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CHAPTER 6

CHEMICAL FERTILIZERS



CHEMICAL FERTILIZERS

Definition:-
"Fertilizer may be defined as materials

having definite chemical composition with
a higher analytical value and capable of
supplying plant nutrients in available
forms."



Characteristics of fertilizer
 Usually fertilizers are inorganic in nature (exception of

Urea and CaCN2 (calcium cynamide) and solid organic
nitrogenous fertilizers).

 Most of them are the products of different industries.
 Required in less quantity, concentrated and cheaper.
 Nutrients are readily available.
 Very less residual effect.
 Salt effect is high.
 Adverse effects are observed when not applied in time

and in proper proportion.



Complete Fertilizer:
Complete fertilizer is referred to a fertilizer material

which contains all three major nutrients, N, P and K.
Incomplete Fertilizers:

This fertilizer is referred to a fertilizer material which
lacks anyone of three major nutrient elements.
Straight Fertilizer:

Straight fertilizers may be defined as chemical fertilizers
which contain only one primary or major nutrient element.
e.g. ammonium sulphate,(NH4)2SO4, Urea(CO(NH2)2).
Mixed or Complex fertilizer:

This fertilizer may be defined as a fertilizer material
which contains more than one primary or major nutrient
elements produced by the process of chemical reactions.



There are generally three types of chemical
fertilizers available in the market namely
1. Nitrogenous,
2. Phosphatic and
3. Potassic fertilizers.

These types of fertilizers are mostly used by the Indian
farmers for the crop cultivation. The most important
nitrpgenous, phosphatic and potassic fertilizers used by the
farmers are
Ammonium sulphate, urea as N sources,
Superphosphate and rockphosphate as P sources
Muriate of potash as K sources.
 Sometimes micronutrient fertilizers like ZnSO4 as Zn,

Borax as B-sources etc. are used by the farmers.



Nitrogenous Fertilizers
Nitrogen is present in soil as

(i) Organic form and
(ii) inorganic form.
 Inorganic form includes ammonical (NH4

+), Nitrite (NO2
-) and

Nitrate (NO3
-).

Plant absorbs N in the form of NO-
3 and NH+

4 forms by paddy in
early stages.

Nitrogen in NH+
4 form goes on exchange complex on clay and

organic colloids and hence, this part is not lost due to leaching,
while NO-

3 is lost due to leaching as it does not go on exchange
complex under neutral to higher pH values of soil. But it goes on
exchange under highly acidic conditions.

The nitrate fertilizers are hygroscopic in nature, it is for this
reason, nitrate fertilizers are not commonly used even though
plant absorbs N as NO-

3.
Therefore, organic form (urea) and fertilizers of NH4 form like

ammonium sulphate are widely used.



Most of Indian soils are low in N.

Requirement of N by crop is throughout its growing
period, therefore N should be applied in such a way
that plant gets it throughout its life period.

It becomes absolutely necessary to apply
nitrogenous fertilizers to every soil and crop. For
this, the total quantity of nitrogenous fertilizers
requirement is more compared to other fertilizers.

Commercial Nitrogenous Fertilizers: Commercial
nitrogenous fertilizers are those fertilizers that are
sold for their nitrogen content and are
manufactured on a commercial scale.



Nitrate
Fertilizers

Ammonical
Fertilizers

Nitrate and 
Ammonical
Fertilizers

Amide 
Fertilizers

Classification of Nitrogenous Fertilizers:
Nitrogenous fertilizers may be classified into

four groups on the basis of the chemical form in
which nitrogen is combined with other elements with
a fertilizer.

Nitrogenous Fertilizers



1) Nitrate Fertilizers:
Nitrogen is combined as in NO3

- form with other
elements. Such fertilizers are
i) Sodium nitrate or Chilean nitrate (NaNO3) – 16% N
ii) Calcium nitrate [Ca (NO3)2] – 15.5% N.

Out of these, sodium nitrate is an imported
commercial fertilizer.

2) Ammonical Fertilizers:-
In these fertilizers, nitrogen is combined in ammonical
(NH4) form with other elements. Such fertilizers are
i) Ammonium sulphate [(NH4)2 SO4] – 20% N
ii) Ammonium Chloride (NH4Cl) - 24 to 26% N
iii) Anhydrous ammonia  - 82% N



3) Nitrate and ammonical Fertilizers:

These fertilizers contain nitrogen in the form of both 
nitrate and ammonical. Such fertilizers are

i) Ammonium nitrate (NH4NO3) - 33 to 34% N

ii) Calcium ammonium nitrate (CaNH4NO3) - 26% N

iii) Ammonium sulphate nitrate ((NH4)3NO3SO4 } - 26% N

4) Amide fertilizers:

These fertilizers contain nitrogen in amide or 
cynamide form. Such fertilizers are

i) Urea [CO (NH2)2 ]– 46% N

ii) Calcium cynamide (CaCN2) – 21% N



General Properties of Nitrogenous Fertilizers:
1) Nitrate fertilizers:

Most of the field crops except paddy in early stages of their
growth, take up nitrogen in nitrate form as such,
• Nitrate fertilizers are readily absorbed and utilized by these

crops. Used as top and side dressings.
• The great mobility of the nitrate ion in the soil has the advantage

that, even by broadcasting the fertilizer on the surface of the soil,
the nitrogen reaches the root zone quickly.

• On the other hand, there is also the increased danger of leaching
of these fertilizers. On dry soils, nitrate fertilizers are superior to
the other forms of nitrogenous fertilizers.

• All nitrate fertilizers are basic in their residual effect on the soils
and their continued use may play a significant role in reducing
soil acidity. Sodium nitrate, for example, has a potential basicity
of 29 pounds of calcium carbonate per 100 pounds of fertilizer
material.



2) Ammonical Fertilizers:
• Ammonical fertilizers are water soluble.
• It is less rapidly used by plant than NO-

3, as it is to be
changed to NO-

3 before use by crop.
• It is resistant to lost due to leaching as being cation

goes on exchange complex.
• Any fertilizers which contain N as NH+

4 or which is
changed as NH+

4 produced acidity in soil due to
production of HNO3.

• Ammonium (NH+
4) of fertilizer goes on exchange

complex, used by crop like paddy.
• Used by microorganisms nitrified to NO3 and lost due

to volatilization from soil.



3)Nitrate and Ammonical Fertilizers:
• Fertilizers of this group are soluble in water.
• Nitrate part can readily be used by crop.
• NH+

4 can go on exchange and hence, this is best
type but did not over take ammonium sulphate and
urea, as they are hygroscopic in nature.

• They are acidic in their residual effect on soil
4)Amide Fertilizes:
• Fertilizers of this group are readily soluble in water.

They are easily decomposed by microorganisms due
to presence of oxidisable carbon.

• They are quickly changed to NH+
4 then in to NO-

3.



Manufacturing process of ammonium 
sulphate and urea:

Most of the nitrogenous fertilizes like
ammonium sulphate, urea, ammonium nitrate,
ammonium sulphate nitrate and even DAP are
manufactured by using Anhydrous Ammonia gas
(NH3) as one of the important compound.

Most of the commercial NH3 is prepared by
Haber’s process by the fixation of atmospheric N by
means of H2.

The reaction is:

N2+3H2 2NH3 + 24.4 KCal
at 550oC temp
Fe and Mo as catalysts

200 atm. Pressure



Ammonia can also be obtained from natural gas,
coal gas and naphtha. Therefore, cost of fertilizer
production in fertilizer factory installed near a
petrochemical will be low.

The NH3 react with
H2SO4 gives (NH4)2SO4

HCI gives NH4Cl
HNO3 gives NH4 NO3

CO2 gives urea
H3PO4 gives MAP and DAP

Thus, NH3 is chief compound for most of the
nitrogenous fertilizers.



i) Preparation of Ammonium sulphate (A/S) :-
It is prepared by
(a) reacting NH3 with H2SO4

(b) gypsum process
(c) by-product of coal and steel industries.

(a) NH3 with H2SO4 :-
NH3 is reacted with H2SO4 giving A/S. The liquid is

crystallized and crystals of A/S are obtained.
2NH3 + H2SO4 = (NH4)2 SO4

Since the sulphur used in sulphuric acid is to be
imported, the source of H2SO4 becomes costlier and
hence, gypsum a cheaper source of sulphur is used in
gypsum process.



b) Gypsum process:
The main raw materials required in gypsum

process is NH3, pulverized gypsum, CO2 and water. NH3
is obtained by Haber’s process. This NH3 when reacts
with CO2, gives (NH4)2 CO3. The ground gypsum when
reacts with (NH4)2CO3 solution gives (NH4)2SO4 and
CaCO3. The reactions are :

N2 + 3H2 2NH3

2NH3 + H2O + CO2 (NH4)2 CO3

(NH4)2 CO3 + CaSO4 (NH4)2 SO4 + CaCO3



ii) Preparation of Urea :-
The main principle involved in the process of manufacture
is combining pure ammonia with pure CO2 and removing
one molecule of H2O from the resulting NH2CO0NH4 to
form Urea.
The CO2 and NH3 are allowed to react in the liquid phase
under greatly elevated pressure and temperature in
presence of suitable catalysts and this process requires
highly specialized equipment.
The CO2 and NH3 are compressed and heated as they
enter the converter where urea is formed. A large excess
of NH3 is used in order to increase the conversion rate.



Urea is manufactured by reacting anhydrous
ammonia with CO2 under higher pressure in
presence of suitable catalyst. The intermediate
unstable product ammonium carbamate is
decomposed to urea :

N2+3H2 2NH3

2NH3+CO2 NH2COONH4
30 atm (Ammo. Carbomate, Unstable

intermediate product)

NH2COONH4 NH2 CONH2 + H2O
(Ammo. Carbomate) (Urea, white crystalline substance)



The unreacted NH3 and CO2 are removed by
means of an evaporator still and are then recycled.

The urea solution is pumped to the crystalizer
where cooling and crystallization take place.

The urea crystals are centrifuged and dried.
This unstable intermediate product is decmposed

and urea is recovered.
The urea solution is then concentrated to 99 per

cent and is sprayed into a chamber where urea
crystals are formed.



During the preparation of urea, biuret is formed which is
harmful.
This biuret is formed when two molecules of urea are
reacted eliminating NH3.

NH2.CO.N (H2 + H.N) HCO.NH2 = NH2 CO. NH.CO NH2 + NH3

Urea Urea Biuret

In urea biuret should not be more than 1.5%.



Reactions of urea in soil
After application of urea in soil, it undergoes enzymatic

hydrolysis mediated by Urease enzyme to produce an unstable
compound designated as ammonium carbamate.

NH2- CO- NH2 + H2O      Urease Enzyme    NH2COONH4
(Urea)          (Water)                                (Ammo. Carbamate)

NH2COONH4 NH3 + CO2
(Ammo. Carbamate) (Ammonia) (Carbon dioxide)

This NH3 is converted to NH4
+ ions by accepting one proton

(H+) from proton donor and subsequently forms of NH4OH or
any other NH compound depending upon the nature of the
donor.

Then after ammonical-N (NH4
+) form undergoes nitrification

so as to produce nitrite and nitrates subsequently which is
available for the plant growth.



Now a days urea is used as fertilizer more compared 
to other nitrogenous fertilizers due to the following 
reasons:

I) Higher N content (44 to 46 per cent).
II) Good physical conditions.
III) Less acidic in residual effect compared to A/S.
IV) Less cost per unit of N in production, storage and 

transport.
V) Lack of corrosiveness.
VI) Suitable for foliar application, and
VII) It is having of equal agronomical value compared 

to other nitrogenous fertilizers.



Slow release N fertilizers
Slow-release fertilizers are excellent alternatives to

soluble fertilizers. Because nutrients are released at a
slower rate throughout the season, plants are able to take
up most of the nutrients without waste by leaching.

A slow-release fertilizer is more convenient, since less
frequent application is required.

Fertilizer burn is not a problem with slow-release
fertilizers even at high rates of application; however, it is
still important to follow application recommendations.

Slow-release fertilizers may be more expensive than
soluble types, but their benefits outweigh their
disadvantages.



Slow-release fertilizers are generally categorized into
one of several groups based on the process by which the
nutrients are released.

Application rates vary with the different types and
brands, with recommendations listed on the fertilizer label.
1. Pelletized:

One type of slow-release fertilizer consists of relatively
insoluble nutrients in pelletized form. As the pellet size
is increased, the time it takes for the fertilizer to
breakdown by microbial action is also increased.

Types of Slow-release fertilizers



2. Chemically Altered:
A fertilizer may be chemically altered to render a

portion of it water insoluble. For instance, urea is chemically
modified to make Ureaform (ureaformaldehyde) -- a
fertilizer that is 38 percent nitrogen, 70 percent of which is
water-insoluble.

This percentage is often listed on fertilizer labels as the
Percent W.I.N., or the percent of water-insoluble nitrogen.
This form of nitrogen is released gradually by microbial
activity in the soil. Because microbial activity is greatly
affected by soil temperature, pH, aeration, and texture, these
variables can affect the release of nitrogen from Ureaform.
For example, there will be less fertilizer breakdown in acid
soils with poor aeration -- an environment unfavorable to soil
microorganisms.



3. IBDU (isobutylidene diurea)
Is similar to Ureaform, but contains 32 percent nitrogen,
90 percent of which is insoluble. However, IBDU is less
dependent on microbial activity than Ureaform. Nitrogen
is released when soil moisture is adequate. Breakdown is
increased in acid soils.
4. Coated fertilisers

Controlled- or slow-release fertilizers are broadly
divided into uncoated and coated products.

Uncoated products rely on inherent physical
characteristics, such as low solubility, for their slow
release.

Coated products mostly consist of quick-release N
sources surrounded by a barrier that prevents the N from
releasing rapidly into the environment.



Few examples of coated N fertilizers:
Neem coated Urea

Is prepared by mixing Neem oil with Urea granules
before application.

As per the Fertilizer Control Order (1985) amendment,
neem oil @ 0.350 kg is required to coat one tonne of urea
fertilizer.
Sulfur-coated urea

(SCU), which is manufactured by coating hot urea
with molten sulfur and sealing with a polyethylene oil or a
microcrystalline wax.



Phosphatic Fertilizers
The phosphorus (P) nutrient of all phosphatic fertilizers

is expressed as P2O5.
In soil, P is present as (i) Organic P and

(ii) Inorganic P.
The forms of inorganic P are H2PO-

4; HPO-2
4; and PO-3

4;
Out of which, H2PO4 and HPO4 ions are available to plant. In
soil, water in is changed to HPO-2

4 and PO-3
4 ions with

increase in pH.

H2PO-
4 HPO-2

4 PO-3
4

Firstly, the P in soil is immobile or slightly mobile
around one cm diameter and therefore, they should be
applied in root zone.

-H+                                      -H+



Secondly, the requirement of P is maximum in the
initial crop growth stages. The crop takes up 2/3 of
total P when the crop gains 1/3 of total dry matter and
hence, the entire quantity should be applied at one
time that is at the time of sowing as a basal dose.
Thirdly, water soluble-P is changed to insoluble form
as Fe and Al –PO4 (Phosphate) under acidic soils
and Ca–PO4 in calcareous or high Ca content or in
higher pH soils and hence, there is no danger for the
loss due to leaching and volatilization. The applied
P remain as in available form in less quantity while
greater quantity is changed to insoluble form.



Chemistry of P compounds:
Phosphorus when burns gives P2O5 and with water, it

forms HPO3 (Metapohosphoric acid) and H3PO4
(orthophosphoric acid)

P2O5 + H2O=2HPO3; (Metapohosphoric acid) 
HPO3 + H2O = H3PO4. (orthophosphoric acid) 

These H3PO4 is important in agriculture as it forms three
compounds (salts) by replacing one hydrogen every time.

H3PO4 H2PO-
4 HPO-2

4 PO-3
4

When H3PO4 combines with calcium, it forms three salts.

They are – i) Ca(H2PO4)2 Monocalcium phosphate
ii) CaHPO4 Dicalcium phosophate
iii) Ca3 (PO4)2 Tricalcium phosophate

-H+                         -H+                              -H+



Classification of phosphatic fertilizers:
The phosphatic fertilizers are classified into three classes

depending on the form in which H3PO4 combined with Ca.

I II III
Water soluble P containing 
(Monocalcium phosphate)

Citric acid soluble  P 
containing (Dicalcium
phosophate)

Citric acid  and water insol
uble-P containing 
(Tricalcium phosophate)

Super phosphate (SSP)
(16 to18% P2O5)

Basic slags
(14 to 18% P2O5)

Rock phosphate
(20 to 40% P2O5)

Double Super phosphate
(DSP)(32 to 36% P2O5)

Dicalcium phosphate
(34 to 39% P2O5)

Raw bone meal
(20 to 25% P2O5 and 3 to 4% N)

Triple Super phosphate
(TSP)(46 to 48% P2O5)

Rhenania phosphate
(23 to 26% P2O5)

Mono ammonium phosphate
(20% N and 20% P2O5)

Steamed bone meal
(22% P2O5)

Diammonium phosphate
(18% N and 46% P2O5)

(Part of P2O5 soluble in
citric acid)

Phosphatic fertilizers



General Properties of Phosphatic Fertilizers:
i) Water soluble P containing fertilizer:
• They contain water soluble-P as H2PO4 ion which can be

absorbed quickly and available to plants when root system
is not fully developed.

• Water soluble-P is rapidly transformed into water insoluble
form in soil and hence there is no danger of loss due to
leaching.

• These fertilizers should be used on slightly acidic, neutral to
alkaline soils but not on acidic soils as the water soluble-P is
changed to unavailable Fe and A1-PO4.

• These fertilizers are applied when a crop requires quick
start and for short duration crops.



ii) Citric acid (1%) soluble P containing fertilizers:
• They contain citrate soluble-P and hence this P is

less available than water soluble-P.
• They are suitable for moderately acid soils because

it gets converted into water soluble form. They are
basic in reaction and Ca content.

• There are less chances of getting fixed by Fe and Al.
• They are suitable for long term crops and where

immediate and quick start to crops is not important.



iii) Citric acid and water insoluble P fertilizers :
•They are suitable for strongly acidic soils
• They contain insoluble P and hence not available to

crops
• The P is available when ploughed with green

manuring crop or organic residues.
• They are used for long duration crops and in large

quantity 500 to 1000 kg/ha
• They are used where immediate effects are not

important



Manufacturing of Phosphatic fertilizers:
i) Single super phosphate (SSP):

SSP is manufactured by mixing equal amounts of
rock phosphate and concentrated H2SO4 (approximately
70%) and allowing to react for one minute in mechanical
rotators. It is left for 12 hrs to harden and to cool down. It
is then matured and after some weeks, it becomes ready for
use.

Due to free H2SO4 present in it, it is responsible for
destroying gunny bags and hence first fill in polythene
bags and then in gunny bags.

Ca3(PO4)2 +2H2SO4 + 5H2O = Ca(H2PO4)2. H2O + 2CaSO4. 2H2O



ii) Diammonium phosphate: (DAP) :
DAP or monoammonium phosphate is prepared by

reacting phosphoric acid (H3PO4) with NH3. In this if one H+

ion of H3PO4 reacts with NH3 if forms MAP (NH4H2PO4) and
NH3 reacts with two H+ ions of H3PO4 forms DAP [(NH4)2
HPO4].

H NH4
NH3 + H PO4 H PO4

H H
Mono ammonium phosphate

(NH4 H2PO4)H NH4
2NH3 + H PO4 NH4 PO4

H H
DAP (NH4)2 HPO4)



Potassic Fertilizers
Potassium (K) is present in soil as:

• Readily available forms as in soil solution and as exchangeable.
These forms are available and plant absorbs these K forms as K+ ion.

• Slowly available form as non-exchangeable i.e. fixed

• Relatively unavailable in the form of minerals (feldspars and micas
etc.)

Firstly, the potash behaves partly like N and partly like P. From view
point of the rate of absorption, it is required (absorbed) upto
harvesting stage like N and like P, it becomes slowly available.
Therefore, the entire quantity is applied at sowing time.

Secondly, potash being cation adsorbed on clay complex and hence
leaching loss reduces. Leaching is greater in light soils than heavy
textured soils. Therefore, like N, some time split application of K is
desirable in sandy soil.



Thirdly, even though the soil contains enough potash or
does not give response to crops, it becomes necessary to
apply for the following reasons:
• Maintaining K status of soil
• For improving burning quality of tobacco
• For neutralizing harmful effects of chloride in plant
• For sugars or starch producing crops like potato, sweet

potato, sugar cane, sugar beet, banana etc. for formation of
sugar and starch.

• For fibrous crops like sann, flex etc. to give strength to fibre
• For the formation of pigments in crops like tomato, brinjal

etc for quality purpose and it improves the luster and gives
more colouration to the fruits of these crops by which more
price can be fetched of the said products.



Fertilizer containing 
Chlorine .

Fertilizer containing other 
than chlorine.

Eg. KCl
(Muriate of potash 58% K2O).
This is cheaper fertilizer and used
extensively by cultivators for all
crops except where chlorine is not
desired in fertilizer

Eg. Sulphate of potash
(K2SO4 48% K2O)
Potassium Nitrate
(KNO3 44% K2O, 13% N)
Sulphate of potash and magnesium
(double salt of K and Mg,
(Schoenite) K2SO4, MgSO4

(25 to 30% K2O)

Classification of potassic fertilizers :
Potassic fertilizer



Chemistry of K compounds:
Potassium is not found in free state in

soil. As metal, it reacts with CO2 forming K2O
and K2O with H2O gives KOH.

For this reason, K in elemental form is
not used as fertilizer. It must be combined with
other element like chlorine or group of
elements.



General Properties and manufacturing of 
Pottasic fertilizers:

1. Muriate of Potash (KCl):
It is commonly marketed as a commercial

fertilizer in granular form. However, it is also
available in powder form. It is easily soluble in
water.

On application to the soil, it ionizes to
dissociate into K+ and Cl- ions. K+ like NH4

+ gets
attached or absorbed on the soil complex.

Muriate of potash is readily soluble in water, it
is not leached.



The KCl is commercially manufactured using
any one of the minerals;
1. Sylvinite or sylvite (KCl)  63.1 % K2O and 
2. Carnallite (KCl. MgCl2.6 H2O) 17% K2O

There are two main steps involved in the
manufacture of this fertilizer.

1. Mining of the K mineral
2. Separation of the main ingredient and purifying.



2. Potassium sulphate – K2SO4

This is manufactured from kainite (KCl. Mg SO4, 3H2O)
or langbeinite (K2SO4, Mg SO4), the latter being commonly
used. The raw materials required are the mineral langbeinite
and KCl.

K2SO4.MgSO4 + 2 KCl ------------ 2 K2SO4 + MgCl2.

The MgCl2 is rejected. The KCl is used in the form of a
mother liquor obtained from KCl manufacturing process.
The method is found to be efficient only in the presence of a
proper ratio between K2SO4 and MgSO4 of the raw material
and to maintain a proper ratio, KCl or Kainite is added.



Secondary and Micronutrient fertilizers
Secondary nutrients fertilizers:

The secondary plant nutrients are Ca, Mg and S.
Out of these, three nutrients, Ca and Mg are added
indirectly in soil through fertilizes and soil
amendments.

Soil contains Ca and Mg as exchangeable and as
CaCO3 and dolomite. Normally, it is not necessary
apply Ca and Mg fertilizers in soils of India.

Formerly, the use of FYM, A/S and
superphosphate sources of S were used and now their
use is either restricted or their replacement by other
fertilizers which are devoid of S.



The soils deficient in sulphur are supplied with the
sources of S like elemental S. Elemental S when applied to
soil, it is changed to SO2 SO3 and H2SO4. This H2SO4
with basic material of soil gives its sulphate salt. Plant
absorbs S as SO-2

4.

Therefore, sulphur now becomes necessary to apply in
soil because of the following reasons:
A/S a source of S is replaced by urea
Another source of S, superphosphate is replaced by DAP
Use of KCl instead of K2SO4

Decrease in the use of FYM and
Use of high yielding varieties which absorb more quantity

of nutrients.



Micronutrient fertilizers:
The micro-nutrients are zinc (Zn), iron (Fe), copper (Cu),

Manganese (Mn), Boron (B), Molybdenum (Mo) and Chlorine (Cl).
These nutrients are present in available forms in soil in very small
quantity and the requirement by crops is also less.

Application of micronutrient fertilizers now becomes necessary as
their deficiencies are observed in soil.
The deficiency of micronutrients was observed in soil because of
the following reasons.
1.Due to increase in irrigation facility, the number of crops taken in

an year are increased.
2.Use of hybrid varieties which absorb more nutrients
3.Intensive cultivation
4.Reduction in the use of organic manures like FYM, which supply

these nutrients,
5.Use of high analysis fertilizers which are devoid of these nutrients.



Out of these micronutrients,
Chlorine(Cl) is not applied as its fertilizer

because it is indirectly applied through irrigation
water.

Mo is required in very small quantity and is also
present in sufficient in some of seeds and soils and
hence generally its fertilizers are not used.

Boron is found to be deficient in calcareous soil
as it is changed to calcium borate which is insoluble
and hence boron is applied as its fertilizers.

All these nutrients are present as anions.



Zinc (Zn), Iron (Fe), Manganese (Mn) and Copper (Cu).
These four micronutrients are generally applied both soil

and foliar as their sulphates at the time of deficiency.
Now a days the micronutrient carriers which contain all

two to three in one. It is not advisable to use such types of
materials as the nutrients which are in sufficient in soil will
reduce the availability of other nutrients.

In fact, for micronutrient, only the deficient nutrient
from soil test value should only be applied.



Micronutrient fertilizers and their contents
Zinc fertilizer:
Zinc sulphate (ZnSO4.7H2O) - 21%Zn or ZnSO4.H2O-33%Zn

Zinc-EDTA chelate -12%Zn

Zinc oxide ZnO -55% Zn

Iron fertilizers:
Ferrous sulphate - FeSO4.7H2O -19% Fe

Ferrous ammonium sulphate (NH4)2SO4.FeSO4.6H2O - 16% Fe

Iron polyflavonoides -10%Fe

Fe-EDTA (Ethylenediamine tetraacetic acid) - 5-12 %Fe (Fe2+)

Fe-EDDHA (Ethylenediamine di(o-hydroxyphenyl) acetic acid-
6% Fe(Fe3+)



Copper fertilizer:
Copper sulphate(CuSO4.5H2O) - 24% Cu
Copper sulphate(CuSO4.H2O)- 35% Cu
Copper chelate Na2Cu-EDTA -12-13%Cu
Manganese fertilizer:
Manganese sulphate (MnSO4.H2O) - 30.5% Mn
Manganese oxide (MnO) - 41-68% Mn
Manganese frits- 10 - 35% Mn
Mn-chelate -5-12% Mn
Boron fertilizer:
Sodium tetraborate or borax(Na2B4O7.10H2O)-10.5B
Bodic acid(H3BO3)-17% B
Solubor(Na2B4O7.5H2O + Na2B10O16.10H2O)- 19%B
Molybdenum fertilizer:
Sodium molybdate(Na2MoO4.2H2O) -40% Mo
Ammonium molybdate ((NH4)6Mo7O24.4H2O)-54% Mo
Molybdenum oxide(MoO3)-66% Mo



The micronutrients are soon changed to insoluble forms when
they are added to soil and hence chelates are used as one of the
sources.

Chelates (Greek word “Chel”, meaning a crab’s Claw) is a
compound in which metallic cation is bounded to an organic
molecule. In chelates form, the cations are protected from reactions
with inorganic constituents that would make them unavailable for
uptake.

The common chelating agents are:

EDTA :Ethylene Diamine Tetra Acetic Acid

DTPA :Diethylene Triamine Penta Acetic Acid

HEDTA :Hydroxy Ethylenthylene diamine Triacetic Acid

NTA :Nitrilotriacetic acid



Complex Fertilizers
Due to uneconomical and labour cost of using

individual fertilizer, the fertilizer mixtures were
prepared and they were used.

These fertilizer mixtures were not
homogenous, containing less quantity of N, P, K
and many times inferior quality of material were
used.

For these difficulties, complex fertilizers
have been prepared. These complex fertilizers
contain the nutrients of grade mentioned,
homogenous, granular and good physical
conditions.



Definition:
Commercial complex fertilizers are those

fertilizers which contain at least two or three of the
primary essential nutrients.

When it contains only two of the primary
nutrients, it is designated as incomplete complex
fertilizer.

While those contain three nutrients are
designated as complete complex fertilizers.

At present, the complex fertilizers obtained by
chemical reaction are more important than fertilizer
mixtures.

Complex fertilizers being manufactured in India
are Nitrophosphate, DAP and Ammonium
phosphate sulphate.



Characteristics of complex fertilizers:
1. They usually have high content of plant nutrients

more than 30 kg/100 kg of fertilizer. As such they
are called high analysis fertilizers.

2. They usually have uniform grain size and good
physical condition.

3. They supply N and P in available form in one
operation. Nitrogen is present as NO-

3 and NH+
4

forms and P as water soluble form upto 50 to 90% of
total P2O5.

4. They are cheaper compared to individual fertilizer
on the basis of per Kg of nutrient.

5. Transport and distribution cost is reduced on the
basis of per kg of nutrients.



Sr. No. N P K Sr. No. N P K
1 10 26 26 8 11 22 22
2 12 32 16 9 19 19 19
3 14 36 12 10 14 14 14
4 22 22 11 11 11 11 11
5 14 35 14 12 17 17 16
6 17 17 17 13 20 10 10
7 14 28 14 14 13 13 20

Fertilizers grades:

The grades of complex fertilizers are given below:



Mixed fertilizer:
A mixture of two or more straight fertilizer materials is

referred to as fertilizer mixture.
The term complete fertilizer refers to these fertilizers that

contains three major (N, P and K) nutrients.

Advantages of fertilizer mixtures :
a) Less labour is required to apply a mixture than to apply

its components separately.
b) Use of fertilizer mixture leads to balanced fertilization.
c) The residual acidity of fertilizers can be effectively

controlled by the use of proper quantity of lime in
fertilizer mixture.

d) Micronutrients can be incorporated in fertilizer mixture.
e) Mixture have better physical condition.



Disadvantages of fertilizer mixtures:
a) Use does not permit individual nutrient

application which oat specific growth
stage of crop.

b) Unit cost of plant nutrients in mixtures is
usually higher than those of straight
fertilizers.

c) Farmers use mixtures without careful
study of their needs.



Materials and methods of preparing fertilizer mixtures:
 The type of grade of fertilizer mixture to be prepared

should be decided.
 The straight fertilizers are chosen according to

compatibility in mixture.
 The quantity of each fertilizer is calculated for the

preparation of desired quantity of preparing fertilizer
mixture.

 It happens that there is a gap in weight of fertilizers taken
on the basis of nutrient content and the total weight of
fertilizer mixture. The gap is filled by using filler.

 A filler is the make weight material added to a fertilizer
mixture.

 The common fillers used are: sand, soil, ground coal,
ash and other waste products.



 It is also necessary to add the conditioners to avoid
caking. For this low grade organic materials like
tobacco stem, peat, groundnut and paddy hulls are
added at the rate of 100 lbs/ton of mixture.

 If the fertilizers used leave acidic residual effect
when it is added in soil then liming materials like
lime stone, dolomite etc. are added.

 The fertilizer materials can be mixed without using
special equipments. Mixing should be done on
cement floor and it preferably on the date of
application or a day before its application

Conti….



Incompatibility in fertilizer mixtures:
1. Fertilizers containing NH3 should not be mixed

with basically reactive fertilizers, otherwise
there will be loss of N as NH3.

2. All water soluble phosphatic fertilizers should
not be mixed with those fertilizers that contain
free lime, otherwise a portion of soluble
phosphate is converted into an insoluble form.

3. Easily soluble and hygroscopic fertilizers tend
to cake or form slums after mixing. Such
fertilizers should be mixed shortly before use.



1 2 3 4 5 6 7 8 9 10 11
  X X *    X   1. Muriate of Potash
  X X *   X X   2.Sulphate of potash
X X   * X * *    3.Sulphate of amm.
X X   * X * *    4.CAN
* * * * * * * * * * * 5.Sodium nitrate
  X X *  * X X X * 6.Calcium cynamide
  * * * *    * * 7.Urea
 X * * * X *   * * 8.SSP, TSP
X X   * X *     9.Ammon.Phosphate
    *  * *    10.Basic slag
    * * * *    11.Calcium carbonate
Guide for mixing fertilizers
 Fertilizer which can be mixed
* Fertilizer which may be mixed shortly before use
X Fertilizer which can not be mixed

Considering the incompatibility, the chart is given below 
which can be used while preparing fertilizer mixture.



Calculation of quantity of fertilizers to be used in mixture
Example :-Prepare 600 kg of a 4-8-10 fertilizers mixture in which half
the nitrogen is in ammonium sulphate (20 per cent N) and the other
half divided between sodium nitrate (16 per cent N) and tankage (6 per
cent N and 6 per cent P2O5). P2O5 and K2O are to be added in the form
of superphosphate (16 per cent P2O5) and muriate of potash (60 per
cent K2O) respectively.

In the present example, 4 Kg of nitrogen in every 100 Kg of
mixture is supplied with 2 Kg N as ammonium sulphate ; 1 Kg N as
sodium nitrate ; 1 Kg N as tankage

For N = 2 x 100/20= 10 Kg of ammonium sulphate

N = 1 x 100/16 = 6.25 kg of sodium nitrate

N = 1 x 100/6 = 16.66 kg of tankage



Since, tankage contains nitrogen and phsophoric acid,
16.66 kg of tankage, mixed in every 100 Kg of fertilizer.

Conti…

Mixture wil also add    16.66 x 6/100 = 1 Kg of P2O5. 

This means that out of 8 Kg of P2O5, 1 Kg is
supplied through tankage and the remaining 7 Kg
comes from superphosphate.

For P2O5 = 7x100/16 = 43.75 Kg of superphosphate

K2O = 10x100/60 = 16.66 Kg of muriate of potash



Thus, the total quantity of various fertilizers
required to prepare 100 kg of a 4-8-10 fertilizer
mixture will be
Ammonium sulphate……. 10.00 Kg

Sodium Nitrate 6.25 Kg
Tankage 16.66 Kg
Superphosphate 43.75 Kg
Muriate of potash 16.66 Kg

Total quantity of straight fertilizer 93.32 Kg
Filler 6.68 Kg
Mixed fertilizer 100.00 Kg

Conti…



For preparing 600 kg of the fertilizer mixture of
the 4-8-10 grade, the following quantities of
fertilizers and filler will be required:

Ammonium sulphate : 10x6 = 60.0 kg
Sodium Nitrate : 6.25x6 = 37.5 kg
Tankage : 16.66x6 = 100.00 kg
Superpohosphate : 43.75x6 = 262.5 kg

Muriate of potash : 16.66x6 = 100.0kg
Filler 6.68 X6 = 40.00 kg 
Total : 600.00 Kg

Conti…



Liquid fertilizers:
For intensive high yield and quality crop production, liquid fertilizers are
preferred. This helps when both water and soluble fertilizers are
delivered to crops simultaneously through a Drip Irrigation System
ensuring complete plant nutrition such as N, P, K, Ca, Mg, S &
Micronutrients which are directed to the active root zone in well
balanced proportion.
Advantages of liquid fertilizer:

•Nutrient availability to the plant is improved
•Nutrient uptake efficiency is increased
•Fertilizer Application rates & Water Requirements are reduced
•Losses by Leaching are minimized
•Salt Injuries & damages to Root & Foliage are prevented
•Soil Compaction is reduced due to less field operations
•Weed population is decreased



Sr. no. Fertilizer Grade 
(N-P-K)

Solubility
(g/lit) at 20 0C

Water soluble special fertilizers
1. Mono Ammonium Phosphate (MAP) 12-61.0 282 

2. Mono Potassium Phosphate (MKP) 0-52-34 230 

3. potassium Nitrate (Multi-K) 13-0-46 316 
4. Sulphate of Potash 0-0-50 111
5. Ortho Phosphoric Acid 0-52-0 457 

Conventional WS Fertilizers
1 Urea 46-0-0 1100 
2 Potassium Chloride (Red) 0-0-60 347 
3 Potassium sulphate (White) 0-0-50 110 
4 Ammonium Sulphate 21-0-0 760 

Liquid fertilizers and their solubility



Nano-Fertilizers:
“Nano fertilizers are synthesized or modified form of
traditional fertilizers, fertilizers bulk materials or extracted
from different vegetative or reproductive parts of the plant
by different chemical, physical, mechanical or biological
methods with the help of nanotechnology used to improve
soil fertility, productivity and quality of agricultural
produces. Nanoparticles can made from fully bulk materials

Nano-materials having more penetration capacity,
surface area and use efficiency which avoid residues in
environment. Size below 100 nm nano-particles can use as
fertilizer for efficient nutrient management which are more
ecofriendly and reduce environment pollution.





Encapsulation of fertilizers within a
nanoparticle is one of these new facilities which
are done in three ways

a) The nutrient can be encapsulated inside
nanoporous materials,

b) Coated with thin polymer film and
c) delivered as particle or emulsions of nanoscales

dimensions.

Indeed, nanotechnology has provided the feasibility of
exploiting nanoscale or nanostructured materials as
fertilizer carriers or controlled release vectors for building of
so-called “smart fertilizer” as new facilities to enhance
nutrient use efficiency and reduce costs of environmental
protection.



Advantages of nano fertilizers over                
traditional fertilizers

 As they increase soil fertility, yield and quality
parameters of the crop, they are nontoxic and less
harmful to environment and humans, they
minimize cost and maximize profit.

Nano particles increase nutrients use efficiency and
minimizing the costs of environment protection .

 Improvement in the nutritional content of crops
and the quality of the taste.

Optimum use of iron and increase protein content
in the grain of the wheat.



 In addition, nano-fertilizers will combine
nanodevices in order to synchronize the release of
fertilizer-N and -P with their uptake by crops. So
preventing undesirable nutrient losses to soil,
water and air via direct internalization by crops,
and Avoiding the interaction of nutrients with
soil, microorganisms, water, and air.

Among the latest line of technological innovations,
nanotechnology occupies a prominent position in
transforming agriculture and food production.



Benefits of nano fertilizer are as under:
The quantity required for nano fertilizer application

is considerably reduced as compared to
conventional fertilizers.
Nano fertilizer will help to boost the crop production

efficiently besides reducing nutrient losses into the
surrounding water bodies (Eutrophication).
Nano-structured formulation might increase

fertilizer efficiency and uptake ratio of the soil
nutrients in crop production, and save fertilizer
resource.
Nano-structured formulation can reduce loss rate of

fertilizer nutrients into soil by leaching and/or
leaking.



Thank you


