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Abstract

Medicinal plants harbor a large number of beneficial microorganisms. Stress tolerance is an important attribute
while screening bacteria for developing microbial inoculants. In the present studies, salt-tolerant bacteria isolated
from the rhizosphere of the medicinal plant 7inospora cordifolia were screened for multiple plant growth pro-
moting activities, antagonism against fungal pathogens and stress tolerance. A total of 25 morphologically distinct
salt-tolerant bacteria were isolated on nutrient agar plates with 2.5% NaCl from the rhizosphere of 7inospora
cordifolia growing in Jalandhar, Punjab, India. Twelve salt-tolerant bacterial isolates showing phosphate solubili-
zation zones ranging from 3-12 mm on modified Pikovskaya agar were screened for the production of auxins,
l-aminocuclopropane 1-carboxylate (ACC) deaminase, ammonia and hydrogen cyanide. Of these 12 salt-tolerant
and phosphate-solubilizing isolates, auxin production was shown by all isolates, ACC-deaminase activity by 7 iso-
lates, ammonia production by 8 isolates and hydrogen cyanide (HCN) by 5 isolates. Phosphate solubilization in
liquid medium ranged from 26 to 151 pg/ml, while auxin production ranged 10.7 to 31 pg/ml. Five bacterial isola-
tes showing all plant growth-promoting activities were screened for antagonism against the phytopathogens Fu-
sarium moniliforme, Fusarium verticilliordes, Curvularia lunata and Alternaria alternata and the abiotic stress
conditions of salinity, temperature, pH and calcium salts. The bacterial isolate T1B1, which shows multiple plant
growth promoting activities and stress tolerance, was identified as Baci/lus sp. based on phenotypic characteris-
tics and 16S rRNA gene sequencing. The bacterial isolate T1B1 was selected as a potential candidate for the
development of microbial inoculants for stressed environments.

Key words: ACC deaminase, auxin production, antagonism, phosphate solubilization, stress tolerance, Tinospora
cordifolia

Introduction

Excessive use of chemical fertilizers and pesticides
for increasing agricultural productivity has disturbed the
delicate ecological balance (Aktar et al., 2009). In view
of the large-scale use of fertilizers, interest has increa-
sed in finding safe and eco-friendly alternatives for im-
proving productivity in agriculture. Plant growth-promo-
ting bacteria residing in the rhizosphere of plants have
been reported to enhance plant growth by various me-
chanisms including nitrogen fixation, phosphate solu-
bilization, production of phytohormones, 1-amino-cyclo-
propane 1-carboxylate (ACC) deaminase activity, sidero-
phore production, and ammonia production and by in-

hibiting phytopathogens (Gulati et al., 2008; Gulati et al.,
2009; Vyas and Gulati, 2009). It has also been reported
that these rhizobacteria help plants tolerate abiotic
stresses such as alkalinity, salinity and nutrient deficien-
cies (Glick, 2014; Habib et al., 2016).

Different biotic and abiotic factors affect the perfor-
mance of microorganisms (Vyas et al., 2010; Das et al.,
2015). Abiotic stresses include temperature, pH, mois-
ture status, salinity and salts present in soils. Impor-
tantly, even though many plant growth-promoting rhizo-
bacteria show good results 1z vitro, they fail to give the
same results in fields, when applied as microbial inocu-
lants. One main reason for their failure is the stress im-
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posed on them by sudden changes in the environment
(Praveen Kumar et al., 2014). Therefore, screening for
stress tolerance is an important parameter in the selec-
tion of bacterial strains for the development of microbial
inoculants. Many bacteria have adapted themselves to the
fluctuations in the temperature, pH and osmolarity en-
countered while living in stressed environments. To date,
however, limited reports are available on the selection of
bacterial strains based on stress tolerance for the deve-
lopment of microbial inoculants (Rangarajan et al., 2002;
Sharan et al., 2008; Vyas et al., 2009; Vyas et al., 2010).
One possible future approach is to select stress tolerant
bacteria with multiple plant growth-promoting activities.

Tinospora cordifolia is an important multipurpose
medicinal plant with the common name Giloy, and it is
used as a bitter tonic to treat diabetes, skin infections,
irritability and dysenteric diseases (Mittal et al., 2014).
It is a herbaceous, deciduous, and glabrous plant gro-
wing throughout India and described as “Amrita” in the
classical literature of the ayurvedic system of medicine.
It can be used as a source of anticancer, antiviral, anti-
allergic and anti-inflammatory agents. To date no reports
are available on the isolation of stress-tolerant rhizo-
bacteria from 7inospora cordifolia. So, as a first step in
the development of microbial inoculants, the present
studies were designed to isolate stress-tolerant rhizo-
bacteria from the medicinal plant 7inospora cordifolia
growing in Jalandhar, Punjab, India and to screen them
for plant growth-promoting activities.

Materials and methods

Soil sampling

Rhizospheric soil samples were collected from the
medicinal plant 7inospora cordifolia growing in Jaland-
har, Punjab, India. From each plant, a sample was col-
lected by digging soil up to 10-12 cm depth at 2 spots
around each plant. Three composite soil samples pre-
pared by mixing 4 soil samples collected from 2 different
plants were employed for the isolation of salt-tolerant
bacteria.

Isolation of salt-tolerant rhizobacteria

For the isolation of salt-tolerant rhizobacteria, serial
soil dilutions were spread plated on nutrient agar plates
with 2.5% NaCl. The plates were incubated at 28°C for
48 h. The bacterial colonies, which were morphologically
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distinct from one another, were purified by streaking on
nutrient agar plates and stocked in 30% glycerol (w/v)
until further use.

Screening for plant growth-promoting attributes

Phosphate solubilization

Qualitative screening for phosphate solubilization by
salt-tolerant bacterial isolates was performed on modi-
fied Pikovskaya (PVK) agar with tricalcium phosphate
(Gupta et al., 1994). Zones of phosphate solubilization
around bacterial colonies were measured at 28°C on day
5 of incubation. Quantitative estimation was conducted
by growing the bacteria in National Botanical Research
Institute Phosphate (NBRIP) broth containing 0.5% tri-
calcium phosphate using the vanado molybdate yellow
color method after 5 days of incubation, as described
earlier (Nautiyal, 1999; Gulati et al., 2008). The amounts
of liberated phosphorus were expressed as micrograms
per ml over uninoculated controls.

Production of indole-3-acetic acid

To test the production of indole-3-acetic acid, the
bacterial isolates were grown at 28 °C for 48 h in a nu-
trient broth containing 0.1% DL-tryptophan using Sal-
kowski reagent and then analyzed spectrophotometri-
cally at 535 nm (Loper and Schroth, 1986). The values
of IAA-like auxins were expressed as micrograms per ml
over uninoculated controls.

I-aminocyclopropane-1-carboxylate

(ACC)-deaminase activity

Screening of bacterial isolates for 1-aminocyclopro-
pane-1-carboxylate (ACC)-deaminase activity was done
on DF salts minimal medium with ACC as the sole nitro-
gen source (Jacobson et al., 1994). The isolates were
streaked on plates and incubated at 28°C for 48 h.
Growth appearing on the Petri plates indicated ACC-de-
aminase activity.

Ammonia production

Ammonia production by bacterial isolates was detec-
ted by a change in color from faint yellow to dark brown
after the addition of Nessler’s reagent to 24 h-old bac-
terial culture grown in peptone broth (Cappuccino and
Sherman, 1992).

Hydrogen cyanide production

Hydrogen cyanide (HCN) production was detected
following the Castric method (1975). Bacterial cultures
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were streaked on nutrient agar amended with glycine.
A Whatman filter paper soaked in 2% Na,CO, in 0.5%
picric acid solution was kept inside the lid of the Petri
plate and incubated at 28 °C for 3 days. A change in the
color of the filter paper disks from orange to brown
indicated HCN production.

Antagonism against fungal phytopathogens

The bacterial isolates were evaluated on yeast ex-
tract medium by dual culture plate assay (as described
earlier) for the possession (or not) of antagonistic acti-
vities against the fungal phytopathogens Fusarium moni-
liforme strain 1100 (MTCC 156), Fusarium verticil-
lioides strain 1 (MTCC 3322), Curvularia lunata strain
716 (MTCC 283) and Alternaria alternata strain 6663
(MTCC 1362) (Kaur et al., 2017).

Screening for stress tolerance

Screening for stress tolerance was performed by gro-
wing the salt-tolerant bacterial isolates at different stress
levels according to temperature, pH, salinity and calcium
salts. The bacterial isolates were streaked on nutrient
agar plates and incubated at 10, 30 and 40°C for 48 h
and observed for growth. Similarly, for pH stress, the
isolates were grown on nutrient agar with pH 5, 7, and
9. Likewise, for salinity stress, the bacterial isolates
were grown on nutrient agar with 5% and 7% NaCl. The
bacterial isolates were also screened for tolerance
against calcium salts by being grown on nutrient agar
plates with the addition of 2.5% and 5% CaSO,, 2.5% and
5% CaCl,, and 2.5% and 5% CaCO,.

For desiccation tolerance, 20% and 30% polyethylene
glycol (PEG) 6000 were added to nutrient broths, as pre-
viously described (Vyas et al., 2009). The medium was
inoculated with overnight grown bacterial cultures and
incubated at 30°C for 5 days in a shaking incubator at
180 revolutions per minute. Viable cells were counted
on day 5 by spread plating on nutrient agar plates of dilu-
tions ranging from 107> to 107° of each sample. The re-
sults are expressed as CFU/ml per sample.

Characterization and identification
of the bacterial isolate

The bacterial isolate was initially characterized ba-
sed on phenotypic features including Gram staining, mo-
tility, endospore formation, MR-VP test, and citrate, cata-
lase, oxidase and urease tests following the standard
methods (Krieg and Holt, 1984).
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For 16S rRNA gene sequencing, DNA was isolated
using the DNeasy Plant Mini Kit (Qiagen). The ampli-
fication of 16S rRNA genes was performed using the uni-
versal primers fD1 (5’-AGA GTT TGA TCC TGG CTC
AG-3") and rP2 (3-ACG GCT ACC TTG TTA CGA
CTT-5') (Weisburg et al., 1991). The method used for
amplification of the gene, thermocycling conditions, clo-
ning, and sequence analysis was performed as described
earlier (Gulati et al., 2008). The sequences were aligned
with ClustalW. MEGA software package version 7 using
Kimura’s two-parameter model was used to calculate the
evolutionary distance of the bacterial T1B1 strain and its
related taxa.

Experimental design and statistical analysis

A randomized block design was adopted for carrying
out the experiments. All values are means of 3 replica-
tes, unless stated otherwise.

Results and discussion

Isolation of stress tolerant rhizobacteria

Large-scale use of chemical fertilizers and pesticides
has polluted the environment. Safe and eco-friendly alter-
natives are required to enhance agricultural production
to feed ever increasing populations. Plant growth-pro-
moting rhizobacteria are important components of su-
stainable agriculture and have been reported to enhance
plant growth (Gulati et al., 2010; Vyas and Gulati, 2009;
Vyas et al., 2010). However, the performance of such
bacteria in a natural environment is affected by stress
conditions, thereby limiting the use of these micro-
organisms as bioinoculants. Most of the plant growth-
promoting rhizobacteria (PGPR) have been tested to
give good results under controlled environmental condi-
tions but have failed to show the same effects in field
conditions.

Stress-tolerant bacteria have been isolated in earlier
attempts from various sources; however, there are no re-
ports available on the rhizobacteria obtained from the
rhizosphere of 7inospora cordifolia (Vyas et al., 2009;
Ashwitha et al., 2013; Panwar et al., 2016). Recently,
plant growth-promoting and antagonistic endophytic
Pseudomonas sp. has been identified from soil samples
of Tinospora cordifolia (Kaur et al., 2017). Herein,
a total of 25 morphologically distinct salt-tolerant bac-
teria were isolated by spread plating serial dilutions on



132

P. Vyas, A. Kaur

Table 1. Plant growth-promoting activities of salt-tolerant bacteria from 7inospora cordifolia rhizobacteria

Isolates TCP solubilization | Auxin production Ammor.lia ACC de.ar.ninase HCN'
[pg/ml] [pg/ml] production activity production

T1B1 151.3£1.20 31.3£2.60 +++ ++ +++ (strong)
T1B2 102.3+£1.85 27.7+2.18 + + -
T1B12 87.7+1.45 26.7+1.20 ++ - -
T2B4 28.0£1.73 20.3+1.67 - + -
T2B5 32.7+1.76 10.7+1.20 + - -
T2B8 127.0+2.64 27.0+£1.52 +++ +++ ++ (moderate)
T2B13 54.0+1.53 18.7+2.02 - - -
T2B14 86.7+1.86 21.0+£1.52 +++ ++ ++ (moderate)
T3B2 132.0+1.15 24.0+£2.08 ++ + + (weak)
T3B3 121.0+1.52 19.7+0.88 ++ + + (weak)
T3B7 26.3+1.45 13.0+1.63 - - -
T3B10 49.7+1.85 15.0+1.63 - - -

Values are the mean of 3 replicates = SE mean. ++++ - luxuriant growth, ++ — good growth, + — poor growth,

- it is no growth/no activity

nutrient agar plates containing 2.5% NaCl. The salt-tole-
rant bacteria were further assessed for plant growth-
promoting activities, including phosphate solubilization,
auxin production, ACC deaminase activity, ammonia pro-
duction and HCN production.

Screening for plant growth-promoting activities

Out of 25 salt-tolerant bacteria, 12 isolates showed
phosphate solubilization zones ranging from 2 to 14 mm
on modified Pikovskaya agar on day 5 of incubation at
28°C. The highest zone was produced by the T1B1 iso-
late and the lowest by T2B5. In NBRIP broth, phosphate
solubilization ranged from 26 pg/mlby T3B7 to 151 pg/ml
by T1B1 on day 5 of incubation (Table 1).

The rhizosphere of plants contains tryptophan from
root exudates, which is used by bacteria for the produc-
tion of auxins. IAA production in the presence of trypto-
phan has been reported for many PGPR (Tsavkelova
et al., 2007; Vyas et al., 2010). Herein, all 12 salt-tole-
rant bacteria showing phosphate solubilization proper-
ties also produced IAA after 48 h of incubation, as mea-
sured using Salkowski reagent. Auxin production be-
tween bacterial strains ranged from 10.7 to 31.3 pg/ml
(Table 1). Maximum auxin production was achieved by
T1B1, while the minimum by T2B5.

Several plant growth-promoting bacteria produce
l-aminocyclopropane-1-carboxylate (ACC) deaminase,
which cleaves the plant ethylene precursor ACC to

o-ketobutyrate and ammonia, thereby lowering the level
of ethylene in the rhizosphere (Glick, 2014). The bac-
teria producing ACC-deaminase are known to promote
root elongation and plant growth by hydrolyzing ACC
from germinating seeds, thereby lowering ethylene le-
vels and increasing the active rhizosphere zone (Glick,
2014; Farajzadeh et al., 2010). Several researchers have
exploited the ability of bacteria to utilize ACC as sole
source of nitrogen in the screening of ACC-deaminase
producing bacteria (Penrose and Glick, 2003; Dey et al.,
2004; Glick, 2014). In the present studies, 7 isolates
exhibited growth on DF salts minimal medium with ACC
as sole nitrogen source, of which only 3 bacterial strains
showed luxuriant growth and 6 showed good growth
(Table 1). The growth of the bacterial isolates on DF
medium with ACC as sole nitrogen source indicated that
these strains showed ACC-deaminase activity. ACC-
deaminase producing plant growth-promoting bacteria
are known to protect plants against drought, flooding,
salts, and heavy metals as well as bacterial and fungal
pathogens (Glick 2014; Wang et al., 2016). Therefore,
bacteria producing ACC deaminase are important com-
ponents of agriculture in stressed environments.

Ammonia production is also an important trait, as it
is used by plants for their growth as a source of nitrogen
(Ahmad et al., 2008). Ammonia was produced by 8 iso-
lates, while hydrogen cyanide by 5 (Table 1).
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Table 2. Growth of salt-tolerant rhizobacteria from 7inospora cordifolia
at different salinity and calcium salt levels

NaCl (%) CaSO, (%) CaCl, (%) CaCO, (%)
Isolate
7 2.5 5 2.5 5 2.5 5
T1B1 +++ + +++ +++ +++ ++ ++ +
T2B8 +++ +++ +++ ++ + - +++ ++
T2B14 +++ ++ ++ + - - +++ ++
T3B2 +++ + +++ ++ ++ - +++ +++
T3B3 +++ ++ +++ +++ ++ - ++ -

+++ — good growth, ++ — medium growth, - it is no growth

Table 3. Growth of salt-tolerant rhizobacteria from 7inospora cordifolia
at different pH and temperature levels

pH Temperature (°C)
Isolate

5 7 9 10 30 40
T1B1 ++ +++ ++ ++ +++ +
T2B8 - +++ ++ - +++ ++
T2B14 + +++ - - +++ -
T3B2 — +++ ++ ++ +++ —
T3B3 ++ +++ ++ - +++ +

+++ — good growth, ++ — medium growth, - it is no growth

Antagonistic activity against fungal phytopathogens
Five bacterial isolates showing all plant growth-pro-
moting activities were tested in a dual plate assay against
4 phytopathogenic fungi including Alternaria alternata,
Fusarium moniliforme, Curvularia lunata and Fusarium
verticilliordes. Fusarium species are well-known human,
animal and plant pathogens. Fusarium oxysporum and
Curvularia lunata cause diseases in a wide range of plant
species belonging to different families (Lal et al., 2013).
Similarly, Alternaria alternatahas a wide host range and
causes leaf spots and blights in many plants, while Fu-
sarium verticilliordes is an fungal pathogen reported to
cause stalk rot, ear rot and kernel rot in corn (Murillo-
Williams and Munkvold, 2008; Ghosh et al., 2016).
In the present studies, the bacterial isolates showed
20-40% inhibition of Alternaria alternata, 15-32% inhi-
bitionof Fusariummoniliforme, 10-28% inhibition of Cur-
vularia lunata, and 12-25% inhibition of Fusarium verti-
cillioides. The highest antagonistic activity against all
tested pathogens was shown by T1B1, while the lowest
by T3B3. The antagonistic activity shown by 5 bacterial

isolates can be correlated with the production of HCN,
as all strains exhibited strong to weak HCN production
(Table 1). The highest activity was shown by T1B1 (high
HCN production rate) as compared with T3B3, which
produced small amounts of HCN (Table 1). Among the
volatile compounds produced by PGPR, HCN is one of
the most important compounds inhibiting the growth of
fungal pathogens (Reetha et al., 2014).

Screening for stress tolerance

The performance of plant growth-promoting micro-
organisms is constrained by the stress generated by en-
vironmental factors including moisture status, tempera-
ture, desiccation, pH, alkalinity/acidity and salinity in the
soil (Rangarajan et al., 2002; Vyas et al., 2010; Das et al.,
2015). Therefore, the selection of stress-tolerant bac-
terial strains is essential for consistency in field perfor-
mance for application as microbial inoculants. Five salt-
tolerant bacterial isolates showing all plant growth-promo-
ting activities and antagonism against fungal pathogens
were screened for tolerance against temperature, pH, sa-
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linity and calcium salts (Table 2 and Table 3). All bacterial
isolates showed growth on agar medium with 5% and 7%
NaCl; 2.5% and 5% CaSO, and 2.5% and 5% CaCO,, except
T3B3 which did not grow on 5% CaCO,. All isolates grew
on 2.5% CaCl,, except T2B14, while none, except one —
T1B1 (moderate growth), grew on 5% CaCl, (Table 2).

The bacterial isolates had different tolerances to pH
and temperature (Table 3). Similar results have pre-
viously been observed during the screening of stress-
tolerant Pseudomonas strains from the Lahaul and Spiti
valleys in Himachal Pradesh, India (Vyas et al., 2009).
All bacterial strains isolated in this research grew on
agar at pH 7 and 30°C. All isolates, except for T2B14,
grew on agar at pH 9, while only 3 on agar at pH 5. Two
isolates (T1B1 and T3B2) were able to grow at 10°C,
while 3 isolates (T1B1, T2B8 and T3B3) showed growth
at 40°C. Many rhizobacteria have earlier been reported
as possessing plant growth-promoting activities, but only
limited reports are available where bacteria have been
screened for stress tolerance, along with other activities.
Screening for tolerance to pH, temperature and desic-
cation is important when selecting stress-tolerant bac-
teria (Vyas et al., 2009).

Bacterial isolate T1B1, which shows the highest
stress tolerance, was screened for desiccation tolerance
using 20% and 30% PEG 6000. The colony forming units
per milliliter (CFU/ml) of the isolate decreased with
increases in PEG 6000 concentration. The T1B1 isolate
exhibited CFU of 3.3 x 10" and 2.1 x10° per ml in 20%
and 30% PEG, respectively, on day 5 of incubation.

The results for desiccation tolerance indicated that
the T1B1 isolate could be used as a bioinoculant in areas
prone to drought, as it tolerated up to 30% PEG 6000.
Similar results were observed in an earlier study, which
showed the importance of desiccation and temperature
on the survivability of bacteria (Vyas et al., 2009). There-
fore, bacterial isolates should be screened for tolerance
to desiccation when selecting them for the development
of microbial inoculants.

Characterization and identification
of bacterial isolate T1B1

Bacterial isolate T1B1 was Gram positive, motile,
rod-shaped, arranged in chains, and positive for endo-
spore, catalase and citrate utilization. The isolate tested
negative for oxidase, methyl red, Voges Proskauer, in-
dole and urease. The genera Bacillus, Clostridium and
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10 Bacillus cereus strain CCM 2010
Bacillus cereus strain ATCC 14579

0
Bacillus toyonensis strain BCT-7112

96 0
0

1901 Bacitlus thuringiensis strain 1AM 12077

Bacillus mycoides strain NBRC 101228

10 Bacillus mycoides strain 273

Bacillus sp. T1B1

Bacillus pseudomycoides

_
0.0020

Fig.1.Phylogenetic tree constructed based on 16S rRNA gene
sequences of T1B1 and its nearest neighbors using the neigh-
bor-joining method

Sporosarcina produce endospores. Bacterial isolate
T1B1 returned a positive catalase test, so the possibility
that this bacterium falls within the genus Clostridium
was ruled out. Likewise, since T1B1 is rod-shaped, it
could not fall in the genus Sporosarcina as this genus is
characterized by a coccus shape arranged in packets
(Krieg and Holt, 1984). The genus Bacillusis characteri-
zed as Gram positive, with motile rods arranged in short
or long chains, oxidase negative and catalase positive.
Therefore, based on the results, bacterial isolate T1B1
was tentatively identified as Bacillus sp.

To confirm the identity of bacterial isolate T1B1,
16S rRNA gene sequencing was carried out. 16S rRNA
gene is the most commonly used marker for inferring
the phylogenetic relationship among bacteria, due to its
universal distribution, highly conserved nature, and the
fundamental role of the ribosome in protein synthesis,
non-horizontal transfer and its rate of evolution (Stacke-
brandt and Goebel, 1994; Wang et al., 2007). 16S rRNA
gene analysis of a 1456-bp partial sequence of T1B1 sho-
wed 99% homology with Bacillus cereus ATCC 145797
(Fig. 1). The phylogenetic tree constructed based on
16S rRNA gene sequences of T1B1 and its nearest
neighbors from the NCBI GenBank showed 5 distinct
groups with T1B1 forming an outgroup (Fig. 1). There-
fore, the bacterial isolate was identified as Bacillus sp.
Previously, 4 drought-tolerant Bacillus spp. from the
rhizospheres of different crops had been identified as
Bacillus amyloliquifaciens, B. licheniformis, B. thurien-
giensis and B. subtilisbased on 16S rRNA gene sequen-
cing (Vardharajula et al., 2011).
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Conclusions

In the present studies, a bacterial isolate T1B1 iden-
tified as Bacillus sp. was tested and selected as a poten-
tial candidate to be used as a microbial inoculant for
plants growing in a stressed environment. The isolate
showed tolerance toward all tested stresses. Moreover,
it exhibited multiple plant growth-promoting activities.
To the best of our knowledge, this is the first report on
stress-tolerant plantgrowth-promotingantagonistic rhizo-
bacteria isolated from soil samples where Tinospora cor-
difolia grows.
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