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ABSTRACT

The application of mineral fertilizers is the most advantageous and the fastest way to increase 
crop yields. In the last few decades, the rate of Nitrogen (N), phosphorous (P), and potassium 
(K) or NPK fertilizer application has tremendously increased in crop production. The excessive 
use of synthetic agrochemicals in crop production and in soil fertility management causes 
residue toxicity and environmental pollution. This is due to the low use efficiency of externally 
applied fertilizers by the plants, long-term application, leaching, and evaporation to the 
atmosphere. Therefore, the reduced use of synthetic agrochemicals in crop production and 
maintaining soil fertility by alternative means is the subject of investigation. The challenge 
is to continue sustainable agricultural crop production through minimization of the harmful 
effect of fertilization. Among the different alternatives, researchers hypothesized that bio 
fertilizers could be a substitute for these. The term bio fertilizers or more appropriately called 
microbial inoculants can be generally defined as a preparation containing live or latent cells 
of efficient strains of nitrogen-fixing, phosphate solubilizing or cellulolytic microorganisms. 
Bio fertilizer, also known as a living fertilizer, is composed of microbial inoculants or groups 
of microorganisms which are able to fix atmospheric Nitrogen, the microorganisms are 
known as biological nitrogen fixers. They are grouped into free-living bacteria (Azotobacter 
and Azospirillium), Blue-green algae, and symbionts such as Rhizobium, Frankia, and Azolla. 
They are used for application on seed, in soil, or composting areas with the objective of 
increasing the numbers of such microorganisms and accelerate certain microbial processes. 
These, in turn, augment the extent of the availability of nutrients in a form that can be easily 
assimilated by plant. In the larger sense, the term may be used to include all organic resources 
(manure) for plant growth which are rendered in an available form for plant absorption 
through microorganisms or plant associations or interactions of 0.050. According to an 
estimate, 240 million tons of food grains will be required to feed about 1 billion expected 
populations by 2000 A.D. in India, and to achieve this milestone, a sizable quantity of mineral 
fertilizers will be required. The total fertilizer requirements of our country would be 23 
million tons as against the present consumption level of 13 million tons per annum. The 
problem is so acute that it is beyond any single type of nutrient source to accept the challenge 
of an appropriate nutrient supply. Integrated use of all the seeds, such as mineral fertilizers, 
organic manures, bio-fertilizers, etc., is the only alternative for improving soil fertility. The use 
of organic manures and mineral fertilizers is in practice, but bio fertilizer in agriculture is not 
very popular. Hence, there is a need to make its use popular. The increased cost of fertilizer 
production, coupled with progressively increasing use of chemical fertilizers particularly 
needed by High Yielding Varieties (HYV), are adding to the cost of cultivation of crops and 
causing a nutritional enhancement in Indian agriculture. The vast gap cannot be filled up 
merely by producing synthetic nitrogenous fertilizers due to scarcity and the high cost of raw 
materials such as fossil fuels. Biological nitrogen fixation is the key to sustaining agricultural 
productivity, and the application of bio fertilizers in the field is a viable alternative

INTRODUCTION

Conventional agriculture plays a significant role in meeting the food 
demands of a growing human population, which has also led to an increasing 
dependence on chemical fertilizers and pesticides [1; 44]. Chemical fertilizers 
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are industrially manipulated substances composed 
of known quantities of Nitrogen, phosphorus and 
potassium, and their exploitation causes air and 
groundwater pollution by eutrophication of water 
bodies [37;56]. In this regard, recent efforts have been 
channelized more towards the production of ‘nutrient-
rich high-quality food’ in sustainable comportment 
to ensure bio-safety. The innovative view of farm 
production attracts the growing demand of biological-
based organic fertilizers exclusive of alternatives to 
agrochemicals. In agriculture, encourage alternate 
means of soil fertilization relies on organic inputs 
to improve nutrient supply and conserve the field 
management. Organic farming is one of such strategies 
that not only ensures food safety but also adds to the 
biodiversity of the soil. The additional advantages 
of biofertilizers include longer shelf life causing no 
adverse effects to the ecosystem.

Organic farming is mostly dependent on the natural 
microflora of the soil, which constitutes all kinds of 
Biofertilizers. Bio-fertilizers are micro-organisms 
that bring about nutrient enrichment of soil by 
enhancing the availability of nutrients to crops. 
The micro-organisms which act as bio-fertilizers 
are bacteria, cyanobacteria (blue-green algae), and 
mycorrhizal fungi. Bacteria and cyanobacteria have 
the property of nitrogen fixation, while mycorrhizal 
fungi preferentially withdraw minerals from organic 
matter for the plant with which they are associated. 
Nitrogen fixation is the process of conversion of 
molecular or dinitrogen into nitrogen compounds. 
Insoluble forms of soil phosphorus are converted into 
soluble forms by certain micro-organisms. This makes 
phosphorus available to the plants. Phosphate is also 
solubilized by some bacteria and by some fungi that 
form an association with plant roots. Biofertilizers 
keep the soil environment rich in all kinds of micro and 
macro-nutrients via nitrogen fixation, phosphate and 
potassium solubilization or mineralization, the release 
of plant growth regulating substances, production 
of antibiotics and biodegradation of organic matter 
in the soil [47]. When bio fertilizers are applied as 
seed or soil inoculants, they multiply and participate 
in nutrient cycling and benefit crop productivity. In 
general, 60% to 90% of the total applied fertilizer is lost 
and the remaining 10% to 40% is taken up by plants. 
In this regard, microbial inoculants have paramount 
significance in integrated nutrient management 
systems to sustain agricultural productivity and a 
healthy environment. The PGPR or co-inoculants of 
PGPR and AMF can advance the nutrient use efficiency 
of fertilizers. Synergistic interaction of PGPR and 
AMF was better suited to 70% fertilizer plus AMF and 
PGPR for P uptake. Similar trends were also reflected 
in N uptake on a whole-tissue basis which shows that 
75%, 80%, or 90% fertilizer plus inoculants were 
significantly comparable to 100% fertilizer.

Brief Account of Beneficial Microorganisms

Rhizobium Belongs to family Rhizobiaceae, Symbiotic 
N2 fixation by Rhizobium in legumes contributes 
substantially to total biological nitrogen fixation. 
Different species of rhizobium are classified into two 
groups viz., (1) Slow growing rhizobia (under the 
genus Bradyrhizobium) and (2) Fast-growing groups 
(under the genus Rhizobium). Inoculation methods are 
necessary where seed treatment with fungicides and 
insecticides is needed or where seeds like groundnut 
and soya bean can be damaged when the inoculants is 
used with an adhesive. Direct contact with the acidic 
fertilizer can also be harmful for Rhizobium. Apart from 
the application with seeds, the normal carrier-based 
inocula can also be separately applied, fix nitrogen 
50-100 kg/ ha in association with legumes only. It is 
useful for pulse legumes like chickpea, red-gram, pea, 
lentil, black gram, etc., oil-seed legumes like soybean 
and groundnut, and forage legumes like berseem and 
lucerne. Successful nodulation of leguminous crops 
by Rhizobium largely depends on the availability of 
compatible strain for a particular legume. It colonizes 
the roots of specific legumes to form tumor like 
growths called root nodules, which act as ammonia 
production factories. Rhizobium has ability to fix 
atmospheric Nitrogen in symbiotic association with 
legumes and certain non-legumes like Parasponia. , 
The rhizobium population in the soil depends on the 
presence of legume crops in the field. In the absence 
of legumes, the population decreases. Artificial seed 
inoculation is often needed to restore the population of 
effective strains of the Rhizobium near the rhizosphere 
to hasten N-fixation. Each legume requires a specific 
species of Rhizobium to form effective nodules [56].
                  
Table 1: Quantity of biological N fixed by Liquid 
Rhizobium in different crops

Host Group Rhizobium 
Species Crops N fix kg/

ha

Pea group R.leguminosa-
rum

Green pea, 
Lentil 62- 132

Soybean group R.japonicum Soybean 57- 105

Lupini Group R. lupine 
orinthopus Lupinus 70- 90

Alfafa Group
R.melliloti 
Medicago 
Trigonella

Melilotus 100- 150

Beans group R. phaseoli Phaseoli 80- 110
Clover group R. trifoli Trifolium 130

Cowpea group R. species

Moong, 
Redgram, 
Cowpea, 

Groundnut

57- 105

Cicer group R. species Bengal gram 75- 117
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Azotobacter belongs to the family Azotobacteriaceae, 
aerobic, free-living, and heterotrophic in nature. 
Azotobacters are present in neutral or alkaline soils 
and A. chroococcum is the most commonly occurring 
species in arable soils. A. vinelandii, A. beijerinckii, A. 
insignis, and A. macrocytogenes are other reported 
species. The number of Azotobacter rarely exceeds of 
104 to 105 g-1 of soil due to lack of organic matter and 
presence of antagonistic microorganisms in the soil. 
The bacterium produces anti-fungal antibiotics, which 
inhibits the growth of several pathogenic fungi in the 
root region, thereby preventing seedling mortality 
to a certain extent. The population of Azotobacter is 
generally low in the rhizosphere of the crop plants and 
in uncultivated soils. The occurrence of this organism 
has been reported from the rhizosphere of a number 
of crop plants such as rice, maize, sugarcane, bajra, 
vegetables, and plantation crops.

Azospirillum belongs to family Spirilaceae, 
heterotrophic and associative. In addition to their 
nitrogen-fixing ability of about 20-40 kg/ha, they also 
produce growth regulating substances. Although there 
are many species under this genus like A.amazonense, 
A.halopraeferens, A.brasilense, but, worldwide 
distribution and benefits of inoculation have been 
proved mainly with the A.lipoferum and A.brasilense. 
The Azospirillum form associative symbiosis with 
many plants, particularly with those having the C4-
dicarboxyliac path way of photosynthesis (Hatch and 
Slack pathway), because they grow and fix Nitrogen 
on salts of organic acids such as malic, aspartic acid. 
Thus it is mainly recommended for maize, sugarcane, 
sorghum, pearl millet, etc. The Azotobacter colonizing 
the roots not only remains on the root surface but 
also a sizable proportion of them penetrates into the 
root tissues and lives in harmony with the plants. 
They do not, however, produce any visible nodules or 
outgrowth on root tissue.

Phosphate solubilizing microorganisms

Phosphorus is also one of the significant elements 
required for plant growth and higher yields. This 
element is necessary for the modulation by Rhizobium 
and even to nitrogen fixers, Azolla and BGA. The 
phospho-microorganism mainly bacteria (Bacillus 
Megaterium, Pseudomonas Straiata) fungi (Aspergillus 
Awamori , Penicillium Digitatum) and Actinomycetes ( 
Streptomyces) make available insoluble phosphorus to 
the plants. The root fungus association or Mycorrhiza 
has high potential in accumulating phosphorus in the 
plants. The mixture of charcoal and soil is satisfactory 
material for these microorganisms in order to prepare 
commercial inoculants. It is reported that microphones 
cultures increase yield up to 200-500 kg ha-1, and thus, 

30-50 kg superphosphate can be saved.

Vesicular Arbuscular Mycorrhizae (VAM)

The symbiotic association between plant roots and 
fungal mycelia is termed as mycorrhiza (Fungal roots). 
These fungi are obligate symbionts and have not been 
cultured on nutrient media. VAM fungi infect and 
spread inside the root. They possess special structures 
known as vesicles and arbuscules. The arbuscules help 
in the transfer of nutrients from the fungus to the root 
system and the vesicles, which are saclike structures, 
store P as phospholipids. VAM has been associated 
with increased plant growth and with enhanced 
accumulation of plant nutrients, mainly P, Zn, Cu and S 
mainly through greater soil exploration by mycorrhizal 
hyphae.

Azolla

Azolla is a floating fresh water fern inside which  
grows the  nitrogen-fixing  BGA Anabaena. It contains 
3.4% nitrogen and produces organic matter in the 
soil. This biofertilizer is used for rice cultivation in 
different countries such as Vietnam, China, Thailand 
and Philippines. This can be easily grown in cooler 
regions. There is need to develop tolerant strains 
to high temperature salinity and pests and disease-
resistance for its wider adaption. Field trial indicated 
that rice yields are increased by 0.5- 2 t ha-1 due to 
Azolla application. Recent studies have revealed the 
potentialities of Azolla as a nitrogenous fertilizer in 
carp culture ponds. Application of different doses of 
Azolla in fish culture ponds shown that a minimum 
of 25 kg N ha-1 year-1 could be provided through the 
application of 10-12 t of Azolla ha-1 year-1. There are six 
species of Azolla: A.caroliniana, A.nilotica, A.mexicana, 
A. filiculoides, A. microphylla and A. pinnata. It grows in 
ditches and stagnant water. This fern usually forms a 
green mat over water. 

Blue green algae

These belong to eight different families, phototrophic 
and produce Auxin, Indole acetic acid, and Gibberellic 
acid, fix 20-30 kg N/ha in submerged rice fields as 
they are abundant in paddy, so also referred as , 
paddy organisms‟. N is the key input required in large 
quantities for low land rice production. Soil N and BNF 
by associated organisms are significant sources of N 
for low-land rice [54]. The 50- 60% N requirement 
is met through the combination of mineralization of 
soil organic N and BNF by free-living and rice plant-
associated bacteria. To achieve food security through 
sustainable agriculture, the requirement for fixed 
Nitrogen must be increasingly met by BNF rather 
than by industrial nitrogen fixation. BGA forms a 
symbiotic association capable of fixing Nitrogen with 
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fungi, liverworts, ferns, and flowering plants. Still, 
the most common symbiotic association has been 
found between a free-floating aquatic fern, the Azolla. 
Besides N-fixation, these bio fertilizers or bio manures 
also contribute significant amounts of P, K, S, Zn, Fe, 
Mb, and other micronutrients. The fern forms a green 
mat over water with a branched stem, deeply bilobed 
leaves, and roots. 

Plant Growth-Promoting Rhizobacteria (PGPR)

A group of rhizosphere bacteria that exert a beneficial 
effect on plant growth is referred to as PGPR.They belong 
to several genera e.g. Actinoplanes, Agrobacterium, 
Alcaligenes, Amorphosporangium, Arthrobacter, 
Azotobacter, Bacillus, Cellulomonas, Enter obacter, 
Erwinia, Flavobacterium, Pseudomonas, Rhizobium 
and Bradyrhizobium, Streptomyces and Xanthomonas. 
The plant growth-promoting microorganisms 
improved potato growth and yield in short-but, not 
long-rotation soils, primarily by suppressing cyanide-
producing deleterious rhizosphere microorganisms. 
Large populations of bacteria established on planting 
material and roots become a partial sink for nutrients 
in the rhizosphere, thus, reducing the amount of C and 
N available to stimulate spores of fungal pathogens 
or for subsequent colonization of the root. In field 
trials with wheat, potato, sugar beet, and zinnia 
conducted showed significant yield increases varying 
from 7-136%, with an average increase of 7-35% in 
different crops over the control. Seed treatment with 
B. subtilis increased the yield of carrot by 48%, oats by 
33%, and groundnut up to 37%.

Table 2: Dosage of liquid Bio-fertilizers in different 
crops

Recommended Liquid Bio-fertilizers and its application 
method, quantity to be used for different crops are as 
follows:

Crop Recommended 
Biofertilizer

Application 
method

Quantity 
to be used

Field crops

Rhizobium Seed treat-
ment

200 ml/ 
acre

Pulses

Chickpea, pea, 
Groundnut, 
soybean, beans, 
Lentil, lucern, 
Berseem, Green 
gram, Black 
gram, Cowpea 
and pigeon pea

Cereals
Azotobacter/ 
Azospirillum

Seed treat-
ment

200 ml/ 
acreWheat, oat, 

barley

Rice Azospirillum Seed treat-
ment

200 ml/ 
acre

Oil seeds

Azotobacter Seed treat-
ment

200 ml/ 
acre

Mustard, sea-
sum, Linseeds, 
Sunflower, 
castor

Millets

Azotobacter Seed treat-
ment

200 ml/ 
acre

Pearl millets, 
Finger millets, 
kodo millet

Maize and Sor-
ghum Azospirillum Seed treat-

ment
200 ml/ 

acre

Forage crops 
and Grasses

Azotobacter Seed treat-
ment

200 ml/ 
acre

Bermuda grass, 
Sudan grass, 
Napier Grass 
, ParaGrass, 
StarGrass etc.

Other Misc. 
Plantation 
Crops Azotobacter Seedling 

treatment
500 ml/ 

acre

Tobacco

Tea, Coffee Azotobacter Soil treat-
ment

400 ml/ 
acre

Rubber, Coco-
nuts Azotobacter Soil treat-

ment
2-3 ml/ 
plant

Agro-Forestry/
Fruit Plants

Azotobacter Soil treat-
ment

2-3 ml/
plant at 
nursery

All fruit/
agro-forestry 
(herb,shrubs, 
annuals and pe-
rennial) plants 
for fuel wood 
fodder, fruits, 
gum, spice, 
leaves, flowers, 
nuts and seeds 
puppose

Leguminous 
plants/ trees Rhizobium Soil treat-

ment
1-2 ml/ 
plant

Chenn (1999)
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Bio fertilizer exploitation and nutrient profile of 
crops

A key advantage of beneficial microorganisms is to 
assimilate phosphorus for their own requirement, 
which in turn available as its soluble form in sufficient 
quantities in soil. Pseudomonas, Bacillus, Micrococcus, 
Flavobacterium, Fusarium, Sclerotium, Aspergillus, 
and Penicillium have been reported to be active 
in the solubilisation process [36].  A phosphate-
solubilizing bacterial strain   NII-0909   of Micrococcus 
sp. has polyvalent properties including phosphate 
solubilization and siderophore production [10].  
Similarly,  two fungi Aspergillus fumigatus and A. 
Niger were isolated from decaying cassava peels were 
found to convert cassava  wastes  by the semi-solid   
fermentation technique   to   phosphate   biofertilizers. 
Burkholderia vietnamiensis, stress-tolerant bacteria, 
produces gluconic and 2-ketogluconic   acids,   
which   involved in   phosphate solubilization [33]. 
Enterobacter and Burkholderia that were isolated 
from the rhizosphere of sunflower were found 
to produce siderophores and indolic compounds 
(ICs) which can solubilize   phosphate.   Potassium 
solubilising microorganisms   (KSM)   such as    genus 
Aspergillus, Bacillus, and Clostridium are found to be 
efficient in potassium solubilization in the soil and 
mobilization in different crops [28]. Mycorrhizal 
mutualistic symbiosis with plant roots satisfies the 
plant nutrients demand, which enhances plant growth 
and development and protects plants from pathogens 
attack and environmental stress. It leads to phosphate 
absorption by the hyphae from outside to internal 
cortical mycelia, which finally transfer phosphate 
to the cortical root cells [48]. Nitrogen-fixing 
cyanobacteria such as Aulosira, Tolypothrix, Scytonema, 
Nostoc, Anabaena and Plectonema are commonly used 
as biofertilizers [40]. Besides the contribution of 
Nitrogen, growth-promoting substances, and vitamins 
liberated by these algae Cylindrospermum musicola 
increase the root growth and yield of rice plants [58]. 
Interestingly, genetic engineering was used to improve 
the nitrogen-fixing potential of Anabaena sp. strain 
PCC7120. Constitutive expression of the hetR gene 
driven by a light-inducible promoter enhanced HetR 
protein expression, leading to higher nitrogenase 
activity in Anabaena sp. strain PCC7120 as compared 
with the wild-type strain. This caused better growth of 
paddy when applied to the fields [7]. In an experiment 
conducted on sodic soil [31] reported that grain and 
straw yield (6000 kgs and 7814 kg ha-1) significantly 
increased over control as well as 100% N alone. 
(Table.4).The result of another field experiment 
showed that inoculation of A.diazotrophicus to sugar 
cane enhances the cane yield and sugar yield (Table.3) 
than Azospirillum inoculation.

Table 03: Response of Sugarcane to Gluconacetobacter 
diazotrophicus inoculation

Treatment
Cane Yield Sugar 

yield
(t/ha)(t/ha) % increase

100% Fertilizer N 102.67 _ 11.01

75% Fertilizer N 95.50 -6.98 9.44
G.diazotrophicus+ 
100% Fertilizer N 118.33 15.25 13.05

G.diazotrophicus+ 
75% Fertilizer N 114.67 11.69 12.44

Azospirillum + 
100%Fertilizer N 116.67 13.64 12.81

Azospirillum + 
75%Fertilizer N 113.00 10.06 12.08

(Jayakumar, 1996)

Table 04: Effect of inoculating cyanobacteria in rice 
grain in sodic soils.

Treat-
ment

Soil pH
(initial)

Plant 
height
(cm)

Tiller 
No.

Grain 
kg/ha

Straw 
kg/ha

75% N 8.70 6.8 19.3 3370 5667
100% N 8.64 70.6 21.2 3593 6185
75% N + 
BGA(AT) 8.40 69.6 23.3 4007 6778

75% N + 
BGA(BT) 8.32 72.0 24.6 4630 7296

100% N + 
BGA(AT) 8.30 72.0 24.5 5074 7333

100% N + 
BGA(BT) 8.30 75.0 26.6 5259 7666

75% N + 
BGA(AT/
BT)

8.21 76.6 29.9 5667 7666

100% N + 
BGA(AT/
BT)

8.15 77.0 32.0 6000 7814

CD 
(p=0.05) 0.21 5.7 8.7 300.3 500.0

(Pandiyarajan, p.1999)

Biofertilizers relevance and plant tolerance to 
environmental stress

Abiotic and biotic stresses are the major constraints 
that are affecting the productivity of the crops. 
Many tools of modern science have been extensively 
applied for crop improvement under stress, of 
which PGPRs role as bio protectants has become 
paramount importance in this regard . Rhizobium 
trifolii inoculated with Trifolium alexandrinum 
showed higher biomass and an increased nodulation 
under salinity stress condition berseem. Pseudomonas 
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aeruginosa has been shown to withstand biotic and 
abiotic stresses [35] found that P. fluorescens MSP-
393 produces osmolytes and salt-stress induced 
proteins that overcome the negative effects of salt. P. 
putida Rs-198 enhanced germination rate and several 
growth parameters viz., plant height, fresh weight, and 
dry weight of cotton under the condition of alkaline 
and high salt via increasing the rate of uptake of K+, 
Mg2+ and Ca2+, and by decreasing the absorption of 
Na+. Few strains of Pseudomonas conferred plant 
tolerance via 2,4-diacetylphloroglucinol (DAPG). 
Interestingly, the systemic response was found to be 
induced against P.syringae in Arabidopsis thaliana by 
P. fluorescens DAPG [55] Calcisol produced by PGPRs 
viz., P. alcaligenes PsA15, Bacillus polymyxa BcP26, 
and Mycobacterium phlei MbP18 provide tolerance 
to high temperatures and salinity stress [12]It has 
been demonstrated that inoculation of plants with 
AM fungi also improves plant growth under salt stress 
Achromobacter piechaudii was also shown to increase 
the biomass of tomato and pepper plants under 
172 mM NaCl and water stress. Interestingly, a root 
endophytic fungus Piriformospora indica was found to 
defend the host plant against salt stress in one of the 
studies, it was found that inoculation of PGPR alone or 
along with AM like Glomus intraradices or G. mosseae 
resulted in better nutrient uptake and improvement 
in normal physiological processes in Lactuca sativa 
under stress conditions. The same plant treated with P. 
mendocina increased shoot biomass under salt stress 
[22]. Mechanisms involved in osmotic stress tolerance 
employing transcriptomic and microscopic strategies 
revealed a considerable change in the transcriptome   
of Stenotrophomonas   rhizophila DSM14405T in   
response   to   salt stress. The combination of AM fungi 
and N2-fixing bacteria helped the legume plants in 
overcoming drought stress [2] the effect of A.brasilensea 
AM can be seen in other crops such as tomato, maize, 
and cassava [14]. A. brasilense and AM combination 
improved plant tolerance to various abiotic stresses. 
The additive effect of Pseudomonas putida or Bacillus 
megaterium and AM fungi was effective in alleviating 
drought stress. Application of Pseudomonades sp. 
under water stress improved the antioxidant and 
photosynthetic pigments in basil plants. Interestingly, 
the combination of three bacterial species caused the 
highest CAT, GPX, and APX activity and chlorophyll 
content in leaves under water stress. Pseudomonas 
spp. was found to cause a positive effect on the 
seedling growth and seed germination of A. officinalis 
L. under water stress. Photosynthetic efficiency and 
the antioxidative response of rice plants subjected to 
drought stress were found to increase after inoculation 
of arbuscular mycorrhiza [41] the beneficial effects 
of mycorrhizae have also been reported under both 
drought and saline conditions. Heavy metals such as 
cadmium, lead, mercury from the hospital, and factory 
waste accumulate in the soil and enter plants through 

roots [15] Azospirillium spp, Phosphobacteria spp, and 
Glucanacetobacter spp. isolated from the rhizosphere 
of rice field and mangroves were found to be more 
tolerant to heavy metal specially iron [43] P. potida 
strain 11 (P.p.11), P. potida strain 4 (P.p.4), and P. 
fluorescens strain 169 (P.f.169) can protect canola and 
barley plants from the inhibitory effects of cadmium 
via IAA, siderophore and 1-aminocyclopropane-1-
carboxylate deaminase (ACCD) It was reported that 
rhizo remediation of petroleum contaminated soil 
can be expedited by adding microbes in the form 
of effective microbial agents (EMA) to the different 
plant species such as cotton, ryegrass, tall fescue, and 
alfalfa [50]. In pot culture experiment [23] reported 
that dual inoculation of both Glomus fasciculatum and 
Rhizobium japonicum produced higher dry weight, 
nodule weight, VAM colonization and nutrient uptake 
of N and P than individual inoculants.(Table.10). It was 
shown that the addition of arbuscular mycorrhizal fungi 
and Pseudomonas fluorescens to the soil can reduce the 
development of root-rot disease and enhance the yield 
of Phaseolus vulgaris L. [29] [46] reported that with 
regard to the effect on the subsequent crop of rap
seed, the treatment containing Azolla was found better 
in yield and the highest was recorded with the higher 
dose of N in integration with Azolla.(Table 5).In another 
experiment [42]reported that combined inoculation of 
Azolla with 60kgN/ha gave maximum grain yields with 
an increase of 56 percent over the uninoculated control.
(Table.7) also, a field trial conducted on soyabean over 
six years showed increased yield because of rhizobial 
inoculations(Table.8)

Table 05: Effect of BGA and Azolla with graded levels 
of Nitrogen on the yield of rapseed     
Crop (Pooled data of 1997-98 and 1998-99)

Treatment
No. of 

siliqua/
plant

No. of 
seed/ 

siliqua

Test 
weight(g)

Grain 
yield 
kg/ha

T0 Control 68.88 11.33 2.52 7.02

T1 N60 71.19 12.84 2.59 7.12
T2 N80 70.23 12.87 2.62 7.12
T3 N100 74.66 12.96 2.58 7.42
T4 N40+BGA 71.44 12.39 2.61 7.09
T5 N40+Azolla 75.12 12.39 2.67 8.06

T6
N40+BGA+Azol-
la

76.01 13.04 2.62 8.30

T7 N60+BGA 72.01 13.72 2.55 7.15

T8 N60+Azolla 75.45 12.88 2.58 8.34

T9
N60+BGA+Azol-
la

75.90 13.90 2.66 8.41
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T10 N80+BGA 74.99 13.78 2.60 7.27

T11 N80+Azolla 76.08 12.84 2.55 8.28

T12
N80+BGA+Azol-
la

80.03 14.14 2.59 8.39

T13 BGA 70.20 14.00 2.65 7.14

T14 Azolla 74.97 13.74 2.58 7.38

C.D.(P= 0.05) 2.47 0.18 NS 0.24
(Singh.L.N.1999)

Table 06: Effect of Azolla with different levels of 
Nitrogen on the number of Tillers, grain yield and 
straw yield of Rice

Treatment No. Of 
tillers

Grain 
yield(q/ha)

Straw yield 
(q/ha)

Control 8.4 31.5 54.7
Azolla alone 10.2 38.2 58.1
30kg N 10.7 37.6 57.8
30kg N + Azolla 13.6 43.4 62.3
60kg N 13.2 44.2 62.9
60kg N + Azolla 15.8 49.2 65.4
90kg N 16.1 48.9 66.8
CD(P=0.05) 1.6 4.2 2.3

(Samal, K.C.1999)

Table 07: Front line demonstration trial on the use 
of Rhizobium in Soyabean conducted by Tamil Nadu 
Agriculture University

Treatment
Grain yield (kg/ha) %increase 

over controlInoculated Control
1991-92 1688 1519 11.12
1992-93 1860 1600 17.12
1993-94 2091 1613 29.63
1994-95 2003 1613 24.18
1995-96 1907 1618 17.87
1996-97 1296 1151 12.57

 
Table 08: Residual effect of Vermicompost and 
Biofertilizers applied to Chickpea     on green and dry 
fodder yield of Maize

Treatment
Green fodder yield 

(t/ha)
Dry fodder yield 

(t/ha)
2000 2001 2000 2001

Vermicompost(t/ha)
0 36.25 36.27 6.66 7.04
3 39.41 40.38 7.43 7.58
CD(p=0.05) 1.21 1.35 0.23 0.28
Biofertilizers
None 35.38 35.58 6.60 6.86

Rhizobium 38.31 38.66 7.05 7.36
Rhizobium+ PSB 39.80 40.75 7.50 7.71
CD(p=0.05) 1.49 1.65 0.28 0.34

Jat (2002)

Table 09: Effect of treatments on the economics of rice

Treatments Cost of culti-
vation (Rs/ha)

Net returns 
(Rs/ha)

Benefit 
Cost 
Ratio

Control+PSB 33750.62 34185.89 1.01

Control +PS-
B+BGA 34310.62 34996.26 1.02

Control+PS-
B+BGA+FYM(5

t.ha)
35060.62 38206.58 1.09

50% RDP+PSB 35310.62 35927.48 1.02
50% RDP+PS-

B+BGA 35870.62 38803.98 1.08

50% RDP+PS-
B+BGA+FYM (

5tn/ha)
36780.62 400087.1 1.09

75% RDP+PSB 36090.62 40906.73 1.13
75% RDP+PS-

B+BGA 36650.62 43764.72 1.19

75% RDP+PS-
B+BGA+FYM

(5th/ha)
37550.62 47288.00 1.26

100% RDP+PSB 37244.62 43385.01 1.16
100% RDP 

+PSB +BGA 37440.94 43792.43 1.17

100% RDP+PS-
B+BGA+FYM

(5th/ha)
38350.94 46758.43 1.22

(Patra, S.K.1989)

The potential significance of beneficial microbes 
in sustainable Agriculture

The rhizosphere, which is the narrow zone of soil 
surrounding plant roots, can comprise up to 1011 
microbial cells per gram of root [12] and above 30,000 
prokaryotic species [27] that in general, improve plant 
productivity [27]. The collective genome of rhizosphere 
microbial community enveloping plant roots is more 
significant compared to that of plants and is referred 
to as microbiome [5] whose interactions determine 
crop health in natural agro-ecosystem by providing 
numerous services to crop plants viz., organic matter 
decomposition, nutrient acquisition, water absorption, 
nutrient recycling, weed control and bio-control [4]. 
The metagenomic study provides the individual the 
core rhizosphere and endophytic microbiomes activity 
in Arabidopsis thaliana using 454 sequencings (Roche) 
of 16S rRNA gene amplicons 18]. It has been proposed 
that exploiting tailor-made core microbiome transfer 

Continued....
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therapy in agriculture can be a potential approach 
in managing plant diseases for different crops [16]. 
Rhizosphere microbial communities an alternative 
for chemical fertilizers has become a subject of great 
interest in sustainable agriculture and bio-safety 
program.

A major focus in the coming decades would be on safe 
and eco-friendly methods by exploiting the beneficial 
micro-organisms in sustainable crop production [30]. 
Such microorganisms, in general, consist of diverse 
naturally occurring microbes whose inoculation to 
the soil ecosystem advances soil physicochemical 
properties, soil microbes biodiversity, soil health, 
plant growth, and development and crop productivity. 
The agriculturally useful microbial populations cover 
plant growth promoting rhizobacteria, N2-fixing 
cyanobacteria, mycorrhiza, plant disease beneficial 
suppressive bacteria, stress tolerance endophytes, 
and bio-degrading microbes [46]. Biofertilizers 
are a supplementary component to soil and crop 
management traditions viz., crop rotation, organic 
adjustments, tillage maintenance, recycling of crop 
residue, soil fertility renovation, and the biocontrol 
of pathogens and insect pests, which operation can 
significantly be useful in maintaining the sustainability 
of various crop productions. Azotobacter, Azospirillum, 
Rhizobium, cyanobacteria, phosphorus, and potassium 
solubilizing microorganisms, and mycorrhizae are 
some PGPRs that were found to increase in the 
soil under no-tillage or minimum tillage treatment 
[3]. Efficient strains of Azotobacter, Azospirillum, 
Phosphobacter, and Rhizobacter can provide a 

significant amount of Nitrogen to Helianthus annus 
and increase the plant height, the number of leaves, 
stem diameter percentage of seed filling, and seed 
dry weight [11]. Similarly, in rice, the addition of 
Azotobacter, Azospirillium, and Rhizobium promotes 
the physiology and improves the root morphology [9]
[46] found that Azolla can be integrated with 80kg N 
ha-1in low land rice cultivation in order to obtain a 
higher yield in rice and the subsequent crop rapseed is 
also found economically feasible as it gave the highest 
return per rupee investment in the rice rapseed 
sequence.(Table.14)

CONCLUSION

Environmental stresses are becoming a major problem, 
and productivity is declining at an unprecedented rate. 
Our dependence on chemical fertilizers and pesticides 
has encouraged the thriving of industries that are 
producing life-threatening chemicals and which are 
not only hazardous for human consumption but can 
also disturb the ecological balance. Biofertilizers can 
help solve the problem of feeding an increasing global 
population at a time when agriculture is facing various 
environmental stresses. It is essential to realize the 
valuable aspects of bio fertilizers and implement their 
application to modern agricultural practices. The 
new technology developed using the powerful tool of 
molecular biotechnology can enhance the biological 
pathways of the production of phytohormones. 
If identified and transferred to the useful PGPRs, 
these technologies can help provide relief from 
environmental stresses.

Table 10: Effect of BGA and Azolla with graded levels of Nitrogen on the economics of
Rice-Rapseed –crop     sequence

Treatment
Cost of Production ( Rs .ha) Gross return (Rs /ha) Net

return (Rs/h)
Return per

rupee investment
Rice rapseed Total Rice rapseed Total

T0 10256 5908 16164 18135 9126 27261 11097 1.69
T1 10890 5908 16798 25805 9243 35048 18250 2.09
T2 11044 5908 16952 29055 9737 38792 21840 2.27
T3 11377 5908 17285 228535 9646 238181 220896 2.28
T4 10934 5908 16842 23920 9217 33137 16295 1.97
T5 11186 5908 17094 24765 10478 35243 18149 2.06
T6 11381 5908 17289 26260 10790 37050 19761 2.12
T7 11085 5908 16993 28990 9295 38285 21292 2.25
T8 11336 5908 17244 28600 10842 39442 22198 2.29
T9 11531 5908 17439 29315 10933 40248 22809 2.31
T10 11239 5908 17147 29770 9451 39221 22074 2.29
T11 11490 5908 17398 29835 10764 40599 23201 2.33
T12 11685 5908 17593 30030 10907 40937 23344 2.33
T13 10451 5908 16359 21710 9282 30992 14633 1.89
T14 10703 5908 16611 22295 9594 31889 15278 1.92
Calculation was based on local market price @6.50/kg and rapseed @Rs 13.00/Kg
Singh, L.N (1999)
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