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Abstract

The PGPR have been divided into two groups based on their involvements in (i) nutrient cycling and
phytostimulation, and (ii) the biocontrol of plant pathogens. A total of 72 rhizobacterial isolates belonging
to genera Bacillus, Pseudomonas and Rhizobium were isolated from Wheat (Triticum aestivum L.) rhizospheric
soils collected from various locations of Kanpur region, India. These rhizobacterial isolates were
characterized biochemically and screened for their PGP (plant growth promoting) activities in vitro. Plant
growth promoting traits screened with the test rhizobacteria included production of indole acetic acid
(IAA), ammonia (NH3), hydrogen cyanide (HCN), siderophore and catalase. All test isolates turned positive
for catalase production. The rhizobacterial isolates of Pseudomonas spp. (100%), Bacillus spp. (100%) and
Rhizobium spp. (67%) produced IAA. Production of ammonia (NH3) was commonly detected in the
rhizobacterial isolates of Bacillus (100%), Pseudomonas (85%) and Rhizobium (70%). Bacillus Spp. sample
KNP-7 showed high level of tolerance to the multiple heavy metals tested whileas tolerance to heavy
metals was observed less frequently in Rhizobium spp. sample KNP-36 and KNP-5. Rhizobacteria tolerant
to multiple heavy metals and exhibiting a couple of PGP traits in the present study hold promise as
effective PGPR with wheat and/or other compatible crops.

Keywords: Ammonia; HCN; Heavy Metal Tolerance; Indole Acetic Acid; Plant Growth-Promoting
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Introduction

Plant growth-promoting rhizobacteria (PGPR)
form a highly diverse group of indispensable soil
bacteria of plant rhizosphere that influence the plant
growth through a range of mechanisms and have
been classified into three broad categories i.e.
bioprotectants: strains that suppress the pathogens
and hence control plant diseases, biofertilizers:
strains which improve the nutrient uptake of the plant
and biostimulants. The rhizobacteria enhance the
plant biomass and nutrient availability either by the
solubilization of phosphate and other mineral
complexes or by nitrogen fixation, production of
siderophores for the acquisition of trace metals or by
the release of phytohormones for better root growth
and controlling the harmful effects of deleterious/
pathogenic organisms [1-3]. Many studies have been
conducted to evaluate the role of PGPR in
phytoremediation efficiency action on metal
contaminated soils [4]. These bacteria generate a

stimulating effect on the growth of plants via giving
to them a continuous supply of nutrients and
hormones through their metabolic activities [5]. PGPR
such as Agrobacterium, Alcaligenes (Ralstonia),
Arthrobacter, Azospirillum, Azotobacter, Bacillus,
Burkholderia, Serratia, Pseudomonas and Rhizobium
[6 -12]  are particularly interesting for metal extraction
by plants since they increase both the rate of metals
accumulated by plants and the plant biomass. Plant
growth promoting rhizobacteria when applied to
seeds or incorporated into soil reduce the toxicity of
heavy metals and consequently enhance the growth
and yield of plant. Further, the nodule bacteria can
protect the plants against the toxic effects of nickel
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and zinc through adsorption or desorption
mechanism [13]. In addition, the plant growth
promoting rhizobacteria also synthesize plant
growth promoting substances (siderophore, indole
acetic acid, hydrogen cyanide and ammonia), which
augment the crop productivity [14]. Thus, it may be
said that there are plethora of mechanisms that may
be explored for developing various PGPR strains as
the successful eco-friendly tools to implement
sustainable agricultural practices in all parts of the
world. There is very little information regarding use
of PGPR as bioinoculants/biofertilizers in wheat.
Therefore, the present study was undertaken with
the view to isolate and characterize PGPR strains
from wheat growing fields in Kanpur agro-ecological
region of Uttar Pradesh, India.

Materials and Methods

Collection of Sample
The rhizospheric soil samples were collected from

sewage irrigated fields growing Triticum aestivum L.
from rural areas of Kanpur region, India. The fields
are being irrigated with domestic sewage last  7 to 8
years. Randomly chosen plants from different
locations 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
kept at 4oC in the laboratory until processed further.

Isolation of Rhizobacteria
Soil samples were serially diluted up to 10-5 to 10-7

in sterile phosphate-buffered saline (Hi-Media, pH-
7.2) and plated on the appropriate culture medium
for isolating different rhizobacteria. All bacterial
strains were isolated on their respective media;
Rhizobium was isolated on yeast extract mannitol
agar [15]. Pseudomonas and Bacillus were isolated on
King’s B agar selective medium [16] and nutrient agar,
respectively. Isolated colonies of rhizobacterial strains
were randomly selected and further purified by
streaking. Pure isolates were maintained as glycerol
stocks at -80oC for further use.

Identification and Biochemical Characterization of
Rhizobacteria

Isolated rhizobacterial strains were characterized
and tentatively identified on the basis of their
morphological, biochemical and/or physiological
characteristics according to Bergey’s manual of

determinative bacteriology. Selected isolates of
Bacillus (55), Pseudomonas (45) and Rhizobium (45) were
biochemically characterized for Gram’s reaction,
carbohydrate fermentation, oxidase test, O-F test, H2S
production, IMVIC tests, NO2 reduction, and starch and
gelatin hydrolysis as per the standard methods [17].

Characterization of Rhizobacteria for PGP Traits
Production of Indole Acetic Acid
Indole acetic acid (IAA) production was detected

as described by Brick et al. [18]. Pseudomonas, Bacillus
and Rhizobium cultures were grown separately on
their respective media with 100 and 200 g/ml of L-
tryptophan at 30°C for 48 hours. Fully grown cultures
were centrifuged at 8000 rpm for 10 min. The
supernatant (2 ml) was mixed with two drops of ortho-
phosphoric acid and 4 ml of the Salkowski reagent
(concentrated H2SO4:150 ml, 0.5M FeCl3·6H2O:7.5 ml,
distilled water: 250 ml). Development of pink colour
indicates IAA production.

Production of Ammonia
Bacterial isolates were tested for the production of

ammonia in peptone water. Freshly grown cultures
were inoculated in 10 ml peptone water in each tube
and incubated for 48-72 hours at 36±2°C. Nessler’s
reagent (0.5 ml) was added in each tube. Development
of brown to yellow colour was a positive test for
ammonia production [17].

Siderophore Production
Siderophore production was detected by the

method of Schwyn and Neilands [19] using blue agar
plates containing the dye chrom azurol S (CAS).
Orange halos around the colonies on blue were
indicative for siderophore production.

Phosphate Solubilization Activity
All isolates were first screened on Pikovskaya’s

agar plates for solubilization of insoluble inorganic
phosphate as described by Gaur [20]. Bacterial
cultures were inoculated on centre of agar plate
through inoculation loop under aseptic condition.
Inoculated plates were incubated for 3 days at 30°C.
Presence of clear zone (halozone) around the colony
was recorded on Pikovskaya’s agar plates. Formation
of halozone showed positive phosphate
solubilization ability.
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Catalase Production
Bacterial cultures were grown in nutrient agar

medium for 18-24 hours. The cultures were mixed
with appropriate amount of H2O2 on a glass slide to
observe the evolution of oxygen.

HCN Production
Hydrogen cyanide (HCN) production from glycine

was tested growing the bacteria in 10% trypic soy
agar (TSA) supplemented with glycine (4.4 g l-1) and
cyanogenesis was revealed using picric acid and
Na2CO3 (0.5 and 2%, respectively) using the method
of Donate-Correa et al. [21]. Impregnated filter paper
fixed to the underside of the Petridis lids. Results were
read after five days of culture at 28oC. A change in
filter paper colour from yellow to orange-brown
indicated production of HCN as indicated below:

Yellow (1) - limited cyanide production, orange
(2) - moderate cyanide production, light brown
(3) - relatively high cyanide production and brown
(4) - high cyanide production.

Heavy Metal Tolerance
The selected bacterial strains were tested for their

resistance to heavy metals by agar dilution method.
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 g 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 24-48
hours.

Results and Discussion

In the present study, the rhizobacterial isolates
were identified based on morphological and
biochemical characteristics and were tested for their
beneficial traits like ability to production of indole
acetic acid ammonia and production of other plant
growth promoting substances. Efficient
rhizobacterial isolates selected based on the above
characters were examined for their in vitro screening
methods.

Isolation and Identification of Rhizobacteria
On the basis of cultural, morphological and

biochemical characteristics (Table 1), a total of Bacillus
(55), Pseudomonas (45) and Rhizobium (45) were

identified from domestic sewage irrigated
rhizospheric soil samples as described in Bergey’s
Manual of Determinative Bacteriology. Bacillus
represents the predominant bacterial genera of the
tested wheat rhizosphere. This observation is in
conformity with Rawat  et al. [22] and may be
attributed to the ability of Bacillus to form endospores
and produce antimicrobial substances that inhibit
other competitors in the rhizosphere. Among the 145
isolates, 72 isolates (Bacillus-35, Pseudomonas-20 and
Rhizobium-17) were selected for further studies based
on the efficiency of multiple plant growth promoting
activities in vitro.

Plant Growth Promoting Characteristics of Test Isolates
Screening results for PGP traits of selected isolates

are presented in Table 2. IAA production was shown
in most of the isolates of Bacillus (100%), Pseudomonas
(100%) and Rhizobium (67%) thus showing positive
PGP activities in relation to IAA. IAA is the most
important auxin (phytohormone) produced by plants
and many soil bacteria. It has a crucial role to play in
a variety of plant activities, including embryo
development; root initiation and development; apical
dominance; leaf formation and fruit development.
IAA is derived mainly from tryptophan through
multiple enzymatic pathways by many different
genera of PGPR like Rhizobium, Bacillus, Pseudomonas,
Azotobacter, Enterobacter, Bradyrhizobium, Xanthomonas
and Alcaligenes [23]. All rhizobacterial test isolates
turned positive for catalase production. Catalase
activity in the bacterial strains may be potentially very
advantageous and bacterial strains showing catalase
activity must be highly resistant to environmental,
mechanical and chemical stress. Selected
rhizobacterial isolates did not exhibit significant
phosphate solubilisation activity in the present study.
Siderophore production was detected in Pseudomonas
(70%), Bacillus (33%) and Rhizobium (0%). Siderophore
ability was detected significantly higher among
isolates of Pseudomonas spp. Siderophores are low-
molecular-weight molecules that are secreted by many
microorganisms and act as solubilising agent for iron
from minerals under iron shortage condition. In
addition, siderophores form stable complexes with
heavy metals including U, Np, Al, Cu, Cd, In, Ga, Zn
and Pb and increases the soluble metal concentration
[24], thus, it helps to alleviate the stresses imposed on
plants by heavy metals in soil. Siddiqui et al. [25]
reported that AY197010 isolate of Pseudomonas and
AY197006 and AY197009 isolates of Flavobacterium
could manufacture siderophore. HCN production
was detected higher in Pseudomonas spp. as compared
to the Bacillus spp. and Rhizobium spp. isolates. Higher
HCN production by Pseudomonas fluorescens, P.
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aeruginosa and Chromobacterium violaceum has also
been reported by other researchers [11, 26].  Ammonia
production was detected in Bacillus (100%),
Pseudomonas (85%) and Rhizobium (70%) of test
isolates which is an important attribute of PGPR that

influences plant growth indirectly [27].  Hydrogen
cyanide was detected in Bacillus (70%), Pseudomonas
(100%) and Rhizobium (50%) among the test isolates.
HCN production by soil bacteria is reported to play a
role in disease suppression, as in the case of tobacco

Table 1: Morphological, cultural and biochemical characteristics of rhizobacteria associated with rhizosphere of T. aestivum L

Morphological and  
Biochemical Characterization  

Bacillus (35) Pseudomonas (20) Rhizobium (17) 

Gram’s reaction  G +ve G -ve G -ve 
Shape  Rods rods rods 

Pigments - + +/- 
Dextrose + + - 
Sucrose + + - 

Mannitol + - + 
Oxidase - + + 
OF test - + - 

H2S production - + + 
Indole - - + 

Methyl red - - + 
Vogues Proskauer + - + 
Citrate utilization + + - 
Starch hydrolysis + + + 
Gelatin hydrolysis  + - - 

Organism Sample No. IAA Catalase HCN Ammonia Siderophore 

Bacillus spp. KNP-4 + + + + + 
Bacillus spp. KNP-7 + + - + - 
Bacillus spp. KNP-13 + + + + - 

Pseudomonas spp. KNP-19 + + + + + 
Pseudomonas spp. KNP-11 + + + + + 
Pseudomonas spp. KNP-27 + + + +/- +/- 

Rhizobium spp. KNP-36 - + - + - 
Rhizobium spp. KNP-5 + + - +/- - 
Rhizobium spp. KNP-22 + + + + - 

                                                 Heavy Metal Tolerance (μg ml-1)  
Organism  Sample No. CR PB HG CD ZN CU 

Bacillus spp. KNP-4 200 100 50 100 100 100 
Bacillus spp. KNP-7 200 200 100 100 200 100 
Bacillus spp. KNP-13 200 200 50 100 100 100 

Pseudomonas spp. KNP-19 200 100 100 100 50 100 
Pseudomonas spp. KNP-11 150 100 100 100 100 100 
Pseudomonas spp. KNP-27 200 200 100 100 200 100 

Rhizobium spp. KNP-36 100 100 100 100 50 100 
Rhizobium spp. KNP-5 100 100 50 50 100 50 
Rhizobium spp. KNP-22 200 100 200 100 100 200 

Table 2: Plant Growth Promoting Characteristics of rhizobacteria associated with rhizosphere of T. aestivum L.

Table 3: Heavy metal tolerance of selected of rhizobacterial isolates associated with rhizosphere of T. aestivum L.

where Pseudomonas fluorescens helped suppression of
black root rot disease [28].

Heavy Metal Tolerance of Test Isolates associated with
Rhizosphere of T. aestivum.

Thirty-five (35) Bacillus, 17 Rhizobium and 20
Pseudomonas rhizobacterial isolates was checked
against different heavy metals Cr, Pb, Hg, Cd, Zn and
Cu and data on few selected isolates is presented in

Table 3.  This study observed rhizobacteria
particularly Bacillus and Pseudomonas isolates tolerant
to multiple heavy metals and exhibiting a couple of
PGP activities (Table 2 and 3). The metal-microbe
interaction in natural environment is influenced by
pH and organic matter content. In the present study,
selected strains showed heavy metal tolerance up to
200 µg/ml. Bacillus sp. (KNP-7) tolerated Pb and Cr
(200 µg/ml), Hg (50 µg/ml) and tolerance exhibited
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towards Zn, Cu and Cd was 100 µg/ml, respectively.
Pseudomonas sp. (KNP-27) proved more heavy metal
tolerant as compared to other isolates, tolerating up
to 200 µg/ml of Cr, Zn and Pb, and 100 µg/ml of Hg,
Cd and Cu. A varying level of resistance to heavy
metals among the PGPR  (Bacillus and Pseudomonas)
have also been reported [29] as seen in present
findings. Bacillus and Pseudomonas induced larger
inhibition zones showing their high heavy metal
tolerance activity and exhibiting high metal tolerance
activities against heavy metals compared to the other
Rhizobium isolates. Tolerance to heavy metals was
observed less frequently in Rhizobium spp. isolates.
The present study shows the significance of
rhizobacteria under in vitro conditions for multiple
PGPR traits and their evaluation under controlled
conditions for selection of effective PGPR isolates of
Bacillus, Pseudomonas and Rhizobium. Their multiple
plant growth promoting activities are highly effective
in improving the plant growth parameters. Several
studies have also established a correlation between
bacterial antibiotic resistance and metal tolerance [27,
30].
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