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Abstract 

PGPR serve several functions for plants. They fix atmospheric nitrogen and supply it to plants, or they 

synthesize siderophores that can  solubilize and sequester iron from the soil and provide it to plant cells. PGPR 

also synthesize several different phytohormones, including auxins (IAA) and cytokinins, which enhance plant 

growth. In the present study  efficient PGPR strains with multiple plant growth promoting activities belonging 

to Pseudomonas spp were isolated from domestic sewage irrigated rhizospheric soil samples. These test isolates 

were biochemically characterized and screened in vitro for their plant growth promoting traits like production 

of Indole acetic acid (IAA), Siderophore, ammonia, HCN and catalase production. most of  the isolates were 

able to produce IAA. Production of ammonia was commonly detected  in all the isolates. 60 % test isolates 

produce Siderophore but none of the isolates produced HCN and  Phosphate Solubilization. On the basis of 

multiple plant growth promoting activities, test bacterial isolates of pseudomonas genus, were tolerant to 

multiple heavy metals.  Among these isolates, Pseudomonas spp isolate YSY S-1, YSY S-3, YSY S-4 showed 

tolerance in concentrations (100μg/ml, 200μg/ml) . whereas YSY-26 and YSY-27 were tolerant to all heavy 

metals (50 to 100 μgml-1). YSY S-2 isolate  showed tolerance in (50μg/ml, 100μg/ml, 200μg/ml )  whileas  

isolate (YSY S-5  showed  tolerance  in (50μg/ml, 100μg/ml) . 
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1. Introduction 

 

PGPR are free-living soil bacteria that are actually 

divided into three functional groups: plant 

growthpromoting bacteria (PGPB), biocontrol-

PGPB proposed byBashan and Holguin (1998) and 

plant stress homeoregulating  bacteria (PSHB) 

proposed by (Cassán et al., 2009). Several 

researchers have shown the positive impact of  

bioaugmentation on metal bioavailability. In one 

such study, exchangeable Pb was increased by 

113% when Pseudomonas aeruginosa and 

Pseudomonas fluorescens were present (Braud et 

al., 2006 ) . Many studies have been conducted to 

evaluate the role of PGPR in phytoremediation 

efficiency action on metal contaminated soils 

(Khan., 2005).  these bacteria generate a 

stimulating effect on the growth of plants, giving to 

them a continuous nutrients and hormones supply 

through their metabolic activities (Glick et 

al.,1998; Wu et al., 2005). The mechanisms by 

which PGPR promote plant growth are not fully 

understood (Vessey, 2003). But several 

mechanisms have been suggested by which PGPR 

Pseudomonas spp, Rhizobium spp and Bacillus spp. 

can promote plant growth, including phytohormone 

production, heavy metal  resistance, nitrogen 

fixation and stimulation of nutrient uptake (Singh, 

Y.  et al., 2013 a,b and c). Accumulation of heavy 

metals in the soil environment and their uptake by 

rhizobacteria and plants is a matter of  growing 

concern. Some metals such as zinc, copper,  nickel 

and chromium are essential or beneficial 

micronutrients for plants, animals and 

microorganisms (Olson et al., 2001), whereas 

others (cadmium, mercury, and lead) have no 

known biological and/or physiological functions 

(Gadd., 1992). At higher concentrations, metal ions 
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can either completely inhibit the microbial 

populations by inhibiting their metabolic activities 

or organisms can develop resistance or tolerance to 

the elevated metal levels. The ability to grow even 

at high metal concentration is found in many 

rhizospheric microorganisms (Lakzian et al., 2002) 

and  may be the result of intrinsic or  induced 

mechanisms (Giller et al., 1998). 

 

 

2. Materials and Methods 

 

 2.1 Collection of Sample  

 

The rhizosphere  soil samples were collected from 

sewage irrigated fields growing  P.sativum L. From 

south area of Kanpur , India. The field is being 

irrigated with domestic sewage last 7 to8 years. 

Randomly located plants were uprooted carefully 

and the excess  of soil was removed  by  gentle  

shaking and the soil adhering to roots formed  

composite  samples.  The  collected  samples  were  

placed  in  plastic  bags  and  kepa  in  an  icebox  

and  kept  at  4
o
 C  in  the  laboratory  until  

processed. 

2.2 Isolation of Pseudomonas  spp. Isolates (King 

et al., 1954). 

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
-6 

 was spreaded on the  King’s B 

medium  agar plate. plates  were  incubated  at  35
 

o
C  for  2-4  days  in  inverted  position.  

2.3 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 (J.G. Holt et 

al., 1994)..  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 . (J.C. 

Cappuccino, and N. Sherman, 1992).. 

2.4 In vitro Screening of Multiple Plant Growth 

Promoting Activities of Pseudomonas  sp. 

2.4.1 Production of Indole acetic acid 

Indole acetic acid (IAA) production was detected 

as described by (Brick et al., 1991). Bacterial 

cultures were grown of  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. 

2.4.2 Production of HCN and catalase 

 

All the isolates were screened for the production of 

hydrogen cyanide by adapting the method of 

(Lorck., 1948). 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. 

2.4.3 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. 

 

2.4.4 Siderophore production 

 

Siderophore production was detected by the 

universal method of (Schwyn and Neilands., 1987) 

using blue agar plates containing the dye chrom 

azurol S (CAS). Orange halos around the colonies 

on blue were indicative for siderophore production. 

 

2.4.5 Heavy Metal Tolerance  

 

The selected bacterial strains were tested for their 

resistance to heavy metals by agar dilution method 

(Cervantes et al., 1986).. Freshly prepared agar 

plates were amended with various soluble heavy 

metal salts namely Cr, Pb, Hg, Cd, Zn, 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. 

 

3.  Results and Discussion 

Rhizosphere soil samples were collected from 

sewage irrigated sites situated  in Kanpur district 

(south area) of Uttar Pradesh, were collected and 
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used for the isolation of  Pseudomonas spp. using 

specific media. The attempts yielded 28 

Pseudomonas isolates. Among the 28 

Pseudomonas spp. 5 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. 

 

3.1 Isolation and Identification of Pseudomonas 

spp.  

 

On the basis of cultural, morphological and 

biochemical characteristics a total of 28 

Pseudomonas isolates were identified from 

domestic sewage irrigated rhizospheric soil 

samples as described in Bergey’s Manual of 

Determinative Bacteriology (Holt et al., 1994). 

Among the 28 isolates, 5 (YSY S-1 YSY S -2, 

YSY S-3, YSY S-4 and YSY S-5) 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. 

 

Table 2. Multiple plant growth promoting activities of Pseudomonas  isolates. 

Pseudomonas 

isolates  

IAA Siderophore NH3 HCN PO
-
4 

Solubilization
 

YSY S-1 + + + - - 

YSY S-2 + + + - - 

YSY S-3 + - + - - 

YSY S-4 + + + - - 

YSY S-5 - - + - - 
(+)- positive (-)- negative 

3.2 Multiple Plant Growth Promoting 

Characteristics of  test Isolates. 

Screening  results of PGP traits are depicted in  

table 2. IAA production was shown in most of  the 

isolates of Pseudomonas  (80%) were showing  

positive PGP activities in relation to indole acetic  

acid (IAA), Siderophore  production was detected 

in (60%)  whileas,  Ammonia production was 

detected in (100%) of isolates of  Pseudomonas. 

and   hydrogen cyanide was not detected in any of  

test isolates. None of the test isolates of 

Pseudomonas spp. produced phosphate. 

 

 

 

Biochemical and cultural characterization Pseudomonas  species 

Number of isolates Five 

Gram staining Negative 

Motility Motile 

Methyl Red Negative 

Voges Proskauer Negative 

                  Citrate Positive 

Oxidase Positive 

H2S production Negative 

Catalase test Positive 

Starch hydrolysis Negative 
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Table 3.   Heavy metal tolerance of test Pseudomonas spp.  isolates. 

Pseudomonas 

spp isolates 

Cr Pb Hg Cd Zn Cu 

YSY S-1 100 200 100 200 100 100 

YSY S-2 200 50 100 50 50 100 

YSY S-3 200 200 100 200 100 100 

YSY S-4 200 100 200 100 100 200 

YSY S-5 100 50 50 100 50 50 

 

Experiments  performed  that multiple Heavy metal 

showed tolerance among Pseudomonas spp isolates 

domestic sewage irrigated rhizospheric soil 

samples. Among the 28 isolates of five isolates, 

Pseudomonas spp isolate (YSY S-1, YSY S-3, 

YSY S-4) showed tolerance in concentrations 

(100μg/ml, 200μg/ml) . and  (Table 3). (YSY S-2) 

isolate  showed tolerance in (50μg/ml, 100μg/ml, 

200μg/ml )  whileas  isolate  (YSY S-5)  showed  

tolerance  in (50μg/ml, 100μg/ml) .  therefore 

Tolerance to heavy metals was observed less 

frequently in isolate (YSY S-5). Rhizobacteria are 

rhizosphere competent bacteria that aggressively 

colonize plant roots; they are able to multiply and 

colonize all the ecological niches found on the 

roots at all stages of plant growth, in the presence 

of a competing microflora (Antoun and Kloepper., 

2001). Production of IAA is a general characteristic 

of our test isolates. Higher level of IAA production 

by Pseudomonas was recorded by other workers 

(Xie et al., 1996). Another important trait of PGPR, 

that may indirectly influence the plant growth, is 

the production of siderophores. Siderophores 

chelates iron and other metals contribute to disease 

suppression by conferring a competitive advantage 

to biocontrol agents for the limited supply of 

essential trace minerals in natural habitats (Hofte et 

al., 1992; Loper and Henkels, 1997). Both the 

strains especially TRSB16 are highly efficient IAA 

producer. Production of ammonia is an important 

attribute of PGPR that influences plant growth 

indirectly (Wani et al., 2007).  This study has 

demonstrated that  the 3 Rhizobacterial isolates 

classified as plant growth promoter and produced 

siderophores such as YSYS-1 , YSYS-2, and 

YSYS-4, out of five test isolates, and   isolates 

YSYS-1, YSYS-2, YSYS-3 and YSYS-4 already 

found to be IAA producer. Whileas ammonia 

detected in all test isolates. But phosphate and 

HCN not detected in any test isolates. (Burd et al., 

2004) foun that by decreasing the heavy metal 

toxicity, PGPR increases plant growth. PGPR have 

developed a range of mechanisms by which they 

can immobilize, mobilize, or transform heavy 

metals, thereby rendering them inactive (Nies 

1999) a strain of Pseudomonas maltophilia was 

shown toreduce the mobile and toxic Cr
6+

 to 

nontoxic and immobile Cr
3+

, and also to minimize 

environmental mobility of other toxic ions such as 

Hg
2+

, Pb
2+

, and Cd
2+

 (Blake et al., 1993; Park et al., 

1999). The increase in the growth of agronomically 

important crops grown in metal-stressed soils by 

applying metal tolerant rhizobacteria has been 

attributed to the ability of rhizobacterial strains to 

mitigate the toxic effects of metals using 

mechanisms such as production of siderophores 

besides providing plants with the sufficient 

amounts of growth promoting substances (Khan et 

al., 2009). 

 

4. Conclusions 

 

Bacterial populations belonging to the genus 

Pseudomonas spp. exhibit multiple plant  growth  

promoting  activities in  vitro condition. 
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