
 

 

Contribution of PGPRs to plant growth 
 

 

Abstract 

PGPRsplay an important role in maintainingsoilequilibrium. This environmentis a living 
medium made up of essentiallyheterotrophicmicroorganisms, and is a major reservoir of 
rhizobacteria. It contains a complex and variedmicroflorathatplays essential roles for the 
soilecosystem and the soil'shigherorganisms. In the rhizosphere, in terms of biomass and 
taxon diversity, PGPRs are by far the mostabundant in the soil. The aim of thisstudyis to 
characterise the rhizobacteria and arbuscularmycorrhizal fungi (AMF) thatoccurnaturally in 
the rhizosphere of millet as a function of differentsoilfertility management practices. 

I. Introduction  

Rhizobacteria (PGPR, acronym for Plant GrowthPromotingRhizobacteria) are bacteria in the 
rhizospherethat are beneficial to plant growth and health. There are two main groups of 
PGPR:phytostimulators and phytoprotectants [1]. The term PGPR was first introduced at the 
end of the 1970s, whenitwasdemonstrated by Kloepper and Schroth thatstrains of 
Pseudomonas fluorescensimprovedpotatocropyields by up to 500% through the production 
of siderophores, ironchelatorsthatdepriveindigenouspathogenicbacteria of iron[1]. PGPRs 
are of major agronomicinterest, as their use couldmakeit possible to reduce the use of 
chemicalfertilisers and pesticides [2]. These are bacteriathatactively colonise plant 
rootswhileincreasingtheirgrowth and yield [3]. PGPRs can beused in 
twodifferentways:phytostimulation (sometimescalledbiofertilisation), when the PGPR 
directlystimulates plant growth, and phytoprotection (alsocalledbiocontrol), whenitinhibits 
the development of phytopathogenicorganisms [4]. Plant growth-promotingrhizobacteria 
(PGPR) are considered an alternative to the use of chemicals in agriculture [5].These PGPR 
are oftenused as model rhizobacteria[6]..Theymake up a significant proportion (up to 10%) 
of the cultivable rhizospheremicroflora[7].  The aim of thisstudyis to analyse the results of 
researchshowing the significant influence of PGPRs on plant growth, therebycontributing to 
a betterunderstanding of the nutrition of cultivated plants.  

2. PlantGrowthPromotingRhizobacteria (PGPR) 

Rhizobacteria are microorganismsthatdirectlystimulate plant growth plant growthdirectly by 
increasing the uptake of nutrientsfrom the soilnutrientsfrom the soil, inducing and 
producing plant growthregulators and plant growthregulators and 
activatinginducedresistancemechanisms in plants. Theyindirectlystimulate plant 
growththroughtheirantagonisticeffect on harmfulmicroflora, by 
transformingtoxicmetabolites. toxicmetabolites. The establishment of the PGPR-plant 
association is essential for the expression of beneficialeffects.  

Expression of beneficialeffects. Rhizobacteria are bacteriawith the ability to the ability to 
colonise rootsintensively. Non symbioticbacteriathatmeetthisdefinitionbelong to 
differentgenera and speciesspecies, the mostextensivelystudiedbeing : 



 

 

Agrobacteriumradiobacter, Azospirillum spp, Bacillus spp, Pseudomonas spp[8]. According to 
[8], the PGPR/pant relationshipimprovesnutrientuptake, the sameauthorsalsoconcludedthat 
the application of bacterial inoculations considerablyimproves N, P, and K uptake. Certain 
PGPR strains of the genera Pseudomonas, Bacillus, Paenibacillus, Rhodobacter and 
Azospirillum have recently been described for their direct positive effect on plant growth 
and increasedcropcropyield[9]. PGPRs can promote host plant 
growththroughvariousmechanismssuch as nitrogennitrogen (N2) fixation and solubilisation 
of trace elementssuch as phosphate (P) [10]. Basically, RMPs are defined by 
threeintrinsiccharacteristics[11]. 

(1) they must be able to colonise the root ; 
(2) they must survive and multiply in the microhabitatsassociatedwith the root surface, 

in competitionwithothermicrobiota; 
(3) they must promote plant growth [12]. 

2.1. Diversity of RMPs in the rhizosphere 

In the rhizosphere, bacteria are by far the mostabundantmicroorganisms in terms of 
bothbiomass and taxonomicdiversity[13]. [14]estimatedthat one gram of 
naturalforestsoilcontainsnearly 1.5. 1010 bacteria. Generallyspeaking, itisnowconsideredthat 
one gram of soilcontainsseveralthousandspecies and that the abundance of thesespecies can 
varyfrom 108 to 1011 cells per gram of soil[15]. PGPRs can beclassifiedintotwo types 
according to theirdegree of association with root cells. They are dividedintoextracellular 
(ePGPR) and intracellular (iPGRP) [16, 17,18]. ePGPRsreside in the rhizosphere (mainly the 
rhizoplane) or in the intracellularspace of the root cortex. iPGPRs, on the other hand, 
mainlyresideinside nodules.  The bacterialgenerabelonging to extracellularPGPRs are 
Azotobacter, Serratia, Azospirillum, Bacillus, Caulobacter, Chromobacterium, 
Agrobacterium, Erwinia, Flavobacterium, Arthrobacter, Micrococcus, Pseudomonas and 
Burkholderia. In contrast, endophyticbacteriabelonging to 
intracellularPGPRsincludeAllorhizobium, Bradyrhizobium, Mesorhizobium, and Rhizobium, 
as well as Frankiaspecies, which can fix atmosphericnitrogen in actinorhizal plants [19].. 

2.2. Taxonomicdiversity of rhizobacteria 

PGPR colonise the rhizosphereusing root exudates as nutrientsubstrates, but 
unlikeotherrhizosphericbacteriathey in turn have a beneficialeffect on the plant via a multitude 
of mechanisms (Fugure1). The enormoustaxonomic and geneticdiversity of 
rhizobacteriameansthatthey are heavilyinvolved in numerousenvironmentalfunctions in the 
soil. Certain PGPRs are involved in plant health and growth, the 
mostextensivelystudiedbeingrhizobial and mycorrhizal symbioses. The soilmicrobial 
component alsoplays an active role in the biogeochemical cycles of sulphur, phosphorus, iron 
and nitrogen. As far as the latter isconcerned, theirinvolvement in atmosphericnitrogen 
fixation, ammonification, nitrification and denitrificationprocessesiswellestablished[20]. 
PGPRs are among the main playerscontrolling the decomposition of organicmatter. Due to 
theirmetabolicplasticity, thesesoilmicroorganisms are alsoinvolved in the degradation and 
immobilisation of pollutants (pesticides) brought in from agricultural or industrial sources. At 
soillevel, the distribution of microorganismsisheterogeneous and isconditioned by the 
organisation of the soil (texture, structure, composition, etc.) according to [21,22]. The 



 

distribution of microorganisms in the soilisalsohighlydependent on nutrientresources and 
theirspatiotemporal distribution. Consequently, the presence of a particulartrophic niche 
willstrongly structure the distribution of microorganisms in the soil[21,22]. 
[23].haveclassifiedRMPsinto four sub-groups according to their modes of action:  

 Bio-fertilisers (increase in the availability of nutrients to the plant); 
 Phyto-stimulators (increase in plant growth, ability to produce phytohormones); 
 Rhizoremediators (degradation of organicpollutants); 
 bio-pesticides (disease control, production of fungicidal and antibioticmetabolites). 

Cultivable micro-organisms, with a diversity of genera and species, belongmainly to the 
followingthreephyla:Proteobacteria, Firmicutes and Actinobacteria[20]. At present, 
manybacterialgeneraincludePGPRs, revealingvery diverse taxa [5].   

 

 

Figure 1:Effects of rhizobacteria on root system architecture and root function[24]. 

3. Mechanisms of action of PGPR 

The beneficialeffects of PGPRs on plant growthresultfromdifferentmechanismsexerted by 
rhizobacteriawhose modes of action are direct or indirect, although the differencebetween the 
twois not alwaysobvious.  
Indirect mechanisms are generallythosethatoccuroutside the plant, whereas direct mechanisms 
are thosethatoccurinside the plant and directly affect itsmetabolism. Thesemechanisms 
(Figure 2) maybe active simultaneously or sequentially at different stages of plant growth: 
1. Solubilisation of phosphates, nitrogen fixation and mineralnutrients, 
makingthesefoodsavailable to the plant; 
2. The production of phytohormones such as 3-indoleacetic acid (IAA); 
3. The repression of pathogenicsoilmicroorganisms (through the production of hydrogen 
cyanide, siderophores, antibiotics, and/or competition for nutrients [25]. In addition, PGPRs 
can contribute to improving plant resistance to biotic and abiotic stresses (salinity, dryness 
and heavymetaltoxicity) on the basis of theiractivities. [23] have classifiedPGPRs as 
biofertilisers (increasing the availability of nutrients to plants), phytostimulators (improving 



 

plant growth, usuallythrough the production of phytohormones), rhizoremediators 
(degradingorganicpollutants) and biopesticides (controllingdisease, mainlythrough the 
production of antibiotic and antifungalmetabolites). 
 
 
 
 

 
Figure 2:Overview of the two direct and indirect modes of RMPs [26]. 

  



 

 

Conclusion  

This review has revealed the roleplayed by PGPRs in the plant rhizosphere. The rhizosphereis 
home to variousmicroorganismsthatinterferewith the plant. PGPRspromote the growth of host 
plants throughmechanismssuch as nitrogen fixation and the solubilisation of trace 
elementssuch as phosphate. The beneficialeffects of PGPRs on plant 
growthresultfromdifferentmechanismsexerted by rhizobacteriawhose modes of action are 
direct or indirect, although the differencebetween the twois not alwaysobvious. Certain 
PGPRs are involved in plant health and growth, the mostwidelystudied of which are rhizobial 
and mycorrhizal symbioses. The soilmicrobial component alsoplays an active role in the 
biogeochemical cycles of sulphur, phosphorus, iron and nitrogen. As far as 
nitrogenisconcerned, the stronginvolvement in the fixation of atmosphericnitrogen, 
ammonification, nitrification and denitrificationprocesses no longer needs to bedemonstrated. 
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