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Out of a large number of bacteria isolated from the rhizosphere of Cynodon dactylon, a
facultative halophyte, nine were found to be highly salt-tolerant, growing in nutrient agar
medium supplemented with 10% NaCl. Morphological, biochemical, and molecular
characterization of all the isolates was done. RAPD analysis to determine relatedness
among the nine bacteria were carried out, which revealed that all nine isolates could be
grouped into 2 main clusters. In order to determine whether the isolates possess plant
growth promoting activities, in vitro tests were done initially. Based on the in vitro tests the
isolate 'S4’ was selected as a potential salt-tolerant PGPR. This bacterium was identified as
Bacillus cereus. For in vivo tests, this bacterium was applied as an aqueous suspension to
the rhizosphere of 3 plants- Vigna radiata, Cicer arietinum and Oryza sativa; a set of each
plant was also applied with 200mM NaCl solution 3 times a week after 15 days of growth.
Results revealed that the bacterium could promote growth of the seedlings significantly
which showed increased height, number and length of leaves, as well as root and shoot
biomass. The ability of the bacterium to solubilize soil phosphate was also confirmed.
B.cereus could also elicit antioxidant responses against salt stress in the plants, as
evidenced by increased activities of enzymes such as superoxide dismutase, peroxidase,
ascorbate peroxidase and catalase. Besides, it could also induce the activities of defense
enzymes such as chitinase, -1, 3 glucanse and phenyl alanine ammonia lyase associated
with induced systemic resistance. Results imply that the bacterium acts through a
combination of direct and indirect mechanisms.
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Introduction

Salinity is one of the most critical constraints which
hamper agricultural productions in many areas worldwide.
Globally, some 20% of irrigated land (450,000 km?) is salt-
affected, with 2,500-5,000 km? of production lost every year as
a result of salinity [1]. Therefore, with increasing population
and rise in food demand, the utilization of salt-affected soils for
agriculture will become necessary to feed the growing
population of the world. For this, evolving low cost, easily
adaptable technologies become essential and are now
considered as a major challenge. Extensive research is going
on worldwide to develop strategies for coping with abiotic
stresses through development of tolerant varieties, shifting the
crop calendars, production of transgenics etc [2].

One of the recently gaining practices of counteracting the
adverse effects of salinity on plant growth includes the
implementation of salt-tolerant bacteria with natural growth
promoting ability in such conditions. Plant growth promoting
rhizobacteria, first defined by Kloepper and Schroth [3] include
those bacteria, which, on inoculation into the soil, colonize the
roots of plants and enhance plant growth. The term ‘induced
systemic tolerance’ (IST) has been proposed for PGPR-
induced physical and chemical changes in plants that result in
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enhanced tolerance to abiotic stress [4]. In comparison to
reports of inducing systemic resistance in plants by PGPR,
fewer reports have been published on PGPR as elicitors of
tolerance to abiotic stresses, such as drought, salt and nutrient
deficiency or excess [4].

Certain soil bacteria can help the plants to avoid or
partially overcome a variety of environmental stresses. Yildirim
et al. [5] reported the mitigation of salt stress in Raphanus
sativus by plant growth promoting rhizobacteria like
Staphylococcus Kloosii and Kocuria erythromyxa. PGPR-
elicited induced systemic tolerance (IST) aid the growth of
plants under abiotic stresses by producing various
antioxidants, which result in the degradation of reactive oxygen
species (ROS) [6]. Production of IAA or unknown determinants
can increase root length, root surface area and the number of
root tips, leading to enhanced uptake of nitrate and
phosphorous [7, 8]. PGPRs have also been reported to protect
plants from various pathogens by activating defense genes, for
example those encoding chitinase, B-1, 3-glucanase (GLU),
peroxidase (POX), phenylalanine ammonia lyase (PAL) efc.

[9).
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The present study aims to isolate salt-tolerant bacteria
from the rhizosphere of a facultative halophyte, characterize
them by morphological, biochemical and molecular means; and
to determine whether any of the isolated bacteria possess
PGPR activities. Besides, attempts have been made to
determine whether the bacterium can induce plant growth
promotion and salinity tolerance in vivo and finally, the
biochemical mechanisms of induced systemic tolerance have
been worked out.

Materials and Methods
Collection of soil samples

Soil samples were collected from the rhizosphere of
Cynodon dactylon from two different locations of foot hills of
Darjeeling [GIS locations — (i) 260 42" 35.94'N & 88021 6.18"
E; (i) 26042’ 32.00°N & 88021’ 2.60" E].

Isolation of bacterial strains

Soil from rhizosphere of C. dactylon (1 g) was mixed well
with 25ml of sterile distilled water and plated. For isolation of
salt-tolerant bacteria, nutrient agar (NA) supplemented with
10% NaCl was used as a selective medium. After the
appearance of colonies, isolated colonies were picked up with
sterilized loop, transferred to fresh NA slants with 10% NaCl
and the pure cultures so obtained were stored in refrigerator at
4°C. Subsequent sub-culturing was then made in NA and
Nutrient Broth media for morphological, biochemical and
molecular analyses. Mannitol Salt Agar (MSA) containing 7.5%
NaCl [10] was used to confirm the salt tolerance ability of the
isolates. Development of halo region due to the fermentation of
mannitol was a positive test for salt tolerance.

Morphological studies

Pure cultures of the isolates were streaked up on NA
plates with 10% NaCl. The individual colonies were then
examined for shape, size, structure of colonies and
pigmentation. The Gram reactions of all the isolates were
recorded [11]. Scanning electron microscopy (SEM) was also
done to study the morphological diversity of the isolates.

Biochemical studies

Biochemical tests viz, starch hydrolysis, catalase, indole
production, urease, gelatinase, protease, citrate, nitrate
reduction, porphyrin reaction were carried out for biochemical
characterization of these isolates.

Molecular variability among the isolates
Genomic DNA extraction

The broth cultures of bacterial isolates were centrifuged at
10,000 rpm at 28°C for 5 min and the pellets were collected by
discarding the supernatant. The pellets were washed thrice
with distilled water and resuspended in 0.5ml of lysis solution
(100mM Tris HCI, pH 7.5, 20mM EDTA, 250mM NaCl, 2%
SDS, 1mg/ml lysozyme). To it 5 pl of RNase (50mg/ml) was
added and incubated at 370 C for 3 hrs. Then 10 pl proteinase
K solution (20mg/ml) was added and it was incubated at 65°C
for 3min. The lysate was extracted with equal volume of Tris
and water saturated phenol: chloroform: isoamylalcohol
(25:24:1) and then centrifuged at 10,000 rpm for 5 min. The
aqueous phase was collected in clean tube and 2 vol of chilled
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absolute ethanol was added to this aqueous phase. The
mixture was centrifuged at 10,000 rpm for 5 min at 4°C, the
pellet was air dried and finally dissolved in 40ul TE buffer and
stored at 4°C.

Quantification of genomic DNA by gel electrophoresis

The quality of the genomic DNA, isolated from nine
different isolates was checked on 0.8% agarose gel
electrophoresis. The DNA from all isolates produced clear
sharp bands, indicating good quality of DNA. Quantification
was done by taking absorbance at 260 & 280 nm in a
Coleparmer UV-VIS Spectrophotometer.

PCR amplification

All isolates were taken up for RAPD-PCR amplification.
Genomic DNA was amplified by mixing the template DNA, with
the polymerase reaction buffer, dNTP mix, primers and Taq
polymerase. Polymerase chain reaction was performed in a
total volume of 100y, containing 78ul deionized water, 10ul
10X taq polymerase buffer, 1yl of 1U Taq polymerase enzyme,
6ul 2mM dNTPs, 1.5ul of 100mM RAPD primers and 1yl of
template DNA. Two random decamers (OPA1- CAGGCCCTTC
and OPA4- AATCGGGCTG) were used to determine the
RAPD profiles of the isolates. PCR was programmed with an
initial denaturing at 94°C for 5 min, followed by 30 cycles of
denaturation at 94°C for 30sec, annealing at 59°C for 30 sec
and extension at 70°C for 2 min and the final extension at
72°C for 7 min in a Primus 96 advanced gradient
Thermocycler. After RAPD-PCR amplifications, all amplified
DNA products were resolved by electrophoresis on agarose
gel (2%) in TAE (1X) buffer, stained with ethidium bromide and
photographed. After that, all reproducible polymorphic bands
were scored and analyzed following UPGMA cluster analysis
protocol and computed in to similarity matrix using NTSYS
computer program to prepare a dendrogram.

In vitro tests for the identification of PGPR strains
Phosphate solubilization

Phosphate solubilization by the isolates was checked in
Pikovskaya's agar [12].The appearance of transparent halo
zone around the bacterial colony indicated the phosphate
solubilizing activity of the bacteria.

Siderophore production

Production of siderophore was detected by standard
method [13] using chrome azurol S (CAS) as indicator. The
isolates were spot inoculated at the center of the plate and
incubated for 12-15 days. The change in the colour of the
medium around the bacterial spot was an indication of
siderophore production.

Chitinase production

Production of chitinase was detected by standard method
[14]. Colonies showing zones of clearance against the creamy
background were regarded as chitinase producing strains.

IAA production

Production of IAA in culture supernatant was assayed by
Pillet-Chollet method [15]. For the reaction, 1 ml of reagent,
consisting of 12 g FeCl, per litre in 7.9 M H,SO, was added to
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1 ml of sample supernatant, mixed well, and kept in the dark
for 30 min at room temperature. Absorbance was measured at
530 nm.

Protease production
Protease activity was detected on 3% (wt/vol) powdered
milk-agar plates [16].

Selection and identification of the bacterial strain for in
vivo plant growth promotion

Selection of the bacterial isolate (S4) was done based on
in vitro tests for plant growth promotion activity. Identification of
the bacterium was done by microscopic and biochemical tests,
which was later confirmed by Institute of Microbial Technology,
Chandigarh.

Determination of plant growth promoting activity

Aqueous suspension of S4 (108 CFU ml-") was applied as
a soil drench to the rhizosphere of Vigna radiata, Cicer
arietinum and Oryza sativa. Plants were grown in natural
conditions of light and temperature. For each of the crop, four
sets of plants with ten replicate pots were taken- viz. control,
control+S4, control + NaCl and control+ NaCl + S4. Salinity
was imparted to the plants by adding 200mM NaCl solution to
the rhizosphere of the plants after 15 days of growth, 3 times a
week. The bacterium was also applied after 15 days, once a
week.

Extraction and quantification of soil, root and leaf
phosphate

Soil sample (1 g) was air dried and suspended in 25 ml of
the extracting solution (0.025N H2SO4, 0.05N HCI) to which
activated charcoal (0.01 g) was also added, shaken well for 30
min on a rotary shaker and filtered through Whatman No. 2
filter paper [17]. In case of plant leaf and root samples, oven-
dried plant material was crushed with extracting solution.
Quantitative estimation of phosphate was carried out following
ammonium molybdate-ascorbic acid method as described [18].

Biochemical analyses

All biochemical analyses were performed from leaves of
the 4 sets of plants after 45 days of growth. Samplings were
done within 72 h from the last application of the bacterium.

Defense enzymes
Chitinase

Extraction of chitinase (CHT - EC.3.2.1.14) from leaf
samples and assay of its activity was done according to the
method described [19] with some modifications. N-acetyl
glucosamine (GIcNAc) was used as standard [20]. The enzyme
activity was expressed in terms of g GlcNAc released min-!
g fresh tissue.
B-1,3-Glucanase

Extraction of -1, 3-glucanase (GLU- EC.3.2.1.39) from
leaf samples and assay of its activity was done following the
method described [21]. Laminarin was used as substrate and
the enzyme activity was expressed in terms of ug glucose
released min-' g-* fresh weight of tissue.
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Phenylalanine ammonia lyase

Extraction of phenylalanine ammonia lyase (PAL-
EC.4.3.1.5) from leaf samples and assay of its activity was
done following the method described earlier [22] with some
modifications. Enzyme activity was determined by measuring
the production of cinnamic acid from L-phenylalanine
spectrophotometrically. The enzyme activity was expressed in
terms of g cinnamic acid produced in 1 min g! fresh weight of
tissue.

Antioxidative enzymes
Peroxidase

Peroxidase (POX- EC 1.11.1.7) was extracted from leaf
samples and assayed according to the method described [22]
with slight modifications. O-dianisidine was used as a substrate
and the enzyme activity was expressed as AA 45 min' g!
fresh tissue.

Catalase

Catalase (CAT- EC 1.11.1.6) was extracted from leaf
samples and assayed according to the method described [23].
The enzyme activity was expressed as A A0 mint g fresh
tissue.

Ascorbate peroxidase

Ascorbate peroxidase (APOX - EC 1.11.1.11) was
extracted from leaf samples and assayed [24]. The enzyme
activity was expressed as A Az min-' g-* fresh tissue.

Superoxide dismutase

Superoxide dismutase (SOD- EC 1.15.1.1) was extracted
from leaf samples and assayed [25]. The enzyme activity was
expressed as Enzyme Unit (EU) mg' protein.

Results
Selection of potential isolate and its characterization
Rhizosphere of Cynodon dactylon, a facultative
halophyte, yielded a large number of bacteria, of which nine
were found to be tolerant to NaCl at a concentration as high as
10%. Out of nine isolates, three (S3,S4&S5) were Gram-
positive whereas rest six were Gram-negative. All the isolates
produced catalase as well as reduced nitrate to nitrite, but
showed negative results in urease tests. Only four isolates
(S4,N3,N4&N2) could hydrolyse starch, five isolates
(52,55,N2,N3&Nb) liquefied gelatin while all had the ability to
produce indole (Table 1). In vitro tests such as siderophore
production, phosphate solubilization, IAA production, chitinase
production and protease production for detection of PGPR
activities were carried out. Among all the bacterial isolates, S4
showed positive results in all tests (Table 2, Fig 1A). S4 was
found to be Gram-positive and rod shaped. Scanning electron
microscopy of S4 was also done (Fig 1 B). The bacterium was
identified as Bacillus cereus which was further confirmed (No.
MTCC 10655) by Microbial Technology Institute, Chandigarh,
India and was used for in vivo tests.

Molecular diversity analysis

RAPD analysis by two random primers OPA-1 and OPA-4
revealed genetic relatedness among the nine salt-tolerant
bacterial isolates. Dendrogram revealed that similarity co-
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efficient ranged from 0.65-1.00 (Fig.2). Based on the results
obtained all nine isolates can be grouped into two main
clusters. One cluster represents S1 and S3 isolates, while the
second one represents all the other seven isolates; this is

further sub grouped into four- first subgroup with S2, S5 and
N5 isolates, second with S4 and N4, third and fourth with N2

and N3 respectively.

Fig. 1 A- Phosphate solubilization by Bacillus cereus in PVK medium ; B- Scanning electron microscopic view of B.cereus

Table 1. Morphological and Biochemical tests of nine bacterial isolates

Morphological and Bacterial isolates

Biochemical tests

S1 S2 S3 S4 S5 N2 N3 N4 N5
Gram reaction -ve -ve +ve +ve +ve -ve -ve -ve -ve
Cell shape Rod with Rod Coccusin  Rod Coccusin  Rod Rod Rod Short

tapering chain chain rod

end
Catalase ++ +H+ + + +H+ + + + +t
Nitrate Reduction + + + + + + + + ¥
Urease - - - - - - - - -
Starch hydrolysis - - - + - + + " ;
Gelatin liquefication - + - - + + + _ +
Indole production + + + + + + + + +
Citrate - + - + + - + + n
Porphyrin - - - ++ - - + . +

Table 2 . In vitro tests of the nine bacterial isolates for determination of PGPR activity

In vitro PGPR tests Response of bacterial isolates
S S2 S3 S4 S5 N2 N3 N4 N5
IAA production 1 - + 4 - + + +
Phosphate solubilization - - - + - - - .
Protease production - - + o+ + o+ + -
Chitinase production -+t - + - + + -
Siderophore production - - - + - + + -

+=Positive; - = Negative

Effect of bacterium on growth of Cicer arietinum, Vigna
radiata and Oryza sativa

Results of in vivo tests revealed that application of B.
cereus significantly increased growth of all three crops in terms
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of height of plants, number of leaves, length of leaves and root
and shoot dry mass. In case of plants subjected to PGPR
treatment alone or with NaCl treatment in addition to PGPR, all
growth parameters were high (Fig 3; Tables 3 and 4).
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Fig. 2 RAPD profiles of nine isolates using OPA-4 (A) and OPA-1 (B) universal primers and dendrogram of salt tolerant isolates created by UPGMA
method (C).

Table 3. Effect of application of NaCl (200 mM) and Bacillus cereus on growth of V.radiata, C. arietinum and O. sativa

Average of 10 replicates; +=SE; Differences between control and treated significant at P=0.01® or P==0.05() (Student's t-test)
where superscript of control and treated are different; where superscript same (@), difference insignificant.

Test plants Treatments Avg. height/plant Avg. no of Avg. leaf length / plant Avg. root
(cm) leaves/plant (cm) length/plant
(cm)
V. radiata Control 15.5+ 0.902 21+1.202 02.8+0.04a 03.2+0.032
NaCl 14.7+0.802 20+ 0.972 02.7+0.042 04.7+0.04°
B. cereus 19.5 +1.022 35+1.16° 03.2+0.010 07.7+0.020
NaCl+B. cereus 20.0 £0.7¢ 37+1.24° 04.2+0.03° 05.5+0.01°
C. arietinum Control 07.0£0.062 42+1.982 0.80+0.052 01.2+£0.012
NaCl 07.1£0.052 42+2.082 0.70+0.032 03.5+0.02
B. cereus 14.0£0.86° 52+1.54¢ 01.0£0.01¢ 04.0+£0.03°
NaCl+B. cereus 15.2+0.93° 55+2.32¢ 01.1£0.01° 03.7+0.022
0. sativa Control 15.0+£ 0.542 09+0.922 07.5+0.022 07.0£0.032
NaCl 14.4+0.662 08+0.892 06.8+0.03° 07.7+0.05°
B. cereus 26.0+1.08° 12+0.652 15.0£0.010 11.5+0.09°
NaCl+B. cereus 23.5+0.96° 11£0.972 16.0+0.08° 08.0+0.04°

Table 4. Effect of application of NaCl (200 mM) and Bacillus cereus on root and shoot dry wts. (g) of V. radiata, C. arietinum and O. sativa
Average of 10 replicates; +=SE; Differences between control and treated significant at P=0.01®) or P==0.05© (Student's t-test) where superscript of
control and treated are different; where superscript same @), difference insignificant.

Test plants Treatments Root Leaf and shoot
dry wt./plant(g) dry wt./plant (g)
V. radiata Control 0.42+0.022 1.3240.022
NaCl 0.32+0.032 1.24+0.032
B. cereus 0.54+£0.02¢ 2.63+0.03°
NaCl+B. cereus 0.86+0.04° 4.79+0.04°
C. arietinum Control 1.28+0.052 2.79+ 0.022
NaCl 0.79+0.020 2.17+£0.032
B. cereus 1.58+0.01° 5.68+0.04°
NaCl+B. cereus 1.47+0.02° 6.40+0.05°
0. sativa Control 1.84+0.032 3.06+0.032
NaCl 2.32+0.02° 2.86+0.02°¢
B. cereus 2.94+0.02° 4.18+0.05°
NaCl+B. cereus 3.24+0.07° 8.48+0.06°
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Fig. 3 Effect of application of Bacillus cereus and NaCl on growth of Vigna radiata (A) and Cicer arietinum (B).

Phosphate solubilization

Root and shoot phosphate contents showed increase
following application of B. cereus. Application of NaCl also
increased root and shoot phosphate contents, with

simultaneous decrease in total soil phosphate contents (Table
5).

Table 5. Phosphate contents of rhizosphere soil, root and leaves of V. radiata, C. arietinum and O. sativa following different treatments
Average of 10 replicates; +=SE; Differences between control and treated significant at P=0.01®) or P==0.05¢) (Student's t-test) where superscript of
control and treated are different; where superscript same @), difference insignificant.

Test plants Treatments Soil phosphate Leaf phosphate Root phosphate
(lg g soil") (g _gtissue’) (g _gtissue)
V. radiata Control 56+1.152 80+2.302 95+1.152
NaCl 45+0.87° 101+1.80° 135+0.57°
B. cereus 5340.582 150+2.80° 12342.88°
NaCl+B. cereus 48+1.73¢ 175+0.57° 148+0.86°
C. arietinum Control 98+1.10a 12040.862 8840.232
NaCl 47+1.010 17610.110 13341.73¢
B. cereus 80+1.30° 150+0.80° 135+0.17°
NaCl+B. cereus 55+2.31° 185+0.57 ¢ 155+1.15¢0
0. sativa Control 110£2.002 210+1.042 156+0.692
NaCl 105+1.082 250+2.20b 165+1.150
B. cereus 111£2.00 246+3.600 159+1.732
NaCl+B. cereus 90+1.00° 295+2.30b 177+2.30°

Effect of NaCl and B. cereus on defense enzymes

Chitinase, -1,3 glucanase and phenyl alanine ammonia
lyase activities were enhanced by B.cereus. CHT and $-1,3
GLU activities showed a certain decline but in case of PAL,
NaCl alone also enhanced activity in C. arietinum and O.
sativa, but not in V. radiata (Fig.4).

Effect of NaCl and B. cereus on antioxidative enzymes and
antioxidants

Activities of antioxidative enzymes- POX, SOD, CAT and
APOX were assayed after the different applications. POX
activities increased following application of B. cereus or B.
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cereus+NaCl. In case of NaCl treatment alone, in V. radiata
and C. arietinum there was a decrease in activity in relation to
control, but in O. sativa all three treatments led to an increase
(Fig.5A). Similar results were also obtained for CAT activities
where all treatments induced increased activities in both C.
arietinum and O. sativa. However, in V. radiata, application of
NaCl showed a decline in activity while B. cereus alone or in
combination with NaCl enhanced activity (Fig 5B). APOX
activities increased significantly in O. sativa, while superoxide
dismutase was found to increase most significantly in C.
arietinum. However, treatment of B. cereus + NaCl increased
activities in all three test plants (Fig.6 A &B).
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Discussion

Out of the large number of bacteria isolated from the
rhizosphere of Cynodon dactylon, nine were tolerant to high
concentration of NaCl. In vitro tests were carried out to
determine whether these have any characteristics attributed to
plant growth promoting rhizobacteria (PGPR) since it is quite
probable that bacteria isolated from the rhizosphere of salt
tolerant plants would have better ability to withstand saline
conditions.

It has also been reported previously that bacteria isolated
from such soil are more likely to withstand salinity conditions
[26, 27]. On the other hand, if such bacteria also possess plant
growth promoting ftraits they would be ideal for use in
sustainable agriculture. Results of the present study revealed
that one of the bacterium, identified as Bacillus cereus S4
exhibited all the in vitro PGPR characteristics. It has been
shown that genera such as Bacillus and Pseudomonas tend to
be pre-dominant in saline soils [28-31]. In the present study,
RAPD analysis of the nine genera was done by using two
random primers in order to determine their relationships. The
nine genera formed two clusters and dendrogram revealed that
B.cereus was most closely related to N4. It was previously
reported that RAPD analysis of salt-tolerant bacterial isolates
obtained from the rhizosphere of rice yielded four different
patterns and the dendrogram constructed revealed strain
specific differences [32].Besides, use of RAPD analysis for
determining relationships among bacterial genera such as
Pseudomonas, Bacillus and Arthrobacter has also been
reported by a number of previous workers [27, 33].

B. cereus was further used for in vivo studies. It was
observed that the adverse effect of salinity in terms of
decrease in growth, number of leaves and shoot and root dry
mass, could be overcome by treatment with the bacterium.
B.cereus alone, or in combination with NaCl could increase
growth significantly. There are also several previous reports
on the induction of tolerance to salinity stress by PGPR [34-
38]. B. cereus could solubilize phosphate and make
absorption by the plant easier as evidenced by increased leaf
and shoot phosphate contents, along with a decrease in soil
total phosphate. An interesting aspect of the observed result
was that, in comparison to control, better solubilaztion of
phosphate was found to occur even in NaCl alone treated
plants and much higher solubilization was recorded due to
application of B.cereus. It is well known that one of the direct
mechanisms by which PGPR promote growth is through
solubilization of insoluble phosphates in the soil [39-41].
Besides, since PGPR are known to induce defense responses
in the host, activities of three important defense enzymes -
chitinase, 1, 3- glucanase and phenyl alanine ammonia lyase
were determined. Activities of all the three enzymes were
significantly enhanced by B.cereus. Increased activity was also
evident in the treatment with B.cereus and NaCl. It is now
known that inoculation with non-pathognic root zone bacteria
can trigger signaling pathways that lead to higher resistance to
biotic stresses. Some of the bacteria that have been used to
study beneficial effects under abiotic stress conditions, such as
Bacillus sp. have been shown to induce ISR [42-44]. Huang et
al [45] reported that B.cereus C1L could induce ISR and
control southern corn blight in maize. Though PGPR are more
commonly known to induce resistance against pathogen
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infection, reports are now available on their ability to elicit
‘induced systemic tolerance’ against abiotic stresses.

In the present study, in order to determine whether B.
cereus could elicit antioxidant activities in the plants, activities
of four antioxidative enzymes- POX, APOX, CAT and SOD. It
was quite clear that the bacterium could elicit antioxidant
responses in the plants, though the particular enzyme which
was up-regulated varied from plant to plant. In V.radiata, CAT
was found to be induced maximum, whereas in C. arietinum it
was APOX and SOD. On the other hand, in O.sativa, APOX
seemed to be most over-expressed. It is evident that there is
no single antioxidative enzyme responsible for inducing
tolerance against salinity by B. cereus but more than one may
be functional.

Our studies have established that Bacillus cereus,
isolated from the rhizosphere of a facultative halophyte was not
only salt-tolerant, but also had plant growth promoting
attributes, which was first demonstrated in vitro and
subsequently in vivo. While determining its mechanism of
action, it was found to induce plant growth promotion as well
as tolerance to salt-stress through an array of mechanisms,
some of which such as phosphate solubilization and hormone
secretion, were direct, whereas most of them were induced in
the host. The use of such microorganisms which can induce
tolerance to abiotic stresses in the host as biofertilizers may be
a boon to agriculture since urbanization and industrialization
are fast depleting our cultivable lands. Under such conditions,
agriculture will gradually shift towards hitherto uncultivable
areas such as coastal areas and waste lands and these
microorganisms can contribute to sustainable agriculture under
adverse conditions.
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