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Abstract: Enormous increasing human population and its life forms depend on the sustainable
agriculture, food security and also on the soil characteristics. Due to overpopulation the demands for
agricultural production have been tremendously enhanced the utilization of chemical fertilizers by
farmers in the field. In the recent past the agricultural productivity, soil quality and fertility are badly
affected because of large scale utilization of chemical fertilizer and pesticide. Hence researchers are
paying attention for the exploitation of safer and productive means of sustainable agriculture. Soil
harbors bacterial populations that possess inherent potential for enhancement of growth and yield of
the crop plants. PGPR are exogenous bacteria that introduced into agricultural ecosystems and actively
engaged in positive development of plants. PGPR possess potential to promote the plant growth in
various ways through phosphate solubilization, production of phytohormone, nutrient cycling and
siderophore production. The potential applicability of PGPR is steadily increasing in agriculture
because it offers a promising approach to replace the use of chemical fertilizers, pesticides and
other supplements. Recent progress in our understanding enhances on the diversity of PGPR in
the rhizosphere along with their colonization ability and mechanism of action that would
facilitate their wider application in the management of sustainable agricultural crop production. Further,
PGPR is being functioning as a connecting link between plants and microbes that could express
antagonistic and synergistic interactions with microorganisms and the soil. Rhizospheric bacterial
communities are directly or indirectly also affected by the plant age, environmental stresses and
agricultural practices.
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INTRODUCTION

Chemical fertilizers are immensely used by farmers
to supplement the essential nutrients to the soil
associated plant system widely. The ease of
availability and the environmental concerns of
chemical fertilizers in special relation to the N
fertilizers are real issues of today’s agriculture.
However, the use of chemical fertilizers has its own
merit and demerits in agriculture land application
and sustainable crop yields. Hence, there is an urgent
requirement to alternative strategies in order to
enhance the crop production and maintain the
nutrient in the soil for ecological balance in agro-
ecosystem. In the present scenario the use of
microbial inoculants or PGPR is promising and
widely accepted practices in intensive agriculture for
the sustainable agricultural production. PGPR are
free-living soil bacteria that colonizes root
thizosphere/of plant and promotes the plant growth
in terms of crop yields. (Kumar ez a/, 2014).

These rhizospheric microbes derive benefit
from the plant roots because it secretes metabolites
that can be utilized as nutrients. It is reported that
the bacterial concentration in the rhizosphere is
found to be order 10 to 1000 times higher than that
in bulk soil (Lugtenberg and Kamilova, 2009). To
exert their beneficial effects in the root environment,
bacteria have to be rhizosphere competent, i.e., able
to compete well with other rhizosphere microbes
for nutrients secreted by the roots. The discriminative
use of food source by the microbes in root zone is
not still well understood (Uren, 2007). An exception
is the composition of the root exudates of tomato,
in which organic acids, followed by sugars, are the
major components (Lugtenberg ¢ a/, 2001). Study
was carried out by the earlier researcher and they
have confirmed the role of organic acids in root
colonization and found that the mutants affected in
organic acid utilization are poor competitive in root
colonization compare to the parental strain (Weert
S et al, 2007). It is reported that only a small part of

the root surface is covered by bacteria, while, there
is better chance of bacterial growth between
epidermal cells and areas where side roots appear.
This chapter highlights the diversity of PGPR and
their potential exploitation in agricultural landscape
in order to enhance the sustainable crop production.

PGPR

The plant growth promoting (PGP) effect of the
PGPR is generally explained by the release of
metabolites which directly promotes the plant
growth. There are several ways to explain the
activities of PGPR benefit to the host plant. PGPR
have potential to produce plant growth regulators
such as indole acetic acid (IAA), cytokinins, and
gibberellins (Glick, 1995; Marques ez al., 2010),
enhancing nitrogen fixation process (Sahin ez al,
2004; Khan, 2005), promote solubilization and
mineralization of inorganic and organic phosphate,
respectively. (Bashan and de-Bashan, 2010). PGPR
strains and their potential application in agricultural
fields are summarized in Tablel.1.

On the basis of association of PGPR with the
plant root cells, it is classified into two groups namely
extracellular (ePGPR) and intracellular (iIPGPR)
(Martinez-Viveros ¢z al., 2010). The ePGPRs mostly
found in the rhizosphere, rhizoplane or spaces
present between the cells of root cortex, conversely,
iPGPRs presents generally inside the specialized
nodular structures of root cells. Various bacterial
genera such as _Agrobacterium, Arthrobacter, Azotobacter,
Agzospirillum, Bacillus, Burkholderia, Erwinia,
Flavobacterium, Micrococcons, Pseudomonas and Serratia
belongs to the ePGPR category (Gray and Smith,
2005; Bhattacharyya and Jha, 2012). The iPGPR
shows activity with endophytes and Frankia species
which possess potential to fix atmospheric N,
symbiotically with the higher plants (Jeon ez al.,, 2003).
PGPR also express to protect the plants against
phytopathogenic microorganisms by production of
siderophores, synthesis of new antibiotics, enzymes,
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and/also competes with detrimental microorganisms
in the soil (Dey ¢# al., 2004; Lucy et al., 2004). The
beneficial rhizobacteria associated with cereals has
increased attention to clearly demonstrated the
positive and beneficial effects of PGPR on growth
and yield of different crops especially wheat at
variable environmental and ecological conditions
(Ozturk ez al, 2003; Marques ef al, 2010; Zhang et
al., 2012). The inoculation with PGPR strain such as
Agzotobacter sp. possesses potential to minimize the
utilization of nitrogen based chemical fertilizer
(Narula ez al, 2005). More recently, Kumar et al.
(2014) conducted experiments on wheat under pot
and field condition to examine the effect of PGPRs
on the growth and yield of wheat and found that
triple combination of strains B. megaterinm, A.
chlorophenolicns, and Enterobacter significantly increased
in plant height and yields of grain and straw. Majeed
et al. (2015) reported effects of plant growth-
promoting rhizobacteria isolated from wheat
rhizosphere. They observed that growth of wheat
was promoted in the presence of PGPR.

PHOSPHATE SOLUBILIZATION

Phosphorus is second most essential nutrient which
is required by plant in adequate amount for the
growth promotion. However, almost 95-99% of
phosphorus is present in insoluble, immobilized, or
precipitated forms, hence, phosphorus is easily not
available to the plants and unable to support plants.
PGPR and fungi such as zychorriza, possess potential
to solubilize and mineralize phosphorus and made
ease of availability to the plants (Richardson, 2001).
Itis reported that the low molecular weight organic
acids are generally synthesized by various soil bacteria
and help in solubilization of inorganic phosphorus
(Zaidi et al., 2009). On the contrary, the synthesis of
avariety of different phosphorus made possible with
the hydrolysis of phosphoric acid esters and leads
to the mineralization process of organic phosphorus.
Tao ez al. (2008) investigated the bacteria that possess
both phosphate solubilization and mineralization

potential which could be useful for plant growth
promotion. It is well established that most of the
soils are poor in phosphorus content and farmers
are also unable to use phosphate fertilizer in the field
due its high cost. Hence, it is important to exploit
the soil microorganisms as inoculum for phosphate
mobilization in the field condition. Phosphate
solubilizing bacteria such as Bacillus, Rhizobinm and
Psendomonas are the potent bacterial genera which are
efficient to hydrolyze the inorganic phosphorus into
soluble form and easily made available to the plant
for growth promotion. Plants absorb phosphate in
the form H,PO,” and HPO,? ions. Gouda ez al.
(2018) that
mineralization of phosphorus by phosphate-

reviewed solubilization and
solubilizing bacteria is an important trait which could
be achieved by the exploitation of PGPR strain.
There is great variety of bacterial genera have been
investigated as a phosphate solubilizing PGPR. These
genera includes Arthrobacter, Bejjerinckia, Pseudomonas,
Enwinia, Rhizobinn, Mesorbizobinm etc., have been used
as soilinoculants by agriculture scientist enhance the
plant growth and yield (Oteino ez a/, 2015). Among
them, Mesorbizobium ciceri and Mesorbizobinm
mediterranenm, which are isolated from chickpea
nodules, are good phosphate solubilizers (Parmar and
Sindhu, 2013). Although these microbes solubilize
phosphorus resulting in increased soil fertility, studies
regarding their use as a bio-fertilizer are limited.

FUTURE PERSPECTIVE

Currently it is established that PGPR have potential
to enhance the agriculture productivity via various
routes and processes. However, there is a great deal
of variation in the performance of PGPR that might
be due to the environmental factors which may affect
their growth and exert their effects on plant. The
environmental factors include climate change, soil
characteristics and the composite activity of the
indigenous microbial flora of the soil (Gupta ez al,
2015). Now then there are various modern tools and
techniques such as biosensors, nano-fertilizers and
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development in the fields of biotechnology and
nanotechnology has been applied in the agriculture
and allied sector for enhancing the crop productivity
and yields. It is important to develop better insight
of complex environment of the rhizosphere and
associated bacteria, their mechanisms of action and
exploitation of these bacterial inoculant
formulations, there is possibility to develop a new
PGPR strain for the enhancement of growth and
yields of the crop plants. The success of getting new
strain could enhance our ability to manage the
rhizosphere and promote the survival and
competitiveness of these beneficial microorganisms.
Potential strain could be managed via high
throughput genetic engineering of PGPR strains to
improve the colonization efficacy and their
effectiveness may involve addition of one or more
traits associated with plant growth promotion. The
use of multi-strain inocula of PGPR with known
functions is of interest as these formulations may
increase consistency in the field. They offer the
potential to address multiple modes of action,
multiple pathogens, and temporal or spatial
variability. PGPR offer an environmentally
sustainable approach to increase crop production

PGPR based biotechnologies can be exploited
for sustainable and eco-friendly technology for the
management of plant stresses and biocontrol. It is

reported that nanobased products and processes are
being utilized by various developed countries like
USA, Germany, France etc. for enhancing the
agricultural growth and sustainable development.
However, In India, there is urgent need to develop
such useful technologies to increase the agricultural
food products which fulfilled the meet the
requirements of large population.

CONCLUSIONS

The use of bacterial fertilizers has made significant
improvement in terms of growth, health and yield
of plants. The mechanism by which PGPR stimulates
can be direct or indirect. PGPR also support growth
by reducing the phytopathogens which reduce the
yield and growth. The outcome of PGPR inoculation
is greatly influenced by plant age and by the chemical,
physical and biological properties of the soil. There
are several challenges for using PGPR such as natural
variation but by the virtue of advance techniques and
applying biotechnology can overcome the challenges
faced by PGPR. Hence future prospects can be
replacement of chemical fertilizers and supporting the
ecosystem in terms of safety. Further understanding
of the complete mechanism and factor affecting
diversity of PGPR could help in obtaining more
specific strain that will be able to work under more
adverse and varying environmental conditions.

Table 1
PGPR strain and its application in agriculture
Bacterial species Host plant Utilization References
Azospirillum sp. Zea mays N, fixation (rhizosphere) Garcia de Salamone e a/. (1996)
Bacillus polymyxa Triticum aestivum N, fixation (rhizosphere) Omar et al. (1996)

Agrobacterium sp. Lactuca sativa

Psendomonas fluorescens Glycine max:

Bacillus sp. Alnus
Herbaspirillum sp. Oryza sativa
Azospirillium lipoferum Triticum aestivum
Herbaspirillum seropedicae  Oryza sativa

TAA production

Cytokinin production
Gibberelin production

N, fixation (endophytic)
Promoting root development

Increase the production of

Barazani and Friedman (1999)
Garcia de Salamone ez a/. (2001)
Gutierrez-Manero ez al. (2001)
James ez al. (2002)

Belimov ez al. (2004)

Araujo et al. (2009)

gibberellins
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Application of modern tools and techniques
would be promising for the enhancement of PGPR
strain that could play pivotal roles in sustainable
agriculture by improving soil fertility, crop
productivity, and management of nutrient cycle.
Further there is need to carry out more studies for
selecting suitable rhizospheric microbial
communities along with combination with
interdisciplinary approaches in order to formulate

their potential under field conditions.
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