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 A total of 30 bacteria were isolated from the rhizosphere of cotton and chickpea plants. 
Isolates were screened for antagonistic activity against Rhizoctonia solani AG-7, a 

predominant agent of root rot and damping-off seedling in cotton crops.  Twelve 

bacterial isolates were found to have a potent antagonistic activity against R. solani and 
were identified as Pseudomonas aeuroginosa. Genetic diversity of selected isolates was 

evaluated by restriction fragment length polymorphism of 16S rDNA [amplified 

ribosomal DNA restriction analysis (ARDRA)] and BOX-PCR fingerprinting analysis. 
The isolates were clustered in to five and seven clusters on the basis of ARDRA and 

BOX-PCR, respectively. The isolates obtained from same geographical regions showed 

similarity in DNA fingerprint profiles. 
 

 
© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: Manju Rani, Jogender Singh Rana, Sarika Poonia and Vikas Beniwal. Characterization of Pseudomonas aeuroginosa 
MTCC 9783 isolated from rhizosphere of chickpea plant and its antagonism towards Rhizoctonia solani AG-7 causing root rot in cotton 

crops. Adv. Environ. Biol., 8(13), 879-884, 2014 

 

INTRODUCTION 

 

Rhizoctonia solani teleomorph Thanatephorus cucumeris (Frank) Donk is a plant pathogenic fungus with a 

wide host range, which includes field crops, vegetables, ornamentals, and fruit crops [1]. It causes damping-off 

and head rot on many vegetable crops. Cotton damping-off caused by R. solani is one of the most important of 

those diseases that limit cotton lint and seed production [2,3,4]. There is a lack of appropriate method to control 

this fungus in a number of economically important crops because of its ecological behaviour, its extremely 

broad host range, and the high survival rate of sclerotia under various environmental conditions. Therefore, new 

alternative strategies to control the pathogen are urgently required [5]. In this context, biological control using 

microorganisms has proved to be a feasible alternative to manage this phytopathogen. In fact, many 

microorganisms have been used to control R. solani, e.g., Trichoderma spp., Bacillus spp., and Pseudomonas 

spp. [6,78]. Combination of different biocontrol agents can contribute to better control of pathogens. 

Alabouvette et al. [9] reported a synergistic effect by combining a fluorescent Pseudomonas spp. with a non-

pathogenic F. oxysporum for controlling Fusarium oxysporum f.sp. radicis lycopersici. Also, a positive 

synergistic interaction between strains of Trichoderma spp. and bacterial antagonists, such as Pseudomonas 

syringae has been reported for their combined applications in the control of plant pathogens [10]. In view of the 

above, the aim of the present study was to characterize Pseudomonas aeuroginosa strains isolated from 

rhizosphere of chickpea plant and to determine its antagonism towards Rhizoctonia solani AG-7 causing root rot 

in cotton crops. 

 

MATERIALS AND METHODS 

 

Microorganism and culture maintenance: 

Rhizospheric soil samples of cotton (G. hirusutum) and chickpea were collected from agricultural fields 

located in various districts of Haryana, India. Isolation of antagonistic bacteria from rhizospheric soil was 

carried out with standard dilution plating techniques on selective media (King’s B media). Identification of 
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bacterial isolates was done based on morphological, physiological, biochemical and molecular characteristics. 

One of the bacterial isolates was deposited to the Microbial Type culture collection (MTCC), IMTECH, 

Chandigarh, India, as Pseudomonas aeuroginosa MTCC 9783. In the present study two isolates of 

Pseudomonas spp. were also included as reference strains having MTCC no: 672 and 664. The isolates were 

maintained on Nutrient agar medium by repeated streaking at regular interval and refrigerated at 4°C.  

 

Screening of antagonistic bacteria: 

Screening of the selected bacterial isolates for their antifungal activity against R. solani was done on the 

basis of in-vitro dual culture assay. The assay was carried out by streaking the bacterial isolate at one centre of 

the petri plate, and placing 4 mm disks from 7 days old culture of the fungal pathogen at both ends of the petri 

plate of 1:1 potato dextrose agar: nutrient agar (PDA : NA). Other plates were inoculated with the only 

pathogenic fungi as control treatment. The cultures were grown at 28°C, and inhibition of fungal growth was 

recorded after four days. The efficiency of bacterial isolate in suppressing radial growth was calculated and 

recorded when the control plates were filled by growth of the pathogenic fungi as follow: 

(C–T)/C × 100  

Where C is radial growth measurement of the pathogen in the control and  

T is radial growth of the pathogen in the presence of antagonistic bacterial strain. 

 

Chromosomal DNA Extraction: 

DNA isolation was done by standard procedure as followed by Chen and Kuo [11]. Briefly the bacterial 

cells were pelleted from 10 ml overnight cultures in nutrient broth (NB).  The pellet was resuspended in 467 µl 

TE buffer (10 mM Tris-HCl (pH 8.0) and gently stirred with glass rod. 30 µl of 10% (w/v) sodium dodecyl 

sulfate (SDS) and 3 µl of 20 mg/ml proteinase K, was added, mixed and incubated for 1 hr at 37°C.  An equal 

volume of saturated phenol/chloroform/ Isoamyl (25:24:1) was added and mixed completely. The upper aqueous 

phase was transferred to micro-centrifuge tube and the step was repeated with equal volume of 

phenol/chloroform.  1/10 volume of 3M sodium acetate (pH 5.2) and 0.6 volumes of isopropanol were added 

and mixed gently until the DNA precipitated followed by washing with 70% ethanol for 30 sec.  DNA was dried 

and resuspended in TE buffer. The quality and purity of the isolated DNA were determined by agarose gel 

electrophoresis and spectrophotometry, respectively. The DNA samples that showed a single band on agarose 

gel and had anA
260

nm/A
280

nm ratio of ~1.8 were used for further analysis. DNA was quantified by comparison 

with lambda DNA of known concentration in 0.8% agarose gels. 

 

PCR Amplification and RFLP analysis of 16S rDNA: 

The amplification of 16S rDNA was done by using universal primers (GM3f, and GM4r) as described by 

Johari [12]. The PCR reaction mixture contained, 50 ng of genomic DNA, 0.2µM of primers, 1x Taq DNA 

polymerase buffer, 1 U of Taq DNA polymerase (Banglore Genei, Banglore), 0.2 mM of each dNTP, and 1.5 

mM MgCl2, 7% (Dimethly sulphoxide) DMSO. Amplification was performed in a DNA thermo cycler (PTC-

100
TM

, MJ Research Inc., USA) at Initial denaturation at 94°C, 5 min;  followed by 30 cycles of denaturation at 

94°C, 1 min; annealing at 54°C, 1 min; extension at 72°C, 1 min;  with an final extension of 72°C for 5 min. A 5 

μl aliquot of PCR product was electrophoresed on a 0.8% agarose gel in 1× TAE buffer at 100 V for 1 hr. 

Approximately 100 ng of the 16S rDNA PCR product was digested with various restriction enzymes (HhaI, 

AluI, RsaI, MspI and HaeIII) for at least 2 h according to the manufacturer’s instructions. Five microliters of the 

restricted product was run on a 2.5% (TAE) agarose gel. 

 

BOX-PCR based Genotypic Analysis: 

Bacteria were cultured in LB broth at 28°C for 18 h and the total genomic DNA was extracted as described 

above. The BOX-A1R (5'-CTACGGCAAGGCGACGCTGACG-3') primer used for genotypic analysis was 

synthesized by Integrated DNA Technologies Inc. (Coralville, IA, USA). The reaction mixture contains: 

template DNA 50–80 ng , 50 pM of primer, 1× Taq DNA polymerase buffer, 1 U of Taq DNA polymerase, 0.2 

mM of each deoxynucleotide triphosphate (dNTP), and 1.5 mM MgCl2 (Banglore Genei, Banglore). The 

reaction conditions were initial denaturation, 94°C, 5 min; followed by 30 cycles of  denaturation 94°C for 1 

min; annealing 57°C for 1 min; extension 72°C for 1 min; final extension 72°C for 5 min; holding at 4°C till 

use. A 12.5 μl aliquot of PCR product was resolved on 2.5% agarose gel at 90V for 1 h and visualized under UV 

transilluminator.  

 

Data Analysis: 

For assessing the molecular genetic variation, ARDRA and BOX-PCR profiles showing reproducible and 

scorable amplification were used to construct a binary matrix. Binary matrix was analysed by NTSYS-pc 

(Version 2.2; Exeter Biological Software, Satauket, NY) Jaccard’s coefficient was clustered to generate a 
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dendrogram using SHAN clustering programme selecting unweighted  paired group method with airthmetic 

averages (UPGMA). 

 

RESULTS AND DISCUSSION 

 

Isolation and Identification of Antagonistic Bacteria: 

Rhizospheric soil samples collected from cotton and chickpea were used for isolation of antagonistic 

bacteria by using standard dilution plating techniques. Isolated purified bacterial colonies were streaked on 

King’s B agar media. After incubation, bacteria were phenotypically identified. A total of 12 isolates showing 

antagonistic activity against R. solani were found to be gram negative and secreted a variety of pigments 

(including pyocyanin) and blue-green colored colonies were observed. An effective strain showing antagonist 

activity was isolated from Chickpea rhizosphere in Northern India in 2009. This strain has been named as the 

Pseudomonas aeruginosa M/PhD as its biochemical and physiological characteristics shares a high similarity to 

that of P. aeruginosa. The isolate was deposited in the Microbial Type Culture Collection (MTCC), IMTECH 

India and the MTCC number given to this culture was 9783. The bacterial isolates were observed as straight 

rods (1-5 µm long and 0.5-1.0 µm wide) under the microscope.  

 

Screening of various strains of Pseudomonas for their antagonistic activity: 

The purified colonies were then screened for their antifungal activity by dual culture technique. Dual 

culture was done in two replicates. R. solani culture was set as a control at the same temperature. The 

antagonistic bacteria streaked longitudinally and in circular position of R. solani in both the condition, growth of 

the fungus inhibited as shown in fig. 1. 

 
Fig. 1: Antagonistic activity of Pseudomonas aeuroginosa MTCC 9783 against Rhizoctonia solani 

 

RFLP analysis of 16S rDNA: 

Fig 2 shows the RFLP analysis of 16S rDNA. The similar restriction banding pattern of the twelve-member 

bacterial model community by HhaI, AluI, RsaI, MspI and HaeIII indicate that all then stains under study were 

of same genus and species i.e P. aeruginosa. 

 

 
Fig. 2: RFLP analysis of 16S rDNA (ARDRA) of the twelve-member bacterial model community 

corresponding to HhaI digestion Lanes 1 and 6; Msp I digestion Lanes 4,9 and 11; Alu I digestion 

Lanes 2 and 7;  Rsa I digestion Lanes3,8 nd 10; HaeIII digestion Lanes 5 and 12. 
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BOX-PCR based genotypic finger prints: 

Molecular fingerprints (BOX-PCR) were used to differentiate the strains at genotypic level and to show the 

intra-specific diversity. A total of 12 bacterial isolates from the rhizosphere of different cotton and chickpea 

plants previously selected because of their antagonistic activity (Fig 1) was tested with the R. solani mycelium 

in dual culture. A diverse spectrum of antagonistic interactions was observed. All Rhizoctonia solani antagonists 

were characterized on the genotypic level by BOX-PCR fingerprints. The BOX-PCR amplicons obtained from 

genomic DNA yielded fingerprints with 7-10 amplification products, ranging in size from 100 to 1000 bp (Fig 

3). Although for some isolates highly similar fingerprints were obtained (BC6 and B12) and a high diversity of 

BOX patterns was found.  

 

 
Fig. 3: BOX– PCR analysis of Pseudomonas aeuroginosa isolates.  

 

Cluster Analysis: UPGMA-SAHN Cluster analysis of BOX-PCR banding patterns: 

Amplification products obtained from BOXA1R primer ranged between 100bp to 750bp and the total 

number of loci amplified was fifteen. A combined dendrogram for the 12 P. aeuroginosa isolates was prepared 

by using similarity coefficients of 15 DNA markers generated by BOXA1R primer. The UPGMA dendrogram 

demonstrated that the isolates of P. aeuroginosa were grouped into two distinct clusters at 0.35 similarity 

coefficient (Fig 4). First cluster consisted of nine isolates while the rest three isolates were grouped into second 

cluster. First cluster consisted three isolates from Bhiwani district of Haryana (BC1, BC2, and BC3) at 70% 

genetic similarity, two isolates from Hissar district of Haryana (BC6 and BC12) showing 100% similarity 

coefficient and four isolates from Sirsa district of Haryana (BC11, BC8, BC5 and BC10). The value of Jaccard’s 

genetic similarity coefficient ranged from 0.27 to 0.83. The cophenetic correlation coefficient was r =0.82, 

considered a very good value. 

 

 

 
 

Fig. 4: Cluster analysis of Pseudomonas aeuroginosa isolates by UPGMA (unweighted pair groups method 

using arithmetic averages) generated dendrogram based on DNA fingerprinting using BOX-PCR. 
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Fig. 5: Cluster analysis of Pseudomonas aeuroginosa isolates by UPGMA (unweighted pair groups method 

using arithmetic averages) generated dendrogram based on DNA fingerprinting using ARDRA. 

 

Comparison of ARDRA and BOX-PCR: 

The 12 isolates were also analysed by BOX-PCR, which in contrast to ARDRA, provides phylogenetic 

relatedness on the basis of repetitive sequences. BOX-PCR utilizes a single primer that target highly conserved 

repetitive elements in the P. aeruginosa genome. The results of the RFLP-16S rDNA assays were compared to 

the results of BOX-PCR. A dendrogram constructed on the basis of the RFLP-16S rDNA pattern grouped the 12 

isolates into seven clusters of similar fingerprints (Fig. 5). PCR fingerprinting based on ARDRA revealed five 

groups on the basis of patterns generated by digestion of 16S rDNA amplicon. However, critical analysis of 

PCR fingerprints generated by BOX-PCR and ARDRA revealed clear phylogenetic affinities among the 

isolates. One large group obtained with HhaI, MspI, Hae III and Rsa I digestion could be split into six clusters 

on the basis of BOX-PCR patterns. In a similar study, Kanini et al. [13] isolated 605 Streptomyces from 12 

diverse habitats and reported that one-third of the isolates were antagonistic against the Rhizoctonia solani. 

Although in our study all strains belong to the genus Pesudomonas, but they showed a remarkable diversity in 

their antagonistic traits. Present results are in agreement with those of Siddiqui and Shaukat [14] who 

established the antagonistic behaviour of Pseudomonas aeuroginosa against Rhizoctonia solani. The 

antagonistic potentiality of Pseudomonas aeuroginosa might be attributed to their ability of produce 

siderophores, HCN, degradative extracellular enzymes such as chitinase, protease, cellulose, b-1,3 glucanase 

and antibiotics such as pyrrolnitrin, pyoluteorin, phenazine [15,16]. Nagarajkumar et al. [17] isolated 

Pseudomonas fluorescens from rhizosphere soil of rice and were tested for their antagonistic effect towards 

Rhizoctonia solani, the rice sheath blight fungus. Production of chitinase, beta-1,3-glucanase, siderophores, 

salicylic acid (SA) and hydrogen cyanide (HCN) by P. fluorescens strains was evaluated. The results showed 

that a significant relationship was observed between the its level of production of beta-1,3-glucanase, SA , HCN 

and antagonistic potential of P. fluorescens against R. solani. 
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