. 1t characterizes the
influgnce of humus on soils. An AQ of less than one
indicates a healthy soil.

The characteristics of munus fractions are useful in
interpreting organic  matter dynamics, Carbon o
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
differemt depths and zones. HA to FA ratios are
trequently used as indices of the degree of humification in
soil. These ratios are believed to reflect intense
humification caused by hiological activity.

Agqua ammeonia

Aqua ammonia, also called aqueous ammonig,
ammenia liquor and ammonium hydroxide is ammonia
dissolved in water to form a clear, colorless liguid with a
pungent odar. It is the simplest nitregen solution made by
farcing compressed NH, {anhydrous ammonia) gas into
water. It has a pressure of less than 0.7 kg/cm® and is
usually composed of 25 w0 29.4 % anmumonia by weight (20
10 25% nitrogen).

Ammenia dissolved in water is present principally as
the ammonivm ion (NH,'Non-ionized molecular
ammeonium hydroxide (NH,OH), sometimes referred to
as an assoeciated form of ammeniuimn hydroxide, is also
present. Hydrated molecules of ammonia (NH.) may aiso
exist as NH;-H,O 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 preseni with sodium ions, (b) both hydrogen-
form cation resin and hydroxyl-form anion resin,
resulting in totai de-ionisatien of water, or (€} reverse
osmosis pitrification equipment which results in rotal de-
ionization of water.

If water hardness is sufficiently low and/or if suitable
filiration 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
amoumt of hear is generated, which requires heat
exchangers to conirol the temperature. The resuliing
agqua ammonia contains ammonium jons (NH,),
hydroxyl jons (OH?), and non-ionized ammanium
hydroxide molecules (NH,OH}. The chemical reactions
are:

NH, + H,0 —> NH,0H
NH,OH == NH,* + OH’
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The grade or strength of ammonium hydroxide available
commercially is 26 degree Baumé. The Baume reading
refers to a specific gravity scale. A 26 degree Baumé
(Bé) solution is equivalenr 0 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 io
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 agqueous solution has a vapor pressure which
varies with temperature. At ambient iemperatures, 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 animonia gas comes oui of
the solution and the strength reduces. The nitrogen
concentration in agua ammeoenia can be increased to 40%
by partial pressurization.

Aqua amgnonia is corrosive o copper, copper alloys,
aluminum alloys and galvanized surfaces. Agua
ammonia 1§ an excellent acid neurralizer. Iis pH varies
with concentration; typical values of pH are 11.7 at 1%,
12.2at5%, 12.4at 10% and 13.5 at 36% concentration.

Transport and delivery costs limit the production of
aqua ammonia (NH;) to small, local, fluid fertilizer
plaots. 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; sherefore, aqua ammeonia is
usually injected into soil to depthis of 53 to 10 cm. Ft should
not be used in caleareous soil.

Agua-gels

Polyacrylates, a form of polymers, are also knowa as
agua-gel. They are used alene or with starch to promote
water storage in soids. The water holding effect,
however, varies with pl, water hardness and such
dissolved substances as urine or soil nutrients.

Polymer dispersions are employed to proteci 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 hetween 10 and 50 g/m?. Polymer
dispersion products may be diluted in a produci 10 water
ratio of 1:1 te as much as 1:60. The protective action of
polymer dispersions depends upon the quantity used and
environmental conditions.

Aqgualfs
Aqualis 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.

Aguents
Aquents is a suborder of Entisols.

Aqueous ammonia

When ammonia is dissolved in water, it forms aqueous
ammomia. Aqueous ammonia is alse called aqua
ammonia, ammonia liquor or amimcnium hydroxide.
1t is a clear, colorless liquid with a pungent edor. It is
the simplest nitrogen solution, made by forcing
compressed anhydrous amnmonia gas into water, It hasa
pressure of less than 0.7 kg/em? (10 Lb/in®) and is usually
composed of 25 10 29.4 % ammonia by weight (2010 25%
nitrogen).

Aquerts
Aquerts is a suborder of Vertisols.

Aguic condition

Aquic condition is a condition brought about when soil
remains excessively wet for a large part of the vear.
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,

Aquie soil moisture regime

Aquic soil moisture regime is the soil that is satyrated
with water and depleted of oxvgen. Low chroima mottles
are indicative of this condition, (See also Wetlands.)

Aquolls
Aquaolls is a suborder of Mollisols.

Aquulis
Aquulis is a suborder of Ultisols.

Arable farming

The system in which a land is plowed and sown, once ot
more than once a year is called arable farming. In this
way, it contrasts with pasture lands. Arabie farming is
commouly practiced.

Arable land

Arable land or arable layer is the land fic for tillage or
plowing at regular iniervals. In a cultivated soil, the
arable land may resemble die Ap horizon. In most
rendzinas, arable land nearly coincides with the
pedological profile.

Arable layer: See Arable land
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Arborio rice

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 o Ifaly, Since it
absorbs water or liguid 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 lengtl: and it is cominon in risoito 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. Ptants 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 om thick
over an argillic horizon.,

Arenis
Arents are a suborder of Entisols.

Argids

Arpids are a suborder of Aridisols.

Argillaceous soils

Argillaceous soils are clayey soils baving a high
percentage of clay particles. Mudstone and marl are the
examples of argillaceous soils.

Argillan

Argillan is the iayer or coating of ¢lay on the surface of
soil peds, mineral grains and soil pores. The coatings are
classified accerding to the type of surface, such as grain,
aggregate, channel, crack, normal void and chamber
vesicle. The argillan coating is aiso called clay films,
clay shins o1 cutans.

Argillic horizon

Argillic horizon is the clay accumulation horizon

indicared by the letiers ‘Be'. It is formed below the soil
surtace and is a mineral horizon characierized by the
accurnulation of Hluvial clay and covered by an eluvial
horizon,

The argillic borizon must have a certain thickness
which is related to the thickpess of the solum. The ciay
content of the argillic horizon must be higher than thac of
the eluvial horizon. For example, if the E horizon
containg 10% clay, the argillic horizon must contain at
least 13%; if the fonmer contains 20% clay, the argillic
horizon must contain at least 24% clav coating as
observed on pore walls, structural units or between the
sand grains. The clay is seen in the form of clay tilms on
ped faces, amd is also observed on pote walls, structural
units or between sand taces.

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 argiilic: abrupto, ferro,
fibero, fragio, grano, tixo. luvo, natro, neo, nito, ortheo,
plano, pleintho, retro and stagno.

Arid land

Arid land is a dry and parched land, often with sparse
vegetation, and characierized by deficient rainfall { < 250
mm.} The term 1S often vsed to describe a region with
insufficient rains to support vegetation without
irrigation. In and regions, droughts are very common
because of extremely low ramfall. 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
tess moisture and high temperature. All parts of the soil
moisture control section of aridic regime are dry. Soil
temperatuce at 50 ¢m depth is above 5°C for more than six
months in a year and the soil is never moist for %0
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
gpells, 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 seils 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
vepetation from that in wariner climates.

Aridisols need irrigation for crop production. They
offen become productive with the addition of water and
fenilizer.

Aridisois 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
Aridiey index (A} 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 ineans the sun would evaporate
seven tiroes the average rainfall received. On the other
band, the Sahara has an aridity index of 200, meaning
200 rimes 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 gcologies are defined in Table-A 8.

Table-4.8: Relationship between aridiny index and drought,

I?eparture of aridity Result
index from normal
< lis Moderate
Yasto 1s Large
1sto 2s Severe
> 2s Disastrous

Source: “Trmrroduction te Tropical Agriculture”, Edited by
Anthony Youdeowei, et al. Longman Scientific and Technical,
Longman Growp, UK, Lid. With permission from Pearson
Education Lid.

Arnon's criteria of essentiality of plant nutrients

Arnon and Siout propoesed three criteria that are now used
1o decide if a plant needs nutrients. They are also called
the Stout-Armon's criteria of essentiality of plant
nutrients.

Essentialiry 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 invelved in the nutrition of the
plant, such as a constituent of an essential metabolite
required for an enzyme aclivity. Based on these criteria,
the foliowing 17 elements are considered essential for the
growth of higher plants: carbon, hydrogen, oxygen,
nitrogen, phosphorus, potassium, calcium, magnesium,
sulphur, iron, manganese, copper, zine, melybdenum,
boron, chlorine and nickel. Plant nuiritionisis 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 ro 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. Coball is
considered essential for miicrobial fixation of
atmospheric nitrogen. All these are beneficial elements
for most ¢rops.

Aromatic plants

Aromatic plants are those that yield aromatic and fragrant
compounds. Mint, lemon grass, jasmine, rose, lavender,
etc. are examples of aromatic planis.

Artesian well

A perpendicular bore sunk into an oblique strata to tap a
water-bearing rock or an aquifer lying beneath a
relatively imperimeable stratuin is an artesian well, If the
walter table at the margins of the aquifer is higher than the
outlet of the well, water flows out of the bore under
pressure. Itinay be necessary to cap the well in order to
regulate the suppiy 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
10 be pumped o the surface for use.

Artificial fertilizers

Unlike natural fertilizers, artificial fertilizers (also
known as inorganic fertilizers, mineral fertilizers or
chemical fertilizers) are mimed or made by chemical
processes. An artificial fertilizer is sometimes also called
bag muck becanse it is stored ina bag,

Artificial manure

Arpficial manure or synthetic manure is a compost
produced primarily from plant residues. (See also
Compost.)
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Ash

Ash ig a non-volatile solid mineral residue resulbting from
the burning of organic matter (Fig. A.39),

Ash m analyiical chemistry means the morganic
residue of a complete combustion of a material. It
consists of mineral natter like Si0., AL, Fe,0s, ete. It
is an end product of a large-scale combustion of coal (as
in power plants) and is said o 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 0il spills.

The ash content of organic soils is an important
component of the soil matrix. Usually, as ash content
increases. the available nuirient 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 ferillizers, 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 abour 600°C and its ash content is
analyzed. In this process, inorganic elements other than
C.H, Qand N can be estimated.

Ashing is the burning of material. such as planis. 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 carbenate}, in which case, ii is called
dry ashing, or by heating with a single or mixed
concentrated acid {like perchloric acid, nitric acid or
sulptwric acid) in a wet digestion of mineral compounds,

which is called wet ashing. Agua regia (which is
concentrated nitric acid and concenirated hvdrochloric
acid in the ratio of 1:3) is comnmonly vsed in wet analysis.

Ashing: See Ash

ASN
ASN is short for ammeonivm sulphbate nitrate,

Aspergillus niger

Aspergillus niger is a fungus of common occurrence. tis
commonly used as a phosphaie solubilizing micro-
organism and a compost degrading agent,

Aspergitius 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 hiological 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
muairients or other inputs (such as carbon dioxide} into
photosynthates by plants.

The conversion or transformation of the absorbed
niteate 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 o the weight of the

Fig.A, 39 Stubides and crop residues in the field are burnt for field sanitarion, the resullan ash supplying
mineral elements to the soil,
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chlorophyll in the tisswe 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
chiorophyll (in mg) in the tissue. The ratio of carbon
dioxide absorbed to the oxygen output is the assimilatory
guotient. which is generally near vnity and s
represented by:

Light
6CO, + 6H,0 — C,H,,0, + 60,

The energy driving power of adenosine triphosphate
(ATP) and nicotinamide adenine dinucleotide phosphate
(NADPHz), which is necessary for the reduction of
carbon dioxide io carbohydrate by plants, is called the
assimilatery or reducing power.

Assimilation number: See Assimilation
Assimilatory power: See Assimilation
Assimilatory quotient: See Assimilation

Associated form of ammonium hydroxide

Associated form of ammeonium hydroxide is another
name for non-ionized molecular ammonium hydroxide.
{See Aqua anmonia.)

Associated gas

Associated gas is the natural gas which occurs with crude
oil and which is released in the separation plant when
pressure 1s released. The composition of natural pas
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
Aimometers measure warer evaporaied from surfaces,

such as porous fikier papers, porous porcetain 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 fleating on
protected waters, (b) small, open evaporation pans,
(¢y porous porcelain bodiegs, maindy used by plant
physiologisis 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 ([), to characterize a specific
element. The measured absorbance is proportional to the
conceniration and is compared under the same
experimental condifions to that of a reference sample of

known composition,

AAS is used extensively in the analysis of trace
elements or micronotrients in fertilized soils as well as
elemental eontaminants in polluted waters (Fig. A .40).

Fig . A.4Q: Aromic absorption specirometer.

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-
cosi and highly specitic {with very few interferences).

AAS has four basic components which are (a) a fight
source, emitting the spectrum of the desired analyie
elements, (b} a sample atomization cell, soch as a flame
or graphite tube furnace, (¢j 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
¢ither a single or double beam design are available.

ATP
ATP is short for adenosine triphosphate.

ATPase: See ATP hydrolass

ATP hydrolase

ATP hydrolase {(also called ATPase) is an enzyme
located in the plasma membrane. 1t 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 (NQ; 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 activiry is
associated with many energy-consuining processes. For
example, in muscular confraction it is associated with
myosine when activated by actin. (See also Nutriemnt
uptake.)

Atrazine

Atrazine is the generic name for 2-chloro-4-ethylamine-
G-isapropylamino-s-iriazine. Atrazine is an example of
photosynthesis inhibitors and herbicides.



ATS

Antachthonous limestone

Atrazine was the first s-triazine usd in roaize, The use
of this herbicide and others in the same group has
expanded to selective application in perenniai crops and

orchids as well as for non-crop and industrial sites.

ATS
ATS js short for ammoniwm thiosulphate.

Aftapulgite clay

Attapulgite clay is clay from Attapulgus, Georgia, USA.
It is hydrous, needle-like magnesium aluminum silicate
[(MgAl)s 8i; Oy (OH), -4H20] 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 js also used in drilling {luids,
decolorizing eils and as a filtering rnedium.

Altractants

With growing need for an environmenially 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 monitering insect
pest popalations in relation to the economic threshold for
control and/or trapping of peses, for luring them o toxic
bait, or for creating confusion during mating.

Two general types of attractants have been studied
widely, These are (a} sex pherowmones, used in
intragpecies 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 atiraciants are voelatile chemicals
released by plants, which serve as major cues host plan
selection by phytophagous insects. Increasing numbers
of kairomones have been identified and found to be useful
insect adtractants. The most successful rixtures are
eugenol with geraniol or phenyl ethyl propionate.

Auger

An auger or soil anger is a (ool 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
direcsions, rendering width and flexibility to band
applications.

The distributor has spreaders with a mechanical
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Fig . A.41: Auger fertilizer distributor.

raverse distribution. generaliy equipped with a screw or
auger, called auger-type spreaders. The fertilizer
flowing from the hopper is conveyed to the auger and is
transpoited to the spreader twbes with adjustable
discharge spouts with a working width of 6 (0 § 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,
ihe 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 vsed for applying
powdered fertilizers. It has electronic control units which
ensure an aviomatic discharge of desired amounts of the
fertilizer as indicated on the dispiay panel. (See also
Auger fertilizer distributor.)

Autecology

Auiecology is the study of environmental relations of
individuals or species. (See also Ecology.)

Auto allefopathy

Auto alielopathy is the inhibiticn of a species by self-
produced toxins. (See alse Allelopathy )

Auntochthonous limestone

Limestone has two origins. One is autochthonous
limestone and the oiher is allochthonous limestone.
Autochthonous limesione is formed in-place by the
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biogenic precipiation 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 iiself 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 sedimerits is in the form of angular
softened limestone embedded inclay.

Autoclave

An anmtoclave is a cylindrical vessel with a double wall
chamber, which withstands pressure (like 2.1 kg/em?)
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 samurated steamn mside the awtoclave at a
temperature of above 106°C. The boiling water produces
steam which creates pressure inside the autoclave
chamnber. The temperature rises as the pressure increases
w 1,05 kg/em?. When the temperasure goes up w 121°C
and is retained at this level for a specified time {normally
15 minuies), the vegetative cells and spores are
destroyed. If the evacuation of air is incompiete, pressure
builds up withoui a proportional rise in temperature,
After the operation, it is necessary 0 wait for the
pressure 1o decrease to ambient to aveid 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 saine plant. Autogamy is found,
for instance, in wheat, oats and peas.

Autotrophic bacteria
Autotrophic bacteria are bacteria that produce organic

Fig. A.42; Types of autoclave, |, Vertical fype, 2. horizontal type.

constituents from inorganic coropounds on their own,
utilizing energy from sunlight for oxidation processes.
Depending on the source of mutrition and energy, soil
bacieria are classified as autotrophic, which obtain
energy from (a) sunlight {photoautotrophs), or (b the
oxidation of minerals such ag ammonium, sulphur and
iron, and most of the carbon from carbon diexide
(chemoautotrophs). Bacteria which oxidize amrmoniusm
to uitrite (Nitrosomonas spp.) and nitrite to nitrates
(Nirrobacter spp. ) are aniotrophic.

Auxins

Auxins are a group of growth-promoting substances,
responsible for such plant related processes as promaotion
of lengitodinal growth by cell elongation, stimulation of
cell division in cambium and roots, maintenance of
apical dominance and initiation of root formaiion 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-Naphthyioxy) 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 auxing are used tor inhibiting the sprouting of
potate tubers, thereby increasing their storage life.
Auxing are also used in the prevension 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
regularors,

Antiauxins are substances thar compete with auxins
for specific receptors. They inhibit the transport of
auxins in the plant and thus strongly affect plant growih
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and morphology. N-m-tolylphthalamic acid, (N-m-t)
improves the vield of tomatoes, cherries, eggplants and
lima beans by increasing fructification.

There are four hivassays commonly employed for
auxins. These are (a) avena curvature test, (b} avena
straight growth test, (c) pea split stem curvature test, and
(&) cress root inhibition test.

Auxofrophic 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 regjuived for its growth,

Available biogenic element

Available biogenic element is another term for available
element.

Available element
Available element, also caliled available biogenic

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 wich the roots,

The availability {not i be confused with
‘exchangeable’) of a biogenic element is difficult to
determing. Because the availability depends on the
combinaticn of three complex factors, namely (a) the
plant itself, (b} the force of retention of the element by
soil colloids and () the content of the element in the soil.

Soil pH can strongly influence the availability of
essential and non-essential elements Tor plamt growth, as
shownin 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 (o sustain life, is called plant available water. It
is the moisture held with waier potendal between minus
13 to minus i3 hars.

In fertitizer terminology, for example, terms like
water-soluhle, citrate-soluble, citrate-insoluble,
available form and total phesphorus (P,0,) are used 1
delineate different forms of phosphorus avatlable in a
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Fig.A.43: A bar diagram showing the effect of voil pH on the availabilite of plant nuarient elenterts.
Nurient availability increases or decreases as per the thickness of the bar, The thicker the bar, the
more the avatlabiiite, and vice versa. Simifarly, the number code - [ indicares very little availabilizy,
2, margingl availabliity, and 3, sufficient availability. Even though the bar is thick, the number code
4 signifies very little availability because of the absence of complimenary elements and soil
interactions. Courtesy: Institute of Micronutrient Technology. Pune, frulia,
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phosphate fertilizer. The sum of the water-soluble
phosphiorus and the citrate-soluble phosphorus represents
the amount of available phosphorus {as P,O:).

Generally, plant roots and foliage absorb plant
nutrients as water solutions of a variety of chemical
compounds with varying degrees of water sohbility.
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
aitrogen is defined as water-soluble nitrogen plus a pant
of if that can be made soluble or converted into free
ammonia. Available phosphorus is that pari of
phosphorus which is svluble in water or in a weak dilute
acid, such as 2% citric acid. Available potash is defined
as that portion of potash which s soluble in water or ina
solution of ammonivm oxalare.

Available phosphorus form

A sum of the fraction of water-soluble and citrate-soluble
phosphorus available fo plants is called available
phosphorus.

The content of fertilizers is expressed as "water-
soluble’, ‘citrate-soluble’, ‘citrate-insoluble’, iotal
available phosphorus {as P»0s), etc., because the
phosphorus solubility of fertilizers varies.

Available phosphorus in fertilizers represents aa
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 (CaRPQ;), which are insoluble in water but
soluble in ¢itrate solutions. The most common methods
in Eurepe use ammonium citrate solutions (1N} where
exiraction is performed in a strong alkaline medium or
neatral citrate solution. Very often, the extraction is
varried out for 30 minutes at room temperatire, and is
followed by a treatment at 40°C. For peutral citrate
extraction, 65°C is the prescribed temperature. The
phosphorus content in the filtrate is termed as ciirate-
soluble.

Most countries in the world use neutral ammonium
citrate solution for extracting the citrate soluble
phosphorus.

Available potassiom in soil: See Exchangeable
potassium

Available water

Available water is the soil water that plant roots can
readily absorb. 1t 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 (o
plants (called the useful available water, UAW), it is

necessary to include the rooting depth (P) 43 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 vapacity is the quantity of water that a
soil 18 capable of holding between the field capacity and
the permanent wilting point. It is expressed on a velume
basis i units of mm of water per 100 mm depth of soil.

The concept of field capacity, while useful for
seiting up an upper limit w the amount of available water
in the soil, is not precise for two reasons: (1) The soil may
remain saturated above the field capacity owing to
frequent rains for several days. (ii) Secil with a high
proporiion of micropores continues to drain stowly for
several days after the rains. (See atso Field capacity.)

A value

The A value for a plant is the quantity of a nutrient
available to #t in the soil medivm. It is determined in
terms of a standard fertilizer used, and is expressed as:

B(ld-y)

y

where B is the quantity of mutrient in the applied tertilizer
and y is the proportion of nutrient in the plant derived
from the fertilizer.

The A value is determined by a tracer technigue;
Fried and Dean methed for estimating nitrogen in the
501l uses a labelled fertilizer. This methad involves
adding known quantities of N labelled nitrogen to the
soil, growing planis 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 nitregen 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 asswines 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)
transtormations, 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 assessmeit of the available
soil nutrients like N, P or 8. The nitrogen isotope °N
occurs in atmospheric mitrogen at a constant abundance of
0.3663 atom percent. The proportions of leguminous
plant nitrogen derived from atmospheric unitrogen and
sotl nitrogen can be determined it the istopic abundance
of atmospheric nitrogen and the soil niirogen are
significantly different. This can be achieved by
incorporating  small amoumnts 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 simultanecus determination of the
A value of a non-tegume 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 symbictically
fixed nitrogen, in addition to the soil available nitrogen.
The difference in the A valves provides an estimate of the
symbiotically fixed nitrogen by a legunie.

Average soil

Average soil is represemted by the NF (numerical
estimation of fertility) vaiue of 30. (See also Fertility,
numerical estimation of.)

Avogadro’s constant: See Avogadro’s number

Avogadro's number

Avogadro's number (Ns) = 6.0221367 x10% represents
the number of carbon-12 atoms in 12.08 g of carbon-12.
Generally, it is the number of molecules contaned in one
mole or gram molecular weight of a substance.

Presently, Avogadro's number is known as
Avopgadro's comstant. There are several methods for
determining Avogadro’s nuinber, some of which uge
{a) Brownian movement, {b) radioactivity measurement,
{c) Faraday's laws of electrolysis and (d} x-ray
diffraction.

AVO meter

AVEO meter is another name for a multimeter, It is used
te measure the resistance or conductivity of seil.

AZF-Grand Paroisse dual pipe-reactor process
for ammonium phosphate nitrate production

There are several processes o produce fertilizers
containing ammonium phosphate and  ammonion
nitrate. Most of these are also used to prodoce the NPK
grades.

The AZF-Grand Paroisse dual pipe-reactor process
is one of the processes in which ammonintm nifrate
solution is sprayed direcily on fertilizer granules in the
granulacor (0 produce ammonium phosphate nitrate
(APN) fertilizer. APN solutions are also made by
newrralizing phosphoric acid with ammonia and
amomaonium mitrate.

AZF-Grand Paroisse prilling process for
ammonium nitrate production: See Ammonium
nitrate, production precesses for

Azofication

Azofication is nitrogen fixation without symbiosis, The
soil bacteria of the Azerobacter group use organic matter
as the energy source and fix nitrogen for their own use,
which returus ultimately to the soil after the bacteria die.

Azolla

The word Azella originates from two Greek words, Azo
(to dry)and Gilye (to kitl), indicating that the fern is killed
by drouglt.

Azolla is a greenish colored fern floating en fresh
water and is used as a biofertilizer. The reddish color of
the fern is due to the accumulation of anthocyanin
pigment.

Azolia belongs to the famity Azollacae. It flourishes in
tropical and temperate fresh water ecosystems. Arolla is
closely related to the family Hymenophyilaceae, and
specifically to the order Salyniales.

There are seven species of Azolla: Azolla carcliniana,
A. nilotica, A. fillculoides, A. mexicana, A. microphylla,
A. Pinnata and A, rubra,

Azolla pinnata is the most common species, found in
tropical clintates, It grows in ditches and stagnant water,
and multiplies vegetatively (Fig.A . 44). The vegetative
muitiplication s cansed by hinary fission. In suitable
conditions, Azolla doubles in 1 to 3 days, though iu fields
it takes longer. It fixes atmospheric nitrogen in symbiotic
association with Anabaena azolioe, a blue green alea,
which lives in the dorsal cavity of the leaf.

Leaves of Azolle are triangular or polygonal in shape
and have a dorsal and a ventral lobe. The svmbiotic algae,
Anabaena azofiae, live in the cavities of the dorsal lobe,
The algae are barrel shaped and bave no sheath. The
Azpila fern and the symbiotic Anabaena azollae (algae)
both photosynthetically make an important biofertilizer.
Azotia gets carbon photosynthetically and  symbiotic
Anabaena azollge fix atmospheric nitrogen.

Fig.A.44: Azofia grown in pots. It is also grown in ponds
forlarge scale production.

Azolla is recomnmended for rice fields with stagnant
water. It can increase the rice yield by 15 to 20%. The
importance of this biofertilizer is us value as an aorganic
input in rice cultivation, which was first demonstrated in
Vietnamin 1957,

In China, the nitrogen reguiremeni of rice is met by
Azolla 1o the extent of 50%. This is generally applied
along with phosphorus at the rate of 150 to 225 kg of
superphosphate per hectare (24 t0 36 kg P.Os or 11 o 16
kg phosphorus/hectare). Indian studies have indicated
that the addition of 5 t/ha of Azolla can provide an
equivatent to 30 kg nitrogen/hectare to the paddy crop .

Io couniries like India, there are two recommended
methods for applying Azeflo. Application as green
manure prior to rice planting is the first method; the
second method involves a dual cropping with rice, where
the Azolfa grows simultaneously with the main crop.
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Azoespirillum

Before transplanting rice seedlings, the field is
prepared for Azolla inoculation by dividing it into
subplots of about 300 w 400 sq.m. in each area. These
plots are flooded with water and inocvlated 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 temperamre and moisture has to be
maintained with adequate supply of nutrienis, especially
of phosphorus.

Azolla cannot be advantageously vsed 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 soppressant and as composting
material,

Azolla-Anabaena symbiosis

The Azolia-Anabaena symbiosis is one in which the fern
Azolla provides a habitat and carbon source 1o the blue-
green alga, the Anabaena azollae. In wrn, the Anabaena
lives and grows in the cavity of the Azofle fern, fixing
atmospheric nitrogen {Fig.A.45). While the fern can
grow without algae, it is now established that Anabaena
azollge can also be isolated and grown in free living stage.

The algae provide nutrients, whereas the fern
provides a protective cavity in each of its leaves for algal
. o Tl : e
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Fig.A.45: Azolla-Anabaena symbiosis. {Top) Anabaena
azoilae in the cavity of Azolla leaf. (Borom} Micrescopic
view of Anabaeng azollae. (Courtesy: Dr. P.L. Patil, Pune,
India).

colonies. Arabaena azollae creates colonies that fix
atmospheric nmitrogen and produce possibly other
substances, promoting growth inside the Azolla leaf
cavities,

Ammonia produced by Arabaena is used or stored by
the algae, or it i3 supplied to the Azolln parmer. This puts
Azollg in a more advantageous position than other aquatic
plants in low nitrogen supply conditions.

Arolla pinnata

Azolla pinnata is one of tie seven species of Azolla, a
fresh-water fern (Fig.A.46). It fixes amospheric
nitrogen in symbiotic association with Anabaena azoilae,
a blue-green alga, which lives in the dorsal cavity of the
fern leaf,

)

Fig.A.46: A close-up of Azolln 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 iropical conditions because
of its high nitrogen fixing capacity. low energy
requirement and tolevance o high emperatures (20 w
40°C).

The known species of Azospirillum are: A.fipoferum,
A. brasilense, A. amizonense, A. halopracferns, A.
irakense and A. melinis, Different culture media are
developed for Azospirilium. Its ceil is | mm in diameter.
Its looks like a curved rod and may vary in size, The
bacteria are chemoheterotrophic and associarive.

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 pectiny. The nitrogen source is thraugh the
fixarton of nitrogen, amino acids. anumomium, mitrate
ions, efc. A nitrogen-free medium is desirable for the
growth of Azospiriliim. In an ammonia-containing
medium, Azospirillum doubles in an hour, but in a
malate-contaming medium, it doubles in 5.5 to 7 hours.
Azospiriilum sp. increases mineral and water uptake of
the plants it associates with and also helps root
development and vegeatative cover.
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Azospiritlum, a hiofertilizer. is recommended for
rice. millets, maize, wheat, sugar cane, sorghum,
sunflower, mustard, vegetables, eic. (Fig.A47). Iis
inoculation has shown positive interaction; nitrogen thus
supplied in several field crops has shown an average
response equivalent o 15 to 20 kg/ha of applied nitrogen,

Fig A 47 Azospirillum inoculane. These nitrogen fixing
bacteria are commerciully available for all non-legume
crops.,

In a study carried out at Delhi and Debradun in India,
inoculation with Azospiriflum showed a significant
increase of irrigated barley yield with very little or no
feniilizer nitrogen application. A dual inoculation of
Azospirillm and Azotobacter could save approximately
oue-third the quantity of nitrogen fewrtilizer used.

Azospirilfum 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 alumioum, and that perform
better in acidic soifs. Several carriers have been tested for
the survival of Azoespiriflum. Among these, powdered
and sterilized Farmiyard manure (FYM) was seen to
support the survival of Azespfrillum organisin for up o
31 weeks. Other combinations tried were FYM + soil
and FYM + charcoal . Azaspirilium biofertilizer has been
widely adopted as an inoculant for rice in Tamilnadu.
India, where it is supplied in lignite ¢arriers and applied
hoth by dipping the seedlings in inoculant slurry as welt
as by soil application.

Azote

Azote is a French word, meaning nitrogen. A bacterium
it named Azotobarter for its atmospheric nitrogen fixing
characteristics,

Azotobacter

Azotobacter is a bacterium capable of fixing atmospheric
nitrogen. It is ope of the dominani non-symbiotic
nitrogen-fixing  bacteria, encountered in neutral to
alkaline soil condiiions. These species are free-living
obligate aerobes, heterotrophic and Gram negative to
Gram variable. They exist as blunit rods and eoine in
varied sizes (2.0 7.0 x 1.0 w0 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 atrach itself to
roots, Becanse Azofobacter synthesizes its mutritional
requirernents from organic matter, it is called
beterotrophic. As it derives its energy from oxidation of
organic substances, it is said 1o be chemoheterotrephic.
Azotobacrer uses mono, di, and polysaccharides, as well
as several other organic coropounds as carbon sources. Ti
forms cysts to overcome adverse conditions which are
characterized by the presence of poly b-hydroxy butyric
acid. As the coleny (for example, Adzotobacrer
chroacoccum) gets older, it accumulates polysaccharide
or gum, together with a black melanin pigment, which is
another characteristic feature of the Azorobacrer species.
These organisms grow when the pH is near neutral, but
PH below 6 hampers the process of nitrogen fixation.

Another important characteristic of Azorobacter is
that it excretes ammonia in the rhizosphere in the
presence of root exudates, which helps nutrient uptake by
the piant. Plant root exudates contain certam amino acids,
sugars, organic acids and vitamins. which serve as energy
sources for Azotobacter.

Species Yike Azerobacter chroococcum have the
ability to synthesize auxins, viiamins, growth promoting
substances and aatifungal antibiotics. Seme important
growth promoting substances are indoleacetic acid.
gibberetling and B vitamins,

Free-living, nirogen-fixing bacteria are classified
inte aerobic, anaerobic and facultative anaerobic types,
depending on the growth and survival pattern of the
organisms, ¢ither in the presence or absence of oxygen.
The aerobic bacteriom 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 s 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 16
nig nitrogen/g of carbon source from the synthetic
medium. Azorobacrer fixes nitrogen even up 1o 1050
microgram oitregen/ml of the culture mediwin, which
amounts to 14 10 28 mg nitrogen/g of carbon source. The
etficiency of mtrogen fixation, however, changes
considerably with the source of carbon present, the strain
of bacteria in the soil, the water conient and the nature of
rhizosphere of the plant.

The following factors influence the bacterium m the
soil; (i} A Jack of organic matter can inhibit its growth,
(ii) The presence of tungi (like Cephalosporium) inhibits
the growth of Azorobacter. (iii) Cellulolytic micro-
organisms  degrade plant residues and encourage
proliferation of Azafobacter. (iv) Small amounts of
humus promote the growth and nitrogen fixarion
capacity of dzofobecter.

Arotobacter biofertilizer (Fig. A 48} is recommended
for varioug monocois and cereals, like rice, wheat,
millets. cotton, sunflower, vegetables and flowers.
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Azotobacter

Fig. A.48: Azatobacier ineculant is commercially available
in packets for monocol ard cereal crops.

The Azotobacter biofertilizer can be applied in three
different ways: (a) coating seeds with the shury of the
carrier-based cutture 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 uproated
and their roots are dipped in the shurry for 10 to 30
minuies, atter which seedlings are planted immediately,
and (¢) mixing the inoculant with farmyard manure and
pouring it near the root zone of plants or broadcasting
near the root zone,





