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Solanaceous vegetables belonging to the nightshade family Solanaceae are among the major vegetables used in the world. High 
nutrient requirement of the crop along with the high vulnerability towards the various bacterial, fungal or viral diseases are among 
the major causes for their losses in yield and soil health. Plant growth promoting rhizobacteria are the soil bacteria that inhabits 
root surface and are directly or indirectly promotes plant growth and development via reduction and secretion of various regula-
tory chemicals in the vicinity of rhizosphere. Generally, plant growth promoting rhizobacteria facilitate the plant growth directly by 
either assisting in resource acquisition (nitrogen, phosphorus and essential minerals) or modulating plant hormone levels, or indi-
rectly by decreasing the inhibitory effects of various pathogens on plant growth and development in the forms of biocontrol agents. 
Various studies have documented the increased health and productivity of different plant species by the application of plant growth 
promoting rhizobacteria under both normal and stressed conditions. The plant-beneficial rhizobacteria may decrease the global 
dependence on hazardous agricultural chemicals which destabilize the agro-ecosystems. This review accentuates the perception of 
the rhizosphere and plant growth promoting rhizobacteria under the current perspectives. 
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Plant growth in agricultural soils is influenced by a myriad of 
abiotic and biotic factors. The thin layer of soil immediately sur-
rounding plant roots in which physical, chemical and biological 
properties have been changed by root growth, their activities and 
that provides stimulating growth environment for microbial popu-
lations capable of exerting beneficial, neutral or detrimental effects 
on plant growth is known as rhizosphere [1,2].

Since bacteria are the most abundant microorganisms in the 
rhizosphere, they influence the plants physiology to a greater ex-
tent, especially considering their competitiveness in root coloniza-
tion. Bacteria that colonize the rhizosphere are referred as plant 
growth-promoting rhizobacteria [3]. PGPR enhance the plant 
growth by direct mechanisms such as fixation of atmospheric ni-
trogen, production of siderophores, solubilization of minerals such 
as phosphorus, synthesis of phytohormones [4,5] or by indirect 
mechanism such as induction of disease resistance, stimulation of 
other beneficial symbiosis, xenobiotics degradation and antago-
nism against pathogens [6-8]. The search for microorganisms that 
improve soil fertility and enhance plant nutrition has continued to 
attract attention due to the increasing cost of chemical fertilizers 
and some of their ill environmental impacts [9].

Various species of rhizospheric bacteria like Pseudomonas, Azo-
spirillum, Azotobacter, Klebsiella, Enterobacter, Alcaligenes, Arthro-
bacter, Burkholderia, Bacillus and Serratia and endophytic bacteria 
like Pseudomonas, Bacillus, Xanthomonas and Erwinia have been 
reported to be associated with solanaceous vegetable crops. Soil 
physical and chemical properties (pH, humidity, water availability, 
temperature, redox, salinity, texture, stability of aggregates, fertil-
ity, organic matter content), presence or absence of pesticides and 
other xenobiotic substances, soil fauna, the nutrient status of rhi-
zosphere, nature of root exudates, photoperiod and plant genotype 
directly influence PGPR activity and their effect on plant growth 
and as well as the proliferation of introduced strain to that envi-
ronment (Curl and Truelovac, 1986) [14-19].

Endophytic bacteria have biocontrol and plant growth promot-
ing potential, consistently colonize the internal plant tissue of their 
host without causing harm to the host [10]. Endophytes are help-
ful in modifying biochemicals produced by plants and may add 

to their protection from insect herbivores, fungal pathogens and 
even grazing by animals [11]. Bacterial endophytes have also been 
shown to prevent the disease development through endophyte 
mediated de novo synthesis of structural compounds and fungi-
toxic metabolites [12]. Endophytic bacteria have the advantage of 
being protected from high physical and chemical stress, competi-
tive environment and induce greater growth promotion than the 
bacteria restricted to rhizosphere and/or to the root surface [13]. 

PGPR as Root Colonizers

The rhizosphere is the volume of soil surrounding and under 
the influence of plant roots and the rhizoplane includes the root 
surface and strongly adhering soil particles. In the rhizosphere 
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Siderophores, HCN and phytoharmones like IAA are among the 
major compounds, known to play an important role in plant mi-
crobe interaction as well as in microbe-microbe interaction.

Solanaceous vegetables crops require high nutrient quantity 
for growth and yield. PGPR are known to directly promote the 
plants growth usually by the production of phytohormones and/
or by facilitating uptake of nutrients from the soil through differ-
ent mechanisms such as atmospheric nitrogen fixation, solubiliza-
tion of phosphorous and synthesis of siderophore [37,38] and/or 
as biocontrol agent.

bacteria are most abundant microorganisms. Rhizobacteria are rhi-
zosphere competent bacteria that aggressively colonize plant roots, 
are able to multiply and colonize all the ecological niches found on 
the roots at all the stages of plant growth, in presence of competing 
microflora. During the process of root colonization bacteria multi-
ply in the spermosphere (region around the seed) in response to 
seed exudates rich in carbohydrates and amino acids, then these get 
attached to root surface and colonize the developing root system 
[20,21].

Endophytes enter into the plant roots by three putative path-
ways i.e. root tips, point of emergence of lateral roots and the axils 
of emerging or developing lateral roots [22]. [23] reported that en-
dophytes either become localized at the point of entry or are able to 
spread throughout the plant and can live within cells, in the inter-
cellular spaces or in the vascular system.

PGPR as P-Solubilizers

Phosphorus is among the primary essential nutrient elements 
required by the plant in optimum amount for its proper growth and 
development. Although P content in an average soil is 0.05%, only 
0.1% of the total P present is available to the plants because of its 
immobilization, chemical fixation and low solubility [24]. Under 
such conditions, Phosphate solubilizing microorganisms (PSM) of-
fer a biological rescue system capable of solubilizing the insoluble 
inorganic P of soil and make it available to the plants through the 
secretion of various organic acids and enzymes. Further, most of the 
phosphate solubilizing microorganisms were identified as Bacillus 
spp., B. pantothenticus, B. megaterium, Flavobacterium spp., Klebsi-
ella spp., K. aerogenes, Chromobacterium lividum, Enterobacter alvei, 
E. agglomerans, Pseudomonas spp., Proteus spp. and NFB as Azoto-
bacter spp., A. chroococcum, A. paspalii, Rhizobium spp. and Azospi-
rillum spp [25-28]. 

PGPR as HCN/Siderophore/IAA Producers

Iron is perhaps, the most important micronutrient used by mi-
croorganisms and is essential for their metabolism, being required 
as a cofactor for a large number of enzymes and iron-containing 
proteins. Siderophores are low molecular weight, iron chelating li-
gands synthesized by microorganisms [29] that restrict the growth 
of pathogenic microorganisms by limiting the iron availability as 
it bind to the available form of iron (Fe2+) in the rhizosphere [30]. 
Under iron limiting conditions, PGPR produce siderophores to 
competitively acquire ferric ions [31,32]. However, increased iron 
concentration in the environment has negative effect on the sid-
erophore production as reported by [33] who observed that the in-
crease of Fe (III) concentration had a negative effect in siderophore 

production by Pseudomonas aeruginosa, especially above 10 µM. 
Some PGPR strains go one step further and draw iron from heter-
ologous siderophores produced by nearby micro-organisms.

Indole-3-acetic acid (IAA) mediates an enormous range of de-
velopment and growth responses including embryo symmetry 
establishment, initiation of cell division, promote vascular differ-
entiation, root initiation and apical dominance. PGPR all over the 
world have been reported to enhance the plant growth by the pro-
duction of phytoharmones. [34] studied the ability of 30 isolated 
PSB to produce both IAA and GA and observed that IAA produced 
by the PSB strains, ranged from 1.1 µg to 28.0 µg/25 ml broth and 
GA ranged from 0.6 µg to 9.8 µg/25 ml broth. Similarly, [35] re-
vealed that the strains WPR-51, WPR-42 and WM-3 belonging to 
Azotobacter and Azospirillum produced IAA ranged from 19.4 to 
30.2 µg/ml. [36] tested Pseudomonas fluorescens AK1 and Pseudo-
monas aeruginosa AK2 for their ability to produce indole-3-acetic 
acid in the presence and absence of tryptophan and revealed that 
for both strains, indole production increased with increase in 
tryptophan concentration.

PGPR as Biofertilizers for Enhanced Growth, Yields and Fruit 
Quality

[39] reported that three strains IN937a, GBO3 and IPC11 were 
found to be effective in increasing the seed germination and seed-
ling vigour of tomato plants. [40] reported increased seedling 
height (ranged from 7.33 to 7.87 cm compared to 6.88 cm) and 
dry-weight (ranged from 2.7 to 4.3 mg compared to 2.3 mg) of 
the plants from the seeds treated with chinolytic bacteria. [41] 
reported that the artificial inoculation of rhizobacteria Azospiril-
lum caused a positive effect on tomato plant seedling growth and 
yields. [42] reported growth promotion and enhanced disease re-
sistance of seedlings inoculated with Streptomyces spp. strain S30.

Transplantation is one of the major cultivation techniques es-
pecially in case of solanaceous crops. Treatment of seedlings roots 
with PGPR prior to transplantation have been reported to better 
nutritional acquisition, yields and disease resistance. [43] evaluat-
ed tomato and pepper transplants amended with formulations of 
several plant growth-promoting rhizobacteria (PGPR) and found 
improved transplant growth, vigour and survival in the field.
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[44] reported that the plant fresh and dry weight as well as root/
shoot length increased due to application of fluorescent Pseudomo-
nas. [45] isolated Bacillus isolates (B1, B3 and B13) and identified 
them as B. amyloliquefaciens, B. licheniformis and B. subtilis, respec-
tively. They reported that the application of Bacillus spp. results in 
increased plant height by 20% and yields by 27%, in comparison 
to check.

PGPR as works with the plants innate system, they not only en-
hance the plant growth and yield but also improves the texture, 
shelf life and fruit quality. [50] reported improved tomato firmness 
and extended shelf life of tomato plants treated with Bacillus subtilis 
BEB-13bs. [50] further evaluated the effect of tomato roots inocula-
tion with Bacillus subtilis BEB-lSbs (BS13) and reported increased 
yields, fruit weight and length and enhanced texture of fruits.

PGPR are being tried as consortia and have been found to be 
more effective than single inoculation. [46] evaluated the efficien-
cy of Trichoderma and Bacillus genera and reported that, the dual 
inoculation gave the highest records of growth parameters, fruit 
yields and plant nutrient content than individual one. [47] worked 
to check out if the combination of three PGPR, B. licheniformis, Pseu-
domonas fluorescens and Chryseobacterium balustinum with LS213 
(a combination product of two PGPRs, Bacillus subtilis strain GB03 
and B. amyloliquefaciens strain IN937a and chitosan) would have a 
synergistic effect on growth promotion on tomato and pepper or 
not and revealed synergistic effect on growth promotion, with the 
most effective combination of B. licheniformis and LS213. [48] eval-
uated the impact of inoculating tomato with Pseudomonas putida, 
Azotobacter chroococcum, Azosprillum lipoferum and arbuscular 
mycorrhiza fungi (AMF) and found that the application of Pseudo-
monas + Azotobacter + Azosprillum + AMF treatment had the most 
effect on lycopene, antioxidant activity and potassium contents on 
tomato. [49] isolated 15 bacteria from chilli rhizosphere and elu-
cidated their morphological, biochemical, plant growth-promoting 
and biocontrol characteristics. Further, they identified C2 and C25 
strains as Bacillus spp. and C32 strain as Streptomyces spp. and re-
ported that combined inoculation results in remarkable increase in 
total number of fruits, fruit-weight and yields. 

Solanaceous crops are highly susceptible to phytopathogens 
attack. The resulting intensive application of pesticides on crops 
affects the environment and health of humans and animals [51]. 
Biocontrol is an emerging trend aimed at reducing chemical input 
while increasing plant fitness, productivity and resistance to dis-
eases in sustainable agriculture [52].

PGPR as Biocontrol Agents

PGPR protects plant against pathogens through number of 
mechanisms such as production of macromolecules [53] antifungal 
metabolites, antimicrobial substances [54] HCN, siderophores and 
indole acetic-acid which could also be involved in biocontrol and 
growth promotion in crop plants [18]. HCN is released as product of 
secondary metabolism by several microorganisms and affects sen-
sitive organisms by inhibiting the synthesis of ATP-mediated cyto-
chrome oxidase [55]. Biocontrol activity of IAA involves inhibition 
of spore germination and mycelial growth of pathogenic fungi [56].

Beside the production of metabolites, production of diffusible or 
non-diffusible antifungal substances, displacing harmful organisms, 
competition for nutrients and/or space or the other mechanisms 

might be the reasons for antagonistic activity [57]. One of impor-
tant method is the induced systemic resistance (ISR), which re-
sults from the specific recognition of (a) bacterial determinant(s) 
by (a) plant receptor(s) on the roots and is manifested as a re-
duction of the number of diseased plants or in disease severity 
upon subsequent infection by a pathogen. ISR is effective against 
both soilborne and foliar pathogens [8,58] investigated the role 
of bacterial compounds as elicitors of the induced systemic re-
sistance. They reported that the lipopeptides, especially surfac-
tin and fengycin produced by Bacillus subtilis strains are able to 
stimulate bean and tomato plants and also decreased the impact 
of subsequent pathogen infection. Cellular changes have also been 
reported as one of the major phenomenon of restricting fungal de-
velopment in the plants.

In spite of their direct action, PGPR induce pathogenesis-relat-
ed proteins in plants such as phenylalanine ammonia lyase, perox-
idase, polyphenol oxidase [catechol oxidase], beta -1,3 glucanase 
and phenolics [59]. PGPR have also been reported to be involved 
in lowering the ethylene levels [60] malondialdehyde content, su-
peroxide dismutase, peroxidase and catalase activities in the plant 
that might also enhance anti-disease capability of the plants [61].

Many rhizospheric isolates belonging to Bacillus spp., Entero-
bacter spp. Pseudomonas spp., Pichia spp. collected from tomato 
and pepper growing areas showed antagonistic activity against 
Botrytis cinerea, F. graminearum, Colletotrichum capsici, Alternaria 
solani, P. capsici and Mycosphaerella melonis [62-68] investigated 
effects of rhizobacteria on the early growth of cucumber and to-
mato plug seedlings and reported that Azospirillum spp., Pseudo-
monas spp. inhibited the growth of Fusarium spp., Pythium spp. 
and Rhizoctonia spp. on both plants. Similarly, [69] reported in-
oculation of tomato plants with Bacillus  6ubtilis effective against 
root fungal pathogen Pythium spp.

i) PGPR against fungal and bacterial pathogens

[40] examined the ability of chitinolytic bacteria as a biocon-
trol agent of Fusarium wilt of red chili (Capsicum annuum L.) seed-
lings and observed relative reduction in disease incidence ranged 
from 28.57 to 60.71% and further compared different biocontrol 
agents and ranked BK08 as the most potential candidate for bio-
logical control agent of Fusarium wilt. [70] evaluated performance 
of six Trichoderma spp. and four Pseudomonas spp. isolates for 
their bio control efficacy against Fusarium solani and reported T. 
viride and Pseudomonas fluorescens as most efficient antagonists.

[71] tested antagonistic rhizobacteria Pseudomonas fluores-
cens, Pseudomonas putida and Bacillus subtillis singly and in com-
bination for their biological control efficacy against Rhizoctonia 
solani and Sclerotium rolfsii under greenhouse conditions. And re-
ported that combination of B.  6ubtilis with Pseudomonads strains 
can lead to greater plant protection than alone. [72] evaluated the 
efficacy of antagonistic microorganisms against Fusarium oxyspo-
rum f.sp lycopersici and reported minimum disease incidence with 
antagonistic microorganisms. Further, they also revealed signifi-
cant increase in shoot length, root length, biomass and fruit yields 
with the treatment comprising T. viride, Pseudomonas fluorescens, 
Paecilomyces lilacinus + neem cake. [39] reported Pseudomonas 
fluorescens + B. 6ubtilis + neem + chitin as the best treatment 
for reducing the fruit rot incidence besides increasing the plant 
growth and yields parameters.
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[18] characterized and identified 28 antagonistic endophytic 
bacterial isolates associated with eggplant against Ralstonia sola-
nacearum causing bacterial wilt and observed that plants treated 
with Pseudomonas isolates (EB9, EB67), Enterobacter isolates 
(EB44, EB89) and Bacillus isolates (EC4, EC13) reported reduced 
wilt incidence by more than 70%. [73] isolated 108 endophytic 
strains from capsicum plants and reported strains BS-1 and BS-2 
(identified as Bacillus  7ubtilis) as most effective as exhibited 57.34 
- 94.08% control against anthracnose (Colletotrichum gloeosporioi-
des).

Root not nematodes are among the major causes for losses in 
yields in various crops, however, biocontrol involving PGPR have 
been reported by many researchers. [75] reported 65.4%, 68.2%, 
53.8% and 53.8% control effect of B. polymyxa, Bacillus spp. B697, 
B. megaterium and Azospirillum spp., respectively against root not 
nematode M. incognita. [76] evaluated the influence of some bac-
terial isolates of Mycobacterium spp., Micrococcus spp., Escherichia 
coli, Bacillus subtilis, Serratia marcescens, Pseudomonas aeruginosa 
and Sarcina spp. as biocontrol agents against the rootknot nema-
tode (Meloidogyne incognita) infecting eggplant, under greenhouse 
conditions and reported that most of the tested bacterial isolates 
significantly reduced numbers of galls, their developmental stages 
and egg masses in roots. 

Conclusion
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