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Klebsiella pneumoniae rs26 as a potent PGPR isolated 

from chickpea (Cicer arietinum) rhizosphere 
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Abstract 
In this study, chickpea plant (Cicer arietinum) rhizobacteria were screened for plant growth promoting 

traits and among the isolated PGPR, a potent strain RS26 was selected for further studies. The strain was 

non-pathogenic to human as determined by its inability to produce hemolysin and was identified by 

morphological, biochemical and 16S rRNA analysis as Klebsiella pneumoniae RS26. RS26 was found to 

be capable of N2 fixation, ammonia production, phosphate solubilisation and IAA production. Time 

dependent analysis of ammonia production revealed that RS26 produced 15.21 µg/ml of NH3 at 72 h of 

incubation. IAA production by the strain enhanced in presence of tryptophan and was maximum (15 

µg/ml) at 48 h of incubation. Phosphate solubilisation was negatively correlated with the medium pH and 

maximum phosphorus solubilisation (29µg/ml) was observed after 7 days of incubation. 
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1. Introduction 

The rhizospheric bacteria that can promote or enhance the plant growth through wide variety 

of mechanism such as N2 fixation, IAA production, soil phosphate and zinc solubilisation, 

siderophore production, controlling the plant pathogens etc., are known as plant growth 

promoting rhizobacteria (PGPR) (Bhattacharyya and Jha, 2012) [1]. Hence, the use of chemical 

fertilizers, pesticides and other supplements are being replaced by the PGPR due to their great 

potency and environment friendly nature (Bharadwaj et al., 2017) [31]. 

The use of chemical fertilizers in agriculture fields leads to various problems such as 

environmental pollution, health hazards, interruption of natural ecological nutrient cycles and 

destruction of biological communities. Among the micronutrient required for plant health 

phosphorus is an essential element. About 80% of phosphorus applied as chemicals to the 

agriculture field are reported to form complex with Ca2+, Fe3+ and Al3+ and remains in soil as 

insoluble mineral form (Qureshi et al., 2012) [2]. The soil insoluble phosphate can be made 

available to plants by utilisation of PGPR with phosphate solubilisation capacity as a 

sustainable and viable approach (Vessey, 2003) [3]. Several reports noted that PGPR enhance 

plant growth by inducing the synthesis of plant auxin (Kloepper et al., 2004; Yao et al., 2006) 
[4, 5]. PGPR may also release metal-chelating siderophores into the rhizospheric soil. These 

siderophore then stimulate the uptake of various metal ions, including Fe, Zn, and Cu by the 

plants (Carrillo-Castaneda et al., 2005; Egamberdiyeva 2007; Dimkpa et al., 2008; Dimkpa et 

al., 2009; Gururani et al., 2012) [6-10]. In addition, PGPR also play an important role in 

protection of plants from pathogen by enhancing the generation of plant induced systemic 

resistance (ISR) (Ramamoorthy et al., 2001; Kirankumar et al., 2008) [11, 12]. In past, several 

numbers of PGPR belonging to the genera Pseudomonas, Azospirillum, Azotobacter, 

Klebsiella, Enterobacter, Alcaligenes, Arthrobacter, Burkholderia, Bacillus and Serratia have 

been isolated (Kloepper et al., 1989; Okon and Labandera-Gonzalez 1994; Glick 1995; 

Gururani et al., 2012) [9, 13-15]. 

We herein report the characterization of a potent PGPR, Klebsiella pneumoniae RS26, isolated 

from chickpea (Cicer arietinum) for its functional trait associated with plant growth promotion 

and its pathogenic nature against human. 

 

2. Materials and methods 

2.1. Isolation of PGPR strains 

Soil samples from the rhizosphere of plants in the agriculture field near University of North 

Bengal was collected in sterilized zip bags and brought immediately to the laboratory for 

further processing.
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1 g soils suspended in 10 ml sterilized saline water and then 

serially diluted up to 10-7. The serially diluted samples were 

then spread plated into 1X nutrient agar plates and the plates 

were incubated at 37oC for 24 h. The colonies were then 

isolated depending on the distinctive colony morphology. 

 

2.2. Identification of the strain RS26 

2.2.1. Morphological and biochemical characteristics 

Morphology characterization of the bacterial isolate RS26 

was evaluated by gram staining, growth pattern, motility test, 

and spore formation test. To separate the organism in 

distinguished genera gram staining was performed. 

Aerobic/anaerobic nature of the isolate was confirmed by 

growing the isolates in nutrient agar in presence of O2, 

motility test was performed in the sulphide indole motility 

agar medium; spore formation capability was checked by 

malachite green staining. The biochemical characterisation 

studies included catalase test, Voges-Proskaur test, methyl red 

test, urease test, nitrate reduction test, oxidase test, citrate 

utilization, Indole test, starch hydrolysis test, casein 

hydrolysis, gelatine liquefaction test, lipid hydrolysis and 

fermentation of sugars (glucose, fructose, mannitol, lactose, 

sucrose, maltose, starch, xylose, sorbitol, mannose) (Smibert 

and Kreig 1994) [16]. 

 

2.2.2. Molecular identification of the RS26 

2.2.2.1. Genomic DNA isolation 

Genomic DNA was isolated by Murmur’s method (Murmur 

1961) [17]. RS26 culture was centrifuged at 8,000 rpm for 10 

min at 4 oC to collect the cell pellet. The cell pellet was 

washed with 0.1M EDTA: 0.15M NaCl solution (1:1) 

followed by centrifugation at 10,000 RPM for 5 min. The 

pellet was resuspended in 3 ml of 0.1 M EDTA: 0.15 M NaCl 

and stored at -20 oC for 4 h. Frozen cells were then incubated 

at 55 oC water bath and mixed with 50 μg/ml solution of 

lysozyme (prepared in 0.1 M Tris-HCl pH 8) and the mixture 

was incubated at 37 °C for 30 min. SDS was added to the cell 

lysate and incubated at 55 °C for 15 min. The resulting 

mixture was treated with proteinase K (4 μg/ml) for 30 min. 

Genomic DNA was purified from the lysate by sequential 

extraction with equal volume of Tris-saturated phenol (pH 8), 

Tris-saturated phenol: chloroform (1:1) and chloroform 

(Sambrook et al., 1989) [18]. DNA was separated from the 

aqueous phase by adding double volume of 100 % ethanol 

followed by centrifugation at 10,000 RPM for 10 min at 4°C. 

The DNA pellet was air dried and dissolved in TE buffer [10 

mM Tris HCl and 1 mM EDTA (pH 8.0)]. 

 

2.2.2.2. PCR amplification of 16S rRNA 

Genomic DNA of RS26 was used as template for PCR 

amplification of 16S rRNA gene. The reaction mixture in total 

volume of 25 μl contained; 9.5μl ultrapure water, 5μl 5X PCR 

buffer (100 mM Tris-HCl, 500 mM KCl pH 8.3), 2μl MgCl2 

(2mM), 1μl dNTP’s (10 mM), 1μl forward primer (10 μM) 27 

F (5’AGAGTTTGATCCTGGCTCAG3’), 1μl reverse primer 

(10 μM) 1492R (5’TACGGTTACCTTGTTACGACTT3’), 

5μl genomic DNA (20ng) and 0.50 μl DNA polymerase 

enzyme (5 U/μl). PCR condition was initial denatuaration step 
at 94 oC for 5 min followed by 25 cycles of denaturation at 94 oC 

for 30 sec, annealing at 58 oC for 30 sec and extension at 72 oC 

for 1 min and then a final extension at 72 oC for 7 min. The PCR 

product was separated on 1% agarose TAE gel, cut from the gel, 

and then extracted and purified using gel extraction kit 

(QIAGEN, India). The purified PCR product was sequenced by 

Sanger dideoxy method. 

2.2.2.3. Phylogenetic Analysis 

The phylogenetic relationship of the strain RS26 was 

determined by comparing the 16S rRNA sequence with the 

sequences retrieved from the Gen Bank database of the 

National Center for Biotechnology Information (NCBI), via 

BLAST search (http://www.ncbi.nlm.nih.gov/BLAST) 

(Altschul et al., 1990) [19]. Tree was constructed by neighbour 

joining method using the MEGA 6 (Tamura et al., 2007) [20]. 

 

2.2.3. Plant growth promoting trait of RS26 

2.2.3.1. N2 Fixation 

RS26 was cultivated in Asbhy’s N-free agar plates containing 

(g/l) mannitol, 15; MgSO4.7H2O, 0.2; K2HPO4, 0.2; CaCl2, 

0.2; FeCl3,0.05, 10 µl Na2MoO4 (10% w/v) and agar-agar 20 

at 37 oC for 24 h. Ammonia production ability of the isolate 

was estimated by the method described by Goswami et al., 

2014 [21]. RS26 was inoculated and incubated in 50 ml of 

Asbhy’s N-free liquid medium at 37 oC for 24, 48, 72 and 96 

h in separate 100 ml Erlenmeyer Flasks. After the respective 

time of incubation the culture broth was centrifuged at 8000 

rpm for 10 min and 0.2 ml supernatant was added with 1ml 

Nessler’s reagent and total volume was made 8.5ml by adding 

doubled distilled water. The mixture was incubated at 37 oC 

for 30 min. Brown to yellow colour was developed indicate 

the ammonia production and the concentration of the 

ammonia was estimated by measuring the optical density at 

450 nm against the standard curve prepare with 0.1-10 μmol 

ammonium sulphate. 

 

2.2.3.2. Production of Indole acetic acid (IAA) 
IAA production was evaluated by the method of Patten and 

Glick, 2002 [22]. RS26 was inoculated and incubated LB broth 

at 37 °C for 96 h, either in presence or absence of tryptophan 

(1mg/ml). After specified incubation time, the culture was 

centrifuged at 8000 rpm for 10 min. The culture supernatant 

(1ml) was mixed with 2ml of Salkowski’s reagent (150 ml 98 

% H2SO4, 7.5 ml 0.5M FeCl3.6H2O and 250 ml distilled 

water) and incubated for 30 min at 25 oC. IAA production was 

indicated by the development of pink colour and the 

concentration of the IAA was estimated my measuring the 

optical density of the mixture at 530 nm using the standard 

curve prepared with 1-20 µg/ml of standard IAA. 

 

2.2.3.3. Inorganic Phosphate solubilisation 
Qualitative estimation of phosphate solubilising ability of the 

isolate was done by the method of Katznelson and Bose, 1959 
[23]. Bacterial culture grown in Pikovskaya broth for 24 h was 

spot inoculated on Pikovskaya agar plate (PAP) containing 

tricalcium phosphate (TCP). The plates were incubated at 

37ºC for 9 days and then observed for the appearance of clear 

zone around the colonies at specified time period. Phosphate 

solubilisation index (PSI) was calculated from the following 

equation. 

 

 
 

Quantitative estimation of the solubilised phosphate content 

was done by vanadomolybdophosphoric acid method (Barton, 

1948) [24]. Bacterial culture was grown in Pikovskaya broth 

containing TCP for 9 days. Concentration of soluble 

phosphate was estimated at various incubation time using the 

standard curve of KH2PO4 (10-100 µg/ml). 
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2.2.4. Pathogenicity test of RS26 
Pathogenecity test was done by following the method of 

Chahad et al., 2012 [25]. The bacterial culture was grown on 

blood agar base supplemented with 5% (v/v) sheep blood to 

determine their ability to produce different types of 

hemolysins. Plate was incubated at 37oC for 24 h. The results 

were recorded. Positive control strain was used for 

comparison and a clear zone on the blood agar plate was 

considered as a positive result. 

 

3. Results and Discussion 

The group of beneficial bacteria that enhances the plant 

growth and acts as biocontrol agent by wide variety of 

mechanisms are called plant growth promoting rhizobacteria 

(PGPR) (Kloepper et al., 1978) [26]. The utilization of PGPR 

for agriculture practices can minimize chemical inputs into 

soil and is also beneficial in context of increasing global 

concern for food and environmental quality (Verma and 

Shahi, 2015) [27]. Plants growth is stimulated by PGPR with 

various direct and indirect mechanisms. Direct mechanisms 

includes the acquisition of nutrient i.e. solubilisation of 

phosphate and zinc, nitrogen fixation, iron accumulation by 

siderophore and modulating the level of plant hormones etc 

(Patten and Glick, 1996, Glick et al., 1998) [28, 29]. 

In the present study, Klebsiella pneumoniae RS26, a potent 

PGPR strain isolated from rhizosphere of chickpea were 

screened for plant growth promoting (PGP) traits and its 

pathogenic nature was also evaluated. 

 

3.1. Isolation and Identification of PGPR strain RS26 
Total number of bacteria isolated from the rhizospheric soil 

sample was 3.8 X107 CFU/ml. Among the microorganism 90 

strains were further isolated depending on their distinctive 

colony morphology and successively purified in NA plates 

using streak plate methods. These isolated strains were further 

evaluated for their potential PGP activity. Among the 

bacterial isolates strain RS26 was selected for further 

evaluation in relation to its biochemical and molecular 

identification as well as its PGP activities. The strain RS26 

was morphologically characterized as gram negative, rod 

shaped, non motile bacteria. The colony of the isolate was 

white, opaque, slimy, glossy, having entire margin and was 

round in shape. The bacterium was characterized 

biochemically as positive in citrate utilization, Voges-

Proskauer tests, nitrate reduction, lipase and amylase 

production test (Table 1). Phylogenetic analysis based on 16S 

rRNA gene sequence comparison showed the isolate RS26 

(Gen Bank accession number MH819506.1) belonging to the 

branch encompassing members of genus Klebseialla and was 

most closely related to Klebsiella pneumoniae ATCC 13884 

with 99% 16S rDNA sequence similarity (Fig. 1) and hence 

identified as Klebsiella pneumoniae RS26. There are several 

reports on Klebsiella pneumoniae as potent PGPR strain, such 

as 4 species of Klebsiella having the phosphate solubilisation 

and auxin production activity were isolated Ji et al., 2014 [30], 

Bhardwaj et al., 2017 [31] isolated Klebsiella pneumoniae from 

the rhizosphere of Saccharum officinarum that was found to 

solubilise 17.4 µg/ml of inorganic phosphate and produced 

45.32 µg/ml of IAA after 96 h of incubation. In another report 

the researchers isolated four PGPR strains from maize 

rhizosphere and identified as Klebsiella sp. Br1, Klebsiella 

pneumoniae Fr1, Bacillus pumilus S1r1 and Acinetobacter sp. 

S3r2 and all of which were found positive for N2 fixation, 

phosphate solubilisation and auxin production (Kuan et al., 

2016) [32]. 

 
Table 1: Morphological and biochemical properties of the strain RS26 

 

Test Inference 

Colony morphology White, opaque, slimy, Glossy, Entire margin, round in shape 

Shape Rod 

Gram Staining -ve 

Capsule +ve 

Gelatin Hydrolysis -ve 

Motility -ve 

H2S production -ve 

Indole -ve 

MR (Methyl Red) -ve 

VP +ve 

Citrate utilization +ve 

Nitrate reduction +ve 

Fermentation of  

Arabinose +ve 

Cellobiose +ve 

Glucose +ve 

Glycerol +ve 

Lactose +ve 

Maltose +ve 

Mannitol +ve 

Mannose +ve 

Sorbitol +ve 

Sucrose +ve 

Xylose +ve 

Production of Lipase +ve 

Production of amylase -ve 

Production of Catalase +ve 

Probable Genera of RS26 Klebseilla sp 
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Fig 1: Phylogenetic tree construction based on 16S rRNA gene 

sequences reflecting the position of strain RS26 with the other 

Klebsiella species. Bar represents 1 nucleotide substitution per base. 

Numbers at nodes represent bootstrap values. Accession numbers are 

given at extreme left of each strain. 

 

3.2. N2 fixation and ammonia production by RS26 

Symbiotic or non-symbiotic N2 fixation by the 

microorganisms contribute to the N-uptake and hence to the N 

content of the crops (Goswami et al., 2014) [21]. In our study 

the isolated strain RS26 was found to grow well in N-free 

Asbhy’s media indicating their ability to fix N to ammonia. 

The results in Fig 2 show that RS26 produced 10.13 µg/ml of 

ammonia after 24 h of incubation and maximum ammonia 

production by the strain was recorded as 15.21 after 72 h of 

incubation. The strain also formed pellicle in the JNFb semi-

solid N-free medium and hence was categorized as free living 

N fixer. Previously, various diazotrophic bacteria were 

isolated and characterized. They belong to the genera of 

Azospirillum, Azoarcus, Enterobacter, Klebsiella and 

Zoogloea. (Bilal and Malik 1987; Malik et al., 1991) [33, 34]. 

Regulation of nitrogen fixation in Klebsiella pneumonia had 

been well documented by isolation and characterization of 

strains with nif-lac fusions (Douglas et al., 1981) [35]. 

 

 
 

Fig 2: Ammonia production by K. pneumoniae RS26 in N-free Asbhy’s 

nitrogen media. Data were represented as triplicate of mean ± SD. 

 

3.3. IAA Production 

Phytohormone IAA produced by the plants endogenously, is 

responsible for the root shoot elongation as well as induction 

of cambial cell division [22]. However, IAA produced can be 

effective when applied exogenously. In the present study, 

isolated rhizospheric bacteria were found to be producing 

IAA. The results in Fig 3 suggest that RS26 synthesized IAA 

either in presence or absence of tryptophan. Moreover, the 

production was more in the presence of the amino acid. 

Maximum IAA production of 15 and 7 µg/ml, respectively, 

was observed in presence and absence of tryptophan at 48 h 

incubation. On 96 h of incubation the production declined to 4 

ug/ml and 8 ug/ml without and with tryptophan, respectively. 

Several bacteria have been reported to produce IAA. 

Pseudomonas alcaligenes and Mycobacterium phlei were 

found to be producing 0.3 μg/ml and 0.5 μg/ml of IAA 

(Egamberdiyeva et al. 2007) [7]. K. pneumoniae strains were 

reported for the highest production of 27.5 μg/ml (Sachdev et 

al., 2009) [38]. Kuan et al., 2016 [32] reported the production of 

12.99 µg/ml of IAA by K. pneumoniae Fr1 which was 

significantly higher among the other isolated strains such as 

Bacillus subtilis UPMB (10.10 µg/ml), Klebsiella sp. Br1 

(4.91 µg/ml), Bacillus pumilus S1r1 (4.55 µg/ml) and 

Acinetobacter sp. S3r2 (10.70 µg/ml). In the present research 

elevated production of IAA on tryptophan supplementation 

could be due to the amino acid being the precursor of IAA 

and as root exudates contain tryptophan due to the 

transammination and decarboxylation reactions operated in 

plant roots, which can stimulate PGPR strains to produce 

more amount of IAA (Patten and Glick, 2002) [22]. 

 

 
 

Fig 3: IAA production by K. pneumonia RS26 in LB broth media in 

presence or in absence of tryptophan. Data were represented as 

triplicate of mean ± SD. 

 
3.4. Phosphate solubilisation 

Qualitative and quantitative estimation of inorganic phosphate 

solubilisation ability of RS26 was evaluated by growing the 

bacterial strain in Pikovskya agar and broth media respectively, 

for 2, 4, 6, 7, 8 and 9 days respectively. The results in Fig 4 

represent the qualitative estimation of phosphate solubilisation by 

the isolated strain in terms of phosphate solubilisation zone and 

phosphate solubilisation index (PSI). PSI was found to increase 

gradually from day 2 to 7 and was maximum at day 7 with a PSI 

of 2.09. Although phosphate solubilisation zone was maximum 

(11 mm) at day 8, but PSI ratio was found to be 1.77. The result 

also suggested that the phosphate solubilisation zone was 

positively correlated (r=0.91) with the diameter of the spot 

inoculants of the strain. 

Quantitative estimation revealed that the solubilisation of the 

phosphate by RS26 was also increased gradually from 2 to 7 days 

(10-29 μg/ml) and was correlated with the decrease in medium 

pH from 6.4 to 5.5, further incubation decreased the amount of 

soluble phosphate (Fig 5). The result suggests that the strain 

RS26 could solubilise the phosphate by secreting some organic 

acids in the media as reflected by the decreased medium pH. 

Organic acids such as citric, propionic, gluconic, succinic and 

lactic acids are reported to be the most common in phosphate 

solubilisation (Glick et al., 1998) [29]. Several scientific report 

suggested that the Klebsiella sp can solubilise the inorganic 

phosphates such as Klebsiella sp. Br1, Klebsiella pneumoniae 

Fr1 (Kaun et al., 2016), Klebsiella pneumoniae VRE36 

(Bhardwaj et al., 2017) [32, 31]. 
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Fig 4: Evaluation of phosphate solubilization index (PSI) created by K. pneumoniae RS26 on Pikovskaya’ sagar medium after 2, 4, 6, 7, 8 and 9 

days of incubation. 

 

 
 

Fig 5: Quantitative estimation of soluble phosphorus by K. pneumoniae RS26 on Pikovskaya’s broth medium after 2, 4, 6, 7, 8 and 9 days of 

incubation. 

 

3.5. Pathogenecity test of RS26 

Hemolysin production test of RS26 was evaluated by growing 

the organism in sheep blood agar medium. The result (Fig 6B) 

indicates the absence of the zone of hydrolysis suggesting its 

non-pathogenic nature. Therefore, from this experiment it can 

be concluded that strain RS26 can be used as PGPR for plant 

growth promotion without causing any human pathogenicity. 

 

  
 

A      B 
 

Fig 6: Plates showing the colony morphology of RS26 on nutrient agar plate (A) and the non-haemolytic nature of RS26 as compared to the 

positive control (B). 

 

4. Conclusion 

In the present research a potent bacterial strain was isolated 

and identified as K. pneumoniae RS26. The strain was able to 

fix atmospheric N2, produce considerable amount NH3 and 

IAA, solubilize insoluble inorganic phosphate. Moreover, 

nonpathogenic nature of RS26 along with PGP activity makes 
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it as good and promising candidate for bio-fertilizer 

formulation. Further detailed investigations are required to 

check its ability of plant growth promotion in field or pot 

experiments. 
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