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Abstract

Global warming and climate change are the most potent cause of natural
disasters like droughts, high temperature, extreme cold in some places,
rising ocean level. One of the most important cause of these disasters are
poor cropping patterns and extensive use of agrochemicals. These chemical
fertilizers increase the level of salts in the soil and also make the soil acidic.
In the era of modern agriculture the use of pesticides and chemical fertilizers
to increase the production of food across the globe deteriorated the original
productivity of soil. These chemical fertilizers are like instant food for plant
because they instantly provide nutrition to the plants and help the plant
to grow rapidly and at a faster pace. Chemical fertilizer are nutrients which
are readily soluble and instantly available to plants, therefore usually the
effect is direct and fast. Due to its high nutrient content, only relatively small
amount are required for crop development and growth. Over application
can result in harmful effects such as leaching, water resource pollution,
microorganism and friendly insect’s destruction. The substitute to chemically
made fertilizers are naturally occurring microorganisms that can be grown
and multiply inlaboratories to produce biofertilizers, which can serve as an
efficient, effective and economical way for the better production of crops
when World Health Organization has predicted that the population will be
increased to 9.6 billion in the next 30 years and the food productions should
be increased by 50 percent. In recent years the biofertilizer emerged as
a potential component to fix the nitrogen present in air and solubilize the
phosphorous and promote plant growth. And also, these biofertilizers have
the ability to make the environment clean by bio remediation. These plant
growths promoting micro organisms (PGPMs) like bacteria, algae and fungus
promote the sustainable development approach provided by United Nations
Climate Change Conference (COP21) which was held in Paris in 2015.
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The study reviews these efficient, eco-friendly, economical and sustainable
nutrients which have the potential for the better production of crops,
and it is based on several relevant literatures and reviews and research
work carried out by several prominent researchers in this field.

Introduction

According to Vedas and Indian Philosophy, the
universe in which we live is composed of 5 basic
elements or Panchbhutas which are Earth (Prithvi),
Water (Jal), Fire (Agni), Air (Vayu), Sky (Akash)
(Verma and George 2002). One of the major
components of above is Earth or Prithvi which
is mainly the hard surface of the planet mainly
composed of different elements and this hard surface
is basically habitat of different terrestrial plants
and animals.

Soil is the fundamental and most basic substance by
which this earth is made. This soil contain different
inorganic and organic elements and compounds
and different species ranging from bacteria to
plant to animal. All the species of plant and animal
are mutually interconnected, for example plants
release oxygen (O,) as their by product and animals
respire this oxygen as a living gas which they use
in their metabolism. Similarly, animals release
carbon dioxide (CO,) as byproduct that plants use
to run their metabolism. So, this shows everything
is somehow connected.

Plants are autotropic species which are a hub
of different anabolic and catabolic reactions.
In plants different activities are performed to sustain
in the environment. Plants need different inorganic
and organic elements to form macromolecules and
micro molecules in the cells. But all the necessary
elements are not present in the soil of a particular
area, so we have to provide these essential elements
like Nitrogen (N), Potassium (K), Phosphorus (P) in
the form of chemicals to make the soil nutritious for
plants and to grow the plants for the desired result.
This chemical form of nutrition increases the yield
of plants but they cause severe health hazards
to plants.!

Because of different health hazard in plants the
concept of Biofertilizer originated. Biofertilizers
are the sum of everything like plant extracts,

manures and dead remains of plant etc. Biofertilizer
is a substance that basically contains different
microorganisms which fixes nitrogen or mainly
solubilizes phosphorus and potassium present
in the upper layer of soil which is also called
as rhizosphere, these microorganisms increase
the basic nutrients in soil and stimulate the growth
of plants. They increase the productivity of crop
without harming the environment,! for example
a biofertilizer with phosphate solubilizing and
nitrogen fixing capacity can fix upto 40 kilograms of
nitrogen per acre.? Biofertilizers can also be defined
as microbial inoculants, which are made artificially to
multiply the natural microorganism present in soil to
improve the fertility and productivity of soil .2 Different
microorganisms like bacteria, algae and fungus
help as biofertilizer and fix or solubilize different
components present in soil and atmosphere.

Some of the bacteria which are used as biofertilizers
are Azotobacter, Azospirillum, Rhizobium, etc. Some
of the algae which are used as biofertilizers are
species of Cyanobacteria or Blue-green algae (BGA).
Some of the fungi which are used as biofertilizers
are Ectomycorrhizae and Endomycorrhizae in
symbiotic relationship with higher plants for example
Basidiomycota, Ascomycota and Glomeromycota
and Arbuscular mycorrhizal (AM) fungi.

Different types of biofertilizers are: 1. symbiotic
nitrogen fixing spp. (Rhizobim spp.), 2. asymbiotic free
nitrogen fixing spp. (Azotobacter); 3. Azospirillum,
4. Algal biofertilizers (BGA or BGA with a symbiotic
relationship with Azolla), 5. phosphate solubilising
bacteria, 6. Mycorrhizae.*

Nitrogen Fixing Bio-fertilizers

Free living — Azotobacter, Beijerinickia, Klebsiella,
Anabaena, Nostac, Clostridium.

Symbiotic — Rhizobium, Anabaena azollae, Frankia.
Associative — Azospirillum.
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P Solubilizing Bio-fertilizers

Bacteria — Bacillus circulans, B. megathecium var.
phosphaticum, B. subtilis. Pseudomonas striata.
Fungi — Penicillium sp., Aspergillus awamori.

P Mobilizing Bio-fertilizers

Arbuscular mycorrhiza — Glomus sp., Gigaspora
sp., Sclerocysis sp. Ecto mycorrhiza — Loccaria sp.,
Pisolithus sp., Boletus sp., Amaniata sp. Ericoid
mycorrhiza — Pezizella ericae

Orchid mycorrhiza — Rhizoctonia solani.

Micronutrient Solubilizers

Silicate and Zinc Solubilizers — Bacillus sp.
(Source: Entrepreurial Training Manual, The
Professor and Head of Department of Microbiology,
Tamil Nadu Agriculture University, Coimbatore — 3)
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In the era of food shortage during 1950’s in
the developing countries the concept of green
revolution originated. In green revolution, huge amount
of chemical fertilizers was used like Urea
which increased productivity for a short period
of time but deteriorated the original level of productivity
of soil. Biofertilizers are economically affordable
and ecologically sound way of providing nutrition
to plants. Itis a renewable resource that can be used
again and again. Because it is economically cheaper
and affordable it is used by most of the marginalized
and small peasants. It provides sustainable
growth and development which is very essential
in the era of global warming. In this age biofertilizers
are not just an option but a necessity that should
be used.’
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Biofertilizer
Biological product containing live
microorganism which exhibit beneficial
properties toward growth and development
of plants
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Fig. 1: A summary on mechanism of Biofertilizer and its importance in agriculture.

Review of Literature

The history on the study of Biofertilizers started
in 1895, when Nobbe and Hiltner in laboratory made
a culture of Rhizobia and launched it with the name
of “Nitragin”. Following to Rhizobia, Azotobacter,
Blue-green Algae and Azospirillum were discovered.
In India N.V. Joshi started to study about Rhizobium
symbiotic relationship with legume plants as

biofertilizer. In India the commercial production
of biofertilizers started in 1956. But in India during
the ninth five-year plan, Ministry of agriculture set
up National Project on Development and Use of
Biofertilizers (NPDB) and this popularize the idea
of biofertilizers in India. In India most commonly
used biofertilizers are Rhizobium (RHZ), Azotobacter
(AZS), Blue-green algae (BGA) and Azolla,
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Phosphate solubilizing or mobilizing biofertilizers
(PSB).? In the current scenario the development in
the biofertilizers are as follows.

Rhizobial Inoculants

The research on Rhizobial inoculants started at
Taiwan in 1958. Firstly, the effective rhizobial strain
is selected, isolated and then it is used to yield
proper results. Pure rhizobial strains from different
plants like peanut and soybean were isolated and
then experiments were done to find out the most
effective strain. Different isolates were stored
in Culture Collection and Research Center (CCRC)
of the Food Industry Research and Development
Institute in Taiwan. When the isolated strain was
used in field the soybean production increased from
5% to 134%.2

Phosphate Solubilizing Inoculants

The research in the field of P Solubilizing Inoculants
started in 1990’s at Taiwan. P solubilizing microbes
are extracted from various plants like peanut
and horticulture plant. These inoculants not only
increased the productivity of vegetable plants but
also reduced the amount of chemical fertilizers
required in the field. In Taiwan PSB inoculants were
used in muskmelons and tomato seeds.

The use of chemical fertilizers led to the increase
deposition of excess minerals like Phosphorus etc.
Hence more and more Biofertilizers should be used
to protect the environment. The future research in
this field is going on as.

* How the best variety of inoculants can be
isolated which can make up a multifunctional
and multidimensional biofertilizer.

»  Control the quality of inoculants and large scale
production of biofertilizers,

* A specific law can be made to regulate
biofertilizers and made them compulsory to use
and provide it at a cheaper price.

A good quality of biofertilizer should be
made which can be able to biodegrade and
bioremediate several chemical wastes like DDT
and make the environment clean.

Bacteria as Biofertilizers

Azotobacter as Biofertilizer

Azotobacter as a biofertilizer is used since more
than 100 years and in 1901 Martinus Beijerinck

described Azotobacter.® Azotobacter belongs to
Pseudomonadaceae or Azotobacteraceae family
and its class is Gammaproteobacteria which
generally can be found in normal soil across the
globe.” The most researched species of Azotobacter
is A.vinelandii.® When compared with other bacteria
they are generally big in size, and has an oval shape
(about 3um wide and 10um long).® This bacterium
is gram negative in nature and produce pigments
of different colour like reddish-violet, yellowish-green
and brown-black. The Azotobacter which occurs
naturally secrete large amount of sequester water
and slime and during unfavorable environment they
create cyst around them to protect themselves, but
this cyst is unable to fix the nitrogen in environment.®
Azotobacter is found in the rhizosphere of the soil
and it is present in neutral to alkaline pH soil.™
Azotobacter can fix atmospheric nitrogen in the
free-living state without symbiotic association with
any other plant discovered by Beijerinck in 1901.

Regarding Azotobacter as biofertilizer or plant growth
promoter several research papers is available but the
exact mechanism is not yet known so it is suggested
that several mechanism like nitrogen fixation,
plant growth hormone production and siderophore
production plays a key role in growth of plant."
Microorganisms and plants both release some
substance for growth known as plant hormones
which either foist inhibitory or stimulatory impacts
on various biological and physiological processes in
plants and microorganisms both.'2'® In the studies
done by, they stated that Azotobacter releases
auxin or indol-3-acetic acid (IAA) on the addition
of tryptophan into the medium and in the studies
done by15, they found that indole-3-acetic acid is
present in old culture of Azotobacterin small amount
without the addition of tryptophan in the medium.
Some of the other hormones like Gibberellins and
Cytokinins in small amount are also released by
these bacteria. These hormones help the plant
root to expand in width which ultimately helps
in plant growth. Usage of Azotobacter as biofertilizer
showed that the dry weight of some plant like tomato,
chickpea increased upto great extent.'®

Nitrogen fixation is a very important biological
activity and it maintains the nitrogen balance
in the atmosphere. Ultimately it recycles the nitrogen
on earth surface.'” Nitrogen fixation helps in the
improvement of soil fertility and crop production.'®
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Azotobacter can convert the nitrogen present in
atmosphere into ammonia which can be taken up
by plants and gets utilized in plant body."® At the
time when they are fixing the nitrogen the plant
become resistant to oxygen because of production
of nitrogenase.?’ Azotobacter can fix upto 20 kgN/
hal/year.2'2?

Siderophores are a group of iron (Fe) chelating
molecules that helps to suppress the plant pathogen
attack.??* Azotobacter produces this siderophore
which help the plant from pathogen attack and help
the plant to grow rapidly.

Azospirillum as Biofertilizer

Azospirillum as a biofertilizer is used since more
than 43 years and in 1978 Johanna Dobereiner
discovered it with his group. Azospirillum belongs
to Azospirillaceae family and it belongs to the class
Alphaproteo bacteria. It is a gram-negative bacteria
which is curve or rod in shape, it is non- fermentative
in nature and it is a chemoorganotroph.?s It is
generally found in all the part of earth in the
rhizosphere of the soil. It is mostly found in the roots
of corn, sugarcane, rice, wheat, etc. For a very long
time only 5 genera of this species were known but
now 10-12 new species were discovered. Latest two
species which were discovered are A.thiophilum and
A.picis.??" Azospirillum when discovered was known
for the ability for fixing the atmospheric nitrogen
to ammonia but later it was discovered that it also
releases some phytochemicals or phytohormones
like indole-3-acetic acid or auxin which helps in
the growth of the plant. There is only one species
of Azotobacter which is not capable of fixing the
nitrogen which is A.palatum.?® Azospirillum is a very
good plant growth promoting rhizobacteria because
it has the ability to fix the nitrogen and also it releases
phytochemicals which help in plant growth also and
it has the ability to solubilize the phosphate and
it produces siderophore.?®

Azospirillum is an endophytic bacteria and a
‘free- living nitrogen fixer’ which fixes the biological
nitrogen. It lives in association with plants and they
are unable to fix the nitrogen in ‘in-vitro’ condition.
They do not form nodules. The most common test
which can we do to test the nitrogen fixing ability is
acetylene reduction test. The enzyme nitrogenase
which helps in nitrogen fixation also helps to convert
ethylene to acetylene. Itis very sure that Azospirillum

fixes the nitrogen but how much of this nitrogen
is used by plant is not known till date and is a big
question also.*®

Azospirillum like other bacteria also releases
phytochemicals which are important for plant
growth. It releases some phytohormones like
auxins, gibberellic acid, cytokinins, abscisic acid,
polyamines, ethylene and nitrogen dioxide. Auxin
has a major role in increasing cell division in the
xylem cells and root cells. In Azospirillum the
production of auxin is very high. The indole-3-acetic
acid (IAA) produced by Azospirillum is the major
reason responsible for the increase in root system.?
The next hormone is gibberellic acid (GA) which
is mainly responsible for the division of cell and
elongation of cell, it also breaks the dormant stage
during the seed germination.®*2 Azospirillum also
release cytokinin (CK) plant hormone that helps in
cell division in roots and shoot of plant. Their main
work is to grow the cell and also help in differentiation
of the cell.®® These cytokinin is present in root of the
plant and they get transport to the shoot and it helps
in the the shoot and root growth and cell division,
increase the size of the leaf and mature the cell and
chloroplast.® The next phytohormone which helps in
growth of plant is Abscisic acid (ABA), which helps
the plant in stress conditions when there is a very
high heat, less water in soil, etc. This ABA is then
transported to the leaves and it changes the osmotic
potential of the plant so it prevents the loss of water
for the plant.®® One of the important phytothormone is
Polyamine which ultimately helps in plant growth but
the exact mechanism of polyamine is not known as
how they help in growth of the plant but if polyamine
is not produced it restricts the growth of the plant.3®
Azospirillum also produces ethylene which helps
to break the dormancy of the seed and helps
to elongate the root of the plant.®” Next is Nitrogen
Oxide (NO), which impose signal cascade effect
in the plant leading to the development of adventitious
roots in the plant.38%°

Just like bacteria fixes nitrogen it also solubilizes
the insoluble phosphate present in the soil with the
help of enzymes like phosphatases, phytases and
some the organic acids.*® But Azospirillum produces
some different type of organic acids which helps to
solubilize more phosphate in the soil depending
on the sugar present in the soil.?® It also produces
siderophore which is an iron chelating compound
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that helps some bacteria to take the iron (Fe) present
in the soil and restricts the pathogenic bacteria to
grow around the soil which safeguards the plant

]

Fig. 2: Azospirillum zaea N7+

Fungi as Biofertilizers

Mycorrhiza as biofertilizer

In nature, plant species are surrounded by both
external and internal microorganisms. Some
bacteria and mycorrhizal fungi play a key role
in the growth and development of plants and
can improve the quality of plant to a greater
extent in stress condition and in favourable
condition.**4445 Arbuscular Mycorrhizal Fungi (AMF)
make mutual symbiotic relation with 80% of plant.4®
What AMF do so it increase the area of roots,
leading to increase in water and nutrient uptake.*
AMF inoculation has shown increase in plant
production and growth and also it protect the plant
from the environmental stress.*®* AMF belongs to
the phylum Glomeromycota and they are obligate
symbiotic organism.*® The mycelium present in
AMF which originated from roots of the plant helps
to get more nutrition by increasing the surface area
where plant roots cannot access.“® And, the hyphae
of fungus are thinner in comparison to roots
which can access the smaller area or pores.*’
Macromolecules like carbohydrate and some
of the minerals get inside the roots of plant where
AMF are present, this AM fungus hypha create
a branched structure and make a dense colony near
the root cortex, that is called as “arbuscules” which
is the main site of nutritional exchange.*® AMF also
provides protection against flood, drought, high
salinity, etc.*® Some metals are very important like
iron (Fe), zinc (Zn), and copper (Cu) but if their

from disease attack. Some species of bacteria
which produces catechol type of siderophore are
A.lipoferum and A.brasilense.*'

Eliinlal INOCULATED

Fig. 3: Control and Inoculated roots with
Azospirillum®

concentration is high it becomes toxic, but this
AMF reduces the metal toxicity and help the plants
to take the metal in sufficient amount for growth.®°
A Zinc transporter is known in one species of AMF
i.e, Glomus intraradices (GintZnT1).*" AMF has a
high affinity phosphate transporter which helps to
transport the phosphate from the soil to the plant root
and it do this phosphate (pi) transport in symbiotic
association but some studies found that AMF
do this phosphate transport without growth effect
on itself.52%354 AMF directly helps to improve the
structure of the soil and help to increase the
productivity of the soil.5® Arbuscular Mycorrhizal
Fungi also help to reduce the emission of green
house gas (GHG). GHG emission is a serious
concern for the environment and it should be
reduced and AMF reduce the emission of Nitrous
oxide (N,O) which is one of the GHG leading to
increase in temperature.% Thus it can be concluded
that AMF is a great fungal biofertilizer which can be
used for several benefits which were given above
but because of ecosystem malfunctioning it is
not present everywhere. So it should be naturally
restored to compete with conventional chemical
fertilizers.5” There are several challenges when AMF
is considered to be used as a biofertilizer in large
scale but the need is very urgent. The production in
large scale is difficult because AMF is an Obligate
Symbiotic Organism and it cannot be produced
in pure cultures so one of the common ways
to extract and multiply the organism is that it should
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be extracted from the plant which possess it and
it should be transferred to a new plant to multiply.

can be produced on a large scale and be used as
a natural fertilizers.?”

But several attempts are being made so that it

No colonization

Nutrient transfer
via root hairs

. Phosphate depletion zone

s

AM-colonization

Increased resistance to
feliar pathogens

Increased drought tolerance

Increased salt tolerance

SAR-like responses
(SA and JA dependent)

Nutrient transfer
via AMF

Local resistance to
root pathogens

Increased resistance
to heavy metal toxicity

Systemic resistance

to root pathogens

Fig. 4: Effect of AM Colonies on Plant.5®

Trichoderma as Biofertilizer

Trichoderma is a genus of fungus which is used in
agriculture which has many functions like it promote
the growth of the plant also it provides protection
against pathogens and it provide resistance against
abiotic and biotic stress.%*8%8! |t is a free living fungus
which interacts with soil, root and plant surface.®?
Itis a symbiotic organism that is an endophyte and it
establishes a direct relationship with plant by making
a colony in the root system.®® Many species of

Trichoderma are being used in many agricultural field
and are of great economic importance and it is one
of the most used microbial inoculants to increase the
plant growth and to defend the plant from pathogen.5
The mass production of Trichoderma is possible
through two processes which are solid fermentation
and liquid fermentation. But producing Trichoderma
commercially in an agar medium which is solid in
nature is not economically possible and feasible.
To produce Trichoderma natural environment
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like roots of the crop, industrial wastes and stock
waste can be a good environment where it can
grow naturally.®® Trichoderma based fertilizer (TBF)
reduces the use of normal nitrogen, potassium and
phosphorous based chemical fertilizers. Trichoderma
increases the nutrition uptake of some essential
micronutrie.nts like Zinc (Zn), Copper (Cu), Iron (Fe),
and Sodium (Na) and create a positive environment
around the host plant. Trichoderma increase the
uptake of the nutrients by increasing the surface
area of root tissues. Trichoderma can be used with
other biofertilizers like manure, phosphobacteria,
azospirillum, B.subtilis e.t.c. Trichoderma should not
be used when soil is dry, moisture is very important
in the proper growth of Trichoderma.®7:¢8

Algae as Biofertilizer

Blue-Green Algae or Cyanobacteria as
Biofertilizer

Blue-green algae also known as cyanobacteria
are most copious photosynthetic prokaryotes.
They are autotropic organism.®® It was the most
primitive organism which evolved on the planet
earth about 3.5 billion years ago. Some of the
microfossils are found which are of precambrian era
and was bigger from bacteria. It was the ancestor
of cell organelle plastid and it was the only source of
biogenic oxygen at the time when aerobic organisms
started to originate.” It can do two major things in
plant that is Photosynthesis and Nitrogen fixation.
Cyanobacteria occurs in wide range of soil and
present in both below and on the soil. It presents in

200

sub-aerial environment and also present sporadically
in wet surface such as paddy field. In majority of the
paddy or rice field cyanobacteria occurs naturally
which fixes nitrogen without any cost. Cyanobacteria
are capable of converting atmospheric Dinitrogen
(N,), Ammonia (NH,), Nitrites (NO,), Nitrates
(NO,) into absorbable nitrogen form. Amino acids
like asparagine, arginine and glutamine are the
important source of nitrogen in plants.”

These are small and tiny oxygen releasing
microorganism which are gram negative in strain
and found in various ecological niches due to their
structural conservation, plasticity and metabolism.
Cyanobacteria are microorganism which can
easily degrade several pollutants present in soil
and increase the productivity of soil. World Health
Organization (WHO) estimated the population
to increase to 9.6 billion in the next 30 years and
it has estimated that food production globally
should be increase by 50% by the year 2029. Food
production is increasing at a good pace but the use
of chemical fertilizers is making the land “barren”.
Thus the concept of green technology came
to picture which focuses on how cyanobacteria
can be used to increase the productivity of soil.”
Diazotrophs are bacteria and archaea. They are
a type cyanobacteria which are useful in making
biofertilizers and are economically accessible which
can fix the nitrogen for plant to provide protein
to plant, provide vitamin B12, improve water holding
capacity of the plant and improve soil aeration.”

vAg
QAD-CVDQD
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Bioremediation

Fig. 5: Microscopic view of
Cyanobacteria™
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aggregation

Fig. 6: Benefits in agriculture by the use of

Cyanobacteria.™
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Some of the important nitrogen fixing cyanobacteria
are Scytonema Calothrix sp., Nostoc linkia,
Anabaena variabilis, Aulosira fertilisima.™

Azolla and Anabaena as Biofertilizer

Anabaena azollae is a endophytic blue-green algae
which lives in a symbiotic association with small
water fern Azolla lam. to fix the nitrogen present in
soil for itself and the host plant.”” Anabaena azollae
fixes the nitrogen for Azolla lam. and Azolla lam.
provide protection from the outer environment and
fixes the carbon for the alga.” Nitrogen is the most
important element which is used in food production.
The production of agriculture is dependent on the
amount of nitrogen being given to the crops, in
rice plants near about 21 kg N t' is absorbed to

produce the grain and it is constant.”® When chemical
fertilizers (NPK) is used in the rice field the agro-
ecosystem is disturbed and pollution is caused in the
environment. This disturbed ecosystem and pollution
can be treated through the use of biofertilizers.™
But when we talk about the plant growth promoting
hormones like auxin, gibberline, cytokinin, etc.
itis not produced by Azolla- Anabaena and it should
be studied further. There are 3 ways to inculcate the
growth of Azolla- Anabaena, first as a monocrop,
second as intercrop and third as deliberate or
natural culture growth. The most compatible crop
which can be grown in Azolla-anabaena biofertilizer
is rice and it can apply on rice crop and mono or
intercrop both.&

DORSALLOBE “i

leal cavity

VENTRAL LOBE

t

Fig. 7: Location of Azolla and Anabaena in symbiotic Association.?!

Commercial Production of Biofertilizers in India
In 1920, N.V. Joshi started the use of Biofertilizers
in India. Some of the marketed biofertilizers in India
are-: 1). In nitrogen fixers, Azospirillum, Rhizobium,
BGA, Azolla, Azotobacter, e.t.c. are being used.
2). In phosphate solubilizer, Pseudomonas,
Aspergillus and Bacillus are being used.

3). In phosphate mobilizer VAM is used (VA-
Mycorrhiza). 4). In potassium solubilizer, F.aurantia
is used. 5). In plant growth promoting hormone
biofertilizers Pseudomonas sp. is used. In India
the requirement of biofertilizers is near about 5.5
lakhs metric tons and it will increase by 50-60k in
near future.®
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Table 1: Production of Biofertilizers (in Million Ton (MT)) in different states of India.®®

Indian States Production (MT) Azospirillum Azotobacter Rhizobium P-solubalizing Total
Punjab 2 0 0 1.47 0 1.47
HP 75 0 248 2.39 0 4.87
Delhi 1 0.037 0.39 0.17 0.284 0.881
Haryana 75 0 5.82 8.33 4.58 18.73
Rajasthan 75 0 17.11 13.9 13.87 44.88
AP 265 14.12 1.92 43.11 38.3 97.45
UK&UP 225 8.34 76.22 45.99 101.92 232.47
Karnataka 1,835 88.454 76.392 68.28 385 618.126
Pondicherry 75 7.79 0 0.725 7.3 15.815
TN 1,870.4 794.714 16.428 180.90 664 1656.042
Kerala 225 43.2 3.72 0.05 4.23 51.2
Total 4,723 956.65 200.48 365.32 1,219 2741.45
Conclusion Fungi such as Mycorrhiza and Trichoderma are also

Benefits of using bio-fertilizers are described
in this review and the side effects of using chemical
fertilizers like NPK fertilizers in the agriculture
sector which have caused several side effects
on the environment such as reduced fertility
of soil, accumulation of chemicals in the soil which
is causing several harmful diseases in humans
by contaminating the food and water. So, in this
regard the use of biofertilizers comes into picture.
Bio-fertilizers are the naturally occurring
microorganism like Bacteria, Algae, Fungi,
Pteridophytes or ferns which provide the essential
minerals naturally from the environment by fixing
or solubilizing some essential elements. In this
review article some microorganisms of different
domains are being studied like bacteria, algae
and fungi. Bacteria acts as a very good natural
bio-fertilizers because it is mainly concerned with
fixing the nitrogen from atmosphere into ammonia
which plant can take and use. It also solubilizes the
insoluble phosphate present in soil to soluble form.
Fungi also act as a good source of bio-fertilizers they
also fixes nitrogen and solubilizes the phosphorous
but their main role is that they accumulate in the
roots of plant and help to uptake the nutrient present
in the soil which plant cannot take by itself because
plant roots are not thin enough that it can go into
small pores and take the nutrients. These nutrients
are easily accessible by hyphae of the fungus.

used to resist the abiotic and biotic stress like droughts
and flooding, etc. Algae such as cyanobacteria or
BGA and Anabaena azollae, also acts as a natural
bio-fertilizer by fixing the nitrogen present in air.
The positive effect of using bio-fertilizers in
agriculture is that, they are economically feasible and
provide immense support to the natural environment
because they just not only increase the agricultural
production but also bio-remediate and bio-degrade
the harmful wastes which are present in soil.
The commercial production of some bio-fertilizers
is possible and are going on in whole world. But
some of the bio-fertilizers like Mycorrhiza can mainly
grow in natural environment where roots of plant are
available. There commercial production in an agar
medium or liquid medium is difficult as compared
to bacterial bio-fertilizers. Thatis why the development
in the field of bio-fertilizers is going on steadily and
development is going on the commercial production
and to find out which is the microorganism that
can be produced commercially to increase crop
production and to make the environment clean
by remediation.
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