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ABSTRACT
Plant Growth Promoting Rhizobacteria (PGPRs) are naturally soil-borne bacteria. These

bacteria are useful as bio inoculant for increasing productivity of crops, grain quality,
improve soil health and to conserve biodiversity. These bacteria are the group of bacteria,
which are having ability to colonize roots of plants and helps them to increase their growth
and the suppression of diseases by various mechanisms such as direct and indirect. They are
also called as bio-fertilizers as they are useful to increase the productivity of plants. PGPRs
have been functioning as interaction between plant and microorganisms as they both are
helping each other. The interaction between plant and rhizobacteria is mutualism.
Rhizobacteria are also use as biocontrol agents. Rhizobacteria, which are Resistance inducing
and Antagonistic can be used as inoculants that would be useful for bio-control strategies to
improve the cropping system.
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INTRODUCTION

The narrow zone of soil which is known as plants where the chemistry and biology of
rthizosphere is specifically influenced by soil were influenced by the roots of plants
root system [1]. The rhizosphere is the [2]. Rhizosphere having ability to stimulate
zone of soil which is surrounded by roots of microbial activity. The bacteria which are
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present in rhizospheric soil are responsible
for plant growth are known as Plant
Growth Promoting Rhizobacteria (PGPR)
[3]. They are not only involved in plant
growth but they also help in protecting
environment and sustainable agriculture
development [4]. Certain bacteria such as
Pseudomonas,  Bacillus,  Azospirilium,
Azatobacterand Rhizobium are reported for
enhancing plant growth from last decades
[5]. PGPR are helpful soil bacteria which
help in plant growth via direct and indirect
mechanism [6].

Increasing plant

productivity is due to the symbiotic

nitrogen  fixation;  solubilisation  of
phosphate, potassium; and other nutrients

such a plant hormone [7].

The wvariations in environmental factors
may cause variances in performance of
PGPR that may affect on the growth of
plant. By knowing how the rhizospheric
bacteria exert their effects on plant we can
achieve maximum growth promoting
interactions between PGPR and nursery
seedling [8]. Bacteria which are associated
with plants are classified as beneficial,
neutral and deleterious groups depends on
their interaction with plants are used
commercially and hold great importance
for agriculture which is sustainable. Certain
crops such as maize, potatoes, wheat,
lentils, oat, tomatoes, barley,canola, pea
and cucumber were observed as great

application of these associations.

Table 1: PGPR microorganisms with their traits

NAME OF THE PGPR TRAIT REFRENECE
MICROORGANISM
Acetobacter diazotropicus Solubilization of phosphate [9]
Gluconacetobacter sp. Solubilization of phosphate [10]
B. circulanscan Potassium solubilizer [11]
Bacillus mucilaginosus Potassium solubilizer [12]
Pseudomonas fluorescence HCN producer [13]
Alcaligenes sp. HCN producer [14]
Pseudomonas sp. IAA production [15]
Bacillus sp. Siderophores, Ammonia, HCN, Phosphate solubilizer [16]
Pseudomonas sp. IAA, Siderophore, HCN, P solubilizer, Heavy metal [17]
chelation, Antibiotics

PGPR traits:-

Phosphate solubilizers:-

Certain strains of the genera such as
Pseudomonas, Bacillus and Rhizobium are
the most abundant phosphate solubilizers.
The bacteria which are having ability of
solubilizing inorganic phosphorus from
called as

insoluble

Phosphate Solubilizing Bacteria (PSB). The

compounds are

production of organic acids is the main role

of phosphate solubilisation.  Certain
bacterial strains such as Pseudomonas spp.,
Bacillus spp., Rhizobium spp., Micrococcus
spp., Flavobacterium spp., Achronobacter
spp., Erwinia spp. and Agrobacterium
spp.were reported to ensure high crop
yields by increasing the solubilization of

phosphate [18].
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TAA producer:-
Indole-3-Acetic Acid (IAA) is plant Phyto-
hormone of class Auxin. It is capable to
regulate the growth and developmental
processes like cell division and elongation,
dominance,

apical response to light,

gravity,  tissue  differentiation  and
pathogens. Synthesis of IAA is direct
mechanism of PGPR related to plant
growth. Mostly soil-borne bacteria and
rhizobacteria having ability to produce
IAA. The interactions between
rhizobacteria and plants [AA play an
important role. Certain species of bacteria
such asAlcanigens, Pseudomonas, Bacillus,
Sterptomyces, Azatobacter and
Agrobacterium were reported as IAA
producers [19].

Siderophores producer:-

In  Greek,

siderophores means “iron

carrier”. Siderophores are organic
compounds with low molecular masses that
are produced by plants and microorganism
which are able to grow under low iron
conditions. Some bacteria secrete ferric-ion
specific ~ ligands under iron-limiting
conditions are known as siderophores.
Siderophores are work as chelating agent
and chelate the ferric iron from various
habitats such as forestry area and water
resources area to make it available for
microbial cell. Siderophores have their
potential role and applications in various

areas of environmental research because of

that siderophores have received much
attention. Siderophores have ability to bind
a variety of metal in addition to iron and
they also have a wide range of chemicals
and specific properties [20].

Potassium solubilizer:-

For growth and development of plant,
Potassium is essential element. Shelf life of
crops can be increased by potassium. Some
organisms were reported to release the
potassium in accessible form potassium (K)
bearing minerals in soil such as Bacillus
mucilaginosus, Bacillus circulans, Bacillus
edaphicus, Acidothiobacillus ferrooxidans,
Pseudomonas, Burkholderia etc. Potassium
solubilizing bacteria (KSB) may be served
as inoculants. KSB having ability of
converting insoluble potassium in the soil
into the soluble form of potassium so that
plant can access. The most important role
of KSB is to improve soil fertility and yield
attributing characters. It is reported that the
Indian soil contains good amount of
potassium as secondary mineral [21].
Nitrate Reduction:-

This test is based on the detection of
whether nitrite is present in the medium or
not. Nitrate reducing bacteria having ability
to use the enzyme nitrate reductase and
reduce nitrate to nitrite. This test also
detects the ability of microorganism to
perform nitrification on nitrate and nitrite to

produce nitrogen molecule [22].

19BPAS, April; Special Issue, 2021, 10(4)

259



Marchawala F et al

Review Article

Ammonium production :-

Ammonia is an important source of
nitrogen which is required by plants which
is present in air, soil and water. To promote
the growth of plant, to improve seed and
fruit production and for greater yield
nitrogen is required. Ammonium is also
essential for  photosynthesis. To
detectammonium production by PGPR’s,
the method described by Cappuccino and
Sherman is used [23].

Catalase Activity :-

Catalase activity is one of the most
important traits of bacteria as it is useful for
bacteria to protect them against Hydrogen
Peroxide which is a very dangerous
compound for bacteria as well as for roots
of plants. PGPR’s having catalase activity
can survive in the soil of rhizosphere and
can promote plant growth indirectly.
Certain microorganisms such as Listeria,
Corynibacterium diptheriae, Burkholderia
cepacian, Nocardia, Staphylococci and
Micrococci are reported as catalase positive
[24].

Cynogenic Activity (HCN Production):-
Cynogenic activity or HCN production by
the rhizobacteria have been reported as
having an important role in the biological
control of pathogens. Certain bacterial
species such as Alcaligenes, Aeromonas,
Bacillus, Rhizobium and Pseudomonas
were reported as having ability to produce

Hydrogen Cyanide (HCN) [25].

DISCUSSION

Plant Growth Promoting Rhizobacteria
(PGPR) are soil borne bacteria. They can
be used as bio inoculants as they increase
plant growth by different mechanism like
direct and indirect. These bacteria are
beneficial to plant for their growth and
productivity. They are also useful as
biofertilizers, which are having ability to
enhance the productivity and growth of
plant. It is reported that PGPR bacteria are

useful for growth of plant by different

parameters including Phosphate
solubilization, IAA production,
Siderophores production, Potassium
solubilization, by reducing Nitrate,

Ammonium production, Catalase activity
and by Cynogenic activity.
CONCLUSION

PGPR are beneficial for plant growth
promotion economically and
environmentally. PGPR can also be used as
biofertilizers for enhancing the growth and
productivity of plant and it may also be
used as bioinoculants as an efficient
approach for replacement of chemical
fertilizers and other growth promoting
activity. This review specifies the
formulations and advances of PGPR by
identifying different characteristic of plant
growth. Mostly isolated PGPR significantly
expand plant height, root height and
production of dry matter in various

agriculture crops such as wheat, maize,
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tomato, potato, etc. It could be concluded
that PGPR would enhanced the growth due
to the production of IAA, siderophores
production,

production, ammonium

potassium solubilisation, phosphate

solubilisation and also due to the ability of

to reduce nitrate.
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