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Abstract: Plant growth promoting rhizobacteria (PGPR) have potential to promote plant growth under extreme environmental
conditions. In the present study, ten bacteria isolates having abiotic stress tolerance ability were selected from earlier study. These were
isolated from rhizosphere region of cluster beans (Cyamopsis tetragonoloba), a drought - tolerant crop cultivated in arid and semi - arid
regions of India. These isolates were tested for PGP attributes like phosphate solubilization, ACC deaminase activity, IAA and ammonia
production under normal and stress (drought and salt) conditions. Isolates were further analyzed for exopolysaccharide (EPS)
production, zinc solubilization, enzyme assay like protease, catalase and cellulase production. All 10 isolates were positive for phosphate
solubilization and ammonia production, 6 isolates were showing I1AA production while only 3 isolates were positive for ACC deaminase
activity. All 10 isolates showed enzyme activity (protease and catalase) while only 3 isolates were positive for cellulase activity, EPS was
produced by 7 isolates and only one isolate was positive for zinc solubilization. Principal Component Analysis (PCA) was also carried
out to understand the variability in PGP activities shown by these 10 isolates and identify the most promising isolates. AK17 and KM6
were more prominent in PGP traits like ACC deaminase activity and 1AA production while KM1 was better in phosphate solubilization.

Keywords: Cluster beans (Cyamopsis tetragonoloba), Plant growth promoting rhizobacteria (PGPR), abiotic stress, Principal Component
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1. Introduction

The world's food crop productivity is greatly impacted by
abiotic stresses such as drought and soil salinity. Both
abiotic stresses lowers the soil water potential and plant
water uptake capacity, which slows the pace of cell division
in developing tissues, the stomatal conductance, and
ultimately the rate of photosynthetic activity (Munns 2011) .
Transgenic techniques, conventional breeding, and water -
saving irrigation are all used as strategies to increase plant
resistance to drought stress. However, they are extremely
technological and labor - intensive techniques (Niu et
al.2018) . The application of plant growth promoting
rhizobacteria (PGPR) is an alternate strategy employed to
mitigate abiotic stresses in plants. Sustainable agriculture is
promoted by the use of stress - resistant PGPR since it is
more environmentally friendly as compared to use of
chemical - based fertilizers (Saikia et al.2018) . PGPR can
either directly or indirectly promotes plant growth using
various mechanism (Beneduzi et al.2012) . They mitigate
stress condition in plant by production of phytohormones,
controlling ethylene formation using the ACC (1 -
aminocyclopropane - 1 - carboxylate) deaminase enzyme
(Vurukonda et al.2016) fixing atmospheric nitrogen, and
solubilizing mineral phosphates (Saleem et al.2018) . The
ability of the PGPR to adequately protect plants under
drought stress, especially in soils with low moisture content,
depends on their ability to survive in the host plant's
rhizospheric environment in sufficient numbers. This is
because microorganisms that are not adapted to water -
stressed soils may perish under these un - favorable

circumstances (Van Meeteren et al.2008) . Therefore, PGPR
that are abiotic stress tolerant may be preferable to others in
terms of benefiting plants during stress conditions. So in the
present work, we study the PGP traits of bacteria which
were previously isolated from the rhizosphere of a drought
tolerant crop guar or cluster beans [Cyamopsis
tetragonoloba (L.) Taub]. Cyamopsis also known as guar is
a drought and high temperature tolerant legume grown
mostly in arid and semi - arid regions of the Indian
subcontinent (Sharma et al.2012) . Guar is a versatile crop
that is utilised in a variety of industries, including the food
processing sector as an emulsifier and thickening.
Additionally, it is utilised in textiles, printing, pharma, and
cosmetics (Mudgil et al.2014) . Seeds of guar are the source
of guar gum, which is used as thickening agent for hydraulic
fracturing of shale in oil and gas industry (Abidi et al.2015)

In the present study, selected abiotic stress tolerant
rhizobacteria of Cyamopsis were assessed for PGP traits
under drought and salinity stress. These rhizobacteria were
also studied for exopolysaccharide production, zinc
solubilization and enzymes assay. As a consequence of the
research, it was concluded that the selected PGPR has
enormous potential for use as bioinoculants in abiotic
stressed agricultural systems.
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2. Materials and Methods

2.1 Bacterial isolates

Rhizobacteria used for present study were isolated from
rhizosphere soil of Cyamopsis, collected from different
regions of Gujarat by us earlier (Jain and Saraf 2021) . Ten
bacterial isolates (MN17, MN40, KM1, KM6, KM9, KM11,
KM17, AK5, AK9 and AK17) were selected on the basis of
their abiotic stress tolerance for present work.

2.2 ldentification of Plant growth promoting (PGP) traits
of bacterial isolates

Different PGP traits of bacterial isolates were studied under
non stress and abiotic stress condition i. e drought and
salinity (drought at - 0.15 MPa and - 0.73MPa; salinity at
5% and 10% NaCl concentration).

2.2.1 Phosphate solubilizing assay: Solubilization of
phosphate was assessed using Pikovskayas agar medium
(glucose: 10 gm, calcium phosphate: 5 gm, ammonium
sulfate: 0.5 gm, potassium chloride: 0.2 gm, magnesium
sulfate: 0.1 gm, yeast extract: 0.5 gm, agar: 15 gm, distilled
water: 1000 ml). One loop full of active bacterial cultures
was spot inoculated on plates and incubated at 28°C for 6
days. The plates were observed for the appearance of a
solubilization zone around the bacterial colony.
Quantification of tri - calcium phosphate solubilization was
done under normal and abiotic stress conditions in
Pikovskayas liquid medium containing PEG - 6000 using
ammonium molybdate reagent (Fiske and Subbarow 1925)
.5ml of Pikovskayas liquid medium in 30 ml test tubes were
inoculated with 50ul of active bacterial cultures. Test tubes
were incubated at 28°C in an incubator shaker at 180 rpm for
7 days. The supernatant was analyzed for phosphate
solubilization by ammonium molybdate test and
concentration was calculated by the calibration curve
prepared using KH2PO4.

2.2.2 Production of indole acetic acid (IAA): The bacterial
cultures were inoculated in sterile tryptone yeast extract
broth (tryptone: 10 gm, yeast extract: 3 gm, NaCl: 5 gm, L -
tryptophan: 0.204 gm, distilled water: 1 L, pH: 7) to test the
production of IAA under normal and abiotic stress
conditions. Inoculated flasks were covered with paper to
create dark and kept in a shaker for 72h at 28°C. One ml of
the culture’s supernatant was added to an equal volume of
Salkowski reagent (50ml, 35% hydrogen peroxide, 1ml
0.5M FeClssolution). This mixture was incubated in dark for
1h at room temperature. The development of pink color
indicated the production of IAA by bacterial cultures.
Quantification of IAA was done by measuring the
absorbance at 535nm using a spectrophotometer and
concentration was determined by standard curve of IAA
(Sarwar and Kremer 1995) .

2.2.3 Production of ammonia: The bacterial cultures were
grown in peptone water broth for 72h at 28°C under static
conditions. After incubation, the cell - free supernatant was
mixed with 1ml Nessler’s reagent. The development of
yellow to brown color showed the presence of ammonia
(NHs3). Quantification was done by measuring the
absorbance at 450 nm using a spectrophotometer and the

concentration of ammonia was calculated by the standard
curve of ammonium sulfate (Dye 1962) .

2.2.4 Determination of ACC deaminase activity: The
ability of bacteria to use 1 - aminocyclopropane - 1 -
carboxylate (ACC) as a sole nitrogen source determined the
presence of ACC deaminase activity in them. The bacterial
cultures were inoculated in NB medium and incubated for
24 hrs at 28°C at 120 rpm. The cells were extracted, washed
2 - 3 times with sterile 0.1M Tris - HCI (pH 7.5) and spot
inoculated on Petri plates containing DF salt minimal
medium (Dworkin and Foster 1958) (glucose: 2.0 gm;
gluconic acid: 2.0 gm; citric acid: 2.0 gm; KH2PO4: 4.0 gm;
Na;HPO4: 6.0 gm; MgSO..7H,O: 0.2 gm), micronutrient
solution (CaClz: 200 mg; FeSO4.7H,0: 200 mg; H3BOs: 15
mg; ZnS04.7H;0: 20 mg; NazMoOs: 10 mg; KI: 10 mg;
NaBr: 10 mg; MnCl,: 10 mg; COClz: 5 mg; CuClz: 5 mg;
AICIl3: 2 mg; NiSOs: 2 mg; distill water: 1000 ml)
supplemented with 3mM ACC instead of (NH4) 2SO, as a
nitrogen source. The plates were incubated for 72 hat 28°C
and checked for growth after every 24h. Quantification of
ACC deaminase activity under non - stress and stress
conditions was done by measuring the production of a -
Ketobutyrate produced by the cleavage of ACC by ACC
deaminase (Penrose and Glick 2003) .

2.2.4 Other traits: To test the production of EPS, bacterial
isolates were inoculated on nutrient agar plate supplement
with 5% sucrose and incubated for 3days at 28°C. Colonies
showing thick mucoid like appearance on plates were
producing EPS. The zinc solubilization assay of the bacterial
isolates was analyzed on the modified Pikovskaya medium
having 1g insoluble zinc oxide (ZnO). The cultures were
streaked on medium plates and incubated at 28°C for 4 - 5
days. The formation of clear zone around colonies
confirmed the sobubilization of zinc by bacterial isolates
(Singh et al.2020).

2.2.5 Enzymes assay: Cellulase activity of bacterial isolates
was examined by using method of Cattelan (Cattelan et
al.1999) . Pure bacterial cultures were spot inoculated with
nutrient agar supplement with 1% carboxymethylcellulose
(CMC) and incubated for 48 - 72 h at 30°C. Cellulase
activity was observed by pour 0.1% congo red solution in
plates for 15 min and then destained with 1M NaCl solution
for 15 min. Then the plates were examined for positive
cellulase production. Protease activity of bacterial isolates
was observed according to Smibert (Smibert and Krieg
1994) . The medium used for this activity was skim milk
agar with 0.04 % bromo cresol green as a pH indicator.
Bacterial isolates was spot inoculated on medium plates and
incubated for 48 - 72 h at 30°C. A halo zone around colonies
indicates positive protease activity. Catalase test was
examined by spotting freshly grown bacterial isolates on
sterile slide with the help of sterile wire loop and then add a
drop of 3% hydrogen peroxide on it. The formation of
bubbles showed positive catalase activity of bacterial
isolates.

2.3 Statistical Analysis

Analysis of Variance (ANOVA) was carried out to
investigate the effect of stress conditions on PGP traits of the
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selected isolates. Following ANOVA, Tukey’s HSD post
hoc test was carried out for comparison of means (at
p<0.05). Significantly different means were indicated with
different letters. All statistical computations were carried out
using SPSS 24.0. Data from PGP traits was used to generate
the biplot ordination diagram of principal component
analysis with Python 3.7.15 using PCA package.

3. Results and Discussion
3.1 Plant growth promoting traits of bacterial isolates:

PGP traits of the selected isolates were observed under non -
stress and stress conditions.

Phosphate solubilization: All ten isolates were able to
solubilise phosphate. Among the ten selected isolate, the
best phosphate solubilization was observed for isolate AK17
(59.7£2.3 pg/ml) under non - stress conditions. Three
isolates (KM1, KM6 and AK17) showed an increase in
phosphate solubilization up to osmotic potential of -
0.79MPa, whereas in isolates MN17, KM17 and AK9 an
increase in phosphate solubilization was observed only upto
- 0.15MPa osmotic potential and beyond that either a
decrease or no phosphate solubilization was observed. In
other four isolates (MN40, KM9, KM1l and AKDb5)
phosphate solubilization decreased with increase in drought
stress. The highest solubilization was observed in AK17
isolate at osmotic potential of - 0.73MPa (85.37+1.5ug/ml)
followed by KM1 and KM6 (Fig 1a). There wasa42.8 %
increases in phosphate solubilization under osmotic potential
of - 0.73MPaas compared to non - stress in the AK17
isolate. Similarly at salt stress highest solubilization was
observed for isolate AK17 (88.76+0.34ug/ml) at 10% NacCl.
The MN40 and KM6 isolates showed decrease in the
phosphate solubilization with increase in salt stress while
isolate KM1 showed highest solubilization at 5% salt
concentration (Fig 1b). Isolate AK17 showed the highest
solubilization of phosphate under both the stresses.
Similarly, Pseudomonas libanensis EU - LWNA - 33 strain
isolated by Kour showed higher solubilization of phosphate
under drought condition as compare to normal (Kour et
al.2019). Upadhyay found that their bacterial isolates were
able to solubilise phosphate at 8% NaCl concentration
(Upadhyay et al.2009). Previous study have reported
solubilization of phosphate by PGPR under drought and salt
stress condition (Toribio - Jimenez et al.2017).
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Figure 1: Phosphate solubilization by bacterial isolates
under l1a drought stress 1bsalt stress

AK3 ARV

3.1.2 1AA production: Out of ten bacterial isolates six
(KM1, KM6, KM9, KM11, KM17 and AK17) were positive
for IAA production. Under non - stress conditions, the IAA
production was highest in bacterial isolate AKZL7i.
€133.07+0.51 pg/ml but the production decreased with an
increase in osmotic potential. While in the case of
KMé6isolate 1AA production increased with osmotic
potential as compared to non stress condition with the best
activity obtained at - 0.15 MPa osmotic potential
(136.09+1.64pg/ml). There was a33.6% increase in the
production of IAA under stress conditions (- 0.15 MPa)
compared to control in theKM6 isolate. At - 0.73MPa
osmotic potential, the production of IAA decreased in all
three strains (Fig 2a). Under salt stress, the highest 1AA
production was observed in AK17 isolate (135.4+0.95
pg/ml) at 5% NaCl followed by KM6 and production was
decrease at 10% salt concentration (Fig 2b). It has been
reported by many researchers (Dimkpa et al.2009; Saleem et
al.2018) that IAA producing bacteria are helpful to mitigate
stress by enhancing the root growth, formation of the lateral
root, root hair thereby increasing the uptake of water and
nutrients by the plant. Dimkpa found that inoculation of
plants with IAA producing Azospirillum enhanced tolerance
to abiotic stress (Dimkpa et al.2009). Similarly, German
reported that inoculation of Phaseolus vulgaris with A.
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brasilense Cd - an IAA producing PGPR resulted in a
significant change in the root morphology of the plant under
drought stress (German et al.2000).
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Figure 2: IAA production by bacterial isolates under 2a
drought stress 2b salt stress

3.1.3 Ammonia production: Ammonia production help in
cell signaling and improves plant growth during stress
conditions (Anwar et al.2016). All ten isolates were positive
for ammonia production, out of which the highest
production was observed for KM6 (28.5+0.40ug/ml)
followed by AK17 (27.49+0.5 pg/ml) under non stress
condition. But under stress condition (drought and salt)
decrease in the ammonia production was observed for all
isolates expect AK17 which showed highest production
(40.83+0.51ug/ml) at - 0.73 MPa osmotic potential (Fig 3a,
b).
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Figure 3: Ammonia production by bacterial isolates under
3a drought stress 3b salt stress

3.1.4 ACC deaminase activity: Among ten isolates, three
isolates i. e KM1, KM6 and AK17 were positive for ACC
deaminase activity and grew well on Petri plates having DF
salt minimal medium with ACC as a sole nitrogen source.
The assay for ACC deaminase enzyme activity under non -
stress and stress conditions was done by quantifying the
amount of o - Ketobutyrate produced when ACC deaminase
cleaves ACC. Under non stress condition, isolate KM6
showed a greater amount of ACC deaminase activity
(43.88+1.4um o - Ketobutyrate/mg/h) followed by AK17
(35.94£0.7um a - Ketobutyrate/mg/h). Under drought stress
isolates KM6 and AK17 showed an increase in ACC
deaminase activity by 36% and 40% at - 0.73 MPa osmotic
potential compared to control. While a decrease in activity
was noticed for isolate KM1 with increase in drought stress
compared to non stresscondition (Fig 4a). At 10% salt stress,
an increase in ACC deaminase activity was observed for
only KM6 isolate (15%) compare to control (Fig 4b).
According to previous report, bacteria with ACC deaminase
activity reduce the amount of "stress ethylene" and hence
increase resilience to several stress (Nukui et al.2000).
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Figure 4: ACC deaminase activity of bacterial isolates under 4a drought stress 4b salt stress

3.1.5 Other traits: Out of 10 isolates, 7 showed the mucoid
like appearance on plate and were positive for EPS
production. Zinc solubilization assay was showed by only
one isolate i. e KM1. Isolates showing hydrolytic enzymes
activity such as cellulase and protease, help in
decomposition of organic matters and  nutrient

()

mineralization, as well as the entry of microbes into host
tissues (Lima et al.1998) . Cellulase activity was showed by
only three isolates (KM1, KM6 and AK17) while all ten
isolates were positive for protease and catalase activity. The
different PGP traits of isolates are shown in fig 5.

Figure 5: In vitro screening of PGP traits (a) Phosphate solubilization (b) IAA production (c) Ammonia production (d) EPS
production (€) Zn solubilization (f) Protease activity (g) Cellulase activity
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Table 1: Plant growth promoting traits of bacteria isolates

Isolates| EPS. Zn  |Protease | Cellulase | Catalase
production |solubilization| activity | activity | activity
MN17 - - ¥ ; +
MN40 + - + ; "
KM1 + + + T "
KM6 + - n 7 "
KM9 + - n ; "
KM11 + - + ; "
KMm17 + - + ; "
AK5 - - T n "
AK9 - - T n "
AK17 + - n 7 "

(+) Present, ( -) Absent;

Principal Component Analysis was carried out to better
visualize the PGP trait variability of the 10 isolates. The first
principal component PC1 explained 74.5% of variance while

second principal component PC2 explained 9.68% variance.
The biplot diagram of the principal component analysis
describes the plant growth promoting traits of 10 isolates
under normal and various drought and salinity conditions.
PCA revealed that isolates AK17 has the most prominent
PGP activities amongst all isolates. Further isolate KM6
gave the best ACC deaminase activity under normal as well
as stress conditions. Isolates KM1 and KM11 showed
similar PGP traits but they were distinguished by their
higher ammonia and phosphate solubilization activity under
drought and salinity stress conditions. PCA analysis helped
us in identifying the most promising isolates based on the
PGP activity. KM6 and AK 17 were the obvious choices
while amongst KM1 and KM11, KM1 was selected for
further activities as it had marginally higher PGP activity
compared to KM11 (Fig 6).
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Figure 6: Biplot ordination diagram of principal component analysis describing plant growth promoting traits of 10 bacterial
isolates under normal (N), drought (D) and salt (S) stress conditions

4. Conclusion

This study revealed that the abiotic stress tolerant
rhizobacteria associated with drought tolerant cluster beans
display PGP traits such as phosphate solubilization, I1AA
production and ammonia production activity even under
drought and salinity stress conditions. The ACC deaminase
activity shown by selected isolates plays crucial role to
withstand under abiotic stress conditions. Other activities
such as EPS and enzymes production enhance their survival
rate under drought and salt stress. Therefore, the roots of
cluster beans act as a good source of stress tolerant
rhizobacteria competent in guarding the plant against stress.
The application of such stress tolerant PGPR as
bioinoculants for stress sensitive crops may be a promising
approach towards sustainable agriculture.
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