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Introduction of organic manure
Before we start let us understand the difference between two commonly used
terms; fertilizer and manure. As a layman, one may consider both as one but as
a student of agriculture both conveys different meaning. The purpose of both
is to supply nutrients to the soil. The availability of nutrients to plant from the
added material depends on soil, plant, environment as well as managerial
practices.

Organic manures-
This is an Organic product produced by the action of microbes and terrestrial
invertebrate on organic wastes and is capable in improving soil properties and

their dependent habitat. These are the biologically modified natural materials,

friendly to soil habitat and capable of giving something which is essential to
growing life. You might have seen crop residues left over the field after
harvest, with due course of time it gets converted into black material,
somewhat friable in nature. This material may be called as organic manure.

During this conversion, the raw material had gone through
decomposition and synthesis processes simultaneously. Something is
lost and something is added to this material during this conversion.
Finally, we get manure. In this lecture, you will study scientific
methods of producing organic manures from organic wastes.



During this conversion, the raw material had gone through decomposition and

synthesis processes simultaneously. Something is lost and something is added to

this material during this conversion. Finally, we get manure. In this lecture, you

will study scientific methods of producing organic manures from organic

wastes.

Organic Manures

it is;

• Organic in nature (animal & plant waste origin)

• Capable of supplying plant nutrients (slow releasing and hence supply plant

nutrition for longer period of time i.e. it has residual impact on soil)

• Low in analytical value i.e. the nutrient content is low and are required in large

amount. (thus, bulky in nature)

• Having no definite composition

• Used to increase the nutrient and organic carbon to the soil

• The materials included in this group are farmyard manure, compost, sewage 

sludge, oil cakes fish manures, dried blood from slaughter houses and green 

manures. 



Advantages –its application improves the properties of soil

• Chemical properties- it releases essential plant nutrients to soil in slowly

& continuously manner; increases the CEC & buffering properties of soil;

works as a soil amendment.

• Physical properties - Improve physical properties of soil including

structure, aeration, WHC, hydraulic conductivity, infiltration, soil

temperature (essential for many biological conversions in soil)

• Biological properties – improves the soil microbial ecology, add PGPR,

control some diseases, add stable organic matter increase the buffering

capacity of soil. Fresh or partially decomposed manure supply energy to

soil biota that helps in many biological conversions. Green manuring

improves N economy & drain out essential nutrients and leave o the upper

surface of soil.



The critical differences between the organic manure and fertilizers  are; 

Fertilizer Manure

It may be an artificial (or 

synthetic like Urea, DAP) or 

natural substance (MOP).

It is a natural substance.

These are chemicals applied to 

the soil or foliage to increase 

its fertility and productivity.

These are obtained from dead and decaying 

plants and animals and applied to soil. In 

some cases, bio-fertilizers may be applied 

to foliage.

Prepared in factories. Prepared in fields.

Does not provide directly 

humus to the soil.

Provides directly humus to the soil.

Rich only in a few essential 

plant nutrients.

Less rich, but contain all essential plant 

nutrients.

Absorbed by plants quickly. Absorbed by plants slowly.



Costly Comparatively cheaper and cost-effective

Excess of it may affect soil 

ecology and even may pollute 

environment as well as public 

health.

It is capable of improving soil health. Also, 

help to nullify the deleterious effects that 

renders after heavy application of pollutants



Classification of organic manure
A. Bulky organic manures

(i) FYM- (a) Cattle manure  (b) Sheep manure  (c) Poultry manure

(ii) Compost

(iii) Sewage and sludge

B. Concentrated organic manures

1. Oil cakes

(a) Edible oil cakes (i.e., used for cattle feeding) - (i) Mustard cake  (ii) Groundnut 

cake  (iii) Sesame cake  (iv) Linseed cake

(b) Non edible oil cakes (i.e., used as manures) - (i) Castor cake  (ii) Neem cake 

(iii) Sunflower cake  (iv) Mahua cake  (v) Karanja cake

2. Slaughter house wastes - (i) Blood meal, and (ii) Bone meal

3. Fish meal

4. Guano - Material obtained from the excreta and dead bodies of sea bird

C. Green manures

(a) Leguminous plant (example: Sunn hemp, Sesbania sp., mungbean, cowpea, 

guar, senji, berseem)

(b) Non-leguminous plant (example: Sorghum, pearl millet, maize, sunflower)

D. Green leaf manures

Green leaves of trees like neem, pungam, glyricidia, vadhanarayana etc.



Bulky Organic Manures

Bulky organic manures contain small amount of nutrients and they are applied in 
large quantities. Farm yard manure, compost, green manure, sewage and sludge  
are the most important and widely used bulky organic manures. Use of bulky 
organic manures have several advantages. 
•They supply plant nutrients including micronutrients
•They improve soil physical properties like structure, water holding capacity etc.
•They increases the availability of nutrients
•Carbon dioxide released during decomposition  act as a carbon dioxide fertilizer 
and
•Plant parasitic nematodes and fungi are controlled to some extent by altering the 
balance of microoganisms in the soil.

Farmyard Manure-

Farmyard manure refers to the decomposed mixture of dung and urine of farm
animals along with litter and left over material from roughages or fodder fed to the
cattle. On an average well decomposed farmyard manure contains 0.5 per cent N,
0.2 per cent P2O5 and .0.5 per cent K2O. The present method of preparing farmyard
manure by the farmers is defective. Urine, which is wasted, contains one per cent
nitrogen and 1.35 per cent potassium. Nitrogen present in urine is mostly in the
form of urea which is subjected to volatilization losses. Even during storage,
nutrients are lost due to leaching and volatilization.



However, it is practically impossible to avoid losses altogether, but can be

reduced by following improved method of preparation of farmyard manure.

Trenches of size 6 m to 7.5 m length, 1.5 m to 2.0 m width and 1.0 m deep

are dug.

All available litter and refuse is mixed with soil and spread in the shed so

as to absorb urine. The next morning, urine soaked refuse along with dung

is collected and placed in the trench. A section of the trench from one end

should be taken up for filling with daily collection. When the trench is

filled up to a height of 45 cm to 60 cm above the ground level, the top of

the heap is made into a dome and plastered with cow dung earth slurry. The

process is continued and when the first trench is completely filled, second

trench is prepared. The manure becomes ready for use in about four to five
months after plastering. In farmyard manure should be applied at least 15
days in advance to avoid immobilization of nitrogen. The existing practice
of leaving manure in small heaps scattered in the field for a very long
period leads to loss of nutrients. These losses can be reduced by spreading
the manure and incorporating by ploughing immediately after application.



Preparation of FYM: Two methods
Pit method: in areas where annual precipitation is  <1000 mm.
Pit size: width 2 m; depth 1 m; length as per convenience 

An absorbent layer of locally available dried leaf or straw @3-5 kg per animal
is spread over the floor of cattle shed. This absorbent layer is crushed under
the animal feet. Dung and urine are mixed in this absorbent layer by the
movement of animals. Next morning, this absorbent layer is collected and
disposed off in the pit up to the height of 30 cm. A new layer of absorbent
material is again spread in cattle shed. This process is continued until the pit is
filled. Layer of each day should be pressed, moistened if dry, and covered with
a 3 - 5 cm layer of well ground fertile soil to hasten the decomposition and to
absorb the ammonia. The pit should be prepared on high lying area to avoid
the entry of rain water.

Heap method: where annual precipitation is > 1000 mm. The daily collections
from cattle shed are spread in uniform layers until the heap attains a maximum
height of one meter above the ground. The top of the heap is made in dome
shape and plastered with dung and soil mixture. In both the pit and heap
methods aeration is allowed in the beginning and later on anaerobic
conditions set in and continue for a long period. The manure is ready for use
after 5 – 6 months. These methods should be initiated prior to rainy season
and continued throughout the year. 3-5 t of manure from one adult
animal per year can be produced (15-25 kg N, 7.5 -12.5 kg P2O5, 15 -25 kg K2O
per animal per year)



Types of farmyard manure-

Sheep and Goat Manure

The droppings of sheep and goats contain higher nutrients than farmyard

manure and compost. On an average, the manure contains 3 per cent N, 1
per cent P2O5 and 2 per cent K2O.It is applied to the field in two ways. The
sweeping of sheep or goat sheds are placed in pits for decomposition and it is
applied later to the field. The nutrients present in the urine are wasted in this
method. The second method is sheep penning, wherein sheep and goats are
kept overnight in the field and urine and fecal matter added to the soil is
incorporated to a shallow depth by working blade harrow or cultivator or
cultivator.

Poultry Manure

The excreta of birds ferment very quickly. If left exposed, 50 percent of its

nitrogen is lost within 30 days. Poultry manure contains higher nitrogen and
phosphorus compared to other bulky organic manures. The average nutrient

content is 3.03 per cent N; 2.63 per cent P2O5 and 1.4 per cent K2O.



Characteristics of FYM

• In general, moisture content is 50-80% and dry matter 20-50%.

• Low analysis manure- 1 t of FYM will supply 5 kg N, 2.5 kg P2O5, 5 kg K2O

• Residual effect: well decomposed FYM releases 1/3 N, 3/5 P and ¾ K

readily to first crop. Remaining part will be available to succeeding crops.

• Well decomposed FYM has C:N= 12-15; partly decomposed have 20:1

(residual effect is more for 2 or 3 succeeding crops).

• Nutrient is unbalanced: poor in NPK esp. P. so FYM should be mixed with

RP before application

Dose of application

• Generally, 10 to 20 t/ha is applied.

• Under intensive irrigated cropping conditions—25 t/ha in sugarcane, 

vegetables, potatoes, rice etc.

• 12.5 t for irrigated or rainfed crops where rainfall is medium to heavy (about 

125cm)

• 5-7 t where rainfall is low (about 50 cm)

• In dry farming (rainfall <50 cm) application of  2.5 t/ha.



Concentrated organic manures
Concentrated organic manures have higher nutrient content than bulky organic
manure. The important concentrated organic manures are oilcakes, blood meal,
fish manure etc. These are also known as organic nitrogen fertilizer. Before their
organic nitrogen is used by the crops, it is converted through bacterial action into
readily usable ammoniacal nitrogen and nitrate nitrogen. These organic fertilizers
are, therefore, relatively slow acting, but they supply available nitrogen for a
longer period.

Oil cakes
• After oil is extracted from oilseeds, the remaining solid portion is dried as cake

which can, be used as manure. The oil cakes are of two types:

• Edible oil cakes which can be safely fed to livestock; e.g.: Groundnut cake, Coconut
cake etc., and

• Non edible oil cakes which are not fit for feeding livestock; e.g.: Castor cake, Neem
cake, Mahua cake etc.,

• Both edible and non-edible oil cakes can be used as manures. However, edible oil
cakes are fed to cattle and non-edible oil cakes are used as manures especially for
horticultural crops. Nutrients present in oil cakes, after mineralization, are made
available to crops 7 to 10 days after application. Oilcakes need to be well
powdered before application for even distribution and quicker decomposition.



Oil-cakes
Nutrient content (%)

N P2O5 K2O

Non edible oil-cakes

Castor cake 4.3 1.8 1.3

Cotton seed cake (undecorticated) 3.9 1.8 1.6

Karanj cake 3.9 0.9 1.2

Mahua cake 2.5 0.8 1.2

Safflower cake (undecorticated) 4.9 1.4 1.2

Edible oil-cakes

Coconut cake 3.0 1.9 1.8

Cotton seed cake (decorticated) 6.4 2.9 2.2

Groundnut cake 7.3 1.5 1.3

Linseed cake 4.9 1.4 1.3

Niger cake 4.7 1.8 1.3

Rape seed cake 5.2 1.8 1.2

Safflower cake (decorticated) 7.9 2.2 1.9

Sesamum cake 6.2 2.0 1.2

Average nutrient content of oil cakes



Other Concentrated Organic Manures
Blood meal when dried and powdered can be used as manure. The meat of
dead animals is dried and converted into meat meal which is a good source
of nitrogen. Average nutrient content of animal based concentrated organic
manures is given as follows.

Animal based concentrated organic manures

Organic manures
Nutrient content (%)

N P2O5 K2O

Blood meal 10 - 12 1 - 2 1.0

Meat meal 10.5 2.5 0.5

Fish meal 4 - 10 3 - 9 0.3 - 1.5

Horn and Hoof meal 13 - -

Raw bone meal 3 - 4 20 - 25 -

Steamed bone meal 1 - 2 25 - 30 -



Compost

Composting is largely a biological process in which micro-organisms (both

aerobic and anaerobic) decomposes organic matter and lower the C:N ratio

of refuse. The final composting is well rotted manure, known as compost.

• It has high organic matter as well as nutrient content compared to FYM

Types of compost

• Rural compost- compost from farm litter (weeds, crop residue, litter from 

cattle shed, urine soaked earth, sweepings etc)

• Urban compost – compost from town-refuse (night soil, street and dustbin 

refuse)

• Sewage and sludge

Composting is a natural process in which fresh organic matter (animal

manure, food wastes, green wastes, agricultural residues, city refuse etc.) is

transformed into more stable humus-like substances, nutrients are being

“recycled” and energy is being produced and utilized by micro-organisms.



Composting process improves the manure value in terms of stable organic

matter. Well mature compost tends to supply more effective organic matter

(behave as colloidal matter) and essential nutrients to the soil but unable to

supply energy to soil life as compared to incomplete or fresh material,

because Carbon and energy contained in fresh material has already been

utilized by bacteria and fungi during the composting process.

Composting methods
• ADCO process (Hutchinson and Richards) 

• The Indore process (Howard and Wad)

• The Bangalore process (C.N.Acharya)

• The Coimbatore method

• NADEP

• Vermicompost



ADCO compost

This process was introduced in England in 1921. Hutchinson and Richards
developed an ADCO powder, used as a starter at 7.0 kg per 100 kg dry waste
product. Fowler assured that this powder is prepared with various substances like
ammonium phosphate, cyanamide, and urea. On the other hand, Collision and
Conn prepared another powder of 27 kg ammonium sulfate, 13.5 kg
superphosphate, 11.250 kg murate of potash, and 22.5 kg ground limestone and
added to 1 ton dry matter for producing manure. This produced manure has
characteristic resemblance with manure produced using ADCO powder. For ADCO
process a plane place measuring 450 cm long and 180 cm breadth is required.
First, a layer of refuse about 30 cm thick is spread at the bottom of the pit, and
over this a calculated amount of ADCO powder, i.e., 7 kg per 100 kg refuse, is
sprayed. Six-time addition of refuse in that pit means 1 ton refuse, and every time
ADCO powder is added. The heap height should be within 180 cm, i.e., 6 feet.
After completion of heap, time to time watering is done. Through aerobic
composting, the manure becomes ready within 4–5 month.

Advantages: Very suitable method for making compost. Within 4–5 months proper 
decomposition makes good organic manure.

Disadvantages: Regular turning is required for aeration and watering for proper

decomposition. It increases labor charges and cost of production.



Indore method - This method developed at the Institute of Plant Industry,
Indore, India, between 1924 and 1931, was designed and described by Sir
Albert Howard, known as the father of modern organic farming In this
method, animal dung is used as the catalytic agent along with different types
of organic wastes available on the farm.

The steps followed for preparation of compost by Indore method are given

below:

i. A compost heap of suitable size say 3 m × 1.5 m × 1 m (length × width ×

depth) is prepared. The selected site should be near the cattle shed and water

source and at an elevated site so that no rainwater floods into the pit during

rainy season.

ii. Organic wastes of different sources available on a farm are accumulated near
the trench and mixed thoroughly. Hard woody materials (not exceeding 10%
of the total plant residues) are crushed before being piled. Green materials
which are soft and succulent, are allowed to wilt for 2 to 3 days in order to
remove excess moisture before stacking; these tend to pack closely when
stacked in the fresh state. The mixture of different kinds of organic materials/
residues ensures a more efficient decomposition.



iii. The compost heap is built in layers. First a layer of refuse/organic wastes like
weeds, crop residue, grass clippings, or leaves of about 15–20 cm (6–8 inch)
thick is spread at the base of the heap. Next a 5 cm (2 inch) layer of cattle dung
slurry and water is added onto the refuse. A third layer of the same size of the
first is then spread followed by a layer of slurry of cattle dung and water. This
layering sequence is continued till the heap is raised to a height of 50–100 cm
above the ground level. The top is then covered with a thin layer of soil, and
the heap is kept moist.

iv. The filling of heap is completed within 6–7 days to fill the three-fourth length of
the trench, leaving 1/4th length empty to facilitate subsequent turnings.

v. Water is sprayed on regular basis so as to keep the moisture content to about
60–80%.

vi. Turning is done three times, at 15, 30, and 60 days after compost filling in order
to allow air to penetrate so that the heap will heat up properly. At each turning
the whole mass is mixed thoroughly. This can be done manually or
mechanically.



The main advantage of this method is that the finished compost is ready
within 4–5 months for application to the soil. The composed prepared by this
method contains, on an average, 0.8% N, 0.3–0.5% P2O5, and 1.0–1.5% K2O.
Periodic turning of composting mass helps the process to remain aerobic
throughout the decomposition and facilitate faster decomposition by
bringing the substrates which are undecomposed or partially decomposed
with the microorganisms and air. As it requires extra labor, the cost of
preparation of compost is more. Heat is generated during the decomposition
process inside the compost pit which helps in destroying most of the
pathogens and weed seeds. When sufficient nitrogenous material is not
available, a green manure or leguminous crop like sunnhemp (Crotalaria
juncea) may be grown on the fermenting heap after the first turning. The
green matter is then turned in at the second mixing.



Bangalore method-
This method is an anaerobic process, developed at the Indian Institute of
Science, Bangalore, by the late Dr. C.N. Acharyain in 1939. It is recommended
where night soil and refuse are used for preparing the compost. This method
overcomes many of the disadvantages of the Indore method, such as the
problem of heap protection from adverse weather, nutrient losses from
intensive rains and strong sun, frequent turning requirements, and fly
nuisance.
The method is suitable for areas with scanty rainfall. The compost is done in
the trenches of 9.1 m × 1.8 m × 0.9 m or in the pits of 6.1 m × 1.8 m × 0.9 m.
This method saves on labor cost because there is no need of turning and
regular sprinkling of water but takes much longer time to finish.

i. As like Indore method, the mixed farm residues are spread at the bottom of a
trench or pit of a convenient size, similar to that of Indore method. Generally,
trenches or pits about 1 m deep are dug 1 m in breadth, and the length of the
trenches can vary according to the availability of land and the type of material
to be composted. The trenches should preferably have slopping walls and floor
to prevent water logging.

ii. Organic residues and night soil are put in alternate layers. The trench or pit is
filled layer-wise till the raw material reaches about 50 cm above the surface.

Here 100% space of pit is used.



iii. The pit is covered with 15–20-cm thick layer of refuse and then plastered with a 2–5
cm layer of a mixture of mud and cattle dung. Plastering of pit prevents the loss of
moisture and fly nuisance. This method effectively controls foul smell and kills
pathogenic organisms.

iv. The materials are allowed to remain in the pit without turning and watering.During
this period the material settles down due to reduction in the volume of biomass.
Under such conditions, decomposition is largely anaerobic and high temperatures
do not develop. The C/N ratio of the finished product
drops to a value below 20:1 with no odor, indicating that the compost is ready
to use.

v. The material undergoes anaerobic decomposition at a very slow rate, and it
takes about 6–8 months to obtain the finished product.

vi. The recovery of the finished product is greater than aerobic composting.

vii. Labor requirements are less than for the Indore method as turning of material is
not done; labor is needed only for digging and filling the pits.

Organic nitrogenous compounds gradually become soluble, and the carbonaceous
matter breaks down into CO2 and H2O. The loss of ammonia is negligible because in
high concentrations of CO2, forming ammonium carbonate is stable. The anaerobic
process is particularly suited for use by gardeners in or near cities and towns. The
well-decomposed compost contains 0.8–1.0% N. A uniform high temperature is not
assured in the biomass. Problems of odor and fly breeding need to be taken care
of. After 8–9 months, all the material decomposes, and the compost becomes
ready for application.



NADEP composting

This method of composting was developed by Sri Narayan Deorao
Pandharipande. He was an old Gandhian worker, popularly known as “Nadep

Kaka” from Maharashtra. He worked for 25 years at the Dr. Kumarappa
Gowardhan Kendra at Pusa to perfect his composting technique. This process
facilitates aerobic decomposition of organic matter. This method takes care of
all the disadvantages of heaping of farm residues and cattle shed wastes in the
open condition. It requires composting materials like dung, farm residues, soil,
waste products of agriculture, etc. Decomposition process follows the
“aerobic” route and requires about 3–4 months for obtaining the finished
product. This method includes the following steps:

i. A brick structure measuring 9′ × 6′ × 3′ with perforated holes in all the side
walls is prepared to ensure adequate supply of air during composting. It is
carried out in specially constructed tanks with walls built like “honeycombs”
through which water is sprayed to prevent the compost from becoming dry.
This aboveground-perforated structure facilitates passage of air for aerobic
decomposition. The floor of the tank is laid with bricks and covered above with
a thatched roof. This prevents loss of nutrients by seepage or evaporation, and
the contents are not exposed to sunshine and rain.



ii. The brick tank is plastered with cattle dung slurry to facilitate bacterial culture
for decomposition of biodegradable wastes. The brick tank is then filled layer-
wise first with a thick layer (10–15 cm) of chopped fine stick of semihard
wood which helps in providing aeration, followed by a same layer of farm
wastes or dry and green biomass or any other biodegradable material to be
composted.

iii. Prepared slurry of mixing cattle dung (5–10 kg) with water (100 liters) is then
sprinkled thoroughly on the biodegradable mass in order to facilitate bacterial
culture for faster decomposition. On it a layer of soil is maintained in order to
compress the volume of the wastes. Addition of soil also facilities retention of
moisture, provides microorganisms, acts as buffer, and controls pH of the
compost during decomposition. The nutrients produced in the manure are
absorbed by the soil layers, thus preventing nutrient loss.

iv. The whole tank is thus filled completely with about 10–12 layers in the same
sequence having 1–3 sub-layers in each layer. After 2–4 weeks, the volume of
the composting mass is reduced to almost two-third of the original. At this
stage, additional layers of composting mass are formed over it keeping the
same sequential set up, already said. Finally, the whole biomass is plastered
and sealed with slurry of cattle dung and mud. In this condition, the tank is
allowed to decompose the biodegradable wastes for further 3 months. Water
is added on regular basis to maintain the moisture content between 60 and
75% throughout the composting period.



v. It is advisable to sprinkle microbial cultures like Trichoderma, Azotobacter,
and Rhizobium and phosphate-solubilizing microorganisms in each layer to
enhance the equivalent speed of composting process at each corner of the

compost.

vi. Compost becomes ready for use within 110–120 days after composting. So

one tank can be used three times annually.

vii. The prepared compost can be stored for future use, preferably in a thatched

shed after air-drying and maintaining it at about 20% moisture level by
sprinkling water whenever needed. Also storage at gunny bag in shade areas
is also preferable. By following this procedure, the composed could be
preserved for about 6–8 months.

viii. Requirement of higher labor and inconvenience faced in filling during rainy 
season are the two difficulties experienced by the farmers in adopting NADEP 
method of composting.



Municipal solid waste composting (MSW)
MSW composting or mechanical composting is followed in big cities, where
huge quantities of garbage are generated. The metropolitan cities like
Mumbai, Kolkata, Delhi, and Chennai generate about 2000–6000 tonnes
garbage per day, posing gigantic disposal problems. Mechanical composting
plants with capacity of 500–1000 t day-1 of city garbage could be
conveniently installed in big cities and 200 t day-1 plants in the small towns in
India. The adoption of accelerated fermentation treatment enables 70% of
the refuge to be available as refined compost in the form of a dry, black free-
following material, easy to transport and handle. Such refined mechanical
compost contains generally equivalent amount of mineral matter and organic
matter with half of organic carbon. The composition of the compost is
variable and at par with the raw materials used. On an average, it may
contain 0.7% N, 0.5% P2O5, and 0.4% K2O and a C/N ratio of 15–17.
Mechanical composting has several advantages such as

(i) environmental sanitation to minimize pollution,

(ii) recycling of discarded wastes into a value-added product, and

(iii) production of compost within a short period.



Vermicompost

Compost prepared using earthworms is called vermicompost. Earthworms
consume all type of organic matter especially green matter, retain 5–10% for their
growth, and excrete the mucus-coated undigested matter called vermicast. This
undigested matter undergone physical and chemical breakdown by the activity of
muscular gizzard present in the worms’ intestine. It is a cost-effective, time saving,
and efficient process of recycling nontoxic animal and agricultural and industrial
wastes. Vermicast is rich in nutrients—N, P, K, Ca, Mg, vitamins, enzymes, and
growth-promoting substances. In addition, the warms do the turning and no
additional turning of the compost heap is required. The efficient species of
earthworms are Eisenia foetida, Pheretima elongata, Eudrilus eugeniae, and
Perionyx excavatus.

For preparation of a good quality of vermicompost, a number of steps are
followed-

i. Selection of earthworm: The locally available earthworm native to a particular soil
and efficient for fast composting may be used for vermicomposting.

ii. Size of pit: Any convenient dimension such as 2 m × 1 m × 1 m may be prepared.
This can hold 20,000–40,000 worms giving one ton manure per cycle. The pit
should be base concreted as termite proof and ant proof through water drain
around it. A shade of 6–8 ft height is also required for cool and ambient climate
for the worms.



iii. Preparation of vermibed: A thick layer of 15–20 cm of good loamy soil above
a thin layer (5 cm) of broken bricks and sand should be made. This layer is
prepared on concreted floor and made to inhabit the earthworms.

iv. Inoculation of earthworms: About 100 earthworms are introduced as an
optimum inoculating density into a composite pit of about 2 m × 1 m × 1 m,
provided with a vermibed.

v. Organic layering: It is done on the vermibed with fresh cattle dung of 5–10 cm.
The compost pit is then layered to about 5 cm with dry crop residues. Carbon-
rich solid and dead substrates like sawdust, paper, and straw are mixed with N-
rich natural components such as sewage, sludge, and biogas slurry to obtain a
near optimum C/N ratio. Mixing variety of substances produces good-quality
compost which is rich in macro, micro, and even trace nutrients.
Decomposition can be accelerated by chopping raw materials into small
pieces. Moisture content of the pit is maintained at 50–60% of water holding
capacity. Aeration can be maintained by mixing with fibrous N-rich materials.
The temperature of the piles should be around 28–30°C. Wide gap between
higher or lower temperatures reduces the activity of microflora and
earthworms. The normal pH of the raw materials is preferable.



vi. Wet organic layering: It is done after 1 month with moist/green organic waste,
which can be spread over it. This practice can be repeated every 3–4 days as
per requirement. Mixing of wastes periodically without disturbing the
vermibed ensures proper vermicomposting. Wet layering with organic waste
can be repeated till the compost pit is nearly full.

vii. Harvesting of vermicompost: In order to facilitate the separation of worms
from vermicompost, the moisture content in the compost is brought down by
stopping the addition of water around 7–10 days before maturation that
ensures drying of compost and migration of worms into the vermibed. This
forces about 80% of the worms to the bottom of the bed. The remaining
worms can be removed by hand. The mature compost, a black, fine loose,
granular humus rich material, looks like CTC tea, is removed out from the pit,
dried, and packed. The pleasant earthen smell is one of the good indications of
mature compost. The vermicompost is then ready for application.

The nutrient content of vermicompost varies depending on the raw
materials as well as different species of earthworms used. Thus, the final
product is not a single standard product. The average nutrient content of
vermicompost is 0.6–1.2% N, 0.13–0.22% P2O5, 0.4–0.7% K2O, 0.4% CaO, and
0.15% MgO. On an average, it contains comparable N, P, and wide C/N ratio as
in FYM but less K and micronutrients than FYM. On the whole, vermicompost
cannot be described as being nutritionally superior to other organic manures.



Yet the unique way in which it is produced, even in the field condition, time
saving, and at low cost, makes it very attractive for practical application.
Unique feature of vermicompost is its rapid process of composting which takes
about 60–90 days depending on the environmental conditions. The excess
worms that have been harvested from the pit can be used in the other pits,
sold to other farmers for compost inoculation, and may be used as animal and
poultry feed or fish food .

Green manure

Green manuring is the practice of enriching soil nutrient status by growing a
crop and plowing in situ or turning it into the soil as undecomposed green
plant materials for the purpose of improving soil health. These crops are
known as green

manure crops. They improve soil physical properties and supplies nutrients
particularly N, if it is a legume crop. Green manuring can be of two types.

In situ green manuring

When the green manure crop is grown and buried in the same field, it is called
in situ green manuring. Most important in situ green manuring crops are
sunnhemp (Crotalaria juncea), dhaincha (Sesbania aculeata), cowpea (Vigna
sinensis), berseem (Trifolium alexandrinum), and Lucerne (Medicago sativa).



Green leaf manuring
These are the plants grown elsewhere, and green leaves and tender twigs
are brought to the field for incorporation. This is labor consuming. Popular
green leaf manuring plants are Leucaena leucocephala (Subabul), Cassia
tora, Sesbania speciosa, Pongamia pinnata (Karanj), Pongamia glabra, and
Gliricidia maculata . In general, green manure crops should be a legume
with good nodulation, i.e., N2-fixing capacity, fast growing, having low
water requirement, and short duration, i.e., 4–6 weeks with tender leafy
habit permitting rapid decomposition. Incorporation of green manure crop
should be done before or at flowering stage because these are easily
decomposed at this stage after which these become fibrous and take more
time for decomposition.



Chemical fertilizers: classification, 
composition and properties of major 

nitrogenous, phosphatic, potassic
fertilizers, secondary & micronutrient 

fertilizers, Complex fertilizers. 



Chemical fertilizers

INTRODUCTION

Fertilizers are chemical substances that contain one or more ingredients of
plant food, in large proportions. Some organic synthetic substances like
urea have also been included in this category. They may be natural
substances or artificial products. The fertilizer consumption is increased by
around 16% between 2015 -16 to 2020-21 from about 510 LMT to 590
LMT respectively .

Mineral fertilizers are materials, either natural or manufactured,
containing nutrients essential to normal growth, and development of
plants.( FAO)

High Analysis fertilizer: containing more than 25% of major plant
nutrients namely N, P2O5 and K2O.

Difference between Manure and Fertilizer. Manure refers to the natural 
substance that is obtained from the decomposition of the waste of plant and 
animals such as cow dung, etc. On the other hand, fertilizer is the chemical 
substances which can be added to the soil to increase its nutrient content.



Fertilizers are classified as  -
1 Straight Fertilizers

When a fertilizer contains a single nutrient, it is called a straight fertilizer. 
Such fertilizer is called nitrogenous or phosphatic or potassic e.g. urea.

2 Complex or Compound Fertilizers
Two or more nutrients in one compound is known as complex or compound 
fertilizers. These fertilizers is granular and easy to apply. 

Complex fertilizers being produced in India can broadly classified as 
a. Ammonium phosphate – manufactured by neutralizing ammonia with 

phosphoric acid
b. Nitro phosphate – treatment of phosphate rock with nitric acid
c. NPK complex fertilizer- based on either ammonium phosphates or 

nitrophosphates

Ammonium phosphate: broad names for group of fertilizer material containing 

ammonium & phosphate radicals in various proportions. In India four types of 
AP are being produced:

i. Ammonium phosphate sulphate 16 -20-0; 20-20-0

ii. Urea ammonium phosphate 24 -24-0; 28-28-0

iii. Ammonium nitrophosphate 23-23-0

iv. Diammonium phosphate 18-46-0



3.   Mixed fertilizers
• These are physical mixtures of straight fertilizers. They contain two three primary 

plant nutrients. Mixed fertilizers are made by thoroughly mixing the ingredients 
either mechanically or manually.

• Complex fertilizers & mixed fertilizers serve the same purpose by supplying 2 or 
more nutrients in one application

• They may be physically mixed form or granulated form 

Fertilizer mixers are of two types:
1.   Physical mixture: made by thoroughly mixing the various ingredients either 

manually or mechanically. Bulk of the mixed fertilizers produced and used in 
India are of this category. The major problem with these kinds of mixture is of 
segregation of different components during transport and storage

2.   Granulated mixture: segregation of components in a mixture can be overcome 
by granulating the product. This ensures uniform application of nutrients to the 
field. However, this cost much than physical mixture.

In dealing with mixed fertilizers few terms are used
• Fertilizer grade
• Fertilizer ratio
• Conditioner
• filler 



Fertilizer grade

It refers to the guaranteed minimum percentage of N, P2O5 & K2O contained in
fertilizer material. The numbers representing the grade are separated by
hyphens and are always stated in the sequence of N, P2O5 & K2O. e.g. 28-28-0
means 100 kg of fertilizer material contains 28 kg of N, 28 kg of P2O5 and no
potash

Fertilizer ratio

Refers to the ratios of the percentages of N, P2O5, and K2O in the fertilizer
mixture; e.g. the fertilizer grade 12-6-6 has the fertilizer ratio of 2:1:1.

Conditioners:

Materials added to mixture during their preparation for reducing hygroscopicity
and improving their physical condition. Such materials are low grade organic
materials.

Filler:

It is a weight makeup material added to fertilizer ingredients to produce a
mixture of the desired grade. Such materials may be sand, soil, coal powder,
dolomite, china clay, etc.



General fertilizer characteristics

1. A fertilizer is an inorganic salt.
2. A fertilizer is prepared in factories.
3. A fertilizer does not provide any humus to the soil.
4. Fertilizers are very rich in plant nutrients like 

nitrogen, phosphorus, and potassium.
5. Easy to store and transport
6. Absorbed readily by plants
7. Costly 
8. Are sold in solid, liquid and gaseous form (anhydrous 

ammonia)



General manure characteristics

1. Manure is a natural substance obtained by the 
decomposition of cattle dung, human waste, and 
plant residues.

2. Manure can be prepared in the fields.

3. Manure provides a lot of humus to the soil.

4. Manure is relatively less rich in plant nutrients.

5. Inconvenient to store and transport.

6. Absorbed slowly by plants

7. Cost effective



Mineral fertilizers are materials, either natural or manufactured, containing

nutrients essential to normal growth, and development of plants.

Inorganic fertilizer exclude Carbon containing materials except Urea
High Analysis fertilizer: containing more than 25% of major plant nutrients

namely N, P2O5 and K2O.

Preparation of fertilizer mixtures

Selection of ingredients
• N:  nitrogen source may be  AS, ammonium chloride, CAN, urea, AP and 

nitrophosphate

• P2O5: can be supplied through SSP, bone meal, and RP.

• K2O: can be supplied through MOP or SOP



The choice of fertilizer materials to be selected in mixtures depend on 
three properties of nutrient sources

1. Agronomic suitability

2. Desired fertilizer grade

3. Physical and chemical properties

Agronomic suitability-
The material taken for preparing the mixtures must be according to crop
and soil suitability for e.g. As a K supplement, SOP must be chosen for Cl-

sensitive crops (potato and tobacco). Fertilizer source having water soluble
P2O5 should be avoided for acidic soil rich in Al and Fe oxides. In this case
RP is better option. For short duration crop, P source having high water
soluble P2O5 content should be preferred.

Desired fertilizer grade-

Always select the higher nutrient containing source to make the desired
grade. When a high analysis fertilizer mixture like 15-15-15 is desired,
fertilizer having relatively high nutrient content like urea, AS etc. should be
used.



Physical and chemical properties: 

Compatibility, hygroscopicity & caking  are the major problems in making of a 
mixed fertilizer. 

Do not mix-

• Ammonium Sulphate with basic slag or lime.

• Ammonium Phosphate with basic slag, RP or lime

• Superphosphate with  basic slag, RP, lime.

• CAN with basic slag,  



Fertilizers which may only be mixed shortly 
before use:

• Urea – KCl, SOP, AS, CAN, SSP, AP, basic slag, 
RP, CaCO3

• CAN - KCl, SOP,  urea, SSP, AP

• RP- AS, urea



Method of preparation

• First work out the actual amount of nutrient source required to prepare 
the actual quantity of mixed fertilizer (of particular grade).

• For 100 kg mixture; quantity of nutrient source required = 



Problem-1 

• Prepare 1 tonne of 8-8-8 mixture using urea (46% N), 
SSP (16 % P2 O5) and MOP (60%K2 O).

Solution: calculate the amount of ingredients  for 100 kg 
mixture

Urea =18 kg
SSP= 50kg
MOP = 13.3 kg
Total = 81.3 kg
Required amount of Filler = 18.7 kg 
To make 1 tonne multiply the amount by 10 to get the 

answer.



Problem-2
Prepare a ton of 8:8:8 grade fertilizer mixture using ammonium sulphate ( 20%)
@ 6 %, urea (45%) @ 2 %, superphosphate (16% nitrogen) and muriate of
potash ( 60%).



Advantages of granular mixed fertilizer over physically mixed 
fertilizer

1. It prevents segregation of different components.

2. Free flowing & has good drillability.

3. Losses due to wind action are minimized & can be applied more evenly.

4. Agronomic properties and availability of nutrients are also improved.

Advantages of fertilizer mixtures
1. All essential primary nutrients are available in one application.

2. Time and labor saving.

3. Micronutrients can be applied with mixed fertilizes



Physical properties of fertilizers-

Physical properties of fertilizers have bearing on bagging, storage,

transportation, handling and their distribution or application in the field. These
properties include- hydrscopicity, free moisture content, particle size, melting
point, solubility, specific gravity/ density, segregation granule hardiness, angle of
response, drillability etc.

Chemical properties of fertilizers-
They include nature and amount of nutrients present in them, ferilizer

associated elements in them, their chemical reaction and salt index. The chemical
properties of fertilizers make a basis for their selection by the cultivators so that
they may achieve highest productivity with least damage to soil fertility and least
unit cot of fertilizers.

Classification of fertilizers on nutrient supplied basis

• Nitrogenous fertilizers

• Phosphatic fertilizers 

• Potassic fertilizers



Nitrogen carriers – Two groups

1. Organic- compost, cottonseed meal, guano, green manuring, 
Low N content, slow releasing, add C to soil.

2. Inorganic- further classified as:

• Ammonical fertilizers

• Nitrate fertilizers

• Combined ammonical and nitrate fertilizers

• Amide fertilizers



Ammonical fertilizers
1. Ammonical fertilizers contain the nutrient nitrogen in the form of

ammonium or ammonia.

2. Ammonical fertilizers are readily soluble in water and therefore readily
available to crops.

3. Except rice all crops absorb nitrogen in nitrate form. These fertilizers are
resistant to leaching loss, as the ammonium ions get readily absorbed on
the colloidal complex of the soil.

A. Ammonium Sulphate- [ (NH4)2 SO4]

1. It is a white salt completely soluble in water containing, 20% of nitrogen and
24% of sulphur.

2. It is specially suitable for soils deficient in sulphur and for salt affected soils.
It is an excellent fertilizer for wet land rice as leaching losses of NH4-N are
very less because of absorption of NH4-N by soil colloids.

3. It is physiologically is acidic in nature. So continuous use of this fertilizer
increases soil acidity. The acid equivalent of this fertilizer is 110 i.e. 110 lb
calcium carbonate is required to neutralize the acidity produced by
application of 20lb nitrogen as ammonium sulphate.



Ammonium Chloride –(NH4Cl)
1. It is not a popular fertilizer and as used as fertilizer for rice and some other

crops in very limited areas because it may increase residual chloride
content of some soils.

2. It is white crystalline compound. It contains 25% nitrogen and possess
good physical condition.

3. This fertilizer contain nitrogen in ammonical form and as such it is a good
fertilizer for paddy.

4. This fertilizer produce acidity and soil requires 128 kg calcium carbonate to
neutralize the resulting acidic effect of 100 kg of ammonium chloride.

5. Its application may also cause larger los of soil calcium due to its
conversion into soluble calcium chloride which is easily leached out.

6. It is soluble in water, free flowing, normally does not create problem in
handling and storage.

7. It may conveniently mixed with phosphatic and potassic fertilizer.



Anhydrous Ammonia (NH4)

1. It is colourless and pungent gas containing 82.0% nitrogen.

2. It is the cheapest source of nitrogen and can be applied directly to soil by
injection using blade type applicator having tubes

3. It becomes liquid (anhydrous ammonia) under suitable condition of
temperature and pressure.

4. Immediately after application the soil must be sealed through compaction
to avoid losses due to volatilization. It is found that losses are much less in
course textured soils than in fine textured soils.

5. The other way application is through irrigation water which is more
convenient, less expensive and widely acceptable by farmers.

Nitrate fertilizers-

1. Nitrate fertilizers contain the nitrogen in the form of NO3.

2. These ions are easily lost by leaching because of the greater mobility of
Nitrate ions in the soils.

3. Continuous use of these fertilizer may reduce the soil acidity as these
nitrogenous fertilizers are basic in their residual effect of soils.



Sodium Nitrate- (Na NO3)

1. Sodium Nitrate is a white salt containing about 15.6% of nitrogen.

2. It is completely soluble in water and readily available for the use of plants as
such, without any chemical change in the soil.

3. It is easily lost by leaching and denitrification.

4. When large quantity of sodium nitrate are added year after year the nitrate
ions are absorbed by crops and Na ions are accumulated and affect the soil
structure. Sodium nitrate is also known as chile salt peter or chilean nitrate.

5. Sodium Nitrate is particularly useful for acidic soils.

Calcium Nitrate- [ Ca (NO3)2]

1. It is a white crystalline hygroscopic solid and contains about 15.5 % of
nitrogen and 19.5% calcium.

2. It is readily soluble in water it is easily and quickly available to plants.

3. Its drilling quality depends upon relative humidity of atmosphere i.e. at 40%
humidity, it can easily be drilled, at 50% humidity and can be hardly be
drilled where as it 60% humidity the fertilizer is fully liqified.



Ammonical and Nitrate fertilizers-

These fertilizers contain nitrogen in both ammonium and nitrate forms. The
nitrates are use full for rapid utilization by crops and ammonical is gradually
available.

Ammonium Nitrate- (NH4NO3)

1. It is one of the quick acting nitrogenous fertilizer and it contains 35%
nitrogen half of which in ammonical form and rest half in nitrate form.

2. It is white crystalline, water soluble and hygroscopic in nature.

3. In the ammonium form it can not be easily leached from the soil.

4. It has an acidulating effect on the soil.

5. It is dangerous in pure form because of explosion hazard.

6. It is best fertilizer for rainfed culture and for other soils having alkaline or
neutral soil reactions.

Calcium ammonium nitrate –

1. Its granules are grey or light brown in colour and are free flowing.

2. It contains 25-26% nitrogen half of which in NH4 form and rest half in NO3

form.



3. It also contains about 35.5% calcium carbonate and 5.5% magnesium
carbonate, which are mixed with fertilizers with an object to reduce
hygroscopicity and risk of fire and explosion during storage and handling.

4. It is neutral fertilizer so it can be mixed with phosphatic and potassic
fertilizers but the mixture must be used immediately after mixing other wise
the excess Ca present in this fertilizer reverts water soluble phosphate into
water insoluble phosphate and finally reduced the availability of phosphate
to plants.

Ammonium sulphate nitrate [ (NH4)2 SO4. NH4 NO3]

1. It contains 26% nitrogen, three fourth of it in the ammonical form and rest as
nitrate form.

2. In addition to nitrogen it contains 12.1% sulphur.

3. It is a mixture of ammonium sulphate and ammonium nitrate.

4. It is available in white crystalline form or as dirty white granules.

5. It is readily soluble in water and very quick acting.

6. Keeping quality is good and is usefull for all crops.

7. Acidic effect on soils, it may be applied before sowing at sowing or as top
dressing.



Amide fertilizer
1. Amide fertilizers are readily soluble in water and easily decomposable in

soils.
2. The amide form of nitrogen is easily changed to ammonical and then to

nitrate form in the soils.

Urea [CO (NH2)2]
1. It is the most concentrated solid nitrogenous fertilizer, containing 46%

nitrogen.
2. It absorbed moisture from the atmosphere and has to be kept in moisture

proof containers. It is readily converted to ammonical and nitrate form in
soil, it Cannot be absorbed by plants until acted upon by urease enzyme to
form ammonium ion.

3. It is white crystalline substance readily soluble in water and liable to leach
unless urease convert it to ammonium which readily held up by the soil
colloids as exchangeable ion (fixed in the soil in an ammonical form and is
not lost in drainage). It is now available to plants through cation
exchangeable process.

4. Urea sprays are readily absorbed by plants.



Calcium cyanamide [Ca CN2]-

1. It contains about free carbon upto 11% and hence is grouped as organic
fertilizer.

2. The pure salt contains about 35% nitrogen but the CaCN2 used as fertilizer
material contains about 22% of Nitrogen.

Use of calcium cyanamide in agriculture-

1. Use of calcium cyanamide as conditioner in fertilizer- This is used as drier,
pulverant to facilitate drilling quality of mixture by avoiding caking and
setting in bags. The drying and pulverrising effects are due to production of
heat after fixing moisture as water crystallization.

2. Use of calcium cyanamide as fertilizer- It supplies free lime in soil and add
calcium to the soil. The calcium plays an important role in improving physical
properties of soil like granulation, porosity etc. besides acting as plant
nutrients. Calcium gets released and cyanamide react with soil colloides
where it produces urea and dicyanamide depending upon soil reaction.



Reaction of cyanamide in neutral and acidic soils-

2Ca CN2 + 2H2O Ca (OH)2 + Ca ( HCN2)2

2Ca (HCN2) + 2H2O  (Ca OH)2 CN2 + 3 H2 CN2

Reaction of cyanamide in alkaline conditions-

H2 CN2 + H2O CO ( NH2)2

H2CN2 + H2O HN: C(NH2) NH. CN

Dicyanamide

Use of calcium cayanamide as herbicide and defoliant-

it destroys the viability of broad leaved weed seeds as well it kills the weed it self.
After decomposition it produces urea and then free ammonia which helps in
sterilizing the soil as

2Ca CN2 + 2H2O Ca ( OH)2 + Ca ( HCN)2

2Ca ( HCN2)2 + H2O (Ca OH)2 CN2 + 3H2CN2

H2CN2 + H2O NH2 CO NH2

2CO (NH2)2 2NH3 + 2 CO2 + H2O

Use of calcium cayanamide as herbicide and defoliant- It produces caustic lime and
free cyanamide which kills the microorganism, like bacteria, actinomycetes,
nematodes and moulds etc. after few days of application. It effect two ways firstly
it produces alkaline reaction which is harmful harmfull for microbes and secondly
it produces caustic lime which directly kills the microbial growth in soil.



Modified form of urea
70% of N applied through urea in paddy is lost via leaching, runoff,
denitrification, and volatilization. To improve the FUE various forms of urea
have been developed. These are urea super granules (USG), SCU, NCU and
lac coated urea.

Slow release nitrogen fertilizers-

Nitrogen being readily soluble gets lost through leaching, washing, seapage or
denitrification under anaerobic conditions due to which its split application
becomes essential. Keeping these points in mind some nitrogenous fertilizers
with relatively slow availability have been developed which may supply
nitrogen over an expanded period of time to suit water logged conditions and
long duration crops these are as follows-

1. Substance of low water solubility-

a. Urea formaldehyde (urea form)- it contains at least 35% nitrogen, largely in
almost insoluble or slowly available form.

b. Crotonylidenediurea ( 2 oxe-4 methyl 1-6 uridohexahydrous pyrimidine)- it
contains 28% nitrogen out of which 2.8 % in the form of nitrate source. The
rate of nitrification being very slow it releases nitrogen over entire period of
growing season, however an increase in particle size increases the residual
effect.

c. Isobutylidene diurea (IBDU)- It contains 30-32% urea very low, water solubility



2. Sparingly soluble minerals- eg. Magnesium ammonium phosphate, it contains
about 5-9% nitrogen and 29-45% P2O5.

3. Coated soluble fertilizers- eg. Neem , lac, sulphur, gypsum coated urea.

Nitrification inhibitors- These chemical compounds temporarily reduced
population of nitrosomonas and nitrobacter bacteria in soil. These are the
bacteria responsible for converting ammonia to nitrite ( Nitrosomonas) and
nitrite to nitrate ( Nitrobacter). Product with nnkown efficacy for inhibiting
nitrification are dicyandiamine4 (DCD), Nitrapyrin and pyronitradine.
Nitrification inhibitors like urease inhibitors will breakdown over time and will
no longer be effective. The rate ofbreakdown is influenced particularly by
temperature. So these products generally remain effective longer at cooler
soil temperature with efficacy from two to several weeks.

Urease in hibitor – is a chemical compounds block the activity of urease enzyme.
It is found in soil as well as in plant residues. Urease along with water will
hydrolysed or breakdown urea in to ammonia.



Phosphatic fertilizers
• Early bones were the only known source of phosphate till the rock phosphate

deposits were not known to human beings. The phosphate present in in
bones was in so low amount that the discovery of rock phosphate deposits
become unavoidable. But the phosphate present in rock phosphates was in
complex form and as such it is not available to the plants until it is converted
into simpler form.

• Liebig (1857) found out that phosphate present in rock phosphate could be
dissolved in sulphuric acid and it would became available to plants. He
further named the end product as super phosphate.

• The discovery helped in setting up several superphosphate industries.

Classification of Phosphorous-

The phosphorous found in soil may be classified into two groups-

Organic Phosphorous- This consists of Phospholipids and phospho- proteins but
none of these are available to the plants as such. These are first taken up by
micro-organisms and are converted into available form in their body cells.
The phosphorous present in their body cells become available only after
death of these microbes. Organic matter is the prime source of this
phosphorous



Inorganic phosphorous- these are two types of inorganic phosphates : first is
available being water soluble and is popularly called as monocalcium
phosphate while the second group is citrate soluble phosphates eg dicalcium
phosphate and tricalcium phosphates, phosphate of Fe, Al and Mn apatite.

The availability of phosphatic fertilizers is found in the following order-

1. Calcium and magnesium compounds of phosphorus

2. Organic compounds containing phosphorus

3. Phosphatic compounds of Al and Fe

4. Apetite

Classification of phosphatic fertilizers-

1. Natural ( acid soluble ) – bone and minerals or rock phosphate

2. Processed or treated ( water soluble form)- phosphatic fertilizers

3. By product phosphate ( citrate and acid soluble form)- basic slags as by
product of steel plants.

Bone meals- Bone meal contains tri-calcium phosphate [Ca3 (PO4)2] or
hydrated tri calcium phosphate. This also contains sodium, magnesium and
carbonate. It is more suited to light soils. Raw bone meal and steamed bone
meal are the main forms of bone meal. Bone meal consists of P2O5 in citric
acid soluble form hence it should be applied always as basal placed.



Bone charcoal- It is also called as bone char or bone black which is obtained by
burning bones out of contact with air. The product is used in refining sugar. It
can be used as phosphatic fertilizer and is obtainable in several degree of
fineness.

Precipitated bone – it is found as by product of glue manufacturing process.
It contains mainly 40% P2O5 as dicalcium phosphate. Though it is citric acid
soluble and readily available to the plants.

Dissolved bones- sulphuric acid is added to bones make P2O5 soluble in water
and the product becomes similar to super phosphate. It provides 15-16%
P2O5 and 3% nitrogen.

Bone ash- burning of bones gives out bone ash which is done to reduce the
bulk. It contains 30-40% P2O5 with small amount of Mg and fluorine in it.

Bone meal is alkaline in reaction and is found to be most efficient in
acidic soils as the phosphate gets dissolved quickly-

Ca3 (PO4)2 + H2CO3 Ca2 H2 (PO4)2 + CaCO3

Besides P2O5, It also supplies Ca, Mg etc. to the plants and neutralizes the
acidity of the soil in which it is applied.



Rock Phosphate : The material varies in colour from grey to brown and contains

about 50% of its total P2O5 as tricalcium phosphate, which is neither water

soluble nor citrate soluble, Its solubility can be increased by adding acid or acid

forming substance into the soil where rock phosphate is applied. Its phosphate

supplying power is greatly increased by the presence of decaying organic matter

which firms carbonic acid by production of CO2 continuously as shown below-

Ca3 (PO4)2. Ca CO3 + 6H2O 3Ca (HPO4)2 + 7 Ca CO3

To increase the availability of phosphorus and its solubility the rock phosphate

must be applied in the following ways-

1. It should always be applied in acidic soil reaction

2. It should be applied to legumes or green manure crops which should be finally be

incorporated to soil insitu.

3. It should be well mixed with leaf mould, compost, FYM etc and applied into the

soil.

These organic material by releasing organic acids help mineralizing tricalcium

phosphate into dicalcium and finally into monocalcium phosphate which

becomes available to plants.



Some important apatites are-

1. Carbonate apatite- [ Ca3 (PO4)2]3. CaCO3 - It contains phosphate along with
calcium carbonate.

2. Fluor apatite- [ Ca3 (PO4)2]3. CaF2 – It contains tricalcium phosphate along
with calcium fluoride.

3. Chlor apatite- [ Ca3 (PO4)2]3. CaCl2. It contains calcium chloride along with
tricalcium phosphate.

4. Hydroxy apatite- [ Ca3 (PO4)2]3. Ca(OH)2. it consist of calcium hydroxide along
with tricalcium phosphate.

5. Sulphate apatite- [ Ca3 (PO4)2]3. CaSO4. It contains calcium sulphate along
with tricalcium phosphate.

Rock phosphate being alkaline in reaction, increases soil alkalinity when
applied as fertilizer. Therefore this material suits to only acidic soils. If it has
to be applied in allkaline or saline soils it should be applied along with a very
heavy dose of organic manure.

It reduces the acidity when applied in acidic soil reaction. Under acidic
condition following reaction takes place-

[ Ca3 (PO4)2]3. CaCO3 + 6H2CO3 3Ca (H2PO4)2 + 7 Ca CO3

[ Ca3 (PO4)2]3. CaCO3 + 14 HNO3 3Ca (H2PO4)2 + 7Ca (NO3)2 + H2CO3



Thus under both the conditions monocalcium phosphate is formed which 
becomes available to plants.

Phosphate rocks and sulphur are the basic raw materials for production of
phosphatic fertilizers. Nearly all the phosphatic fertilizers are made from
naturally occurring phosphate containing minerals. Sulphuric acid and
phosphoric acid are the intermediate products. The manufactured phosphatic
fertilizers are mainly classified according to their solubility or availability to
plants. The ammonium phosphate and monocalcium phosphate as found in
normal and triple super phosphates are highly water soluble as so they are
immediately available to the plants. The different phosphate in order of their
solubilities are as

• Ammonium phosphate
• Monocalcium phosphate
• Calcium phosphate
• Dicalcium phosphate
• Hydroxy apatite
Super Phosphate- Is is also called as single super phosphate or ordinary super

phosphate containing about 16% P2O5 and it is most important source of
fertilizer phosphorus. Single super phosphate is the product resulting from the
acidulation of phosphate rock with sulphuric acid.



Monocalcium phosphate – 30 %, Dicalcium phosphate- 10% and calcium
phosphate 45%.

Enriched super phosphate- are those materials which are produced by acidulating
rock phosphate with a mixture of sulphuric acid and phosphoric acid. The P2O5
equivalent of such products may range any where between 20% of normal super
phosphate and 46% of triple super phosphate depending upon the amount of
phosphoric acid is used.

Triple super phosphate- it is also known as double concentrated super phosphate
which is an impure mono-calcium phosphate made by reacting phosphoric acid
with rock phosphate-

3 Ca(PO4)2. CaF2 + 14H3PO4 10 Ca H4(PO4)2 + 2HF

(Rock phosphate) TSP

Triple super phosphate is non-hygroscopic and free flowing granular form of
phosphatic fertilizer made from ammoniation. The high content of phosphorus in
this fertilizer makes it most economic in handling, bagging, shipping and
distribution.

Ammonium phosphate- It is highly concentrated source of water soluble nutrients
which may be easily mixed with any fertilizer and the mixture remains granular for
easy handling, flow and application.

There are two types of ammonium phosphate-

Monoammonium phosphate- ( NH4. H2PO4 )and

Diammonium phophate- (NH4)2. H2PO4



The diammonium phosphate is four times more soluble in water than
monocalcium phosphate. The DAP grade is 16-48-0 and 18-46-0

Ammonium phosphate sulphate- this is manufactured by treating a mixture of
phosphoric acid (25-30% P2O5 equivalent) and sulphuric acid with ammonia. It
contains a mixture of mono-ammonium phosphate and ammonium sulphate in
a proportion of 42 % and 58% respectively. It consist of 16:20:0

NH3 + H3PO4 NH4 H2PO4

2 NH3 + H2SO4 (NH4)2 SO4

Ammonium Phosphate Nitrate- It is a mixture of ammonium phosphate and
ammonium nitrate. There are several commercial grade ammonium phosphate
fertilizers available in the market like- 8:16:32, 15 :15:15, 30:10:0

Ammonium Phosphate Sulphate- it is manufactured by treating a mixture of
phosphoric acid and sulphuric acid with ammonia. It consists of a mixture of
ammonium phosphate and ammonium sulphate. Presently it is called as
ammonium phosphate (20:20:0).

Nitrophosphate- It covers a range of fertilizer containing nutrients N and P and
some times potassium also which are obtained by treating rock phosphate with
nitric acid. It needs three raw materials viz. Nitric acid, rock phosphate and
ammonium to produce nitrophosphate. It is vary in water soluble content 30-
70%. Common grade in India are 13:13:20, 15:15:15, 20:20:0 etc.



Potassic Fertilizers

1. Potassium along with nitrogen and phosphorus is one of the primary 
nutrient required by the plants.

2. Potassium fertilizers are the chemical substances containing potassium in 
sbsorbed form K+

3. They are water soluble and so they are readily available to the plants

They are two types-

A. Potassium Chloride (KCl) –

1. It is most common potassic fertilizer having potash in the chloride form. 
It is available in the market as “Muriate of Potash”.

2. It is coarse or fine salt resembling ordinary salt and commonly marketed 
as granular or powdered form.

3. It contains 50 to 60 % potash, The whole of which is readily available to 
plants because it is highly soluble in water

4. It is not lost from the soil, as it is absorbed on the colloidal surfece.

5. It chlorine conten is objectionable to some crops like potato and tobacco 
( where quality is the consideration).



B.  Potassium Sulphate( K2SO4)-

1. It is also known as sulphate of potash. It is white salt and contains 48% 
K2O.

2. It is soluble in water and therefore readily available to plants

3. It does not produce acidity or alkalinity in soil.

4. It is prefered for fertilization of crops like potato and tobacco etc where 
quality is the prime importance.

5. It is very costly because it is made by treating potassium chloride with 
magnesium sulphate.



Secondary nutrient fertilizers

Secondary elements are as important as primary or even more important
than primary elements because they help in uptake of primary elements by
plants. The only difference in both the groups is that the secondary elements
are required in very little quantity as compared to primary elements.
Similarly micronutrients are more essential than previous two groups as they
govern most of the physiological as well as biochemical reactions of plant
growth and development though, they are required in very minute
quantities.

Secondary nutrient carriers-

calcium carries- The secondary nutrients are Ca, Mg and sulphur and the
materials consisting any of them are called as secondary nutrient carriers.
Under humid climatic conditions Ca is found in the form of calcium carbonate
in the soil and plants. It is an exchangeable base, therefore, according to its
nature it is present in neutral or alkaline soil reactions and its deficiency is
marked in acidic reaction of soil. The acidic reactions are found in these soils
which receive very high rainfall due to which the calcium is either washed
away or leached down from the soil.



Limestone is the primary source of calcium in Mississippi. Other
common sources include basic slag, gypsum, hydrated lime, and burned
lime. These sources are recommended for peanuts, peppers, and
tomatoes. In peanuts, they prevent pops and encourage pegging. In
tomatoes and peppers, they prevent pops and blossom end rot. Hydrated
lime and burned lime contain more readily available calcium than do basic
slag and gypsum. Gypsum does not affect soil pH even though it contains
calcium.

Lime is used in some fertilizers to correct their remaining acidity or
residual acidity. Thus lime works in two ways as it corrects acidity side by
side the fertilizer provides Ca and Mg as secondary plant food elements.
Therefore, the use of those fertilizers is indirect use of calcium in soil for
meeting out the requirement of the plants.



fertilizers % Calcium 

Calcium cyanamide 39.57

Calcium ammonium Nitrate 8.0

Super Phosphate (Ordinary) 20

Super Phosphate (Concentrated) 13.95

Bone meal (raw) 23.10

Lime stone 32.58

Gypsum 29.40

Following fertilizer materials have calcium-

Therefore calcium to be used either as fertilizer or as liming, must be 
applied as basal dressing in soil.



Magnesium is adequate for crop production in most Mississippi soils except the

coarse sandy soils of the Coastal Plains and the heavy dark clays of the Blackbelt
Prairie. Magnesium is absorbed as the Mg2+ ion and is mobile in plants, moving from
the older to the younger leaves. It leaches from the soil like calcium and potassium.

The most common soluble sources of magnesium to use as fertilizer are magnesium
sulfate (containing 10% Mg and 14% S, also known as Epsom salt), sulphate of potash
magnesia (containing 11.2% Mg, 22% S, and 22% K2O, commercially sold as K-Mag),
and magnesium oxide (containing 55% Mg, also known as magnesia).

fertilizers % Calcium 

Calcium cyanamide 39.57

Calcium ammonium Nitrate 8.0

Super Phosphate (Ordinary) 20

Super Phosphate (Concentrated) 13.95

Bone meal (raw) 23.10

Lime stone 32.58

Gypsum 29.40





• Sulfur

• Sulfur is needed in fairly large quantities by most crops. It is an essential building 
block in chlorophyll development and protein synthesis. Sulfur is required by the 
rhizobia bacteria in legumes for nitrogen fixation. In general, crops remove about 
as much sulfur as they do phosphorus. Grasses remove sulfur more efficiently than 
legumes, and clovers often disappear from pasture mixtures when sulfur is low.

• The sulfate ion, SO4, is the form primarily absorbed by plants. Sulfate is soluble 
and is easily lost from soils by leaching. As sulfate is leached down into soil, it 
accumulates in heavier (higher clay content) subsoils. For this reason, testing for 
sulfur in topsoil is unreliable for predicting sulfur availability during a long growing 
season.

• Many coarse-textured, sandy soils and loworganic matter, silty soils throughout 
Mississippi are sulfur deficient for crop production. Many acid soils contain 
metallic sulfides that release sulfur as weathering occurs.

• Sulfur deficiency symptoms show on young leaves first. The leaves appear pale 
green to yellow. The plants are spindly and small with retarded growth and 
delayed fruiting. For a rapid correction of a deficiency, use one of the readily 
available sulfate sources.



• Sulfur may be recommended for major crops in Mississippi at 8–10 pounds per 
acre annually in some situations. Check with local MSU Extension Service 
offices or area agronomists for more crop- and sitespecific information.

• There are many sources of fertilizer sulfur available. Organic matter is the 
source of organic sulfur compounds and is the main source of soil sulfur in 
most Mississippi soils. Other sources of sulfur are rainfall and fertilizers that 
contain sulfur. Some readily available sources include ammonium sulfate (21% 
N and 24% S), potassium sulfate (50% K20 and 17.6% S), gypsum (32.6% CaO
and 16.8% S), and zinc sulfate (36.4% Zn and 17.8% S).There are several other 
sulfate sources as well as less available sources of sulfur in the elemental or 
sulfide form.

• Elemental sulfur is a good acidifying agent. An application of 500 pounds of 
sulfur per acre on sandy loam soil reduces the pH from 7.5 to 6.5. It takes 
about 3 pounds of lime to neutralize the acidity formed by 1 pound of sulfur.



Fertilizer recommendation 
approaches, nano fertilizers, Soil 
amendments, Fertilizer Storage



Soil test- Soil testing refers to chemical analysis of soil for different fertility
parameters and soil ailments like acidity, alkalinity and salinity. The
quantity of nutrients extracted by soil test should be closely related to
crop response to fertilizer application.

Objectives-

1. To evaluate soil fertility status and making fertilizer recommendation for
specific field and forming situations.

2. To assess type and degree of soil problem like acidity, sodicity and salinity
and suggested recommendation measures

3. To predict crop response to applied fertilizers.

4. To develop soil test summary for preparation of soil fertility maps to
support farm scale.

Fertilizer recommendation approaches-

The objective of fertilizer recommendation is to crops used supply of
nutrients in optimum quantity in right proportion to meet the crop
requirement. Desired balance of nutrients in soil can be corrected by soil
test based fertilizer recommendation. Based on soil test and crop
response variou approaches have been suggested and use for fertilizer
recommendation.



Fertilizer recommendation- Fertilizer recommendation refers the quantity of 
certain plant nutrient element needed in addition to the amount supplied by 
the soil to increase plant growth to a designated optimum.

for making fertilizer recommendation the following information are vrequired-

1. Soil information- soill test value, moisture content, slope, texture, structure, 
salinity, acidity , alkalinity, deficiency of nutrients etc

2. Crop information- crop species, variety, plant population, fertilizer response 
cost, 

3. Economic information- fertilizer cost, price of produce

4. About farm and farmers- management level, potential for production, 
financial situation, availability of manures and fertilizers, previous history of 
fertilizer application

5. yield



Fertilizer recommendation

1. Nutrients supply capacity of soil.

2. Nutrients requirement of crop.

Difference between the two is the basis of fertilizer recommendations.

1. First can be estimated by soil sample testing and results are commonly 
known as STV

2. Second can be estimated by crop responses grown with graded doses of 

fertilizer.
Crop responses data-
• Yield response data  is generated with graded doses of nutrient through 

fertilization.

• These data are compared with the help of mathematical tools in terms of 
“percent yield” and “percent yield increase”



Percent yield

• Native fertility of soils in different locations are 
compared in terms of percent yield by conducting 
experiments 



Percent yield increase

While conducting multi location trials or a pot experiment in a single 

location with soils brought from different locations, percent yield increase 
is worked out for every level of fertilizer application. The highest yield 
obtained in the experiment with all fertilizer nutrient applied, is taken as 
Maximum attainable yield



Class % Yield

Very low (VL) <25

Low (L) 25 –50

Medium (M) 50- 75

High (H) 75 – 90

Very high (VH) >90

Critical soil test value
Generally, when % yield reaches to 95 -100% or when yield increase
reaches to 0-5%, the critical soil test level (CL) is obtained. The CL
represents the soil test level above which no yield response to fertilization
will be obtained.

Classification of the fertility level on the basis of yield %



General recommendation based on soil test

Soil testing has emerged as a viable practice or provide a service for better
management of soil and fertilizer nutrients. The fertilizer need of a crop in a
cropping system is greatly influenced by the nature of proceeding crops and
amount of fertilizers applied to them. Balanced nutrition of crops should
ensure that the nutrients in available form are in adequate quantities and
right proportion as per the requirement of the crop. It can be ensured only
through soil test based fertilizer recommendation.

Approaches for fertilizer recommendation-

1. General fertilizer recommendation or agronomic fertilizer recommendation

2. Recommendation based on soil fertility rating

3. Critical limit based recommendation

4. Recommendation based on targeted yield

5. Recommendation based on nutrient index

6. Recommendation for cropping sequence

7. DRIS (Diagnosis Recommendation Integrated System)

8. Recommendation for maximum yield



A. General or agronomic recommendation-

These recommendation are based on multilocational trial conducted with
graded dose of nutrients for particular crop and optimum dose is computed
out.

Advantage-

1. It is good for those farmers who can not approach the soil testing lab or
unable to get soil tested.

2. For a large area

Disadvantage-

1. In this approach the variation in soil fertility , crop variety etc.

2. Optimum fertilizer use efficiency can not be achieved.

B. Recommendation based on soil fertility rating-

In this approach soil test value are classified in three categories as low,
medium and high. Thus recommendation are developed by conducting on
farm experiments with graded doses of nutrients on soils having wide range
of soil test value. The percent yield is then grouped in to different
categories to get soil fertility rating.



Class % Yield

Very low (VL) <25

Low (L) 25 –50

Medium (M) 50- 75

High (H) 75 – 90

Very high (VH) >90

If the rating is low the dose is raised by 25% and if rating is high lowered by 25%. If
rating is very high the dose lowered by 50%.
Advantage- It provide balance nutrients upto some extent
Disadvantage- It does not consider variation in soil and crop variety

C. Fertilizer recommendation based on nutrient index-
This approach is based on summarizing the overall availability status of a

particular nutrient in a given area into low, medium, high categories according to
method given by Parker et al. (1951)



If the nutrient index is < 1.5- fertility status low

If the nutrient index is 1.5-2.5 –fertility status medium

If the nutrient index is > 2.5 – fertility status high

Disadvantage-

1. Variation of individual field is not taken into consideration

2. Fertilizer recommendation are the grass generation of the nutrition.

D. Fertilizer recommendation based on targeted yield-

This approach is also called as rationalized fertilizer prescription. A
significant linear relationship has been reported between grain yield of
crop and nutrient uptake. This forms the basis for targeted yield concept
initially advocated by Troug, E (1960) and followed by Ramamoorthy et
al. (1967).Subsequent ICAR started AICRP on STCR to develop soil test
based fertilizer recommendation for different crops. The essential
parameters for targeted yield concept are-

1. Nutrient requirement kg / q

2. % contribution from soil available nutrients (Cs)

3. % contribution from fertilizer available nutrients (Cf)



In intensive agriculture system fertilizer alone can hardly meet the crop
need or requirement. Therefore, conjoint use of fertilizer and organic
manure in required to provide all essential nutrients and achieve
sustainable soil fertility and crop production. In recent years AICRP on
STCR has emphasized on development of information on quantitative
contribution from organic source (CFYM) .

Advantage-

1. It is more quantitative and precise. It involved both soil and plant
analysis.

2. Provide balanced fertilization

3. Farmers can select the suitable target according to his resource and
management conditions.

4. Fertilizer use efficiency increased and maintenance of soil fertility

5. Fertilizer choice during shortage of storage

6. No difference in yield due to variety variation because yield target is fixed
according to yield potential of variety.

Disadvantage-

1. Artificially fertility gradient is created



2. Equation are applicable to some soil type on which experiment was
conducted.

3. Not available for different crops and region

E. Fertilizer recommendation based on critical limit-

this concept was developed by Cate and Nelson (1965). Critical limit is the
level of soil available nutrient above which that nutrient is no longer a
primary limiting factor.

the economic response to applied nutrient in soil below the critical limit is
high and vice-versa. The critical limits varies with soil types crop and
varieties, soil test method and season.

Advantage-

1. This approach can be used for fix the critical limit of nutrient for
particular soil and crop

2. Suitable for micronutrient

Disadvantage-

1. Quantification of fertilizer does for individual situation is not possible

2. Probability of yield response only can predicted but not the actual yield.



F. DRIS approach- (diagnosis recommendation integrated system) This approach
is introduced by Beaufils. In this approach plant samples are analysed for
nutrient content and they are expressed as ratio of nutrients with others.
Suitable ratios of nutrients are estabilished for higher yields from experiment
and plant sample collected from farmers fields.

The nutrient whose ratio are not optimum for higher yields are suplimented
by topdressing. This approach is suitable for long duration crops. The
requirements for development of DRIS.

1. All factors affecting crop yield must be defined

2. 2. the relationship between these factors and yield must be described

3. Norms to be used for calibration must be estabilished

4. The recommendation based on these norms must be continually refined ti
suit specific condition.

Advantage-

1. Nutritional balance is taken into account

2. Diagnosis can be made over a wide range of stage of crop development

3. Nutrient limiting yield through either excess or insufficiency can be readily
identified.



Fertilizer recommendation based on Mitscherlich’s equation

• Related to growth and supply of limiting plant nutrient.

• When plants were supplied with adequate amounts of all but one
nutrient, their growth is proportional to the amount of this one limiting
element that was supplied to the soil. Plant growth increased as more of
this element was added, but the increase in growth was progressively
smaller with each successive addition of the element.

• Where, dy = increase in yield resulting from an increment

dx of the growth factor x ; A = maximum possible yield obtained by
supplying all growth factors in optimum amounts ; y =yield obtained
after any quantity of the factor x has been applied ; c= constant & might
be the efficiency factor



• Above eq. can be written as

Log(A-y) = log A – c(x)

• The significance of the c term : gives an indication of whether the max.
yield level can be achieved by a relatively low or high quantity of the
specific growth factor. If c is small, a large quantity is needed& vice versa



Nano technology

• The term "Nanotechnology" was first defined in 1974 by Norio Taniguchi
of the Tokyo Science University.

• The size of nano material is typically about 1 to 100 nm. They can be
naturally occurring or Manipulating.

• Due to their minute size they have many unique properties that are now
being explored for new opportunities in agriculture.

• 1 Nanometer = 10-9 m = 1 billionth of a meter

Nano fertilizer

• “Nanofertilizers are defined as materials in the nanometer scale, usually in
the form of nanoparticles, containing macro and micronutrients that are
delivered to crops in a controlled mode”.

or

• These are the smart fertilizes formulated at nano particle scale that can
directly supply essential plant nutrients and can be delivered at time and
dose required by crops to the rhizosphere.

Nano fertilizers are synthesized or modified form of traditional fertilizers
by different chemical, physical, mechanical or biological methods.



Nanofertilizers are being studied as a way to increase nutrient efficiency
and improve plant nutrition, compared with traditional fertilizers. A
nanofertilizer is any product that is made with nanoparticles or uses
nanotechnology to improve nutrient efficiency.

Three classes of nanofertilizers have been proposed-

1. Nanoscale fertilizer (nanoparticles which contain nutrient)

2. Nanoscale additives (traditional fertilizers with nanoscale additives) and

3. Nanosale coating (traditional fertilizers coated or loaded with
nanoparticles.



Nano fertilizers in crop nutrition 

Two kinds or types of nano fertilizers

• Nano sized Fertilizer element is mixed with carrier complex which may or not 
be a nano material e.g. carbon nanotubes as a carrier vehicle for nutrient

• The required nutrient elements in nano-structured formulations (either in
suspension or encapsulated)

Properties of nano fertilizers

• Higher nutrient use efficiency

• Higher surface area

• High solubility

• More penetration in to plant system

• Smart nutrient delivery system- and hence environmentally safe nano-fertilizers 
are capable of releasing the nutrients slowly though out the growth period. This 
prevents losses of nutrients.



Conventional fertilizers vs. nano-
fertilizers

Index Nano-fertilizer
Conventional

fertilizer

Solubility High Low

Dispersion of

mineral

micronutrients

Improved

dispersion of

insoluble

nutrients

Lower

solubility due

to large

particle size

Soil

adsorption

and fixation

Reduced High



Conventional fertilizers vs. nano-
fertilizers

Index Nano-fertilizer
Conventional

fertilizer

Bioavailability High Low

Efficiency of

nutrients uptake

Increased uptake

ratio; saves

fertilizer resource

Conventional

fertilizer is not

available to roots

and the nutrients

uptake efficiency is

low

Controlled release

Release rate and

pattern precisely

controlled

Excess release

leading to toxicity

and soil imbalance



Conventional fertilizers vs. nano-
fertilizers

Index Nano-fertilizer
Conventional

fertilizer

Effective

duration of

release

Extended

effective

duration

Used by the

plant at the site

and time of

application; the

rest is converted

into insoluble

form

Loss rate

Reduced loss of

fertilizer

nutrients

High loss rate

due to leaching,

drifting, run-off



Soil ammendments-

Soil ammendments are substances which, when added to the soil help plant
growth indirectly by augementing physical, chemical and biological changes
in soil. Soil ammendments usually contains plant nutrients, but they can not
be classified as fertilizer. The main aim is not to supply the nutrients directly,
but they are very helpful for plant growth.

Soil ammendments are generally two types-

1. Material that are used to correcting soil acidity

2. Material that are used for correcting soil alkalinity

Material that are used to correct soil acidity- the hydrogen ions are closely
attached with colloidal particles of soil. The dominance of hydrogen ions
over OH ions is called acidic condition of soil because pH of soil is based on
hydrogen ion concentration. Therefore, liming is required to replace
hydrogen ions from soil colloides. Liming materials when added to the acidic
releases Ca which is ionized and replace Mg, Na, K, NH4 or H from the
colloidal complex of the soil.

Liming material- there are several liming materials which are used for liming-

1. Carbonate or ground limestone- this group consists of limestone and Ca
CO3. Sometimes limestones consists of Mg CO3, then this material
technically called as dolomite. [Ca Mg (CO3)2]



2. Burnt lime- the burnt lime is produced by heating lime stone at temp.
over 800 oC during which carbon dioxide is released and calcium oxide is
left behid. It is also known as lump lime or oxide of lime.

3. Hydrated lime- it is also called as water slaked lime, quick lime slaked or
calcium hydroxide.

4. Blast furnace slag- slag is a by product of steel factories which can be
used as liming material under acidic soil reaction.

Soil ammendments used under alkaline soil reaction-

salinization process results in very heavy accumulation of basic salts at
the soil surface and soon after salinization or even simultaniously
alkalisation process begins in which Na dominates on the soil micelle by
replacing other cations. The sodium is strongest defloculant of soil
particles. Gradual increase in sodium ions and other anions like OH-
causes rise in soil pH, which results in alkalinity and requires reclamation
for bringing back to normal or neutral pH.

There are several materials which are used for reclamation-

1. Sulphur- sulphur is applied to reclaming alkali soils. This contains lime
which provides Ca for replacing sodium from soil micelle.



2. Iron sulphate- it is used normally to reclaim alkali and saline-alkali soils
having pH upto 9.0.

3. Gypsum- it is used to reclaim the saline-alkali or alkali soils, which have
abundance of sodium salts. To replace the exchangeable sodium from the
soil micelle gupsum is needed or required , so that the physico-chemical
properties of soil can be improved.

4. Lime stome- it is suitable primarily for acidic soils or slightly saline soils
having pH below 8.5, because the solubility decreases with increases in
the soil Ph.

5. Pyrite- Use of pyrite as an ammendment is a recent development in
chemical amelioration and reclamation of alkali soil [ Fe S2].

Soil Conditioners-these are such materials which are used to bring about
required physical properties of soil or it is used to improve and maintain
the physical conditions of the soils. Crop residues, organic mannures and
other are the organic soil conditioners. Other synthetic organic materials
which are used as soil conditioners are polyvinyl alcohol(PVA),
carboxymethyl cellulose (CMC) and krillium conditioners. These materials
are used to for aggregates or they used to stabilized soil aggregate formed
by mechanical manupulation.



Fertilizer storage

Fertilizer storage- correct storage of fertilizer is important to ensure safety
and security, where possible fertilizers should be stored in a closed secure
storage place to protect the product from the weather and reduce risk of
theft.

Ideal storage conditions-

1. Enclose building capable of protecting the product from the weather and
especially direct sunlight.

2. Clean environment, free of dust/ dirt

3. Temperature between 5oC to 30oC (some fertilizers types are sensitive
to high temperature)

4. Protect the fertilizer from moisture, which can cause lumps and dust,
influencing spreading capabilities.

5. Equipped with pallet racking to avoid the need for double stacking

There are two method

1. Indoor Storage- All building should have adequate provisions for
ventilation to help dissipate heat and discharge fumes in bulk materials
which are incomtible near each other eg. Urea near ammonium nitrate
based fertilizers, lime and fertilizer well separated



Outdoor storage-all fertilizer stored outside should be protected from all
elements by covering with tarpauline. Anchor the tarp well around the
product for stability and safety, big bags should be stored in the form of
pyramid.

storage of liquid fertilizer- The storage requirements for liquid fertilizers
depends on the number of grades required at any time, farm topography
and logistics.



Fertilizer control order, Integrated 
nutrient management, efficient use 

of fertilizers, factor influencing 
nutrient use efficiency (NUE), 
Methods of application under 
rainfed irrigated conditions.



Quality control of fertilizer-

There must be some rules and regulations starting from manufacturing to
end user, for controlling the quality and timely availability of the product
at reasonable price

So, here are Laws regulating the fertilizer commodity related to ;

• Manufacturing (quality control)

• Sale of fertilizer

• Registration of dealers

• Statutory control of fertilizer prices

• To ensure standard quality of fertilizer to farmers (consumer)

Government of India promulgated fertilizer control order in 1957 under
section 3 of the essential commodity act of 1955.

fertilizer control order has amended it from time to time. All fertilizer
materials included in schedule 1 of the order. It regulates the timely
distribution of fertilizer to farmers at fair prices. Central government fixes
the maximum rate at which fertilizer may be sold by manufacturer, dealer
etc. No person shall deal in fertilizer business either in manufacturing of
selling without proper registration. No person shall sell or after for sale or
distribute fertilizer in loose.



Objectives-

Laws and regulations governing the manufacture and sale of fertilizers are 
imperative in order to check: 

1. Spurious standards and adulterated fertilizers entering in to the market.

2. To ensure quantity of nutrients and quality of carriers present in the 
fertilizer.

3. To eliminate black marketers off the market.

5. The total N, P2O5 and K2O must be guaranteed in terms of percentage of 
each of these nutrients in a given fertilizer. 

• The government of India passed The FERTILIZER CONTROL ORDER [FCO] 
on 28th of April, 1957. 

• This order is intended to regulate the manufacture, distribution and 
supply of the fertilizers in India at a control cost. This has been effective 
from 18.05.1957. 

• The Government of India (GOI) also passed the Fertilizer Movement Order 
(FMO) on 31st December, 1960 in order to regulate the interstate 
movement of fertilizers and the export of fertilizers which came into force 
with effect from 1-1-1961.

• It is revised on 25-9-1985. The Government of India has delegated the 
powers to state Governments to implement the order. 



• Micronutrients, chelated micronutrients, biofertilizers, organic manures, 
city compost, vermicompost, and chemical fertilizers are in control of FCO.

FERTILIZER CONTROL ORDER [FCO] REGULATION-

. All the fertilizer manufacturer should obtain license from the Commissioner 
of Agriculture, State Government concerned for the manufacture of 
fertilizer and mixed fertilizers

2. The fertilizer dealers should  be on renewable basis, register their 
dealership with the permission of  Assistant Director, Agriculture 

3. The terms and conditions of manufacture, distribution and sales imposed 
by the government should be followed

4. Duties of inspecting officers and the dealers are specified

5. Fertilizer specifications and kind of package are stated

6. Method of drawing fertilizer samples for analysis in the fertilizer testing 
laboratories is stated

7. Powers are vested with the FCO enforcing officials to book the cases 
against the fraudulent manufacturers, distributors, and dealers of 
fertilizers.



Price control-

Fixation of prices of fertilizers-

1. The central government may with a view to regulating equitable 
distribution of fertilizer and making fertilizers available of fair prices, by 
notification in the official gazette, fix the maximum prices or rates at 
which any fertilizer may be sold by a dealer, manufacturer, importer or 
pool handling agency.

2. The central government may having regard to the local conditions of any 
area the period of storage of fertilizer and other relevant circumstances, 
fix different prices or rates for fertilizers having different period of 
storage. 

3. No dealer, manufacturer + importer or pool handling agency shall or offer 
for sale, any fertilizer at a price exceeding the maximum price or rate 
fixed under this clause.

4. Display of stock position and price list of fertilizer, every dealer, who 
makes or offers to make a retail sale of any fertilizer shall prominently 
display in his place of business.

5. Issue of cash/ credit memorandum, every dealer shall issue a cash or 
credit memorandum to a purchaser of a fertilizer inform M.



Why Integrated nutrient management?
The increasing use of chemical fertilizers to increase the production of food 
grain and fibre is causing concern for the following reasons-

• Soil which receive plant nutrients only through chemical fertilizers are showing
declining productivity despite being supplied with sufficient nutrients.
Unjudicious use of chemical fertilizers is adversely affecting the sustainability
of agricultural production & soil health .

• The decline in productivity can be attributed to the appearance of deficiency
in secondary and micronutrients.

• The physical condition of the soil is deteriorated as a result of long term use of
chemical fertilizer espacially the nitrogenous one.

Goals of Integrated nutrient management-
The main principal of INM to be considered in planning the integrated nutrient

management strategies-

• Adopting INM practices must be compatible with the local farming system eg.
Field, biological conditions (weeds, insects and diseases), soil texture,
irrigation services and equipments available and climatic conditions.

• Using both sources of nutrients optimizing fertilizer input, increases the use
efficiency by crops and reduces food contamination, environmental pollution
and total costs.



Integrated plant nutrition system- (IPNS)

It is a concept which aims at the maintenance or adjustment of soil
fertility and of plant nutrient supply to an optimum level for sustaining the
desired productivity through optimization of benefit from all possible
sources of plant nutrients in an integrated manner.

Integrated Nutrient Management-

Integrated nutrient management is a practice where all resources of
nutrients mainly organic, inorganic( chemical fertilizer), biofertilizers can
be combined and applied to soil, so that crop growth is enhanced and we
can get good yield with quality product.

Integrated nutrient management has to be considered an integral
part of any sustainable agricultural system. In other words Integrated
nutrient management is the maintenance or adjustment of soil fertility
and plant nutrient supply at an optimum level to sustain the crop
productivity.

This is done through optimization of benefits from all possible sources of
plant nutrients in an integrated manner. In-other words integrated
nutrient management is the use of different sources of plant nutrients
integrated to check nutrient depletion and maintain soil health and crop
productivity.



• Corresponding soil nutrients supplies with crop demand, and temporally in  
order to conserve native soil content.

• INM practice reduces the fertilizer los, improve the crop potential and 
increase the profitability.

• In long tern it improves the physico- chemical properties of soil.

• Applying INM practice in root zone, where the most important process 
between plant and soil occur, is a “bottleneck” controlling nutrient 
conservation, solubility, availability and release from soil to plant and 
absroption.

Componenst of INM-

• Fertilizer

• Manures

• Compost

• Green manures

• Crop residue

• Biofertilizers



• Fertilizers : major constraints are their low fertilizer use efficiency and
continuous use of high analysis fertilizer causes heavily take off secondary
and micronutrients by exhaustive production leading to deficiency in the soils

• Organic manures: Organic resources generated through excreta, crop
residue, composts, sewage and sludge and biofertilizer is about 17 Mt of
N+P2O5 +K2O. The major contributor is animal dung (7 Mt potential of NPK).
The production of rural compost in India is about 600 Mt and that of urban =
16 Mt. But less than 50% of FYM is utilized in crop production and large
proportion is lost as fuel and droppings in non-agricultural lands. Studies
shows that incorporation of FYM along with recommended levels of fertilizers
maintained the soil organic carbon and micronutrient availability, aggregate
stability and water retention.

Green manures: Sunnhemp and sesbania are most commonly grown green
manuring crops and Cluster bean, Egyptian clover, cowpea are occasionally
grown GM crops. Amount of N accumulated in 45-60 days of GM crop 200kg
N /ha (generally it is around 100 kg N/ha). Integrated use of GM + chemical
fertilizer can save 50-70 % of N fertilizer in rice. It increases the availability of
several other plant nutrients (being source of NPK and S and micronutrients)
through favourable effect on chemical, physical and biological properties. It
also increased the chealation capacity, reclamation of salt affected soils.



Crop residue & recyclable wastes: Rice or wheat straw, rice husk,
sugarcane trash, potato haulms, non edible cakes, tobacco and tea wastes,
cotton wastes, pressmud, forest litter, water hyacinth etc. About 400 Mt of
crop residues are produced in the country and 1/3 of the residue being
utilized in agriculture production. Wheat straw is used as to feed animals
and rice straw is burnt because it affects the wheat yield following rice.
This is one of the reasons for decline in OM in the soil

• Major disadvantage of incorporation of cereals straw is their wide C/N
ratio and low temperature and short interval between harvesting of rice
and sowing of wheat make recycling of rice straw in wheat more difficult
than that of wheat straw in rice.

• The adverse effect of wide C/N ratio of wheat straw can be counteracted
by sowing sesbania or spreading the straw in the rows of green manures
two weeks after its sowing and incorporation of residues along with GM.

Biofertilizers : Rhizobium –legume symbiosis could meet more than 80%
of the N needs. The residual effects of inoculation on succeeding crop also
have been confirmed. Fresh BGA @ 50-60Kg/ha and dry BGA @ 8- 10
kg/ha can be beneficial in transplanted rice.



Fertilizer use efficiency

• Based on nutrient supplying power as determined by soil test values, 
fertilizer recommendation made.

• The aim is to get maximum economic yield with minimum inputs.

• When a fertilizer is applied, all of its nutrient(s) are not absorbed by the 
crop. The interactions between soil-crop-season and other factors are 
quite significant. Only a fraction of the nutrient(s) is utilized by the crop.

• Fertilizer use efficiency is the output of any crop per unit of the nutrient 
applied under a specified set of soil and climatic conditions.

• Of the various inputs fertilizer is a costly inputs. So this should be 
efficiently used and utilized.

the fertilizer use efficiency can be classified as –

1. Partial factor productivity- it is the simple production efficiency expression, 
calculated in units of crop yield per unit of nutrient applied. Therefore, 
geographic regions with different cropping system are difficult to compare 
with this indicator.



2. Agronomic efficiency (AE)

• It is define as the economic production obtained per unit of nutrient 
applied.

• Generally decreases with the increase in nutrient supply.



3. Apparent recovery efficiency-
It is defined as the quantity of nutrient absorbed per unit of nutrient applied. 

4. Physiological efficiency- it is defined as the biological production obtained per 
unit applied. 



5. Crop removal efficiency- Removal of nutrients in harvested crop as percent
on nutrient applied.

Factors affecting fertilizer use efficiency-

Fertilizer are considered as efficient when maximum yield is obtained with
minimum possible amount of fertilizer application. It is indeed different to
quantify the efficiency of a particular fertilizer.

1. Losses due to leaching

2. Losses in gaseous form

3. Immobilization by chemical precipitation, adsorption on exchange
complex and microbial cells.

4. Chemical reaction between various components in fertilizers during
mixing before application to soil.



5. Physical properties of soil

6. Chemical properties of soil

7. Fertilizer characteristics

Leaching losses-

• Nitrate fertilizer are easily lost in leaching. The leaching losses is more in
sandy soil than clayey soil.

• The losses is more in bare soil than cropped soil. It can be reduced to an
extent by suitable method and timing of application.

• Losses in leaching also occur when ammonical calcium cyanamide and
urea fertilizer are applied to soil

• In extreme acid soils or sandy acidic soils ammonium fertilizer are lost
because ammonium ions can not easily replace the aluminum ions in
exchangeable sites

• When urea is mixed with neem seed crush is applied to paddy soils the
efficiency of urea is more. During summer lossses from ammonical ,
calcium cyanamide and urea are more because they are rapidly oxidised
by nitrifying bacteria/ organisms.



• The activity of nitrifying organisms is reduced and there by the leaching
loss is minimized. There are also some chemical compounds when applied
with nitrogen fertilizers inhibits the nitrifying organisms and reduced the
leaching loss.

N-serve @ 0.15- 0.5 kg/ ha, thio urea @ 1.5- 2.5 % of applied fertilizer

Gaseous losses due to volatilization- The nitrogen compounds present in the
fertilizer are lost as gases under certain soil condition.

• Losses of ammonia under high pH conditions i.e. under alkaline conditions

• Losses of N2, N2O, NO due to denitrification. The above losses are
determined by soil pH, fresh organic matter, moisture, temperature and
types of microorganisms present in soil.

• Volatilization can be controlled by proper placement of urea, ammonium
fertilizer should be avoided.

• If there is no alternative to avoid the ammonium fertilizer then it should
be placed at least 4-6cm below the surface.

• Urea should be used instead of ammonium and nitrate fertilizer.



Immobilization of fertilizer nutrients-
Nutrient element may be immobilized or fixed or converted into unavailable 
form by one or more of the following means-

i. Chemical immobilization
ii. Physico –chemical immobilization
iii. Microbiological immobilization
i. In acid soils the efficiency of water soluble phosphorus is very low. The water 

soluble phosphorus is immediately converted in to insoluble phosphorus 
compounds. In such soils insoluble phosphatic fertilizer like rock phosphate 
should be utilized. Further through mixing in soil increase the efficiency of 
fertilizer.

ii. In calcareous soils applied phosphatic fertilizer invariably converted to 
tricalcium phosphate, a compound from which phosphorus is not easily 
available. Under such conditions water soluble phosphorus are relatively 
more efficient than water insoluble phosphorus like rock phosphate.

iii. Micobiological fixation of biofertilizer N may be serious problem when 
undecomposed organic matter  of high C/N ratio is present in soil. This type 
of immobilization is short duration. It can be overcome by application of 
larger quantities of water soluble N fertilizer or by allowing enough time for 
complete decomposition of undecomposed organic matter.



4. Interaction between different fertilizer-

i. It often a common practice to mixed fertilizers containing different 
nutrient carriers.

ii. The efficiency of the following fertilizers will be lowered of mixed with 
the fertilizer amendment .

ammonium sulphate- basic slag, CaCO3

Super phosphate -Basic slag , CaCO3

Ammonium phosphates- basic slag, CaCO3

Urea can be mixed with all fertilizers. Other fertilizers can be mixed just 
before use.

5. Soil physical properties-

• Soil compaction reduces the fertilizer efficiency

• Soil temperature affects the fertilizers efficiency by changing solubility of 
fertilizers, concentration of solubilized fertilizers, cation exchange and 
also the availability of the plants to absorb and use of nutrient.

• To an extent of soil temerature is modified by common management 
practices like tillage, mulching and irrigation.



a. Influence of soil temperature on-

nitrogen – i. variation in temperature causes differential response to crop 
uptake of NH4

+ and NO3
- -N fertilizers.

ii. Below 13 oC the uptake of nitrogen from NH4 or NO3 fertilizers is almost nil.

iii. Maximum uptake of N by plant from NO3 and NH4 fertilizer is observed in the 
range of 19o-24oC 

iv. The influence of temperature on the efficiency of fertilizer is dependent on 
soil moisture.

Phosphorus- the efficiency of phosphatic fertilizers increases significantly with 
the increase in soil temperature from 10o-35oC  as evidenced by increased P 
uptake by many plants with increase in temperature. 

Potassium- The effect of soil temperature on the uptake of K ions both from soil 
potassium and fertilizer potassium is controversial. However, at low doses of 
K fertilizers there is possibility of increased uptake of K by plants with 
increase in soil temperature up to 24o-28oC .

b. Soil moisture- it is the most singled out  problem in agriculture is the lack and 
excess of moisture.

i. Efficient water management is complementary to efficient fertilizer 
management



ii. Maximum efficiency of fertilizers can be obtained only in the presence of 
adequate soil moisture and vice-versa

iii. Excessive moisture leads to leaching loss of added fertilizer where as lack of 
moisture resulted in poor availability of the added fertilizer and high 
osmotic pressure of soil solution due to concentration of fertilizer in soil.

6. Soil chemical properties-

i. Plants nutrients availability depends on the prevailing pH of the soil.

ii. In strongly acidic and alkal soils the efficiency of phosphatic fertilizer is 
low

iii. In such situations efficiency the fertilizers can be encreased by correcting 
the soil conditions, using suitable amendments

iv. Physiologically alkaline fertilizers like calcium cyanamide, basic slag etc. 
should receive priority on acid soils and physiologically acid fertilizer like 
ammonium sulphate etc on alkali soils.

7. Plant Characteristics-

i. Different crop remove varied amount of plant nutrients from soils

ii. There is also appreciable variation within varieties of same plant between 
dicot and monocot etc.



iii. The roots are the principal organ through which plant take up nutrients, 
the rooting pattern and habit have an important bearingon nutrient 
removal.

iv. Plant which develop a vigrous deep root system during their early stages of 
growth require a large quantity of fertilizer as basal dressing

v. The fertilizer needs a deep rooted crop are generally lower than shallow 
rooted crops.

8. Fertilizer characteristics-

i. The mobility of the fertilizer nutrient in the fertilizer, type of fertilizer 
and the time and mode of application decide the efficiency of a fertilizer.

ii. The nitrogenous fertilizers are highly mobile and subjected both 
downward and sideward mobility.

iii. Phosphorus is highly immobile.

iv. K is also mobile but as compare to nitrogen its mobility is lower.

v. to get the maximum efficiency of NP and K fertilizer should be applied in 
frequent split doses and phosphorus as basal dressing or near the root 
zone.



Methods of application under rainfed and irrigated conditions-
In order to get the maximum benefit from manure and fertilizers, they
should not only be applied in proper time and in right manner, but only
other aspects should also be given careful consideration. The aspect that
requires consideration in fertilizer application are listed below-

1. Availability of nutrients in manures and fertilizers

2. Nutrient requirement of crops at different stages of crop growth

3. The time of application

4. Methods of application, placement of fertilizers

5. Foliar application

6. Crop response to fertilizer application and interaction N,P and K

7. Residual effect of manures and fertilizers

8. Crop response to different nutrient carrier

9. Unit cost of nutrients and economics of manuring

Fertilizers are applied by different methods mainly for three purposes-

1. To make the nutrient easily available to crop

2. To reduce the fertilizer losses and

3. For eas….



Time and method of fertilizer application vary in relation to –

1. Nature of fertilizer

2. Soil type

3. The differences in nutrient requirement and nature of field crops

Methods of application under rainfed and irrigated conditions-

1. Time of application

a. Well before sowing the crop

b. At the time of sowing

c. Application after sowing

a. Well before sowing-

• Some phosphatic fertilizers like rock phosphate, basic slag applied 2-4
week before sowing

• These fertilizers contains P in water insoluble form and this requires
some time to solubilized P in acidic soils.

• Partially decomposed organic matter, green manure, compost etc are
applied about a month before sowing the crop.



b. At the time of sowing-

• Cereals require N at their different growth stages i e. immediately after
sowing, tillering, flowering and grain formation. So apply 50% N as basal
and remaining 50% in splits

• P promotes the root development, so apply it at sowing time. It has been
estimated that by the time 20% growth has accured, plant would have
taken up 50% of their total P requirement.

• K uptake is more or less continuous throughout the different growth
stages. Uptake is more active during early growth stages. It is relatively
less mobile in the soil than N. Hence like P it may also applied infull at
time of sowing, except in light soils where it may be applied partly as top
dressing also.

c. Application after sowing-

• Application of fertilizer to standing crops is called topdressing

• Medium to long duration crop/ perrineal fruit trees.

• Coarse textured soils liable to leaching requires fertilizer in splits.

• Micronutrients is not applied basally, should be foliar sprayed in standing
crops.



Method of fertilizer application-

1. Broadcasting- (basal and top dressing)- even and uniform spreading of
manure or fertilizers by hand over the entire surface of field, while
cultivation or after the seed is sown in standing crop. Depending upon the
time of fertilizer application, there are two type of broad casting-

a. Broad casting at planting- broadcasting of manures and fertilizers is done at
planting time or sowing of the crops with the following objectives-

i. To distribute the fertilizer evenly and to incorporate with a part of , or
through out the plough layer and

ii. To apply larger quantities that can be safely applied at the time of planting/
sowing with a seed-cum-fertilizer driller.

it is applied with the following conditions-

• When the nitrogenous fertilizer like ammonium sulphate, ammonium
sulphate nitrate, conc. Organic manures are to be applied to the soil,
deficient in N or where N is exhausted by the previous crop. (jwar and
maize)

• When citrate soluble phosphate fertilizers like basic slag and dia-calcium
phosphate are to be applied to moderately acid to strongly acid soils.

• When potassic fertilizer like MOP or SOP are to applied in potash deficient
soil.



2. Top dressing- spreading or broadcasting of fertilizers in the standing crop
is known as top dressing. Generally NO3-N fertilizers are top dressed to
the closely spaced crops like wheat and paddy. The term side dressing
refers to the fertilizer placed besides the row of a crop (widely spaced).
Care must be taken to top dressing that the fertilizer is not applied when
the leaves are wet or it may burn or scorch the leaves.

3. Placement- the fertilizers are placed in the soil irrespective of the
position of seed, seedling or growing plants before or after sowing of the
crops. It is two types-

i. Plough sole placement- the fertilizer is placed in a continuous band on
the bottom of furrow during the process of ploughing. Each band is
covered as next furrow is turned. By this method, fertilizer is placed in
most soil where it can become more available to growing plants during
dry season.

ii. Deep placement or subsurface placement- in this method fertilizer is
placed in reduced zone, where it remains in it original form and available
to the crop during the active vegetative period. It is followed in different
ways, depending upon local cultivation practices such as

a. Irrigated tract- the fertilizer is applied under the plough furrow in the
dry soil before flooding the land and making it ready for transplanting.



ii. Less water condition- the fertilizer is broad casted before puddling which pl
aced it deep into the reduced zone.

iii. Sub soil placement- this refers to placement of fertilizer in the subsoil with
the help of heavy power machinery. It is followed in humid and subhumid
region where many sub soil are strongly acid, due to which the level of
available nutrients is extremely low. Potassic and phosphatic fertilizer are
applied through this method.



History of  soil fertility and plant 
nutrition



History of Soil Fertility
 Aristotle designated the soil as the stomach of the plant. This idea

facilitates to realize the significance of soil in relation to healthy growth
and function of plant.

 The pre Aryan tribes practiced agriculture at about 3000 B C at the indus
valley as has been evidenced at Mohenjodaro and Harappa.

 Ancient Indian agriculture was further improved with advent of the Aryan,
who titled their soils with improved tools and implements and make them
better medium for growth of plants/ crops. They also applied excreta of
their animals to their crop fields for growing crops.

 Greek Historian Herodotus travelled through Mesopotamia at about 2500
BC opined that high yield of crops obtained by Mesopotamians was due to
high fertility of their soils, caused by the deposition of silt by the flood
waters of the tigris river.

 Xenophon ( 434 to 335 BC) attributed the failure of crops due to
inadequate manuring of soil. Theoprastus (372 to 287 BC) he was agreed
with this view while recommending that heavy doses of manures should
be applied to poor soils.



 Cato ( 324 to 287 BC)- He mentioned intensive cultivation and the 
importance of legumes and manures in improving the soil fertility.

 Pietro de Crecenzi (1230 to 1307)- probabley he was the first thinker on 
soil fertility.

 Palissy (1563)- plant remove some thing from the soil which is recovered 
as their ash.

 Francis Bacon ( 1561 to 1624)- sumerized some thoughts-

i. Water was the principal nourishment for the plant

ii. The plant absorbed an unique substance from the soil for its 
nourishment

iii. The soil keep the plant erect and protects it from heat and cold

iv. Every species of plants absorbed a particular substance from the soil for 
their sustinance



 Jan Baptista Van Helmont (1577-1644) – of Holand, he conducted a
experiment on willow tree. He planted 5 pound willow tree in 200 pounds
of oven dry soil in a earthen container. The plant which receive rain water/
distilled water for five years gained out weight by 164 pounds while the soil
lost 2 ounces of its weight at the end of five years. Actually the loss of
ounces of weight from the soil consisted of mineral like potassium, calcium,
magnesium and phosphorus which were absorbed by the plants from the
soil. The willow tree was mainly composed of carbon, which was assimilated
by it from the atmosphere as carbon dioxides.

 Jethro Tull (1731) - Developed tillage implements to pulverize the soil.

Stirring  of soil made plants to absorb fine earth.

 John Woodward (1700)- He grew spearmint in different samples of water
(i.e. rain, river, sewage and sewage plus garden mold) and found that
growth of spearmint was proportionate to the quantity of impurities
present in water.

 Francis Home ( 1757)- found that salt peter, epsom salt ( Mg SO4. 7H2O),
vitrioted tarter (Potassium sulphate) improve crop growth.

 J.G. Wallarius (1761)- analyzed plant and concluded that humus was the
source of plant food.



 Theodore de Saussar ( 1804)- first time use the quantitative experimental
methods and concluded that –

i. Plant absorbed oxygen and liberated carbon dioxide

ii. Soils supplied a fraction of nutrients to plants

iii. Soil supplied nitrogen and ash to crops.

iv. Plant root absorbed water more rapidly than the dissolved substances

v. The composition of the plants varies with the nature of the soil and age
of the plants.

vi. The plant ash mainly composed of alkalies and phosphate .

vii. All the constituents of the ash occurred in humus.

 Jean Baptista Boussingault (1841)- concluded from his experiments that
dry mattter, carbon, hydrogen and oxygen which were not accounted for
by manures, were supplied by air and water (rain) and not by the soils.

 Justus Van Liebig (183-1873)- Published a book entitled “ Chemistry in
Agriculture and Physiology) in 1840. He also said that roots excreted
acetic acid and that plants absobed ammonical nitrogen from manure,
soil or air which were later found to be inncorrect.



 Liebig ( 1862)- he stated in his “law of minimum” that plant growth was
limited by the nutrient elements which was present in the plant in the
least amount and universally accepted in the management of soil fertility

 J.H. Gilbert – he tested the soundness of the theory of mineral nutrition of
the plants.

 J.T. Way ( 1856)- He found that  when ammonical fertilizers added to soil, it 
get converted to nitrate form through nitrification  process. Further 
Warington proved that above conversion is a biological phenomenon and 
carried out by soil microbes. He  also noticed the soil colloids has cation
adsorption properties.

 Theodore Schoessing and Alfred Muntz (1877-78)- he found that the
nitrification process was due to bacterial action.

 Robber Warington (1878- 79)- demonstrated that the ammonia was first
oxidised to nitrate which was subsequently oxidized to nitrate

 Hellriegel and Wilforth – first discovered symbiotic nitrogen fixation.
However, the symbiotic nitrogen fixing bacteria was discovered by M.W.
Beijerinc (1890) named it as Bacillus rediciola (It is now Rhizobium).

 United State Department of Agriculture (USDA) was established by
President Abraham Lincoln on 15 May 1862



 Edmund Ruffin- A Virginia farmer –scientist , first applied lime to correct 
low soil productivity due to soil acidity (1825 to 1845).

 S. Winogradski (1890)- He isolated two groups of bacteria responsible for 
nitrification in soil

 It was M.W. Beijerinck, who isolated Bacillus radicicola, the organism 
responsible for N fixation.

 V.V. Dokuchaiev (1886) -He proposed the  first scientific classification of 
soil. He  classified soil in three categories Normal (Upland), Transitional
(Meadow, calcareous, alkali), Abnormal (Organic, alluvial, Aeolian) 



Phlogistic period (1766 – 1791)

• It was the period in which the nutrition of plants commonly was explained
with the so-called Humus theory.

• During this period, new methods for studying plant nutrition were
developed such as pot experiments & plant analyses.

Modern period of plant nutrition –

• Modern period starts from 1800 & ends up to 1860.

• In this period, physiology and agriculture were founded.

 The German chemist Justus von Liebig (1803–1873) generally considered as
the most significant scholar of the so-called Modern Period and as the
founder of modern agriculture

 Carl Sprengel (1787–1859) -disproved the humus theory; postulated the
theory of mineral nutrition of plants, which states that plants require
mineral elements to develop.

• In total, he listed 20 elements that he considered as nutrients, including N, P,
K, S, Mg, and Ca

• He formulated the Law of the Minimum.



Plant Nutrition-
Elements which have been proved to be essential for both higher plants 
and micro organisms by different investigators are-

a. Essential elements for all group of plants

Nitogen Theodore de Saussure 1804

Phosphorus George Ville                      Usind controlled           
cultured Method

1861

Potassium Birnar and Lucanus 1836

Magnesium C. Sprengel 1939

Sulphur Paterson 1911

Iron E. Gris 1844

Manganese J.S. Hcharge 1922

Zinc A.L. Sommer and C.B. Lipman 1926

Copper A.L. Sommer, C.B. Lipman and G. McKinney 1931

Molybdenum D.I. Arnon and P.R. Slough 1939

Cobalt S. Ahmed and H.J. Evans 1959

Sodium P.P. Brownell and J.W. Wood 1957



B. Essential elements for higher plant only-

Calcium C. Sprengel (higher plants) 1838

Calcium Walker (green algae) 1956

Boron K. Warrington 1923

Chlorine C.M. Johnsonand P.R. Stout 1954

C. Essential elements required by a group of plants-

Vanidium Seenedesmus obliqus D.I. Arnon and G Wessel 1953

Selenium Astragalus spp. S.F. Trelease and H.M. 
trelease

1938

Gallium Aspergillus niger R.A. Stemberg 1938

Aluminium Ferns K Taubock 1942

Silicon Diatoms J.C. Lewin 1962

Iodine Polysiphonia L. Fries 1966



Silicon and iodine have been shown to be beneficial for higher plants in a
few spp. Only. Besides above mentioned elements there are few more
elements like rubidium, strantitium, nickle, chromium, arsenic etc, which
are found to stimulate the growth and have beneficial effect at very low
concentration called beneficial elements.



Criteria of essentiality. Role, 
deficiency, and toxicity symptoms of 

essential plant nutrients 



Criteria of essentiality -

An essential nutrient element is the one which is required for the normal
life cycle of an organisms and whose functions can not be substituted by
any other chemical compound.

The criteria for essentiality of elements for plant growth has been defined
by Arnon and Stout in 1939 as-

1. A deficiency of the element makes it impossible for the plant to complete
vegetative or reproductive growth stag of its life cycle.

2. The deficiency is specific to the element in the absence of the adequate
amount of the concerned element which can be cured by supplying the
element to the plant.

3. The element is directly involved in plant metabolism.

Role of essential element in plant Nutrition-

The essential elements may play structural and /or electrochemical

and/or energy transfer and/or catalytic role in plant Nutrition.



- Structural role – If they occur in the structure of biologically important
molecule.

- Electrochemical role- which balances the ionic concentration and/ or
stabilizes macromolecules and colloides and/ or neutralizes the charges.

- Energy transfer- which may be the constituents of energy storing
compounds eg. Phosphorus occur in ATP

- Catalytic role- which are involved in the active site of enzymes.

Some of the elements may play a dual role in plant metabolism eg.
Magnesium is the component of chlorophyll molecule which perform
catalytic function in photosynthesis.

Classification of essential plant nutrients-
Plant nutrients have been classified in several ways-

1. According to their relative requirements for plant growth

2. According to their biochemical behavior and physiological function



According to their relative requirement-
According to their relative requirements for plant growth Arnon (1939) 
classified as-

a. Major or Macronutrients- This group includes nitrogen, phosphorus and 
potassium, which are required in maximum quantities by the plants. This 
group also includes CHO which are abundantly present in atmosphere 
and need not to be applied

b. Secondary nutrients- This group includes Ca, Mg, and sulphur. They are 
required right from beginning of plant growth but in relatively lesser 
quantities.

c. Micronutrients,, trace and rare elements- They are found and needed in 
relatively small amounts i.e. lower than that of Fe (<0.1 % of dry plant 
tissue). Fe, Cu, Mn, Co, Zn, Cl, Mo, B, and Ni . These elements are 
required very minute quantities and they  mostly act to  stimulate , 
activate or accelerate the enzymatic activities in metabolic processes of 
plants. These elements are required in traces so they are called as trace 
elements.



How many elements are essential for plant growth?

• 18 elements are essential for higher plants. Ni was recently added [P.H.
Brown (1987)].

• Plants may also absorb minute quantities of organic compounds from
soils. However, uptake of these substances are not necessary for normal
plant growth.

• Non-metals essential for plants (6)- C, N, O, P,S,Cl

• Metals (10 )-Mg, Ca, K, Mn, Fe, Co, Ni, Cu, Zn  Mo

• Metalloids(2) – H & B



Macronutrients absorbed mostly from 
air and water

• Carbon (CO2)

• Hydrogen  (H2O)

• Oxygen (O2, H2O)

• The organic metabolites, enzymes, and 
structural compounds making up a plant dry 
matter consist mainly of C,H,O, which the 
plant obtains by photosynthesis from air and 
water , not from the soil.



Absorbed form of nutrients from soil

Macronutrients Absorbed form

Nitrogen NO2
- , NH4

+

Phosphorus H2 PO4
- , HPO4

-

Potassium K+

Calcium Ca2+

Magnesium Mg2+

Sulfur SO4
2-

Micronutrients 

Iron Fe2+

Manganese Mn2+

Boron H3 BO3

Zinc Zn2+

Copper Cu2+

Chlorine Cl-

Cobalt Co2+

Molybdenum MoO4
2-

Nickel Ni2+



Beneficial Nutrients/Elements

• Beneficial elements are the mineral elements that stimulate the growth
and exhibit beneficial effects at very low concentration or which are 
essential only for certain plant species or under specific conditions are 
called as “beneficial elements” e g. Na, Si, I, F, Ba, Sr

• They don't appear to be universally required for normal growth of plants.

Mineral contents in plant dry matter

• Water 70% ;  Organic material 27 % ;    Minerals 3 %

• Nutrients uptake by plants = 10% of total dry weight of crops of which only 
a small % is mineral matter which comes from soil. So plants are very 
efficient as they take only 10 % and manufactured  90% 



Average concentration of mineral nutrient in plant 
shoot dry matter sufficient for adequate growth

Element Conc.(in

ppm)

Element Conc.(%)

Mo 0.1 S 0.1

Ni ~0.1 P 0.2

Cu 6.0 Mg 0.2

Zn 20.0 Ca 0.5

B 20.0 K 1.0

Mn 50.0 N 1.5

Fe 100.0

Cl 100.0



Nitrogen 

• It is the essential constituent of all the living matter, like, chlorophyll,
cytoplasm, protein and nucleic acid. Nitrogen is the basic nutrient and
makes up 1-4% of dry weight of plant.

• It is primary growth promoter of plant.

• It is a component of chlorophyll

• Integral part of chlorophyll

N N porphyrin structure in chlorophyll

Mg

N N

• One porphyrin ring consist of 4 Pyrole rings each consisting of 1 N & 4 C

• A single Mg atom is bonded in the center of each porphyrin ring

• It is a constituent of proteins which are made up of amino acids. Essential
aminoacids; Threonine, Valine, Tyrosine, Isolucine, Lysine, Metheonine,
Phenylalanine and partially essential; Histidine. Arginine

• It is the constituent of DNA and RNA.



• It involved in Carbohydrate synthesis.

• As the level of nitrogen supply increases as compared with other 
nutrients, the extra protein produced, enlarged the leaves which provide 
larger leaf surface for synthesis and makes the leaves succulents and less 
coarse, increases the length of the growing season and delayed maturity.

• In relation to shoot growth the root growth is depressed. It helps in seed 
formation and increases the food and feed value of the crop. 

• When the crop plants become more succulent due to larger availability of 
nitrogen they become susceptible to pest and diseases.

Deficiency-

• Nitrogen deficient plants are light green in colour and growth is stunted.

• Yellowing of leaves because  chlorophyll is affected 

• Generally stunted growth, no deficiency is first observed on older leaves 
because of its mobile nature.

• It reduces the fertility and decreases the synthesis of cytokinin (antiaging)



Toxicity of N

• Plant can have too much N, especially if some other factor such as P, K or
water supply is inadequate.

• Excess N produces dark green, succulent, vegetative growth.

• Vegetative growth may be at the expense of seed production in grain
crops, fruit production in tomatoes, and sugar content in S.beet. Maturity
is delayed

• Too much N can cause potatoes to become watery.

• Susceptible to frost damage, insects, & pest damage, crop lodging.

• Excess N may either be due to rapid mineralization or heavy fertilization.

• Water containing >10 ppm nitrate (Blue baby syndrome)

• Eutrophication In water bodies



Phosphorus

It is second most essential nutrient required by the plants.

Essentiality-

• It is the constituent of the cell nucleus, essential for cell division and the
development of meristamatic tissues at growing points. It makes 0.1 to 0.5
% of the dry weight of the plant.

• Plant which can not absorbed adequate quantity of phosphorus from the
soil have small root system and leaves and their growth in stunted.

• It is a component of phospholipids and ATP

• Enhanced the seed germination and root development

• Helps in conversion of sugar to starch. In cereals tillering is reduced and
maturity is delayed

• Phosphorus is particularly helpful in production of legumes, it increases
the activity of nodule bacteria, which fix the atmospheric nitrogen in soil.

• P is a structural component of wide variety of biochemicals including
nucleic acid, coenzymes, nucleotides, phosphoprotein , phospholipids &
sugar phosphate



• Adequate P supply in the early life of plant is important for root
proliferation and development of reproductive part

• Large quantities of P are found in seed & fruit. Hence, is considered
essential for seed formation.

Phosphorus Deficiency-

• Purplish or pinkish coloration in leaves or stem due to accumulation of
anthocyanin.

• Restricted root development and may have some modification(proteiod
roots)

• Overall stunted appearance and mature leaves have characteristic dark to
blue-green colour.

• Delayed maturity and lack of/or poor seed and fruit development.

Toxicity of P-

• Profuse root growth

• In some cases it may cause micronutrient deficiencies i.e. Zn and Fe
because it forms insoluble compounds in soil.



Potassium

it is the third most important essential nutrient required by the plants. It
constitute 0.8 to 3.0 % of dry matter in cereals.

• Unlike nitrogen and phosphorus potassium is not a constituent of
carbohydrates, oils, fats and proteins.

• It regulates the permeability of plants. It is present in cell sap and
cytoplasm

• Enhance the cell division and increases the ATP synthesis and reduces the
rates of respiration.

• It plays a vital role in the synthesis of amino acids and proteins from
ammonium ions which are absorbed from the soil.

• Starch synthetase : involved conversion of soluble sugars into starch – a
vital step in grain filling.

• BNF: the intensity of N2 reduction depends on carbohydrate supply. K
enhances carbohydrate transport to nodules

• K provides osmotic pull to soil water for plant uptake. Maintains turgidity
(turgor pressure) - opening & closing of stomata (photosynthesis & water
use efficiency is affected). It also, controls transpiration.



• Plants require K for production of ATP. The amount of CO2 assimilated into 
sugar during photosynthesis increases sharply with increase in K

Deficiency –

• Chlorosis & nacrosis of leaf edges

• Symptoms on lower leaves. Very Mobile in plant as well as root system.

• Weakening of straw--- crop lodging.

• Quality of produce deteriorated. 

• It can show hidden hunger.

• Deficiency increases the degree of crop damage by bacterial & fungal 
disease, insect & mite infestation, virus & nematode infection.

Toxicity –

• Uptake of N, Mg & B decrease



Secondary nutrients

They are normally not supplied as nutrients through commercial
fertilizers. They are supplied as amendments to improve the deteriorated
soil properties such as pH (acidity/ alkalinity), soil structure and ESP
(sodicity).

In acid soils the pH will be < 6.5 which requires lime (CaCO3) for the
correction to bring the soil pH near to neutral. In alkali the pH will be >8.3
which requires gypsum (CaSO4.2H2O) to bring the pH near to neutral.

Calcium-

• Calcium is essential for the formation of cell wall, as calcium pectate, form 
the part of middle layer of cell wall.it regulates the entry of only those 
nutrients which are not toxic to plants. 

• It enhances NO3
- uptake therefore role in N metabolism.

• Presence of Ca provide some regulation on cation uptake. Its presence 
enhances K uptake rather than Na.

• In root tips calcium is very essential for the maristamatic activity or 
formation of new tissues.(Essential for cell elongation & cell division)



• Lack of Ca– failure of terminal buds of shoot and apical tips of root to
develop.

• Very little translocation of Ca in the phloem & for this reason there is often a
poor supply of Ca+2 to fruits & storage tissues

• It has direct nutrient value, when it is applied in acid soils increases the
availability of other nutrients like P,N and molybdenum.

Calcium Deficiency-

• Generally the deficiency symptoms due to calcium starvation are localized in
new leaves and bud leaves of the plants.

• Failure of terminal buds of shoot & apical tips.

• Emergence & unfolding of new leaves –prevented because of sticky
gelatinous material that causes leaves to adhere.

• Blossom-end rot in tomato and bitter pit of apples

• Tendency to shed buds and blossoms prematurely

Toxicity-

• Plant become succulant- so the infestation of diseases and pests is more.

• Affect the uptake of nutrients like P,Fe, Mg

For eg. Excess of calcium combined with phosphate and form the rock
phosphate.



Magnesium (relatively mobile in plants)

• Primary constituent of chlorophyll (15 -20 % of total Mg)

• Structural component of ribosome, stabilizing them in configuration 
necessary for protein synthesis , play active role in protein synthesis

• Most reaction involving phosphate transfer from ATP require Mg (occurs in 
photosynthesis, glycolysis, TCA cycle and respiration) .

• Symptoms appear first on lower leaves. 

Mg deficiency-

• The nutrient being mobile shows its deficiency symptoms on the older leaves 
first which gradually spread systematically to young leaves.

• Lower leaves on the plant start showing interveinal chlorosis in which only 
the veins remain green.

• In advance stage, leaf tissue becomes uniformly pale yellow, then brown & 
necrotic.

• In cotton, lower leaves may develop a reddish- purple cast, gradually turning 
brown and finally necrotic 

Toxicity-

• Death of root and leaves, roots become brown and cessation of growth

• If Mg is more then Ca2+ is affected because of counterion effect and also P 
uptake affected.



Sulfur
• It is absorbed by the plants as sulphate ions. The sufficiency range in plant

is 0.1- 0.4 %. Its essentiality developed by W.H. Paterson in 1911.

• Required for synthesis of S containing amino acids cysteine, cystine and
methionine (approximately 90 % of total S)

• Formation of disulfide bonds between polypeptide chains

• Synthesis of metabolites like coenzyme A (involved in oxidation &
synthesis of fatty acid, synthesis of AA and oxidation of certain
intermediates of TCA or citric acid cycle), biotin, thiamine or vit B1 , and
glutathione

• Not constituent but essential for synthesis of chlorophyll.

• Nonheame Fe-S protein (ferredoxin) contain S which is present in the
chloroplasts and participate in redox reaction, and it has significant role in
nitrite reduction, sulfate reduction, the assimilation of N2 by root nodule
bacteria & free living N fixer.

• S occurs in volatile compounds responsible for characteristic taste & smell
in mustard & onion family

• S enhances oil formation in oilseeds.



Sulphur Deficiency

• Retarded  plant Growth, gereally the terminal bud alive.

• Chlorosis occurs unlike N but on youngest part, young leaves and tips 
become dry and die.

• Level of amino acids is reduced due to sulphur deficiency.

• Reddish color on the underside of leaves of cabbage or rapeseed. In 
advanced stage reddening & purpling of both upper and lower leaf surface

Toxicity-

• Scorching of leaves

• Over growth of maristematic tissues



Micronutrients

These are essential plant nutrients required in minute quantity. They are Fe,
Mn, Zn, Cu, Mo, B and other are traces and beneficial; Na, V, Co, Si, and Cl.

Zinc-

• Zinc sufficient range in plant 27-150 ppm. The essentiality of zinc was
first observed in 1914.

• In general way zinc is associated with the development of chlorophyll in
leaves.

• In its growth is less, buds fall off and seed development is limited

• Essential for synthesis of tryptophan ( a component of some protein, &
needed for production of growth hormones (auxins such as IAA))

• Tryptophan is the precursor for biosynthesis of IAA. Under Zn deficiency
the tryptophan content increases and that of IAA content decreases.
Lower IAA contents are more likely the result of enhanced oxidative
degradation of IAA. Stunted growth and little leaf are related to the
disturbances in metabolism of Auxins , IAA.

• It involved in oxidation reduction reactions.



• Involved in chlorophyll synthesis & cell membrane integrity.

• Under Zn deficiency, increased activity of an NADPH- dependent O2
.

generating oxidase, that results generation of oxygen free radicals . Zn also
controls the generation of toxic oxygen radicals by interfering with the
oxidation of NADPH as well as by scavenging oxygen free radical.

• The membrane permeability is increased and the degree of unsaturation
of fatty acid is decreased under the Zn deficiency.

• Essential component of many enzymes and Involved in many enzyme
activation

• Catalase, carbonic anhydrase, Cu Zn-SOD, Carboxypeptidase, Alcohol
Dehydrogenase (ADH)

• Zn is a structural component and essential for the integrity of ribosome.
The decrease in protein synthesis is not only the result of reduced
transcription (formation of mRNA from DNA) and translation (formation of
protein from RNA) but also enhanced the rate of RNA degradation due to
higher activity of RN-ase.



Deficiency
• Symptoms mostly appear on second or third fully matured leaves from the

top of plants

• They have short internodes. On maize seedlings “white bud” disease is
noticed.

• The disease was first reported in IR 8 grown in tarai soils, it appears in 3-4
week old seedlings which develop reddish brown pigmentation first in
middle of the leaves and spread over the entire lamina. The affected leaf
become papery, necrotic and entire mass of leaves collapse. Further
growth of roots, shoots and litters is arrested.

• Light green, yellow, or white areas between leaf veins, in young leaves &
eventual necrosis & Premature foliage loss

Toxicity-

• If zinc is high then uptake of Fe hindered and gives the deficiency
symptoms.

• If zinc is high P nutrition is affected because it forms the insoluble
compounds with P.

• P and Zn are advised to apply to crop separately.



Iron- It is the first micronutrient identified as essential to plants. It is takenup by

plants in the ferrous (Fe2+) form. 100-500 mg/plant is regarded as sufficient
for optimum crop production.

• It plays an important role in oxidation process in the leaf cells.

• It actively take part in growth of plants, seeds and fruit development because
it increases the photosynthetic activity in leaves

• It is a constituent of cytochrome, catalytic role in enzymatic activity

• It is required in ferrodoxin production.( ferridoxin is a Fe compound present in
chloroplast). Ferrodoxin required for reducing of nitrates and sulphates.

• It activates enzymes involved in respiration like haemoglobin in human plant
need ferridoxin

Deficiency-

• Fe deficient plants have short and slender stalk. Their terminal buds remain
alive but their new leaves show chlorosis of tissues in between veins.

• Chlorosis of young leaves with varied degree of veinal chlorosis there will be
low chlorophyll.

• Protein synthesis is affected, low content of starch and sugars are absorbed in
leaves, however higher accumulation of reducing sugars is observed in
maristamatic tissues.



• Lime induced chlorosis is a term often used for chlorosis associated with 
high lime content in soils.(here Fe become unavailable to chloroplast.)

Toxicity-

• Scorching of leaves with rusted appearance

• Reddish strips can be seen on leaves

• Leaves become dark

Boron- B

• Essentiality identified since 1857, but during 1910 the scientist Agulhon
discovered that it is absobed by plant as boric acid (H3BO3)

• It can be absorbed in some of its anionic forms like dihydrgen borate 
(H2BO3

-), monohydrogen borate (HBO3 
-- ) , Borate BO3

-3 under high pH 
conditions. Sufficiency range is 10- 200 ppm in plants.

Essentiality-

• Required for higher plants & some algae. Not required by animals, fungi, 
or microorganisms

• Essential for cell wall integrity and flexibility (important for cell expansion) 
Essential for maintaining membrane integrity & permeability.

• Essential for control of lignin production following cell expansion.



• Cell wall stability is important during pollen tube growth that is 
essential for seed development. 

• Grasses yield reduces due to B deficiency because of male sterility, 
as exhibited by poorly developed anthers & non viable pollen 
grains. Essential for pollination & fertilization & seed/fruit set.

• Essential for normal transport of water, nutrients, and 
photosynthetic sugars to rapidly developing meristematic tissues, 
such as root tips, leaves, buds, & storage tissues. 

• Essential for development & growth of new cells in the plant 
meristem. 

• Translocation of sugars. Regulation of carbohydrate metabolism, 
Starches, N, and P.

• Synthesis of AA & proteins, and also involved in carbohydrate 
metabolism.

• Nodule formation in legumes



Deficiency
• Boron deficiency is usually localized on nerve or bud leaves of the plants,

on acute deficiency the old leaves show twisted growth. The stalk finally
dieback at the terminal bud, leaves thicken and margins roll upword.

• Deficiency affects reproductive growth more than vegetative growth.
Sterility and severely impaired seed & fruit development.

• Fruit Cracking, resin bleeding (Gummosis). Gummosis, distortion in leaf,
fruit, flower morphology.

• Younger leaves become pale green, loosing more color at the base than at
the tip

• Thickened, wilted, or curled leaves; a thickened, cracked, or water soaked
condition of petioles and stems; and discoloration, cracking, or rotting of
fruits, tubers, or roots

• Breakdown of internal tissues in the root crops gives rise to darkened
areas referred as brown heart or black heart

Toxicity-

• Abnormal growth of meristamatic tissues are observed

• Higher phenols i.e. formation of gluconate borate complex damages cell
membrane.



Molybdenum (Mo)

Mo is absorbed as the weak acid molybdate (MoO4
-2 ). The sufficiency range is

0.1 to 2.0 ppm in plants.
Essentiality-

• The presence of molybdenum is very essential for fixation of atmospheric
nitrogen the root of legumes by nodule bacteria.

• It is essential for the nitrate reducing enzyme, as plants well supplied with
ammonium do not need it as an essential element.

• It complexes with P (phosphomolybdate).
• Mo is an essential component of NO3

- reductase in chloroplast, which
catalyzes the conversion of nitrate to nitrite. Most of Mo is concentrate in this
enzyme and nitrogenase enzyme produced by bacteria and responsible for
reduction of elemental nitrogen to ammonia.

Deficiency-
• The deformity of “whiptail” produced in cauliflower is due to deficiency of

molybdenum.
• It affects nodulation and also affect the N metabolism.
Toxicity-
• Leaf scorching, curling of leaves and stem.
• Excessive Mo is toxic, especially to grazing animals. Molybdenosis , a disease

in cattle, is caused by an imbalance of Mo & Cu in the diet when Mo content
in forage >5 ppm.



Manganese-

• it is absorbed by plants as Manganese ion (Mn2+). The sufficient range of Mn
in plant is 20-300 ppm. It is also transitional metal and is present in plant as 
Mn2+ but easily oxidisable to Mn3+ and Mn4+. 

• Mn is an essential element and appears to have a role in the formation or 
synthesis of chlorophyll

• Manganese probably in association with iron, is a constituent of some 
respiratory enzymes and some enzymes responsible for protein synthesis 
from the amino acids formed in the leaves.

• It is a constituent of chlorophyll, influences the uptake and utilization of 
other nutrients.

• It is involved in oxidation and reduction reaction, activates IAA and also 
induced lignifications

Deficiency-

• The symptoms are localized to terminal buds which remain alive, but the bud 
leaves are chlorotic with veins light or dark green.

• In legumes the terminal buds remain alive but leaves become light green or 
yellow with green veins. Later on dead tissues appear on the leaves.



• Gum pockets in citrus, interveinal chlorosis

• Deficiency occurs due to heavy application of phosphatic fertilizers

• If there is K deficient then Mn2+ deficiency is also seen

Toxicity-

• Leaves become darker

Copper-

Copper is absorbed by plants as cupric ion Cu2+. The sufficiency range is 5-30ppm

Essentiality-

• The copper is essential for the enzyme which is present in chloroplast, is 
concerned with the oxidation- reduction process.

• It is necessary for the synthesis of vit. A, and also play catalytic role in 
respiration.

• It stabilized chlorophyll, enhance fertility and seed setting in flowers.

• Induced lignification,( Lignification of cell wall imparts strength& rigidity which 
is essential for erect stature of plants)

• Several enzymes ( Polyphenol oxidase & Diamine oxidase) are important for 
synthesis of lignin.

• it give disease resistance to plants.



Deficiency-

• The terminal buds remain alive but wilting or chlorosis of bud leaves takes 
place with or without spots of dead tissues. 

• The veins of these leaves remain light or dark green.

• Multiple bud formation

• Gum pockets and dieback in citrus

• There will be sterility, wilting of leaves and seed setting will be less.

• Deficiency occurs due to heavy application of P and N fertilizers

• Lignification will be affected.

Toxicity-

• Scorching  and curving of leaves

• Cup shaped leaves formation take place.



Chlorine (Cl- )

• Its first essentiality was first observed by Boyer et.al. in 1954. The sufficiency 
range of Cl is 100-500 ppm in plants.

• Because of its high solubility & mobility in soil, Cl- is susceptible to leaching.
• Although considered as micronutrient, its concentration in plants can be similar 

to S.
• It is involved in turgor maintenance.
• Water relations are maintained in the plant cell by Cl.
• It plays role in opening and closing of stomata.
• The pH of cell sap is controlled by Cl.
• Absorption of Ca, K and Mg is affected 
• Gives resistance to pest and diseases.
Deficiency-

• Chlorosis in younger leaves & overall wilting 

• Necrosis in some plant parts , leaf bronzing, & reduction in root & leaf growth 

Toxicity-

Leaf quality is affected

Sensitivity to some crops like tobacco, potato.



Nickel (Ni)-
• Nickle is associated with N metabolism by way of influencing urea activity.

Ni is metal component of urease that catalyzes the reaction

CO(NH2)2 + H2O ↔ 2 NH3 + CO2 . Hydrogenase also contain Ni

• High level of Ni may induce Zn or Fe deficiency

• No need to provide Ni from fertilizer as its deficiency have not been
reported.

• It facilitates transport of nutrients to seeds.

• its sufficiency range is 0.1 – 10ppm



Mechanisms of nutrient transport to plants, 
factors affecting nutrient availability to plants



Soil plant system in relation to inorganic nutrition is

Soil solid soil solution Plant root Plant top

It is the open system in which roots and soil interact, leading to the
transfer of nutrients from the soil to plant roots. Plant roots absorb the
nutrients from the soil solution only in the dissolved ionic forms. As the
concentration of the nutrients drops in the solution at the root surface,
nutrients that are positionally away from the absorbing surfaces move to
the site of absorption and also those held on the solid phase replenish the
immediate concentration drop in bulk solution.

there are three distinct steps processes involved in mineral nutrition

1. The capacity of solid phases to replenish the nutrients in the soil solution

2. Movement of nutrients in solid solution to plant roots a dictated by the
soil-solution equlibria

3. Their ultimate absorption by plant roots

Nutrient Movement to plant roots-

Plant absorb water through roots and transpire the same through the
foliage. The transpiration induced flow of water from soil to plant roots.
With the flow of water nutrients ions dissolved in it move to the plant
roots. Plants may have differential water and nutrient requirements.



There could be three scenarios-

1. The roots absorb the whole amount of a particular nutrient ion which
reaches with water at the root surface.

2. The root need more amounts of that nutrient ion than what reached the
surface thus creating a nutrient deficit at the root surface

3. More nutrient reached at the root surface that what could be absorbed
by the roots.

Movement of nutrient ions with water in classical physics is termed as
the connective flow, that through water is called diffusive. The nutrients
move by the three distinct processes-

a. Mass flow

b. Diffusion

c. Root interception

Mass flow- transpiration induced convective flow is termed as the mass flow
and is defined as the movement of dissolved nutrients along with water
to the plant roots, which the plant roots absorb for transpiration. The
amount of given nutrient supplied by mass flow (J) can be calculated by

J = V X C1



where V- amount of water transpired during the cropping season to produce
the given dry matter

C1- average concentration of the nutrient ions in bulk soil solution

Factors affecting mass flow-

1. Soil water content – drier the soil, lesser the mass flow – induced the
nutrient movement

2. Temperature- low temperature reduces the transpiration and
evaporation and consequential movement as the volume of water used
get reduced drastically

3. Size of root system- both amount of water and volume of the soil get
affected by the size of the root system. Root density is, however less
critical for nutrient supply by mass flow than for diffusion and root
interception.



Diffusion-

it is the movement of nutrients through water from an area of high
concentration to an area of low concentration. As the root absorb nutrient
ions from soil solution, concentration at root surface decreases compared
to the bulk soil solution. As consequence the ion diffuse down the
concentration gradient towards the root surface. As root continue to
absorb the nutrient ions, so the equilibrium is not established.

Diffusion fallows “Fick’s Law” which stated that the amount of
nutrient ions moving per unit area per unit time is proportional to
concentration gradient.

dq / dt = De X A X dc/dx

Where-

Dq/dt- diffusion rate ( change in amount of nutrient per unit time)

De- effective diffusion coefficient (cm2 S-1 )

A- cross sectional area for diffusion (cm2 )

dc/dx- concentration gradient ( change in concentration over distance)



De is related to diffusion coefficient in water (D1), volumetric soil water
content (ϴ), impedance factor (f1) and buffering capacity (b) [ where b is
defined as the number of units of nutrient ion associated with solid phase
ready to replenish its unit loss in soil solution)as:

De = D1 x ϴ x f1 x (1/b)

De is determines in fraction of nutrient in soil that can reach the root
during specific period of plant growth.

Factors affecting diffusive supplies-

1. Soil water- diffusion of nutrient ions occurs through water. In case of dry
soil since there is no continuity of moisture films, diffusive movement will
cease to occur. As soil water content increases to saturation the ‘De’ to
be maximum.

2. Soil compaction- soil has three phases i.e soil solids, liquid and gaseous
which constitute 50%, 13-35% and 15-35% of the soil on volume basis.
Incremental increase in the soil compaction at the same moisture
content leads to exclusion of air; soil particles closer and continuity of
moisture flows increases.



3. Chemical amendments- like lime in acid soils and gypsum in sodic soils
manures and/ or fertilizers, chelating agents etc modify the concentration
of nutrient ions in soil solution.

4. Temperature- diffusion virtually ceases at very low temperature because
ions need some minimum activation energy for enabling them to
participate in the reaction. Rise in temperature increases fluidity or reduce
the viscosity of water.

Root interception- the soil nutrient at the root surface that do not have to
move the interface to become available for absorption. The quantity of
nutrient ions supplied by root interception is taken as the quantity present
in a volume of soil equal to the root volume. Although relatively small it
contribution is significant for the nutrients required in small amounts.
Factors which restrict root growth like soil dryness, compaction, low soil
pH, poor aeration, root diseases and abnormally high or low sol
temperature reduces the contribution of root interception.



The root grows and occupies the space formerly occupied by nutrients. It
intercept the nutrients. They added to this term the quantity of nutrients
displaced by the growth of roots. This quantity of nutrients supplied by root
interception , has been considered to be quantity occuring in the soil, soil
volume equal to root volume. Roots usually obtained less than one percent of
the available nutrients in the soil by intercepting them. Root interception is
more important than diffusion for the supply of Ca and Mg to the root.

Mechanism of nutrient uptake-

In plants nutrients are absorbed mainly by the roots and must get contact with
root surface. Nutrients are not absorbed uniformly through out the roots as
roots have the different region i.e root hairs, elongation and meristematic
zone. The meristematic zone resulted in more nutrients uptake than others.
Plants are also capable to absorb nutrients through aerial parts via stomata
and cuticle.

Mechanism of absorption-

absorption of ions by plants requires transport of the ions across plasma
membrane of an epidermal cell and diffuse between epidermal cell through
the cell wall. Plant nutrients are taken up by following two processes based on
the requirement of energy-

a. Passive uptake

b. Active uptake



Active transport- When solute molecule is move across a membrane
against a concentration gradient with the help of carrier proteins. Active
transport may be primary or secondary active transport. Primary active
transport is coupled directly with a metabolic source of energy such as ATP
hydrolysis, or absorption of light by the carrier protein. Secondary active
transport uses the energy stored in electrochemical-potential gradient.
Proton pump play a central role in secondary active transport across
membrane.

Passive transport- Passive transport occurs when a solute molecule
diffuses across a membrane down a concentration gradient without
expending energy by the cell. Transport protein may facilitate diffusion by
serving as carrier proteins or forming selective channels. Carrier protein
bind selectively to a solute molecule on one side of the membrane, undergo
a conformational change and release the solute molecule on the opposite
side of the membrane. Similarly, transport channel selectively allows solute
molecule to enter inside the cells. Transport through channel is always
passive, and because specificity of transport depends on the pore size and
electric change more than on selective binding, channel transport is limited
mainly to ions or water.



Nitrogen

Of all the essential nutrients, nitrogen is required by plants in the largest
quantity and is most frequently the limiting factor in crop productivity.
• In plant tissue, the nitrogen content ranges from 1 and 6%.
• Proper management of nitrogen is important because it is often the most

limiting nutrient in crop production and easily lost from the soil system.

Nitrogen Forms and Function
Forms of nitrogen available for plant uptake 
•Ammonium
•Nitrate



Functions of nitrogen in plants-

• Nitrogen is an essential element of all amino acids. Amino

acids are the building blocks of proteins.

• Nitrogen is also a component of nucleic acids, which form the
DNA of all living things and holds the genetic code.

• Nitrogen is a component of chlorophyll, which is the site of
carbohydrate formation (photosynthesis). Chlorophyll is also
the substance that gives plants their green color.

– Photosynthesis occurs at high rates when there is sufficient
nitrogen.

– A plant receiving sufficient nitrogen will typically exhibit
vigorous plant growth. Leaves will also develop a dark
green color.



The Nitrogen Cycle

Figure - The nitrogen cycle



Nitrogen Cycle-

• Nitrogen undergoes a number of complex transformation involving organic, 
inorganic and volatile compounds in the soil.

• This interlocking sequence of largely biochemical reactions constitute the 
nitrogen cycle.

• Molecular nitrogen is directly assimilated by the symbiotic and non-symbiotic 
nitrogen fixing microorganisms. 

• Part of the symbiotically fixed nitrogen assimilated by the legumes left in the 
field after harvested.

• Plants are consumed by the animals after their death, their excreta , urine and 
plant tissues are decomposed and liberate amino acids and ammonium 
compounds and some of them is assimilated by the microorganisms to 
synthesize their cell protoplasm, when ammonium compounds are converted 
to  complex organic nitrogenous compounds. This process is known as 
immobilization

• The conversion of complex organic form of nitrogen to simple inorganic form 
i.e. ammonium compounds. Some of them of ammonium ions are assimilated 
by the higher plants and some of them are volatilized to reach atmosphere, 
while rest amount is oxidized to first in nitrites and leached down. Nitrates are 
reduced to oxides of nitrogen and nitrogen gas and to atmosphere this 
phenomenon is called denitrification.



Gains of Nitrogen to the Soil
• Biological and Atmospheric Fixation: Conversion of atmospheric nitrogen to 

ammonium, which is subsequently available for plant uptake

• Direct additions of commercial and organic fertilizers

Various forms of Nitrogen

Forms of Nitrogen Formul
a

Availability for plant uptake

Nitrogen gas N2 Although 78% of our atmosphere is nitrogen gas, this
form of nitrogen must be transformed to usable forms
before it is available for plant uptake.

Ammonia NH3 Ammonia is a gas. Ammonium can escape from the
surface of the soil under certain conditions and is
harmful to plants in high quantities. Ammonium is the
basic building block of commercial nitrogen fertilizers.

Ammonium NH4
+ Soil particles attract and retain ammonium on cation

exchange complexes. This form may be directly taken up
by plants.



Nitrite NO2
- Nitrite is an intermediate product in the conversion of

ammonium to nitrate (nitrification). It is usually present
in low quantities, but is toxic to plants.

Organic 
Nitrogen

Various 
compounds

Organic nitrogen must be converted to ammonium
before it is used by plants. This conversion occurs with
time and is known as mineralization.

Nitrate NO3
- Nitrate is the second form of nitrogen which is

available for plant uptake. In most soils, nitrate is
highly mobile. However, in the highly weathered soils
of Hawaii, nitrate is stored in soils with ‘anion
exchange capacity’ and becomes less mobile.



Major transformations of nitrogen in the soil: 

Nitrogen fixation

Mineralization 

Immobilization

Nitrification

Denitrification

Volatilization 

Leaching.



Nitrogen Transformation in soil

Nitrogen fixation
Although atmospheric nitrogen gas(N2) makes up approximately 78% of the air,
it cannot be directly used by plants. Instead, atmospheric N2 only becomes
available to plants through three unique processes. The final product of each of
these processes is ammonium, which is then available for plant uptake.

The three processes which convert atmospheric nitrogen to ammonium

• biological nitrogen fixation
• chemical nitrogen fixation
• atmospheric addition



Biological nitrogen fixation-

Biological nitrogen fixation is the biochemical process by which elemental
nitrogen is combined into organic forms. It is carried out by the number of
organisms including several species of bacteria ( not all of which are associated
with legumes), a few actinomycetes and blue green algae ( Cyanobacteria). The
biological nitrogen fixation is accomplished by number of different organisms. A
common mechanisms appears to involved. The overall effect of process is to
reduce nitrogen gas to ammonia in presence of nitrogenase enzyme.

(Nitrogenase)
N2 + 6H +6e- 2NH3

(Fe, Mo)
Ammonia in turn is combined with organic acids to form amino acid and
ultimately proteins.
NH3 + organic acids Amino acids Proteins.



Biological Nitrogen fixation may be categorized into following types:
A. Non- Symbiotic/ asymbiotic Biological Nitrogen Fixation.
B. Associative Biological Nitrogen Fixation.
C. Symbiotic Biological Nitrogen Fixation. 

A. Non- Symbiotic/ asymbiotic Biological Nitrogen Fixation: Soil contains a
number of free living nitrogen fixing organisms. These include a number of
aerobic and anaerobic bacteria and blue green algae. Biological nitrogen
fixation by microorganisms living freely or staying out of plant cell is called
non-symbiotic Biological Nitrogen Fixation The asymbiotic nitrogen fixers can
be classified as follows:

1. Free living aerobic nitrogen fixing bacteria:
a. Photosynthetic: Chlorobium, Chromatium
b. Non-Photosynthetic: Azotobacter, Azomonas, Derxia, Beijerinckia
2. Free living anaerobic nitrogen fixing bacteria:
a. Photosynthetic: Rhodospirillum
b. Non-Photosynthetic: Clostridium
3. Free living chemosynthetic bacteria:
a. Heterotrophic: Desulfovibro



4. Cyanobacteria or Blue green algae:

a. Heterocyst bearing: Nostoc, Anabaena, Rivularia, Calothrix.

b. Non-Heterocyst bearing: Oscillatoria, Gloeocapsa, Lyngbya, Plectonema.

5. Free living Fungi:

a. Yeasts and Pullularia

The asymbiotic free living nitrogen fixers are quite primitive. The fixation is a
reduction process independent of respiration. These organisms fix nitrogen more
actively under poor aeration, provided no hydrogen gas is being prod

B. Associative Symbiotic Nitrogen Fixation: Certain bacteria, living in close contact
with the roots of cereal and grasses, fix nitrogen. This association is a loose
mutualism, Called associative Symbiosis. The bacteria reside in the transition
zone between soil and root (the rhizosphere) and sometimes enter the roots.
Some of the fixed nitrogen is absorbed by the roots and in turn the bacteria get
nourishment from the carbohydrates released by the roots. Some of the
examples are:

1. Azospirillum brasilense in association with cereal roots.

2. Beijerinckia in association with the roots of Sugarcane.

3. Azotobacter paspali in association with roots of tropical grass- Paspalum
notatum. uced



C. Symbiotic Biological Nitrogen Fixation: Symbiotic nitrogen fixation is part
of a mutualistic relationship in which plants provide a niche and fixed
carbon to bacteria in exchange for fixed nitrogen. Such an association
between bacteria and host is ecological, long term and mutually beneficial
to both, microbial partner fixes atmospheric nitrogen. The various
examples of Symbiotic biological nitrogen fixation can be grouped under
the following three categories:

1. Nitrogen Fixation through nodule formation in leguminous plants:
Symbiotic nitrogen fixers in large number of legume plants

include genus Rhizobium mainly. They established themselves inside
specialized structures on the roots called root nodules. The bacteria fix
nitrogen only when they are present inside the nodules. The association
is regarded as symbiotic because the host plant supplies the nodule
bacteria the required organic carbon (carbohydrates). In return micro-
organism supply fixed nitrogen to the host plant. Bradyrhizobium
japonicum is a slow growing symbiont of Soybeans. Azorhizobium
caulinodans is a stem nodule forming symbiont in Sesbania species.



There is specificity between rhizobium and host plants. Some Rhizobium
species are only capable of nodulating a particular legume species and cannot
successfully nodulate other legumes.

For example, the Rhizobium that nodulates alfalfa is a different species from
the Rhizobium that nodulates soybean.

This phenomenon is known as Rhizobium specificity. This specificity of
interaction is the basis for classifying rhizobia and their host plants called cross
inoculation groups.

2. Nitrogen Fixation through nodule formation in non-leguminous plants:
Many plants belonging to families other than Leguminosae are known

to produce root nodules. The important among them are primarily trees and
shrubs. The important examples of non-leguminous plants that produce root
nodules and fix nitrogen are:
1. Genus Frankia forms root nodules in association with Alnus sp., Casuarina

equisetifolia, Myrica gale, etc.
2. Rhizobium also root nodules in genus Parasponia .
3. Leaf nodules are formed by bacteria Klebsiella in genus Psychotria and by

bacteria Burkholderia in genus Pavetta zimermanniana.



3. Nitrogen Fixation through Non-nodulation: 

In some plants symbiotic nitrogen fixation occurs but nodules are not 
formed. Such associations are Pseudo symbiotic (Pseudo symbiosis). Some 
of the examples are: 

1. Lichens, an association with fungi and algae(cyanobacteria or green algae

2. Anthoceros, a Bryophyte, associated with Nostoc. 

3. Azolla, a fern, in association with Anabaena. 

4. Cycas, a Gymnosperm, in association with Anabaena or Nostoc, blue 
green algae in its coralloid roots. 

5. Gunnera macrophylla, an angiospermin association with Nostoc in its 
stem. 

6. Roots of Digitaria, Sorgham and Maize associated with Spirillum



• Chemically N fixation-Industrial fixation

Haber’s –Bosch process: when a mixture of N2 (obtained from liquification
of air) and H2 (prepared electrically or from water gas or natural gas i.e
why many petroleum companies are involved in fertilizer business) over
finely divided Fe (catalyst) and Mo (as a promoter) is heated (500- 7000C)
under high pressure (200- 900 atm), NH3 is formed.



Atmospheric nitrogen additions

Nitrogen is deposited onto the earth’s surface by:

• Rain -
– In the form of ammonium, nitrate, nitrite

• Finely divided organic N swept along the earth’s 
surface

• Lightning 
– Responsible for approximately 10-20 % of soil 

nitrate (114, Fertilizers) 

• Industrial wastes 



Mineralization
• The release of organically bound nitrogen to inorganic mineral

forms (NH4
+ and NO3

-) is called mineralization and plays a
significant role in the management of nitrogen. Heterogeneous
soil organisms simplify and hydrolyze the organic nitrogen
compounds ultimately producing the NH4

+ and NO3
- ions.

• Mineralization takes place in three step by step reactions namely
amminization, ammonification and nitrification.

• Amminization – The heterotrophs, including bacteria, fungi and
actenomycetes, break down complex organic molecules releasing
amines and amino acids: this process is known as amminization.

water, bacteria
Protein RCHNH2COOH + R-NH2 +( NH2)2CO +CO2 +energy

Fungi
Bacteria and actinomycetes often dominate in neutral and alkali 
conditions, while fungi are more active under acid conditions.



Ammonification- It consist of biological processes by which organic forms of soil
nitrogen are converted to ammonia or ammonium ions. The amines and
amino acids released in amminization are reacted upon by other heterotrophs.
Which released N in inorganic NH4

+ form.

R-NH2 + H2O NH3 + R-OH + energy

H2O

NH4
+ + OH-

The NH4
+ released may be –

➢ Utilized by plants

➢ Lost by ammonia volatilization

➢ Adsorbed on the exchange complex of clay minerals

➢ Fixed in the crystal lattice of 2:1 expanding clay minerals.

➢ Utilized by heterotrophic organisms in further decomposing organic C residues

➢ Converted to NO2
- and NO3

– by nitrification

Ammonification can occur in both aerobic and anaerobic environments,
although rates are generally more in the aerobic environment.



Factors affecting N mineralization
The amount of ammonium that is released to the soil through
mineralization depends on several factors:

• Quantity of Organic Nitrogen: The amount of organic nitrogen originally
present in the organic matter determines the amount of N that can
ultimately be mineralized.

• Temperature: The optimal range for mineralization to occur is between
77-95 degrees Fahrenheit.

• Oxygen: Microorganisms need oxygen and since microorganisms mediate
mineralization, sufficient oxygen must be available in the soil.

• Moisture content: Ideally, water should fill 15 – 70 % of pore space for
maximum mineralization. This roughly corresponds to field capacity.

• Ratio of carbon to nitrogen (C:N): The C:N ratio is a term used to describe
the relative amount of total carbon in comparison the amount of total
nitrogen present in the soil and/or organic matter.

– This ratio is very important in determining the rate of mineralization
that should occur for a given type of organic matter.



Since the microorganisms living in the soil need both carbon and
nitrogen, net mineralization occurs, when C:N ratio is less than 20:1.
This means for every two parts of carbon, there should be 1 part
nitrogen for net mineralization. If you are applying organic amendments
in soil, it is important to become familiar with the C:N ratio to ensure N
availability.

Rule of thumb
• When the C:N ratio of decomposing organic residues is between 20:1 

and 30:1, mineralization and immobilization occur at fairly equal rates.

• Net mineralization occurs at C:N ratios less than 20:1. 

• Net immobilization occurs at C:N ratios greater than above 30:1.

• Most well decomposed organic matter in soils have a C:N ration near 
10:1



• Nitrification is the process by which microorganisms convert ammonium
to nitrate to obtain energy. Nitrate is the most plant available form of N,
but is also highly susceptible to leaching losses.
The starting point for nitrification is the NH4

+ from mineralization. In
aerobic soils with a pH of 6.0 or higher, NH4

+ is rapidly oxidised by
specialized chemoautotrophic bacteria. This process is nitrifcation and
occurs in two steps-

• The energy released is sufficient to enable bacteria to fix all the C they
need from CO2.The first step is a natural acidification process. Nitrification
may significantly lower soil pH when large amounts of ammonium
fertilizers are applied.

• Nitrite is quickly picked up by another bacteria of genus nitrobacter to
oxidized to nitrate

• Nitrate is stable in the soil solution and readily move to roots via mass
flow. In the absence of uptake by roots or microorganisms, nitrate is
subject to loss from soil by leaching. Nitrobacter are chemoautotrophic,
although some heterotrophs are also involved.

Nitrification



Factors affecting nitrification-
• There are many factors that affect nitrification. Since nitrification is mediated by

microorganisms, environmental factors that affect biological life will also influence
nitrification. In general, the optimal conditions for most plant growth are also the
optimal conditions for nitrification:

• Presence of ammonium in the soil: In order for nitrification to occur, there must
be a source of ammonium in the soil. Sources include mineralized ammonium or
additions of ammonium-containing synthetic fertilizers

• Presence of microorganisms: Microorganisms that carry out nitrification must be
present in the soil.

• Soil pH: The optimal pH for nitrification is 8.5, but it may occur over a fairly wide
pH range. However, acidity (less than 5.5) has a detrimental effect on the nitrifying
bacteria, thus reducing nitrification.



• Soil moisture: Nitrification is optimal at the field capacity of the soil.
Nitrification is reduced at moisture levels greater and below field capacity.

– Field capacity is the amount of water that remains in the soil after free
drainage in a saturated soil ceases.

– Field capacity is also the optimal soil moisture for most plant growth.

• Soil aeration: Nitrification requires oxygen. Any management factor that
improves soil aeration, such as adding organic matter, will help optimize
nitrification.

• Soil temperature: Nitrifying bacteria are sensitive to temperature. The
optimal temperature range for nitrification is between 77 and 95 degrees
Fahrenheit. However, nitrification can occur between 41 and 95 degrees
Fahrenheit.



• Immobilization- There is conversion of inorganic N (NH4
+ or

NO3
-) to organic nitrogen, through biological activity.

Immobilization of soil or fertilizer Nitrogen occurs when large
quantities of C rich materials like crop residue are applied to
soil. The microbes need N in the ratio of about 8:1, therefore.
Inorganic N in the soil is utilized by the rapidly growing
population. Soil microorganisms compete very effectively
with plants for NH4

+ or NO3
- during immobilization and plants

can become N deficient. After decomposition of low N
residues, microbial activity subsides and the immobilized N,
which occurs as proteins in the microbes can be mineralized
back to NH4

+ .
Therefore, NH3

+ loss is favoured by mutually high soil pH or by
reaction that temporarily raise the pH.



C/N ratio-



Loss or removal of Nitrogen from soil

The nitrate of the soil whether added through fertilizer or formed through 
nitrification, may go or lost  in different directions. These are -

• May be incorporated into microorganisms
• May be assimilated into higher plants or crop removal
• May be lost through drainage or runoff
• Escape from the soil as gas or gaseous loss
• Used by microorganisms- In the process of immobilization the

microorganisms present in the soil takes the NO3- already present in soil
for decomposition of carboneous material in residue.

• Crop removal- The crops which we harvest contain the amount of N.
Legumes remove more N rather than non legume crops. This is one of the
main cause of N Losses.



Gaseous loss- Gaseous loss of nitrogen takes place 
by denitrification or ammonia volatilization. 

• Denitrification - Denitrification is a microbially facilitated process
where nitrate (NO3

−) is reduced to elemental nitrogen (N2) through a
series of intermediate gaseous nitrogen oxide products as nitrate (NO3

−)
, nitrite (NO2

−) , nitric oxide (NO) , nitrous oxide (N2O) finally resulting in
the production of dinitrogen/elemental nitrogen (N2). The reaction can
stop at any stage and gaseous products of that stage (NO, N2O and N2)
can be released to atmosphere.

• Denitrification process done generally in the water logged condition
(anaerobic) in presence of microorganisms as pseudomonas,
micrococcus, bacillus etc. Because these microorganisms have the
capacity to use the O2 in compound form which used O2 from NO3 for
their further use.

https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Nitrate
https://en.wikipedia.org/wiki/Nitrite
https://en.wikipedia.org/wiki/Nitric_oxide
https://en.wikipedia.org/wiki/Nitrous_oxide
https://en.wikipedia.org/wiki/Dinitrogen


The process is performed primarily by heterotrophic bacteria (such
as Paracoccus denitrificans and various pseudomonads), although
autotrophic denitrifiers have also been identified
(e.g., Thiobacillus denitrificans). Generally several species of bacteria
are involved in the complete reduction of nitrate to N2, and more than
one enzymatic pathway has been identified in the reduction process.

Half reactions
• Denitrification generally proceeds through some combination of the 

following half reactions, with the enzyme catalyzing the reaction in 
parentheses:

• NO3
− +2H+ +2e−→ NO 2

− + H2O (Nitrate reductase)
• NO2

− + 2 H+ + e− → NO + H2O (Nitrite reductase)
• 2NO+2H+ +2e− → N2O + H2O (Nitric oxide reductase)
• N2O +2H+ +2e− → N2 + H2O (Nitrous oxide reductase)

The complete process can be expressed as a net 
balanced redox reaction, where nitrate (NO3

−) gets fully reduced 
to dinitrogen (N2):

• 2 NO3
− + 10 e− + 12 H+ → N2 + 6 H2O

https://en.wikipedia.org/wiki/Heterotrophic
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Paracoccus_denitrificans
https://en.wikipedia.org/wiki/Pseudomonadaceae
https://en.wikipedia.org/wiki/Thiobacillus
https://en.wikipedia.org/wiki/Redox
https://en.wikipedia.org/wiki/Nitrate
https://en.wikipedia.org/wiki/Dinitrogen


Volatilization

Volatilization is the loss of N through the conversion of ammonium to ammonia
gas, which is released to the atmosphere. The volatilization losses increase at
higher soil pH and conditions that favor vaporation (e.g. hot and windy).

• H2N-CO-NH2  NH4
+ NH3

Urea                            ammonium                 ammonia

• Volatilization losses are higher for manures and urea fertilizers that are surface
applied and not incorporated (by tillage or by rain) into the soil.

• Manure contains N in two primary forms: ammonium and organic N. If manure
is incorporated within one day, 65% of the ammonium N is retained; when
incorporated after 5 days the ammonium N will have been lost through
volatilization. Organic N in manure is not lost through volatilization, but it takes
time to mineralize and become plant available.



Factors affecting volatilization
• There are several factors that affect volatilization:
• Soil pH: At a soil pH of 9.3, half of the ammonium in the soil is converted to 

ammonia and subject to volatilization loss. Generally, a pH greater than 7.5 
allows for considerable loss of ammonia due to volatilization.

• Type of fertilizer: Urea fertilizers experience greater losses due to 
volatilization than ammonium fertilizers. 
– However, if an ammonium fertilizer forms insoluble calcium compounds in the soil, 

the ammonium fertilizer will have greater volatilization losses than urea.

• Method of fertilizer placement: Broadcasting the fertilizer over the surface 
of the soil increases the losses due to volatilization. Incorporation into the 
soil reduces losses.

• Soil Temperature: The occurrence of volatilization increases as soil 
temperatures increase to 113 degrees Fahrenheit 

• Soil Moisture: Evaporation promotes volatilization. Thus, volatilization is 
greatest as the soil dries after reaching field capacity.

• Buffering Capacity: Volatilization is less in well-buffered soils.
• Crop Residues: Crop residues that are not incorporated into the soil may 

increase the rate of volatilization.
• Manure: If not incorporated, nitrogen from manure sources can undergo 

volatilization.



Leaching loss-

• This is the main cause of nitrogen losses from the soil. The amount of N which
goes down through water or lost, known as leaching loss. NO3- form is more
leached then NH4+ form, because NO3- (a negatively charged) ions are not
adsorbed by negatively charged colloid, while NH4+ can fixed, consequently
subject to readily leaching. As a result, nitrate easily moves with water in the
soil. The rate of leaching depends on soil drainage, rainfall, amount of nitrate
present in the soil, and crop uptake.

• Rather than this soil texture also influence the leaching of NO3- -N. In coarse
soil as sandy NO3- will leach deeper than clay soils.





Chemistry of phosphorous



This is the second most limiting factor after N. Phosphorus does not occur
abundantly in the soil as N and K. It required by plant 1/10 of the total N
requirement. It is immobile in soil. Total concentration of P in soil surface
varied between 0.02 to 0.1%. In soil P concentration less than 1 ppm is
available, however it is sufficient for plant need. The biggest problem with
phosphorus is that whatever phosphorus is applied in the form of fertilizer
to the soil only 10 to 20 % of phosphorus is used by plant. It does not lost
through leaching or volatilization because the soluble form of P is given
through the fertilizer is immediately converted into insoluble complex

which results low availability.

Phosphorus is essential for plant growth. It is a component of adenosine
diphosphate (ADP) and adenisine triphosphate (ATP), the two compounds
involved in most significant energy transformations in plants. ATP
synthesized from ADP through both respiration and photosynthesis,
contains a high energy phosphate group that drives most biochemical
processes requiring energy.



Phosphorous also plays an important role in the life cycle of plants. It is an
essential component of deoxyribonucleic acid (DNA), the seat of genetic
inheritance in plants as well as animals and of the various forms of ribonucleic
acid (RNA) needed for protein synthesis. Phosphorous is essential for
numerous metabolic processes.

Among the more significant functions and qualities of plants on which
phosphorous has an important effect are-

1. Photosynthesis

2. Nitrogen fixation

3. Crop maturation : flowering and fruiting including seed formation

4. Root development, particularly of the lateral and fibrous rootlets

5. Strength of straw in cereal crops, thus helping to prevent lodging

6. Improvement of crop quality, especially of forage and vegetables.



P in Plants-
P concentration in plants range between 0.1-0.4 %. The uptake rate of P is
generally higher in vegetative growth period. The demand of P increased
with increasing crop growth, generally reaches in peak at flowering and at
the time of seed formation the P moves towards seed from the vegetative
parts. Therefore, it is mobile in plant and immobile in soil.

Plants take or absorb the P in the form of H2PO4
- and HPO4

2- , but mainly
absorbed in the form of H2PO4

- because the absorption side on the root for
H2PO4

– is present 10 times more than HPO4
2-.

P in soil-
P in soil solution less than 1 ppm is present but in the form of various
insoluble compounds, whenever P concentration in the soil solution
reduced it comes from the sources in to soil solution. In the Indian
condition P concentration in the ranges from 0.03 – 0.3%. Generally the P
concentration in soil solution remains below 0.1%.



Phosphorus Forms

In soil P is present in the form of organic and inorganic compounds and both are
important to plants as sources of phosphorous. The relative amounts in the two
forms vary greatly from soil to soil and more than half the phosphorous to be in
the organic form.

Inorganic compounds- Most inorganic phosphorous compounds in soils falls
into one of two groups:

a. Those containing calcium

b. those containing iron and aluminum

In this group come various fertilizers. The original source of P in the early
manufacturing of P fertilizers was bones but the supply was soon exhausted.
Today rock phosphate is the only important raw materials for P fertilizers. The
general formula, for pure rock phosphate in Ca10(PO4)X2, where X is either F- or
Cl- etc. these minerals are called apatites.

a. Calcium phosphates – these minerals are present in alkaline and calcarious
soils. These are-

Fluorapatite- Ca10(PO4)6F2 or 3Ca3(PO4)2CaF2

Carbonate apatite- Ca10(PO4)6 CO3 or 3Ca3(PO4)2 .Ca CO3



Hydroxy apatite- Ca10(PO4)6 (OH)2 or 3Ca3(PO4)2CaF2

Monocalcium Phosphat- Ca(H2PO4)2 , Dicalcium phosphate- CaHPO4

Tricalcium phosphate- Ca3(PO4)2

Octacalcium phosphate- Ca8H2(PO4)6. 5H2O
Oxyapatite- Ca10(PO4)6 O or 3Ca3(PO4)2 CaO

b. Fe and Al PO4-
Variscite- AlPO4.2H2O
Strengite- FePO4.2H2O
Dufrenite- Fe2(OH)3. PO4

Wevllite- Al6(PO4)2 (F.OH)6.4H2O
K-tarnakite- K3Al5H6(PO4)3.18H2O
The apatite minerals are the most insoluble and unavailable of the group. They may
be found in even the more weathered soils, especially in their lower horizons. The
persistence of apatite minerals is an indication of the extreme insolubility and
unavailability of phosphorous contained there in. The simpler compounds of calcium,
such as mono- and dicalcium phosphates are readily available for plant growth.
Except on recently fertilized soils, however, these compounds are present only in
extremely small quantities because they easily revert to the more insoluble forms.



Much less Is known of the exact constitution of the iron and aluminum phosphates
contained in soils. The compounds involved are provably hydroxy phosphate such
as strengite (FePO4. 2H2O ) and variscite ( Al PO4. 2H2O). Such hydroxy phosphates
are most stable in acid soils and are quite insoluble.

Organic phosphorous compounds-

This fraction often comprises more than half of the total soil phosphorus. Three main
groups of organic phosphorus compounds found in plants are also present in soil.
These are

1. Inositol phosphates- these are phosphate ester of sugar-like compounds 10-50%

2. Nucleic acids- 0.2-2.5%

3. Phospholipids- 1-5%

Inositol phosphates are the most abundants making up to 10-50% of the total
inositol phosphates tends to be quite stable in acids and alkaline conditions and
interact with the higher molecular weight humic compounds.

Nucleic acids- RNA and DNA are the phosphorus containing compounds in soils
Nucleic acids are now known to account for not more than about 1-5 %.

Phospholipids fats like compounds of microbial origin. They make up only about
0.2-2.5% of organic phosphorus.



Inorganic Labile fraction:

• Primary and secondary P minerals dissolve to resupply H2PO4
- or HPO4

2-.

• Inorganic P adsorbed on mineral & clay fraction also buffer to soil solution

• Labile P: readily mineralizable P compound; includes both organic and
inorganic P; compounds exhibits a high dissociation rate and readily replenish
solution P.

• Non-labile P: mineralization or dissociation rate is very low. However,
depletion of labile P causes some non-labile P to become labile P but, a slower
rate. It includes both organic and inorganic P.

• Intensity factor: amount of P is present in soil solution.

• Quantity factor: inorganic and organic Labile P fraction + Non-Labile P fraction
that is going to Labile P.

• Capacity factor: the ratio of quantity to intensity factor and express the
relative ability of the soil to buffer changes in soil solution P. Generally, larger
the capacity factor, the greater the ability to buffer solution buffer.

• Soil solution P (Intensity factor): inorganic and organic labile P



P cycle



As the P concentration in soil solution decrease by the uptake of P by plant
roots is buffered by organic and inorganic P fraction in soil. Here primary
and secondary P minerals dissolve to resupply H2PO4

- / HPO3
2- in soil

solution and inorganic P absorbed on the surface of clay (labile P) also
supply the P ions as H2PO4

- / HPO3
2- in the soil solution. Various

microorganisms digest plant residue containing P produce organic P. These
organic P is mineralized through microbial activity and supply the P in
solution. When we supply fertilizer to soil it readily dissolve and increases
the concentration of P in soil solution. Some organic P can be adsorbed on
the soil surface, similarly soil microorganisms immobilize labile organic P.



Soil P buffering capacity

•Soil solution P i.e. intensity factor depends on the ability of
quantity factor(adsorbed, mineral & organic P) to maintain the
adequate supply of P in soil solution.
•The ratio of quantity to intensity factor defines the buffering
capacity or relative ability of the soil to buffer changes in soil
solution P.
•The larger the BC, the greater the ability to buffer changes in
solution P concentration & provide plant available P.



Solution P

• At pH 7.2, H2 PO4
- ≈ HPO4

-2 .

• Below 7.2 H2 PO4
- > HPO4

-2 .

• Above 7.2, HPO4
-2 > H2 PO4

- .

• Plant uptake of HPO4
-2 is much slower than H2 PO4

- .

• The actively absorbing surface of plant roots is the young
tissue near the root tips(root cap)



Relationship between solution pH and the relative concentrations of three 
soluble forms of phosphate. 



P is absorbed by plants largely as orthophosphate ion (H2PO4
- and HPO4

2-)
which are present in soil solution. The amount of each present depends on pH
of the soil solution. At pH 7.2 there are approximately equal amount of H2PO4

-

and HPO4
2- , below this pH H2PO4

- and above this HPO4
2- and at pH less than

4.0 H3PO4
- are dominant. The maximum availability of P found between the

pH 5 to 7.

The relationship is complicated by the presence or absence of other
compounds or ions of different pH values. For example- the presence of
soluble iron and aluminum under very acidic condition or calcium at high pH
values will affect the availability of phosphate.



Inorganic soil P

Inorganic solution P, if not uptake by plants & microbes, liable
to adsorb on mineral surface (reaction is very rapid )or
precipitate as secondary P compounds (reaction is very slow).
Surface adsorption and precipitation reactions are collectively
called P fixation or P retention.
The extent of P fixation depends on many factors, most
importantly is soil pH



Relative effect of soil pH on P adsorption & precipitation (pH
~6.3 to 6.8 P fixation is minimum, P mineral contribute more in
pH 6.3-6.8 range)



Mechanism of P adsorption to Al /Fe oxide surface

P fixation-
In acid soils, inorganic P precipitates as Fe/Al –P secondary minerals and /

or is adsorbed to surfaces of Fe/ Al oxide and clay minerals.



• When H2 PO4
- is bonded through one Al –O-P bond, the H2 PO4

- can
readily desorbed (Labile P)

• When H2 PO4
- bonds with two Al –O, a stable six –member ring is

formed, desorption is more difficult (non – labile P)

• In acid soils, P adsorption also readily occurs on the broken edges of
kaolinite clay.

• Exposed –OH groups on Al/Fe hydroxides can be exchanged by H2

PO4
-

• Cations held on surface of silicate develop a small +ve charge near
the mineral surface saturated with cation, also adsorb P but in small
amount.

• In calcareous soil, small amount of P can be adsorbed through
replacement of CO3

2- on CaCO3 surfaces.

• At low P, surface adsorption predominate while at high P conc. in
solution , Ca –P minerals precipitate on CaCO3 surface.

• Other minerals, mostly Al(OH)3 and Fe(OH)3 also contribute to
adsorption of solution P in calcareous soil.



•In neutral & calcareous soils, inorganic P precipitates as secondary 
minerals of Ca-P (Mg –P in high Mg soils) and / or is adsorbed to 
surfaces of clay minerals and CaCO3 .
•Adsorption is the main reaction of P fixation at low P
concentration in soil solution.
•At higher solution P concentration, precipitation reactions are
mainly concern to P retention.
•Both adsorption & precipitation reactions occur, to some extent,
immediately following P addition.
•P precipitation reactions occur as solution P exceeds a specific
mineral solubility.
•P adsorption occurs when adsorption capacity is not saturated
with P



Common P minerals found in acid, 
neutral & calcareous soil



Solubilization of inorganic P

The inorganic P compounds are mostly insoluble in soil solution. Inorganic P
compounds falls in two groups-

i. Ca containing compounds

ii. Fe and Al containing compounds

The apatite minerals are found mostly in weathered soils basically in lower
horizon of soil. The apatite P compounds are most insoluble which results
unavailability of P to the plant. On the other side the P which is present in
the form of MCP and DCP is readily to the plant for their growth. MCP and
DCP compounds are present in extremely small quantity, except in recently
fertilized soils, because the nature of MCP and DCP compounds that these
are easily convert or revert in to more insoluble form.

The compounds which are involved in acid soils are probably the hydroxy
phosphate such as variscite (Al PO4.2H2O) and strengite (FePO4. 2H2O)
which are most stable in acid soils and are insoluble.

The PO4 also present with certain silicate minerals as kaolinite. But there is
some uncertainty about the exact forms of P which is held in soil. PO4 may
actually encourage the breakdown of some silicate clays this resulting
insoluble products of Fe and Al PO4.



P mineral solubility

• Each P mineral supports specific ion conc. that depend on Ksp

of the mineral. For example strengite will dissolve as:

• Strengite will dissolve  to resupply H2 PO4
- when its uptake 

lower the conc. in solution.

• Dissolution of strengite produces acidity, so, in acidic 
condition solubility of strengite decreases. Liming will benefit 
under this situation



Soil pH is the major factor controlling 
othophosphates in solution

• At soil pH 4.5, variscite (AlPO4.2H2O) & strengite (FePO4. 2H2O) control H2

PO4
- concentration in solution. Increasing pH increases H2 PO4

- (positive
slope)

• Hydroxyapatite or fluorapatite can be used as a fertilizer in low pH
soils(pH<4.5). They can not be used in neutral or calcareous soils.

• Soil pH between 7.2 -7.8, highest solution P concentration in unfertilized
soil can be contributed by Al-P, Fe-P, OCP, DCP, and DCPD.



Solubility of Ca-P minerals

• As soil pH increases from acidic range, the solubility of Ca- P minerals
(hence conc. of available orthophosphates) decreases. For example,
DCPD

CaHPO4.2H2O + H+ ↔ Ca2+ + H2PO4
- + 2 H2O

• Above pH 7.8, Ca – P solubility exhibit a positive slope, which means that
increasing pH above 7.8, increases the HPO4

-

• The change in solubility is due to the competing reaction of CaCO3 

solubility given by

CaHPO4.2H2O  +  H+ ↔ Ca2+ + H2PO4
- + 2 H2O

Ca2+ +CO2 + H2O ↔ CaCO3 + 2 H+

-------------------------------------------------------------------------------------

CaHPO4.2H2O+CO2 ↔CaCO3↓+H2PO4
-+H2O +H+ 

• CaCO3 precipitation occurs at pH 7.8 and above. As solution Ca+2

decreases with CaCO3 precipitation, DCPD will dissolve to resupply
solution Ca2+ . When DCPD dissolves, HPO4

-2 increases.



• All Ca-P minerals behave similarly like above in calcareous soil.

So, in calcareous soils, the HPO4
-2 increases with increase in 

pH, above 7.8.  P availability to plants can be decreased by 
HPO4

-2 adsorption to the precipitating CaCO3 . 

• Mineral that support lowest P conc. (Lowest P solubility) are 
the most stable in soils. Thus, apatite minerals (β-TCP & OCP) 
are more stable than DCPD in slightly acidic & neutral soil.



What happens when MCP fertilizer is added to soil?
• MCP[Ca(H2PO4)2] is a soluble fertilizer & support much higher

P conc. in solution than native P minerals; soil P minerals
having lower solubility will precipitate first.

• In acid soils, fertilizer H2PO4
- reacts with Al & Fe to form AlPO4

& FePO4 compounds.

• In neutral & calcareous soil, fertilizer H2PO4
- initially

precipitate as DCPD & DCP within the first few weeks after
application

• After 3-5 months of MCP application, OCP begins to
precipitate & β –TCP formed after 8 -10 months.

• After long periods of time, apatite minerals may eventually
form.

• These reactions cannot be controlled and explain why plant
recovery of applied P is lower than recovery of soluble
nutrients such as NO3

- & SO4
-2



Factors influencing P fixation in soil

Many physical & chemical properties influence P
adsorption. P adsorption depends on the extent of
adsorption on available sites on the minerals. P
adsorption is greater in soil with low initial adsorbed P

• Soil mineral – their type & amount

• Soil pH

• Cation & anion

• SOM

• Time & temperature

• Flooding 



Soil minerals

• Adsorption is a surface/contact phenomenon. Minerals having much surface
area adsorb more P. Andept soils (Contained amorphous Al/Fe oxides more)
adsorb greatest P than Oxisols.

• P is adsorbed more on 1: 1 type than 2:1, because of the higher amounts of
Fe/Al oxides. Also, kaolinite has larger numbers of exposed –OH.

• Soils with larger amounts of clay will fix more P

• In calcareous soils, P adsorption occurs to CaCO3 ; however, much of the 
adsorption is attributed to Fe oxide impurities.

• Impure CaCO3 with large surface area will adsorb more P

• In relative terms, acid soils fix twice as much P per unit surface area than 
neutral or calcareous soils.

• Adsorbed P is held with 5 times more bonding energy in acid soils than in 
calcareous soils. 

• Therefore, a high fixing soil needs larger P fertilizer in order to maintain 
adequate level for plant growth.  



Soil pH
• P adsorption by Fe/Al oxides declines with increase in pH. Gibbsite [Al

(OH)3] adsorbs greatest amount of P at pH 4-5, while P adsorption by
geothite [FeO(OH)] decreases steadily between pH 3 and 13.

• P availability in most soils is maximum near pH 6.5

• At low pH, P form precipitates with Al/Fe oxides

• Above pH 7.0, Ca+2 precipitate with P as Ca-P minerals

• Minimum P adsorption at pH 6 – 6.5

• Liming acid soils generally increases P in solution.

• Over liming can depress P solubility due to formation of insoluble Ca-P



Cations & anion effects

• Divalent cations ( e.g. Ca especially when soil pH <6.5) on the CEC
enhance P adsorption relative to monovalent cations

• Conc. of exch. Al+3 also enhance P retention. 1 meq of exch. Al+3

/100 g soil may precipitate upto 100 ppm P in solution.

• Inorganic & organic anions can compete with P for adsorption
sites.

• Weakly held anions such as NO3
- & Cl- are weak competitor than

strongly adsorbed OH- , H3 SiO4
- , SO4

-2 , and MoO4
-2 .

• The anion strength determines the competitive ability e.g. SO4
-2

is unable to desorb much H2 PO4
- , since H2 PO4

- is capable of
forming a stronger bond than SO4

-2

• H2 PO4
- > SO4

-2 > NO3
- > Cl-



Soil Oragnic Matter

Soil organic matter increases P availability by :

1. Forming soluble organophosphate  complexes.

2. Replacing H2 PO4
- on adsorption sites by Organic anion(citrate, oxalate, 

tartrate, malate).

3. Covering the Fe/Al oxides by humus to form a protective cover and to 
reduce P adsorption.

4. Increasing the quantity of organic P mineralized to inorganic P.



Time influences P adsorption

P adsorption involve two types of reactions

1. Fast reaction- Exchange reactions involving exchange of P  on  Fe/Al oxide 
surface.      

2. Slower reaction- this include chemical covalent bond formation between 
Al and Fe oxide with P. another reaction is precipitation of P compounds.

These slow reactions involve a transition from more loosely bound(labile)
to more tightly bound (non-labile) adsorbed P

The initial P compounds precipitated are unstable & are converted to more
stable form with elapse of time.



Temperature  influences P adsorption-

• P adsorption in warm regions is generally greater than in soils of 
temperate region due to faster reaction rates and higher Fe/Al oxide 
content

• Also, P mineralization doubles with each 100 C

Flooding  influences P adsorption-

In most soils P availability increases after flooding, largely because of;

1. Conversion of Fe+3 –P minerals to more soluble Fe+2 -P minerals.

2. Increased mineralization of organic P in acid soils

3. Increased solubility of Ca-P in calcareous soils



Fertilizer P management also influences P adsorption

• Time of application - P should be applied at the time of  
maximum utilization by the crops. Soil with high P fixation 
capacity have short period of availability time & hence 
fertilizer P must be applied in smaller amount but frequently.  

• Method of application – broadcast method fixes more P than 
Band placement



Organic Soil P 

• Represent about 50% of total soil P
• P content in OM ranges from 1 – 3 %
• Soil C:N:P:S ratio = 140:10:1.3:1.3
• Most soil organic P compounds are esters of 

orthophosphates including inositol phosphate (10 
-50%)phospholipids (1-5%) & nucleic acid (0.2 -
2.5%)

• Phytic acid (myoinositol hexaphosphate) has 6 
orthophosphate groups attached to each C in 
benzene ring.



P mineralization & immobilization in soils
In general P mineralization and immobilization are similar to those of

Nitrogen in that both reactions or processes occur simultaneously in soils

Mineralization of Phosphorus-

The initial source of soil organic P is plant and animal residues which contain 
P in various forms, and which are degraded by microorganisms to other 
organic compound and release inorganic P. Some organic P is resistant to 
microbial degradation and most likely associated with humic acids.

The inositol phosphates, nucleic acids and phospholipids can be mineralized 
in soil by a reaction catalyzed by the enzyme phosphatase.



Phosphatase enzyme play a major role in the mineralization of organic 

phosphates in soils. The enzyme found in a wide range of microorganisms 
having a capacity of dephosphorylation (mineralization) of all organic 
phosphates of plant origin. If the nucleic acid or nucleic protein are 
adsorbed by clay minerals then dephosphorylation is not done resulting 
the presence of these in original form.

The biological mineralization of organic p is regulated by the following 
physical and chemical factors-

pH- At low pH phytin containing organic P is converted with Fe and Al in 

insoluble form and resistant to dephosphorylation.  The pH influence is 
also related with 

1. OH- competing with H2PO4
- or HPO4

2- for bonding sites

2. greater microbial activity at natural pH levels

3.  increased precipitation of Ca-P minerals at pH levels above 7. 

Soil Temperature- Generally in temperate region, the decline of organic P 

with cultivation is less than that of organic C and N because of less 
microorganisms for P resulting in greater conservation of organic P.



Soil Moisture- If the moisture is low than the activity of microorganisms is 

adversely effected which results in low mineralization of P. Increased with

increasing in moisture.

Nature of added organic residue- it is reported that organic 

compounds in soil increased the P availability (mineralization) by

i. the formation of organophosphates  complexes  that are more easily 
assimilated by plants 

ii. Anion replacement of H2PO4
- on adsorption sites

iii. Coating of Fe and Al elements by humus to form a protective cover and 
thus reduce p adsorption.



C:P ratio-
Inorganic P fertilizer can be immobilized to organic P by microorganisms. The

continue application of P fertilizer can increase the organic P content and
subsequently increase P mineralization. In general organic P will accumulate
with P fertilization when C N are available in quantities relative to the C/N/P
ratio of SOM.

Immobilization of P-
When soil having more C:P ratio, immobilization occur because P required by
microorganisms for their body synthesis is available in low quantity or
complete immobilization available P as microbial protoplasm. In contrast the
quantity of inorganic P immobilized is inversely related to soil organic P. The
C:P ratio of decomposing residues regulates the predominance of P
mineralization or immobilization,
C:P ratio Mineralization/ Immobilization
<200 Net mineralization
200-300 No gain/loss of inorganic P
>300 Net immobilization

Net  P immobilization when residue P < 0.2%
Net P mineralization when residue P > 0.3%



• Organo- phosphorus compounds as phytin, nucleoproteins, nucleic acids and
their derivatives, coenzymes, phosphorylated sugars etc. are mineralized by
bacteria, fungi and actinomycetes through producing the phosphates
enzymes. Before the P is available to plant, the P mineralizing microorganisms
are more active in the thermophillic range and neutral range of soil reaction. P
release more rapidly under same conditions favorable for amonification. This
mineralization of P depends on C:N:P ratio of OM. The ratio of 100:10:1 has
been suggested to be optimum.

• The microbial growth requires available and utilizable form of P. In the
decomposing substrate which are deficient in phosphate or having a wide C:P
ratio, a portion of mineralized PO4 will be immobilized and in material with
narrow C:P ratio, mineralization will dominate. As long as there is decay and
microbial cell synthesis, mineralization and immobilization simultaneously
occurs. In general immobilization of available soil PO4 may occur when large
amount of available C and N are present in the decomposing material. Thus
the addition of straw and similar materials causes biological PO4 depletion and
increased immobilization.



Available categories of soil P
According to Hopkins (1949)  P may exist in any one of the form-

Unavailable - When minerals of apatite classes are present in the soil the P
generally present in unavailable form. This minerals has not gone under
any chemical reaction. e.g. shallow soils of black cotton soils of M.S.

Feebly available non available- Soil having that compounds of Fe and Al
containing PO4 e.g. WB, Orissa, Assam and kerala

Fairly available- when PO4 exist in combination with organic matter then
this is fairly available for crop growth. In this type of soils the biological
fixation and release of PO4 depends upon the amount of C present. If the
C is high and P is in small amount, the fixation of P takes place by
microorganisms through immobilization and limits the crop growth.

Fairly freely available – Soils having the calcium and magnesium
compounds containing P in soil are usually freely available.

In general the amount of PO4 which is present in soil solution or the PO4
which is present on the surface comes in to the soil solution by making
chemical equilibrium during the crop growing period and make available
to plant is known as available P



Factors affecting the availability of P

Generally these are the same as for mineralization-

1. pH- There are two type of acidity . One is where Fe, Al, and Mn are low in
concentration and H2PO4- concentration is dominant over these ions.
Then the normal or readily availability of P would be expected by the
plants until the reaction goes to more acidic. Another condition where the
amount of Fe, Al, and Mn is greater than H2PO4-, which is applied
through fertilizers. The reaction with H2PO4- ion would immediately occur
resulted in the formation of insoluble hydroxy PO4 as

Al3+ + H2PO4- + 2H2O 2H + Al(OH4)2 H2PO4

(Soluble) (insoluble)

While at high pH the P availability is highly determined by the solubility of Ca
compounds in which P is present. If we apply a fertilizer say concentrate
superphosphate to soil having pH 8.0 the H2PO4- ion quickly reacts with
Ca compounds as CaCO3 to form less soluble compounds. e.g. TCP as
Ca(H2PO4)2.H2O + 2CaCO3 Ca3(PO4)2 + 2CO2 + 2H2O

Thus the optimum pH for the maximum availability of P for the plant is 6.0 -
>7.0



2. Surface area- When the soluble PO4 is added to the soil, then the insoluble PO4 is
formed with Ca or Fe or Al. Since the total surface area of these PO4 containing
compound is reasonably high, consequently the availability of P is unappreciable.

3. Types of clay mineral- The adsorption and desorption reaction are effected by type
of clay mineral and their surface which are available for P contact present in soil
solution. Fe and Al oxide have larger capacity to adsorb the large amount of P,
particularly found in western acid soils. These oxides can make a coating on soil
particle. The soils having maximum Al and Fe oxides content are less crystalline or
more amorphous and having more P fixation due to greater surface area. P
retaining more by 1:1 (Kaolinite) than 2:1 (Montmorillonite) due to higher amount
of Fe and Al oxides associated with 1:1 clay. Kaolinite with 1:1 Si/Al lattice has a
larger number of exposed OH groups in the Al in the Al larger that can exchange
with P.

4. Organic matter- Organic P compounds can move in to the greater depth than
inorganic P. In continuous manuring P can move upto 2-4 ft depth. Application of
some quantity of P as inorganic fertilizer P , much less downward movement of P. It
is found that organic compound in soil increase the P availability by

(i) formation of organophosphate complexs which are more easily taken up by the
plants (ii) anion replacement of H2PO4- on adsorption sites and (iii) coating of Fe
and Al particle by humus to form a protective cover and thus reduce P adsorption.



Chemistry of Potassium



Potassium is absorbed by the plant in higher amount
then any other mineral except N. Potassium is found in much
more quantity than as required by the plants. In most cases
only a small quantity of K is available to plants. K accounts for
2.6% of the earth’s crust, while in Indian soils it ranges from
0.5 -2.5%. It is not found in complex form as in case of
nitrogen. All form of K is essentially associated with the
mineral fraction. The weathering of the minerals is the main
process for the availability of K for plants. K is neither mobile
as N nor fixed as P , so the problem related with the
availability with the K is very little as compared to N and P.



The soil parent material contains that is mainly feldspar ( orthoclase
and microcline) and micas (muscovite and biotite). These parent
material of K slowly release the K in to the soil solution while the K
which is added through the fertilizers dissolve quickly in water and
distributed in to the solution and surface of the clay minerals. In most
of the soils where clay minerals are found more, most of the K is
adsorbed on the surface of minerals and very less amount of K goes to
the soil solution. Some of the K ions goes to interior lattice of the clay
minerals (2:1) from where it release is difficult. Here it is important
that K present in soil solution, on the mineral surface and interior
lattice of silicate clay minerals make a dynamic equilibrium.

The leaching losses of K may also be possible at heavy rain and deep
irrigation. Generally in sandy soils where the presence of clay minerals
is less the leaching losses of K is maximum.













• Luxury Consumption of K- Plant will continue to absorb a nutrient in

excess amount then required for optimal growth, so this results in an
accumulation of the nutrient in plant without a corresponding growth and
suggest a inefficient and uneconomical use of that particular nutrient. For
eg. Alfalfa requires 1-1.2% K but it is though that 2-3% K is necessary to
maintain a good stand of high yield.



K in soil- K accounts 2.6% of the total earth crust. K ranges from 0.5 -2.5% with a
typical value 1.2%. In the tropical soils the total K content is quite low because of
origin of the soil consisting high temperature and high rainfall. In humid region
total K is found from 0.5- 2.5%, in sandy and upland soils K oftenly deficient, while
in alluvial soils of india K content is about 1% . The K content in soil depends upon
the type of parent material is present in soil.

K Minearls- K minerals can be grouped in two types-

1. Primary K minerals-

Micas- Muscovite- K Al3 Si3 O10 (OH)2 ,Biotite – K (Mg.Fe)3 Al Si3 O10(OH)2 

and Leucite- K Cl (SiO3)2 -Not common in all soil

Feldspar- Orthoclase- K2 Na Al Si3 O8 - more rapidly weatherd
Microcline- K Al Si3O8.

2. Secondary minerals-

Clay minerals as – Illite, Vermiculite, Chlorite, Montmorillonite etc.

Feldspar particle in soils are larger in size than miaca particles. Since finer
particles have greater surface area and weathered more rapidly than coarse
particles. In most micaceous minerals are more important than feldspar in
replenishing the plant available K.

As a general rule, fine textured soils have the greater K supplying power
than coarse texture soils its due to fact that mica is nearly a universal constituent
of the clay in soil.



The K is slowly released from these minerals by weathering. K feldspar not
weathers so easily so it releases K slowly than micas. In feldspar the K is found
inside the crystal lattice while in micas K is found on the cleavage plane
between the layers or interlayer space. The release of K from feldspar is quite
difficult because feldspar is quite resistant to breakdown and weather slowly.
The Si4+ in the tetrahedral unit is substituted by Al3+ and the charge is balanced
by the inclusion of K+ in the feldspar.

In case of mica K is lost from the inter layer along the particle edge. This inter
layer K cause the unbalanced negative charge in the adjacent tetrahedral sheet
of2:1 clay layer, and their mutual repulsion cause the expension of the
interlayer space in the weatherd particle edge.

The K can be released from feldspar only by destruction of minerals while in
mica K can be released by exchangeable with other cation without alteration of
minerals. In many soils feldspars are the largest natural source or reserve of K.

In case of muscovite (dioctahedral) only two out of three octahedral position
are occupied by trivalent ion (Al3+ ) while in biotite all three octahedral position
are occupied by Mg2+ and Fe2+. Bonding of inter layer K is stronger in
dioctahedral than trioctahedral, therefore, from biotite K is more readily
released than muscovite. eg.



Forms of K-

In the soil K occurs in four forms each differing in its availability to crop.

These are as follows-

1. Minerals- 5000 -25000ppm (0.5-2.5%) unavailable K 90-98% of the total K

2. Non-exchangeable – Fixed or slowly available 50-70 ppm

3. Exchangeable- 40-600 ppm

4. Solution-1-10 ppm 0.1-2.0 %readily available of total K

Exchangeable or solution K make equilibrium very rapidly while non-
exchangeable or unavailable K make this very slowly.

Soil Solution K-

Plants takes the from the soil solution. The concentration of K in the soil
solution depends variably on the crop type and growth stages. The
optimum K level in the soil solution is between 10-60 ppm depending
upon the nature of crop, soil structure, fertility level and moisture supply.
The K concentration of the soil solution varies considerably due to
concentration and dilution process brought about by evaporation and
precipitation.



The effectiveness of K uptake by the plant is also depends on the presence
of other cation particularly Ca2+ and Mg2+ .

The mass flow and diffusion accounts the absorption of K by plant
root. The mass flow of K depends on the amount of water absorbed by
plant and concentration of K in soil solution. Mass flow contributes only
10% of K requirement. However mass flow could supply considerably
more K to crop grown in soil which is high in water soluble K.

Diffusion of K is depends on concentration gradient, results
transport of K from high concentration to lower concentration. K diffusion
takes place in the moisture film surrounding soil particles although the
speed of K movement is very slow than mass flow. In most of the soil
diffusion accounts 90-96% absorption of K by roots.



Exchangeable K-

This type of K is held around negatively charged soil colloids by electrostatic
attraction. K held on the surface of colloid can be easily exchange when
come in contact with a neutral salt solution or other exchangeable cations
present on the surface or soil solution and also the anion and cation
exchange materials. Calcium is the major cation in the soil solution for the
exchange of the K. Exchangeable K is found in the soil <1%.

Exchangeable K on soil colloids in held at three type of exchangeable site or
binding position.

1. Planar (p) position- majorly buffered solution K during a growing season.

2. Edge (e) position – K is held at pH dependent charged sites and is 
exchangeable.

3. Inner (i) position- K is held in interlayer. High specificity for K+ position and is 
non-exchangeable.

• Exchangeable K held at p and e positions & non-exchangeable K specifically 
held at i position have role in buffer capacity.



Binding sites for K on 2:1 secondary clay mineral



Non exchangeable-

It is also a reserve K. the K is considered to be slowly available and
contribute significantly to maintenance of the labile K pool in soil. The non-
exchangeable K mainly found in micas, feldspars, illite, vermiculite etc. the
rate of non exchangeable and mineral K release to soil solution or to
exchangeable form is largely govern by the weathering of K bearing minerals.

K fixation-

K fixation does not occur to some extent in all soils. It is maximum in in
soils having 2:1 clay mineral with large amount of illite. The 1:1 type clay
minerals as kaolinite do not fix K. Fixation means conversion of exchangeable
and water soluble K in to moderately or slowly available non exchangeable K.

Fixed K slow readily exchangeable K fast water soluble K

The conversion to exchangeable form is fast process while exchangeable to
non exchangeable form is slow process. The K in a hydrated form is proceed by
the movement of K ions from edge (e) and surface or planner (p) to interior or
inner (i) lattice of soil minerals.



The K ions are very small to enter the slice sheets where they are
held very firmly by electrostatic force. The presence of K+ or NH4

+ ions
does not fix or release the ions. It means K+ effects on NH4

+ and via-versa.

K fixation is generally more important in fine textured soil which
have more CEC, although it is not considered to be a serious factor in
limiting the crop response to either applied NH4

+ or K+ fertilizers.

Drying of soil which is high in exchangeable K can results in fixation,
thus reduce exchangeable K or in other words fixation of K adversely
during drying in soil. While in contrast the drying of most sub soil low in
exchangeable K will frequently increase exchangeable K. However, in some
cases exchangeable K will be increased several folds by drying.

The release of K upon drying is thought to be caused by cracking of
the clay edges and exposure of interlayer K. High exchangeable K is
associated with vermiculite or other mineral containing expended mica.
The K+ fixation capacity can be reduced by the presence of Al3

+ and their
polymers that form under acid conditions. These Al3

+ cations will occupy
the K selective binding sites.





Potassium is released from primary micas to fine grained mica (illite)
and then to vermiculite, and the fixation of exchangeable potassium by
reversing these release reactions. The dehydrated K+ ions much smaller
than the hydrated ions of Na+, Ca2+, Mg2+ etc. When the potassium is
added to soil containing 2:1 type minerals ( vermiculite) the reaction may
go to left and K+ ions will be held tightly (Fixed) in between layers with in
the crystal (fine grained mica structure).

Potassium Buffer capacity- The removal of K from the soil solution during
crop growth is usually associated with decrease in exchangeable K
followed by non-exchangeable. It means changes in K concentration in the
soil solution associated with exchangeable K. So the ability of soil to
maintain the concentration of K in soil solution during growing season of
crop with depletion of exchangeable K is the Potassium Buffering Capacity.



Factors affecting K uptake-

K uptake through root is closely related to the concentration gradient
between soil and root, rate of K diffusion through soil to root surface and
surface area of the root. The plant grown on different type of soil with the
same exchangeable K in different amount during their growing season.

1. CEC- Fine textured soils have the higher CEC, therefore it holds more
amount of exchangeable K but higher level of exchangeable K does not
always mean that this will maintain the higher level of K in soil solution. K
in soil solution of fine textured soils (loam and silt loam) may be
considered as lower K than coarse textured soils.

2. Soil pH- In acid soil which is high in exchangeable Al3+ and Mn2+. When
limed to increase the soil pH results in less exchangeable Al3+ and Mn2+by
forming of insoluble Al(OH)3 through exchangeable Al3+ and hydroxyl
aluminium cations. In this situation Al3+ removes from exchangeable site
and create more negative charges, which is fulfil by the K+ and Ca2+.
Liming may have adverse effects on potassium availability in other ways.

For eg. In soil where the negative charge is pH dependent, liming
increases the cation exchange capacity, which results in an increased
potassium adsorption by the soil colloids and decrease in the potassium
level in soil solution.



3. Soil aeration-Oxygen is necessary for respiration of roots. When soil in
saturated with water or compact the respiration is reduced due to lack of
oxygen which results in low nutrient uptake .

4. Kind of clay minerals- The soil which are high in clay minerals having high K
results in high K availability in the soil. Vermiculite and montmorillonite will
have the high K content than Kaolinite which are highly weathered and low
in K, while illite have the more K content among all the clay minerals.

5. Amount of exchangeable K – The determination of K in soil is the universal
measure for predicting K availability, fertility status and fertilizer
requirement. Increasing the exchangeable K in soil with K which are applying
through fertilizer should be reduced.

6. Temperature of the soil- Temperature effect the uptake or availability of K by
plant through affecting the changes in root activity and plant physiological
processes. Low temperature reduced the plant physiological process and
affect the K uptake. The capacity of the soil to supply of K to root is reduced
due to low temperature because low temperature affect the diffusion.

7. Soil Moisture- Diffusion of K through soil water to root is the most limiting
step in K uptake during the growing season. If the moisture is low the water
film around the soil particle goes thinner and discontinuous, resulting in a
high tortuous path for K diffusion to root. Increasing the moisture content of
10-30% the transport of K will increase upto 175%.



Leaching losses of K-

Most of the soil except the sandy or coarse textured soils, where

high rainfall occurs the leaching loss is small, because the CEC of these
soils is high and due to high CEC they are capable to adsorbed more K,
while the remaining will be lost through leaching by water.



Micronutrients



Those elements which are required by the plants in very small quantities are
known as micronutrients or trace elements. This term usually applies to elements that
are contained in plant tissues in amount less than 100mg/kg. Most soils have abundant
supply of micronutrients. The deficiencies are generally localized, but become create
when large doses of major nutrients are applied to the soil as fertilizers for crop
production. In mineral soils their availability in inter-related to pH of the soil,
decomposition of organic matter, state of oxidation reduction system in soil and other
factors. The diffusion and mass flow are the main processes responsible for movement
of micronutrient cations from the soil solution to plant roots. Micronutrients play an
important role as precursor or as constituents of enzymes.

Classification of Micronutrients and Trace elements-

The micronutrients that are essential for plant growth are Zn, Cu, Fe, Mn, B, Mo
and Cl. Others such as Vanidium, Sodium, Nikle, Cobalt and Silicon may have some
function in plant growth.

Of the six essential micronutrients, four Cu, Zn, Mn and Fe exist as cations in soils
and two B and Mo exist as anions or uncharged molecular species. The cycle of
micronutrients will depend on the type of micronutrient and particular soil. Each may
be added to the soil pool/ solution of soluble micronutrients by weathering of minerals,
by mineralization of organic matter or by addition as a soluble nutrient, the
micronutrient may under go a number reactions.



Adsorption of micronutrients either by soil organic matter or by clay size
inorganic soil components, is an important mechanism of removing
micronutrients from the soil solution. Finally micronutrient may leach from the
soils. But generally leaching is a major components of the mechanisms by
which micronutrients are removed from the soil solution.

7. Soil Solution
Solution M Complexes
Oxidation and reduction

9. Leaching

2. Precipitation

6. Adsorption 
by clay and Fe 
and Al oxides

1. Soluble salts and Mineral 
weathering

4. Plant adsorption
5. Reduction at root

3. Incorporation in 
to humus

8. Adsorption by 
organic matter



Source of Micronutrients-

The main source of micronutrient is parent rocks or transported
parent material.

Inorganic source- All the micronutrients have been found in varying
quantities in igneous rocks. Two of them iron and manganese have
prominent structural positions in certain of the original silicate materials,
others ad cobalt and zinc also may occupy structural positions as minor
replacement for the major constituents of silicate minerals including clays.
As mineral decomposition and soil formation occur the mineral formed of
micronutrients are changed to macronutrients. Oxides and in some cases
sulfides of elements such as iron, manganese and zinc are formed. The
micronutrient cations released as weathering occur are subject to colloidal
adsorption just are as Ca2+ or H+ .

Anion such as borate and molybdate may under go adsorption or reaction
in soil similar to that of phosphate ion. Chlorine by far most soluble
micronutrient is added to soil in considerable quantities each year through
rain water.



Organic form- Organic matter is an important secondary source of some
of the trace elements. The micronutrients are held as a complex
combination by the organic colloides. Copper is especially held tightly. In
the uncultivated soils micronutrients are more in upper layer and most of
them in organic forms. These held micronutrients are not always readily
available to plants, so their release through the decomposition is
undoubtedly an important fertility level.

Soil solution form- The dominant forms of micronutrients that occur in soil
solution are-

Micronutrients Dominant soil solution form
Iron Fe2+ , Fe(OH)2

+ , Fe(OH)2+ , Fe3+

Manganese Mn2+

Zinc Zn2+ , Zn(OH)+

Copper Cu2+ , Cu(OH)+

Molybdenum MoO4
2- , HMoO4

-

Boron H3BO3 , H2BO3
–

Cobalt Co2+

Chlorine Cl-



Factors affecting availability of micronutrient cations-

Certain soil factors have the same general effect on the availability
five ( Fe, Mn, Zn, Cu and Co) cations.

Soil pH- The micronutrient cations are most soluble and available under acid
conditions. In very acid soils there is relative abundance of the ions of iron,
Mn, Zn and Cu. Under acidic conditions the concentration of one or more
of these elements often if sufficiently high to be toxic to common plants.

As the pH increased the ionic form of the micronutrient cations are
changed first to the hydroxy ions of elements and finally to the insoluble
hydroxides or oxides.

Fe3+ OH- Fe(OH)2+ OH- Fe(OH)2
+ OH- Fe(OH)3

Insoluble Hydroxy metal cation Hydroxides

Cation soluble Insoluble

At low pH values, the solubility of micronutrient cation is at a maximum,
and as the pH is raised their solubility and availability to plant decreases.
Zinc availability is reduced drastically by mangnesium containing lime
stone.



The cations may be present in the form of either simple cations or
hydroxy metal cations. The simple cation dominant under highly acidic
conditions the more complex hydroxy metal cations form as the soil pH is
increased. The molybdenum is present mainly as MoO4

2+ an ionic form
that react at low pH in way similar to those of phosphate ions, boron is
also present in ionic form at high pH level.

Condition conductive to micronutrient deficiency-

The most of the micronutrients limit the crop growth in

1. Highly leached acid sandy soil

2. Organic soil

3. Soil very high in pH and

4. Soil that have been very intensively cropped and heavily fertilized with
macronutrients.



2. Oxidation State and pH- Three of the trace elements cations are found in
soils in more than one valence state (Fe, Mn and Cu). Thwe lower valent
states are encouraged by conditions of low oxygen supply and relatively
higher moisture level. In general high pH favors oxidation, where as acid
conditions are more conductive to reduction.

At pH values common in soils the oxidized states of iron, manganese
and copper are generally less soluble than the reduced states. The
hydroxides of these high valance forms precipitate even at low pH and are
extreamly insoluble.

3. Other Organic Reactions- Micronutrient cations interact with silicate clays
in two ways-

a. they may be involved in cation exchange reactions much like as calcium
or hydrogen

b. They may be more tightly bound or fixed to certain silicate clays,
especially the 2:1 type , Zn, Mn, Co and Fe are found as elements in the
crystal structure of silicate clays. Depanding on the conditions they may be
fixed or released from clays in a similar manner to that by which K is fixed.



Organic combination- Each of the five nutrient cations may be held in

organic combination. Microorganisms also assimilate the cations, which
are apparently required for many microbial transformations. The organic
compounds in which three trace elements are combined vary considerably
but they include proteins, amino acids and constituent of humus including
the humic acids. The most important organic complexes are the
combination of the metalic cations and certain organic groups. These
complexes may protect the micronutrients from certain harmful reactions,
such as precipitation of iron by phosphate. These complex called chilate.

Chelates- chelates is Greek word means “claw” in which certain metallic

cations are complexed or bound to an organic molecule or anion. These
organic molecules may be synthesized by plant roots and released to
surrounding soil may be present in the soil humus or may be synthetic
compounds added to the soil to enhance the micronutrient availability.
Iron, Zinc, Copper and Manganese are the cations that form the chelate
complexes. The cations can be replaced by other cations because they are
very slightly ionized from the organic chelating agent.





Major chelating agents-

Name Formula Abbreviation

Ethylenediaminetetraacitic acid C10H16O8N2 EDTA

Diethylenetriaminepetaacitic acid C14H23O10N3 DTPA

Cyclohexanediaminetetraacitic acid C14H22O8N2 CDTA

Ethylenediaminedi-o-hydroxyphenylacetic acid C18H20O6N2 EDDHA

Nitrilotriacetic acid C6H9O6N NTA

Ethyleneglycol-bis(2-aminoethyl ether) tetraacetic acid C14H24O10N2 EGTA

Four micronutrients have the stability in the following order-
Fe- EDDHA>DTPA,CDTA>EDTA>EGTA>NTA
Cu- DTPA>CDTA>EDTA=EDDHA>EGTA=NTA
Zn- DTPA=CDTA=EDTA>NTA>EGTA
Mn- DPTA=CDTA>EDTA=EGTA>NTA



• Ethylene Diamine Tetra Acetic acid (EDTA) is a synthetic chelating agent.
The ionizable H+ from the acetic acid portion of EDTA molecule can be
replaced by metallic cations.

• Fe-EDTA is usually applied to soil (10-20 g per citrus tree) rather than
foliar(to avoid damage)

• Fe-EDTA is resistant to both microbial attack and hydrolysis.

• Cu, Mn and Zn can also be chelated and used as foliar.

• Ca and Mg can also be chelated, but they are costly and not commonly
used.



Iron (Fe)
• Iron comprises about 5 % of the earth’s crust and is the fourth most

abundant element in the lithosphere after O, Al and Si. Iron concentration in
soil varies widely from 0.7 to 55 %.

• It is a constituent of most of the igneous and sedimentary rocks. It is present
as sulfides and pyrites.

• Plant available Fe is governed primarily through mineral & organic fractions
in soils.

• Solution Fe concentration is low compared to Ca , Mg, K, & Na ( saline/sodic)
or Al (acid soil), only negligible amounts of micronutrient cations like Fe are
adsorbed on the CEC. Thus, adsorbed Fe contributes little to plant available
Fe

• Critical level in plant is 50 ppm, Toxicity occur (Fe > 300 ppm) in plant grown
on acidic soil condition

• Fe is immobile in plant

• Young leaves develop interveinal chlorosis .



Function of iron 
• Absorbed by roots as Fe+2 and Fe+3

• Though not the integrated part of chlorophyll but it helps in chlorophyll
synthesis.

• Structural component of porphyrin molecules: cytochromes, hemes,
hematin, ferrichrome & leghemoglobin. These substances are involved in
oxidation-reduction reactions in respiration & photosynthesis ( hence
much of Fe is associated with chloroplast & mitochondria).

• Important component of ferredoxin (Fe-S protein) – it is the first stable
compound of photosynthetic electron transport chain.

• Respiration also mediated by Fe bearing enzymes like cytochrome.

• Nitrogenase also has Fe as its constituent & legheamoglobin - that
controls oxygen level in the nodule, also contain Fe.



Deficiency symptoms –

• Both Mg and Fe deficiency symptoms are similar. Mg is mobile in plants
therefore; symptoms first appear on lower leaves, whereas Fe is immobile
in plants so symptoms appear on the youngest leaves.

• Fe deficiency causes interveinal chlorosis. Veins never loose chlorophyll
initially. With the advancement of deficiency interveinal spaces become
papery white or bleached. Later even veins may loose chlorophyll but
there will be no necrosis.

• In legumes there is fine reticulate interveinal chlorosis. First it is bright
yellow and if deficiency persists it becomes papery white.

• In tomato purple pigmentation of petioles occurs, veins become chlorotic.
Fruits become silvery green or orange.

Lime induced chlorosis –
• In calcareous soils iron deficiency symptoms appear. It is not because of

lack of iron but due to excess of bicarbonate ion (HCO3
-), that decreases

uptake and translocation of iron. This is called Lime Induced Chlorosis.



Fe in soil-
Iron occurs in four major forms –

i. Primary and secondary mineral iron ii. Adsorbed iron iii. Organic iron and

iv.     Soil solution iron

• The common minerals which on weathering render Fe available to plants are 
hornblade, biotite and chlorite. The common primary and secondary Fe minerals 
are :

• olivine [(MgFe)2. SiO4], Pyrite [FeS2], Siderite [FeCO3], hematite [Fe2O3]  
Goethite [FeO(OH)], Magnetite [Fe3O4] and Limolite [FeO.nH2O] 

Soil solution Fe: Fe in soil solution occurs primarily as Fe(OH)2
+ , although other 

hydrolysis species such as FeOH2+, Fe(OH)4
- ,Fe(OH)3 , Fe3+ also contribute to total 

Fe in solution.

• Solubility of common Fe minerals in soil is very low depending on pH. Fe+2 < Fe+3 in 
well drained oxidized soil

• The pH-dependent relationship for Fe +3 in soil solution is

Fe(OH)3 + 3H+ ↔ Fe+3 + 3H2O

• For each pH unit increase, Fe+3 concentration decreases a thousand fold. In 
contrast, each pH unit increase, Fe+2 concentration decreases a hundred fold.

• Over the normal soil pH, total solution Fe is not sufficient to meet plant Fe 
requirements.



There are two type of species w.r.t. response of iron.
• Iron efficient species – These are those plants which have capacity

to lower pH of the nutrient medium by its exudates, thus increasing
the availability of iron. Plants like sunflower can show this type of
physiological changes under iron stress.

• Iron inefficient species – Grasses, wheat, barley etc. do not show
any morphological changes in iron stress. But they can adjust in iron
stress, especially in lime induced deficiency. Graminae plants have
capacity to accumulate and release non-protein forming amino
acids like avenic acid and mugineic acid under iron stress. These
amino acids are derived from nicotinamine and are called
Phytosiderophores. These phytosiderophores can form very stable
complex with Fe3+ and thus increase the availability of iron. These
complexes do not loose their affinity in pH 4 – 8.



Chelate dynamics

• Chelate (Gk. Claw)

• Numerous soluble organic compounds in soil complex or chelate Fe+3 and
other micronutrients and make them available in the rhizosphere through
diffusion process.

• Natural organic chelates in soils are products of microbial activity on
residues added to soil.

• Root exudates are also capable of complexing micronutrients

• Common natural chelate are citric acid, oxalic acid, malonic acid, malic
acid, tartaric acid

• Common synthetic chelate compounds



Common natural chelate

Name Abbreviation 
• Citric acid CIT

• Oxalic acid OX

• Malonic acid MAL

• Malic acid MA

• Tartaric acid TAR

Common synthetic chelate compounds
• Name Abbreviation 

• Pyrophosphoric acid PPA 

• Ethylene diamine tetra acetic acid EDTA 

• Di ethylene triamine penta acetic acid DTPA 

• Cyclo hexane diamine tetra acetic acid CDTA 

• Ethylenediamine di – o –hydroxy phenyl acetic acid EDDHA 



Chelate- micronutrient cycling in important mechanism for 

nutrient uptake & mobility in soil

At root surface, chelated micronutrient reaches in response to
concentration gradient, where it interact with cell wall compounds & free
up its micronutrient. The free chelate move back in bulk solution in
response to conc. gradient for making again complex with micronutrient.
This further allows some of the mineral to dissolve or desorbed the
micronutrient in order to buffer the nutrient concentration in soil solution.



Factors affecting Fe availability

• Soil pH & Bicarbonate:  deficiency mostly observed on high pH & calcareous 
soil in arid region.

• Irrigation water & soils high in bicarbonate may enhance Fe deficiency due to 
high pH associated with HCO3

- accumulation. Calcareous soil pH ranges from 
7.3 to 8.5, coinciding with the highest incidence of Fe deficiency & lowest 
solubility of soil Fe. HCO3

- forms in calcareous soil by:

• CaCO3 + CO2 +H2O↔ Ca+2 + 2HCO3
-

• Excessive water & poor aeration:  excessively wet & poorly drained soils that 
favors CO2 accumulation & thus HCO3

- formation  is enhanced which reduces 
Fe availability.  Any compact , fine textured, calcareous soil is potentially Fe 
deficient.

• Flooding & submergence of soil where HCO3
- formation is of no concern can 

improve Fe availability by increasing Fe+2 concentration.

• SOM: low OM containing soils are low in available Fe. However, it increases 
with addition of OM due to: 

1. Chelation reaction

2. Improved soil structure  that improves aeration



• Interaction with other nutrients: large amount of Cu containing pesticide
or fertilizer application , can induce Fe deficiency in sensitive plants.
Similarly, sensitive crops may suffer from Fe stress under high Mn, Zn &
Mo application.

• Plants receiving nitrate are more likely to develop Fe stress than those
NH4

+ .

• Plant factors:   some plants are very much efficient and adapt to Fe stress 
because of the mechanisms, they may have like:

– Excretion of H+ & organic acids from roots (H+ efflux increases)

– Excretion of various reducing or chelating compounds from roots.

– Enhanced rate of Fe+3  to Fe+2 reduction at root surface. 

– Some plant releases phytosiderophores that have great affinity for Fe+3 

. PS- Fe complexes enhance Fe transport to root surfaces & absorption 
by root cells.



Fe sources
• Organic: FYM, Green manuring, compost etc.

• Inorganic  Fe: In general, soil application of inorganic Fe are not effective in 
correcting Fe deficiency in high pH soils because of rapid precipitation of 
insoluble Fe(OH)3 . 

• Fe deficiencies are corrected mainly with foliar application of inorganic Fe 
(Chelated Fe )

Fe fertilizers

Fertilizer Fe%

FeSO4.7H2O 19

Fe-EDTA 5-14

Fe – EDDHA 6

FYM 1465 ppm

Fe2 (SO4) 3.4H2O 23

FeCl3 5-18



Zinc (Zn)

• Root absorbs  in Zn+2  form

• Essential for synthesis of tryptophan ( a component of some protein, & 
needed for production of growth hormones (auxins such as IAA). 

• Involved in chlorophyll synthesis, enzyme activation & cell membrane 
integrity.

Deficiency symptoms 
• Light green, yellow, or white areas between leaf veins, in young leaves & 

eventually necrosis

• Shortened stem or stalk internodes, resulting in stunted plants or bushy, 
rosetted leaves.

• Premature foliage loss

• Malformation of fruit, often with little or no yield.

• White bud of maize, little leaf , khaira in paddy



Zn range in plants

• 25-150 ppm

• Deficiency appears < 10 -20 ppm, depending upon crop.

• Toxicity when leaf  Zn content > 400 ppm

Zn ranges in soil
Zn content of different soils ranges from 10 – 3000 ppm. Critical 
concentration of Zn in soils is 1.0 ppm.

Forms of soil Zn –

• Soil solution Zn

• Adsorbed Zn on clay surfaces

• Organically complexed Zn



Zn in soil
Zinc Minerals: 
• Sulphide Sphalarite ZnS maximum

• Carbonate Smithsionite ZnCO3

• Silicates Willemite ZnSiO4

• Soil solution Zn: soil solution is low. Above soil pH 7.7, ZnOH+ becomes the
most abundant species. Zn solubility is pH dependent, decreasing with
increasing pH, given by:

Soil –Zn + 2H+ ↔ Zn+2 + Soil -2H

• Zn is transported to roots by Diffusion process. Chelation enhance the
transportation



Factors affecting Zn availability

• Soil pH: availability decreases with increasing pH.

• Zn Adsorption: Zn+2 adsorption does not occur to a great extent on CEC, at
least compared to Ca+2 and Mg+2 . Zn is strongly adsorbed by magnesite
(MgCO3), & to lesser extent by dolomite

• SOM: Zn+2 from stable complexes with high molecular –weight organic
compounds i.e. lignin, humic, and fulvic acid. Substance derived from freshly
applied organic materials also have the capacity to chelate Zn+2.

• Interaction with other nutrients: Cu+2 & Fe+2 have antagonistic effect on Zn
uptake, possibly because of competition for the same carrier site in the
casparian bands or plasmalemma.

• High P can induce Zn deficiency in marginally Zn deficient soils. In Zn deficient
plants, cellular regulation of P uptake

• Flooding: Zn deficiency may be due to precipitation of franklinite (ZnFe2O4) or
sphalerite (ZnS).

• Climatic conditions: Zn deficiency are common during cool, wet seasons and
often disappear in warmer weather.

• Plant factors: corn & beans, peach, citrus are very susceptible to low Zn



Zinc sources

Organic Sources

• Organic wastes and Zn enriched organic wastes

• Continuous application of FYM or in situ incorporation of 
sunnhemp

• Manures increase the availability of Zn by mobilizing the 
native and applied Zn through chelation. FYM, poultry, and 
piggery manures. 

• Integrated use of organic manures and Zinc sulphate



Zinc fertilizers 

Zn carrier Zn %

Zinc sulfate heptahydrate ZnSO4.7H2O 21-22

Zinc sulfate monohydrate ZnSO4. H2O 33-35

ZnO 70 (67-80)

ZnCl2 45

Zn frits 11

Zn dust 99

Zn-SSP 2

Zn chelates

Na2ZnEDTA

9-14

Dr. Nene’s solution for controlling khaira disease 

5 kg ZnSO4 + 2.5 kg lime ha-1 in 1000 litre water.



Management of Zn deficiency

Time of Zn application
This is to be decided according to the severity, Zn content in

the seed. Maximum Zn absorption by plants takes place up to the
tillering stage therefore soil application just before seeding or
transplanting.

Method of application
Soil application of Zn through broadcast and mixed or band

placement below the seed is superior to top dressing. Alternative
methods are side dressing, foliar application (only for horticultural
and plantation crops), or soaking or coating of Zn solution on seeds
.

Rate of Zn application
Varied with severity and soil type, 2.5 to 25 kg Zn / ha .
• Generally 10-11 kg Zn/ha is applied



Copper (Cu)

• Copper concentration in earth’s crust averages about 55 – 70 ppm. Copper 
concentration in soil ranges from 1- 40 ppm.

• It is absorbed as Cu+2 

• Normal range in plants 5 – 20 ppm

• Deficiency generally occurs at < 4ppm in plant.

• Once absorbed, readily reduced to Cu+ .

Minerals –

• Chalcopyrite CuFeS2

• Chalcocite Cu2S

• Bornite CuFeS4



Forms of soil copper –
• In soil solution
• On cation exchange sites of clays and organic material
• Occluded and co-precipitated in soil oxide material
• In organic matter and living organisms
• Copper is absorbed by plants as the cupric ion Cu++. Most of

the functions of Cu as a plant nutrient are based on the
participation of enzymatically bound copper in redox
reactions.

+e-

Cu2+ Cu+

-e- unstable



Copper is involved in –

• Photosynthesis & respiration:  both processes take place with transfer of 
electrons & require Cu, Fe & Mn.

• 50% of Cu in the chloroplast is found in plastocyanin, a protein involved in 
energy transfer in photosynthesis  reactions.

• Cu is a part of cytochrome oxidase that catalyzes electron transfer in 
respiration.

• Protein synthesis

• Found in Plastocyanin, which is a component of electron transport chain

• Carbohydrate & lipid metabolism: deficiency of Cu impedes pollination & 
seed set; causes carbohydrate to accumulate since carbohydrate storage 
organs (seeds, fruits etc) are not present.

• Pollen formation and fertilization

• Cu is essential for synthesis of Vitamin-A

• Cu is a constituent of chlorophyll



Cu deficiency

• Chlorosis in young leaves, because of the Cu –containing enzyme function
in the chloroplast.

• In many vegetable crops, leaves lack turgor , develop a bluish – green cast

• Cu deficiency also alters lipid structure in the cell membranes that is
essential for low temperature tolerance and resistance to other
environmental stresses.

• Cu deficiency is often observed in plants growing on soils either inherently 
low in total Cu or on soils high in organic matter, where Cu is complexed to 
organic substances.

• In corn the youngest leaves become yellow and stunted.

• Cu deficiency is evident as chlorosis, withering and often distortion of the 
terminal leaves. 

• Multiple bud formation in leaf axial and malformation of leaves.

• Gum pockets under the bark and ‘Die back’ of shoots in citrus. 

• Fruits are subjected to cracking and die-back of terminal growth.



Forms of Cu in soil
Mineral Cu:

• Malachite                                                      Cu2(OH)2CO3

• cupric ferrite                                                   CuFe2O4

• Chalcopyrite CuFeS2

• Chalcocite Cu2S

• Bornite CuFeS4

• Secondary Cu minerals include oxides, carbonates, silicates, sulfates and 
chlorides are too soluble to persist.

• Both soil (@ 25 kg ha-1) and foliar (@0.5 kg ha-1) applications are effective.

Reclamation disease – When water logged areas rich in organic matter are 
drained and used for cultivation of crops, the Cu in soil binds with high organic 
matter and become unavailable to growing plants, resulting in deficiency of Cu. 
This is called ‘reclamation disease’.
Copper toxicity –
•Poorly developed and discoloured root system.
•Chlorosis of leaves.



Cu in soil

• Soil solution Cu:  soil solution Cu is usually low.

• The dominating species are Cu+2 at pH<7 and Cu (OH)2 at pH>7

• Cu+2 solubility is pH dependent, increasing with decreasing pH

• Soil – Cu     +  2H+ ↔ Cu+2 + Soil-2H

• Cu is supplied to plant roots by diffusion of organically bound & chelated
Cu 

• Adsorbed Cu: Cu+2 (and CuOH+ ) is chemically adsorbed to surfaces of 
clays; OM; and Fe, Al or Mn oxides.

• With exception of Pb+2 and Hg+2 , Cu+2 is the most strongly adsorbed 
divalent metal to Fe/Al oxides.

• The adsorption mechanism with oxides involves formation of Cu – O –Al or 
Cu –O – Fe surface bonds. This chemisorption process is controlled by the 
quantity of surface OH groups. 



• This chemisorption process is controlled by the quantity of surface OH 
groups. 

• Cu adsorption increases with increasing pH due to 

1. Increased pH dependent sites on clay & OM

2. Reduced competition with H+ 

3. Change in the hydrolysis of Cu+2 in solution. 



Chemisorption of Cu+2 with surface 
hydroxyls on Fe(OH)3



Occluded & Coprecipitated Cu

• Cu may be occluded in various mineral structures,  such as clay minerals 
and   Fe, Al and Mn oxide

• Cu is capable of isomorphic substitution in octahedral position  of silicate 
clays.

• Organic Cu: most of the soluble Cu+2 is bound to OM more strongly than 
any other micronutrients.

• Cu+2 is directly bonded to two or more organic functional groups 
(Carboxylic or phenolic ). 

• Humic & fulvic acid contain multiple Cu+2 binding sites

• In most mineral soils, OM is intimately associated with clay, as clay-metal –
organic complexes



Factors affecting Cu availability 

• Texture : deficiency is more in excessively leached ,coarse textured soil

• Soil pH: solution Cu decreases with increase in pH due to decreased 
mineral solubility & increased adsorption.

• Interaction with other nutrients:  High Zn, Fe & P in soil solution can 
depress Cu deficiency. Increasing N in plants impedes Cu translocation 
from older to newer leaves.

Cu sources

• organic & inorganic both

• Fertilizer: hydrated  Cu sulfate CuSO4.5H2O (25% Cu)

• It is effective in acid & neutral soil, but in alkaline precipitation of insoluble 
compounds

• There are two strategies:

• Use of chelated Cu 

• Foliar spray rather than soil application



Cu fertilizers

Source Formula Cu%

Copper sulfate CuSO4.5H2O 25

Copper sulfate monohydrate CuSO4.H2O 35

Copper ammonium phosphate Cu(NH4)PO4.H2O 32

Copper chelates Na2CuEDTA 13

Organics <0.5 %



Manganese (Mn)

• Plant absorb Mn+2 and low molecular weight organically complexed Mn.

• Mn+4 must be reduced to Mn+2 for absorption by roots

• MnO2 + 4 H+ + 2 e- → Mn+2 + 2H2O

• Low molecular weight organic compounds are exuded by roots into
rhizosphere. Microbial degradation of these exudates establishing
reducing conditions & provide electrons to reduce Mn+4 to Mn+2

• It is highly mobile in soil, so it can leach from soils, which sometimes
causes low Mn levels

• Specific transporter protein for Mn+2 uptake is present in PM. The Fe or Zn
has competitions for site in transport protein. High concentration of Ca &
Mg adsorbed to apoplasmic (root) cell wall, especially in high pH soils, can
reduce Mn+2 adsorption to cell walls & eventual transport into cell.



Mn- Minerals

• Mn is found in most Fe-Mg rocks. Mn , when released through weathering 
of primary rocks , will combine with O2 to form secondary minerals. 
Secondary minerals are:

• Pyrolusite MnO2

• Hausmannite Mn3O4

• Rhodonite MnSiO3

• Manganite MnOOH

Forms of soil Mn-

1. Solution Mn2+

2. Exchangeable Mn2+

3. Organically bound Mn2+

4. Mn minerals

• The equilibrium among these forms determines Mn availability to plants.

• The critical limit of Mn availability is 2 ppm. 



• Soil solution Mn: its concentration decreases hundredfold for each unit 
increase in pH.

• Mn+2 moves to root surface by diffusion of chelated Mn+2.

• Mn availability is increased under low pH & reduced conditions. 

Function of Mn-
• O2 & Photosynthesis: most O2 in atmosphere originates from Mn- facilitated

electron transfer in photosynthesis

• Mn-SOD occurs in mitochondria. This protects the plants grown under high
light intensity, where potential free radical production & photo-oxidative
damage is greatest.

• Lignin synthesis: like Cu, Mn activates several enzymes that synthesize several
amino acids & phenols important to lignin production



Deficiency –

• Chlorosis in the interveinal tissue.

• Manganese deficiency symptoms first appear on younger leaves.

• Mn deficiency of several crops has been described by such terms as ‘gray
speck (small spot or stain) of oats’, ‘marsh spots of peas’, ‘speckled yellows of
sugar beet’ and ‘Pahala blight of sugarcane’

Factors affecting Mn availability

• Soil pH: liming acid soil decrease Mn availability because of precipitation as
MnO2. Acid forming materials like N & S may increase the Mn availability

• Excessive water & poor aeration: waterlogged soil exhibit reduced O2 & lower
down the redox potential, which increases soluble Mn especially in acid soils.
Poor aeration due to compaction increases CO2accumulation and increases
the Mn availability.

• Soil OM: Addition of natural organic materials such as peat moss, compost,
residues, and green manuring will increase solution & exch. Mn in mineral soil
(it creates reducing conditions that favor Mn availability).

• Weather effects: dry season conditions lowers the diffusion rates. In cold &
wet condition Mn availability is less due to low mineralization rate of OM &
reduced root growth.



Manganese fertilizers 

• Manganese sulfate can be applied as basal and foliar. Natural organic
complexes & chelated Mn are used as foliar spray. Manganese oxide is slightly
soluble in water and finely divided form can be effective as basal application.
Band application is more effective than broadcast because of delayed oxidation.
Chelated or natural organic complexes should not be soil applied because soil
Ca or Fe can replace Mn in these chelated form.

Manganese fertilizers –

Fertilizers can be both applied in soil or as foliar spray @ 5 – 10 kg ha-1.

• Source Formula % Mn

• Manganese Sulphate MnSO4.4H2O 26 -28

• Manganous Oxide MnO 41 -68

• Manganese Chloride MnCl2 17

• Synthetic Chelates MnEDTA 5 – 12

Toxicity –

• Crinckled (wrinkled) leaf of cotton



Boron -B
• The total concentration of B in soils varies between 2 to 200 ppm. Boron is 

absorbed by plants as undissociated boric acid H3BO3. B is immobile in plant. 

• The available form in soil is H3BO3/ B (OH)3 . This form can easily be leached 
and become out of reach to plant roots.

• Available B content in Indian soils ranges from traces to 8 mg/ kg soil.

• In arid and semiarid regions particularly, B toxicity can be a major concern. 

• Critical value in plants 20 ppm in mature leaf tissue of most plants

• B toxicity in plant  > 200 ppm

• The critical limits of B in soils varied from 0.30  to 0.60 mg/ kg

Boron in soil-

B exist in soil as :

• minerals, 

• adsorbed on clay & Fe /Al oxide surfaces, 

• combined with OM, 

• and in soil solution 



Minerals:

• Tourmaline 3 -4 % B

• Borax Na2B4O7.10H2O

• Kernite Na2B4O7.4H2O

• Original source of B in most soils is tourmaline, which contains 3- 4 % B. It
is quite resistant to weathering hence releases B quite slowly.

• B can substitute for Al+3 and /or Si+4 ions in silicates minerals. Following
its adsorption on clay surfaces, B will slowly diffuse into interlayer
positions.

• Buffering of solution B is slow, and thus increasing frequency of B
deficiencies, especially under intensive cropping system

Soil solution B

• Undissociated H3 BO3 is the predominant species in the pH range of 5 to 9. 
At pH > 9.2, B(OH)4 

- is domonant

• Transported in soil solution to absorbing roots by mass flow & diffusion.

• About 0.1 ppm B in soil solution is adequate  for most plants.



Adsorbed B 

• B adsorption & desorption can buffer solution B. 

• It is the major form of B in alkaline, high -B soils.

• The main B adsorption sites are:

1. broken Si-O and Al-O bonds at the edges of clay minerals

2. amorphous hydroxide structures 

3. Al oxy and hydroxy compounds

• Increasing pH, clay content, OM, Al compounds favors H4BO4
- adsorption 



B adsorption



Organically complexed B

• OM represent a large potential source of plant 
available B in soils, which increases with 
increasing OM. The B-OM complexes are 
probably



• B can move relatively long distances by mass flow and diffusion to roots.

• Flooding has no influence on B concentrations in soils, and B did not
undergo redox reaction.

• Its distribution in the plant is governed by transpiration stream. It is taken
passively mostly in unionized form (H3 BO3). It is phloem mobile.

• B is neither the constituent of enzyme nor directly affects the enzyme 
activity.

• Cereals need less boron, where as legumes and crucifers have high B 
requirement. Among groups of the crops, oilseed have highest B 
requirement followed by pulses and then tubers. Among the oilseeds, 
mustard absorbed highest B and groundnut the least.



B function
• Essential for cell wall integrity, flexibility (important for cell expansion)

• Essential for control of lignin production following cell expansion.

• Cell wall stability is important during pollen tube growth that is essential 
for seed development.

• Dicots require more B than monocots.

• Grasses yield reduce due to B deficiency because of male sterility, as 
exhibited by poorly developed anthers & non viable pollen grains.

• Essential for normal transport of water, nutrients, and photosynthetic 
sugars to rapidly developing meristematic tissues, such as root tips, leaves, 
buds, & storage tissues.

• B is essential for legume root nodule



B deficiency

• First symptom is cessation of terminal bud growth, followed by death of young
leaves.

• Younger leaves become pale green, loosing more color at the base than at the
tip

• Thickened, wilted, or curled leaves; a thickened, cracked, or water soaked
condition of petioles and stems; and discoloration, cracking, or rotting of fruits,
tubers, or roots

• Uneven thickness of the peel of citrus, lumpy fruit, and gummy deposits in the
fruit.

• Breakdown of internal tissues in the root crops gives rise to darkened areas
referred as brown heart or black heart

• Top sickness of tobacco, heart rot of beets, corky core of apples, brown rot of
cauliflower, snakehead of walnuts, cracked stem of celery, brown spot of sweet
potatoes, split roots in carrots, and yellow terminal leaves of alfa-alfa

• Deficiency appears as a structural deformity in actively growing regions.

• Deficiency affect reproductive growth more than vegetative growth. Adequate
B increases flower production & retention, and seed & fruit development.



Factors affecting B availability

• Soil pH: decreases with increasing soil pH (>6.5). Liming strongly acid soil can
cause temporary B deficiency in susceptible plants. This might be due to B
adsorption on freshly precipitated Al(OH)3 , with maximum adsorption at pH 7.

• Alternatively, moderate liming can be used to depress B availability and plant
uptake on soils high in B.

• Heavy liming does not always lead to greater B adsorption and reduce plant
uptake. Higher pH resulting from liming of soils high in OM may encourage OM
decomposition and release of B.

• SOM: Application of OM to soils can increase B in plants.

• Soil texture: coarse textured, well drained can be low in B. finer textured soils
retain added B for longer periods.

• Interaction with other cations: high solution Ca+2 can protect crops from
excess B.

• At low levels of B, increased rates of applied K may increase the B deficiency in
sensitive crops e.g. alfa-alfa.

• Soil moisture: B deficiency is more in dry weather, where low soil moisture
reduces B release from OM & B uptake through reduced transport to
absorbing root surface.



B sources
• Organic B: FYM, animal waste & compost can be the source of B

• Inorganic B:  sodium tetraborate (granubor) is commonly used 

• Solubor is preferred to borax because it dissolves more readily.

Common Boron Fertilizers

Source Formula % B

Borax Na2B4O7 .10H2 O 11

Boric acid H3 BO3 17

Sodium tetraborate (Fertibor, Granubor) Na2B4O7 .5H2 O 14-15

Solubor (sodium tetraborate and sodium 
pentaborate)

Na2B4O7 .5H2 O
+Na2B10O16 .10H2 O

20 -21

Colemanite Ca2B6O11 .5H2 O 10-16

B-frits Complex borosilicates 2-6



• Boric acid is generally used for foliar spray. It can be mixed with ammonium 
sulphate.

• All the above materials are very soluble and can be toxic, if applied near 
germinating seeds.

• Do not apply the B in excess to the recommended rate and ensure its uniform 
application.  Application should be made only when its deficiency has been 
established.  

• Colemanite and B-frits are comparatively much less soluble than Na-borate 
hence may be less toxic to plants.

• 10- 15 kg borax/ ha in coarse textured soil and 15-20 kg borax/ ha in 
calcareous soil and fine textured soils as soil application at the time of sowing.

• General recommendation for B is 0.5 to 2 kg B /ha.

• Foliar spray @ 0.2 –0.3 % solution twice or seed coating with borax is not 
effective as soil application.

• Ca/ B ratio in soil is also important. A Ca/ B ratio of 200:1 to 400:1 is treated as 
ideal for crop production.



Chlorine (Cl )

• Chlorine occurs in soils as soluble salts such as NaCl, CaCl2 and MgCl2. Cl- in 
soil solution ranges from 0.5 to 6 x 103 mg kg-1 soil. 

• Nearly all chloride in soil exists in soil solution

• Because of its high solubility & mobility in soil, Cl- is susceptible to 
leaching.

• Cl- is absorbed by plants through roots & leaves.

• Active uptake

• Annual crop requirement = 4 -8 kg Cl- /ha



Cl- functions in plants

• Involved in osmotic & ion charge balance.

• Cl- has role in oxygen generation along with Mn in photosynthesis as it
maintain electro neutrality when Mn+3 donates an electron during
photosynthesis.

• Chlorine has biochemical as well as osmoregulatory functions in plants.

• It is involved in the splitting of water molecules in photosynthesis.

• Several enzymes like ATPase, alpha-amylase, asperagine synthetase etc.
require Cl- for activation.

• In osmoregulatory functions, Cl- accumulates within the cell; a water
potential gradient is developed across the cell wall causing more water to
enter the cell. This leads to cell turgidity. This process causes stomatal
opening

• Solute concentration in vacuoles: for plants to absorb & use nutrients
efficiently, nutrients accumulates in vacuoles until transported to growing
plant organs. Cl- is essential for maintaining electrical balance in tonoplasts.



Cl deficiency

• Chlorosis in younger leaves & overall wilting 

• Necrosis in some plant parts , leaf bronzing, & reduction in root & leaf growth

Toxicity -
• Thickening and rolling in tobacco and tomato leaves

Chlorine in soil-
• Mineral Cl : Soil Cl- commonly exists as soluble salts such as NaCl, CaCl2 , and 

MgCl2    

• Soil solution Cl- ranges from 0.5 ppm in acid soils to > 6000 ppm in saline/sodic
soils.

Plant Response
• Depression of Cl- uptake by high concentration of NO3

- , and SO4
-2



Cl sources

• Organic Cl: because of solubility & mobility of Cl- , most animal & 
municipality wastes are low in Cl- . 

• Inorganic Cl: 

Chloride fertilizers –

Ammonium chloride 66% Cl

Calcium chloride                        CaCl2 65

Magnesium chloride MgCl2 74%

Potassium chloride                    KCl 47%

Sodium chloride                         NaCl 66%

Aammonium chloride              NH4Cl 66%



Molybdenum (Mo)
• Molybdenum content in soil ranges from 0.2 to 5 ppm.

• Mo is absorbed as the weak acid molybdate (MoO4
-2 )

• It complexes with P (phosphomolybdate). Mo complexation may explain why
Mo can be absorbed relatively in large amounts without any apparent toxicity

• Mo content in plants is normally low 0.2 – 2 ppm

• Toxicity occurs >1000ppm Mo

Function of molybdenum
• Mo is essential component of enzyme nitrate reductase, which catalyzes

conversion of nitrate (NO3
-) to nitrite (NO2

-) in chloroplasts in leaves.

• Mo is structural component of nitrogenase involved in N2-fixation.

• Mo has a role in absorption and translocation of Fe in plants.

• Deficiency symptoms also include pale green leaf color, stunting, necrosis on
leaf edges, and rolled or curled leaves.

• Excessive Mo is toxic , especially to grazing animals. Molybdenosis , a disease
in cattle, is caused by an imbalance of Mo & Cu in the diet when Mo content
in forage >5 ppm. It causes stunting growth & bone deformation. This can be
cured by oral feeding of Cu , Cu injections, or Cu application in soil



Mo deficiency is common in 

• Acid sandy soils

• Highly podzolized soils  low in total Mo

• Acid soils high in hydrous Fe and Al oxides

• Soils derived from calcareous  parent material 

• Whiptail of cauliflower

• Yellow spot in citrus

• Pencil  point in coconut

Forms of Molybdenum in soil
• Primary & secondary mineral contain Mo (Wulfenite  PbMoO4 & CaMoO4 )

• Exchangeable Mo held by Al and Fe oxides

• Soil solution (MoO4
-2 , HMoO4

- , H2MoO4
0 )

• Organically bound Mo



Factors affecting Mo availability

• Soil pH: unlike of other micronutrients, MoO4
-2 availability increases

tenfold per unit increase in soil pH. Liming to increase soil pH increases
Mo availability. Alternatively, acid forming fertilizer such as AS decrease its
availability.

• Soil texture: availability is low in coarse textured soil with low OM
content

• Fe/Al oxide: Mo strongly adsorbed to surface

• Interaction with other nutrients: P enhances Mo absorption by plants
probably due to exchange of adsorbed MoO4

-2 . High levels of SO4
-2 in soil

solution depresses Mo absorption due to similar transport mechanism. On
marginal Mo level, S application induces Mo deficiency.

• Both Cu & Mn reduce Mo uptake. Mg will encourage Mo absorption.
Nitrate encourage Mo uptake & NH4

+ sources reduce Mo uptake

• Soil moisture: deficiency accentuated under dry condition, due to reduced
mass flow & diffusion



Mo sources

• Mo fertilizer application rate is very low i.e. around 5 g/ha .

• Only ammonium molybdate is recognized as a fertilizer in the Fertilizer
control order(FCO)

Ammonium molybdate (NH4 )6 Mo7 O24 .2H2 O 54% Mo

Sodium molybdate Na2 MoO4.2H2O 39

Molybdenum trioxide MoO3 66

Molybdenum frits Mo silicates 2-3

Mo may be applied to soil or foliage or put on seed prior to sowing.
Coating or soaking seeds with Mo is the easiest method. When applied to
soil, the doses vary from 55 – 350 g ha-1 depending on soil and crop.



Cobalt- Co

• Total Co content of soils typically ranges from 1 to 70 ppm and averages
about 8 ppm. Normal Co concentration in dry matter of plants ranges from
0.02 to 0.5 ppm. Cobalt is involved in N2-fixation. Co is essential for
ruminants where it is involved in the synthesis of Vitamin B12. Improved
growth, transpiration and photosynthesis with application of Co have been
observed.

1. The requirement of Co for N2 fixation in legumes and non-legumes have 
been documented clearly. 

2. Protein synthesis of Rhizobium is impaired due to Co deficiency. 

3. It is still not clear whether Co has direct effect on higher plant.

Cobalt fertilizers –
• CoSO4 applied @ 1.5 to 3 kg ha-1

• SSP found in traces. 



Nikel- Ni

Plant contains about 1-10 µg g-1 dry weight. 

• Nickel (Ni) Required for some enzyme as metal components.

• It is essential for the structure and functioning of the enzyme namely 
urease.

• Essential for grain viability. 

• Ni is part of hydrogenase enzyme.

Deficiency symptoms –

Not generally seen. A deficiency of nickel was discovered in 2003 to
be the cause of "mouse ear" of pecans. In the southwest, alkaline soils
cause nickel to be unavailable to the roots. Mouse ear is actually the
symptoms of a urea toxicity caused by the buildup of urea in leaf tissue
when there is a severe deficiency of nickel. Nickel is required by the
urease enzyme in plants for the efficient conversion of urea to
ammonia. When the foliar concentration of nickel is less than 5 ppm Ni,
the trees is less efficient mobilizing stored nitrogen in the spring.



Symptoms of nickel deficiency in pecans include:

• pale green and curled foliage

• necrosis of leaf or leaflet tips with dark green zone adjacent to necrotic zone 

• brittle wood (reduced lignification)

• reduced growth, vigor and flowering

• dwarfing, short internodes

• weak shoot growth, failure to survive dormant season (cold injury

• pointed buds

• rosetting, loss of apical dominance

• dead or dark colored roots, reduced number of feeder roots

• death of shoots and limbs



Toxicity –
• Toxicity is the main problem, especially if sewage and sludge is applied to

soil. The root growth is severely inhibited. A characteristic feature of Ni
toxicity in cereals and grasses is a variation in the intensity of chlorosis
along the length of the leaf, resulting in a series of transverse bands.

Nickel fertilizers –
• Nickel Plus contains 5.4% nickel as nickel lignosulfonate and 5% nitrogen

to assure efficient absorption by the foliage.



BENEFICIAL MINERAL ELEMENTS

Some elements are directly involved in plant metabolism (Arnon and
Stout, 1939). However, this principle does not account for the so-called
beneficial elements, whose presence, while not required, has clear positive
effects on plant growth.

BENEFICIAL MINERAL ELEMENTS

Mineral elements which either stimulate growth but are not essential or
which are essential only for certain plant species, or under given conditions,
are usually defined as beneficial elements.

Sodium (Na)
• Natrophilic- Plant which have the capacity to accumulate relatively large

amounts of sodium in their leaf tissue but have comparatively low
concentrations in their roots.

• Natrophobic- Plants in which sodium preferentially accumulates in the roots or
lower aerial tissues with the result that only small quantities of this element
are present in the leaf tissues.

http://en.wikipedia.org/wiki/Metabolism


• Essentiality 

i) Essential for C4 plants rather C3

ii) ii) Substitution of K by Na: Plants can be classified into four groups: 

a) Group A- a high proportion of K can be replaced by Na and stimulate the   

growth, which cannot be achieved by the application of K 

b) Group B-specific growth responses to Na are observed but they are 

much less distinct 

c) Group C-Only minor substitution is possible and Na has no effect 

d) Group D- No substitution is occurred 

iii) Stimulate the growth- increase leaf area, stomata, improve the water balance

vi) Na functions in metabolism a) C4 metabolism Impair the conversion of
pyruvate to phosphoenol-pyruva Reduce the photosystem b.) activity and
ultrastructural changes in mesophyll chloroplast,

v) Replacing K functions a) Internal osmoticum b) Stomatal function c)
Photosynthesis d) Counteraction in long distance transport e) Enzyme
activation vi) Improves the crop quality e.g. improve the taste of carrots by
increasing sucrose



Silicon (Si)
• Silicon is the second most abundant element in earth’s crust. Higher plants

differ characteristically in their capacity to take up silicon. Depending on
their SiO2 content they can be divided into three major groups: i) Wetland
graminae-wetland rice, horse tail (10-15%) ii) Dryland graminae-sugar
cane, most of the cereal species and few dicotyledons species (1-3%) iii)
Most of dicotyledons especially legumes (<0.5%) iv) The long distance
transport of Si in plants is confined to the xylem. Its distribution within the
shoot organ is therefore determined by transpiration rate in the organs v)
The epidermal cell walls are impregnated with a film layer of silicon and
effective barrier against water loss, cuticular transpiration rate in the
organs.

• Beneficial effects
• i) Si can stimulate growth and yield by several indirect actions. These

include decreasing mutual shading by improving leaf erectness, decreasing
susceptibility to lodging, preventing Mn and Fe toxicity.



Aluminium (Al)

i) Tea is very tolerance of Al toxicity and the growth is stimulated by Al

application. The possible reason is the prevention of Cu, Mn or P toxicity
effects ii) There have been reports that Al may serve as fungicide against
certain types of root rot.



Calcium, Magnesium & Sulfur



Secondary essential elements

The secondary essential elements are Ca, Mg and S are generally
taken up in lesser amounts than N,P, K, but in much greater amounts than
the micronutrients. These elements plays an important role in correcting
the reactions of the soil and regulating the uptake of cations and anions by
the plants. Ca and Mg are the common in liming materials which are used
for correcting the acidity of the acid soils., which usually occurs in humid
region. Ca and Mg in alkaline soils are antagonized by Na in the base
exchange complex. However, generally those soils which abundantly
supplied these elements are most productive soils. They have high
moisture retention capacity and maintain optimum soil air moisture
relationship for optimum growth of crop. S and Mg are needed by the
plant in about the some quantity as P, where as for many species Ca
requirement is greater than P.

Generally deficiency of Ca and Mg is common in alkali and saline soil and
for S in low organic matter soil and high analyzing fertilizer with low sulfur.



Calcium- Ca

It is the 5th most abundant nutrient in earth crust being 3.6 percent. This 
element is highly variable in soil which depends on the amount in the parent 
material and also on the losses of the calcium during soil formation. Rare soils 
are deficient in Ca, generally found in large amount in total and available form 
in soil for the plant requirement. Once the calcium is taken up by the plants it 
is not translocated. So the plant must taken the Ca during reproductive stage.

Source of Calcium
Ca in soil originated from the rocks and mineral from which the soil is

formed. Ca in the mainly found in the calcite, dolomite and feldspars. A
plagioclase feldspar i.e. anthronite (Ca Al2 Si2O8) is the most important
primary source of Ca in soil. The weathering of mineral release Ca2+ to the soil
solution and where it is strongly adsorbed by the negative charges of clays and
organic matter. Ca is a dominant exchangeable cation in most of soil, although
pyroxenes (augite) and amphiboles (hornbald) fairly common in soils. Small
amount of Ca and Mg also originate from the biotite, apatite and certain
borosilicates. In arid and semiarid areas the Ca content generally high in hole
profile. It is due to because of the less rainfall and less leaching .



Calcite (CaCO3) is often dominant source of Ca. In soils of arid region
contains (CaSO4.2H2O) or gypsum, where as in humid region soils contains
less Ca amount than the subsoil. Even the soil of humid region formed from
limestone are acidic in surface layers because of removal of Ca2+ and other
cation by excessive leaching. The Ca which are formed by weathering of rocks
and mineral that lossed or leached due to reaction with H2CO3 as

H2O + CO2 H2CO3

CaCO3 + H2CO3 Ca( HCO3)2

Role of Ca in plant-
1. A constituent of cell wall and cell membrane as calcium pectate.

2. Essential for the stability of cell membrane.

3. Involved in root elongation, cell division

4. It is an activator and inhibitor of different enzymes.



Deficiency symptoms of Ca-
The calcium is found in adequate amount in the surface layer of the

soil. Generally the deficiency of this element is not found in most of the
soils. There are some soils conditions which are responsible for availability
of Ca. The absence of Ca first deteriorates physical condition of soil,
secondary it directly restrict the availability of other nutrients.

Ca is a immobile element so the deficiency first appears on the
growing tips and youngest leaves, leaves become small, disorted, cup
shaped, crinkled and dark green, terminal buds may deteriorate and die in
fruit trees, root growth is impaired. When the deficiency is severe the
youngest leaves at the top remain folded and later on the tip of the plant
will die.

Deficiency may occurs in tomato, potato, cotton, corn, pea apple
citrus etc.

Ca( HCO3)2 is very soluble in water and may be leached. Ca in the
clay minerals released very sparingly or fast that’s account for its
occurance in all soils in more or less amounts( montmorillonite and
kaolinite). The Ca content is high in 1:1 type than 2:1.



Available category of Ca-
1. Readily available- Ca is held on the clay surface as exchangeable cations.

Range of this Ca between 5.5 to 8.3 percent. Below or above this range
Ca present in soil is non-exchangeable Ca.

2. Difficulty or slowly exchangeable Ca- This type of Ca is found in
unweathered feldspar and Ca silicate minerals. In the humid region the
weathering of feldspars and silicate mineral very fast as compared to arid
and semiarid region.

Behavior of Ca in soil-

Ca in soil solution of temperate regions ranges from 30-300ppm,
high rainfall areas-8-45ppm and averages about 33ppm. Ca concentration
in soil higher than the necessary for proper plant growth. This higher Ca
have little effect on Ca uptake because Ca uptake is largely genetically
controlled.

Ideal soils should have the 65% Ca, 10% Mg, 2% N and 5% K in
exchangeable complex. The Ca activity in acid soils, saturated upto 70% is
very low, 70-100% saturation the addition of lime greatly increases the Ca
activity in acid soils. Ca is not readily available to plant at low saturation.



• Ca2+ is adsorbed on organic and inorganic soil colloids.

• Calcium plays an important role in binding organic and inorganic
constituents and thus improving the soil structure.

• For 2:1 clay minerals, about 80% of the soil CEC should be saturated with
Ca in order to maintain a satisfactory soil structure.

• It acts as a nutrient filler, to maintain balance among nutrients and occupy

space which otherwise would be taken up by acid elements.
• Ca flocculate the soil and develop more porous structure which is

conductive to entrance of O2 and oxidation process in the soil. It provide
favorable medium which are fit for asymbiotic nitrogen fixation.
Application of lime protects the leaching of Mg and K, but heavy
application may cause the chlorosis by inducing deficiency of P, Fe, Mn and
B. In alkaline soil addition of CaCO3 may rise the pH which induce the
formation of Na2CO3. So gypsum should only be applied.



As the Ca percent saturation decrease in proportion to the total CEC
the amount of Ca2+ absorbed by plant decreases. Ca2+ , Al3+ and H+ ions are
dominated as exchangeable sites. Ca2+ as well as other cation which are
present in the soils make the dynamic equilibrium. When the activity of
Ca2+ in soil is decreased by leaching and plant uptake then Ca2+ will move
to solution to fulfill the Ca equilibrium, which results the increase in
negative charges or exchangeable sites, which are occupy the other
cations as Al3+ and H+ .



Factors affecting Ca2+ availability-
there are so many factors which affect the Ca availability-

1. Total Ca supply
2. Soil pH
3. CEC
4. Percent Ca saturation on CEC
5. Types of soil colloides
6. Ratio of Ca to other cations

• Total Ca supply: in soil not containing limestone, dolomite & gypsum,
solution Ca conc. depends on the amount of exch. Ca.

• As % Ca saturation decreases in proportion to total CEC, the amount of Ca
absorbed by plant also decreases.

• Type of clay: 2:1 clays require higher % Ca saturation than 1:1 clays
(montmorillonite clays require ≈50 -60% Ca saturation for adquate Ca
availability, whereas kaolinite clays are able to supply sufficient Ca+2 at 40 -
50% Ca saturation



• The exch. Ca in soil has important relationship with soil pH and to the
availability of several nutrient elements.

• The amounts of Ca and other basic cations present in a soil declines as a
soil becomes more acid and increases as it becomes more alkaline. An
excess of Ca causes CaCO3 to precipitate and buffer the pH to a value near
to 8.

• Excess Ca usually results in low solubility of P, Fe, Mn, B and Zn.

• The sandy acid soil which are low in CEC can be too low to provide
sufficient available Ca2+ to plant. Therefore, supplement Ca may be
needed for supplying of Ca as well as to correct the acidity of soils. Since
high H+ activity will impeded Ca2+ uptake.

• High Ca saturation indicates as favorable pH for growth and microbial
activity. Many crop will response to Ca2+ application when the Ca2+

saturation falls below 25% Ca.

• Type of clay also influence the Ca availability 2:1 type of clay require
more Ca2+ saturation than 1:1 clay. E.g. montmorillonite clay require
more clay soils (>70%) than kaolinite (40-50%).



The Ca to total cation ratio of 0.1- 0.75 is desirable for an adequate
supply to most crops.

Uptake of Ca by plant-

The uptake of Ca by crop ranges from 10-300 kg Ca/ ha. In rice –
wheat-jute rotation in an alluvial soil absorbed 116 kg Ca/ ha out of which
about 2/3rd amount is absorbed by jute.

The Ca cation is the least rapidly absorbed. The presence of Na,
decrease the ratio of absorption of Ca. There is antagonistic relationship
between Ca2+ and NH4

+, K+, Na+ and Mg2+ cations. Ca in the some other
factor like aeration also influence the uptake of Ca by plant, because the
adsorption of Ca is directly depends upon the dissolve O2 supply.

Losses of Ca- Na+ is lost more readily than Ca2+ where leaching occurs, but
losses of Ca2+ is much more than Na+ in most of the soils, and Ca2+ is often
dominant cation in drainage water, springs, streams and lakes. The losses
of Ca may also be possible in erosion of soil since Ca2+ is absorbed on CEC
sites.



Relationship of calcium to other 
nutrients

• Calcium uptake is depressed by ammonium-
based nitrogen as well as excessive potassium, 
magnesium, manganese and aluminum. 

• Nitrate -nitrogen is a preferred nitrogen 
source where calcium supply may be marginal 
or critical for crop quality. When the plant 
takes up the negatively charged nitrate, it can 
more easily take up positively charged cations, 
including calcium.



Deficiency symptoms-

• Blossom end rot in peppers & tomatoes

• Deformed watermelons

• Bitter pit in apples

• Internal brown spot in potatoes

• Black heart in peanuts & celery

• Cavity  spots in carrot

Soil originated from limestone PM can be acidic
In humid region, the surface soil may become acidic because of

removal of Ca and other cations by excessive leaching. As water containing
dissolved CO2 percolates through soil, the H+ formed displaces Ca+2 &
other cations on CEC



Ca- sources

• Primary sources are liming material such as limesone, dolomite & others 
applied to neutralize acidity.

• Gypsum is applied where Ca is needed with changing soil acidity. Gypsum 
is widely used on sodic soils in arid climates.

• Calcium fertilizer- Usually Ca is not formulated into mixed fertilizers but it 
is present as a component of the materials supplying other nutrients, 
particularly P. In acidic soils lime materials and in alkali soil gypsum as 
amendment supply sufficient Ca. If Ca is deficient in normal reaction soils 
then gypsum or CaCl2 can be used. The gypsum is a good source of Ca in 
low acidic soils. eg. Tomato, pea and bean give better yield in low acidic 
soils by using gypsum as a Ca source, because these crops require more 
/high Ca.



Materials Formula % Ca Solubility

1. Lime material

Lime stone CaCO3 31.7 Less

Dolomite [Ca Mg (CO3)2] 21.5 less

Burned lime CaO 60.3 Medium

Hydrated lime Ca(OH)2 46.1 Medium

2. Fertilizer

Shall phosphate Ca10 (PO4)F2 33.1 Less

SSP Ca(H2PO4)2. H2O + CaSO4.2H2O 20.4 Readily

TSP Ca(H2PO4)2 13.6 Readily

Calcium Nitrate Ca(NO3)2 19.4 Readily 

3. Amendments

Gypsum CaSO4.2H2O 22.5 Less 

Calcium chloride CaCl2 15.0 readily



Magnesium 

It is 8th most abundant element. It constitutes 1.93% of the earth
crust. However, the Mg content of the soil is variable ranges from traces to
as high as 4%. In fine texture soils of arid and and semiarid regions contain
normally higher Mg Than coarse texture and sandy soils of humid region.
Mg in soil originate from weathering of rock containing primary minerals.
Such as biotite, mica, augite, olivine, dolomite, hornblande, talk and chlorite
on hydrolysis release Mg in soil.

Secondary minerals as illite, vermiculite, chlorite and montmorillonite
is also contain Mg. Vermiculite has high Mg content and can be a significant
source of Mg in soil. In most of the lime stone, Mg occurs as impurity to the
extent of about 5%. Mg is released into soil solution where it may-

1. Lost in percolating water

2. Absorbed by living organisms

3. Absorbed on the clay mineral

4. Reprecipitated as a secondary mineral predominantly in arid climates.



• Application of either NH4 or K fertilizers reduced the uptake of both Ca
and Mg.

• High Ca levels resulting from lime applications can also aggravate a Mg
deficiency if lime used is low in MgCO3 . Liming may cause Mg to be
coprecipitated with Al.

• Mg occupies a unique position in vermiculite interlayers where enough Mg
ions accommodate with two layers of water.

• It is supplied to plants roots predominantly by mass flow.

• Root interception contributes much less

• Plant contains 0.1 – 0.4% Mg+2

• It is mobile in plant and symptoms appears on lower leaves.

• Mg uptake is usually less than Ca+2 or K+



Available categories of Mg-
1. Readily available form-The readily available Mg is held in the soil as

exchangeable cations. Except in very alkaline soil Mg ions together with Ca
makes up the great bulk of total exchangeable complex. Mg as
exchangeable cation does not revert to moderately available category.

It tends to form secondary silicates to a much great extent than Ca.
Silicate weather very readily and on hydrolysis release Mg cation.

2. Moderately available form- It exist in simple salts of Mg as MgCl2 and
MgSO4. the availability of Mg is high in the neutral range and decrease
more rapidly in acid soil than in alkaline. Above 70% base saturation Ca is
more ionized in montmorillonite, kaolinite and illite than Mg, while below
70% base saturation Ca is maximum ionized in montmorillonite and
kaolinite than Mg while Mg is more ionized than Ca in beidelite. This
indicate that Ca and Mg have almost equal ionization in below 70% base
saturation.

Uptake of Mg by plant-

Mg is absorbed by the plant root as Mg2+ from the soil solution
through mass flow and diffusion but less than Ca. The quantity of Mg
taken up by plant is typical 5-50ppm in temperate region soil although Mg
concentration between120-2400 ppm have been observed.



Factors affecting Mg Uptake-

i. It depends on the concentration of Mg in soil solution.

ii. pH

iii. Percent Mg saturation on CEC

iv. Quantity of other exchangeable cations and type of clay

Plant species and varieties differ in their Mg requirement as pasture,
corn, potato, cotton, citrus, oil palm, tobacco are highly responsible to Mg. Mg
uptake is very much influenced by the extent of root system and the amount
of CO2 present in soil atmosphere.

The N application in the NO3 form reduced the Mg uptake in tomato,
while application of P as P2O5 increases the uptake of Mg. In early vegetative
phase under balanced or constant supply of nutrients N,P,K are absorbed
much faster than Mg.

In second phase the accumulation of carbohydrate is fast and rate of
synthesis of protein gradually decreases the uptake of Mg and in third stage
/phase redistribution of inorganic nutriens including Mg occurs internally in
plant.



Behavior of Mg in the soil- Mg occurs predominantly as exchangeable
and solution Mg2+. It occurs in soil in a slowly available form where it forms the
equilibrium with exchangeable Mg2+.

The soil are probably deficient in Mg2+ when they contain 25-50 ppm
exchangeable Mg2+. Coarse textured soils of humid region exhibit the greatest
Mg2+ deficiency because this type of soils contains small amount of total and
exchangeable Mg2+. The exchangeable Mg2+ normally accounts for 4-20 % of
the CEC of soils. The strongly acid soil Mg2+ uptake is reduced due to high level
of exchangeable Al3+. The Mg deficiency is often associated with 65-70%
aluminum saturation. The Mg deficiency can also occur in soil which has Ca:Mg
ratio of >10:1.



The roll of Mg in plant

• Mg occupies the centre spot in chlorophyll molecule. Chlorophyll occupies
15-20% OF THE TOTAL Mg occurs of the plant Mg.

• It is assiciated with the activation of enzymes as kinase decarboxidase etc.

• Acts as a carrier of P. Therefore, its content is high in tips of stem and roots
where synthesis of tissues take place at rapid rate.

• Play a role in energy transfer maintain the ectro neutrality, production of
proteins and metabolism of carbohydrates.

• It increases the drought and disease resistance in crops and by increasing
the strength of cell walls and permeability of membrane.

• Structural component of ribosome (in Mg deficient plant protein N
decreases while non protein N increases)

• Phosphate transfer from ATP requires Mg+2 for phosphorylating enzyme.
The activation of ATPase is brought about the bridging function by Mg.



Deficiency Symptoms

• Mg concentration in the crop ranges from 0.1-05%. Mg is always presents
lower than Ca in soil, but whatever, amount is present in soil is sufficient
for the crops growth. This element is most important for the forage crops
because its deficiency create the grass “tetany disease” in animals.

• Interveinal chlorosis in leaves, where only leaf veins remain green. Under
severe deficiency leaf tissue becomes uniformly chlorotic to necrotic.

• In cotton , lower leaves develop a reddish- purple (Anthocyanin) cast,
gradually turning brown & finally necrotic

• Leaves remain small and brittle, twigs become weak and leaves drop
prematurely.

Grass tetany– It is an animal disease and also known as hypomagnesemia.
In this disease abnormally low level of Mg in blood can occur. The using of
high level of NH4

+ fertilizers instead of NO3
- fertilizers, it may depress the

Mg level in plant tissues.



Mg deficient soil conditions- Mg deficiency is more in the following soil
conditions-

i. Acidic soil of high rainfall areas

ii. Acidic or alkaline sand texture soil where intensive cropping adopted

iii. Limed soil developed by Mg deficient lime stone material

iv. High NO3-N and K fertilizers used soil.

Mg toxicity-

Mg toxicity can occur in certain situation where soils are formed on
serpentine bed rocks or influence by ground water high in Mg. Some soils
contain high exchangeable Mg, those soils are generally solontz (sodic or
alkali) soils and contain more than 40% exchangeable Mg. In this soils Mg
is present as MgSO4 in large amount injury in cereals is observed. The
wilting of tips in plant occur. Which later on drop and severe toxicity more
serious in roots than tips and more in main roots than lateral roots



Soil Mg
• Source of soil Mg is weathering of Mg bearing minerals which include 

biotite, dolomite, olivine, and serpentine.It also occurs in chlorite, illite, 
montmorillonite & vermiculite.

• Its leaching is fast in sandy soils, following KCl or K2 SO4 fertilization as K+

will replace Mg on the CEC.

Mg is likely to be deficient when

• Soils  have high ratios of exch. Ca/ Mg ratio more than  10/1 to 15/1.

• K/Mg ratio  is more than  5/1 for field crops, 3/1 for vegetables, and 2/1 
for fruit and green house crops.



Mg fertilizers 
• Supplied through carbonates, oxide or as sulphate.

• Sulphate fertilizers are more rapidly effective than carbonate but are very 
expensive.

• Dolomite limestone are useful on acid soil which need regular liming

Fertilizer Formula % Mg Solubility

Kiserite MgSO4.H2O 17 Less

Epsom salts MgSO4.7H2O 10 Readily

Mg chloride Mg Cl2. 10H2O 8 Readily

Magnesia MgO 55 Less

Dolomite MgCO3 + CaCO3 8-20 Less

Mg nitrate Mg(NO3)2 16 Readily

Serpentine 26 less

Chelated Mg 2-4 readily



Mg containing fertilizers 

Fertilizer %
Dolomite MgCO3.CaCO3 12-20(Mg)

MgO 55

Epsom salt (MgSO4.7H2O) 10(Mg), 13 (S)

Sulphate of potash magnesia

(K2SO4. 2MgSO4.)

langebenite

11 (Mg), 22(K2O), 22 (S)

MgCl2 25(Mg)

Chelated Mg 2-4 (Mg)



Those fertilizer which have less solubility should be used in field 4-6 
weeks before the sowing. Best method of application is broadcast. MgSO4, 
MgCl2, Mg (NO3)2 are well suited for foliar application (2%).

• Mg % = 0.6 x MgO%

• MgO % = 1.67 x Mg%

• Generally, 50 to 100 kg Mg is applied on sandy soils.



Sulfur – S

• S is the 13th most abundant element in the earth crust averaging between
0.06-0.10%. S and Mg needed by the plants in same quantity as P. S
reaction are very similar to those of N, where are dominated by the
organic and microbial fraction of soils.

• Both N and S behave almost similarly in soil and plant as well.

• Like N, sulfur is mostly associated with organic matter. Almost 90 % of the
total S in a non calcareous soil is in organic form.

• N & S in elemental form is not absorbed by plants directly.

• Their deficiency symptoms in plants appear differently N being on older
leaves while S on younger ones.

• Oxides of N and S are liable to leaching losses under high rainfall and 
coarse textured soils.

• Both  are unavailable to plants in their elemental state & are most 
available in their oxidized states.



Source of sulfur in soils

There are three major natural sources from which plants can be supplied with 
available sulfur-

a. Organic matter

b. Soil minerals and

c. Sulfur gases

Organic matter-

In humid region surface soils most of the sulfur is present in organic form
about 90%. The exact organic sulfur combination in the organic matter are not
known, however, the bulk of sulfur is found in proteins and specific amino acid
form such as cystine, cystein and metheonine. These materials are bound
with humus and clay fractions. Which protect them from microbial attack.
Over a period of time the microorganisms simplify the bound sulfur into
soluble inorganic form.

In arid and semiarid regions the portion of organic sulfur will not so high,
especially in subsoils, because of lower organic matter supplies in organic
sulfur.



Soil Minerals-

The inorganic forms of sulfur are not as plentiful as the organic forms
but they include the soluble and available compounds on which plants and
microbes are depend.

Sulfur is held in several mineral form in soils, with the sulfide and
sulfate minerals being most wide spread. The sulfates are most easily
solubilized and SO4

2- ion is easily assimilated by plants. Sulfate minerals are
most common in regions of low raifall where they accumulate in the lower
horizon of some mollisols and aridisols. They also accumulate even in the
surface of saline soils of arid and semiarid regions.

Sulfides are found in some humid region soils with restricted drainage
must be oxidized to the sulfate form before the sulfur can be assimilated by
plants. When these soils are drained the oxidation can occur and ample
available sulfur is released.



The main sulfur bearing minerals in rocks are

Gypsum - Ca SO4.2H2O

Pyrite - FeS2

Epsom Salt - MgSO4.2H2O

Mirabilite - Na2SO4.10H2O

Chalcopyrite - CuFeS2.

Silicate minerals generally contain less than 0.01% S, however much more
S is found in biotite, muscovite and layer type clay minerals. Igneous rocks
contains 0.02-0.07% S which is less than the sedimentary rocks (0.02-
0.22%S). So the sedimentary rocks are an important source of sulfur.



Forms of sulfur

Sulfur is present in soil in both organic and inorganic forms. The 90% of 
the total S is in non-calcareous soils exist in inorganic form. The inorganic 
forms of S are soluble and insoluble SO4

2- and reduced inorganic sulfur.

on the basis of availability it can be categorized as-

i. Readily available S- This is soluble SO4
2-. In the soil S  become available 

to plant by the decomposition of organic matter.

ii. Moderately available S- The absorbed SO4
2-, which is taken in very small 

amount from the decomposition of organic matter, which is held on the 
exchangeable sites in the form of SO4

2-.

iii. Slowly available or difficult available S- This type of sulfur is held in the 
mineral layer.



Sulfur in soils
Organic Sulfur- The organic sulfur fractions govern the production of plant
available SO4

2-. There are three groups of organic S compounds in soils include
as -

1. HI reducible S:It is the soil organic S that is reduced to H2S by hydroiodic acid
(40-60% of total organic S). The S occurs in ester and ether compounds that
having C-O-S linkages (i.e. aryl sulfates, alkyl sulfates, phenolic sulfates,
sulfated polysaccharides, and sulfated lipids). Range between 27-59 % of
organic sulfur.

2. C- Bonded S: This occurs as S- containing amino acids as cystine and
methionine and accounts for 10-20% of organic sulfur. More oxidized sulfur
forms includes the sulfonic, sulfoxide .

3. Residual S: mainly organic sulfur represent 30 -40% of total organic S.

Solution SO4 - The sulfur is absorbed by plant roots through diffusion and
mass flow. Most of SO4

2- requirement of plant is supplied by mass flow. The 3-
5 ppm SO4

2- concentration in soil is sufficient or adequate for most of plant
growth.

Adsorbed SO4
2- - adsorbed SO4

2- is an important fraction in soil containing
large amount of Al and Fe oxides and Al- hydroxides. These soil mainly occurs
in high rain fall areas so highly weathered. Adsorbed SO4 can account for upto
the 30% in subsoils and 10 % of total S in surface.



Factors affecting the adsorption of SO4 -
The adsorption of SO4 is a reversible process and influenced by the following 
factors-

1. Type of Clay mineral- adsorption of SO4 is increased with type of clay content.
H+ saturation clay followed the order of SO4

2- adsorption as
Kaolinite>illite>montmorillonite while saturated with Al3+ the adsorption of
SO4

2- is same for kaolinite and illite but nit is much lower for montmorillonite.

2. Hydrous oxides- Fe and Al oxides are responsible for most of the SO4
2-

adsorption in many soils.

3. Depth of soil- Capacity of SO4
2- adsorption is often greater in subsoils due to

presence of more clay and Fe and Al oxides.

4. pH- Adsorption of SO4
2- is favored by strongly acidic condition and become

negligible at pH >6.5.

5. Presence of other anion- SO4
2- is considered to be weakly held with the

strength of adsorption in order OH->H2PO4
- > SO4

2- > NO3
-=Cl. Here H2PO4

- will
displace SO4

2- but SO4
2- has little effect on H2PO4

-.

6. Presence of Cations- The amount of SO4
2- retained is affected by the

associated cations or by exchangeable cations as H+>Ca2+>Mg2+>K+=NH4
+>Na+.



7. Organic matter- In some soil organic matter may also contributes to SO4
2-

adsorption.

8. Solution SO4
2- more adsorption takes place when SO4

2- in solution is more.

Sulfur oxidation and reduction-
Sulfur oxidation- During microbial decomposition of organic S compounds,

sulfides are found along with other incompletely oxidized substances such
elemental S, thiosulfates and polythionates. These reduced substances are
subjected to oxidation as NH4

+ are formed by the decomposition of
nitrogenous materials. The oxidation reaction is-

H2S +2O2= H2SO4 2H+ + SO4
2-

2So + 3O2 + H2O 2H2SO4 4H+ + 2 SO4
2-

The oxidation of some S compounds as SO4
2- and S 2- (Sulfide) can occur by

strict chemical reactions, however most of S oxidation in soil is thought to be
biochemical in nature. Which is done by number of autotrophic bacteria
genous thiobacillus (5Sp.) at pH range 2-9. Fungi fuserium sp.,
actenomycetes as streptomyces spp. are also important.



S reduction- Like NO3
- ions SO4

2- is also unstable in anaerobic environment.
The reduction of S2- by number of bacteria such as desulfovibrio and
desulfotomaculam. These organisms used the combined O2 present in
SO4

2- to oxidized organic materials.

2R-CH2OH + SO4
2- 2R – COOH + H2O + S2-

alcohol Acid

Under poorly drained or anaerobic conditions these S2- ions immediately
reacts with Fe or Mn

Fe2+ + S2- FeS

Mn2+ + S2- MnS

These sulfide ion will go under hydrolysis to form the H2S gas, which causes
rotten of egg smell in swamply or marshy areas.

FeS + H2O FeO + H2S



Sulfur transformation in soil- The sulfur in the soil is being cycled
continuously between organic and inorganic. The nature of compounds
forms and their transformation are influenced by the biological processes,
which in turn are affected by the environmental condition.

Mineralization- Organic matter is the major source of sulfur in soil. The
organic forms of S must be mineralized by soil organisms. The oxidation of
sulfur into SO4

2- brought about by the microorganisms and the process is
called mineralization. The rate of mineralization of S depends upon same
environmental factors that affect the N mineralization which includes
moisture, aeration, temperature and pH.

The conversion of S to SO4
2- is a oxidation process and can not take place

in the absence of oxygen or unaerated or reduced condition. The
mineralization process of sulfur-

O2

Organic S decay products SO4
2- + H+

Protein and other H2S and other

Organic combinations aeration sulfides



S is absorbed by plants in sulfate form

• Sulfate can be directly absorbed by leaves from atmospheric precipitation
and by roots.

• SO4
-2 uptake is inhibited by chromate and selenate. Most of the absorbed

SO4
-2 is reduced in plants to disulfide (–S-S) and thiol ( –SH) forms,

although SO4
-2 occurs in plants tissues and cell sap.

• Thiosulfate (S2O3
-2) can also be absorbed by roots. When plants absorb

thiosulfate, less energy may be required by the plant in conversion to S-2

and cysteine.

• Soil solution S: SO4
-2 is transported to the roots by mass flow and

diffusion.



The formation of end product SO4
2- is associated with the formation of H+. So

this process lower the pH of soil.

C: S ratio in crop residue

< 200:1 mineralization

200-400:1 No change

>400:1 Immobilization

Immobilization- The organic matter having low S supply capacity and excess
of carbonaceous material which provide the energy to the growing
population of microorganisms, which consume the mineralizable S is
present earlier. This condition show that plant may suffer S deficiency
because SO4

2- is not producing due to low S in organic matter.

Immobilization is a temporary phase and as on the death of
microbial population the micrbial sulfur is mineralized to SO4

2- which is
utilized by plants. The C:N:S of 130:10:13 is reasoably representative while
the C:S ratio is more important than a large quantity of organic matter
having S.



S volatilization- During microbial breakdown of organic matter ( in oxidised
and reduced conditions) several S containing gases are formed including H2S,
CS2 (carbon disulfide), CS8 (carbonyl sulfide) and dimethyl disulfide
(CH3SSCH3) and mercepton (CH3SH). Dimethyl disulfide accounts for 55-100%
of total volatilized S. These all gasses are more prominent in anaerobic
condition. The H2S is commonly produced in water logged soils by the
reduction of SO4

2- through anaerobic bacteria, while most of the others are
formed by microbial decomposition of S containing amino acids. Some part of
these gasses is adsorbed by soil colloides and some escape to atmosphere,
where they undergo for chemical changes and eventually return to the soil.

S content in plant and soil- The S content in plants depends upon the growth
and plant parts besides crop species. The S content in seed/ grainis higher
than straw at maturity. Brasica oil seed crops contains high S bearing
compounds as S- glucosides.The brasica (mustard,cabbage,turnip etc) is
account 1.19% and straw about 0.13% then followed by legumes then cereals.
In most of cropp species the critical limit of S in plants 0.10-0.50 % below this
plant show S deficiency . In India S deficiency are found in almost 40% of the
cultivated areas.



S fertilizers-

No materials containing only secondary nutrient has been included so for
in the fertilizer control order. The sulfate materials which are applied to
soil surface and move into profile with irrigation or rainfall and
immediately available to plant unless immobilized by microbes degrading
high C:N or C:S residues.

Materials % S content Formula

SSP 9-12 Ca(H2PO4)2+CaSO4.2H2O

TSP 2 Ca(H2PO4)2.2H2O

Potassium sulfate 18 K2SO4

Gypsum 13-18 CaSO4.2H2O

Pyrite 22-24 FeS2

Ammonium thiosulfate 44 (NH4)2 S2O3

Ammonium polysufide 45 NH4 S4

Zinc sulfate 24 ZnSO4.2H2O

Elemental sulfur 100 S 0



Functions 

• Although not a constituent, S is required for the synthesis of chlorophyll.

• S is vital part of ferredoxin, an Fe-S protein in the chloroplast & has
significant role in NO2

- and SO4
-2 reduction and N assimilation by N2 fixing

soil bacteria.

• S is involved in disulfide (-S-S-) bonds between polypeptide chains within a
protein causing the protein to fold. The disulfide linkages are important in
the catalytic or structural properties of proteins e.g. S is needed for
synthesis of coenzyme A, which is involved in oxidation and synthesis of
fatty acids, synthesis of Amino acids, and oxidation of intermediates of the
citric acid cycle.



Causes of S deficiency

• Wide gap between the removal and addition of S.

• Leaching, erosion, crop removal and low OM.

• Intensive cropping system, HYV, cultivation of high S demanding crops, use
of S free fertilizer (like urea, DAP, MOP).

• Lack of OM & crop residue recycling.

• Areas distant from smelting industries and from heavy industrial or
domestic burning of fossil fuels are prone to S deficiency.

• Most soils developed in weathered volcanic ash (Andisols) adsorb SO4

strongly.



Elemental S0

• S0 is a yellow water insoluble solid. It can be oxidized to SO4
-2 by SMO. Its

effectiveness to supply S to plants compared with SO4
-2 depends on

particle size; rate, method, and time of application and environmental
conditions.

• S0 oxidation rates increases with decrease particle size. As a general rule,
100% of S0 must pass through a 16- mesh screen, and 50% of that should
pass through a 100- mesh screen.

• When finely ground S0 is mixed with soil possessing a high oxidizing
potential, it is usually just as effective as other S sources. However, to
assure adequate S availability, S0 should be incorporated into the soil as far
ahead of planting as possible

Bentonite S
• High analysis fertilizer containing 90% sulfur. Bentonite S is manufactured

by adding bentonite to molten S0.

• When Sulfur Bentonite pastille (tablet or pill) comes in contact with moist
soil, the water makes the fertilizer rapidly swells and breaks the pastilles
down into a range of fine particle sizes ( 20-500 micron).



• In this fine particle form the Sulfur Bentonite is subject to attack by
bacteria (thiobacillus), common in all soils, which feed on the sulfur and
convert it into sulfuric acid which can reduces soil pH and sulfate can be
absorbed by plants.

• This oxidation is favored by warm soil temperatures, adequate soil
moisture, soil aeration, and fine sulfur particle sizes.

• Sulfur application lowers the pH of alkaline soil, increasing the uptake and
efficiency of all of the other plant nutrients.

• Bentonite S should not be blended with NO3 –N.

S0 Suspension-
• Finely ground S0 is added to water containing 2 -3 % attapulgite clay 

results in a suspension containing 40 -60% S. It can be applied directly to 
soil or with other suspension fertilizers.

Ammonium thiosulfate- (NH4)2 S2O3  It is clear liquid having 12% N and 
26% S. It can not be used in acid soils (<5.8pH). It may be used directly in 
mixture or by sprinkler and open ditch irrigation. When applied to soil it 
colloidal S and (NH4) 2SO4, SO4 is immediately available to plant while S0 

must be oxidised to SO4
2- .



S0 Suspension

• Finely ground S0 is added to water containing 
2 -3 % attapulgite clay results in a suspension 
containing 40 -60% S.



Soil fertility evaluation, soil testing 
critical levels of different nutrients in 

soil



Soil fertility- soil fertility can be defined as the capacity of soil to supply
sufficient quantity and proportion of essential plant nutrients required for
optimum growth.

Soil productivity- it can be defined as the capacity of the soil to produce crop
with specific system of management and expressed in terms of yield.

All productive soils are fertile, but all fertile soils need not be
productive. It may be due to some problems like water logging, saline or
alkaline condition, adverse climate etc. under these conditions crop growth is
restricted though the soil has sufficient amount of nutrients.

A productive and fertile soil can support optimum plant growth from seed
germination to plant maturity-

1. By providing adequate soil volume for root development

2. Water and air for root development and growth

3. Chemical element to meet nutrient requirement of plant

Soil fertility evaluation- the nutrient management practices to achieve
economic/ optimum plant performance as well as minimal leakage of plant
nutrients from soil plant systems can only be optimized after soil fertility
evaluation. Thus soil fertility evaluation is a critical feature of modern soil
fertility management. The fundamental purpose of soil fertility evaluation
is quantify the ability of soil to supply nutrients for plant growth.



The various diagnostic techniques are evolved to decide the fertility status of soil-
a) Visual deficiency symptoms 
b) Soil & plant analysis
c) Remote sensing.
Plant nutrient deficiency symptoms
• A nutrient deficient plant exhibit characteristic symptoms that can be helpful in 

identifying, (up to some extent) a specific nutrient stress. 
• Unfortunately, by the time visual nutrient deficiency symptoms are observed, a 

reduction in yield has already been  occurred. Visual deficiency symptoms are 
characterized by the following:

• Chlorosis:  uniform or interveinal yellowing or light green coloring of leaves. 
This yellow color is due to carotene & xanthophylls.

• Necrosis: death of leaf tip, margins, or interveinal regions of leaves.

• Reddening: accumulation of anthocyanins causes red or purple color on leaf 
margins, interveinal regions, or whole leaves.

• Stunting: reduced plant height, shortened internodes; leaves may remain dark 
green or exhibit light green or chlorotic symptoms.

• New growth cessation: death of new shoots, terminal/axillary buds or flowers; 
new leaves die back or exhibit rosetting.



Visual deficiency symptoms can be related to factors other than nutrient 
stress  for example;

• Visual symptoms may be caused by more than one nutrient e.g. chlorosis
may be either N or S deficiency.

• Deficiency of one nutrient may be related to toxicity or imbalance of 
another e.g. Mn deficiency may be induced by excessive Fe in soils that 
are marginally deficient in Mn. P addition can induce a Zn deficiency in 
marginally Zn deficient soils.

• Sometimes disease, insects, or herbicide damage can resemble certain 
micronutrient deficiencies e.g. leaf hopper damage can be confused with 
B deficiency in alfa-alfa.

• Sometime, nutrients are present in adequate amount in soil but unusual 
conditions like drought, excessive moisture; low soil temperature prevails 
that restrict absorption of nutrients.

• More commonly, nutrient deficiency symptoms may not be visible 
although plant nutrient levels may be considerably lower than required for 
optimum yield (Hidden hunger)

• Soil & plant analysis are invaluable tools to indentify hidden hunger



Indicator plant or crops- some of the crops are known to specific for the
occurrence of symptoms of a particular deficient nutrient elements
exhibiting characteristic symptoms. Such crops are called indicator crops
for deficiency of that particular element. This is due to the greater
demand of the element in the respective indicator crops.

Deficient element Indicator plants

N Cereals like maize, sorghum and pulses

P Tomato, maize, cereals and lucerne

K Potato, banana, cotton, lucern

Ca Cauliflower, cabbage, tomato, sugarbeat

Mg Potato, cotton ( leaf reddening)

Fe Cauliflower, cabbage, potato, oats

Mn

Zn

Citrus, sunflower, sugarbeat

Mize, paddy (khaira), citrus, beans

B Sugar beet, Sunflower



Fertility evaluation by plant analysis-

Analysis of plant sample may provide information about nutrient availability 
in soil. These  tests are useful in making fertilizer recommendations. It 
includes-

• Tissue test

• Total plant analysis

• Tissue test-

The concentration of the nutrients in the cell sap is usually a good 
indication of how well the plant is supplied at the time of testing. This 
semi-quantitative tests is intended mainly for verifying or predicting 
deficiencies of N, P, K, S and several micronutrients.

• Fresh  tissue of growing plant is preferred

Cell sap test (Rapid tissue test)

• Semi-qualitative estimation of plant N,P, and K can be done  with simple 
tissue test in the field. Plant leaves or stems are chopped up and extracted 
with reagents specific for each nutrient.

• Color developing reagents are then added. The color intensity of the cell 
sap /reagent mix is compared with a standard color chart that indicate 
very low, low, medium, or high nutrient content.



• In general, conductive tissue of the most recently mature leaf is used for 
testing. For most vegetable crops leaf petioles are preferred. To reduce 
variability, samples should be collected in midday.

• Test for nitrate: cut a thin section at the plant node. Add 2-3 drops of 
diphenyl amine reagent (1 g diphenylamine in 100 ml of conc. sulphuric
acid). If no color is developed in 30 seconds then plant is severely deficient 
in nitrogen. If dark blue is developed, then N is sufficient. Intermediate 
intensity of blue color indicates deficiency of N.



Test for phosphate

• Cut  the leaf blades into fine pieces and place into a vial. 
Add reagent 1 (ammonium molybdate in water then add  
conc. HCl)  and shake the contents for 1 minute. Add 
pinhead amount of stannous oxalate or stannous chloride. 
Observe the color.

• No color or yellow – plant is highly deficient in P.
• Green or bluish green – plant is deficient in P & need to be 

fertilized
• Light blue – medium in P& need to be fertilized
• Medium blue – plant is adequate in P & no need to apply P 

fertilizer
• Dark blue – plant is abundantly supplied with P & no need 

to apply P fertilizer.



Test for K

• Cut  the leaf tissue into fine pieces and placed 
into a vial and add 10 ml of K reagent 1 ( sodium 
cobalt nitrite & sodium nitrite in distilled water 
and glacial acid).  Maintain the temperature of 
210C. Shake vigorously for 1 minute & add   K 
reagent 2 (ethyl alcohol 95%). Observe the 
precipitate

• Only a trace of turbidity – deficient in K supply

• Medium turbidity – doubtful K supply

• Very high turbidity – adequate in K supply



Total plant analysis

• As in tissue tests, a standardized method for time and method of sampling of plant
part are available for total analysis, which is done at laboratory. The critical
nutrient concentration is commonly used in interpreting plant analysis results and
diagnosing nutritional problems.

Plant analysis-

It is performed to:

• Verify the accuracy of an assessment of visual deficiency symptoms.

• Identify plant nutrient shortage before they appear as symptoms.

• Help in determining the relative nutrient supplying capacity of soil

• Quantify the effect of nutrient addition on nutrient concentration in the plant

Biological test-

A. Field test- A field plot technique essentially measures the crop response to nutrient.
Treatment consisting of nutrient levels are randomly assigned to an area of land,
which is representative of the conditions. Several replications are used to obtain
reliable results and to account for variations in the soil. The generated data are
used to established the equations to work out fertilizer recommendation that will
optimize the crop yield for maximum profitability. It is expensive and time
consuming but more valuable soil fertility evaluation tools.



B. Green house test- this technique utilize small quantities of soil to
quantify the nutrient supplying power of a soil. Generally soils are
collected to represent a wide range of soil chemical and physical
properties that contribute to the variation in availability for a specific
nutrient. Nutrient level treatments are applied to the soils and a crop is
planted that is sensitive to specific nutrient being evaluated. The crop
response to the treatments can be determined by measuring the total
dry matter.

C. Laboratory test- The Neubauer seedling method consists of measuring
uptake of nutrients by a large number of plants grown on small amount
of soil. The root thoroughly penetrate the soil, exhausting the available
nutrient supply with in short time. The total nutrients remove are
quantified and tables are established to give the minimum value of
macro and micro nutrients available for satisfactory yield of various
crops.

D. Microbiological test- Certain microorganisms exhibit behavior similar to
that of higher plants when exposed to environments deficient in one or
more nutrients. For eg. Growth of azotobacter or aspergillus reflects
nutrients deficiency in soil. The soil can be rated from very deficient to
not deficient in different nutrients depending upon the number of
colonies growth. In comperison with methods that utilize higher plants,
microbiological methods are rapid, simple and required little space.



Soil Testing

• Soil testing is defined as a ‘programme for procedural evaluation of soil
fertility by Rapid chemical analysis particularly to assess the available
nutrient status and reaction of a soil’.

• A soil test is a chemical method for estimating nutrient supplying power of
a soil. Compared to plant analysis, the primary advantage of soil testing is
its ability to determine the nutrient status of the soil before the crop is
planted.

• The result of a soil test is known as soil test value. A soil test value
measures a part of the total nutrient supply in the soil and represents only

as an index of nutrient ability.



Soil test have the following objectives:

• To provide an index of nutrient availability

• To predict the probability of profitable response to fertilizer

• To provide a basis for fertilizer recommendation

• To evaluate the soil fertility status and a country soil area or a statewide 
basis by the use of the soil test summaries

Phases of Soil Testing programme-
1. Collecting the soil samples

2. Extraction and determining the available nutrients

3. Calibrating and interpreting the analytical results

4. Making the fertilizer recommendation and management



Soil sampling

Sample must be representative of the field 

Two common methods of sampling

1. Sampling whole or part of fields to provide 
average Soil Test Value (STV). This method is 
commonly used.

2. Sampling to describe spatial variability in STV. 
This is used for site specific nutrient 
management.



Grid sampling

• It  consists of collecting equally spaced soil 
samples throughout the field & analyzing each 
sample separately.

Grid samples can be collected by two ways:

• Cell sample – random samples are collected 
within each grid & composited. 

• Point sampling – 5 -10 individual soil samples are  
composited from a 10 -15 ft diameter circle 
centered over each intersection of grid lines



Grid sampling



• Sampling depth: for cultivated crop, samples are taken from tillage depth
(6-12 inch)

• Sampling time: just before planting or early in the crop growth, but delay
in results are of no use. Take soil sample in non crop period.

• Soil testing should be done every 2-3 years with more frequent in sandy
soils.



Extracting the nutrients

• Numerous extracting solutions and procedures have been used to remove 
nutrient elements from the soil, but none remove exactly the amount that 
plant roots obtain.

• This means that, in order to interpret the data, the results from each 
analytical procedure must be correlated with the plant response obtained 
in field experiments by applying that fertilizer nutrient.



Common soil test extractants and source of 
nutrient extracted from the soil

Plant nutrient Common extractants Nutrient source

Nitrate KCl, CaCl2 Solution

Ammonium KCl Solution/CEC

H2PO4
-/HPO4

-2 NH4F/HCl (Bray-1P)

NH4F/CH3COOH/HNO3

(Mehlich-P)

NaHCO3 (Olsen-P)

Fe/Al-P mineral solubility

Fe/Al-P mineral solubility

Ca-P mineral solubility

K+ NH4OAc CEC

SO4
-2 Ca(H2PO4)2,CaCl2 Solution/AEC

Zn+2, Fe+3, Mn+2, Cu+2 DTPA, EDTA Zn,Fe,Mn, Cu mineral

solubility

H3BO3
0 Hot water Solution

Cl- Water solution



• Soil test do not measure the exact quantity of a nutrient potentially taken
up by a crop. To predict nutrient needs of crops a soil test must be
calibrated against the response of crops in nutrient rate experiments in
greenhouse and fields. Thereafter, interpretation and evaluation of the
soil test values primarily form the basis for fertilizer recommendation.



Soil fertility map- soil testing provides information which enables farmers to
make profitable use of fertilizers and manures for growing crops. In
absence of a specific soil test data can be converted to a single value or
index for each nutrient. The nutrient index value are then used to prepare
fertility map, so as compare the level of soil fertility of one area with those
of any other and make the generalized fertilizer recommendation for
different agro-eco region

Parker et al. (1951)- introduced the concept of nutrient index value (NIV) to
describe the fertility status of soil for the purpose of mapping. It is
computed as

NIV= (N L + 2 NM +3 NH) / (NL + NM + NH)

Where- NL – Number of samples falling in low category range of nutrient
status

NM- Number of samples falling in medium category range of nutrient status

NH- Number of samples falling in high category range of nutrient status

Separate indices are calculated for different nutrients like N, P, K. The NIV
have been classified as < 1.5- indicate low nutrient status

1.5-2.5- indicate medium and >2.5- shows high nutrient status


