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Introduction:-

In soil, plant growth depends on many biotic and abiotic factors. The
plant rhizosphere supports large and active microbial population
because of root exudation. These naturally occurring root bacteria are
beneficial for plant growth vizdirectly and indirectly known as plant
growth promoting rhizobacteria (PGPR). Our study includes isolation
and screening of rhizobacteria from nonrhizospheirc and rhizospheric
soil of cotton plant. We have found total 60 isolates. These isolates
were tested in vitro for specific PGPR traits such as nutrient
solubilzation (Phosphorus, Potassium), and different biocontrol activity
tests (Antifungal activity, Ammonia production, HCN production,
Siderophores Production). Out of all, four isolates (Bacillus cereus,
Ensiferglycinis, Stenotrophomonasrhizophila,
Staphylococcushaemolyticus) were found to be promising for most of
plant growth promoting traits. These PGPR were used as bioinoculant
for cotton seeds and not for control sample. The seeds inoculation with
PGPRs affected germination rate and seedling vigour index. The higher
germination rate (75%) and seedling vigour index (825) were obtained
with PGPRs treated seeds where as in control it was 56.25% and
506.25 respectively. Results suggest that combination of multitraits
PGPRs can be considered as alternative biofertilizer and biopesticide to
promote cotton seed germination, crop yield and act as an alternative to
chemical fertilizer.
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The excessive use of agrochemicals fertilizers and pesticides is causing harmful effects to soil fertility and soil fauna
and flora (Yu et al., 2009). So, during the last couple of decades, numerous recent biotechnological expansions in
agriculture have been discovered and as a result new area for the increase of the crop productivity in a sustainable
environment arises (Tank and Saraf , 2010). Microorganisms associated with plant as mutualistic partner has an
adaptation to the environment and have the capacity to support the plant for the growth and crop yield. Therefore
rhizobacteria now developed as biofertilizers or biopesticides to increase soil fertility and control plant disease.

Plant growth is generally supported directly and indirectly by PGPR. The direct mechanisms include facilitating
resource acquisition (Nitrogen, Phosphorus, Potassium, zinc and essential minerals), ACC deaminase activity and
modulating plant hormone levels (Auxin, cytokinine, giberellic acid, ethylene, abscisic acid). Indirect mechanisms
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include decrease of the inhibitory effects of various pathogens on plant growth and development in the forms of
biocontrol agents, such as HCN, siderophore, Iytic enzyme production and antifungal activity (Glick,1995).

So keeping all these in views, our objectives were focused to isolate, identified PGPR, screening of their plant
growth promoting traits [PGP] and evaluatemultitrait PGPRs from rhizospheric soil of cotton plant. These PGPRs
were necessary for improving agricultural crops yield which act as biofertilizers, phytostimulators and biocontrol for
sustaining the agro-ecosystems.

Material and methods:-

Sample collection:

Samples for PGPR study were collected from Agriculture Farm, Cotton Research Centre, Surat, Gujarat. Soil
consisting mainly of two zone nonrhizospheric (Bulk soil) along with three different site from rhizospheric
(rhizosphere, rhizoplane and endorhizosphere) of Gossypiumhisrsutum (cotton) was selected for study.

Isolation of PGPR :

Bacterial species were isolated from the nonrhizospheric soil and rhizospheric soil samples using various
appropriate selective media such as Pikovskaya agar, Nitrogen free media, Ashby’s Mannitol agar, King’s media,
Bacillus media, Yeast Extract Mannitol Agar. Plates were incubated at room temperature until visible growth was
observed.

In Vitro screening of plant growth promoting traits (PGP) of rhizobacteria (PGPR) :

The bacteria were screened for 6 different plant growth promoting traits. Rhizobacteria directly or indirectly
promotes plant growth activities and their multifunctional traits were tested. They were screened for 2 nutrient
solubilizing traits and 4 different biocontrol activity tests.

Nutrient solubilizing traits:
Phosphate solubilisation:
Rhizobacteria were screened for phosphate solubilization on Pikovskaya medium (Gupta et al., 1994).

Potassium solubilisation:
Potassium solubilization by rhizobacteria was studied on Aleksandrov medium plates (Liu et al., 2012).

Biocontrol activity:

Antagonism assay against phytopathogenic fungi:

Isolates were assayed for antifungal activities against Fusarium species using Potato Dextrose Agar (PDA) medium
(Manivannan,2012).

Ammonia production:
Bacterial isolates were tested for the production of NH; in peptone water (Cappuccino and Sherman,1992).

Hydrogen cyanide production:
Screening of rhizobacteria for HCN production werestreaked on nutrient agar medium containing 4.4 g/l of glycine
(Castric 1975).

Siderophore production:
Siderophore production was tested qualitativelty using Chrome azurol S (CAS) agar (Schwyn and Neilands, 1987).

Construction of PGPR consortia:
The four different rhizobacteria that demonstrated as good plant growth promoting traits were chosen to construct
consortia for improvement of plant health and defense mechanism.

Molecular Characterizations and phylogenetic study :

Microbial Identification was done with the use of 16S rDNA according tomultitraits PGPR on the basis of
quantitative analysis. DNA was isolated from the bacterial culture. Its quality was evaluated on 1.0% Agarose Gel, a
single band of high-molecular weight DNA has been observed. Fragment of 16S rDNA gene was amplified by PCR.
A single discrete PCR amplicon band was observed when resolved on Agarose. The PCR amplicon was purified by
column purification to remove contaminants. DNA sequencing reaction of PCR amplicon was carried out with 8F
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&1492R primers using BDT v3.1 Cycle sequencing kit on ABI 3730xI Genetic Analyzer. The 16S rDNA sequence
was used to carry out BLAST with the database of NCBI genbank database. Based on maximum identity score first
ten sequences were selected and aligned using multiple alignment software programs and their phylogenetic
relationships determined.

Multitraits consortium involved in plant growth and Development

In Vitro seed germination assay

The bacterial strains were bio assayed for their ability to promote seed germination and growth of cotton seedlings
using standard methods. The seeds were surface sterilized with 0.1% HgCl, for 3 min. followed by successive
washing with sterile distilled water twice and then the water was decanted. The seeds were then added to followed
set cultures grown in their respective medium for 48 hr., kept for 10 minutes in the consortium culture and the
medium was decanted. After the treatments, inoculated seeds were arranged in an equidistant manner in a sterile
Petri dish previously wallpapered with cotton moistened with 10 ml of sterile distilled water. The Petri dish was
closed and incubated incubated at 30 °C for 2-7 days. The seeds treated with sterilized medium alone were used as
control. After germination, the number of germinated seeds per Petri dish was counted in order to determine the
germination percentage (Shende, 1977). The root and shoot lengths of each germinated seed were measured to
determine the vigour index (Abdul-Baki, 1973).

Greenhouse studies:

A pot culture study was undertaken with the above treatments by using Completely Randomized Design (CRD) The
used soil was sterilized twice at 120°C for 20 min with 24 hours times’ interval ( Gholami, 2009). Pots were filled
with soil. A 5cm deep hole was opened in the centre of each pot. Treated cotton seeds with multitraitspgpr
consortium were sown in each pot. Control (soil + untreated seeds) was also included. Sixty Days after Sowing,
growth parameter were determined according to the procedures described by Newman (1966), Mollaet al.
(2001) and Cassanet al. (2009).

Plant growth and development parameter:

Growth Parameter:

1. Plant height

2. Flowering and Ball formation and busting stage

3. Percentage germination (Germ %) = No of germinated seed ~ x 100
Total number of seeds cultured .i

4. Vigour index = % Germination X seedling length (shoot length + root length)

Ressult and discussion:-

Bacteria are involved in various biotic activities of the soil ecosystem (Ahemad et al., 2009 and Chandler et al.,
2008). They stimulate plant growth through solubilizing nutrients in soils, producing numerous plant growth
regulators, protecting plants from phytopathogens by controlling or inhibiting them and improving soil quality
(Ahemad, 2012 ; Ahemad and Malik, 2012 ; Hayat et al., 2010 ; Rajkumar et al., 2010 and Braud et al., 2009).
Indeed, the bacteria which are present around/in the plant roots (rhizobacteria) are more versatile in transforming,
mobilizing, solubilizing the nutrients compared to those from bulk soils (Hayat et al., 2010). Therefore, the
rhizobacteria are the dominant driving forces in recycling the soil nutrients and increasing soil fertility (Glick,
2012).

60 bacterial species were isolated from the four different site — bulk soil, rhizosphere, rhizoplane, endorhizosphere
of wild and transgenic cotton. They were screened for 6 plant growth promoting traits in Table 1.

Sr No. PGP traits Number of positive organisms (Total 60
isolates)
1 Phosphate solubilization 24
2 Potassium solubilization 10
3 Antifungal activity - Fusarium sp. 06
4 Ammonia production 17
5 HCN production 03

696




ISSN: 2320-5407 Int. J. Adv. Res. 7(8), 694-701

6

| Siderophore production | 15

Table 1:-Plant growth promoting traits

Plant growth promoting traits do not work independently of each other but multiple mechanisms, such as nutrient
solubilization, phytohormone production, various enzyme activity and biocontrol activity are responsible for the
plant growth promotion and increased yield (Bashan and Holguin, 1997).The various multitraits PGPR identified
using 16S rDNA (Figure 1).

Phylogenetic Tree:

MR_114582.1 Bacillus ceneus strain ATCC 14579 165 ribosomal RNA gene partial sequence
MR_115526.1 Bacillus ceneus strain 1AM 12605 165 ribosomal RNA gene partial sequence
MR_112630.1 Bacillus cereus strain NBRC 15305 165 ribcsomal RNA gene partial sequence
MR_115714.1 Bacillus cereus strain CCM 2010 165 ribosomal RNA partial sequance
MNR_113266.1 Bacillus ceneus strain JCM 2152 165 ribosomal RNA gene partial sequence

MNR_074540.1 Bacillus ceneus strain ATCC 14579 165 ribosomal RNA (A ) partial sequence

NR_152682 1 Bacillus wiedmannii strain FSL W8-01689 165 ribosomal RNA partial sequence

MR_041248.1 Bacillus anthracis strain ATCC 14578 165 ribosomal RNA gena partial sequence

’— NR_121761.1 Bacillus tovonensis strain BCT-7112 165 ribosomal RNA partial sequence

L l— MNR_114581.1 Bacillus thuringlensis strain ATCC 10792 165 ribosomal RNA gene partial sequence

Bacillus cereus

NR_114987.1 Sinorhizobium xinjiangense strain LMG 17930 16S ribosomal RNA gene partial sequence
NR_115519.1 Sinorhizobium fredii strain ATCC 35423 16S ribosomal RNA partial sequence
NR_112784.1 Sinorhizobium fredii strain USDA 205 16S ribosomal RNA gene partial sequence
NR_113869.1 Sinorhizobium fredii strain NBRC 14780 16S ribosomal RNA gene partial sequence
NR_115181.1 Sinorhizobium fredii strain USDA205 16S ribosomal RNA gene partial sequence
NR_025251.1 Sinorhizobium americanum strain CFNEI 156 16S ribosomal RNA gene partial sequence
NR_151923.1 Ensifer glycinis strain CCBAU 23380 165 ribosomal RNA partial sequence

NR_149806.1 Ensifer shofinae strain CCBAU 251167 165 ribosomal RNA partial sequence

NR_115768.1 Ensifer mexicanus strain [TTG-R7 165 ribosomal RNA gene partial sequence

NR_113892.1 Sinorhizobium saheli strain NBRC 100386 165 ribosomal RNA gene partial sequence

Ensiferglycinis

_58': NR_026384.1 Xanthomonas melonis strain LMG 8670 16S ribosomal RNA gene partial sequence

68

NR_029331.1 Xanthomonas hyacinthi strain Y8 16S ribosomal RNA gene partial sequence

L NR_036968.1 Xanthomonas translucens strain XT 2 16S ribosomal RNA gene partial sequence

NR_113168.1 Xanthomonas theicola strain LMG 8684 16S ribosomal RNA gene partial sequence

NR_026392.1 Xanthomonas sacchari strain LMG 471 16S ribosomal RNA gene partial sequence

NR_136457.1 Xanthomonas maliensis strain M97 16S ribosomal RNA partial sequence

NR_117406.1 Stenotrophomonas panacihumi strain MK0B 16S ribosomal RNA gene partial sequence

NR 148818.1 Stenotrophomonas tumulicola strain T5916-2-1b 16S ribosomal RNA partial sequence

= Stenotrophomonasrhizophila

7 { NR_121739.1 Stenotrophomonas rhizophila strain e-p10 168 ribosomal RNA partial sequence
02

NR_028930.1 Stenotrophomonas rhizophila strain e-p10 16S ribosomal RNA gene partial sequence
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NR_116627.1 Staphylococcus devriesei strain KS-SP_B0 16S ribosomal RMA gene partial sequence
NR_024668.1 Staphylococcus lugdunensis strain ATCC 43809 16S ribosomal RNA gene partial sequence

NR_041323.1 Staphylococcus hominis subsp. novobiosepticus strain GTC 1228 16S ribosomal RNA gene partial sequence

NR_136463.1 Staphylococcus petrasii subsp. pragensis strain CCM 8529 16S ribosomal RNA partial sequence
NR_132580.1 Staphylococcus petrasii subsp. croceilyticus strain MCC10046 16S ribosomal RNA partial sequence

NR_118450.1 Staphylococcus petrasii strain CCM 8418 16S ribosomal RNA gene partial sequence

_ESE
{ NR_036956.1 Staphylococeus hominis strain DM 122 16S ribosomal RNA partial sequence
—E‘E
el

NR_118248.1 Staphylococcus jettensis strain SEQ110 16S ribosomal RNA gene partial sequence
NR_113345.1 Staphylococcus haemolyticus strain JCM 2416 16S ribosomal RNA gene partial sequence

NR_036855.1 Staphylococcus haemaolyticus strain SM 131 16S ribosomal RNA partial sequence

Staphylococcus haemolyticus

Figure 1:-Phylogenetic tree study
Among all  multitraits PGPRs, three PGPRs consortium  (Bacillus  cereus, Ensiferglycinis,
Stenotrophomonasrhizophila, Staphylococcushaemolyticus) were found to be promising for plant growth promoting
traits in vitro condition.

Our data revealed that PGPR consortium treatment promotes cotton seed germination in vitro plate assay (Table 2).

Control seeds PGPR treated seeds
Total number of | 16 16
cultured seeds
Total number of | 9 12
germinated seeds
Percentage 56.25% 75%
germination
Root and Shoot | 7 cm shoot 9 cm shoot
length 2 cm root 2 cm root
Vigour index 506.25 825
Diagram

Table 2:-In vitro seed germination plate assay

It revealed that under in vitro conditions, seed treatment with PGPR strains improved seed germination, seedling
vigor, seedling emergence and seedling stand over the control. Similar improvement of seed germination parameters
by rhizobacteria has been reported in cotton (Baljeet Singh Saharan and Vibha Nehra,2011).In green house study,
PGPR also increased cotton development stages, seed cotton yield and plant height over respective controls in
following Figure 2 & 3.
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N
°  Jrrd
A :Bud formed , B : Bloom formation, C : Bloom, D : few hours later, white becomes pink , E : Boll matures . F :

Cotton
Figure 2 :-Stages of cotton development

Figure 3:-Green house study

In our present experiment 60 PGPR strains were isolated from cotton rhizosphere, 4 were selected based on their
PGP ability, and further study was conducted to know their effect on seed germination, vigour index. Bacillus
cereus, Ensiferglycinis, Stenotrophomonasrhizophila, Staphylococcus haemolyticus consortium showed higher PGP
traits as well as increase in % germination as compared to untreated control. Similar enhancement of seed
germination in cotton crop was also reported (Anjum et al.,, 2007). Similar improvement of seed germination
parameters by rhizobacteria has been reported in other cereals such as sorghum (Raju et al.,1999) and pearl millet.
The improvement in seed germination by PGPR was also found in wheat and sunflower (Niranjanet al.,
2003)(Niranjanet al., 2004).

Conclusion:-
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The present study proved that the PGPR strains were effective in making nutrient available to the plant, helped in
biological control of plant pathogens and deleterious microbes improving the growth promoting activities such as
seed germination and vigour index. Thus our study confirms the effect of PGPR on germination and plant growth.
The inoculation of cotton seeds (Gossypiumhirsutum) by the rhizobacteria improved in vitro germination. These
results suggest the possibility to use these PGPR further as can be further exploited as biofertilizers, phytostimulator
and biopesticides for plant growth promotion which finally restrict the use of chemicalfertilizer in agriculture and to
increase the output of cotton.
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