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Abstract 
 

Plant growth promoting rhizobacteria (PGPR), are associated with roots, found in the rhizosphere and can directly or 
indirectly enhance the plant growth.  In this study soil was collected from rhizosphere of chickpea fields of different areas of 
Rawalpindi division of Pakistan. PGPR were isolated, screened and characterized. Eight isolates of rhizobacteria (RHA, 
RPG, RFJ, RC, RTR, RT and RK) were isolated from Rawalpindi division and were characterized. The antagonistic activity 
of these PGPR isolates against root infecting fungi (Fusarium oxysporum and Verticillium spp.,) was done and production of 
indole acetic acid (IAA), siderophore and P-solubilization was evaluated. The isolates RHA, RPG, RFJ, RC, RRD and RT 
were found to be positive in producing siderophore, IAA and P-solubilization. Furthermore, most of the isolates showed 
antifungal activity against Fusarium oxysporum, and Verticillium spp. The rhizobacterial isolates RHA, RPG, RFJ, RC, 
RRD, RTR, RT and RK were used as bio-inoculants that might be beneficial for chickpea cultivation as the rhizobacterial 
isolates possessed the plant growth promoting characters i.e. siderophore, IAA production, phosphate solubilization. In in 
vitro tests, Pseudomonas sp. and Bacillus spp. inhibited the mycelial growth of the fungal root pathogens. The isolates 
(RHA and RPG) also significantly increased (60-70%) seed germination, shoot length, root length of the chickpea. The 
incidence of fungi was reduced by the colonization of RHA and RPG which enhanced the seedling vigor index and seed 
germination. The observations revealed that isolates RHA and RPG is quite effective to reduce the fungal root infection in 
greenhouse, and also increases seed yields significantly. These rhizobacterial isolates appear to be efficient yield increasing 
as well as effective biocontrol agent against fungal root pathogen. 

 
Key words: Rhizobacteria, Biocontrol, Vigor index, Biopesticide. 
 
Introduction 
 

Bacteria, which live attached to plants, have the 
potential to promote plant growth (Compant et al., 2010; 
George et al., 2012; Beneduzi et al., 2013). These micro-
organisms have attracted attention because of the need to 
reduce the use of chemicals, especially when considering 
the context of sustainable agriculture and environmental 
protection (Vale et al., 2010). One of the strategies is to 
exploit the benefits that several microorganisms may give 
to plants when added as inoculants (Lucy et al., 2004). 
Bacteria promoting plant growth can act directly, through 
one or more mechanisms, including biological nitrogen 
fixation (Ashraf et al., 2011; Verma et al., 2013), hormones 
production such as zeatin, gibberellins and auxins (Cassan 
et al., 2009), phosphate solubilization (Rodriguez et al., 
2004; Krey et al., 2013), or act indirectly by means of 
biological control of pathogens (Wang et al., 2009). In 
addition, some studies point out to the preferred action with 
antagonistic microorganisms or adapted isolates, due to 
easier colonization and the lower risk to introduce 
exogenous organisms (Enebak et al., 1998; Khalid et al., 
2004). Several studies have shown the positive effects of 
antagonistic bacteria inoculation in plants, e.g. sugarcane 
(Saccharum spp.), leading to increased contribution of 
biological nitrogen fixation, promote root development, 
increased biomass and productivity ( Oliveira et al., 2003); 
soybean (Glycine max (L.) Merr.), with bacteria capable to 
inhibit growth and sporulation of pathogenic fungi 
(Assumpcao et al., 2009); tomato (Lycopersicum 
esculentum L.), with bacteria increasing plant height, leaf 
area, leaf number, together with fresh and dry plant weight 
(Barretti et al., 2008). Benefits provided by the inoculation 
of chickpea (Cicer arietinum L.) with selected strains have 

also been described, including the promotion of growth due 
to the increased availability of nutrients, provided by 
inoculation with B. subtilis in seeds (Canbolat et al., 2006). 

In addition, there are reports of strains of Azospirillum 
brasilense increasing chickpea yield by 24% to 30%, 
compared to the non-inoculated control (Hungria et al., 
2010). Concomitantly, the plant is supposed to influence 
the population structure of indigenous rhizobacteria as well 
as the population dynamics of introduced biocontrol agents 
(BCAs).  Under certain conditions, many compounds 
present in the root exudates (sugar, amino acids, or organic 
acids) stimulate a positive chemotactic response in bacteria 
(Somers et al., 2004).  

Smalla et al. (2001) demonstrated for the first time 
that roots of each model plant species are colonized by its 
own bacterial communities using cultivation-independent 
methods on three phylogenetically different and 
economically important crops – strawberry (Fragaria 
ananassa Duch.), potato (Solanum tuberosum L.), and 
oilseed rape (Brassica napus L.). 
 
Material and Methods 
 
Isolation of biological material: Rhizobacteria and 
Fungi were isolated from chickpea roots and rhizosphere 
samples. For the isolation, chickpea roots from field 
located in the Rawalpindi division were collected, 
surface-sterilized, aseptically cut, and then transferred to 
Petri dish plates containing semi-solid Potato Dextrose 
Agar (PDA) medium. The fungi Fusarium oxysporum and 
Verticillium spp. were isolated from infected roots. For 
rhizobacteria isolation, serial dilution of rhizospheric soil 
samples was done and 0.1 ml aliquot was placed on 
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Nutrient Agar medium. Bacterial isolates were identified 
with reference to Bergy’s manual (David et al., 2005).  
 
Morphological and biochemical characterization: 
Morphology of each colony of rhizobacteria from 
composite cultures was examined on NA plates. The 
colonies appearing different in morphology were streaked 
on separate NA plates. Characteristics of colonies such as 
shape, size, color and odor were recorded after 3 days of 
incubation. The isolates were purified by re-streaking. 
 
PGPR characters  
 
Phosphate solubilization: Pikovskya’s plates were 
prepared and streaked in triplicates with the culture of 
these isolates and incubated for 7 days on 28°C. The 
appearance of halozone around the colony was observed 
which is characteristic of P-solubilization. Data was 
recorded after examining the plates (Pikovaskya, 1948).  
 
Production of siderophore: For production of 
siderophore, rhizobacterial isolates were assayed on the 
chrome azurole S (CAS) agar as illustrated by Clark & 
Bavoil (1994). Chrome azurole S agar plates were prepared 
and inoculated by test organism and incubated for 5 days at 
30oC. Yellow–orange halo formation around the colony 
was considered positive for siderophore production.  
 
Production of indole acetic acid: Indole acetic acid 
(IAA) was qualitatively analyzed according to Kuss et al. 
(2007). Supplemented with 2 mg/mL of tryptophan, 2 mL 
of LB medium was inoculated with single bacterial 
colonies and incubated at 30°C for 72 h at 180 rpm. IAA 
was determined by mixing 1 mL of cell free culture 
filtrate (obtained by centrifugation at 10,000 rpm for 5 
minutes) with 1 mL of Salkowski’s reagent (Loper & 
Schroth, 1986) and incubated at room temperature for 30 
min. and appearance of reddish to pinkish color of the 
liquid was considered as IAA production. The isolates 
were categorized as good producer (+++), medium 
producer (++), weak producer (+) and non-producer (-). 
 
Antagonism assay against phytopathogenic fungi: For 
antifungal activities against Fusarium oxysporum and 
Verticillium spp. all the 8 isolates were assayed using 
PDA media. In a Petri plate having PDA, rhizobacterial 
isolates were streaked 3cm opposite to root pathogenic 
fungi, incubated for 4 to 7 days at 25±2oC. Distance 
between fungal colony and bacteria was considered as 
zone of inhibition and was measured in mm. 
 
Germination of inoculated chickpea seeds: 
Rhizobacterial cell suspension was prepared at 30°C for 
24 hours at 150 rpm in Nutrient Both (NB) medium. Then 
the suspension was centrifuged at 5000 xg and re-
suspended in saline solution (0.85% NaCl). The 
concentration was adjusted to 2×108 CFU/mL, with 
spectrophotometer, to OD600. Prior to treatment with 
rhizobacteria, seeds of chickpea were surface disinfested 
with 1% NaOCl for 2 min, rinsed in distilled water, and 
dried on absorbent paper towels. The dried seeds were 
treated with rhizobacterial suspension and dried again 

before being plated on the media (Shiomi et al., 2008). To 
confirm the disinfection, samples of seeds were 
germinated in Petri dishes with PDA medium. The 
amount of rhizobacterial cells in the seed was measured 
by doing plate counts (CFU). Bacteria were extracted by 
using 0.85% saline solution agitated by vortexing (Silva 
& Reis, 2004). Seeds were germinated in an incubator at 
28°C, on filter paper moistened with distilled water. 
Evaluation of length (cm) and volume (cm3) of the root 
and of the hypocotyls were made after 4 and 7 days 
(Cassan et al., 2009).  
 
Preparation of rhizobacterial inoculum: Rhizobacterial 
isolates developed in nutrient broth on rotary shaker at 180 
rpm, 28°C for 24 h.  Centrifuge the suspension at 5,000 
rpm in 50ml sterile plastic tubes for 10 min. To make final 
concentration of 108 cfu/ml, a fresh pellets-suspension was 
prepared in distilled water (Idris et al., 2007).  
 
Pot experiment: A pot experiment was designed in 
university green house to estimate the efficacy of 
rhizobacteria as a bio-control agent against phytopathogenic 
fungi. Eight treatments with four replications were prepared.  
Five susceptible chickpea cultivars; Wanhaar, Bital-98, Desi, 
Channa-2008 and Balkasar were sown in a plastic pot of 7 
cm diameter sterilized with (3% Sodium hypochlorite), filled 
2/3 with sterile soil mixture and with peat (V/V). Soil 
mixture was sterilized three times at 120°C for 1h. Seeds 
were surface sterilized with 2% sodium hypochlorite for 3 
min and rinsed three times with sterile distilled water and 
then dried.  

To ensure uniform surface coating with test isolates, 
thorough soaking of the seeds was done in a bacterial 
suspension having 108 bacteria/ml. For wilt incidence, pots 
with natural soil were kept under observation for 12 weeks 
followed by post sowing comparison with the control pots. 
After 12 weeks of germination, parameters under 
observation were; seed germination (SG), Disease Incidence 
(DI), Shoot Length (SL), Root Length (RL), Fresh Weight of 
Shoot (FWS), Dry Weight of Shoot (DWS) Fresh Weight of 
Root (FWR) Dry Weight of Root (DWR). 
 
Results 
 
PGPR isolation: From the rhizosphere soils of chickpea 
fields, eight bacterial isolates were successfully isolated from 
different areas of Rawalpindi division (Table 1) nominated 
as RHA, RPG, RFJ, RC, RRD, RTR, RT and RK. 
 

Table 1. Description of the PGPR isolates. 

S. No. Isolates Rhizosphere soil 
location 

Chickpea variety in 
the field 

1. RHA Hassan abdal Channa 2008 
2. RPG Pindigheb Balkasar, Bital 98 
3. RFJ Fatehjang Bital 98, Desi 
4. RC Chakwal Desi 
5. RRD Doltala Wanhaar, Channa 2008
6. RTR Tarnol Channa 2008, Balkasar 
7. RT Taxila Desi, Bital 98 
8. RK Kahuta Wanhaar, Desi 
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Morphological characteristics of PGPR isolates: As 
revealed (Table 2), the morphological characteristics of 
PGPR isolates varied widely. Raised, round shaped 
colonies with smooth shiny surface and smooth margin 
were produced by all the isolates. Similar in being 
odorless, all isolates differed in color. Diameter of the 
colonies of isolates varied from 0.2 to 2 mm. 
 
Microscopic observation of Rhizobacterial isolates: 
Microscopic observations were made to examine the 
characteristics of rhizobacterial isolates such as form, 
Gram reaction and motility (Table 3). Rod shapes were 
observed in four isolates while the rest of four isolates 
appeared spherical. All the isolates were found motile and 
Gram negative in reaction. 
 
IAA production and phosphorus solubilization: PGPR 
isolates were investigated for the production of IAA and 
solubilization of phosphorus. As shown in Table 4, 
isolates RPG, RHA, RC, RTR, RT and RK has shown the 
production of IAA. Isolate RPG was found to be fine 
producer of IAA. On the converse, in comparison to the 

weak producer isolates RTR, RT and RK, RHA and RC 
were found to be a medium producer of IAA. On the other 
hand, all isolate had ability to solubilize the phosphorus 
(Table 4). 
 
Production of siderophore: Siderophores were produced 
by 6 isolates (RHA, RPG, RFJ, RC, RRD, and RT) which 
is definite by the expansion of orange halos surrounding 
the colonies (Table 4). 
 
Antagonism assay against phytopathogenic fungi: 
To determine the isolates with capability of inhibiting 
the growth of Verticillium spp. and F. oxysporum, 
antagonism assay was conducted. Several isolates were 
found to inhibit F. oxysporum and Verticillium spp. 
with varying level of inhibition. Among 8 PGPR 
isolates that significantly promoted plant growth of 
chickpea seedlings, there were only 3 isolates (RHA, 
RPG and RRD) that were strongly capable of inhibiting 
F. oxysporum and only 1 isolate (RTR) strongly 
inhibited Verticillium spp. (Table 5). 

 
Table 2. Morphological characteristics of 2-day-old colony of Rhizobacterial isolates. 

Isolates Form Size (mm) Plane(surface) Edges Color 
RHA Round 0.9-1.1 Smoot Shiny Smooth Off white 
RPG Round 1-1.5 Smoot Shiny Smooth Cream 
RFJ Round 1-1.5 Smoot Shiny Smooth Yellowish 
RC Round 0.9-1.1 Smoot Shiny Smooth Yellowish 

RRD Round 1.8-2.0 Smoot Shiny Smooth Cream 
RTR Round 0.5-1.0 Smoot Shiny Smooth Off white 
RT Round 0.2-0.5 Smoot Shiny Smooth Yellowish 
RK Round 0.9-1.1 Smoot Shiny Smooth Cream 

 
Table 3. Microscopic observation of rhizobacterial isolates 

collected from chickpea rhizosphere. 
Isolates Form Gram reaction Motility 

RHA Rod - + 
RPG Spherical - + 
RFJ Rod - + 
RC Rod - + 

RRD Spherical - + 
RTR Spherical - + 
RT Spherical - + 
RK Rod - + 

 
Table 4. Production of IAA, siderophore and 
phosphorus solubilization by PGPR isolates. 

Isolates IAA 
Production 

Phosphorus 
solubilization 

Siderophore 
production 

RHA ++ Positive Positive 
RPG +++ Positive Positive 
RFJ - Positive Positive 
RC ++ Positive Positive 

RRD - Positive Positive 
RTR + Positive Negative 
RT + Positive Positive 
RK + Positive Negative 

(-) = No production; (+) = Weak producer; (++) =  Medium 
producer; (+++) =  Good producer 

Table 5. Antagonism assay of PGPR isolates against 
phytopathogenic fungi. 
Inhibition (%) of phytopathogenic fungi 

by rhizobacterial isolates Isolates 
F. oxysporum Verticillium spp. 

RHA 67 25 
RPG 65 32 
RFJ 38 18 
RC 35 23 

RRD 69 34 
RTR 39 62 
RT 37 20 
RK 22 21 

Small inhibition percentage (<30%); modest inhibition 
percentage (30% to 40%); Strong inhibition percentage (>40%) 

 
Pots assay: These tests prove that susceptible cultivar 
reacts to fungal root pathogen with a high occurrence of 
Fusarium and Verticillium  spp. There was 100% disease 
on wilted plants after 12 weeks of sowing. Seeds treated 
with RHA and RPG isolates showed significant reduction 
in percentage of wilted plants, from 60–70 % (Tables 6-
10) evaluate to plants from seeds treated with the 
Rhizobacterial isolates towards fungal root pathogen, low 
disease severity with less yellowish foliage was noted. It 
is demonstrated here that the growth of chickpea was 
enhanced in pots under controlled conditions on treatment 
with rhizobacterial isolate. 
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Table 6. In vitro effect of rhizobacterial inoculation on Desi variety of chickpea. 
Growth parameters Isolates SG (%) DI (%) SL (cm) RL (cm) FWS (gm) DWS (gm) FWR (gm) DWR (gm) 

C 38 2.5 2.57 2.57 0.22 0.12 0.06 0.03 
RHA 67.3 12.5 3 5.4 0.37 0.26 0.1 0.05 
RPG 70.7 11 5.27 2.37 0.36 0.21 0.07 0.07 
RFJ 50 10.5 2.67 2.6 0.36 0.23 0.08 0.05 
RC 49.7 11 3.97 3.37 0.32 0.22 0.08 0.06 

RRD 34.3 13 5.97 4.3 0.28 0.19 0.09 0.04 
RTR 48.3 12.5 4.6 3.67 0.34 0.25 0.09 0.05 
RT 51.7 10.5 9.13 6.4 0.4 0.3 0.08 0.06 
RK 33 11 7.17 4.87 0.37 0.28 0.1 0.08 

 
Table. 7. In vitro effect of rhizobacterial inoculation on Balkasar variety of chickpea. 

Growth parameters Isolates SG (%) DI (%) SL (cm) RL (cm) FWS (gm) DWS (gm) FWR (gm) DWR (gm)
C 47.7 15.5 1.87 2.03 0.15 0.05 0.05 0.03 

RHA 62.7 14.3 4 2.87 0.21 0.1 0.07 0.03 
RPG 70 13 3.3 2.8 0.26 0.12 0.09 0.05 
RFJ 55.7 14 3.7 3.07 0.29 0.14 0.06 0.03 
RC 45.3 13.4 4.5 3.27 0.26 0.13 0.08 0.04 

RRD 38 12.4 5.2 3.77 0.31 0.15 0.06 0.06 
RTR 48 14 3.9 3.4 0.22 0.1 0.1 0.05 
RT 45 10.4 10.8 6.13 0.23 0.11 0.09 0.07 
RK 35.3 11.4 12.2 8.73 0.33 0.16 0.07 0.04 

 
Table 8. In vitro effect of rhizobacterial inoculation on Wanhar variety of chickpea. 

Growth parameters Isolates SG (%) DI (%) SL (cm) RL (cm) FWS (gm) DWS (gm) FWR (gm) DWR (gm)
C 48.6667 16.67 2.07 1 0.103 0.06 0.05 0.0367 

RHA 67.6667 15.3 3.1 1.267 0.17 0.09 0.06 0.0633 
RPG 71 14.5 3.5 1.2 0.14 0.08 0.09 0.05 
RFJ 52 14.83 2.5 1.267 0.137 0.05 0.07 0.06 
RC 51 13.83 4.1 1.93 0.163 0.08 0.29 0.08 

RRD 38 13.33 3.2 1.2 0.13 0.1 0.1 0.63 
RTR 48.667 15 3.1 1.43 0.113 0.11 0.07 0.05 
RT 48.333 15 3.1 1.43 0.113 0.11 0.07 0.05 
RK 38.333 13.33 3.7 2.567 0.267 0.11 0.07 0.06 

 
Table 9. In vitro effect of rhizobacterial inoculation on Bital-98 variety of chickpea. 

Growth parameters Isolates SG (%) DI (%) SL (cm) RL (cm) FWS (gm) DWS (gm) FWR (gm) DWR (gm)
C 50.7 13.7 2.1 1.43 0.23 0.08 0.08 0.027 

RHA 70 12.4 3.43 1.93 0.33 0.11 0.1 0.037 
RPG 70.7 12.9 4.2 2.43 0.35 0.14 0.11 0.057 
RFJ 54 11.8 3.9 2.07 0.37 0.12 0.1 0.05 
RC 53 12.5 3.7 1.7 0.26 0.18 0.12 0.057 

RRD 34 11.4 5.1 2.67 0.37 0.16 0.11 0.03 
RTR 51 11 3.5 2.1 0.34 0.14 0.11 0.037 
RT 50.7 11.4 5.1 2.67 0.37 0.16 0.11 0.03 
RK 37.3 10.9 4.2 2 0.41 0.15 0.1 0.027 

 
Table 10. In vitro effect of rhizobacterial inoculation on Channa-2008 variety of chickpea. 

Growth parameters Isolates SG (%) DI (%) SL (cm) RL (cm) FWS (gm) DWS (gm) FWR (gm) DWR (gm)
C 54 13.67 2.1 1.43 0.23 0.08 0.08 0.027 

RHA 69 12.43 3.5 2 0.333 0.11 0.13 0.04 
RPG 68.67 12.93 3.5 2.4 0.34 0.14 0.11 0.06 
RFJ 47.67 11.33 3.77 2.1 0.36 0.12 0.1 0.05 
RC 50.1 10.5 4.0 1.89 0.23 0.15 0.12 0.02 

RRD 33.4 11.2 3.4 1.76 0.33 0.17 0.16 0.04 
RTR 44 9.8 3.2 2.0 0.42 0.13 0.10 0.03 
RT 49.2 10.3 3.8 1.7 0.28 0.10 0.12 0.05 
RK 36 11.8 4.1 2.5 0.46 0.14 0.1 0.04 
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Discussion 
 

By colonizing plant roots, PGPR proved to be 
beneficial for growth and development of plant in a 
variety of ways. For an effective PGPR, colonization of 
roots by bacteria is must for its establishment in the 
rhizosphere at specific densities of its population is 
required for beneficial effects. The exact mechanism of 
stimulating plant growth by PGPR is not yet established 
clearly, but promotion of uptake of mineral nutrient, 
phytohormones production, phosphate solubilization 
activation and deleterious organism’s suppression are 
believed to be the hypothesis to be involved (Kloepper et 
al., 2004). Literature has described many auxins that 
occur naturally, till now, the most common auxin that has 
been studied the most is indole-3- acetic acid (IAA) it is 
considered interchangeable with the auxins in many 
scientific literatures (Liu et al., 1992, Neeru et al., 2000). 
For the regulation of the plant development, IAA may 
play the role of important signaling molecule. Six out of 
eight isolates produced IAA (Table 4). Only RPG isolate 
came out as good producer of IAA (Table 4). Different 
species and strains of PGPR, depending upon condition of 
the culture, stage of its growth and availability of 
substrate can vary in producing IAA (Spaepen et al., 
2007). Moreover, rhizospheric isolates in comparison 
with isolates from bulk soil can produce auxins much 
more efficiently (Patten & Glick., 1996).  

Phosphorus is one of the major nutrients required by 
plants, phosphorous stands second to nitrogen. At first 
instance, insoluble phosphates are available to plants as 
most phosphorous in soil that plants are unable to utilize 
(Sarwar & Frankenberger, 1994). The bacterial aid in 
availability of iron and phosphorous as soluble minerals to 
plants for growth has been an area of interest to agricultural 
microbiologists. Plant growth promoting mechanism of 
PGPR has been reported under field conditions in 
providing consumable phosphate to rice by solubilizing the 
precipitated phosphates (Jetiyanon & Kloepper, 2002). 
Phosphate solubilizing bacteria are found in abundance in 
the rhizosphere than in non-rhizospheric soil (Whipps, 
2001). All isolates we used in our experiments solubilized 
phosphate in rhizosphere soil (Table 4). The important 
thing to be noted here is that the bacteria that solubilize 
phosphate in soil are bacilli but their numbers are much less 
than other bacteria that colonize rhizospheric soil 
commonly (Goldstein et al., 1994). 

It is demonstrated here that the 6 PGPR isolates, that 
already are IAA producers, produced Siderophore such as 
RHA, RPG, RFJ, RC, RRD, and RT. Based on those 
isolates that produced Siderophore , it has been determined 
that, phytopathogenic fungal growth was inhibited by 
producers of Siderophore as bioactive compound (Table 5). 
These results suggest that, Siderophore produced by the 
isolates had a suppressing effect on the growth of 
phytopathogenic fungi such as F. oxysporum, Verticillium 
spp. The inhibition of fungal pathogens can also be related 
to the ammonia released by bacteria, as reported by Fravel 
(1988) with Enterobacter cloacae on Verticillium dahliae 
and Pythium ultimum. In Brazil, among the field 
phytopathogens that affect chickpea, F. verticilliodes is the 
most common (Peixoto et al., 1998). The following 

pathogens are also common: Glomerella. graminicola, 
Bipolaris maydis (Pinto, 1998) and Cercospora zeae-
maydis, and have become more important in recent decades 
in Brazil (Pereira et al., 2005). 

Among the strains tested in our study, RHA and RPG 
were the most efficient in the inhibition against all fungi 
tested. They are known to have an antagonist effect against 
various fungi, for example, F. moniliforme, F. 
graminearum, M. phaseolina (Pal et al., 2001), F. 
oxysporum (Araujo & Guerreiro, 2010). One of the 
advantages of the biological control strategy using 
rhizobacteria is that they can act in the same niche, in direct 
competition with the pathogens (Bacon & Hinton, 2002). 

It can be concluded from the above discussion that 
PGPR enhance the plant growth. Collectively, our results 
indicated that as chickpea growth was enhanced by the use 
of PGPR isolates RHA and RPG as inoculants/ 
biopesticide, by producing IAA, phosphate solubilization, 
Siderophore production and have antifungal activity against 
phytopathogenic fungi, they might prove beneficial for the 
cultivation of chickpea.  
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