
 Fertilizers Storage and Handling:
 Indian Perspective

 India is one of the leading food producers in the
World. Fertilizers play a very important role in In-
 dian agriculture. Fertilizer use in India was started
 in the early 1950. Initially fertilizer consumption
 was very modest. But during the green revolution
 era (in late 1960s), fertilizer use started gaining
importance when the high yielding varieties, ir-
 rigation and credit brought about increased food
 production. According to the latest report of State
 of Indian Agriculture (2011-12), consumption of

 nitrogenous (N), phosphatic (P) and potassic (K)
 fertilizers has increased from 1.1 million tones in
 1966-67, the year preceding the green revolution
 to 28.2 million tonnes in 2010-11. The food grain
 production increased from 74 million tonnes in
 1966-67 to 241.56 million tonnes in 2010-11.(3)
Indian government has declared Fertilizer as an es-
 sential commodity. The Fertilizer (Control) Order
 was promulgated to regulate the price, quality and
.distribution of fertilizers in the country

Introduction
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India at present is the second largest producer of 
fertilizer-nitrogen in the world, and enjoys the third 
position for phosphate fertilizers. However, with in-
creasing consumption, the quantum of fertilizer im-
ports has also been increasing. During 2010-11, India 
imported 66 lakh tonnes of urea, 74 lakh tonnes of 
Di-Ammonium Phosphate (DAP) and 64 lakh tonnes 
of Muriate of Potash (MOP)(3). Imports of fertilizers 
are handled at approximately 11 major and 15 minor 
ports in India. Some important ports are Visakhapat-
nam, Kakinada Deep Water, Krishnapatnam, Chen-
nai, Tuticorin, New Mangalore, Magdalla (Hazira 
Jetty), Mundra and Kandla ports.

Fertilizer storage
Storage of fertilizers is an imperative phase between 
its production and consumption. Both imported and 
domestically produced fertilizers need appropriate 
storage facility. After the cost of transport, second 

most important cost is of storage in fertilizer market-
ing. Fertilizer storage facility is required at almost 
every level of it’s distribution i.e. at import, whole-
sale and retail points as well as on farm. A fertilizer 
storage facility located near to the market area with 
continuous labor availability is considered as ideal. 
Transportation with easy access to road, rail or water 
is another essential criterion of ideal fertilizer storage 
facility. Fertilizer loss during storage is one of the 
important issues in fertilizer marketing. Furthermore, 
loss of fertilizer during handling, transport, and/or 
storage causes environmental pollution. 

Common problems during fertilizer storage
Fertilizers are categorized as solid, liquid and a gas 
(compressed gas like anhydrous ammonia) on the ba-
sis of the physical forms. Major physical problems 
observed during handling, storage and use of these 
fertilizers are caking, dustiness and corrosivity.

Renuka Kholkute
india

Fertilizer & Agriculture

12

Issue 64



Caking: Caking refers to the formation of a solid mass 
or lumps of fertilizer material. It is generally caused 
by the formation of salt or crystal bridges between 
the fertilizer particles at contact point (1). Caking is 
the major physical problem in fertilizer handling and 
storage. It can be light or severe. In a light caking, the 
lumps break easily and can be converted into original 
individual particles. But in extremely severe caking 
a solid mass becomes hard and cannot broken back 
down to its original particles. 
With good quality fertilizers, caking can be light to 
moderate and will probably disappear as the material 
is handled for further processing, blending, or bag-
ging. Finished fertilizers show very light caking. It 
mostly affects dusty fertilizers as their larger surface 
area absorbs moisture and results in a reaction with 
adjacent particles. More caking is observed when 
bulk fertilizers are stored in large pile than in smaller 
piles. It is usually noticeable at the bottom because of 
the greater pressure from the material above. 
Moisture content, product temperature, particle size 
and shape, use of fertilizer conditioner or anti-caking 
agent, particle hardness and chemical composition 
are some of the factors affecting the caking of fer-
tilizers. External factors influencing fertilizer caking 
are temperature and humidity of storage unit, storage 
time, pile pressure and curing time.
Dustiness : Significant losses of fertilizers occur due 
to dustiness. Apart from the financial loss, it may cre-
ate environmental pollution. Fertilizers having pow-
dered, run-of-pile, standard, and crystalline forms are 
very dusty in nature. Whereas granular and prilled 
fertilizer show dustiness in a smaller extent. Dust 
particle has a greater surface area than granules, so 
it absorbs atmospheric moisture more quickly. Dust 
formed in layers or throughout the material causes 
the fertilizer to set in storage. 
Chemical Compatibility: In dry fertilizer blends, the 
ability of two or more materials to remain dry and 
free flowing when blended together shows its chemi-
cal compatibility. Chemical incompatibility results 
in fertilizer caking or particle breakdown. A typical 
example of completely incompatible combination is 
Urea and Ammonium Nitrate. 
Corrosivity: Corrosivity expresses the degree to 
which fertilizer material attacks various metals. Al-
most all fertilizer materials are corrosive to some 
degree. In a liquid fertilizer, the composition of a 
fertilizer solution determines its corrosivity. Strongly 
acid solution having pH below 3.5 is very corrosive 
in nature. While, solutions having pH above 3.5 are 
weakly corrosive or non- corrosive. Hence, acid fer-
tilizer solutions (especially chloride containing so-
lutions) are found to be very corrosive. Phosphorus 
containing fertilizer solutions are more corrosive in 
nature. Appropriate bagging of fertilizers and con-

trolling the ambient humidity of the storage facility 
is essential to avoid corrosion during storage. Metal 
containers are not used to store corrosive fertilizers. 
Drainage systems of the storage is also required be 
kept in good condition. 
Physico-chemical properties of fertilizers affecting 
the handling and storage
Various physico-chemical properties of fertilizers 
are taken into consideration to avoid losses during 
storage. Properties viz., critical relative humidity, 
particle size distribution, moisture content, free acid-
ity, bulk density, particle hardness and hygroscopic-
ity have their impact on handling of fertilizers while 
transportation and storage. 
Critical Relative Humidity (CRH): CRH is the val-
ue of the relative humidity (RH) of the surrounding 
air, above which a fertilizer will absorb moisture 
and below which it does not absorb moisture (2). It 
is normally decrease with increase in temperature. 
CRH value of fertilizer is required while designing 
controlled humidity of storage areas for a fertilizer. 
CRH value would be helpful to know under given 
conditions whether or not moisture will be absorbed 
by a fertilizer material. However, it does not indicate 
how well or how poorly the fertilizer will tolerate the 
absorbed moisture. A fertilizer material having high 
CRH is easy to store and handle in humid conditions. 
It does not tend to develop caking easily in such con-
ditions. In case of mixed fertilizers, CRH is deter-
mined to check the compatibility.
Particle Size Distribution: It is the particle diam-
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eter range of the fertilizer. Particle size distribution 
of fertilizers affects its storage, handling, blending, 
and application properties. Granular fertilizers usu-
ally have better storage and handling properties than 
powder fertilizers. Granular fertilizers absorb mini-
mum moisture, are less dusty and less likely to form 
lumps (caking) while storage and transportation. 
Moisture Content: It refers to the free water in the 
product. The amount of free water limits differ for 
crystalline and amorphous fertilizers. Moisture con-
tent of fertilizers after manufacturing or absorbed 
during storage is responsible for caking problem of 
fertilizers. 
Free Acidity: The amount of free acid remaining in 
acidic fertilizers increases tendency of fertilizer to 
cake during storage period. Fertilizers with excess 
levels of free acid are more hygroscopic. Ammonium 
Sulfate and Single Super Phosphate, prepared using 
sulfuric acid, are more likely to have free acid.
Bulk Density: The mass per unit volume of a fertil-
izer i.e. bulk density is one of the essential proper-
ties of fertilizers. It influences the capacity of storage 
spaces and transport vehicles as well as fertilizer bag 
size. A bigger bag is required for storing less dense 
materials like urea. More dense fertilizers like Po-
tassium Chloride needs comparatively smaller bag. 
Likewise, a smaller area is needed for storing more 
dense fertilizers than lesser one.
Particle Hardness: The mechanical strength of a fer-
tilizer particle determines its ability to withstand the 
degradation occurring while handling and storage. Its 
crushing strength is essential in determining the stor-
age properties. A granule, if easily crushed between 
the thumb and forefinger is classified as ‘soft’. When 
it is crushed with the forefinger on a hard surface, it 
has medium hardness. If it remains unbroken after 
pressurizing it by the forefinger against a hard sur-
face, it is classified as hard. Mechanical strength of a 
fertilizer particle is influenced by its chemical com-
position, method of production, particle porosity, 
particle shape, surface crystals, and moisture 
content. 
Hygroscopicity: It is defined as the moisture 
absorption properties of a fertilizer at speci-
fied conditions of relative humidity, ambient 
temperature, and exposure time. Hygroscop-
icity is an important characteristic of solid 
fertilizers. It affects the physical quality of a 
fertilizer, which in turn affects its storage and 
handling properties. More hygroscopic fer-
tilizers have more problems during storage 
and handling. Fertilizers like Urea, Calcium 
Ammonium Nitrate and Sodium Nitrate be-
ing hygroscopic absorb moisture easily from 
air and become difficult to handle because of 
the stickiness. 

Storage and handling properties of some 
common fertilizers 
1. Ammonium Sulfate {(NH4)2SO4} is a white, off-

white, light brown or light gray crystalline mate-
rial. It contains water soluble nitrogen (20%) in 
the ammoniacal form and the sulfur in the sulfate 
form. The crystalline nature of Ammonium Sulfate 
makes it less moisture absorptive. It becomes wet 
when exposing to above 75% relative humidity. 
As a result, it is important to protect Ammonium 
Sulphate from exposure to high relative humidity 
during storage.

2. Urea {CO(NH2)2} contains the highest nitrogen 
content (approximately 46 %) of all solid fertiliz-
ers. It is the most popular and widely used source 
of fertilizer nitrogen in the World. Critical rela-
tive humidity of urea is high (70 to 75 at 30°C) 
compared to the Ammonium Nitrate and Calcium 
Ammonium Nitrate (CAN).  So, it can withstand 
the hot and humid conditions in India. Generally, 
granular urea has very good handling properties 
than prilled urea. It is resistant to degradation and 
crushing. Upto 0.3% moisture content of urea is 
ideal to avoid physical quality problems like cak-
ing. Moisture content above 0.3 % results in dete-
rioration of urea in storage.

3. Ammonium Nitrate (NH4NO3) is second to urea as 
the most widely used source of fertilizer nitrogen 
in the World. This fertilizer is not manufactured 
in India but imported on a limited scale. One-half 
of the nitrogen present in Ammonium Nitrate is in 
the ammoniacal form and half in the nitrate form. 
Granular Ammonium Nitrate exhibits very good 
handling properties. It is resistant to degradation 
and crushing. But prilled Ammonium Nitrate is 
prone to considerable degradation and particle 
crushing when handled excessively. Moisture ab-
sorption problem becomes severe when Ammoni-
um Nitrate is stored in conditions having relative 
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humidity above 55%. 
4. Calcium Ammonium Nitrate (CAN) (NH4NO3 + 

CaCO3) is a tan or light brown material which is 
either prilled or granular. The nitrogen in CAN is 
in the ammoniacal and nitrate form. The moisture 
content of granular CAN is less than 0.1% and for 
prilled CAN it ranges between 0.15% and 0.5%. 
Low moisture content is usually ideal to avoid 
physical quality problems like caking during stor-
age and transportation. 

5. Single Super Phosphate {Ca(H2PO4)2•H2O + 
2CaSO4}, is available in a powdered and granular 
form. Moisture content in Single Super Phosphate 
depends on its source and it varies from as low as 
1.0% to as high as 10% or more. Lower moisture 
content is ideal to avoid physical quality prob-
lems like caking and moisture absorption. Single 
Super Phosphate (especially powdered form) is 
amorphous in nature and so it can withstand some 
moisture absorption during storage. 

6. Triple Super Phosphate (TSP), also known as con-
centrated super phosphate, is typically a granular 
fertilizer. Generally, most TSPs have good han-
dling properties, being resistant to degradation 
and crushing of particles during handling. As like 
Single Super Phosphate, TSP is also amorphous in 
nature. It can withstand some moisture absorption 
with less damage than more crystalline products 
like urea.

7. Diammonium Phosphate (DAP) {(NH4)2HPO4} 
is a granular fertilizer. DAP is the most widely 
used source of phosphorus in the world. It has 
very good handling properties. It is fairly resistant 
to degradation and crushing of particles during 
handling. The moisture content of DAP vary be-
tween 1% and 2% depending on its source mate-
rial. Less caking and other physical problems ob-
served while storing DAP when the moisture level 
is kept low. 

8. Potassium Chloride (KCl) is generally known as 

Muriate Of Potash. It is the most common and 
widely used source of potassium worldwide. Being 
granular, Muriate Of Potash exhibits reasonably 
good handling properties. But, particle degradation 
is the main problem observed during handling of 
Muriate of Potash. Its irregular and blocky shape 
is considered the main cause for particle degrada-
tion during transportation and storage.

9. Potassium Sulfate or Sulfate Of Potash (K2SO4) 
is a second most used source of potassium after 
Muriate Of Potash. It comes in granular, standard 
and special standard form. It is resistant to deg-
radation and crushing of particles during storage 
and handling. Sulfate Of Potash is a crystalline 
material and it has less moisture absorptive capac-
ity. Hence, exposure of Sulfate Of Potash to high 
relative humidity can result in moisture absorption 
while storage.

Suggestions
• To keep the fertilizer in the same condition dur-

ing storage, it is important to control the moisture 
changes in the fertilizer.

• Solid fertilizers should be packed in watertight 
bags like good quality polypropylene bags to avoid 
moisture absorption.

• To avoid fertilizer spillage during transport, appro-
priate bulk carriers should be used. 

• Fertilizer should be protected from adverse weather 
conditions like rainfall during transportation and 
storage.

• Exploring new types of wagons having higher ton-
nage carrying capacity would improve fertilizer 
handling at the terminals.

• Accurate fertilizer demand forecasting would be 
adventitious in marketing fertilizers. It would be 
helpful in reducing storage time thereby minimiz-
ing the losses during storage.
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