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Sustainable farming systems strive to minimize the use of synthetic pesticides
and to optimize the use of alternative management strategies to control soil borne
pathogens. During the last decade numerous bio control experiments with bacteria have
been reported. But when such bacterial formulation was tried on field, it was not able to
give as nice response as its giving in lab. Therefore, it is necessary to develop efficient
strains in field conditions. One possible approach is to explore soil microbial diversity
for PGPR having combination of PGP activities and well adapted to particular soil
environment. So keeping in view the above constrains, the present study was designed to
screen certain rhizospheric bacterial isolates for their multiple plant growth promoting
activities. In this research twelve bacterial isolates were successfully isolated from cotton
rhizosphere which possess antagonistic activity against to main soil fungal pathogen of
cotton as well as also shows plant growth promoting activities. All the potent isolates
were characterized phenotypically and biochemically. One of them were also characterized
molecularly by 16s r RNA sequencing and found to be novel. The selected isolates are
antagonistic to Rhizoctonia solani and Fusarium oxysporum and could be developed
into a valuable crop management tool to reduce the deleterious impact of plant pathogen.
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Cottonisasoft, staplefibrethat growsin
a form known as a boll around the seeds of the
cotton plant. Indiais the second largest producer
of the cotton in the world after China. Itisacash
crop and the economy of many farmers depends
on this. The Textile industry of the Indiais one of
the leading industries in the world. The Indian
government earnsalot of foreign exchangethrough
thisand it has provided the jobs to millions of the
people. As per Economic Survey of India, about
16% of total world production of cotton comes
fromIndia*

Cotton is also one of the most important
crops in Gujarat and forms the major source for

* To whom all correspondence should be addressed.
E-mail: hiren.sherathiya@gmail.com

textile industry in India. Production is, however,
low because of diseases caused by pathogenic
fungi that reduce the quality and quantity of cotton
production. Among these fungi, a number of soil
borne pathogens seriously affects the cotton. Of
these, Fusarium oxysporum and Rhizoctonia
solani are now the most important fungal pathogen
causing diseases generically called ** cotton wilt”.
Thefunguscankill or damagethe plant inanumber
of ways. Aeria infection in seedlings is usually
lethal because the young plants are unable to
photosynthesize. Aerial infectionin mature plants
reduces photosynthesis due to lesions on the leaf
and reduction of photosynthetic potential by the
fungus greatly reduces yield. Infections of root
and vascular tissues have the potential to kill the
plant by cutting off the supply of water and
nutrients to the root?
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Therefor Cotton requiresagreat amount
of chemical fertilizer and pesticidesfor good growth
and yield and also to saveitself from the diseases.
PGPR inoculation is a promising agricultural
approach that playsavital rolein crop protection,
growth promotion or biological disease control and
sustained soil fertility*

There are sound reasons for evaluating
indigenous rhizosphere bacteria as possible pest
control agents since naturally occurring strains
can be found that are competitive and persistent
under harsh environmental conditions, including
moi sture or temperature extremes, soil acidity, and
salt tolerance. There are numerous reports of
rhizobacteriathat exert abeneficial effect on plant
growth?

Bacterial diversity is of particular
importance in human sustenance since these small
creatures comprise the majority of earth’s species
diversity. Bacterial diversity is considered as one
of the most useful resource with considerable
significance in the global form of bioremediation
and bio-prospecting. Interaction between bacteria
and roots of plants has been reported to be
beneficial, detrimental or neutral and thisdelicate
balance is a consequence of both soil and plant
type. Bacteria, beneficial to plants may be
symbiotic or freeliving, and are abundant near the
roots. Such beneficial free-living bacteria have
been termed PGPR or plant growth promotory
rhizobacteriat

Therhizosphereisahot spot of microbial
interactions as exudates released by plant roots
arethemain food sourcefor microorganismsand a
driving force for their population density and
geochemical cycling of nutrients. Screening and
selection of effective PGPR and their utilizationin
integrated practices is of great importance for
enhancing the growth and yield of agricultural
crops with maintaining sustainability of agro-
ecosystems. Plant growth promoting rhizobacteria
(PGPR) aregroup of bacteriathat actively colonize
plant roots region and increase plant growth and
yield [1]. Various species of bacteria like
Pseudomonas, Azospirillum, Azotobacter,
Klebsiella, Enterobacter, Alcaligenes,
Arthrobacter, Burkholderia, Bacillusand Serratia
have been reported to enhance the plant growth.
PGPR enhance plant growth either by direct or
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indirect mechanisms. Thedirect growth promoting
mechanismsinvolve nitrogen fixation, solubilization
of minerals, production of phytohormonesand the
indirect approach occurs when PGPR lessen or
prevent the del eterious effects of plant pathogens
on plants™2

Thegoalsof thisstudy wereto enumerate
and characterize the major heterotrophic bacterial
genera that inhabit the cotton rhizosphere over
one growing season and to examine acollection of
potential PGPR isolates for fungal repression
activity?®

MATERIALS AND METHODS

Soil sampling and analysis

Different soil sampleswere collected from
districts (Rajkot, Jamnagar, Junagadh, Bhavnagar,
Porbandar, Surendranagar, Amreli) of Saurashtra
region of Gujarat at latitude 21.2 and longitude 72.8.
Soils sample were analyzed for moisture holding
capacity, pH and macro aswell as micro minerals
content as describe in Table-1'2
I solation of Rhizobacteriafrom Various Sources

Bacterial strainswereisolated from cotton
rhizospheric soil samples collected from different
district of SaurashtraRegion. A composite sample
of 10 g rhizosphere soil (root adhering soil) was
carried to thelaboratory in anice-box. | solation of
rhizobacteriawas completed within 48 h of sample
collection. Loosely adhering soil wasremoved from
the roots by washing with sterile distilled water.
Serial dilutions of soil samples were spread on
Nutrient agar. Following growth, bacterial colonies
were purified and preserved on nutrient agar slants
for further study+
Screening of bacteria for plant growth
enhancement

Cotton (Gossypium hirustum) seedswere
surface sterilized with 0.1% mercuric chloridefor 5
min, rinsed with sterilized distilled water and soaked
in bacterial suspension (3x10°cfu ml?) using 1%
carboxymethyl cellulose (CMC). Air dried seeds
were placed on apaper towel (ten seeds per paper)
and incubated at 28+2°C for 4 days in a growth
chamber. Percentage germination was recorded
along with root and shoot length. Non-bacterized
seeds served as control. Threereplicateswere used
for thisexperiment®®
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Preliminary screening of PGPR isolatesfor anti-
pathogenicactivity

Fifty two plant growth promotingisolates
out of two hundred eleven bacterial isolates were
tested for their ability to produce antifungal
substances against Fusarium oxysporum and
Rhizoctonia solani using a dual-culture in vitro
assay on PDA plates. Five ul of each bacterial
suspension (108 cfu/ml) was placed on the plate.
After 48 hincubation at 28°C, asingle6 mm diameter
mycelial disc was placed at the centre of plates.
Then plateswereincubated at 27-29 °C in darkness
and after 7 days the zone of inhibition was
measured. This experiment was conducted twice.
Bacteriawithinhibitory potential were selected for
further experiments!é’
Phenotypicand biochemical characterization of
potent isolates

Morphological features and biochemical
characteristics of the potent i sol ates were studied.
The colonies (shape, size, colour, contour, etc.)
were studied on N-agar plates after 5 days of
incubation at 28 °C. Cells were examined for
morphology using Gram-stained smears and
phase-contrast microscopy. Biochemical
characterization including motility, sugar
fermentation (cellobiose, raffinose, mannose,
galactose, fructose, arabinose, melibiose, adonitol,
glucose, xylose), sodium citrate utilization, urease
production, nitrate reduction starch hydrolysis
were performed. Anaerobic growth was determined
intubes of oxidative and fermentativetest medium
(Difco) under minera oil. Casein hydrolysis was
detected after incubation of strains for 3 days on
nutrient agar supplemented with 2% skimmed milk.
Determinations of catalase and oxidase activities
were performed using disc of Highmediakit. Growth
at different temperatures was determined by
inoculating on nutrient agar plate for 3 days in
water baths set at different temperature'®
Effect of environmental conditionson bacterial
growth

There are many parameters which affect
growth of bacterial isolates viz. temperature, pH,
aeration, salt concentration, nutrient availability,
radiation, presence of heavy metals, carbon source,
etc. Out of these, some important parameters viz.
pH, temperature, salt concentration affecting
bacterial growth was considered?®

1643

16Sr RNA geneamplification and sequencing.

Total DNA from isolated strains was
extracted using the method of Cullen and Hirsch
(1998). DNA quality was estimated by
electrophoresisin 1% agarose gelsin 1x TAE buffer
(40 mM Tris, pH 8.3; 20 mM acetic acid; 1 mM
EDTA) and stained with 0.5 gm L"* ethidium
bromide solution (ETB). DNA concentrationswere
determined spectrophotometrically and a A260/
A280ratio of 1.8 was considered to be acceptable*

| solated microorganismswereidentified
by the similarity and phylogenetic analysis of the
16SrRNA genepartia sequence. Theamplification
of 16SrRNA geneswas performed withaPCR Sys-
tem 9700 (Applied Biosystems). Reaction mixtures
contained 5 ng of template DNA, 1X reaction buffer,
25 mM MgCl,, 0.25 mM of each dNTP, 10 pM of
each primer, and 1 U of Taq Polymerase, adjusted
to25 L. Ribosomal 16SrRNA geneswereamplified
using the universal bacterial primer 8 (5'-GCG GAT
CCGCGGCCGCTGCAGAGTTTGATCCTGGCT
CAG-3)forwardand 1492 (5 -GGCTCGAGC GGC
CGCCCGGGTTACCTTGTTACGACTT-3)
reverse. Thefollowing PCR conditionswere used:
an initial denaturation step at 94°C for 5 min; 35
cyclesof 45sat 94°C, 45 sat 55°C, and 90 sat 72°C;
and afinal extension step at 72°C for 10 min. The
PCR products were electrophoresed and stained
as mentioned above. PCR products corresponding
to the 16S rRNA genes were purified using the
PCR purification kit according to the manufacturer’s
instructions (Qiagen Inc)*

DNA sequencing was performed with an
ABI 3130 XL DNA sequencer (Applied Bio
systems). Sequences were aligned, and a
consensus sequence was computed with fragment
assembly tools in the Genetics Computer Group
software package (MEGA 5). Nucleotide sequence
similarities were determined by using BLAST
(National centre for Biotechnology Information
databases)®

RESULTS AND DISCUSSION

Soil Analysis

All the soil sample collected from different
location of Saurashtra region were analysed for
below describe parameters. Result of one of the
soil sample collected from Junagadh district (J-1)
weredescribein thetable-2.
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I solation of rhizosphericbacteria

211 bacterial colonies with different
growth characteristics were isolated and purified
by further streaking on nutrient agar media and
pure cultures were used for further experiments.
The criteria taken in to the consideration were
Pigmentation, Elevation, Texture and size. Such
criteriafor all the selected bacterial colonieswere
note down.

Table 1. Parameters and Method used for soil

Screening of isolatesfor plant growth promotion
(PGP)

52 isolates out of 211 primary isolates
improve plant health and promote growth by
increasing of seedling emergence and the vigour
when tested in vitro for cotton germination.

All 52 PGPR isolateswere selected on the
basis of their performance in seed germination
assay, significantly enhanced the seedling length.
Some of the isolates also showed a significant

analysis increase in % germination as compared to
untreated control. Seeds coated with all bacterial
Parameter Method isolates showed 100% germination. Seeds coated
with bacterial isolatesV-3 showed highest seedling
E"é EHCMMe;te;r length and seedling vigour after 4 days of
AvailableC Walkey and Black Method germination asshownintable-3. In thisstudy, seed
AvailableN Kjeldhal Method Freatment with the bacterial isolates §|gn|f|cantly
Available P205 Olsen’s extracted Mehod improved seed emagmcetngha with plant root
Available K20 Flame Photometry Method and shoot length as shown in figure-1.
Sand International Pippet method The overall improvement in seedling
(Piper 1950) vigour through a significant increase in various
Slit physiological parameters suggests that these
Clay _ strains have a plant-growth promoting ability on
Soil type By observation cotton seedlings and hence could be used for seed
Water hol dl'\;l‘g. Balance inoculation for better establishment of seedlings.
;apac' ty (Moisture) The plantswith enhanced seedling vigour can help
n DTPA extractor . . :
(Instrument-AAS) in bette_r establishment _of plantations.
Fe Screening for antagonism
Cu Isolated rhizobia showing plant growth
Mn promotion in germination assay were studied for
B antagonistic activity against the fungal pathogen.
Table 2. Result of soil analysis for soil sample J-1
Parameter Vaue Method
PH 7.02 PH Meter
EC 0.60 dSm-1 EC Meter
AvailableC 0.093 % Walkey and Black
AvailableN 270 Kg/Hector Kjeldhal
Available P205 51 Kg/Hector Olsen’s extracted
AvailableK20 290 Kg/Hector Flame Photometry
Sand 22% International Pippetmethod (Piper 1950)
St 23%
Clay 55 %
Soil type Medium black calcareous By observation
Water holding capacity 45 % Baance
Zn 1.47 ppm DTPA extractor(Instrument-AAS)
Fe 13.7 ppm
Cu 3.24 ppm
Mn 10.01 ppm
B 0.86 ppm
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Table 3. Showing result for different parameters of Germination Assay

Isolates Sed Total length Average Seedling vigour
Germination length index
Control 80% 38 42 45 41 410
A-1 100% 11 10.8 115 111 1110
A-2 100% 13 125 13 12.8 1280
A-3 100% 9.1 7.2 8.8 83 830
A-4 100% 9 1.7 9 85 850
A-5 100% 8 11 8 9.0 900
A-6 100% 14.2 115 11 12.2 1220
A-7 100% 10.2 104 11 105 1050
K-1 100% 12 115 124 119 1190
K-2 100% 82 85 11 9.2 920
K-3 100% 11 105 10.9 10.8 1080
K-4 100% 118 82 124 10.8 1080
K-5 100% 12 115 121 118 1180
K-6 100% 82 10 8.6 8.9 890
S1 100% 12 13 121 12.3 1230
S2 100% 9.1 10 9.4 9.5 950
S3 100% 75 8 9.1 8.2 820
S4 100% 9.9 7.9 85 8.7 870
S5 100% 10 104 12 10.8 1080
S6 100% 112 13 115 119 1190
P-1 100% 9.1 9.7 13 10.6 1060
P-2 100% 8.9 10.6 10.2 9.9 990
P-3 100% 10.5 85 85 9.1 910
P-4 100% 82 9.5 9.4 9.0 900
P-5 100% 13 12.8 16 13.9 1390
P-6 100% 14 12 115 125 1250
P-7 100% 8.7 9.2 12.3 10.0 1000
J1 100% 16 10.8 14 13.6 1360
J2 100% 12.3 125 133 12.7 1270
J3 100% 151 16.2 14.9 154 1540
J4 100% 14 15.8 15.9 15.2 1520
J5 100% 10.2 10.7 9.3 10.0 1000
J-6 100% 12 118 9.6 111 1110
uU-1 100% 10 14.4 15 131 1310
u-2 100% 151 134 12.2 135 1350
U-3 100% 10.1 12.2 12 114 1140
u-4 100% 82 9.1 10.1 9.1 910
uU-5 100% 14.3 14.9 16 15.0 1500
uU-6 100% 15.8 118 14.3 139 1390
u-7 100% 7.8 9.2 9.8 8.9 890
V-1 100% 10.5 9 9.5 9.6 960
V-2 100% 10.2 14.9 16.1 13.7 1370
V-3 100% 171 15.6 16.1 16.2 1620
V-4 100% 12.6 13 14.2 132 1320
V-5 100% 82 10.9 9.1 9.4 940
V-6 100% 131 10.2 104 112 1120
B-1 100% 10.2 10.6 13 112 1120
B-2 100% 12 133 14 131 1310
B-3 100% 6.4 7.8 10.2 8.1 810
B-4 100% 9.1 12 8.8 9.9 990
B-5 100% 7.2 6.8 6 6.6 660
B-6 100% 9.1 89 9 9 900
B-7 100% 6.2 6 7.2 6.4 640
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Fig. 1. Photo of seed germination assay after 4 days of incubation

Table 4. Results for antagonism against both Twelveout of 52 bacterial isolateshad shown high
fungal plant pathogens antifungal activity against both pathogens, were
selected and used in the subsequent in vitro
Isolates  Diameter of inhibition zones(mn’) inhibition tests and field experiments.
- Againdt an'lng_ Antagonistic activity of the bacterial
-OXysporum -Soran isolates was evaluated in terms of inhibition zone
A-D 100 11.2 diameter asanindicator of thereductionin growth
A-3 14.0 18.2
A-4 16.0 15.2
K-1 125 111
K-2 8.2 8.9
K-4 14.1 12.0
S1 6.6 9.1
P-3 8.8 20.1
J1 6.1 9.2
U-1 5.2 4.2 Fig. 2. Isolates A-4 and P-3 Showing Antagonistic
V-1 9.0 16.1 activity against cotton plant pathogen R. solani, F.
B-1 11.0 16.0 0Xysporum respectively

Table 5. Colony characteristics of bacterial isolates on nutrient agar plate

Character
Isolates Size Shape Elevation Colour Consistency  Opacity
A-2 2mm Circular Flat Whitish M oi st Translucent
A-3 3mm Circular Convex Krimish Moist Opaque
A-4 1Imm Circular Flat Yellowish Moist Opaque
K-1 5mm Irregular Convex Greenish Mucoid  Translucent
K-2 8mm Irregular Convex Greenish Mucoid  Translucent
K-4 2mm Circular Flat Yellowish Moist Opaque
S1 7mm Circular Convex Whitish M oist Translucent
P-3 5mm Irregular Convex Whitish Mucoid  Translucent
J1 5mm Circular Convex Whitish Dry Opague
U-1 6mm Circular Convex Whitish Dry Opague
V-1 8mm Circular Convex Whitish Viscous Opague
B-1 3mm Irregular Convex Whitish Moist Opaque
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of pathogenic fungi. The maximum zone of
inhibition was observed in isolate P-3 against
Fusarium oxysporum and isolate A-4 against
Rhizoctonia solani asshownintable-4 and figure-
2

Overdl somebacterial isolateswerefound
to be potent inhibitors of the test fungi whereas
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others showed only mild activity or no activity.
This suggeststhat the mode of action exerted and/
or the type of antifungal metabolite produced by
the isolates may vary.

The antagonistic activity of all these
isolates is may be due to inhibitory compound,
siderophores production, cell-wall degrading

Table 6. Result of biochemical characterization of all theisolate

Characteristics K-1 K-2

K-4 A-2 A3 A4

P3 J1 U1 S1 V-1 B-1

Anaerobic growth -
Oxidase +
Maximum growth temp
Minimum growth temp
Nitrate reduction +
Catalase +
Arabinose -
Adenittol -
Cedllobiose -
Galactose +

Fructose + +
Mannose +

Melibiose - -
Raffinose - -
Xylose - -
Sucrose + +
Citrate Utilization + +
Urease - - -
H2S Production - - -
Acid Production + + +
Gas Production - - - -
Starch Hydrolysis - - - -
Moatility - - - -

o+ + B+
I T =i

+ 4+
I S e S i i o - R

+ +

+
+
+

D
(63}
D
(63}
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Table 7. Results for effect of environmental condition on growth of isolates

Experimental condition

Temperature pH

Salt

15°C 25°C 35°C 45°C 4

(&)

6 7

8

©

10 1% 2% 3% 4% 5% 6%

+
'

K-2

K-4 +
A-2 -
A-3 -
A-4 -
P-3 -
J1 -
u-1 -
S1  +
V-1 +

4+ o+ o+

++ 4+ L+ o+t +

+ 4+
:

+ 4+ + F o+ o+ o+

+ o+ + F o+ o+ o+ o+

+ 4+ o+ o+

+ 4+ 4+ + 0

+ 4+ A+ A+ A+ A+ 4+
+ 4+ ++ A+ o+ 4+
+ 4+ + A+ A+ A+ o+ 4+
+ 4+ + A+ A+ A+ A+ A+ 44+
+ 4+ 4+ 4+ A+ A+ A+ 4+
+ 4+ + A+ A+ A+ o+ 4+
+ 4+ + A+ A+ A+ o+ 4+
+ 4+ A+ A+ A+ A+ A+ 4+

+ + + + +
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enzymes, hydrogen cyanine production, ammonia
and antibiotics production.
Phenotypic and bio chemical char acterization

The distinguishing phenotypic and
biochenmical characters of al the isolates were
shown in table-5 and table-6. Morphological and
phenotypic characterization revealed that out to
twelve microbial isolates eleven were found to be
bacterial and onewere actinomycete. From eleven
bacterial isolates, five were gram positive, and six
were gram negative. Biochemical characterization
shown that out of twelve isolates three isolates
belongs to Pseudomonas spp., four isolates
belongs to Bacillus spp., remaining five belongs
to each one of Azotobacter spp., Azospirillumspp.,
Agromyces spp., Burkhol deria spp. Guconobacter
spp., which was need to further characterize by
16sr RNA sequencing.
Effect of environmental condition on bacterial
growth

All theisolates showed ability to grow at
wide range of temperature, pH and NacCl
concentration as shown in table-7. The effect of
temperature on bacterial growth was checked with
temperature range of 15°C to 45°C. Maximum
growth was observed at 35+2°C temperature. The
effect of pH on bacterial growth was observed in
the pH range of 4 to 10 from which the maximum
growth was seen at pH 7. All isolates were unable
togrow at pH 4. Theoptimum NaCl concentration
for al six isolateswasfound to be 1 %. All isolates
except K-1, K-2 and P-3weregrown up to 6 % NaCl
concentration. This results show ability of this
isolatesto grown up in saline soil.
Molecular characterization

The nucleotide sequence of nearly full
length (1,300 bp approximately) 16Sr RNA gene
fromisolatesK-1 wasdetermined and compared to
seguencesavailablein NCBI databank remaining
isolates are under sequencing process so their data
of molecular characterization were not shown here.
Result of BLAST was shown close similarity with
Pseudomonas putida (A ccession No. KF640237).
And the similarity found were 95% which confers
finding of novel strain, needs to be further
characterize. Data of sequenced isolates strains
have been deposited under the following
accession number KM 204146 to the NCBI.

J PURE APPL MICROBIO, 9(2), JUNE 2015.

SHERATHIYA et d.. STUDY OF ANTI PATHOGENIC PLANT GROWTH PROMOTING BACTERIA

CONCLUSON

This study illustrates the significance of
screening of antagonistic rhizobacteriacontaining
multiple PGPR traits. Thiscan lead to the selection
of effective PGPR isolateswhich can be used asa
bio control agent and as aresult of their multiple
PGPR traits can proveto be effectiveinimproving
the productivity of cotton crop and maintenance
of soil fertility. Asthisisolateswereisolated from
rhizosphere assures their long survival of it in to
field level, which were not found in case of other
biofertilizers which do not associates with root.
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