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With the increase in population, the demand for the crop has significantly increased which has led to
extensive use of inorganic fertilizers without least consideration for soil health, which is a critical
factor for realizing sustainable high yield. Besides this, the residual effects of inorganic fertilizers on
environment, underground water resources and soil micro-flora, is a matter of great concern. The
beneficial plant microbe interactions in the rhizosphere are the primary determinants of plant health
and soil fertility and improve long term sustainability of soil. The lost biological activity in the soil,
due to excess use of chemical fertilizers, can be restored slowly by incorporating artificially
multiplied cultures of beneficial microorganisms in the form of biofertilizers. They produce growth
promoting substances and vitamins and help to maintain soil fertility and suppress the incidence of
pathogen and control diseases which ultimately results in improved yield and yield components. As
a cost effective supplement to chemical fertilizers, biofertilizers can help to economize the high
investment needed for fertilizer use. Biofertilizers are carrier based micro-organisms which help to
enhance productivity by biological nitrogen fixation or solubilization of insoluble phosphate or by
producing hormones, vitamins and other growth promoters required for plant growth.

Copyright © Sumitra Devi Bamboriya et al, 2018, this is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the

original work is properly cited.

INTRODUCTION

Biofertilizers are preparations containing living or latent cells
of efficient strains of microorganisms that accelerate certain
microbial processes in the soil which augment the extent of
availability of nutrients in a form easily assimilated by plants.

Table 1 Types of Biofertilizer

Symbiotic
Nodulating (Rhizobium); Non- nodulating (4nabaena in
association with water fern Azolla)
Asymbiotic
Azotobacter; Azospirilium; Acetobacter; Blue green algae
(Nostoc or Anabaena or Tolypothrix or Aulosira)
Phosphorus solubilizer

1 Nitrogen fixers

2 Phosphorus Bacteria (Bacillus polymyxa, Pseudomonas striata);

biofertilizer Fungi (Aspergillus spp., Penicillium spp.)
Phosphorus mobilizer (Glomus spp., Scutellospora spp.)
Potassium Acidothiobacillus ferrooxidans, Paenibacillus spp.,
solubilizer Bacillus mucilaginosus, B. edaphicus, and B. circulans
Silicate and Bacill
zinc solubilizer aciius spp.
Compost Cellulolytic (Trichoderma spp.); Lignolytic

biofertilizer (Agaricus spp.)

6 PGPRs Psedomonas fluorescence

*Corresponding author: Sumitra Devi Bamboriya

Bio-fertilizers add nutrients through the natural processes of
nitrogen fixation, solubilizing phosphorus, and stimulating
plant growth through the synthesis of growth-promoting
substances.

Biofertilizers importance in crop growth, yield, nutrient
availability and stress tolerance

N Fixers
Rhizobium

Rhizobium species are group of bacteria that fix atmospheric
nitrogen symbiotically and stimulate the growth of plants. The
enzyme system of bacteria supplies constant source of reduced
nitrogen to the host plant and the plant in turn provides
nutrients and energy for the activities of the bacteria (Singh et
al., 2008). Rhizobium inhibited the growth of pathogenic fungi
which indicates that Rhizobium may secrete antifungal
compounds (Panwar et al., 2014). PGPR and Rhizobia strain
can promote seed emergence and seedling attributes which
benefits the early seedling establishment and consequently the
crop growth and development (Mia, 2012). Rhizobium
increases plant growth by various ways such as production of
plant growth hormones, vitamins, siderophores, by
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solubilisation of insoluble phosphates, induction of systemic
disease resistance and enhancement in stress resistance
(Hussain et al., 2009).

Azospirillum

The promotion of plant growth inoculated with resulting in
significant changes in several characteristics of the plants. The
Azospirillum inoculation increase germination rate, dry weight
accumulation of nitrogen and grain yield and also changes
duration of the plants growth stages (Boddey and Dobereiner,
1988; Fages, 1994; Fallik and Okon, 1996; Nur et al., 1980;
Pandey et al 1998 and Sumner, 1990). Better plant root
development due to Azospirillum inoculation is caused by
production of growth promoters substances of plants (Bashan
and Holguin, 1997; Boddey et al., 1986 and Dobereiner,
1992).The beneficial effects caused by the inoculation with
Azospirillum are not only due to N fixation in the rhizosphere,
but mainly, for the best efficiency in the absorption of water
and nutrients, which happens due to a more developed root
system, increasing the soil area explored by the roots.
Biofertilizers like Azospirillum release phytohormones like
auxin which enhance root branching and also root elongation
which is beneficial for plants in dry areas (Dobbelaere et al.,
1999 and Steenhoudt and Vandereyden, 2000).

Azotobacter

Azotobacter is able to produce other plant hormones like
gibberellins and cytokinins (Bhardwaj et al., 2014) and reduce
stress in the plants and stabilizing their yields. Vargas ef al. and
Nur et al. stated that positive plant growth responses after
inoculation with associated N, fixing bacteria were found under
water stress conditions.

Azolla

Azolla is a floating pteridophyte, which contains as
endosymbiont the nitrogen-fixing cyanobacterium Anabaena
azollae (Bhuvaneshwari and Singh, 2015). Azolla can supply
more than half of the required nitrogen to the rice crop and it is
beneficial in wetland rice fields for bringing number of changes
which include preventing rise in pH, reducing water
temperature, curbing NH; volatilization, suppressing weeds and
mosquito proliferation (Pabby et al, 2004). Azolla could be
utilized as an alternative source of N-fertilizer for higher
production of crops in rice-wheat cropping system (Kohle and
Mitra, 1989).The use of Azolla also increased organic matter
and potassium contents of the soil (Bhuvaneshwari and Singh,
2015).

Phosphorus Mobilizers

Large amount of P applied as fertilizer enters into the immobile
pools through precipitation reaction with highly reactive A’
and Fe’* in acidic soil and Ca®" in calcareous or normal soils
(Gyaneshwar et al., 2002 and Hao et al., 2002). Although total
P pool is high, only a part is available to plants. So, the release
and mobilization of insoluble and fixed forms of P is an
important aspect of increasing soil P availability. Mycorrhizae
are the root-symbionts which obtain their nutrients from the
plant and provide mineral elements like N, P, K, Ca, S and Zn
to the host plant (Abbasi et al., 2015). Mycorrhiza inoculation
significantly increased cucumber seedling survival, fruit yield;
P and Zn shoot concentrations (Ortas, 2010). Colonization by
arbuscular mycorrhizal fungi can provide multiple functions,

such as increased nutrient uptake, drought tolerance and
resistance to pathogens (Newsham et al., 1995). Arbuscular
mycorrhiza, which forms symbioses with majority of plants,
influence plant community development, nutrient uptake, water
relations, and above-ground productivity. Arbuscular
mycorrhizas also act as bioprotectants against pathogens and
toxic stresses (Vander Heijden et al., 1998). Under water stress
conditions, the hyphal of Mycorrhiza play as an additional
lateral root system providing the water from long distances
away from the root system to the plants.

P Solubilizers

Out of added phosphorus fertilizer only 10-20% is available
for the plants; remaining P converts into as insoluble
phosphate form like rock phosphate and tri-calcium phosphate.
Phosphate solubilizing bacteria (PSB) significantly helps in
the release of this insoluble inorganic phosphate and makes it
available to the plants (Gupta et al., 2014). NPK application
along with PSB had a higher germination index than the control
as well as in NPK treated soil without PSB (Duarah et al.,
2011). Inoculation of PSB together with rock phosphate
fertilization increased the crop growth in terms of shoot height,
shoot and root dry biomass, grain yield and total P uptake in
both maize and wheat crops (Kaur and Reddy, 2015).
Phosphorus solubilizing bacteria aid the growth of plants by
stimulating the efficiency of biological nitrogen fixation,
synthesizing phytohormones and enhancing the availability of
some trace elements such as zinc and iron (Wani et al., 2007).
Root length, shoot length and the total biomass of the plants of
each treatment containing the PSB with or without NPK
fertilizer after 15th day was significantly higher (p < 0.05) than
that of the control and the NPK alone (Duarahet et al., 2011).
Some phosphate solubilizing bacteria can accumulate heavy
metals and eradicate heavy metal phytotoxicity and promots
growth in plants (Katiyar and Goel, 2004). Soil fertility viz.
available P, enzyme activities and PSB population in both
maize and wheat crops was significantly improved with
combine application of PSB inoculation and rock phosphate
fertilization compared to DAP treatment. (Kaur and Reddy,
2015). Phosphorus solubiliziing bacterial cultures viz.,
Agrobacterium radiobacter and Bacillus megatherium and
fungus e.i. Aspergillus awamori have positive influence on

various growth and vyield parameters and P uptake
(Shankaraiah et al, 2000). Phosphate solubilizing
microorganisms’ technology improves the fertility and

agricultural use of saline-alkaline soil without causing any
environmental or health hazard that accompanies the
continuous use of synthetic fertilizers (Alori et al., 2017).
Kushneria sp. YCWA18, a strain that is capable of solubilizing
both inorganic phosphorus and organo-phosphorus moderate
halophilic properties and can be used in the development of
saline-alkaline based agriculture (Zhu et al., 2011). Aerococcus
sp. strain PSBCRGI1-1, Pseudomonas aeruginosa strain PSBI3-
1, A. terreus strain PSFCRG2-1 and Aspergillus sp. strain
PSFNRH-2 solubilize tricalcium phosphate at different NaCl
concentrations  (Srinivasan et al., 2012). The PSM
Burkholderia cepacia promoted the growth of maize plants in
the presence of NaCl concentrations of up to 5% (Zhao et al.,
2014). Combined use of PSB inoculation and rock phosphate
was more economical due to minimal cost and maximum
returns (Kaur and Reddy, 2015). Application of fungus
cultures Aspergillus awamori in ratoon crop improves cane
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yield (8 to 10%), economy in fertilizer P (25%) and increased
net returns (Shankaraih et al., 2000). Phosphate solubilizing
microorganisms can positively have effect on the increase of
plant growth and phosphorus absorption in maize plant, leading
to plant tolerance improving under drought stress conditions
(Zarabi et al., 2011).

K Solubilizers

With the introduction of high yielding crop varieties and the
progressive intensification of agriculture, the soils are getting
exhausted in K stock at a faster rate. Many bacteria such as
Acidothiobacillus ferrooxidans, Paenibacillus spp., Bacillus
mucilaginosus, B. edaphicus, and B. circulans dissolve silicate
minerals (e.g., biotite, feldspar, illite, muscovite, orthoclase,
and mica) and release K through the production of organic and
inorganic acids, acidolysis, polysaccharides, complexolysis,
chelation, and exchange reactions (Etesami et al., 2017).
Inoculation of seeds and seedlings of different plants with KSB
showed significant enhancement of germination percentage,
seedling vigor, plant growth, yield, and K uptake by plants
under greenhouse and field conditions (Anjanadevi ef al., 2016;
Awasthi ef al., 2011; 2013; Meena ef al., 2015a and Meena et
al., 2014). Inoculation with KSB exerted beneficial effects on
growth of pepper and cucumber (Sangeeth et al., 2012), maize
(Singh et al., 2010), wheat (Sheng and He, 2006), Sudan grass
(Basak and Biswas, 2012; Basak and Biswas, 2010) and Okra
(Prajapati et al.,, 2013). Use of KSB as bio-fertilizers for
agriculture improvement can reduce the use of agrochemicals
and support ecofriendly crop production (Archana et al., 2013;
Archana et al., 2012; Prajapati et al., 2013).

Si Solubilizers

Silicon is present in very large quantities in the soil as silicates
and silicon dioxide, but the actual concentration of bio-
available ortho-silicic acid is very less. Silicate Solubilizing
Bacteria (SSB) dissolve various soil silicates into plant
available ortho silicic acid thereby playing a major role in
increasing crop yield & improving plant health. Several
microbes like Bacillus caldolytyicus, Bacillus mucilaginosus
var siliceous, Proteus mirabilis, Pseudomonas spp. and
Penicillium spp. were found to release silica from natural
silicates (Lauwers and Heien, 1974; Avakyan et al., 1986).
The solubilized silicon has a larger interaction with other
nutrients particularly phosphorus. Si in solution increase
phosphorus availability to plants by reversing its fixation as Si
competes for phosphorus fixation sites in the soil thus
application of silicates released more of phosphorus in soil
system (Chinnasami and Chandrasekaran, 1978). Besides
silicon, silicate minerals contain potassium, calcium,
magnesium, iron and zinc and therefore inoculation of SSB to
soil benefit the crop by releasing several of these nutrients
(Muralikannam, 1996).Simultaneous application of
‘Azotobacterin’ and ‘Silicabacterin’ increased the yields of
raw cotton up to 34 % (Ciobanu, 1961). Field inoculation of
silicate bacteria enhanced yield of maize, wheat, potato and
tomatoes (Alkeksandrow, 1958); lucerne and maize
(Vintikova, 1964).

Zn Solubilizers

Exogenous application of Zn sources causes transformation of
96-99% Zn into unavailable forms (Vidyashree, 2015).

Microbial transformation of unavailable Zn to plat available
form is an important to combat Zn malnutrition problem.
Ramesh et al. (2014) reported that the strains MDSR7 and
MDSR14 substantially influenced mobilization of zinc and its
concentration in edible portion, yield of soybean and wheat,
and can be utilized as bio-inoculants for bio-fertilization and
biofortification. Arbuscular mycorrhizal fungi (AMF) can take
up nutrients, including Zn and transfer them to the plant,
thereby enhancing plant nutrition (Timothy and Cavagnaro,
2008). Further, under high soil Zn concentrations the formation
of AM can also ‘protect’ against the accumulation of Zn in
plant tissues to high concentrations. PGPR application
alleviated the deficiency symptoms of Zn and invariably
increased the total biomass (23%), grain yield (65%) and
harvest index as well as Zn concentration in the grain (Tariq et
al., 2007). Further, the PGPR colonized rice plants were more
efficient in acquiring Zn from either added or indigenous
source, than non-colonized plants.

Plant Growth Promoting Rhizobacteria (PGPR)

The plant growth promoting rhizobacteria are suitable
alternative to the chemical fertilizers and fungicides and hence
may ensure sustainable agriculture production, environmental
safety and lower production cost. PGPRs, colonize roots,
modified root architecture (increased root branching, root
number) and enhanced growth through production of
phytohormones, siderophores, HCN, Nitrogen fixation and
phosphate solubilization mechanisms (Kumar et al., 2015).
Further, PGPR also modify root functioning, improve plant
nutrition and influence the physiology of the whole plant.
(Kumar et al., 2015). PGPRs improve plant growth by two
mechanisms (Glick, 2012): (i) direct action mechanisms by
providing essential plants nutrients (e.g., N, P, Fe etc.) or
regulating plant hormone levels (cytokinins, gibberellins,
indole-3-acetic acid, and ethylene); and (ii) indirect action (bio-
control) mechanisms by decreasing the deleterious effects of
various pathogens on the growth and yield of plants. PGPRs
enrich soil with major plant nutrients such as nitrogen (by
fixing it from the atmosphere), phosphorous and potassium (by
solubilizing them from the soil) (Patel et al., 2015). They also
assist in bioavailability of Zn by solubilizing it from various
ores like Zn; (PO,),, ZnCO3, and ZnO (Sirohi et al., 2015).
They suppress the activity of pathogens by producing
numerous antifungal metabolites like siderophores, hydrolytic
enzymes, and antibiotics (Chowdhury et al., 2015). Several
workers reported the improvement of germination of plants
while growing through inoculation of PGPR (Vessey 2003 and
Poonguzhali et al. 2006). The PGPR are reported to be
involved in seed germination and in the induction of a-
amylase, which helps to provide energy for the growth of roots
and shoots (Beck and Ziegler 1989 and Kaneko et al. 2002) and
biosynthesis of phytohormones such as gibberellins that
stimulates the plant growth (Fincher 1989 and Kaneko et al.
2002).Soil bacteria such as Azotobacter spp., Pseudomonas
spp., Rhizobium spp., Enterobactor spp., Bacillus spp. etc.
produce amino acids, vitamins and growth promoting
substances like indole acetic acid and gibberellic acid, which
results in better growth of plants. Application of microbial
inoculants enhanced the bioavailability of phosphate to crops,
stimulated roots and shoots growth, fresh and dry shoot
weights, P-labeled phosphate uptake, and s improved grain and
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dry matter yields (Rodriguez and Fraga, 1999). Pseudomonas
spp. is reported to suppress several major plant pathogens.
(Gupta et al., 2014). PGPR are reported to secrete some
extracellular metabolites called siderophores. The presence of
siderophore-producing PGPR in rhizosphere increases Fe’*
supply to plants and also enhance the plant growth and
productivity. Siderophores are commonly referred to as
microbial Fe-chelating low molecular weight compounds. This
compound after chelating Fe’* makes the soil Fe'* deficient for
other soil microbes and consequently inhibits the activity of
competitive microbes. PGPR may protect plants against
pathogens by direct antagonistic interactions between the
biocontrol agent and the pathogen, as well as by induction of
host resistance. In recent years, the role of siderophore-
producing PGPR in biocontrol of soil-borne plant pathogens
has created great interest.

Compost Biofertilizer

Microorganisms that are capable of decomposing organic
matter at a faster rate can be used as a fertilizer for quick
release of nutrients. Aspergillus, Penicillium, Trichoderma are
cellulolytic fungi which break down cellulose of plant material.
The natural process of decomposition is accelerated and
composting time is reduced by 4 to 6 weeks by the use of
inoculants of these organisms.
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