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ABSTRACT: Plant growth-promoting rhizobacteria (PGPR) are beneficial bacteria that colonize plant
roots and enhance plant growth by a wide variety of mechanisms. Present study investigated rhizospheric
and non-rhizospheric soils from 40 different agricultural fields of Trichy and Salem districts in Tamil Nadu,
India for their plant growth promoting characteristics. 113 morphologically distinct isolates were taken for
characterizing their Plant Growth Promoting (PGP) activities. Among them 61were nitrogen fixers, 22
were phosphate solubilizers. Fortunately, 34 isolates posed both nitrogen fixation and phosphate
solubilization activities. Further, these 34 isolates were taken for Plant Growth Promoting (PGP) studies.
Among them 11 were having IAA activity, 10 were having Exo-polysaccharide (EPS), 7 were having ACC
activity and 19 isolates had siderophore activity. However, seven rhizospheric isolates namely, 19, 30, 53,
87, 96, 103 and 108 had all the tested PGP activities. Hence these seven isolates can be used as
potential bio-fertilizers.
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INTRODUCTION
Crop production needs to be increased substantially to reduce hunger and food insecurity in India. Since
most soils in the region became poor due to the excessive use of mineral inputs in the form of chemical fertilizers,
alternative biological sources are necessary to boost crop production. In addition, there is an urgent need to
improve crop productivity in an eco-friendly manner which has led to the promotion of commercial biological
products intended to restore or enhance the fertility and organic content of soils. Soil microorganisms play
significant role in organic matter decomposition and release of plant nutrients such as nitrogen (N), phosphorus (P)
and sulfur (S). Therefore microorganisms are important component of nutrient management systems and soil
biodiversity (Laditi et al., 2012). These soil beneficial microorganisms are called Plant Growth Promoting
Rhizobacteria (PGPR).
Biotechnology has opened up new possibilities concerning the application of beneficial bacteria to the soil
for the promotion of plant growth and the biological control of soil-borne pathogens. Since the large scale release of
genetically engineered bacteria to the environment faces a number of regulatory hurdles, the need to isolate and
select superior, naturally occurring rhizosphere bacteria continues to be of interest. Apart from rhizobia symbionts,
the rhizosphere-associated beneficial bacteria consist of the following genera: (1) Pseudomonas and Bacillus,
which antagonize pathogenic or deleterious microorganisms (biological control) and (2) bacteria that enhance plant
growth directly such as Azospirillum, Herbaspirillum, Enterobacter, Acetobacter, Azotobater, and Pseudomonas, as
well as many unidentified rhizosphere isolates (Yoav Bashan et al., 1993).
Plant growth promoting bacteria are important in managing plant growth because of their effects on soil
conditions, nutrient availability, growth and yields. Earlier studies indicate that higher the plant growth promoting
activities of rhizobacteria, higher is the chance of increased plant growth under different conditions. Hence,
isolation and characterization of strains with higher plant growth promoting abilities, adapted under certain climates,
can be very useful for the production of effective biofertilizers (shweta nailwal et al., 2014).
Several PGPR have been found successful in growth promotion in certain crops. The enhancement of
plant growth by PGPR indicates their potential as bio-fertilizers in the field of agriculture. Though the importance of
PGPR is well understood, but efficient PGPR are lacking. Keeping this objective in mind the present investigation
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was performed and their plant growth promoting abilities were evaluated after screening and isolation of plant
growth promoting rhizobacteria (PGPR) from the rhizosphere and non-rhizosphere of different agricultural lands of
Trichy and Salem districts.
MATERIALS AND METHODS
Soil sample collection
Different crops (rice, tomato, chilly, Sugarcane, turmeric, banana, corn) from different fields of Salem and
Trichy districts were selected for the study. Soil samples from rhizosphere were collected carefully by uprooting the
root system and placed in a sterile polythene bag for transport and stored at 4°C until the study.
Isolation of PGPR
Ten grams of rhizosphere soil were taken into a 250 mL of conical flask, and 90 mL of sterile distilled water
was added to it. The flask was shaken for 10 min on a rotary shaker. One milliliter of suspension was added to 10
7

mL vial and shaken for 2 min. Serial dilution technique was performed up to 10 dilution. An aliquot (0.1 mL) of this
suspension was spread on the plates of Luria-Bertani (LB) agar medium. Plates were incubated for 3 days at 28°C
to observe the colonies of bacteria. Bacterial colonies were streaked again to other selective agar plates and the
plates were incubated at 28°C for 3 days. Typical bacterial colonies were observed over the streak. Well isolated
single colony was picked up and re-streaked to fresh LB agar plate and incubated similarly. The technique was
perpetuated thrice and cultures were made single colony type.
Screening of nitrogen fixing bacteria
Nitrogen free Malate media, containing Bromothymol Blue (BTB) as an indicator, was used for preliminary
screening and incubated at 37ºC and 50ºC up to 24 h. The blue colored zone producing isolates were marked as
nitrogen fixers in the solid culture conditions. The coloring zone was calculated by deducting the colony diameter
from the coloring zone diameter to determine whether these isolates were truly nitrogen fixers (Gothwal et al.,
2007).
Phosphate solubilizing activity
The bacterial strains were tested for their ability to solubilize insoluble phosphate on Pikovskaya’s agar
(Pikovskaya, 1948), supplemented with Tri-calcium Phosphate (TCP). The strains showing halos (clear zones)
were measured and further examined for quantification of phosphate solubilization.
Analysis of IAA
Bacterial strains were subjected to quantitative analysis for the production of IAA (Bric et al., 1991).
Bacteria producing IAA were identified by the formation of red halo around the colony. The spotted colonies were
overlaid on Whatmann No.1 filter paper discs. After adequate incubation, the discs were treated with Salkowski’s
reagent. The paper discs were then viewed under UV light. The spots giving green fluorescence were taken as
positive for IAA production (Tien et al., 1979).
Siderophore production
Siderophore production was checked on solid CAS (Chromazurol sulphonate) blue agar plates. Actively
growing cultures were spot inoculated on the CAS blue agar plate and incubated at 30°C for five days. Formation
of yellow-orange halo around the colony indicated production and release of the siderophores on the agar plate
(Suresh et al., 2010).
ACC deaminase production
The bacteria were first cultured in rich medium and then transferred to minimal medium with ACC as sole
source of nitrogen. Bacterial cells were grown to mid- up to late log phase in 15 ml Trypton Soy Broth. Cultures
were incubated overnight in a shaking water bath at 200 rpm at 30 °C. Bacterial cell mass was then harvested by
centrifugation at 8000 g for 10 min at 4°C. The supernatant was then removed and the cells were washed with 5 ml
DF (Dworkin and Foster 1958) salts medium. Following an additional centrifugation for 10 min at 8000 g at 4°C, the
cells were suspended in 7.5 ml of DF medium in a fresh culture tube. Just prior to incubation, the frozen 0.5 M
ACC solution was thawed and an aliquot of 45 µl was added to the cell suspension to obtain a final ACC
concentration to 3.0 mM. The bacterial cells were then again incubated in shaking water bath to induce the activity
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of ACC deaminase. The cells were then harvested by centrifugation as mentioned above and were washed twice in
5 ml of 0.1 mM Tris-HCl at pH 7.6 so as to ensure that the pellet is free of the bacterial growth medium. The
bacterial cells were suspended in1.0 ml of 0.1 M Tris-HCl and transferred to 1.5 ml micro- centrifuge tubes and
centrifuged at 16,000 g for 5 min. The supernatant of the tube was then discarded and pellets were suspended in
600 µl of 0.1 M Tris-HCl pH 8.5. Thirty micro-liters of toluene was added to the suspended cells and vortexed at
highest speed for 30 s. 200 µL of the toluenized cell suspension was then placed in 1.5 ml micro-centrifuge tubes.
20 µl of 0.5 M ACC was then added to the suspension, briefly vortexed and then incubated at 30 °C for 15 min.
Following the addition of 1 ml of 0.56 M HCl, the mixture was vortexed and then centrifuged for 5 min at 16,000
rpm. One ml of this supernatant was then vortexed with 800 µl of 0.56 M HCl. Thereupon, 300 µl of 2, 4dinitrophenylhydrazine reagent was added to the glass tube, the content vortexed and then incubated at 30 °C for
30 min. Thereafter 2 ml of 2 N NaOH was added and the absorbance was measured at 540 nm.
Exopolysaccharide (EPS) production
Normally EPS production is studied in basal medium of all different organisms. As carbohydrate source 5%
of sucrose is to be added as polysaccharide in to the medium (Mody et al.1989). 10 ml of culture suspension was
collected after 5-6 days and centrifuge at 30,000 rpm for 45 mins. Thrice the volume of chilled acetone was added.
EPS will be separated from the mixture in the form of a slimy precipitates. Precipitates were collected on a predried filter paper. Allow the precipitates to dry overnight at 50°C. The dried filter paper after overnight drying was
reweighed. EPS produced is determined by noting the increase in the weight of the filter paper.
RESULTS
Isolation of PGPR
360 samples from 40 different agricultural fields comprising both rhizospheric and non-rhizospheric soil
samples were examined. A total of 682 colonies were obtained which includes both bacteria and fungi. In Toto, 76
rhizospheric and 41 non-rhizospheric isolates were obtained and was preserved for further processes.
Plant growth promoting ability of the isolates
The isolates were subjected to various plant growth promoting ability tests such as nitrogen fixation, P
solubilization, Auxin production, siderophore production, ACC deaminase production and Exopolysaccharide
production. Out of 113 tested isolates, 61 were nitrogen fixers, 22 phosphate solubilizers and 34 were able to fix
nitrogen as well as solubilize phosphate. These 34 isolates were taken for further PGP studies. Based on the
results obtained, 11, 10, 7 and 19 had Auxin, Exopolysaccharide, ACC deaminase and siderophore producing
abilities. Seven rhizospheric isolates namely, 19, 30, 53, 87, 96, 103 and 108 had all the tested PGP activities.
Hence these seven isolates can be used as efficient bio-fertilizing agents.
DISCUSSION
Results of the present study conveyed the availability of numerous efficient PGPR isolates from both the
rhizospheric and non-rhizospheric soil samples around Trichy and Salem districts. A total of 682 different colonies
were obtained out of which 113 bacterial isolates were successfully isolated and preserved. In a previous study
conducted in Andhra and North-east region about 219 and 97 bacterial isolates were isolated from both
rhizospheric and non-rhizospheric soil samples. However, the PGPR research papers from Tamil Nadu region
depicted a much less PGPR number compared to the present study. In a study conducted in Cuddalore district,
only 10 isolates were gained from a large number of soil samples (Manivannan et al., 2012). Another study from
Coimbatore region about 40 bacterial isolates was isolated (David Paul Raj and Nancy Cherian, 2013). This
difference in PGPR number was assumed to be caused by the changes in the soil factors and also probably due to
the excessive use of chemical fertilizers in Tamil Nadu region.
All the identified 113 isolates were subjected to different plant growth promoting ability tests. Among them
61 were nitrogen fixers, 22 P producers. In normal conditions, it is not uncommon to see the promoting plant
growth effects of rhizobacteria via a synergism of the rhizospheric microorganism (Ema Achitei, 2010). In the
present study more than 7 organisms shared almost all the PGP activities which were much higher than that have
been reported by Edi Husen, 2003 and Ema achitei, 2010. Several microorganisms produced Siderophores that
are in agreement with previously reported studies (Ema achitei, 2010; Arindam Chakraborty, 2014 and Gopinathan,
2014). Earlier studies reported similar results were 219 isolates were analyzed out of which 186 (84.9%), IAA
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production, 43 (19.6%) phosphate solubilizing activity (Malleswari et al., 2013). The variations in the results may be
due to the synergistic relation effect between different rhizospheric microorganisms.
The present study has shown that both rhizospheric and non-rhizospheric regions represent a very
important source for isolation of bacteria with plant growth promoting capabilities. Many of the isolated
rhizobacteria exhibits important plant growth promoting capabilities proving that promoting plant growth effect is the
result of synergistic relations established between different rhizospheric microorganisms. Further tests are
necessary to be carried out to specify if these strains possess anti-fungal activity as well as the efficacy of the bioformulation as bio-film of these 7 isolates under field conditions is to be tested. Thus these 7 isolates can be used
successfully as bio-fertilizing agents in different agricultural applications.
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