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ABSTRACT 
 
Interactions between plants and microorganisms in the rhizosphere (rhizobacteria) can clearly affect crop yields. 
Rhizobacteria that benefit plant growth and development are called PGPR. the most studied  PGPR belong to gram-
negative genera, and the greatest number of strains are members of the fluorescent pseudomonads in our present 
investigation was to study the plant growth promoting (PGP) activities and heavy metal resistant Pseudomonas spp. 
from wheat & pigeon pea  fields of Allahabad district. From nine different rhizospheric soil of wheat & pigeon pea  
different  Pseudomonas spp. were isolated. Among the  21, four Pseudomonas spp. In four different Pseudomonas 
spp isolates  ( YSY-13, YSY-15,YSY-17 and YSY-19) exhibited maximum plant growth promoting and heavy metal 
tolerant activities The isolates could exhibit more than two or three PGP traits, which may promote plant growth 
directly or indirectly or synergistically. Further, rhizobacteria tolerant to multiple heavy metals exhibited a couple 
of PGP activities. 
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INTRODUCTION 
 

The rhizosphere, representing the thin layer of soil surrounding plant roots and the soil occupied by the roots, 
supports large active groups of bacteria [1].known as plant growth promoting rhizobacteria (PGPR) [2].PGPR can 
stimulate plant growth indirectly by inhibiting other deleterious microbes or root pathogens [3,4]. For example 
fluorescent pseudomonads can influence biological control of root crop diseases, by modulating competitiveness, 
production of antibiotics, siderophores or HCN [5].The interactions between plants and beneficial rhizosphere 
microorganisms can enhance biomass production and tolerance of the plants to heavy metals,making the 
microorganisms an important component of phytoremediation technology [6,7,8]. [9].demonstrated  that the 
exposure of P. fluorescencs ATCC 948 to three different heavy metals separately resulted, in differential expression 
of cellular proteins, but also in disappearance of the fluorescence, the basic characteristic shown by the fluorescent 
Pseudomonas, indicating the action of the metals on global regulatory components, controlling the  siderophore 
molecules imparting this bacterial quality. Although many soil bacteria are tolerant to heavy metals and play 
important roles in mobilization or immobilization of heavy metals [10].Thegood results obtained in vitro cannot 
always be dependably reproduced under field conditions [11,12]. The variability in the performance of PGPR may 
be due to various environmental factors that may affect their growth and exert their effects on plant. The 
environmental factors include climate, weather conditions, soil characteristics or the composition or activity of the 
indigenous microbial flora of the soil. 
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MATERIALS AND METHODS 
 

 Collection of Sample  
 Nine different rhizospheric soil samples were collected from wheat & pigeon pea field grown in Allahabad district 
of Uttar Pradesh. The sample was collected in 1cm depth and it was packed in a sterile polythene bag and labeled 
properly. 
 
Isolation of Pseudomonas  sp. Isolates  [13]. 
The isolation of  Pseudomonas spp. from soil samples, 1g of soil sample was serially diluted in sterile distilled 
water, 0.1 ml of soil suspension from 10-1 to 10-5  was spreaded on the  King’s B medium  agar plate. plates  were  
incubated  at  350 C  for  2-4  days  in  inverted  position.  
 
Identification of Pseudomonas  spp.  
The bacterial isolates were identified by using cultural, morphological and biochemical characteristics features de-
scribed in Bergey’s manual of determinative bacteriology [14]. and stored at 4°C on slants and maintained through 
sub-culturing. The isolates were characterized by Gram staining, motility test, Methyl Red, Voges Proskauer, 
Citrate,   oxidase test, catalase test, H2S production and starch hydrolysis as per the standard methods [15]. 
 
In vitro Screening of Multiple Plant Growth Promoting Activities of Pseudomonas  sp. 
Production of Indole acetic acid 
Indole acetic acid (IAA) production was detected as described by [16]. Bacterial cultures were grown for  four 
Pseudomonas  spp. on their respective media at 36±2 °C. Fully grown cultures were centrifuged at 3000 rpm for 30 
min. The supernatant (2 ml) was mixed with two drops of orthophosphoric acid and 4 ml of the Salkowski reagent 
(50 ml, 35% of perchloric acid, 1 ml 0.5 M FeCl3 solution). Development of pink colour indicates IAA production. 
 
Production of HCN and catalase 
All the isolates were screened for the production of hydrogen cyanide by adapting the method of [17]. Briefly, 
nutrient broth was amended with 4.4 g glycine/l and bacteria were streaked on modified agar plate. A Whatman 
filter paper no. 1 soaked in 2% sodium carbonate in 0.5% picric acid solution was placed at the top of the plate. 
Plates were sealed with parafilm and incubated at 36±2 °C for 4 days. Development of orange to red colour 
indicated HCN production. Bacterial cultures were grown in a nutrient agar medium for 18-24 h at 36±2 °C. The 
cultures were mixed with appropriate amount of H2O2 on a glass slide to observe the evolution of oxygen. 
 
Phosphate Solubilization 
Phosphate Solubilization Bacterial isolates were evaluated from the ability to solubilize inorganic phosphate. 
Pikovskaya’s agar medium (HiMedia, Mumbai) containing calcium phosphate as the inorganic form of phosphate 
was used in this assay. A loopful of bacterial culture were placed on the plates and kept for incubation at 28°C for 7 
days. The presence of clear zone around the bacterial colonies indicates the solubilization of phosphate. 
 
Heavy Metal Tolerance  
The selected bacterial strains were tested for their resistance to heavy metals by agar dilution method [18].Freshly 
prepared agar plates were amended with various soluble heavy metal salts namely Cr, Pb, Hg, Cd, Zn, Co and Cu, at 
various concentrations ranging from 25 to 200 µg ml-1 were inoculated with overnight grown cultures. Heavy metal 
tolerance was determined by the appearance of bacterial growth after incubating the plates at room temperature for 
24-48h. 
 

RESULTS AND DISCUSSION 
 

Rhizosphere soil samples from Wheat & Pigeon pea plants grown in different sites situated at in Allahabad district 
of Uttar Pradesh, were collected and used for the isolation of  Pseudomonas spp. using specific media. The attempts 
yielded 21 Pseudomonas isolates. Among the 21 Pseudomonas spp. 4 species of Pseudomonas spp. were exhibited 
efficient plant growth promoting activities by screening methods. 
 
The isolates were identified based on morphological and biochemical characteristics and were tested for their 
beneficial traits like ability to solubilization of insoluble inorganic phosphate and production of plant growth 
promoting substances. Efficient isolates selected based on the above characters were examined for their in vitro 
screening methods. The results obtained on these aspects are presented as follows. 
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Isolation and Identification of Pseudomonas spp.  
On the basis of cultural, morphological and biochemical characteristics a total of 21 Pseudomonas isolates were 
identified from nine rhizospheric soil samples as described in Bergey’s Manual of Determinative Bacteriology 
[19].Among the 21 isolates, 4 (YSY-13, YSY-15, YSY-17 and YSY-19) were selected for further studies based on 
the efficiency of multiple plant growth promoting activities. 
 
General Characterstics of the test isolates are illustrated in Table 1.  

 
Table 1. Morphological and cultural characteristics of pseudomonas isolates from the rhizospheric soil of wheat & pigeon pea. 

 
Biochemical and cultural  

characterization 
Pseudomonas   

species 
Number of isolates Four 
Gram staining Negative 
Motility Motile 
Methyl Red Negative 
Voges Proskauer Negative 
Citrate Positive 
Oxidase Positive 
H2S production Negative 
Catalase test Positive 
Starch hydrolysis Negative 

 
Table 2. Multiple plant growth promoting activities of Pseudomonas  isolates from the rhizospheric soil of  wheat & pigeon pea.. 

 

Pseudomonas isolates IAA  NH3 HCN 
PO-

4 

Solubilization 
YSY-13 + - + - 
YSY-15 + + - - 
YSY-17 + + + - 
YSY-19 + - + - 

 
Multiple Plant Growth Promoting Characteristics of Test Isolates. 
Screening results of PGP traits are depicted in Table 2. IAA production was shown in all the isolates of 
Pseudomonas  (100%) were showing Positive PGP activities in relation to indole acetic acid (IAA) Ammonia 
production was detected in (50%) of isolates of  Pseudomonas. and   hydrogen cyanide was detected in (75%) of test 
isolates. None of the test isolates of Pseudomonas spp. produced phosphate. 

 
Table 3. Heavy metal tolerance among Pseudomonas spp isolates from Rhizospheric soil of wheat & pigeon pea fields. 

 
HEAVY METAL TOLERANCE  (µg/ml -1) 

Pseudomonas spp isolates Cr Pb Hg Cd Zn Co Cu 
YSY-13 100 200 100 100 100 100 200 
YSY-15 200 100 50 100 50 50 100 
YSY-17 200 100 100 100 50 100 100 
YSY-19 100 200 50 200 200 100 25 

 
Screening results of multiple Heavy metal showed tolerance among  Pseudomonas spp isolates from Rhizospheric 
soil of wheat & pigeon pea fields. Among the 21 isolates of  four  isolates,  Pseudomonas spp isolate (YSY-19) 
showed  tolerance in all concentrations (25µg/ml, 50µg/ml, 100µg/ml, 200µg/ml) . whileas (Table 3). (YSY-13, 
YSY-15,YSY-17) isolates showed tolerance in (50µg/ml, 100µg/ml, 200µg/ml ).   
 
Microorganisms have developed the mechanisms to cope with a variety of toxic metals for their survival in the 
environment enriched with such metals.[20]. found that by decreasing the heavy metal toxicity, PGPR increases 
plant growth. The selection of microorganisms both metal tolerant and efficient in producing PGPR compounds can 
be useful to speed up the recolonization of the plant rhizosphere in polluted soils. In addition to these traits, plant 
growth promoting bacterial strains must be rhizospheric competent, able to survive and colonize in the rhizospheric 
soil. Unfortunately, the interaction between associative PGPR and plants can be unstable. The good results obtained 
in vitro cannot always be dependably reproduced under field conditions. The ability of bacteria to produce IAA in 
the rhizosphere depends on the availability of precursors and uptake of microbial IAA by plant. Growth promotion 
may be attributed to other mechanisms such as production of plant growth promoting hormones in the rhizosphere 
and other PGP activities [21, 22].. Production of IAA by  Pseudomonas  is a general characteristic of our test 
isolates Another important trait of PGPR, that may indirectly influence the plant growth, is the production of 
ammonia. 50 % of the isolates were able to produce ammonia. Many different bacteria could produce HCN which is 
toxic for fungi [23].HCN production  by P.fluoresens, P.aeruginosa and Chromobacterium uiolaceum was reported 
by many researchers [24].Most of the Pseudomonas spp. isolated (YSY-13, YSY-17 and YSY-19) from soils of 
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Rhizospheric soil of wheat & pigeon pea are produced HCN as potent antifungal agent. All the test bacterial isolates 
in the present study were able to produce catalase. Bacterial strains showing catalase activity must be highly 
resistant to environmental, mechanical, and chemical stress. 
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