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the expression of genes involved in the plant beneficial functions. PGPR  INTRODUCTION
share different types of communication signals between cells like quorum The rhizosphere is the zone surrounding plant roots in which 
sensing (QS) which synthesize small diffusible molecule that allow the complex relations exist among the plant, the soil microorganisms and the 
bacteria to coordinate the gene expression only when signal is achieved.  soil itself. The different physical, chemical and biological properties of the 
Relationships between plants and their rhizo-microbiome are complex and root-associated soil are responsible for changes in microbial diversity, 
vary according to plant genotypes and soil inhabiting populations increase in number and activity of microorganisms in the rhizosphere 
(Vacheron et al., 2013). micro-environment (Brimecombe et al.,, 2001).The rhizosphere is the rich 

Rhizoshpere is the zone of plant root that consists of diversity of source of microbes and microbial activity better known as house of 
microorganisms that effect the growth and yields. The effect of these microbes (Roesch et al.,, 2007). Plants secrete several chemicals into the 
microorganisms can be improved by understanding the environment rhizoshpere and these chemicals allow the microorganisms to colonize the 
conditions. The biotic and abiotic factors that affect the PGPR also have root. The corresponding microbial community associated to plant roots can 
not been understood. PGPR can be beneficial to the yield when applied be referred to as the rhizo-microbiome which changes according to the 
and checked in field conditions that help to understand the colonization plant development (Chaparro et al., 2013). Its composition is distinct from 
process. To survive for PGPR in these diverse conditions different that of the microbial community of the surrounding soil, a direct 
mechanisms have been adapted. Root exudation includes secretion of consequence of bacterial competition for nutrients liberated in the vicinity of 
different compounds like free oxygen, enzymes, water and secondary plant roots (Raynaud et al., 2008; Bulgarelli et al.,, 2013). Root exudates 
metabolites that elicit the dissimilar responses and thus alter the composition changes along the root system, according to stages of plant 
responses of biotic and abiotic responses. Root exudations alter microbial development and to plant genotypes (Berg and Smalla, 2009; Aira et al., 
population directly or indirectly by altering the soil nutrient and physical 2010; Bouffaud et al., 2012; Bulgarelli et al.,, 2013; Chaparro et al.,, 2013). 
composition. Root colonization is influenced by bacterial flagella and pilli The growth of plant is mainly influenced by the modification of roots caused 
that help in motility and recognizing host and non host plants. Different by PGPR via hormonal balance like auxin –cytokinin ratio. Root system 
others molecules are also produced by PGPR strains that play a crucial architecture (RSA) effects have long been associated with the production 
role in host root recognition and colonization such as auto-inducers like N-of Indole Acetic Acid (IAA) by PGPR. There are different compounds and 
acyl homoserine lactones (AHLs) and other quorum sensing (QS) related metabolites like DAPG that are synthesized by PGPR that acts as signal 
enzymes help in communication, major outer membrane proteins molecule, thus help RSA.  Root systems of a various plants are modified by 
(MOMPs) and lipopolysaccharides (LPSs) facilitate root adhesion and different hormones like ethylene in defense ways and absisic acid (ABA) 
Vitamin B1 and NADH dehydrogenase help in root colonization underlying against drought conditions (Vacheron et al., 2013). Modification of root 
(Dutta and Podile, 2010). The biotic components present are influenced by system architecture by PGPR implicates the production of phytohormones 
pathogenic microbes that reduce the competitiveness of antagonists, and and other signals that enhance lateral root branching and development of 
broad spectrum activity against toxins. PGPR elude soil acidification by root hairs.  PGPR also modify root functioning, improve plant nutrition and 
increasing the pH and producing capsular envelope to protect itself. PGPR influence the physiology of the whole plant (Vacheron et al., 2013).
alters root exudates either directly or indirectly through other beneficial PGPR also have chemically modified the root cell walls mainly to 
microbes like AM fungi, thereby facilitating root colonization. PGPR may protect against pathogens and these changes are induced by changes in 
survive the temporary unfavorable environment created by the presence of plant gene expression. Besides this PGPR have impact on growth by 
pathogens by forming resting stages such as spores, biofilm formation that nutrient uptake that is also under regulatory processes which is proved by 
are resistant to unfavorable conditions. Phase variation is used by several phosphorus uptake and nitrogen fixation. The effect on PGPR on plant 
bacterial species to generate population diversity that increases bacterial transcriptome is proved by inoculation of root by phytostimulating PGPR 
fitness under various circumstances and it is one of the mechanisms by which regulates the up and down mechanism of hormones of plants 
which the pathogens survive in the host by escaping the immune response. development, endophytes as a modulators of  plant defensive responses 
The variations faced by PGPR can be improved by genetically modified and l PGPR as a biocontrol agent show resistance against bacterial or 
strains and by understanding the mechanism of factors that influence the fungal infection. The effect of PGPR on plant metabolome is the changes in 
PGPR in its activity (Dutta and Podile, 2010).root exudation like production of root enzymes and modification and 

Microbial communities are abundantly present in rhizosphere or accumulation of metabolites that can help plant against drought conditions. 
areas under the influence of the root and its close vicinity.The rhizosphere The regulation of PGPR by root exudates is dependent on the variability on 
gives support to many active microbial populations capable of exertingbacterial gene expression caused by metabolites in the root that modulate 

Plant growth promoting rhizobacteria (PGPR) are known to rapidly colonize the rhizosphere and suppress soil borne pathogens 
at the root surface. These organisms can also be beneficial to the plant by stimulating growth.  In search of efficient PGPR strains 
with multiple activities, approximately, 55 Soil bacteria were isolated from soil of central and upper Himalayan region with a view 
to screen/evaluate their plant growth promoting potential. These bacterial isolates were phenotypicaly characterized and 
screened in vitro for their plant growth promoting traits like production of indole acetic acid (IAA), phosphate solubilization and 
siderophore production.  A total of 55 isolates were evaluated for growth promotion using Paper Towel Assay on lentil and 9 
isolates were selected on the basis of higher plant growth promoting (PGP) property and subjected to molecular phylogenetic 
analysis using the partial sequences of the 16S rDNA. Results of BLASTN from 16S rDNA gene sequences showed that these 
isolates are genetically diverse. A phylogenetic relationship among the isolates was carved out which showed 16S rDNA diversity 
between the rhizospheric soil bacteria. On the basis of 16S rDNA sequences, 3 Gram-positive (33%) and 6 Gram-negative (68%) 
isolates were reported. Further, 16S sequencing data showed that these 9 bacterial isolates belonged to genera Agrobacterium, 
Bacillus, Enterobacter, Pseudomonas and Serratia with Serratia marcesens, a dominant species The purpose of the present 
study was to select native rhizosphere bacteria from the soil of Central Himalayan region and to evaluate their plant growth 
promoting potential as an alternative of chemical fertilizer for sustainable, environment friendly agriculture and assessment of 
their phylogenetic characterization.
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beneficial, neutral or detrimental effects on plant growth (Whipps, 2001). MATERIALS AND METHODS 
Beneficial plant-microbe interactions are symbiotic interactions in which Collection of Rhizospheric Soil sample and Isolation of 
costs and benefits are shared by the plants and the microorganisms rhizobacteria 
(Odum and Barrett, 2005). Microorganisms such as bacteria inhabiting Bacterial Culture: Fifty Five isolates were used in this screen 
rhizosphere, which beneficially influence the growth of plants, are including the standard strain Pseudomonas aeruginosa GRP3, which 
specifically known as plant growth promoting rhizobacteria PGPR was originally recovered from the rhizoplane of soyabean (Rao et al., 
(Kloepper et al., 1980). PGPR can alter the stimulation of plant growth in 1999, Sharma et al., 2003). Primary isolates were recovered from soils 
direct or indirect mechanisms. PGPR are a heterogeneous group of collected in the Central Himalayan region, forest sites (Choukhutia;  
bacteria that can be found in the rhizosphere, at root surfaces and in altitude 3500 ft AMSL, Leh; altitude 12000 ft AMSL), modern farmed sites 
association with roots, which can improve the extent or quality of plant (Choukhutia; altitude 31,00 ft AMSL) (Table 1). Isolation was performed 
growth directly and/or indirectly. Direct effects are dependent on by dilution plating of soil suspension on modified King's B (KB) agar (King 
production of plant growth regulators, improvement in plant nutrients et al., 1954). Plates were incubated at 28° C. Isolates exhibiting distinct 
uptake ((Hayat et al., 2011)), or promote induce systemic resistance morphology were recovered and maintained on modified King's B agar 
(ISR) of the plant (Chaudhri et al., 2007). The indirect promotion of plant slants at 4° C and also as glycerol stocks at –80° C.
growth occurs when PGPR prevent deleterious effect. The exact 
mechanisms by which PGPR promote plant growth are not fully Phenetic characterization of bacterial isolates
understood, but are thought to include (i) Production of plant hormones,  Isolates were thus randomly selected morphologically from 
such as auxins, (Tank and Saraf, 2010)  and the ability to produce ACC soil sample. Recovered bacterial isolates were phenotypically 
deaminase to reduce the level of ethylene in the roots of the developing (morphotypic and physiological) characterized. Colony morphology of 
plants, thereby increasing the root length and growth (Glick, 2012), (ii) isolates was studied under a stereoscope microscope (Leica). This 
asymbiotic N2 fixation (Raymond et al.,2004), (iii) antagonism against included shape, edge, elevation, surface and pigmentation. Cellular 
phytopathogenic microorganisms (Hynes et al., 2008 ), by producing morphology was based upon cell shape and Gram staining (Leica 
siderophores (Jahanian et al., 2012; Tian et al., 2009), b-1,3-glucanase, fluorescent microscope).Cellular morphology and biochemical 
chitinases, antibiotics, fluorescent pigment and cyanide (Sharma et al., characteristics were determined based upon Bergey's manual of 
2003) (iv) solubilization of mineral phosphates and other nutrients ( Khan systematic bacteriology (Clauss and Berkeley, 1986). Screening of 
et al., 2009). In last few decades a large array of diverse symbiotic isolates for Plant growth promoting trait Invitro plant growth promotion 
(Rhizobium, Bradyrhizobium, Mesorhizobium) and non-symbiotic Lentil, also called masoor dal is a rich source of proteins, minerals and 
(Pseudomonas, Bacillus, Klebsiella, Azotobacter, Azospirillum, vitamins for human nutrition and the straw is a valuable animal feed. 
Azomonas), rhizobacteria are now being used worldwide as bio- Moreover, being a legume crop, lentil can fix its own nitrogen (N) from the 
inoculants to promote plant growth and development under various atmosphere and help in restoring the soil fertility. PGPR Keeping this in 
stresses like heavy metals (Ma et al., 2011a,b; Wani and Khan, 2010), view, the present work was undertaken to evaluate PGPR for Invitro plant 
herbicides (Ahemad and Khan, 2011l), insecticides (Ahemad and Khan growth promotion for Lentil (Lens esculentus var. PL406) plant.Lentil 
2011h,k), fungicides (Ahemad and Khan, 2012f; Ahemad and Khan, (Lens esculentus var. PL406) seeds were surface sterilized with 0.1% 
2011j), salinity (Mayak et al., 2004) etc. The use of PGPR is increasing mercuric chloride for 5 min, rinsed with sterilized distilled water (SDW) 
frequently in agricultural fields for their growth stimulation, health and and soaked in bacterial suspension (3×108 cfu ml-1) using 1% 
yields. PGPR thus plays crucial role by replacing the chemical fertilizers, carboxymethyl cellulose (CMC) as matrix (Sharma and Johri, 2003 ). Air 
pesticides and supplements that are being used for growth and disease dried seeds were placed on a paper towel (ten seeds per paper) and 
management for plants (Das et al., 2013). Their use in crop production incubated at 2820C for 21 d in a growth chamber. Percentage 
can support eco-friendly sustainable food production. Plant growth germination was recorded along with root and shoot length. Non-
promotion by PGPR is due to root hair proliferation, root hair deformation bacterized seeds served as control. Five replicates were used.
and branching, increase in seedling emergence, early nodulation, 
nodule functioning, enhanced leaf surface area, vigor, biomass, Functional attributes of the bacterial isolates: On the basis 
increasing indigenous plant hormones levels, mineral and water uptake, of plant growth performance in paper towel assay, nine promising 
promoted accumulation of carbohydrates and yield in various plant isolates were tested for their ability to produce siderophore and 
species (Podile and Kishore, 2006). The demand of PGPR biofertilizers phosphate solubilization.
have been increasing day by day with increase in the importance of 
organic agriculture with minimum inputs of chemicals. The population of  Siderophore production
PGPR in rhizospheric soil varies and depends largely on crop species Bacterial isolates were assayed for siderophores production 
and soil health (Tilak et al., 2005) Significant increases in growth and on the Chrome azurol S agar medium (Sigma, Ltd.) described by Schwyn 
yield of agronomical important crops in response to inoculation with and Neilands (1987). Each bacterial isolate was spotted on the surface of 
PGPR have been reported (Agrawal and Agrawal , 2013 ). CAS agar medium and incubated at room temperature for 1 to 3 days. 

Several methods and approaches are now available to Development of a deep yellow to orange color was indicative of a positive 
generate information on PGPR, which allow better assessment of result for siderophore production.
microbial flora, wherein molecular tools for the identification of 
microorganisms are now in common use, and 16S rRNA gene analysis is Phosphate solubilization
intensively used in phylogenetic investigations. Analysis of 16S rDNA Solubilization of tri-calcium phosphate was detected in 
gene sequences has become the primary approach for studying the Pikovskaya's Agar (Johri et al., 2003 ).  All bacterial isolates were spotted 
natural occurrence and distribution of bacteria in a culture independent on the surface of Pikovskaya agar medium and phosphate solubilizing 
manner (Amann et al., 1995). The vertical and seasonal distributions of activity was estimated after 1 to 5 days of incubation at room 
distinct 16S rDNA gene sequences (phylotypes) within one ecosystem temperature. Phosphate solubilization activity was determined by the 
have been used to infer the ecological niches of bacteria (Ward et al., development of the clear zone around bacterial colony.
1998). In many cases phylogeneticaly closely related bacteria (whose 
16S rRNA sequences differ by between 2.7 & 0.3%) have been detected Biochemical Characterization: Additional biochemical 
in the same fresh water, marine, or soil habitat (Pernthaler et al., 1998). properties of the nine isolates were analysed which included HCN 
Among the 16S rRNA gene analysis method, amplified ribosomal DNA release ( Lorc et al., 1948), IAA production ( Agrawal and Agrawal, 2013), 
restriction analysis (ARDRA) is commonly used to estimate phylogenetic 1-aminocyclopropane-1-carboxylate (ACC) deaminase activity ( Pal et 
relationship among different microbial isolates or rDNA clones recovered al., 2001) and tests specific for the genus identification IMViC test, 
from the environment (Moyer et al., 1995).Furthermore, 16S rDNA catalase test, Oxidase test,  Starch and Gelatin hydrolysis as per the 
sequence typing approach now permits identification of the surviving and standard microbiological procedure (Cappuccino and Sherman, 2002). 
culturable bacterial species, based on employing highly conserved 16S Plate assays were performed to detect the production of cellulase and 
rDNA oligonucleotide primers for the eubacteria with an intervening pectinase. For the cellulase assay, isolates were inoculated on minimal 
hypervariable gene sequence, which could be used as signature medium containing 1% (w/v) carboxymethyl cellulose; plates were 
sequence to aid in species identification (Ward et al., 1990; Amann et al., incubated in an incubator for 72 h at 28±2°C for growth and flooded with 
1995).  Use of 16S rDNA sequencing provides greater discrimination 0.05% congored for 10 min followed by destaining with NaCl (0.8%). For 
than earlier studies and better characterization of an isolate (McCaig et the pectinase assay, all isolates were spot inoculated on minimal 
al., 2001). medium containing 1% (w/v) pectin; plates were incubated for 72 h 

Currently our research effort is directed towards helping poor 28±2°C for growth. After incubation, plates were flooded with hexadecyl 
farming communities, particularly those in the state of Uttarkhand in the (cetyl) trimethyl ammonium bromide (CTAB solution 0.5% w/v) for 30 min 
Central Himalayan region, who depend exclusively on pulses cultivation and destained with 1 M NaCl for 30 min. For both enzymes, the 
for their livelihood. The Himalayan region represents a unique appearance of a clear zone around the colonies was indicative of a 
combination of plant and soil type that changes drastically with altitude positive test (Choudhary et al., 2009).
however only limited efforts have so far been made to explore the 
available  bacterial diversity. In the present study isolated plant growth Molecular characterization of bacteria isolates: Seven 
promoting rhizobacteria from Chaubatia (Ranikhet) Uttaranchal cultures ( FQPR-2, MFA-1R-3, FQPR-3, MFB-1R-1, MFA-1SD2, 
Himalayas and Leh region, were used to screen their abilities and the FMPPB-3, FPASD-1) isolated from different sites of central Himalayan 
possession of direct and indirect plant growth promoting attributes and region and two isolates FA2K1003 and FA2K105 from cold deserts of 
assessment of their phylogenetic characterization. Leh showing best PGPR properties  were characterized employing  .
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amplified r DNA restriction analysis (ARDRA) and 16S rDNA sequencing namely MFA-1SD-2, MFA-1R-3, MFB-1R-3, FPASD-1, FQPR-2, FQPR-
. DNA extraction: Genomic DNA was extracted by NaCl-CTAB 3, FMPPB-3, FA2K105 and FA2K1003, were used for further 
method. 1.5 ml culture was centrifuged at 12,000 rpm for 10 min at 40C. characterization. (Table1).  These bacterial isolates were predominantly 
Cells were washed twice in TRIS-Cl (0.1 M, pH 8.0) and lysed with 0.5% rod-shape. The colony color of isolates varied from white/off-white to 
SDS and 0.001% proteinase K followed by treatment with 1% CTAB. slight/dark pink. The colony shape in most of the cases was circular 
Protein was precipated by phenol: chloroform and DNA extracted using colonies with regular borders, flat in elevation.
absolute alcohol. DNA was checked on 0.8% agarose gel in TBE buffer at In order to characterize the functions of the selected PGPR, 
70 volts for 45 min, after staining with EtBr  visualized under UV ( Gel Doc we examined four different plant growth-promoting traits in vitro: 
system, Biosystematica) (Bazzicalupo and Fani, 1994). phosphate solubilization, siderophore production, HCN production and 

IAA production. Of the 55 PGPR selected, nine have at least one trait 
Quantification and Detection of Purity of Extracted DNA related to plant growth promotion. For instance, a majority of the isolated 

Extracted genomic DNA was run in 0.8% agarose gel at 80 V PGPR can solubilize phosphate (6strains), produce indole aceticacid 
for 45 min with quantitative marker in one lane (Low DNA Mass Ladder, and ACC deaminase activity. In addition, all PGPR produce 
MBI Fermentas). Gel was visualized under UV trans illuminator. DNA siderophores, whereas all isolates showed negative result for HCN 
was quantified spectrophotometrically by measuring OD at 260 nm and production.
280 nm. Purity of DNA was checked measuring the extinction at  Molecular tools for the identification of soil bacteria were used 
A260/A280 on a DU 640 B Beckman spectrophotometer. The and 16S rDNA gene analysis was intensively used to understand the 
concentration of DNA was calculated as: phylogenetic relationships. Among the 16SrDNA gene analysis, 
[DNA] = A260 × 100 × Dilution factor (ìg mL-1) amplified ribosomal DNA restriction analysis (ARDRA) was performed 

(data not shown). This molecular technique has been successfully used 
PCR Amplification of 16S rDNA for bacterial community analysis in a great variety of environments 

The amplified 16S rRNA gene was obtained from each (Lagace, 2004). ARDRA analysis revealed that although bacterial 
bacterial isolate by PCR amplification employing the eubacterial isolates were recovered from nearly similar locations, they showed wide 
universal primers (Weisburg et al., 1991) fDI (5'- AGAGTTTGATCCTGG genetic diversity on account of niche diversification (Mittal and Johri, 
-3') and rP2 (5'-TACCTTGTTACGACTT -3') which were targeted at 2007).
universally conserved regions and permitted amplification of ~1,500-bp   ARDRA generates species specific band pattern (Heyndricks 
fragment. PCR amplification was carried out in a PTC-100 thermocycler et al., 1996) and six genotypes were detected within the nine bacterial 
(MJ Research). Reaction tubes contained 25 ng (5 l) of DNA extract, 1 U isolates. On the basis of ARDRA with Taq1 and Rsa1, isolates were 
of Taq polymerase (Genei), 1Xbuffer (10 mM Tris-Chloride [pH 9.0], 1.5 places in six groups. Restriction profiles of isolates MFA2 SD2 and FMP 
mM MgCl2, 500 mM KCl) (Genei), 10 mM dNTPs (Genei) and 0.25 mM of PB3 were identical. Three isolates FQP R3, FQPR2 and MFA-1R3 were 
each primer (Genei). Initial DNA-denaturation and enzyme activation identical and closely related with FA2 K1003, FA2K1005, and exhibited 
steps were performed at 95°C for 7 min, followed by 25 cycles of different profile. Isolate MFB1 R3 was closely related with FPASD1 
denaturation at 94°C for 1 min, annealing at 51°C for 1 min and extension however, only MFB-1R3 showed close similarity with reference strain 
at 72°C for 1 min, and a final extraction at 72°C for 10 min (Choudhary et when digested with Taq1. Reference strain (P. fluorescens) exhibited 
al., 2009). The presence and yield of specific PCR product (16S rRNA different profile that did not match with that of other bacterial isolates. 
gene) was monitored on 0.8% agarose (w/v) (Life TechnologiesInc.); gel Further analysis of the phylogenetic relatedness among the isolates was 
electrophoresis was carried out at 100 V for 30 min in 1X Tris-acetate- assessed based on UPGMA dendrogram (Fig. 1) A total of six genotypic 
EDTA buffer and visualization by ethidium bromide staining and viewing clusters were formed. Two major clusters, A and B, were formed at 37% 
on a UV transilluminator (Biosystematica). similarity level. Cluster A showed two genotypes at 58%-100% similarity 

level. One cluster was represented by three bacterial isolates i.e., FQPR-
Amplified rDNA Reaction Analysis (ARDRA) 3, FQPR-2, and MFAR-3 at 100% similarity level whereas the second 

ARDRA was performed using four tetracutter restriction cluster was formed at 58% similarity level. Cluster B, represented three 
endonucleases, viz., RsaI, and TaqI (Bangalore Genei, India). 15 µl of genotypes at 43-100% similarity level; Group B1 was represented by two 
(120 µg) of 16S rDNA amplification product was digested with restriction bacterial isolates i.e., MFB1 R3 and FPA SD1 at 67% similarity level. 
endonuclease in the reaction mixture. For 30 µl reaction mixture, added Group B2 had a distinct genotype (FA2K105) at 48% similarity level. 
the following: Restriction enzyme (10 U), 1.0 U (MBI Fermentas); Group B3 was also represented by two bacterial isolates at 100% 
Restriction buffer (10 X), 1.0 X (MBI Fermentas); 16S rDNA amplicon similarity level. Group B1 and B2 was 48% similar and these were similar 
120 µg, and Milli Q water. The reaction mixture was incubated at 37 °C for to B3. Reference strain (P. fluorescence) was quite distinct from this 
RsaI, and at 65 °C for TaqI enzyme for 4 h. Restriction product was group since it showed only 24% similarity (Fig. 1).
resolved on 2.5% agarose gel in 1X TBE at 60 V for 5 h and visualized on .  As 16S rDNA gene sequence provide accurate grouping of 
a UV transilluminator (Gel DocMega, Biosystematica). The restriction organism even at subspecies level it is considered as a powerful tool for 
profile was analyzed using NTSYS pc version 2.02i. The clustering was the rapid identification of bacterial species (Jill and Clarridge 2004). 
done using Jaccard's similarity coefficient based on presence and Partial 16S rDNA sequences were determined for 9 isolates and were 
absence of band ignoring their intensities. compared with the corresponding sequences of standard strains 

16S PCR products obtained from bacterial isolates were obtained from the Gen Bank database to evaluate the phylogenetic 
purified with treatment of exo-nuclease III (applied biosystem) and diversityFor further identification at species level, bacterial isolates were 
Shrimp alkaline phosphatase (MBI, fermentas). The sequences were identified through homology search of partial sequence of 16S rDNA 
determined by using Big dye terminator Kit (ABI Foster city, CA, USA) on using BLASTn. Sequencing data showed that these nine isolates 
an ABI 310 DNA sequencer ( Choudhary et al . 2009 ). 16S rRNA gene belonged to genera, Agrobacterium, Bacillus, Enterobacter, 
sequences were compiled after sequencing with SeqMan software Pseudomonas and Serratia with S. marcescens, being a dominant 
(DNASTAR Inc., Madison, WI, USA) and 16S rRNA gene sequences of species. Only five bacterial isolates showed absolute identity i,e., MFA-
t e s t  s t r a i n s  w e r e  e d i t e d  w i t h  B i o E d i t  s o f t w a r e  1SD2 ( B. cereus), FPA SD1 ( B. cereus), FQPR3 ( B. megaterium ), 
(http://www.mbio.ncsu.edu/BioEdit/bioedit.html). Multiple alignments MFB-1R3 ( P. fluorescens ) and FA2K1003 (S. marcescens) at a 
were performed with ClustalW software (http://www.ebi.ac.u  similarity level of 99% and 100%; FMP PB3 as S. marcescens and FQP 
clustalw/). The resulting sequences were compared with those stored in R2 S. marcescens at similarity level of 96% and 95% respectively; MFA-
t h e  g e n e  b a n k  d a t a  s y s t e m  u s i n g  B L A S T  s e a r c h  1 R3 was identified at 97% similarly level. FA2K1005 (Enterobacter sp) 
(http://www.ncbi.nlm.nih.gov) to determine approximate phylogenetic was identified at 98% similarity level.
affiliations (Zhang et al., 2000).The partial sequences amplified by the f All the sequences obtained from nine isolates were aligned 
DI primer were used to determine the similarities. Homology tree for the with each other to determine genetic diversity between the rhizobacteria. 
data sets were inferred from the Fast Alignment method by employing A comparison of 16S rDNA sequence with the reference strain viz., 
software DNAMAN version 4.0, Lynnon Biosoft, USA. The alignment Agrobacterium tumefaciens, B. cereus, B. megaterium, E. clocae, P. 
was performed using several bacteria that were closely related to the fluorescens  and S. marcescens to which they matched, was performed. 
unknown organisms based on the information obtained using the BLAST A phylogenetic tree was drawn from these aligned sequences using 
search. DNAMAN version 4.0. All isolates showed 63-100% similarity amongst 

each other. On the basis of 16S rDNA sequence homology two major 
Nucleotide Sequence Accession Number clusters, A and B with 63% similarity were formed (Fig 2). Cluster A 

The 16S rDNA gene sequences of all nine bacterial isolates comprised of Gram-positive bacteria MFA-1SD2 (B. cereus), and FPA 
showing PGPR were deposited in the National Center for Biotechnology SD1 (B. cereus) at 99% similarity level. These isolates showed 97% 
Information (NCBI), nucleotide sequence database under the accession similarity with the reference strain (B. cereus CAT 13 AY 842897). FQP 
numbers AY927643- AY927650, and Ay944464. R2 (B. megaterium Accession no AY927645) grouped at 82% similarity 

level with these. FQP R3 showed 100% similarity with reference strain B. 
megaterium WR4513. Cluster B contained Gram negative bacteria RESULTS 
which could be further divided into subgroups, B1 and B2. Subgroup B A total of 55 isolates from the different geographical and ecological areas 
was represented by MFB1R3 (P. fluorescens) and FA2K1003 ( S. of central Himalayan region were used to assess their influence on seed 
marcescens) at 100% similarity level with each other.germination and root/ shoot length of lentil in a paper towel assay (data 

not shown). On the basis of their growth performance, nine isolates 

k/
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Habitat Isolate code Siderophore 
production 

P’  

solublization  

HCN IAA production  ACC 

Agriculture Land 
Modern Farming 

MFA-1 R-3 + + - + + 

MFB-1 R-1 +  
+ 

- + + 

MFA-1 SD-2 + + - + + 

Oak forest FQP R-3 + - - + + 

FQP R-2 ++ - - + + 

Pine Forest FPA SD-1 ++ + - + - 

Forest soil FA2K100
5
 ++ + - + - 

FA2K100
3
 + - - + + 

Mixed Forest FMP PB-3 + + - + + 

 

Table 1: Screening of isolates of the Central Himalayan region for growth promotion

Table 2: Biochemical and plant-microbe interaction tests for  promising PGP

Isolate Grams 
reaction 

Casein 
hydrolysis 

Citrate 
utilization 

Gelatin 
utilization 

Oxidase Cellulose 
utilization 

Pectinase 

MFA-1 R-3 - + + - + + - 
MFB-1 R-1 - + + - - + - 

MFA-1 SD-2 + + + - + + - 

FQP R-3 + + + - + + - 

FQP R-2 - + + - + + - 

FPASD1 + + + - - + - 

FA2K100
5
 - + + - - + - 

FA2K100
3
 - + + - + + - 

FMP PB-3 - + + - + + - 

 

Fig 1: Phylogenetic tree of ARDRA profile using Jaccards's coefficient Phylogenetic tree of ARDRA profile using Jaccards's coefficient, Numerals 
indicate: 1: P.fluorescens std, 2: FQP R-3, 3: MFB-1 R-3, 4: MFA-1 R-3, 5: MFA SD-2, 6: FA2 K100,3  7: FQP R-2, 8: FPA SD-1, 9: FA2K1005 and 
10: FMP PB-3         

They showed 92% similarity with FMP PB-3 (S. marcescens, clear zone indicates the positive result i.e., phosphate solubilization. A 
AY 927649) and 91% with FQP R-2 (S. marcescens, AY 927645 ) and total seven bacterial isolates show positive test for P solubilization.  All 
were 85% similar with the reference strains, S. marcescens  IRB3 the isolates were then subjected to HCN production test (Corbett, 1974; 
(AY870318), E. cloacae 118 (J417455) and P.fluorescence (AY Marques et al., 2010). Appearance of reddish brown zone around the 
392012). FA2K105 (Enterobacter sp AY 927647) showed 86% similarity inoculated colony shows positive result. Out of nine isolates some 
with reference strains. Subgroup B2 comprised of MFAR3 showed strong results while other gave moderate and low results. 
(Agrobacterium sp AY 927644) which showed 88% similarity with Isolates which gave negative result had PGPR property because HCN 
reference strain Agrobacterium tumefactiens (ICPB AJ 389906) (fig-1). is a lethal bi-product which is harmful for the plant growth promotion. 

HCN, produced by many soil microorganisms and it is postulated to play 
a role in biological control of pathogens (Defago et al., 1990). Production DISCUSSION
of HCN by certain strains of fluorescent pseudomonads has been 

Plant rhizosphere is a preferential niche for various types of 
involved in the suppression of soil borne pathogens (Voisard et al., 

microorganisms in the soil. In the present investigation, nine bacterial 
1989). The isolates were also subjected siderophore production test. All 

isolates were screened in vitro for their plant growth promoting (PGP) 
isolates were positive for siderophore production. 

abilities (Kloepper et al.,1988; Marques et al., 2010). Appearance of 
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Siderophores are low molecular weight, extracellular compounds with a and/or reduce the incidence of plant disease. The PGPR concept has 
high affinity for ferric iron, that are secreted by microorganisms to take up been vindicated by the isolation of many bacterial strains that fulfill at 
iron from the environment (Hofte, 1993) and their mode of action in least two of the three criteria described above (in vitro plant growth 
suppression of disease were thought to be solely based on competition stimulation and biocontrol) (Preston, 2004). In several PGPR, termed 
for iron with the pathogen (Bakker et al., 1987;Duijff et al., 1990).Plants biofertilizers, plant growth promotion dominates, wherein mechanisms 
assimilate iron from bacterial siderophores by means of different that are involved in this process can include nitrogen fixation, phosphate 
mechanisms, for instance, chelate and release of iron, the direct uptake solubilization and production of phytohormones (such as auxin and 
of siderophore-Fe complexes, or by a ligand exchange reaction cytokinin) and volatile growth stimulants (such as ethylene and 2,3-
(Schmidt, 1999). Numerous studies of the plant growth promotion vis-a`- butanediol) (Persello-Cartieaux et al., 2003). The capacity to produce 
vis siderophore-mediated Fe-uptake as a result of siderophore phytohormones, like auxins, is a desirable characteristic of a PGPR. 
producing rhizobacterial inoculations have been reported (Rajkumar et Several species of bacteria have been reported to produce auxins. Idris 
al., 2010). For example, Crowley and Kraemer (2007) revealed a et al., (2007) have shown that mutants of B. amyloliquefaciens FZB42 
siderophore mediated iron transport system in oat plants and inferred with diminished levels of IAA production were less efficient in promoting 
that siderophores produced by rhizosphere microorganisms deliver iron plant growth. Although low IAA production scores were assigned to the 
to oat, which has mechanisms for using Fe-siderophore complexes majority of our strains, it has been shown that even low concentrations 
under iron-limited conditions. Similarly, the Fe-pyoverdine complex can induce an increase in the radical length and the number of secondary 
synthesized by Pseudomonas fluorescens C7 was taken up by roots, and not always high concentrations results in a better growth 
Arabidopsis thaliana plants, leading to an increase of iron inside plant promotion. Several microorganisms are able to make insoluble soil 
tissues and to improved plant growth (Vansuyt et al., 2007). Sharma et phosphorous available to plants by solubilizing mineral phosphates 
al., (2003) assessed the role of the siderophore-producing through the production of organic acids or phosphatases (Khan et al., 
Pseudomonas strain GRP3 on iron nutrition of Vigna radiate. 2009) . Pseudomonas and Azotobacter are two of the most reported 
The rhizosphere supports diverse microorganisms that stimulate plant phosphate solubilization genera; however Bacillus strains also have this 
growth. In this category are the so-called plant growth-promoting capacity (Nautiyal 1999; Vessey 2003; Chatli et al., 2008). The 
rhizobacteria (PGPR), which maintain soil health by employing a wide phosphate solubilization abilities of our strains were similar to those 
variety of mechanisms, including nitrogen fixation, enhanced reported for other bacterial isolates under similar assay conditions 
solubilization of P and phytohormone production (Tilak, et al., 2005 ). (Nautiyal 1999; Chatli et al., 2008).
PGPR competitively colonize plant roots and stimulate plant growth 
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