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The present investigation is based on the study of the diversity of Bacillus spp. isolated from tomato
rhizosphere and their evaluation as plant growth promoter. A total of twenty eight rhizospheric gram
positive rod-shaped bacteria (DPNSB-1 to DPNSB-28) were isolated on nutrient agar and confirmed as
Bacillus spp. on the basis of phenotypic characterization. Carbon source utilization pattern based on
BIOLOG and 16S rDNA-RFLP analysis of these isolates using three tetra cutter restriction enzymes
(Alul, Haelll and Mspl) was employed for diversity studies. All the 28 strains deliberated with multiple
plant growth promotion (PGP) attributes such as production of Indole acetic acid (IAA), siderophore,
ammonia, HCN and phosphate solubilization. The diversity pattern followed amongst isolates was
based on carbon utilization profiling, which revealed 9 distinct clusters ranging from 10 to 50%,
whereas RFLP based resulted into pattern 5 determined distinct clusters with a range of 10 to 70%.
However, all the isolates were endowed with variable range of PGP activities. Among them, DPNSB-2,
DPNSB-11 and DPNSB-28 produced significant levels of IAA production 503.65, 687.94 and 845.28 ug
mg™ respectively. While 19 (67%) isolates were capable of solubilizing phosphate, 13 (46%) isolates
produced siderophore, 21 (75%) isolates produced Ammonia and 20 (71%) were produced HCN. The
positive isolates appeared attractive for exploring their plant growth- promoting activity and may be
useful for control of Fusarium wilt in tomato field.

Key words: Bacillus, carbon source profiling, ARDRA, plant growth promoting activity.

INTRODUCTION

Tomato (Lycopersicon exculentum L.) ranks third in
priority after Potato and Onion in India but ranks second
after potato in the world under vegetable crop system. Its
cultivation has increased from 596, 000 ha (year 2007) to
634, 000 ha (year 2010), whereas its production is
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increased from 10055 to 12433 thousand tons. Fusarium
wilt, caused by Fusarium oxysporum f. sp. lycopersici, is
a major disease of tomato in both green house and field
condition, cause loss up to 10 to 50% of yield (Kallo,
1991; Mao et al., 1998).

Modern agriculture is heavily dependent on the
application of chemical pesticides for disease control.
Due to the concerns regarding both human health and
environmental protection, viable alternatives to these
chemicals are being sought (Franks et al., 2006). The



interest in the use of biological approaches to replace
hazardous pesticides in fertilizing soils or improve plant
resistance against phytopathogens is steadily gaining
worldwide acceptance. In this regard, the use of plant
growth promoting rhizobacteria (PGPR) has depicted
potential in developing sustainable agricultural systems
for crop production and protection (Govindasamy et al.,
2011, Erturk et al., 2010). The study of root-associated
bacteria and their potential is important not only for
understanding their ecological role in the rhizosphere and
the interaction with plants but also for many
biotechnological applications. Bacillus spp may protect
plants against pathogens by direct antagonistic
interactions between the biocontrol agent and the
pathogen, as well as, by induction of host resistance. it
depends on a wide variety of traits, such as the
production of structurally diverse antibiotics (Liu et al.,
2006), production of iron chelators and exo-enzymes
such as proteases, lipases, chitinases and B 1,3-
glucanases (Hayat et al., 2010, Beneduzi et al., 2008,
Swain and Ray, 2006, Deepa et al., 2010), formation of
viable spores (Cenci et al., 2006), promotion of plant
growth (Ryu et al., 2004), production of bacterial
phytohormones and/or the solubilization of mineral
phosphates (Calvo et al., 2010, Viruel et al., 2011) and
an ubiquitous presence in soil (Gajbhiye et al., 2010).
Considering the multiple applications of Bacillus strains,
it is essential to develop efficient strains in field
conditions. The research on the concept of Bacillus
diversity studies from rhizospheric regions of different
crop system of India has been reported recently (Kumar
et al., 2011, Gopalakrishnan et al., 2011, Gajbhiye et al.,
2010, Deepa et al., 2010). Moreover, the characterization
on diversity studies and plant growth promoting activities
in an area is essential for the efficient management of
diseases and crop productivity. As such, keeping in view
the aforementioned constrains, the present study was
designed to screen certain tomato rhizospheric Bacillus
isolates for their multiple plant growth promoting
activities, along with the profiling of carbon source
utilization. ARDRA analysis was also carried out to
access diversity for recognition of the isolates. The
screened isolates will help to control the wilt
consequence in tomato crop which is caused by
Fusarium oxysporum f.sp. lycopersici organically

MATERIALS AND METHODS
Bacterial isolates and phenotypic characterization

In total, twenty eight Bacillus isolates were isolated from 16 tomato
rhizospheric soil samples collected from four different agricultural
sites of Indo-Gangetic plain regions including; 1). Farm of Indian
Institute of Vegetable Research —Varanasi, Uttar Pradesh (82.52° E
longitude and 25.10° N latitude) 2) Farm of Indian Institute of
Horticultural Research — Bangalore, Karnataka (78°E longitude and
13.58° N latitude), 3) Farm of Indian Agricultural Research Institute,
New Delhi (77°E longitudes and 28.38°N latitude) and 4) Farm of
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Andhra Pradesh Horticultural University, Tadepalligudem, West
Godavari District, Andhra Pradesh (16°E longitudes and 81.30°N
latitude), during 2009. The intact root systems were collected and
transported to the laboratory immediately by using cold box.
Loosely adhering soils were shaken and detached from the roots
and discarded. These root portions with just a layer of closely
adhering rhizoshpere soil was used. Heat treatment method as
described by Walker et al. (1998) was used for isolation, 1 g of soil
sample was suspended in 9 ml sterile distiled water and was
incubated in water bath at 80°C for 10 min. 100 pl of the
suspension was spread on the nutrient agar medium plates
enriched with 1% dextrose. The plates were incubated at 28 to
30°C for 24 to 40 h. Cream whitish colored colonies were purified
by culturing on nutrient agar (NA) and maintained in 20% glycerol at
-80°C. Gram staining and motility test were performed for
preliminary identification of the strains (Allegrucci and Sauer, 2007).
In order to determine the phenotypic nature, morphological
characterization was done on the basis of colony color, size, shape
and margin (Cappucino and Sherman, 2002). Biochemical tests
include indole formation, nitrate reduction, citrate utilization, casein
and starch hydrolysis, catalase, oxidase production and gas
production from glucose were carried out as per the methods of
Bergey’s Manual of Determinative Bacteriology (1994). Results of
these tests were scored either positive or negative. All the
subsequent experiments were conducted after maintaining fresh
culture.

Variability on carbon sources utilization

The ability to use different carbon sources was tested using
BIOLOG Phenotype Micro-Array™ plates GP2 (Biolog, Inc.,
Hayward, California, USA). These plates comprise of 95 different
sole carbon substrates, primarily carbohydrates, but they also
contain other carbons such as amino and carboxylic acids.
Tetrazolium redox dyes are used to calorimetrically indicate the
utilization of the carbon sources or resistance to inhibitory
chemicals. Fresh cultures were raised on Biolog Universal (BU)
Growth medium and 24 h old cultures were used to inoculate into
inoculation fluid by using sterile cotton swab. Turbidity of the
inoculants was adjusted to 85% for Inoculation Fluid A (IFA) and
65% for Inoculation Fluid B (IFB) by using turbidity meter. The
microbial suspensions of 150 ul were inoculated into each well of
microplate using 8-channel repeating pipette. Plates were
incubated at 30°C and observed for color development at
incubation of 48 h. Color development was recorded using a micro
plate reader (Model EL311, BioTek Instruments, USA) with 590 nm
wavelength. On the basis of data derived from the carbon source
utilization profiles, a matrix with binary code composing positive (1)
and negative (0) values was made.

ARDRA analysis

The genotypes of representative isolates were determined using
ARDRA. DNA was directly extracted from bacterial cultures by a
direct lysis method (Wilson, 1992). The extracted DNA was
dissolved in 20 pl TE buffer and used as the template for PCR
reaction. 16S r DNA gene was amplified followed by primers 65F1
(50-GTGCTACAATGGACAGAACAA-30) and reverse primer 265R1
(50-GTGAGATGTTGGGTTAAGTC-30) (Vardhan et al., 2011). The
reaction mixture contained 1.5 pl of 10X PCR buffer [200 mM Tris-
HCI (pH 8.4), 500 mM KCI]; 0.9 ul of MgCl, (25 mM); 6.24 pl of
sterile distilled water; 1.5 pl of deoxynucleoside triphosphate (2 mM
each); 0.75 pl of primer solution (10 pM each); 0.15 ul Taq
polymerase (5U/ul) and 3.96 pl of template. Cycling conditions were
as follows: 95°C for 5 min, then 30 cycles for 1 min at 95°C, 55°C
for 1 min and 72°C for 1 min, followed by a final extension step of
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72°C for 5 min. Amplified 16S r DNA product (560 bp) were
restricted digested for 3 h at 37°C in 25 pl reaction mixture
containing 8 pl (300 ng) of PCR product, 2.5 pl of 10X PCR buffer
and 10 U of either the restriction enzymes namely; Alul, Haelll or
Mbol. Restriction digestion was analyzed by agarose gel (1.5%)
electrophoresis containing 0.5 pg ml™ ethidium bromide (Sambrook
et al.,, 1989). A 100 bp ladder was used as molecular size marker.
The analysis was done at least twice with each enzyme. The whole
restriction profile information obtained was used to discriminate
each isolate. On the basis of data derived from the restriction
profiles, a matrix with binary code was composed, in which “1”
represented presence value and “0” represented absence value.

Screening of plant growth promoting (PGP) activities

IAA production was determined by method of Glickman and
Dessaux (1995). Briefly, test bacterial culture was inoculated in the
nutrient broth with L-tryptophan (50 pg/mL), incubated at 28 + 2°C
for 5 days. Cultures were centrifuged at 2,600 g for 30 min. Two ml
of the supernatant was mixed with two drops of orthophosphoric
acid and 4 mL of Salkowaskis reagent (50 mL, 35% perchloric acid;
1 mL 0.5 FeCls). Development of red color indicated IAA
production; OD was read at 530 nm using spectrophotometer. The
level of IAA produced was estimated by standard IAA graph and
expressed as lg/mL (Gordon and Paleg, 1957). Production of
siderophores determined on Chrom azurol S agar medium as
described by Alexander and Zubere (1991). Development of yellow-
orange halo around the growth was considered as positive for
siderophore production. Detection of phosphate solubilization ability
on Pikovskaya's agar (Pikovskaya, 1948), inoculated colonies were
incubated for 72 h at 28 + 2°C, presence of clear zone around the
colonies were considered as positive. Freshly grown cultures were
inoculated in 10 ml peptone water (10%) in each tube and
incubated for 72h at 28 + 2°C. Nessler’s reagent was added in each
tube. Development of brown to yellow color was confirmed as the
positive test for the production of ammonia (Cappuccino and
Sherman, 1992). HCN was estimated qualitatively by sulfocyanate
colorimetric method (Lorck, 1948), development of reddish brown
color on the filter paper indicated positive.

Data analysis

The different isolates of Bacillus were compared on the basis of the
obtained values (1 and 0) from positions of unequivocally scorable
RFLP bands and carbon utilization patterns were transformed into a
binary character matrix (1 for the presence and 0 for the absence of
a band at a particular position). The pairwise distance matrices
were compiled by the NTSYSpc- 2.02e software (Rohlf, 1993) using
the Jaccard coefficient of similarity (Jaccard, 1912). Phylogenetic
tree was created by the unweighted pair-group method arithmetic
(UPGMA) average cluster analysis (Sneath and Sokal, 1973; Dias,
1988).

RESULTS
Phenotypic characterization

Among the twenty eight isolates, 7 (DPNSB 1 to DPNSB
7) were obtained from IIVR, 8 (DPNSB 8 to DPNSB 16)
from IIHR farm, 5 (DPNSB 17 to DPNSB 21) from IARI
farm and 8 (DPNSB 22 to DPNSB 28) from APHU farm
respectively (Data not shown). All the isolates were
confirmed as Bacillus based on microscopic and

biochemical tests such as indole formation, nitrate
reduction, citrate utilization, casein and starch hydrolysis,
catalase, oxidase production and gas production from
glucose (Table 1). Morphological/Microscopic observation
showed that most of the strains were rod shaped, motile
and endospore forming. All the isolates were positive in
citrate utilization, starch hydrolysis and casein hydrolysis
tests. However, in other biochemical tests, the strains
showed a variation, for example, out of 28 isolates, 10
isolates (DPNSB-1, 3, 4, 6, 10, 15, 17, 18, 20 and 24)
positive in indole reduction assay; 22 isolates (DPNSB-1,
3,4,5,6,7,8, 10, 11, 13, 14, 15, 17, 18, 19, 20, 21, 22,
24, 25, 27 and 28) positive in nitrate reduction assay; 24
isolates (DPNSB-1, 2, 3, 4, 6, 7, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 20, 21, 23, 24, 25, 26, 27 and 28) positive in
catalase test; 22 isolates (DPNSB-1, 2, 4, 5, 6, 7, 8, 9,
11, 12, 14, 15, 16, 18, 19, 20, 21, 22, 23, 25, 26 and 28)
positive in oxidase production and 18 isolates (DPNSB-1,
2,3,4,6,9, 10, 12, 13, 15, 16, 17, 18, 20, 23, 24, 26 and
27) showed gas production in the presence of glucose as
a substrate respectively (Table 1).

Carbon source utilization

Differentiation of 28 strains was done using Biolog. The
test yielded a characteristic pattern of substrate utilization
of each isolates; Figure 1 shows a similarity index less
than 0.2. Based on the Biolog GP2 microplate results, the
present study showed that the assay can be readily used
to search for the specific carbon sources preferentially
used by each strain. However, few C sources were
unavailable to all strains. Table 2 list the carbon
substrates utilized by strains. There were large
differences in the C utilizations among the strains. All
Bacillus strains were commonly utilized following carbon
sources namely, Dextrin, Tween-80, N-Acetyl-D-
glucosamine, N-Acetyl-B-D-Mannosamine, L-Arabinose,
D-Arabitol, Arbutin, D-Cellobiose, D-Fructose, L-Fucose,
D-Galactose, Gentiobiose, D-Gluconic acid, a-D-Glucose,
m-Inositol, a-D-Lactose, Maltose, Maltotriose, D-Mannitol,

D-Mannose, a-Methyl-D-galactoside, B-Methyl-D-
glucoside, Palatinose, D-Psicose, L-Rhamnose, D-
Ribose, Salicin, D-Sorbitol, Sucrose, D-Tagatose,

Turanose, Xylitol, D-Xylose, Acetic acid, 3-Hydroxybutyric
acid, y-Hydroxybutyric acid, p-Hydroxy- Phenylacetic
acid, a- Ketoglutaric acid, a-Ketovaleric acid, L-Lactic
acid, D-Malic acid, Pyruvatic acid Methyl Ester, Succinic
acid Mono-methyl Ester, Propionic acid, Pyruvic acid,
Succinic acid, D-Alanine, L-Alanine, L-Asparagine, L-
Glutamic acid, Glycyl- L-Glutamic acid, Putrescine, but
exhibited varying degree of utilization towards other
carbon sources such as a-Cyclodextrin, 3-Cyclodextrin,
Glycogen, Inulin, Mannan, Tween 40, Amygdalin, D-
Galacturonic acid, Lactulose, D-Melezitose, D-Melibiose,
B-Methyl-Dgalactoside, 3-Methyl Glucose, a-Methyl-D
glucoside, a-Methyl-Dmannoside, D-Raffinose,
Sedoheptulosan, Stachyose, D-Trehalose, a-
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Table 1. Biochemical characterization of rhizosphere associated Bacillus spp. Where BCC1 = Indole reduction
assay, BCC2 = Nitrate reduction assay, BCC3 = Citrate utilization assay, BCC4 = Starch hydrolysis assay,
BCC5 = Casein hydrolysis assay, BCC6 = Oxidase production assay, BCC7 = Catalase production assay and
BCC8 = Gas production assay from glucose as a substrate.

Biochemical characterization

Isolate code

BCC1 BCC2 BCC3

BCC4

BCC5 BCC6 BCC7 BCC8

DPNSB-1 + +
DPNSB-2 - -
DPNSB-3
DPNSB-4
DPNSB-5 -
DPNSB-6 +
DPNSB-7 -
DPNSB-8 -
DPNSB-9 - -
DPNSB-10 +
DPNSB-11 -
DPNSB-12 -
DPNSB-13 -
DPNSB-14 -
DPNSB-15 +
DPNSB-16 -
DPNSB-17
DPNSB-18
DPNSB-19 -
DPNSB-20 +
DPNSB-21 -
DPNSB-22 -
DPNSB-23 - -
DPNSB-24 +
DPNSB-25 -
DPNSB-26 - -
DPNSB-27 -
DPNSB-28 - +

+ o+
+ o+ + + + o+

+ +
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+ +
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+ +
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+ +
+ + + + + +

Hydroxybutyric acid, Lactamide, D-Lactic acid Methyl
Ester, L-Malic acid, Succinamic acid, N-Acetyl-LGlutamic
acid, L-Alaninamide, L-Alanyl-Glycine, L-Pyroglutamic
acid, L-Serine, 2,3-Butanediol, Glycerol, Adenosine, 2'-

Deoxy Adenosine, Inosine, Thymidine, Uridine,
Adenosine-5'- Monophosphate, Thymidine-5'-
Monophosphate,  Uridine-5'-  Monophosphate,  D-

Fructose-6- Phosphate, a-D-Glucose- 1-Phosphate, D-
Glucose- 6-Phosphate and D-L-a-Glycerol Phosphate
(Table 2). Numerical analysis of phenotypic
characteristics revealed a high degree of polymorphism.
All Bacillus strains were grouped into two major phenons
at 80 % similarity co-efficient level (Figure 1). Statistical
analyses employing Jaccard coefficients were used to
group the isolates, reflecting the relatedness of their
individual carbon substrate utilization patterns (Figure 1).
The similarity coefficient range among bacterial strains
was 0.50 to 1.00. All the 28 strains were grouped into 10

groups based on their carbon utilization pattern. Group
no. 5 contained more strains (16 no’s) compared to other
groups (Figure 1) and isolates of IARI and APHU farm
were congregated on this large group. The remaining
was grouped individually.

16S RNA amplification and ARDRA analysis

Strains of putative rhizospheric bacilli belonging to
different region were distinguished by RFLP-PCR of the
16S r DNA gene. The restriction digestion patterns of the
isolates were analysed using selected enzymes (Alul,
Haelll and Mbol), patterns of three cutter enzymes were
monomorphic across the isolates (Figure 2). All clusters,
showed digestion yielding monomorphic and polymorphic
binding patterns respectively. Although, amplified
fragments corresponding to 16S r DNA gene sequences
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Figure 1. Dendrogram showing the clustering of the type strains of 28 bacillus isolates on the basis of 95 carbon sources
utilization pattern studied by the BIOLOG system. The simple matching (SSM) coefficient and unweighted-pair-group method
with average (UPGMA) clustering were used.

Table 2. Physiological characteristics with scores of 0.5 or above strains. Where, 1 = DPNSB-1, 2 = DPNSB-2, 3 = DPNSB-3, 4 = DPNSB-4, 5 =
DPNSB-5, 6 = DPNSB-6, 7 = DPNSB-7, 8 = DPNSB-8, 9 = DPNSB-9, 10 = DPNSB-10, 11 = DPNSB-11, 12 = DPNSB-12, 13 = DPNSB-13, 14 =
DPNSB-14, 15 = DPNSB-15, 16 = DPNSB-16, 17 = DPNSB-17, 18 = DPNSB-18, 19 = DPNSB-19, 20 = DPNSB-20, 21 = DPNSB-21, 22 = DPNSB-22,
23 = DPNSB-23, 24 = DPNSB-24, 25 = DPNSB-25, 26 = DPNSB-26, 27 = DPNSB-27 and 28 = DPNSB-28.

Carbon sources used 1 2 3 4 5§ 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 271 28
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Dextrin + - - - -
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Table 2. Contd.

m-Inositol

o-D-Lactose
Lactulose
Maltose

Maltotriose

D-Mannitol

D-Mannose

D-Melezitose
D-Melibiose
a-Methy
B-Methy!
3-Methy!
a-Methy
B-Methy!
a-Methy

-Dgalactoside
-Dgalactoside

Glucose
-D glucoside

-Dglucoside

-Dmannoside

Palatinose

D-Psicose

D-Raffinose

L-Rhamnose
D-Ribose

Salicin

Sedoheptulosan
D-Sorbitol

Stachyose
Sucrose

D-Tagatose

D-Trehalose
Turanose
Xylitol

D-Xylose

Acetic acid

a-Hydroxybutyric acid

B-Hydroxybutyric acid

y-Hydroxybutyric acid

p-Hydroxy- phenylacetic acid
a- Ketoglutaric acid
a-Ketovaleric acid

Lactamide

D-Lactic acid methyl ester

L-Lactic acid

D-Malic acid

L-Malic acid

Pyruvatic acid methyl ester

Succinic acid mono-methyl ester

Propionic acid

Pyruvic acid

Succinamic acid
Succinic acid

N-Acetyl-Iglutamic acid
L-Alaninamide
L-Lactic acid

D-Malic acid
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Table 2. Contd.

D-Alanine +
L-Alanine

L-Alanyl-Glycine

L-Asparagine -
L-Glutamic acid + -
Glycyl- LGlutamic acid -
L-Pyroglutamic acid
L-Serine
Putrescine
2,3-Butanediol -
Glycerol
Adenosine
2'-Deoxy adenosine
Inosine - -
Thymidine + - -
Uridine - - - - - -
Adenosine-5'- Monophosphate + -
Thymidine-5'- Monophosphate - -+ o+ -+ - -
Uridine-5'- Monophosphate S T . T R T
D-Fructose-6- Phosphate + - 4+ + - -+ -
a-D-Glucose- 1-Phosphate +
D-Glucose- 6-Phosphate -

+ + + +
.

+
+ + 4+ + + o+

\

+ + +

.

.

.
+ + 4+ + + + + 4+ +
+ + 4+ + + + + 4+ +
+ + 4+ + + + + 4+ +
+ + + + + + + 4+ +
+ + + + + + + 4+ +
+ + + + + + + 4+ +
+ + + + + + + 4+ +
+ + + + + + + 4+ o+
+ + + + + + + 4+ o+
+ + + + + + + 4+ o+
+ + + + + + + 4+ o+

' ' + '

+ + + + + + + 4+ +

+ + +
.

+ + 4+ + + + + + + + +
.
.

+ + 4+ 4+ o+ o+
+ + +
_
+ 4+ 4+ o+ o+
'

+ + +
'
+ + 4+ 4+ + + + + + + + + + +

+ + 4+ 4+ o+ o+
+ + + o+
' o
+
+ +
Vo
+ 0 4+ 4+ o+
T T T T T S S S
+ '
+ + + + + + + + + + o+

+
'
'

+ + 4+ + + + + + o+

D-L-a-Glycerol Phosphate -

+ + +
'
'
'
'
'
'
+ + 4+ o+

+ + 4+ 4+ + + + + + + + + + + + + o+ + + + + 4+ o+

+ + 4+ + + + + + + + + + o+
+ + 4+ + + + + + + + + + o+
+ + 4+ + + + + + + + + + o+
+ + + + + + + + + + + + o+
+ + + + + + + + + + + + o+
+ + + + + + + + + + + + o+
+ + + + + + + + + + + + o+
+ + 4+ + + + + + + + + + o+
+ + 4+ + + + + + + + + + o+
+ + 4+ + + + + + + + + + o+
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did not contain the full 16S r DNA gene, the determined
nucleotide sequences of the 1300 bp of each isolate
analyzed enabled the discrimination between several
bacilli isolates. To assess the diversity of bacterial
isolates from the 28 isolates based on 16D r DNA gene
amplification followed by RFLP analysis isolates
presented identical band. NT-Sys analysis was used to
investigate relationships between Bacillus isolates. At the
similarity value of 73%, the isolates were divided into a
total of five groups (I to V). In Figure 2, Group | has 8
(DPNSB-1, 5, 6, 2, 3, 4, 7 and 16) isolates included
exclusively strains from IIVR (7 isolates) and IIHR (1
isolate), While Group Il included predominantly 11
(DPNSB-8, 9, 13, 15, 19, 21, 12, 14, 22, 24 and 25)
isolates from IIHR (6 isolates), IARI (2 isolates) and 3
isolates of APHU respectively. Group Il have one isolate
(DPNSB 20) and Groups IV and V each contained 4
isolates. APHU isolates of DPNSB — 23, 26, 28 and 27
farmed Group IV. 3 isolates (DPNSB- 10, 11 and 16)
from IIHR and 1 isolate (DPNSB 17) from IARI were
combindly made Group V.

PGP traits of the isolates

Firstly, ability to produce indole-3-acetic acid (IAA) in the
presence and absence of L-tryptophan as precursor was
tested. All those isolates showed IAA production in
culture supplemented with tryptophan in the range of

42.46 to 845.28 ug ml™ (Table 3). Substantial production
of IAA was produced from the isolates of DPNSB-2,
DPNSB-11 and DPNSB-28 respectively (Figure 3). The
P-solubilizing ability of the isolates was evidently visible
on some plates of Pikovskaya agar. Only 9 of the 28
isolates were able to solubilize phosphate. Of the 28
isolates, only 13 were able to produce siderophores.
Positive numbers were observed more for the production
of HCN (20) and NHs; (21) respectively (Figure 4).
Significantly among the strains, 1 isolate (DPNSB 2) of
IIVR, 2 isolates (DPNSB 10 and 15) of IIHR and 1 isolate
(DPNSB 18) of IARI were expressed costiveness in all
PGP traits (Table 3).

DISCUSSION

The tomato root-soil obtained from different agro climatic
zones of India restrains diverse community of microbes
which play a central role in gross production and nutrient
cycling. In this study, we analyzed the genotypic and
functional (C utilization) diversity of Bacillus and its
possible consequences in terms of plant growth
promoting activity. Plant rhizosphere is known to be
preferred to ecological niche for various types of solil
micro-organisms due to rich nutrient availability. The
beneficial effects of rhizobacteria on plant health manage-
ment have been demonstrated for several host pathogen



Kumar et al. 149

ool B .
[r—— OGNS W S ) NN NSO SR

J

e n: T e G B o
Jjcacsan s 44 8 == § == |

org) o cee oM SR N
ety - ¢ 8§ N a3
0743 M - e TS B S

T
Lad

panci el —— o el
el - == . § i 8 i B

CE L I S
| 4':‘&5345 =
DFNE-25 M . ) -

Topss I s 3

F£
H!

e 1.

TR >

ey e
A2 H

=
D
=
!

Ena.

DPOT0-2) I

P
W

;
!

ey plle

L

:
il

3
2
!

r r T T T T T T T r T
0.4 0.75 082 09t
CoslEcen!

Haelll Mspl

Figure 2. Dendrogram based on UPGMA cluster analysis with the NTSYS-PC program using the 16S r DNA-RFLP data obtained from
28 representative isolates. The profile obtained with restriction endonucleases viz., Alul, Haelll and Mbol are shown.

systems (Rosales et al., 1986; Weller and Cook, 1986;
Sakthivel et al., 1986). In this explorative study, we used
a cultivation-based approach to characterize the in vitro
studies amongst dominant culturable bacteria in sixteen
soil samples from different geographic locations (4 no’s)
in India. On the basis of cultural, morphological and
biochemical characteristics, a total of 28 isolates were
characterized as Bacillus spp. While multiple species of
bacilli was detected in the soils and rhizosphere
(Garbeva et al., 2003; Ding et al., 2005; Nishijima et al.,
2005). Comparatively limited research has been carried
out to indicate the most commonly isolated species.
However, Beneduzi et al. (2008) isolated nitrogen fixing
Bacillus (Paenibacillus borealis and Paenibacillus
graminis) from seven distinct wheat production zone of
the Brazil. A substantial number of Bacillus species from
both environments, rhizosphere soil, was detected in this
work with most of the isolates belonging to the Bacillus.
According to Rosch et al. (2002) bacteria belonging to
these groups are widely distributed in the soil. All the
strains studied were Gram positive rods, motile and spore
forming.

Most of the Bacillus strains were capable of using
numerous carbon sources. Fifty one compounds of the
Biolog GP were metabolized by these strains commonly
and forty five compounds were partially utilized (Table 2).
Patterns of carbon substrate utilization have been
reported for Halomonas species (Valderrama et al., 1991,
Litzner et al., 2006). Results based on turbidity data set,
guantitatively reflecting C-substrate utilization and spore
production, were used for cluster analysis. We also found
some differences in the nutritional test carried out using

classical and automated methods. These discrepancies
in the results were probably due to their different
operational modes: increased growth by assimilation of
carbon sources (classical method) or oxidation of
substrates via an electron transport chain (BIOLOG
method) (Ruger and Krambeck, 1994). Cluster analysis
separated the strains into ten distinct clusters. Among
these, five clusters were strongly separated from the
other nine clusters with a combination of 16 isolates,
namely DPNSB- 9, 14, 12, 15, 16, 17, 18, 19, 21, 20, 22,
25, 28, 27, 24 and 22, most of which are strains obtained
from APHU and IARI with a few from IIHR. Other isolates
were farmed in to groups with combination and
individually.

For the diversity analysis, ARDRA analysis was done.
Lawongsa et al. (2008) studied the culturable
pseudomonad community associated with the roots of
field grown rice and maize rhizosphere using ARDRA
analysis. In this study, a combination of three tetra cutter
restriction endonuclease namely; Alul, Mspl and Haelll
were used for ARDRA analysis as comparable to the
earlier reports by Upadhyay et al. (2009) and Saikia et al.
(2011). For supporting of current studies, recent studies
dealt with the genetic diversity of strains of Bacillus spp.
(Deepa et al., 2010, Kumar et al., 2011, Gajbhiye et al.,
2010, Vardhan et al., 2011, Ouoba et al., 2004, Xu and
Cote, 2003). It has been observed that five clusters were
obtained among the 28 isolates. A significant variation
was obtained in genetic diversity analysis amongst
isolates. Bakker et al. (2002) further controlled agents on
the entire bacterial community in the rhizosphere of wheat
Many studies have been undertaken to understand the
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Table 3. Isolates and their characteristics on PGPR activity, Where + = Positive and - = Negative.

Plant growth promoting traits

Isolate code IAA (ug mg™ protein) HCN NHs; Siderophore P-solubilisation
DPNSB-1 98.99 + - - -
DPNSB-2 687.94 + + + +
DPNSB-3 42.46 + + - -
DPNSB-4 63.04 - + - +
DPNSB-5 272.49 + + + -
DPNSB-6 91.53 + + + -
DPNSB-7 392.4 + - + +
DPNSB-8 97.1 - + - -
DPNSB-9 99.56 + + + -
DPNSB-10 79.63 + + + +
DPNSB-11 845.28 + - + +
DPNSB-12 60.21 - + - -
DPNSB-13 72.55 + + -

DPNSB-14 83.29 + + - -
DPNSB-15 94.1 + + + +
DPNSB-16 132.35 - + - -
DPNSB-17 89.65 + + - -
DPNSB-18 127.25 + + + +
DPNSB-19 258.23 - - + -
DPNSB-20 60.21 + - - -
DPNSB-21 304.1 + + - +
DPNSB-22 83.29 - - - -
DPNSB-23 109.84 - + - -
DPNSB-24 115.25 + + - -
DPNSB-25 88.97 + + - -
DPNSB-26 65.65 - + + +
DPNSB-27 76.76 + + + -
DPNSB-28 503.65 + - + -

nature and properties of these unique microbes which

harbour potential plant growth-promoting traits with
increasing awareness about the chemical-fertlizers
based on agricultural practices (Ahmed, 1995), it is

important to search for region-specific microbial strains
which can be used as a potential plant growth promoter
to achieve the desired product. In the present study, PGP
traits for the isolates were further investigated under in-
vitro condition. IAA production was quantified as ranging
from 50 to 850 pg mg’. Similar reports for the 1AA
production have been reported by Kumar et al. (2011).
This phenomenon can be attributed to the ability of the
isolate to produce IAA, as IAA positively influences root
growth and development, thereby, enhancing nutrient
uptake (Khalid et al., 2004). For the siderophore
production, it was observed that most of the Bacillus
strains were positive for siderophore production and
fifteen isolates were given positive results and 13 isolates
were shown as negative for siderophore production. The
role of siderophore production for the plant growth

promotion was described by Buyer and Leong (1986).
Siderophores produced by a number of Pseudomonas
spp. are attracted for their possible roles in the biological
control of the number of plant pathogens (Budzikiewicz,
1988). In terms of HCN production among the 28 isolate
tested, 20 isolates were shown positive for HCN
production and 8 isolates exhibited negative results. It
was also reported that the production of HCN may play a
critical role in PGP activities and proposed as a defense
regulator against phytopathogens. As reported earlier by
Forchetti et al. (2007), most organic phosphorous
compound is carried out by phosphate enzymes. Among
the 28 isolated tested for Phosphate solubiliztaion, 19
isolates were tested positive and 9 isolates were tested
negative in this study. Examples of studied associations
include Azotobacter chroococcum and wheat, Bacillus
circulans and wheat, Pseudomonas chlororaphis and P.
putida and soybean (Vessey, 2003).

The present study was successful in studying the
effective characters on isolates of bacteria from tomato
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Figure 3. IAA production of Bacillus isolates.

tomato. In the absence of high level of genetic resistance

IAA produced isolates like DPNSB- 2, 11 and 28 could be
used as plant growth promoters for the control of wilt of

Plant growth promoting properties

Figure 4. PGP characteristic of the isolates.
rhizosphere that can be a useful component of integrated

disease management. The multipositiveness contained
strains like DPNSB-2, 10, 15 and 18 as well as the highly



152 J. Soil Sci. Environ. Manage.

in high-yielding varieties, these bio-agents could be
effective in controlling wilt diseases and related loss in
tomato. Overall the findings of this study suggest that; i)
Bacillus isolated from rhizospheric soil of tomato have
shown more than one mechanism may be involved in the
suppression of the pathogen and plant growth promoting
activity; ii) high diversity was observed among the
isolates. Further studies are in progress to; i) evaluate the
interaction of these PGPR with other plants and to
identify other native strains isolated from tomato
rhizosphere in this study; ii) needed to determine the
effectiveness of these isolates under different field
conditions and to understand the nature of interaction
with the pathogen and the host plant. However, it is
becoming important to map these Bacillus populations in
order to select “consortia” of bacteria for biological control
from plant.

ACKNOWLEDGEMENTS

The authors are grateful to the Principal of J. J College of
Arts and Science, Namunasamudram, Sivapuram,
Pudukkottai, Tamilnadu, India for providing all the
necessary facilties and  encouragement. We
acknowledge the helpful and extensive recommendations
of anonymous reviewers made to this paper.

REFERENCES

Ahmed S (1995). Agriculture-fertilization interface in Asia issue of
growth and sustainability. Oxford and IBH Publishing Co, New Delhi.
Alexander DB, Zubere DA (1991). Use of Chromazurol Sulphonate
reagents to evaluate siderophore production by rhizosphere bacteria.

Biology and Fertility of soils, 12: 39-45.

Allegrucci M, Sauer K (2007). Characterization of colony morphology
variants isolated from Streptococcus pneumoniae biofilms. J.
Bacteriol., 189: 2030-2038.

Bakker PA, Glandrof DC, Viebahn M, Ouwens TW, Smit E, Leeflang P,
Wernars K, Thomashow LS, Thomas Oates JE, Van Loon LC (2002).
Effects of Pseudomonas putida modified to produce phenazine-1-
carboxylic acid and 2,4-diacetylphlorglucinol on the microflora of field
grown wheat. Antonie van leeuwenhoek, 81: 617-624.

Beneduzi A, Peres D, Costa PB, Bodanese ZMH, Passaglia LM (2008).
Genetic and phenotypic diversity of plant-growth-promoting bacilli
isolated from wheat fields in southern. Brazil. Res. Microbiol., 159(4):
244-50.

Budzikiewicz H (1988). Peptide siderophores from Pseudomonas. Nat.
Prod Chem., 3: 317-333.

Buyer JS, Leong J (1986). Iron transport-mediated antagonism between
plant growth-promoting and plant deleterious Pseudomonas strains.
J. Biol. Chem., 261: 791-794.

Calvo P, Ormeno OE, Martinez RE, Zuniga D (2010). Characterization
of Bacillus isolates of potato rhizosphere from andean soils of Peru
and their potential PGPR characteristics. Braz. J. Microbiol., 41: 899-
906.

Cappuccino JG, Sherman N (1992). Biochemical activities of
microorganisms. In: Microbiology, a Laboratory Manual. The
Benjamin / Cummings Publishing Co. California, pp. 125-178.

Cappucino JG, Sherman N (2002). Biochemical activities of micro-
organisms. In: Microbiology, a laboratory manual, 6th edn. Pearson
education, Singapore, pp. 133-198.

Cenci G, Trotta F, Caldini G (2006). Tolerance to challenges miming

gastrointestinal transit by spores and vegetative cells of Bacillus clausii.
J. Appl. Micrabiol., 101: 1208-1215.

Deepa CK, Dastager SG, Pandey A (2010). Plant growth-promoting
activity in newly isolated Bacillus thioparus (NII-0902) from Western
ghat forest, India. World J. Microbiol. Biotechnol., 26: 2277-2283.

Dias LAS (1988). Analises multidimensionais. In: Alfenas, A.C. (Ed.).
Eletroforese de Isoenzimase Proteinas AfinsL Fundamentose
Aplicacoesem Plantase Microorganismos. Ed. UFV, Vicosa, pp. 405-
473.

Ding Y, Wang J, Liu Y, Chen S (2005). Isolation and identification of
nitrogen fixing bacilli from plant rhizospheres in Beijing region. J.
Appl. Microbiol., 99: 1271-1281.

Erturk Y, Ercisli S, Haznedar A, Cakmakci R (2010). Effects of plant
growth promoting rhizobacteria (PGPR) on rooting and root growth of
kiwifruit Actinidia deliciosa stem cuttings. Biol. Res., 43: 91-98.

Forchetti G, Masciarelli O, Alemano S, Alvarez D, Abdala G (2007).
Endophytic bacteria in sunflower (Helianthus annuus L.) isolation,
characterization, and production of jasmonates and abscisic acid in
culture medium. Appl. Microbiol. Biotechnol., 76: 1145-1152.

Franks A, Ryan RP, Abbas A, Mark GL, Gara F (2006). Molecular tools
for studying plant growth promoting rhizobacteria (PGPR). In.
Molecular techniques for soil and rhizosphere microorganisms. CABI
Publishing, Wallingford, Oxfordshire, UK.

Gajbhiye A, Alok RR, Sudhir UM, Dongre AB (2010). Isolation,
evaluation and characterization of Bacillus subtilis from cotton
rhizospheric soil with biocontrol activity against Fusarium oxysporum.
World J. Microbiol. Biotechnol., 26: 1187-1194.

Garbeva P, van Veen JA, van Elsas JD (2003). Predominant Bacillus
spp. in agricultural soil under different management regimes detected
via PCR-DGGE. Microbiol. Ecol., 45: 302—-316.

Glickman E, Dessaux Y (1995). A critical examination of the specificity
of the salkowski reagent for indolic compounds produced by
phytopathogenic bacteria. Appl. Environ. Microbiol., 61: 793-796.

Gopalakrishnan S, Humayan P, Kiran BK, Kannan IGKk, Vidya MS,
Deepthi K, Rupela O (2011). Evaluation of bacteria isolated from rice
rhizosphere for biological control of charcoal rot of sorghum caused
by Macrophomina phaseolina (Tassi) Goid. World J. Microbiol.
Biotechnol., 27: 1313-1321.

Gordon SA, Paleg LG (1957). Quantitative measurement of indole
acetic acid. Physiol Plant Pathol., 10: 347-348.

Govindasamy V, Senthilkumar M, Magheshwaran V, Kumar U, Bose P,
Sharma V, Annapurna K (2011). Bacillus and Paenibacillus spp.
Potential PGPR for sustainable agriculture. Plant Growth and Health
Promoting Bacteria Microbiol. Monographs, 18: 333-364.

Hayat R, Ali S, Amara U, Khalid R, Ahmed | (2010). Soil beneficial
bacteria and their role in plant growth promotion: a review. Ann.
Microbial., 60: 579-598.

Jaccard P (1912) The distribution of the flora in the alpine zone. New
Phytol., 11: 37-50.

Kallo G (1991) Genetic Improvement of Tomato. Springer-Verlag Berlin
Heidelberg, Germany, pp. 99.

Khalid A, Arshad M, Zahir ZA (2004). Screening plant growth promoting
rhizobacteria for improving growth and vyield of wheat. J. Appl.
Microbiol., 96: 473.

Kumar K, Amaresan N, Bhagat S, Madhuri K, Srivastava RC (2011).
Isolation and characterization of rhizobacteria associated with coastal
agricultural ecosystem of rhizosphere soils of cultivated vegetable
crops. World J. Microbiol. Biotechnol., 27: 1625-1632.

Lawongsa P, Boonkerd N, Wongkaew S, Ogara F, Teaumroong N
(2008). Moalecular and phenotypic characterization of potential plant
growth promoting pseudomonas from rice and maize rhizosphers.
World J. Mlicrobiol. Biotechnol., 24: 1877-1884.

Litzner RB, Todd M, Caton M, Schneegurt A (2006). Carbon substrate
utilization, antibiotic sensitivity, and numerical taxonomy of bacterial
isolates from the Great Salt Plains of Oklahoma. Arch. Microbiol.,
185: 286-296.

Liu YF, Chen ZY, Nag TB, Zhang J, Zhou MG, Song FP, Liu YZ (2006).
Bacisubin, an antifungal protein with ribonuclease and
hemagglutinating activities from Bacillus subtilis strain B-916.
Peptides, 28: 553-559.

Lorck H (1948). Production of hydrocyanic acid by bacteria. Physiol.



Plant, 1: 142-146.

Mao W, Lewis JA, Lumsden RD, Hebbar KP (1998). Biocontrol of
selected soil borne diseases of tomato and pepper plants. Crop
Protection, 17: 535-542.

Nishijima T, Toyota K, Mochizuki M (2005). Predominant culturable
Bacillus species in Japanese arable soils and their potential as
biocontrol agents. Microbiol. Environ., 20: 61-68.

Ouoba LI, Diawara B, Amoa-Awua W, Traore AS, Moller PL (2004).
Genotyping of starter cultures of Bacillus subtilis and Bacillus pumilis
for fermentation of African locust bean (Parkia biglobosa) to produce
Soumbala. Int. J. Food Microbiol., 90: 197-205.

Pikovskaya RE (1948). Mobilization of phosphorus in soil in
concentration with vital activity of some microbial species. Microbiol.,
17: 362-370.

Rohlf FJ (1993) NTSYS-pc. Numerical taxonomy and multivariate
analysis system. Exeter, New York.

Rosales AM, Nuque FL, Mew TW (1986). Biological control of bakanae
disease of rice with antagonistic bacteria. Philipp Phytopathol., 22:
29-35.

Rosch C, Mergel A, Bothe H (2002). Biodiversity of denitrifying and
dinitrogen-fixing bacteria in an acid forest soil. Appl. Environ.
Microbiol., 68: 3818-3829.

Ruger HJ, Krambeck HJ (1994). Evaluation of the BIOLOG substrate
metabolism system for classification of marine bacteria. Syst. Appl.
Microbiol., 17: 281-288.

Ryu CM, Farag MA, Hu CH, Reddy MS, Kloepper JW, Pare PW (2004).
Bacterial volatiles induce systemic resistance in Arabidopsis. Plant
Physiol., 134: 1017-1026.

Saikia R, Sarma RK, Yadav A, Bora TC (2011). Genetic and Functional
Diversity Among the Antagonistic  Potential  Fluorescent
Pseudomonads Isolated from Tea Rhizosphere. Curr. Microbiol., 62:
434-444.

Sakthivel N, Sivamani E, Unnamalai N, Gnanamanickam S (1986).
Plant growth promoting rhizobacteria in enhancing plant growth and
suppressing plant pathogens. Curr. Sci., 55: 22—25.

Sambrook J, Fritsch EF, Maniatis T (1989). In “Molecular Cloning: a
laboratory manual’, in 2nd ed. by Ford, N., C. Nolan, M. Ferguson, M.
Ockler. Cold Spring Harbor laboratory, Press, New York.

Sneath PHA, Sokal RR (1973). Numerical taxonomy. In, The principles
of numerical classification. Edited by: Kennedy D, Park RB.
Freemann: San Fransisco, p. 573.

Kumar et al. 153

Swain MR, Ray RC (2006). Biocontrol and other beneficial activities of
Bacillus subtilis isolated from cowdung microflora. Microbiol. Res.,
164(2): 121-130.

Upadhyay KS, Singh PD, Saikia R (2009). Genetic diversity of plant
growth promoting rhizobacteria isolated from rhizospheric soil of
wheat under saline condition. Curr. Microbiol., 59: 489-490.

Valderrama MJ, Quesada E, Bejar V, Ventosa A, Gutierrez MC, Ruiz-
Berraquero F, Ramos-Cormenzana A (1991). Deleya salina sp. nov.,
a moderately halophilic Gram-negative bacterium. Int. J. Syst.
Bacteriol., 41: 377-384

Vardhan S, Kaushik R, Saxena AK, Arora DK (2011). Restriction
analysis and partial sequencing of the 16S rRNA gene as index for
rapid identification of Bacillus species. Antonie Van Leeuwenhoek,
99: 283-296.

Vessey JK (2003). Plant growth promoting rhizobacteria as
biofertilizers. Plant Soil, 255: 571-586.

Viruel E, Lucca ME, Sineriz F (2011). Plant growth promotion traits of
phosphobacteria isolated from puna, Argentina. Arch Microbiol., 193:
489-496.

Walker R, Powell AA, Seddon B (1998). Bacillus isolates from the
spermosphere of peas and dwarf French beans with antifungal
activity against Botrytis cinerea and Pythium species. J. Appl.
Microbiol., 84: 791-801.

Weller DM, Cook RJ (1986). Increased growth of wheat by seed
treatments with fluorescent Pseudomonads and implications of
Pythium control. Phytopathol., 73: 328-334.

Wilson K (1992). Preparation of genomic DNA From Bacteria In:
Ausubel FM, Brent R, Kingston RE, More DD, Seidman JG, Smith K
(eds). Short protocols in molecular biology. Wiley, New York, pp. 2-
11.

Xu D, Cote JC (2003). Phylogenetic relationships between Bacillus
species and related genera inferred from comparison of 30 end 16S
rDNA and 50 end 16S-23S ITS nucleotide sequences. Int. J. Syst.
Evol. Microbiol., 53: 695—-704.



