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Abstract 

Plant growth promoting rhizobacteria (PGPR) are groups of free living Rhizospheric bacteria 

which can enhance plant growth under normal as well as stress conditions. One of the major 

issues of agricultural crops is a reduction in yield by different pathogens, which affect many 

staple crops. So there is a need to develop some strategies for preventing the crops from different 

pathogens.  Several PGPR such as Pseudomonas, Azospirillum, Rhizobium and Bacillus species 

can promote plant growth under stress condition by suppressing the growth of pathogenic 

organisms. PGPR stimulate plant growth by various mechanisms, for example induce systemic 

resistance.  PGPR produce siderophores, antibiotics and degrade virulence factor against 

pathogenic attack, which inhibits the growth of pathogenic and protect the plant. In spite of the 

importance of PGPR in crop production system present review focuses on different ways 

adopted by PGPR to prevent crops from pathogen and increase their yield. 
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Introduction   

Plant growth promoting rhizobacteria are 

mostly symbiotic bacteria or free living in 

nature and most often present in rhizosphere 

of plants which exert a positive effect on 

plant by their biocontrol activity against 

pathogenic organisms. PGPR can suppress 

the broad range of pathogenic microbes 

including virus, bacteria and fungi. PGPR 

are considered to be an important biocontrol 

tool in various parts of the world, but this is 

applicable at experimental level and need to 

be explored at field level [1]. 

In this context PGPR are focal point of 

many agronomists and microbiologist due to 

their mitigation potential against a range of 

biotic stresses [2]. Various species of genus 

Pseudomonas [3] Bacillus [4] and 

Azospirillum were tested for important 

economic crops [5]. Recently, several 

attempts have been made for the 

development and application of inoculants 

for disease management [6] and stress 

tolerance in plants [7]. 

Rhizosphere microorganisms impart direct 

effect on plants through biofertilization and 

phytostimulation. The mechanisms involved 

are phosphate solublization, nitrogen 

fixation, synthesis of phytohormones and 

availability of other nutrients in soil [8]. By 

several indirect mechanisms microbes also 

impart positive effect on plants by 
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decreasing population density of pathogens 

through lysis, production of several 

metabolites hyperparasitism and antibiosis. 

PGPR most often act by induction of induce 

systemic resistance, detoxification and 

degradation of virulence factors, 

siderophores production, synthesis of 

antibiotics through qurom sensing and 

detoxification of virulence factors [9, 10]. 

These biocontrol mechanisms are adopted 

by microbes for competing other microbes 

for space and nutrients which indirectly 

support the plant for better growth and 

tolerance towards biotic stress. 

Plant-microorganism interactions; 

Ecological implications  
The interactions among plant and microbes 

often occurs in rhizospheric soil which can 

improve growth and plant environmental 

adaptation . Soil-borne microbes colonize 

the roots of plants at the root-soil interface, 

heterotrophic biota obtained food from root 

exudates and decaying plant material as 

carbon source [11]. The bacterial 

community most often resides in the 

rhizoplane and rhizosphere. A large amount 

of different amino acids, organic acids and 

vitamins are released in surrounding soil as 

seed starts to germinate. The accumulation 

of these attractive compounds leads towards 

a shift in grater microbial diversity as than 

before inducing competition [12]. The 

bacterial communities living in close 

vicinity of one particular plant species may 

vary greatly with the bacterial communities 

residing with any other plant [11]. 

There are several groups of microbes 

including aerobic, anaerobic and micro 

aerobes associated with the plant roots, 

rhizosphere. Some of them live or associated 

with various plant tissues such as roots stem, 

seeds and tubers [13]. Another important 

bacterial group, the entophytic bacteria most 

often colonize the internal tissues of host 

plants and are very important for biocontrol 

of various diseases of plants as they are 

growing in the same tissue or organ which is 

effected by the pathogen [14]. Diazotrophic 

bacterial species are large group of plant 

associated bacteria that do not form any 

nodule like structures including Azospirillum 

species [15]. Diazotrophic bacteria can 

positively effects the plant growth and 

development and defend plant from 

pathogenic attack rather than present in less 

numbers [16]. However, some members of 

these bacterial group including Bacillus, 

Azospirillum (A. brasilense) and 

Pseudomonas (P. fluorescens) may colonize 

the internal surfaces of roots [17].  

The  importance of PGPR as biocontrol 

agents for production of crops systems is  

just beginning and PGPR support growth in 

several agronomic important crops and not 

only acts as biofertilizer but can enhance 

plant growth  under  stress conditions  [13]. 

Few of the biocontrol mechanism are 

elaborated here in this review as including 

the followings. 

Defense mechanisms (ISR) mediated by 

PGPR  

Non-pathogenic rhizosphere bacteria after 

inoculation can activates certain signaling 

pathways when receives any pathogenic or 

stress stimulus, this stimulus also produce 

pathogen resistance in host , the whole 

mechanism is termed as induce systemic 

resistance. Systemic response in plants can 

be induced by activating plant defense 

mechanisms due to many rhizosphere 

microorganisms. Various chemical and 

physical changes are induced due to  several 

PGPR in host plant in reaction to abiotic and 

biotic stress conditions. The term induced 

systemic tolerance may also be used for the 

changes occurring in plants due to PGPR.  

Bacillus is well studied to induce ISR under 

abiotic stress condition [18].  

Once any PGPR receives any abiotic or 

biotic stress or attacked by any pathogen, 

PGPR activates the synthesis of various 

plant defense chemicals which leads towards 
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or fortify the plant metabolic responses, 

fortify plant cell wall and induce changes in 

physiology of host plant [19, 20]. After 

challenge with a pathogen he bacterized 

plant response induced changes at 

pathogenic attack site  such as the formation 

of structural barriers due to callose 

deposition and  phenolic compounds 

accumulation [21].  

Accumulation of certain phenolic 

compounds and strengthening of cell wall in 

several cortical cell layers was observed 

during the endophytic colonization of the 

bacterium in a host defense reaction in 

PsJN-grapevine Burkholderia phytofirmans 

interaction [22]. In tomato plant after 

inoculation with endophytic P. fluorescens 

WCS417r   the outermost part of the radial 

side of the first layer cell walls and the outer 

tangential walls got thickened when 

hypodermal or epidermal cells were 

colonized [23]. Accumulation of 

pathogenesis-related proteins (PR proteins) 

such as PR-1, PR-2, peroxidases and 

chitinases, are also part of   physiological or 

biochemical changes in plants. Induction of 

PR proteins is not only part of the defenses 

mechanism rather than production of such 

pathogenesis related proteins several 

bacteria accumulates a considerable or 

significant amount of phytoalexins, 

polyphenol oxidase, chalcone synthase and 

peroxidases [24, 20]. The synthesis of above 

plant defense compounds activated by the 

same molecules including N-acyl 

homoserine lactones which are used for 

qurom sensing/ cell signaling mechanisms 

[25].  The genes involved in biosynthesis of 

these defense related compound e.g. 

chalcone synthase are homologous with the 

plant defense related genes under stress 

conditions. This revelation is thus intriguing 

but still there is possibility that the products 

of these DeVriesien-like pangens may have 

interspecies activity benefiting plant 

protection [26, 27]. Infect there is an 

intercommunication between the metabolic 

pathways of plant defense and other stress 

responses [28].  

Degradation and Detoxification of 

virulence factors 

Detoxification effect due to pathogen 

virulence factor is one of the biocontrol 

mechanisms. For example different 

microbes elicits the ability to degrade or 

detoxify the pathogenic compounds secreted 

in or around the vicinity of that 

microorganisms. Furthermore the co 

inoculation of these microbes with plants 

strengthen the defensive mechanism against 

several pathogenic microbes. Strains of 

Ralstonia solanacearum and B. cepacia has 

the ability to degrade the fusaric acid 

phytotoxin which is released by various 

Fusarium species [29].  

Biocontrol activity is most often exhibited 

by various pathogenic and non-pathogenic 

strains for species survival and competition 

for space and nutrients. Every microbe most 

often has several signaling molecules for 

sensing the presence of other microbes in 

vicinity as well as several virulence factors 

for its own survival by killing the microbe 

nearby. Several pathogenic microbes 

exhibits broad spectrum pathogenic activity 

against biocontrol agents acts as self-defense 

methods by detoxifying the antibiotics 

secreted by biocontrol microorganisms and 

hence suppress the overall growth. The 

Xanthomonas albilineans produce albicidin 

toxin could be detoxified by several other 

bacterial strains. Production of proteins is 

reported in various microbes such as 

Alcaligenes denitrificans, Klebsiella oxytoca 

during detoxification mechanism moreover, 

in Pantoea dispersa irreversible 

detoxification of albicidin mediated by an 

esterase also occurred [30].  

Inplanta, production of antibiotics is 

reported by endophytic P. fluorescens strain 

FPT 9601 in tomato roots where it can 

secrets DAPG. The ability to degrade any 
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virulence factor or inhibition of pathogenic 

growth most often decreases with the 

colonization of interior parts of host tissues 

for example in potato tubers, it may leads 

towards the hypothesis that the adaptation of 

bacterial strains may be tissue or site 

specific within their host [31]. Genes for 

virulence factors can be turned on due to 

auto inducers mediated quorum sensing in 

bacterial plant pathogens [32]. PGPR have 

the ability to reduce pathogen quorum 

sensing capability for stopping the gene 

expression of various pathogenic or 

virulence genes by degrading auto inducers 

signals. This approaches tremendous 

potential for cure of different diseases and 

can be manifested even after onset of 

diseases [33].   

Free-living rhizobacteria have the ability to 

synthesize various allele chemicals for 

biocontrol activity this similar mechanism is 

also exhibited by endophytic bacteria as 

these bacteria can also produce certain 

compounds with antagonistic activity [34].  

Antibiotics mumbicins, created by the 

endophytic bacterium Streptomyces sp. 

strain NRRL 30562 can inhibit in vitro 

growth of phytopathogenic fungi, F. 

oxysporum and P. ultimum  [35].   

Siderophore Productionn 

 Iron is an essential element for almost all 

living organisms to run their all metabolic 

processes smoothly. A furious competition 

may arise in soil due to unavailability or 

scarcity of available iron to the soil 

microbiota as well as for plant.  To 

maximize the availability and adsorption of 

iron from soil microbes have adapted several 

mechanism to cope up with these condition 

which in terms leads towards stability in that 

regimes. Low molecular weight compounds 

termed as “siderophores” are excreted in soil 

by PGPB to absorb ferric ion under iron 

limiting conditions [6].  Siderophores are 

released by microbes through active 

transport mechanisms to scavenge the iron 

in form of +3 Fe [36]. Several siderophores 

are biosynthesized independently and some 

are non-ribosomal peptides in nature [37].  

For iron acquisition pathogenic bacteria are 

also dependent upon siderophores. Among 

several siderophores secreted by microbes 

for example enterobactin one of the 

strongest binder of iron [38]. Bacillus, 

Enterobacter genera and Pseudomonas are 

some of the isolated gram negative bacteria 

which secrete siderophores under iron 

limiting conditions, in gram positive bacteria 

the Rhodococcus genera are quite efficient 

[39].  Siderophores production can also act 

as biocontrol mechanism which can deprive 

pathogenic fungi for iron as scarcely 

bioavailable element [40].   

Antibiosis  
Foundation of antibiosis as a biocontrol tool 

of PGPB has become increasingly better 

developed from last two decades [41].  

Small, squat molecular weight hetrogenous 

substances that inhibits the metabolic and 

growth functions of other microbes are 

termed as antibiotics [42].   Antibiotic 

production plays an important role for 

pathogenic inhibition and plant defense 

mechanism e.g six antibiotic groups 

including phloroglucinols, pyrrolnitrin, 

pyoluteorin, phenazines, cyclic lipopeptides 

and hydrogen cyanide acts as inhibitors of 

root diseases [43].    

Furthermore,  wide range of antibiotics or 

antibiotic related substances  produced by 

PGPR such as kanosamine, oligomycin A, 

xanthobaccin and  zwittermicin A. produced 

by Stenotrophomonas spp, Streptomyces, 

and Bacillus [21]. Amphisin, oomycin A, 

tropolone, phenazine, 2,4-

diacetylphloroglucinol (DAPG), 

pyrrolnitrin, tensin, and cyclic lipopeptides 

produced by pseudomonas. Not only the 

biocontrol defense purposes these antibiotics 

are also very crucial for certain pathogenic 

diseases and can be used as new 

experimental pharmaceuticals [44].   
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Plant growth promoting bacteria colonize 

the root rhizosphere and protects important 

crop plants from several broad spectrum 

microbes  by production of antibiotics such 

as  2,4-diacetylphloroglucinol produced by 

fluorescent pseudomonas. A very important 

and vigorously studied antibioti (DAPG) 

decrease the impact of phytium spp.  by 

suppressing the zoospores  [45].  Damping 

of disease as a result of Rhizoctonia solani 

which effects the cotton plant can be 

decreased by Pyrrolnitrin, the antibiotic 

produced by the P. fluorescens BL915 

strain, F. oxysporum and Gaeumannomyces 

graminis both of plant pathogen could be 

killed by   Phenazine, exercted by 

pseudomonas, [46].  Bacillus spp.  secretes 

antiobtics such as colistin, polymyxin and 

circulin have strong potential to kill certain 

pathogenic fungi and gram negative and 

positive bacteria [47]. Phenazine-1-

carboxamide, secreted by isolated strain P. 

chlororaphis PCL1391 from roots of tomato 

plants have the potential to solublize iron 

[48, 43].  Biocontrol of alfalfa disease can 

be done by B. cereus UW85 strain which 

produce kanosamine and zwittermicin A 

[49].  With respect to usage of PGPR as a 

tool in a biological solution, Paenibacillus 

spp, and Bacillus are frequently documented 

these strains can show more population 

stability when used as inoculums [50].    

Conclusion 

Biocontrol mechanisms exhibited by PGPR 

are of intensive importance for plants 

growth and metabolism. The mechanisms 

exerted by PGPR can elicit or induce 

resistance and have essential functions in 

microbial antagonisms. These antagonistic 

and resistant inducing bacteria might be 

helpful in offering an alternative 

environmentally friendly biofertilizers 

formulation of new inoculants for disease 

management and improving crop systems. 
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