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Abstract- The current rate at which population is increasing and 

the land which is used for agriculture shows a disbalanced 

relationship forcing the scientists to think of either alternative or 

a way to increase food production per unit of land available. 

Apart from the stated fact, the current agriculture practices for 

instance, excessive use of chemical fertilizers, contributes to land 

detieoration and produces a land with high acidity, low organic 

matter attributing to low production of crop with high percentage 

of health threats. This concerning situation has led to adopt the 

use of Plant Growth promoting Rhizobacteria “PGRPs”, which 

are tiny microbes with a large contribution in global processes. 

The present review highlights the mechanism behind PGPR 

activities by classifying them as direct and indirect way. 

 

Index Terms- Biofertilizers, Plant Growth Promoting 

Rhizobacteria (PGPRs). 

 

I. INTRODUCTION 

o satisfy the demand of uprising population, more and more 

chemical fertilizers basically nitrogen, potassium and 

phosphorous salts are dumped into soil with negligence over 

hazardous effects they possess, for example, chemical in soil puts 

out a green-house gas, Nitrous oxide into the atmosphere which 

accounts a portion of 74% of total U.S. N2O emission, making it 

the largest single source according to reports of 2013. (Draft U.S, 

2016]. Apart from intensifying chemicals in soil, other adverse 

effect is the disturbance of biological relationship of plants, as 

the farmer artificially provide nitrogen in the form of ammonium 

nitrate, plant feels no need to establish any symbiotic relationship 

with microbes. Furthermore, nitrifying bacteria also take 

advantage of this excess ammonium and utilize it to produce 

nitrate which is then converted by denitrifying bacteria to 

produce N2O, the excess leaches into the groundwater and 

remaining into the atmosphere [Galloway et al., 2008]. Also, 

many reports have suggested that chemical fertilizers are not 

sufficient enough for the plant growth as they lack multi-

micronutrients and low content of organic matter, although one 

cannot  neglect the lethality they possess to human and 

environment health. Scientists  are trying to find out a solution of 

effective sustainable agriculture vision where input cost can be 

reduced and the method should be natural way. Leading on the 

said path, crops produced need to be equipped with disease 

resistance, salt tolerance, drought tolerance, heavy metal stress 

tolerance and better nutritional value and all can be achieved by 

the use of soil micro-organisms which are small but highly 

efficient worker with no harm to environment (Armada et al., 

2014, Calvo et al., 2014). They impart better nutritional and 

water capacity to the soil, along with other beneficial effects. The 

most potential organisms are bacteria and a class known as plant 

growth promoting rhizobacteria are doing wonders in agriculture 

fields. PGPRs are those bacteria which can colonize the roots of 

plants and a large number of free-living bacteria are able to 

enhance the plant growth via direct and indirect mechanisms 

(Lugtenberg and Kamilova, 2009). 

 

II. PLANT GROWTH PROMOTING RHIZOBACTERIA (PGPRS): 

         Rhizosphere, the area around root surface have highest 

activity in terms of either biological relationships or the root 

secretion, a continuous interaction goes on by plant with the soil 

components and is reported to show highest microbial activity 

due to a confined pool of root exudates and other nutrients 

(Ahmad et al., 2008). So, these PGPRs, term introduced by 

Kloepper and Schroth [1978], paving the way for greater 

discoveries on PGPR, are basically the rhizobacteria which are 

isolated from the soil and are able to colonize the root surface to 

have a successful relationship with plant where microbes can fix 

nitrogen and can provides growth hormones to the plants. Also, it 

is crystal clear that microbial growth is more in rhizosphere soil, 

generally 10 to 100 times, as compared to bulk soil due to the 

presence of micro and macro nutrients (Weller and Thomashow, 

1994). The type of relationship exhibited by the PGPRs towards 

plant include symbiotic, associative or free living (Gray and 

Smith, 2005), and includes protozoans, algae, fungi and bacteria, 

although bacteria is the most popular choice for a PGPR 

(Kaymak, 2010; Saharan and Nehra, 2011; Bhattacharyya and 

Jha, 2012). Apart from providing positive impact on plant growth 

by their secretions, some of the PGPRs are active against 

phytopathogens as well and boost the resistance of plant 

(Kloepper et al., 1980; Son et al., 2014). A wide range of free-

living as well as associate and symbiotic rhizobacteria species 

belonging to the genus Pseudomonas, Bacillus, Enterobacter, 

Klebsiella, Azotobacter, Azospirillum, Rhizobium and Serratia 

[Saharan and Nehra, 2011]. 
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III. ROLE OF PLANT GROWTH PROMOTING RHIZOBACTERIA 

FOR PLANT GROWTH ENHANCEMENT: 

         A systematic relationship exists among plant and 

rhizobacteria, initially plant secretes certain exudates in soil to 

attract rhizobacteria and once they are aggregated, the latter 

supports the plant growth by increasing nutrient availability, 

nitrogen fixation and providing disease resistance to plant, 

stimulating the plant growth and crop yield. These kinds of 

relationship in which two organisms are in close proximity are 

usually co evolved and that‟s how facultative intracellular 

endophytes came into existence (Bulgarelli et al., 2013). As 

stated in earlier sections there can be direct or indirect 

mechanisms of action, the former includes Nitrogen fixing, soil 

mineral solubilization, production of plant- growth-promoting 

substances (Auxins, Cytokinin or Gibberellins) and reduction of 

ethylene levels, stimulation of root growth, rhizoremediation and 

plant stress control while the latter includes biological control by 

the rhizobacteria through production of volatile organic 

compound, production of protection enzyme such as chitinase, 

glucanase and ACC-deaminase, induction of systemic resistance 

(Choudhary et al., 2011; García-Fraile et al., 2015).  and 

competition for nutrients and niches for the prevention of plant 

diseases. 

 

IV. DIRECT PLANT GROWTH PROMOTION: 

         Bacterial are potential producers of plant hormones, the 

ability to produce Indole acetic acid (IAA) is wide spread among 

plant-associated bacteria (Gaudin et al. 1994; Patten & Glick, 

1996; Glickmann et al. 1998) and is well known for inducing 

early growth of roots after germination, pathogenesis and Phyto 

stimulation processes (Venturi and Keel, 2016). Though, IAA 

regulates the expression of cAMP and amino acids (Katsy, 

1997), it can also modify or degrade the tryptophan residues or 

analogs by methylation or halogenation producing toxic 

compounds which are lethal to bacterial cell (Hutcheson & 

Kosuge, 1985; Yamuda et al. 1985; Bar & Okon, 1992). IAA is a 

multitasker and shows effects on cell division extension and 

differentiation, seed and tuber germination; increases the rate of 

xylem and root development (Gowtham et al., 2017).); 

vegetative growth; lateral and adventitious root formation; 

responses to light, gravity and florescence; photosynthesis, 

pigment formation, biosynthesis of various metabolites and 

resistance to stressful conditions (Tsavkelova et al. 2006; 

Spaepen et al. 2011). IAA helps in establishment of symbiotic 

relation by forming nodules in leguminous plants as observed for 

rhizobia, also it increases the root surface providing more access 

to nutrients (Gaudin et al. 1994). 

 

V. NITROGEN FIXATION: 

         Among nutrient requirement of plants, nitrogen is always a 

limiting one, although 78% of atmosphere is occupied with 

nitrogen it is often unavailable to the plants. Nitrogen is one of 

crucial nutrient and is transformed by biological nitrogen fixation 

process into ammonia which is a readily absorbed by plants 

(Singh et al., 2015). Nitrogen fixation is carried out naturally by 

some of the microbes with help of an enzyme complex i.e. 

nitrogenase comprised of two subunits dinitrogenase and 

dinitrogenase reductase each differ in metallic composition 

(Choudhary and Varma, 2017). The former one uses the 

electrons provided by reductase unit to reduce N2 to NH3 which 

is utilized by plants. The basic nitrogenase enzyme widespread 

among bacterial genera or diazotrophs is molybdenum 

nitrogenase while some are reported to have vanadium instead of 

molybdenum (Mus et al., 2018). Those bacteria which are 

symbiotic and are capable of nitrogen fixation hosts Nif genes 

which are dependent on low oxygen tension which is further 

regulated by fix genes as observed in Rhizobium. Nif and fix 

genes are the sets of genes found in free living microbes as well 

(Wongdee et al., 2018). Several PGPR are able to colonize plant 

internal tissues and thus enhance their growth-promoting effect 

by providing a limiting oxygen environment required for 

activation of N2-fixation and more efficient transfer of the fixed 

nitrogen to the host plants (Nyoki and Ndakidemi, 2018). BNF 

represents an alternative to chemical fertilizers due to economic 

and environmental advantages. 

  

VI. ACC DEAMINASE: 

          Ethylene is an essential metabolite for plant normal growth 

and development (Van de Poel et al., 2015). Besides being a 

growth regulator, it is a hormone generated in stress situations 

resulting from salinity, drought or pathogenicity (Müller and 

Munné-Bosch, 2015). In these conditions, endogenous ethylene 

level increases significantly, with negative effects since it can act 

as a negative plant growth regulator, leading to shorter roots 

(epinasty), and premature senescence (Bharti and Barnawal, 

2018). Thus, high ethylene concentrations can reduce crop 

yields. PGPR that have ACC deaminase are able to regulate 

ethylene production by metabolizing ACC (an immediate 

precursor of ethylene biosynthesis in higher plants) in α-

ketobutyrate and NH3 (Dar et al., 2018). In this way, PGPR 

facilitate plant growth and development since they are able to 

decrease ethylene levels. Thus, plant resistance to various 

stresses (e.g., presence of phytopathogenic bacteria, polyaromatic 

hydrocarbons, heavy metals, salinity and drought) is increased 

(Singh and Jha, 2016; Bharti and Barnawal, 2018). 

 

VII. PHOSPHATE SOLUBILIZATION: 

         Phosphorus is one of the inorganic nutrients, most required 

by all plants for the manufacture of phosphate containing nucleic 

acids, ATP and membrane lipids. It is essential for plant growth 

and development since it is involved in many important functions 

such as energetic metabolism, structural functions, signal 

transduction functions and transfer of genetic features through 

successive generations. Thus, this element is essential for cell 

division and for the generation of new tissues (Dissanayaka et 

al., 2018). Nasralla et al. (1998) stated that the phosphorus 

element is an essential nutrient for crop growth and height with 

good quality. Phosphorus (P), after nitrogen is the major plant 

growth-limiting nutrient despite being abundant in soils in both 

inorganic and organic forms which is required for maximum 

yield of agriculturally important crops. Most agricultural soils 

contain large reserves of phosphorus, a considerable part of 
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which has accumulated as a consequence of regular applications 

of phosphate fertilizers. Chemical fertilizers added to the soils to 

circumvent the problem of P deficiency, further compound the 

situation by the fact that almost 75-90% of added P fertilizer is 

precipitated by Fe, Al and Ca complexes present in the soils 

(Gyaneshwar et al. 2002). Individual or co-inoculation of PSB 

(phosphate solubilizing bacteria) with other groups of 

microorganisms enhanced the plant growth by increasing the 

efficiency of biological nitrogen fixation or the availability of P 

along with other trace elements and by the production of plant 

growth promoting (PGP) substances (Poonguzhali et al. 2005). 

Bacteria of various genera such as Bacillus, Pseudomonas, 

Mycobacterium, Azospirillum, Agrobacterium, Azotobacter, 

Rhizobium and Alcaligenes are included in the PGPR group 

(Pathak et al., 2017; Yadav et al., 2018). PSB, which belong to 

the PGPR group, are ubiquitous and have different properties and 

population levels according to the physicochemical 

characteristics, organic matter content and P of the soil where 

they are found. PSB can transform different P insoluble 

compounds into soluble forms available for plant uptake (Pathak 

et al., 2017). Phosphate-solubilizing mechanisms include 

solubilization of inorganic phosphates by the action of low 

molecular weight acids  such as gluconic and citric acids, which 

are synthetized by soil bacteria. On the other hand, organic 

phosphate mineralization occurs through bacterial synthesis of 

phosphatases such as phytases and nucleases, which catalyze the 

hydrolysis of phosphoric esters, releasing the phosphate group 

(Novo et al., 2018). An important fact is that inorganic P-

solubilization and organic P-mineralization are capabilities that 

can coexist in a same bacterial strain (Hanif et al., 2015). 

 

VIII. PGPR AS BIOCONTROL AGENT: 

         In general, competition for nutrients, exclusion of niches, 

systemic resistance induction and antagonistic metabolite 

production are the main modes of action through which PGPR 

exert biocontrol (Fukami et al., 2018). Through these 

mechanisms, beneficial bacteria can prevent the deleterious 

effect of phytopathogens on plant growth and/or development. 

         An indirect mechanism that was found to be involved in 

plant protection by beneficial bacteria is plant-mediated induced 

systemic resistance (ISR) that is phenotypically similar to the 

systemic acquired resistance (SAR) that occurs when plants 

activate their defence mechanisms in response to infection by a 

pathogenic agent (Pieterse et al. 2009). ISR-positive plants are 

said to be “primed” so that they react faster and more strongly to 

pathogen attack by inducing defence mechanisms. ISR does not 

target specific pathogens. Rather, it may be effective at 

controlling diseases caused by different pathogens. ISR involves 

jasmonate and ethylene signalling within the plant and these 

hormones stimulate the host plant‟s defence responses to a range 

of pathogens (Verhagen et al. 2004). ISR does not require any 

direct interaction between the resistance-inducing PGPB and the 

pathogen (Bakker et al. 2007). Besides ethylene and jasmonate, 

other bacterial molecules such as the O-antigenic side chain of 

the bacterial outer membrane protein lipopolysaccharide, 

flagellar proteins, pyoverdine, chitin, 𝛽𝛽-glucans, cyclic 

lipopeptide surfactants, and salicylic acid have all been reported 

to act as signals for the induction of systemic resistance. 

         It was shown for a couple of bacteria that they are able to 

trigger the plant's defense system, thereby inducing a systemic 

resistance against pathogens. In analogy to pathogenic bacteria, 

also cell surface components of certain non-pathogenic 

microorganisms are recognized by the plant resulting in a mild 

but effective immune response (Van Wees et al. 2008). Such a 

response involves the production of pathogenesis-related (PR) 

proteins, the enhancement of cell wall lignification, and/or the 

active closing of stomata. Van Wees et al. (2000) showed that 

the application of Pseudomonas fluorescence strain WCS417r 

strain to A. thaliana plants stimulates a host response effective 

against P. syringae. 

PGPR that indirectly enhance plant growth via suppression of 

phytopathogen do so by a variety of mechanism. These include: - 

 The ability to produce siderophore that chelate iron, 

making it unavailable to pathogen. 

 The capacity to synthesize anti-fungal metabolites such 

as antibiotics, fungal cell wall-lysing enzymes or 

hydrogen cyanide, which suppress the growth of fungal 

pathogens. 

 The ability to successfully compete with pathogen for 

nutrient or specific niches on the roots.  

 

IX. ROLE OF PLANT GROWTH PROMOTING RHIZOBACTERIA 

AS A BIOFERTILIZER: 

         Organic farming is gaining attention of lately, due to 

uprising demand of green synthesis. Biofertilizers are a substitute 

for chemical fertilizers and can be defined as tiny 

microorganisms which are applied to seeds, plants or soil so to 

enhance the plant growth by increasing the concentration of free 

nutrients in the soil which can be readily available to plant 

(Vessey, 2003). According to Mishra et al., [2013], a blend of 

live or latent cells accelerating global processes like nitrogen 

fixation, phosphate solubilization, mineralization, and are applied 

to soil, seed, roots or composting area are termed as 

biofertilizers. A similar definition was given by Malusá and 

Vassilev [2014], stating biofertilizer as a formulated product 

having one or more microorganism and aimed to upgrade the 

nutrient status by either making them readily available to plant or 

by increasing access to nutrients by plants. Bacteria, algae and 

fungi are potential biofertilizers and are grouped in two 

categories one is nitrogen fixers like Rhizobium, Azotobacter, 

Azospirillum, Acetobacter, Blue Green Algae and Azolla and 

phosphorous solubilizers/ mobilizers like Mycorrhizae.  Few 

more categories have been identified recently, the potash 

mobilizers like Frateuria aurentia, Zinc & Sulphur solubilizers 

like Thiobacillus species and manganese solubilizer fungal 

culture like Penicillium citrinum. These new strains would also 

address the issue of „Fertilizer Use Efficiency‟ and would also 

enhance the efficacy of Bio-fertilizers (Mishra et al. 2013). 

Major benefits gained from these microbes includes increased 

recycling, mineralization and uptake of nutrients such as 

atmospheric nitrogen fixation, solubilization of phosphorus and 

potassium, synthesis of siderophores for iron sequestration, 

synthesis of vitamins, amino acids and plant growth regulating 

substances like auxins and gibberellins that cause elongation of 

root and shoot leading to improved plant growth (Glick, 1995). 
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Moreover, these bacteria are able to feed upon contaminants like 

heavy metal, pesticides and reduces their concentration by 

microbial degradation and uptake of pollutants by plants. Further, 

they reduce the number of pathogens either by competition or by 

producing action via antibiotics, siderophores and/or hydrolytic 

enzymes (Saharan & Nehra, 2011). Biofertilizer is a rapid 

growing industry as it is ecofriendly, cost effective, enhances 

crop production and soil sustainability. The functioning of 

biofertilizer is relatively easy to understand, they are applied as 

seed or soil inoculant after which they colonize and helps in 

nutrient cycling and crop productivity. Around, 60% to 90% of 

the total applied fertilizer is lost and the remaining 10% to 40% 

is reserved by plants. In this regard, microbial inoculants have 

paramount significance in integrated nutrient management 

systems to sustainable agricultural productivity and healthy 

environment (Bhardwaj et al. 2014). 

 

X. CONCLUSION: 

         Plant growth promoting rhizobacteria is the most promising 

way for green synthesis and sustainable way of enhancing 

productivity, disease resistance and maintaining ecological 

balance. 
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