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ABSTRACT
With growing world population, there is an exponential increase in demand for food. The use of
chemical fertilizers to improve crop productivity is associated with considerable health risks,
environmental hazards, and costs. In this scenario, biofertilizers or microbial fertilizers appear
to be an important alternative strategy. Therefore, this manuscript was proposed document
the importance of biofertilizers and plant growth promoting rhizobacteria (PGPR) as candidates
for it production. The various underlying mechanisms promoting the growth of plants, different
types and comparison with chemical fertilizers are compiled in this review and the potential for
developing a sustainable agriculture.
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Rizobacterias promotoras del crecimiento vegetal: potencial para la
agricultura sostenible
RESUMEN
Con la creciente población mundial, hay un aumento exponencial de la demanda de alimentos.
El uso de fertilizantes químicos para mejorar la productividad de los cultivos está asociado con
considerables riesgos para la salud, peligros ambientales y costos. En este escenario, los
biofertilizantes o fertilizantes microbianos parecen ser una estrategia alternativa importante.
Por lo tanto, este manuscrito fue propuesto para documentar la importancia de los biofertilizantes
y las rizobacterias promotoras del crecimiento vegetal (PGPR) como candidatos para su
producción. En esta revisión se compilan los diversos mecanismos subyacentes que promueven
el crecimiento de plantas, los diferentes tipos y la comparación con los fertilizantes químicos y
el potencial para desarrollar una agricultura sostenible.
Palabras clave: biocontrol, biofertilizantes, fertilizantes químicos, fijación de nitrógeno, PGPRs
INTRODUCTION
Agriculture is the science or practice that
deals with crop culture and animal rearing. It
is an important source of livelihood and plays
a crucial role in economic development of the
country. In India, two-thirds of the population
depend on agriculture directly or indirectly. It
is not just source of livelihood, but a great
way to life. Agriculture makes the largest
contribution to income. With the population

growth, the demand for agriculture increases,
therefore, the demand for fertilizers rises.
Fertilizers are substances containing chemical
elements or chemical mixtures (nitrates,
phosphates, potassium) which improve the
plant growth and provide nutrition to crops.
The use of commercial chemical fertilizers and
pesticides enhances the productivity and
development of plant growth, kill pathogen/
pest. Nevertheless, they have considerable
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harmful effect on ecosystem as it causes water
pollution, damage/ loss to plant parts, release
of greenhouse gases, soil acidification, and loss
of soil fertility (Youssef and Eissa, 2014).
In this scenario, an alternative is the use of
Plant Growth Promoting Rhizobacteria
(PGPR)(Prathap and Ranjitha, 2015). They are
recognized as one of the soil and crop
management practices to achieve more
sustainable agriculture as well as to improve
soil fertility by reducing chemical fertilizer
applications (Joshi et al., 2006). This manuscript
was proposed document the importance of
biofertilizers and plant growth promoting
rhizobacteria (PGPR) as candidates for it
production. The various underlying mechanisms
promoting the growth of plants, different
types and comparison with chemical fertilizers
are compiled in this review and the potential
for developing a sustainable agriculture.
PLANT
GROWTH
RHIZOBACTERIA

PROMOTING

Rhizosphere is narrow zone of soil influenced
by plant root system and that is rich amino
acid, sugars, providing source of energy and
nutrients for bacteria growth. A diverse group
of microorganism populates it and colonizing
this habitat are called as Rhizobacteria.
Microorganisms are mutual partners associated
with plant growth as they have good ability
for adaptation in the environment. In addition,
it have capacity to support and promote the
overall plant growth leading to a crop yield.
These microorganisms now are incorporated in
biofertilizers and biopesticides to increase soil
fertility and control plant pathogens (Schroth
and Hancock, 1982; Gray and Smith, 2005;
Saharan and Nehra, 2011; Prashar et al., 2013).
Kloepper and Schroth (Kloepper and Schroth,
1978) coined the term PGPRs. It is particularly
used as biofertilizers and biocontrol agents
to improve crop productivity as well as soil
fertility (Bhattacharyya and Jha, 2012).
Due to use of huge amount of chemical
fertilizers, pesticides in the agricultural crop
have replenish soil nitrogen and phosphorous
which results in high cost and environmental
pollution. PGPRs were initially used to enhance
the crop fertility by increasing the amount of
available nitrogen. Later they were used as
biochemical agents for reducing the harmful

effect of soil-borne pathogens. Different
bacterial genera exhibiting plant growthpromoting activities in various soil ecosystem
to make it dynamic for nutrients and
sustainable crop production (Ahmed and Khan,
20 09 ). Some c om mo n exa mp le a re
Ps eu do mo nas , Az otoba ct er , B ac illus,
Spirillium, Microbacterium, Mesorhizobium,
Flavobacterium, Achromobacter, etc. (Glick,
1995; Ma et al., 2009; Narozna et al., 2014).
Plant growth promoting rhizobacteria can be
classified into two groups: extracellular plant
growth promoting rhizobacteria (ePGPR) and
in tr ac ellu lar p la nt g ro wth p ro mo ti ng
rhizobacteria (iPGPR). The ePGPRs may exist
in the rhizosphere, on the rhizoplane or in the
spaces between the cells of root cortex. The
bacterial genera such as Agrobacterium,
Az os pr illium, B ac illu s, Az ot ob ac te r,
Pseudomonas, Serratia belongs to ePGPR while
iPGPRs locates generally inside the specialized
nodular structure in root cells. The iPGPRs
belong to the family of rhizobiaceaeBradyrhizobium, Mesorhizobium, Frankia and
Allorhizobium (Bhattacharyya and Jha, 2012;
Ahmed and Kilbert, 2014; Rathore, 2015).
ME CH AN IS M OF PL AN T
PROMOTING RHIZOBACTERIA

GR OW TH

There are several mechanisms used by plant
growth promoting rhizobacteria for enhancing
plant growth and development. These can be
categorized as direct and indirect mechanism.
Ge ne ra lly, pl an t g rowt h p romo ting
rhizobacteria directly promote plant growth
by their ability for nutrient supply (nitrogen,
phosphorus, potassium and essential minerals)
and hormone production or indirectly by
decreasing inhibitory effects of pathogens on
plant growth and development in the form of
bio contr ol ag ents, root colonizer and
environmental protectors (Bhardwaj et al.,
2014; Lugtenberg and Kamilove, 2019).
Direct Mechanism
The mechanisms that stimulate plant growth
directly and differ based upon the usage of
particular plant species and microbial strain
are defined as direct mechanisms. PGPR
inhabiting root surface increases individual ion
fluxes and enhances direct mineral uptake.
Important direct mechanisms are discussed
in the subsequent sections.
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Nitrogen fixation
Nitrogen is one of the common nutrients
required for plant growth and productivity. It
form s an in te gr al pa rt of e ss en tial
biomolecules. More than 80% of nitrogen is
present in atmosphere as inert gas that is
unavailable to the plants. Nitrogen fixation is
a process by which nitrogen in the air is
converted into ammonia or related nitrogenous
compound. Atmospheric nitrogen is molecular
dinitrogen relatively non-reactive molecule
th at is me tab olic ally u seles s to few
microorganism. Nitrogen fixation is essential
to lives because fixed inorganic are required
for biosynthesis of all nitrogen containing
compounds which is essential for agriculture
and manufacture of fertilizer. Nitrogen fixation
fixes approximately 60% available nitrogen on
earth (Bockman, 1997). It is economically
ben eficial an d environme ntal frien dly
alternative to chemical fertilizer, refer to as
Biological nitrogen fixation. It occurs,
generally at mild temperature by nitrogen fixing
microorganism that are widely distributed in
nature which changes nitrogen to amino by
using a complex enzyme system known as
nitrogenase (Boopathi and Rao, 1999).
Plant growth promoting rhizobacteria have the
ability to fix atmospheric nitrogen and provide
it to plant by two mechanisms - Symbiotic
and non-symbiotic. Symbiotic nitrogen fixation
involves the interaction between microbe and
the plant such as Rhizobium that form
symbiosis with leguminous plant and Frankia
with non-leguminous plant (Zahran, 2001).
Non-symbiotic nitrogen fixation involves
bacteria such as cynobacteria like Anabaena,
Nost oc ,
A zo to ba cte r,
A zos pr illum,
Pseudomonas, Enterobacter (Vessey, 2003;
Belimov et al., 2004).
Phosphate solubilization
Phosphorus is one of the major and important
ma cr on ut rient s for p lant grow th a nd
development that plays role in metabolic
processes in plant such as photosynthesis,
respiration, energy transformation and
macromolecular biosynthesis (Khan et al.,
2010). It is abundantly available in soil but
unavailable to plants because 95%-99%
phosphate present in the insoluble and in
immobilized form (Pandey and Maheshwari,
2007).
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Phosphate solubilizing bacteria are beneficial
bacteria capable of solubilizing inorganic
phosphorus from insoluble compounds. The
mechanism of phosphate solubilization by
PGPR is associated with the release of low
molecular weight organic acids and binding
through their hydroxyl and carboxyl groups
to phosphate, which eventually converts the
insoluble phosphates to soluble form.
Phosphate solubilizing bacteria attracted the
attention of agriculturists as soil inoculums
to improve the plant growth and yield
(Valve rde a nd B urg os , 200 6). So me
phosphate solubilizing bacteria produce
phosphatases that hydrolyze organic forms
of phosphates compound efficiently. These
bacteria are referred to as phosphobacteria
such as Bacillus, Arthrobacter, Beijerinckia,
Enterobacter, Erwinia (Parmar and Sindhu,
2013).
Potassium solubilization
Potassium is the third major essential nutrient
and the most abundantly absorbed cation and
plays vital role in growth, metabolism and
development of plants. Most of potassium
(90%) in the soil is present in the form of
insoluble rocks and silicate minerals (Kumar
and Dubey, 2012). Due to imbalance, fertilizers
have led to potassium deficiency that has
become one of the major constraints in crop
production, especially in coarse texture soil.
Plant growth promoting rhizobacteria are
able to solubilize potassium rocks through
production and secretion of organic acids.
These soil bacteria have been reported to
plays a key role in the natural potassium
cycle. Potassium solubilizing rhizobacteria
such as Acidothiobacillus ferroxidans,
Bacillus edaphicus, Bacillus mucilaginosus,
Paenibacillus sp. (Liu et al., 2012) provide
uptake of potassium to plants for agricultural
improvement. In recent times more genera have
been identified for K solubilization. Some of them
are B. mucilaginosus, B. edaphicus, B. circulans,
Pseudomonas, Burkholderia, Acidithiobacillus
ferrooxidans and Paenibacillus spp. Action
mechanisms of potassium solubilizing bacteria
includes making it available for plant by organic
acids production, which is a key mechanism,
directly increasing dissolution by a proton- or
ligand-mediated system. Besides, indirectly by
forming complex structures with reaction
products and thus increasing dissolution.
Therefore, their application as biofertilizer
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enhances growth and yield of plants reducing
the usage of chemical fertilizers and support
environmentally sustainable crop production
(Etesami et al., 2017).
Siderophores production
Siderophores are low molecular weight
compound ranging 200-2000 Da commonly
referred as chelate iron that are produced by
microorganisms and plants. Iron is an important
micronutrient for plants because it acts as
cofactor in enzymatic processes, oxygen
metabolism respiration, photosynthesis, etc.
(Ma, 2005). The availability of iron is limited
for soil microorganism thereby it have
developed specific uptake strategies such as
production of siderophore. This compounds
pr od uc ing pla nt g rowth p romo ting
rhizobacteria can prevent the proliferation of
pathogenic microorganism by assimilation of
iron around the root area. The siderophores
bind with ferric ion in the rhizosphere making
a complex. These increases the rate of iron
supply to plants and therefore enhance the
plant growth and productivity of crop. Various
siderophore producing bacteria belonging to
the genera Bradyrhizobium, Pseudomonas,
Rhizobium, Serratia and Streptomyces (Arora
et al., 2013).
Phytohormone production
One of the direct mechanisms by plant growth
promoting rhizobacteria is the production of
plant growth regulators or phytohormones
such as auxins, ethylene, gibberellins and
cytokinins (Arora et al., 2013).
Diverse bacterial species produce auxins as a
part of their metabolism including indole-3acetic acid (IAA). That compound acts as
plant growth regulators in plants where it
controls the enlargement of cells through
interaction with other plant hormones. The
presence of precursor tryptophan or peptone
can achieve the production of IAA by
microorganism. Auxins help the plants in cell
division, cell enlargement, root initiation,
increased growth rate and apical dominance
(Vessey, 2003). More than 80% of soil
bacteria in rhizosphere are capable of
producing auxins. The bacteria belongs to the
ge nera Ps e u do mo na s , X an th om on as ,
Rhizobium, Enterobacter, Acetobacter
diazotrophicus and Bradyrhizobium japonicum
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have shown to produce auxins which help in
stimulating plant growth (Patten and Glick,
1996).
Gibberellins are important growth hormones
for regulating plant growth and often it used
in agriculture, horticulture and gardening.
These perform active role in germination,
emergence of seedlings, leaf and stem
growth, induction and growth of flowers and
fruits. Similarly, the growth and yield of crop
plants is promoted by PGPR through gibberellin
pr od uc tion. H owe ve r, th e num be r of
gibberellins (GA) producing PGPR is small. The
plant hormone level is regulated in three
different ways by PGPR. One among these is
direct synthesis of GA, others include deconjugation of glucosyl gibberellins or change
of inactive gibberellins into active one (Cassán
et al., 2001). Besides, it have been proposed
a third independent assembled pathway
relative to plants and fungi that involvement
of operon whose enzymatic composition
indicates that gibberellin biosynthesis operate
(Morrone et al., 2009). Instead of fungi, the
reported pathway was superficially similar to
plants. There are reports of 136 GAs from
higher plants (128 species), 28 from fungi
(seven species) and four from bacteria (seven
species) (Kang et al., 2014).
Ethylene is important for the plant growth
and development and it have distinct effects
in depending of its concentration in root
tissue. Higher concentration help in defoliation
and cellular processes which leads to inhibition
of stem and growth of root as well as
premature senescence that reduces crop
performance and low yield. Plant growth
promoting rhizobacteria contain some
important enzymes, 1-aminocyclopropane-1carbosyilic acid (ACC deaminase). The
immediate precursor for ethylene in plants is
ACC. Some studies have revealed the stress
induced increased ethylene synthesis from this
immediate precursor in almost all plants (Liu
et al., 2015; Abiri et al., 2017 ) and an indicator
of susceptibility toward different stresses
(Glick, 2014). There are so many reports
regarding the isolation of PGPR possessing ACC
deaminase enzyme capable of degrading ACC
to ammonia and á-ketobutyrate and reducing
indigenous ethylene levels of the plants
(Gamalero and Glick, 2015; Raghuwanshi and
Prasad, 2018). Recent literature suggests that
inoculating plants with ACC deaminase
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producing PGPR enhances the resistance of
plants towards various biotic and abiotic
st re ss es (P ou rba ba ee et al. , 20 16 ;
Ravanbakhsh et al., 2017; Ghosh et al., 2018;
Saikia et al., 2018; Gupta and Pandey, 2019).
Indirect mechanism
Plant growth promoting rhizobacteria benefit
the plant growth by indirect mechanisms
related to biocontrol agents such as antibiotic,
exopolysaccharides or hydrolytic enzymes, etc.
Antibiosis
The use microbial antagonist against plant
pathogens in agricultural crop is suggested
as a substitute for chemical pesticides. Plant
gr ow th p rom ot ing rhizo ba cte ria like
Pseudomonas, Bacillus plays a vital role in
inhibiting pathogenic microorganisms by
producing antibiotic. Antibiotics is one of the
powerful and biocontrol agent mechanism, as
different antibiotics are produce to control
the proliferation of plant pathogen. A variety
of antibiotics have been identified such as
Amphisin, oomysin A, phenazane, tensen,
tropolone and cyclic lipopeptides produce by
Pseudomonas and oligomycin A, kanosamine
and xanthobaccin produced by Bacillus,
Streptomyces to prevent the proliferation of
plant pathogens (Compant et al., 2005; Gouda
et al., 2018).
Enzyme activity
Growth enhancement through enzymatic
activity is another mechanism by plant growth
rhizobacteria that certain enzymes such as
dehydrogenase, proteases, lipase, kitinase,
beta–glucanase, phosphatases attacking
pathogen by excreting cell wall hydrolysis
(Hayat et al., 2010). Hydrolytic enzyme
degrades virulence factors or pathogens cell
wall components that act indirectly for plant
growth mechanism. For instance, plant growth
promoting rhizobacteria through the activity
of these enzymes play role to protect plants
by suppression of pathogenic fungi including
Botrytis cinerea, Fusarium oxysporum and
Ph ytopht hora
sp .
β-1 ,4 -N-a ce tylglucoseamine and chitin are components of
fungal cell wall therefore the PGPRs producing
β-1,3-glucanase- and chitinase-can control
their growth (Ramadan et al., 2016; Islam et
al., 2016).
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Exopolysaccharides production
Exopolysaccharides are carbohydrate polymer
of high molecular weight that are secreated
by a wide variety on PGPR. These are
impo rt an t in bi ofilm forma tion , root
co loniza tion, b iorem ed iation, g el ling
availability, and for maintaining cellular
function. Biofilm is a complex of bacterial cells
attached to different biotic and abiotic
surfaces that can retain moisture and protect
plant roots from various pathogens (Quarashi
and Sabn, 2012). Exo polysaccharides
producing PGPR such as rhizobium sp.,
Azotobacter sp., Bacillus, Pseudomonas,
Agrobacterium sp., Xanthomonas sp. helps
in increasing soil fertility and contributing to
su st aina ble a gr ic ulture. I n a dd ition,
exopolysaccharides involve in cell aggregation
and their synthesis may increase the chances
of survival for the bacteria under desiccation
and helps in nitrogen fixation by preventing
high oxygen tension.
Induced systemic resistance
Colonization of plants with some plant growth
promoting bacteria such as Pseudomonas
putida, Serratia marcescens and Bacillus
pumilus have shown to suppress disease by
inducing resistance mechanism in the plant
called Induced systemic Resistance (ISR).
The mechanism of ISR include growth
promotion, physiological tolerance, increase
in production of phytoalexins, defense
enzyme, antioxidant, pathogenesis related
p r o t e in a n d m o d u la t i on of p h e n o ls
antimicrobial and antioxidant properties. It
does not kill or inhibit of invading pathogens
directly but rather on increasing chemical
or physical barrier of the host plant. PGPR
elicited host defense and reducing in
severity the incident of disease that is
caused by pathogen. Induced resistance has
two major mode of action: SAR (Systemic
Acquired resistance) and ISR (induced
systemic resistance). The term SAR is used
to describe the salicylic acid-dependent
induced resistance activated by a localized
infection, whereas the term ISR used to
describe induced systematic promoted by
non-pathogenic rhizobacteria. SAR and ISR
both act through different signaling pathway.
Induction of SAR occurs through salicylic
acid (SA) and ISR through jasmonic acid and
ethylene signaling pathway. However, these
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both signaling molecules together provide
better protection by inducing resistance to
pathogen. The role of Salicylic acid in SAR is
to activate specific sets of defense–related
genes known as Pathogenesis related protein
(PR’s) but ISR is not followed by PR gene. PR
gene are considered to increase defensive
capacity of induced resistance, some of PR’s
are β 1,3 glucanases and chitinase (Van Loon,
2007).
C H EM IC A L
ENVIRONMENT

FE RT IL IZE RS

A ND

Chemical fertilizers have aided farmers in
increasing crop production since 1930’s. The
basic purpose of fertilizer application in soil is
to improve the nutrient status and quality of
soil by enriching it with nutrients which it
lacks. With long term use of chemical
fertilizers may cause water way pollution,
chemical burn to crop, increased air pollution,
acidification of the soil, and minerals depletion
of soil Agriculture has been promoted to a
very sophisticated and mechanized farming
system which has result in the production of
hazardous waste. The green revolution (GR)
technology up until 2000 helped increase the
yield of crops per hectare from 12 to 13% of
food supply. In the desire to increase
agricultural yield farmers have been using
chemicals such as fertilizers, pesticides,
insecticides, herbicides etc. The use of
chemical fertilizer on crop can have adverse
effect on water ways by chemical run off
the excess fertilizer (Ajmal et al., 2018).
The existing organisms living in the water
use up the oxygen that is left. The result is
oxygen depletion causing fish to die.
Chemical fertilizers are high in nutrient
content such as nitrogen. Over application
of chemical fertilizers to plant may cause
the leaves to turn yellow or brown damaging
the plant and reducing crop field. The
condition is known as chemical leaf scorch.
Leaf scorch can cause the leaves of the
plant to wither and may cause the plants
to d ie. E xce ss ni tr oge n use d in cr op
fertilization can contribute to the release
of greenhouse gases, such as carbon
dioxide, nitrous oxide into the atmosphere.
The effect is caused by using a greater
amount of fertilizer than the plant can
readily absorb. The over use of chemical
fertilizer can lead to soil acidification damage

top soil, resulting in reduced crop yield.
There is an increasing concern that
continues with use of chemical fertilizer on
degradation essential nutrients of soil. As
result the food produced in these soils have
less vitamins and minerals like magnesium,
potassium, and calcium. The only one
a lternative for c he mical fertilizers is
biofertilizer which enhance crop productivity
and stimulate plant growth by providing
essential nutrients and at the same time
being ecofriendly as discussed (Umesha et
al., 2018). Some elements to compare
chemical fertilizer with biofertilizer are
provided in table 1.
CH AL LE NGE S
AN D
R OL E
OF
BIOTECHNOLOGY IN PGPR RESEARCH
Biotechnology can play an integral role in
developing biofertilizers more efficiently and
on a rapid scale. There are many reports on
the effective roles of different microbes using
different processes to promote growth.
Genetic engineering tools can play an
important role in developing PGPRs with
greater efficiency. However, the use of this
technology is limited at this time due to
associated beliefs and disbeliefs regarding the
harmful or unwanted effects of the transgene
or the development of pathogenicity or
toxicity. However, still agricultural research
can still benefit from the use of other
biotechnological methods/resources to screen
the beneficial plant microbial interaction. For
instance, in vitro biotization is one such method
that has been used to detect beneficial plant
microbial interaction on a rapid scale in the
potential medicinal plant Swertia chirayita Roxb.
Ex Fleming (Sharma et al., 2015).
One another study has been done using plant
tissue culture to see the effect of microbial
products checking growth of other microbial
contaminants and ensuring the growth of
target plant (Sharma et al., 2018). The basic
idea is to develop these methods as rapid
bioassays to screen and establish positive
events of plant microbial interaction and then
these can be validated with the aid of
molecular biology techniques. Also, the plant
tissue culture can be used to screen positive
microbial consortium that promote plant
growth. This can be revolutionizing as it allows
a rapid screening of mixed microbial population
that are having symbiosis and promotion
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Table 1. Comparison of chemical fertilizers and biofertilizers.
Parameter

Chemical fertilizers

Biofertilizers

Synthesis &
nature

Chemical
fertilizers
are
manufactured
artificially.
They
contain synthetic origin and has
chemical composition

Biofertilizers are natural product
carrying
microorganisms
derived from root or cultivated
soil.

Plant growth
promotion
mechanism

High concentration of chemicals,
nitrogen, phosphorus and potassium
required for plant growth.

They provide nutrients by
natural processes to promote
plant growth.

Renewable

No

Yes

Effect
on
Environment

Danger of over fertilization kills
plants and degrades the renewable
environment;
contribute
in
greenhouse gas effect.

Maintain natural cycle of soil,
build soil, organic matter and
enrich soil fertility.

Plant growth
stimulation

Through the synthesis of inorganic
material.

Through
the
synthesis
of
nutrient acquisition, hormone
production and biocontrol.

Example

Ammonium sulphate,
nitrate, urea etc.

Rhizobium, Azospirillium,
Azotobacter, etc.

Cost input

High

Comparatively less

Effect on soil

Making the crop more susceptible to
the attack of disease, reducing soil
fertility.

Increase soil fertility, reduces
the susceptibility
of
crops
towards the attack of pathogens

Ecofriendly

No,
excessive
use
leads
to
environmental pollution and health
hazards.

Yes

Ammonium

effect on plant growth, which is otherwise
difficult, or time consuming. This knowledge
can lead us to develop rapid and effective
biofertilizers.

agricultural yield. PGPR in terms of biofertilizer,
biocontrol and bioremediation have positive
influence on crop productivity and ecosystem
in comparison to chemical fertilizers.
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