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Abstract

Wheat and corn crops contribute to the food security of humans by providing a nutrient-rich diet. However, their
production in abiotic stress conditions such as salinity is limited. Endophytes exert a beneficial effect on plants
through the decomposition of organic materials for smooth absorption, detoxification, and reduction of the effect
of phytopathogenic microorganisms by increasing the immunity of host plants to resist phytopathogens and
through nutrient deposition in plants responsible for reducing salt stress. The present study aimed to evaluate
the NaCl tolerance efficiency of 7riticum aestivum L. var. HD 2687 and Zea mays var. PSCL-4642 cultivars at
the germination stage after inoculation with salt-tolerant bacterial endophyte BoGl21 isolated from Bougainvillea
glabra. The seeds of both crops were tested for percentage of seed germination with/without bacteria at 50, 100,
150, and 200 mM NaCl concentrations. The BoG121 isolate induced a significant increase in radicle length in corn
(25.6 mm) as compared to that in wheat (10.3 mm) at 50 mM NaCl. However, at 100 mM NaCl, the radical length
of wheat and corn seedlings was 5 mm and 8.8 mm, respectively. Inoculation of maize and wheat with the bac-
terial isolate significantly increased the plumule length of the germinated seeds as compared to that of controls.
BoGI21 increased the plumule length of wheat as compared to that of the control seeds by 31.9, 11.7, and 4.8 mm
at 50, 100, and 150 mM salinity stress, respectively. Inoculation of corn seeds with BoGI21 at the tested NaCl
levels (50, 100, and 150 mM NaCl) increased the plumule length of the germinated seeds by 33.1, 22, 13.2, and
3.2 mm, respectively. The current research results support the hypothesis that bacterial endophytes could be
beneficial to minimize the toxicity of saline stress on wheat and corn at the time of germination.
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Introduction

Every living being on the Earth is dependent on
plants for their primary needs such as oxygen and food
(Macauley, 2015). More than 90% of global nutrition
comes from 12 crop varieties and 14 livestock species
(FAO, 2009; Macauley, 2015). Wheat, rice, and corn are
primary energy-providing crops for more than 50% of the
global population (Myresiotis et al., 2015). Significant
challenges to the current agricultural system, namely
abiotic stresses due to climate change, affect soil salinity
which has been widely documented to have an adverse
impact on food security (Nehra et al., 2016). An increase
in soil salinity is because of an increase in environmental

temperature that leads to loss of moisture from the soil.
This in turn elevates NaCl levels in the soil, thereby
transforming fertile fields to arid lands. It should be
emphasised that an increase in soil salinity retards plant
growth, reduces product yield and flowering, and redu-
ces the process of pollination (Yasin et al., 1998). In-
creased levels of salinity may cause ionic and osmotic
stresses that negatively affect plant growth. Changes in
osmotic pressure may lead to reduced cell turgor pres-
sure due to changes in the water balance inside and out-
side of the cells. This in turn reduces cell elongation and
cell division rates (Kumar and Verma, 2018).
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In the natural habitat, plants share a considerable
amount of space and nutrients with many microorga-
nisms. This nutrient-rich habitat is highly conducive for
initiating positive mutual interactions between plants
and microorganisms (Sarkar et al., 2018). These micro-
organisms (plant growth-promoting bacteria — PGPB)
have various biochemical pathways such as deaminase
activity, nodule formation, siderophore production, or-
ganic acid production, and other physiological activities
that help the plants to bear stress (Ullah et al., 2019).
PGPB are usually linked with various plant varieties and
are typically found in various conditions. One of the most
extensively examined class of PGPB are plant growth-
promoting rhizobacteria (PGPR) found on root surfaces
as well as on strongly adhering soil interface (Perrig
et al., 2007). Regardless of the diverse environmental
availability, free-living rhizobacteria and symbiotic bac-
teria utilize several identical mechanisms to enhance
plant development and to manage phytopathogens
(Karnwal and Kaushik, 2011). Many researchers (Tak
et al., 2013; Haiyambo et al., 2015; Carlos et al., 2016)
have reported that PGPR are ineffective under sudden
changes in environmental conditions, namely stress con-
ditions. Therefore, stress resistance is an important
parameter when formulating microbial inoculants (Karn-
wal and Dohroo, 2018). These microorganisms can be
used to reduce saline stress in plants and to restore
salinity-prone lands for cultivation (Vejan et al., 2016;
Etesami and Maheshwari, 2018; Abedinzadeh et al.,
2019). Endophytic bacteria are the plant beneficial bac-
teria that thrive inside plants and can improve plant
growth under normal and challenging conditions. They
can benefit host plants directly by improving plant nu-
trient uptake and by modulating growth- and stress-
related phytohormones (Taghavi et al., 2015). Indirectly,
endophytic bacteria can improve plant health by tar-
geting pests and pathogens with antibiotics, hydrolytic
enzymes, and nutrient limitation and by priming plant
defences (Chauhan et al., 2016). Endophytes also have
a beneficial effect on plants through the decomposition
of organic materials for smooth absorption, detoxi-
fication, and reduction in the effect of phytopathogenic
microorganisms by increasing the immunity of host plant
to resist phytopathogens and through nutrient deposi-
tion in plants responsible for reducing salt stress (Yadav
et al., 2011; Kumar et al., 2012; Karnwal, 2017). The
most commonly found genera of bacterial endophytes

are Microbacterium, Pseudomonas, Burkholderia, Steno-
trophomonas, Bacillus, Pantoea, and Micrococcus (Alma-
ghrabi et al., 2013)

Plant species effectively adapt and revolutionise
themselves by using various strategies (through nutrient
uptake and ionic balance, plant physiological response,
antioxidant defence response, and proline accumulation)
to overcome salt toxicity. Bougainvillea is a genus that
grows and flourishes in saline areas (Jasim et al., 2015).
It is a drought-tolerant, salt-tolerant, and wind-resistant
plant (Islam et al., 2016; Abarca-Vargas and Petricevich,
2018). Bougainvillea glabra is a species that flourishes in
well-drained, acidic soils with pH 5.5-6.0 and is not able
to grow in soils which are persistently wet. B. glabra was
used in the present study to isolate salt stress-tolerant
bacterial endophytes that were further tested on wheat
(Triticum aestivum L. var. HD 2687) and corn (Zea mays
var. PSCL-4642).

Materials and methods

Isolation of bacterial endophytes

Endophytic bacteria were isolated from the leaves of
B. glabra growing at Bhojia Institute of Life Sciences,
Budh, Baddi, Himachal Pradesh, India (located at lati-
tude 30.952802 and longitude 76.776914). The samples
were thoroughly cleaned and sterilised (Karnwal, 2017)
and then aseptically shredded (0.5 cm” size) before pla-
cing them on modified nutrient agar medium (NAM)
enriched with 4% salt (NaCl). The plates were incubated
for up to 72 h at 28+1°C in dark. Individual bacterial
colonies that developed around the inoculated leaf samp-
les were assessed for their characteristics and appea-
rance. The pure cultures (overnight grown bacterial cul-
tures) were subsequently preserved with 30% glycerol
and kept at —-80°C until further examination.

Stress tolerance screening of bacterial isolates

Salinity tolerance of the isolated bacterial species was
investigated on NAM supplemented with different NaCl
concentration: 5% (0.86 M); 7% (1.2 M); 8.5% (1.46 M);
10% (1.71 M); and 12% (2.054 M). The plates were
streaked with bacterial culture and incubated in a BOD
incubator for 48 h at 28 +1°C. Bacterial isolates that
grew above 4% NaClwere documented as salt stress-resi-
stant and tested in wifro for temperature stress
(25-40°C), pH stress (5-8), and plant growth promotion
(PGP) attributes (Karnwal, 2019).
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The results of the stress study on bacterial growth
were recorded as binary numbers (growth “1” and no
growth “0”) and were analysed using PAST 3.22 soft-
ware.

Screening for PGP traits

Solubilisation of phosphate

Phosphate solubilisation assay was conducted by ap-
plying spot inoculation of each bacterial isolate on modi-
fied Pikovskaya’s agar (HiMedia) and presented in the
form of solubilisation index (SI) (Karnwal, 2017). Clear
halo zones around the bacterial growth were considered
as positive for phosphate solubilisation and quantified
using the following equation (Edi-Premono et al., 1996):

Phosphate solubilization index (SI) =
_ (colony diameter + halo zone diameter)
- colony diameter

The inorganic phosphate liquefaction was measured
In vitro by calculating existing liquid phosphate in 0.5%
tri-calcium phosphate (TCP)-supplemented media. Pi-
kovskaya’s broth was inoculated with isolated salt-tole-
rant bacteria in triplicate. All flasks were incubated at
28+1°C on a rotary shaker incubator for 120 h at
180 rpm and then centrifuged for 10 min at 11180 g.
Phosphate in the culture medium was measured using
the phosphomolybdate method (Vaishnav et al., 2016).

IAA-like auxin production

IAA production was measured on DF (Dworkin and
Foster) medium enriched with 0.1% L-tryptophan using
Van Urk Salkowski reagent by Salkowski’s method (Ar-
mada et al., 2016). The bacterial isolates (100 pl) were
incubated in DF medium supplemented with L-trypto-
phan for 48 h at 28 +1°C. The culture broth was centri-
fuged at 11963 g, and 1 ml of supernatant with 2 ml of
Salkowski reagent (2% 0.5 FeCl, in 35% HCIO,) was in-
cubated in the test tube. This mixture was left without
any disturbance for 30 minutes in the dark at room tempe-
rature. The optical density (OD) was recorded at 530 nm,
and the amount of IAA-like auxins was measured as pg/ml
against the non-inoculated control. A standard curve of va-
rious concentrations (range 0-250 pg/ml) of pure IAA
(Merck, Frankfurt, Germany) was prepared by plotting
IAA concentration based on the optical density (Alma-
ghrabi et al., 2013).

1-Aminocyclopropane-1-carboxylate (ACC)
deaminase assay

The ACC deaminase assay for salt-tolerant isolates
was performed on DF salt minimal medium (Dworkin
and Foster, 1958) supplemented with ACC as the sole
nitrogen source. DF agar plates inoculated with bacteria
were incubated for 48 h at 28 = 1°C. The appearance of
a bacterial colony after incubation was considered as po-
sitive.

Siderophore production

Chrome-azurol S (CAS) medium was used to confirm
the siderophore production potential of bacterial isolates
(Schwyn and Neilands 1987). Bacterial culture after 24 h
incubation was inoculated on CAS agar and incubated for
48-72hat 28+ 1°C. Colour change of CAS agar medium
from blue to orange or yellow around the bacterial
growth confirmed siderophore production.

HCN determination

The capability of bacterial isolates to produce HCN
was tested according to Akter et al. (2016) with some
modifications. The NAM amended with glycine (4.4 g/1)
was streaked with bacterial isolates. A sterile Whatman
No. 1 filter paper was placed on the upper lid of the
Petri plate saturated with picric acid solution (2.5 g of
(O,N),C,H,0H; 12.5 g of Na,CO,, 1000 ml of distilled
H,0). Petri plates sealed with parafilm were incubated
at 28+ 1°C. The change of colour (colour of Whatman
No. 1 filter paper saturated with picric acid solution) to
light/moderate/intense brown was considered as posi-
tive for HCN.

Colonisation ability

Root colonisation of BoGI21 was tested with wheat
and corn seeds as described by Silva et al. (2003). The
seeds were obtained from the Indian Agricultural Re-
search Institute (IARI), Pusa, Delhi, India, and sterilised
according to Karnwal (2019). Surface-sterilised seeds
were immersed and left for 12 h in bacterial culture su-
spension (two-day-old bacterial growth) with 9 logl0
CFU ml ' and then placed in culture tubes containing
0.05% Phytagel (Sigma-Aldrich) for germination. The
bacterial isolate BoGI21 was tested in three replicates
(a replicate was considered as one seed in a tube).
Change in the opacity of Phytagel near roots was con-
sidered as bacterial root colonisation.
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Effect of NaCl Stress on Seed Germination

Effect of different concentrations of NaCl on seed
germination was analysed by placing 10 surface-sterili-
sed plant seeds in a petri dish lined with wetted What-
man No. 1 filter paper (5 ml of 0, 50, 100, and 150 mM)
of sterile NaCl solution. For each treatment, Petri plates
were incubated in a plant growth chamber at 28°C, and
the number of germinated seeds was recorded for four
subsequent days after 24 h. All the experiments were
conducted in the dark and in triplicate.

Seed inoculation

The bacterial suspensions were adjusted at 0.5
McFarland (cell density: 8 logl0 CFU ml ' at 600 nm).
McFarland Standard was considered as the benchmark
to control the final turbidity of bacterial culture to en-
sure that it is in a specific range (0.5 McFarland =
1.5x10° CFU ml '; 1 McFarland = 3.0 x10° CFU ml ;
2.0 McFarland = 6.0x10° CFU ml %; 3.0 McFarland =
9.0x10° CFU ml ™).

Surface-sterilised seeds were immersed in bacterial
suspension and rotated at 150 rpm for 2 h at 28°C. Sub-
sequently, the seeds were air-dried in a laminar airflow
hood for 60 min. Ten seeds per plant were placed on
sterile moistened Whatman No. 1 filter paper (wetted
with 5 ml of sterile distilled water). All trials were con-
ducted in triplicate.

Seed inoculation under salinity conditions

Effect of the bacterial isolate BoGI21 on seed germi-
nation and under different salinity conditions was de-
termined with different NaCl concentrations (50, 100,
150, and 200 mM). Ten surface-sterilised bacterial ino-
culated seeds were separated, and each was placed in
a Petri dish lined with sterile Whatman No. 1 filter pa-
per. Sterile distilled water was used instead of bacterial
suspension to serve as control. Five millilitres of sterile
50, 100, 150, and 200 mM NaCl solution was used for
maintaining salinity and moisture conditions during the
experiment. The germination percentage (%) was calcu-
lated based on Kader’s equation:

number of germinated seeds
total number of seeds

Germination [%] = x 100

Characterisation and identification
of the bacterial isolate

Biochemical identification of BoGl121 was carried out
according to Bergey’s Manual of Determinative Bacterio-

logy (Holt et al., 1994). For phenotypic characterisation,
Gram’s staining, motility testing, and endospore staining
were performed (Karnwal and Kaushik, 2011). Phylo-
genetic analysis and 16S ribosomal RNA sequencing were
carried out for the bacterial isolate BoGI21 according to
Karnwal (2019) by using the DNeasy-Plant Mini Kit (Qia-
gen, USA) and universal/16S rRNA gene (rDNA) bacterial
primers 534r (5'-ATTACCGCGGCTGCTGG-3") and
U1517R (5'-ACGGCTACCTTGTTACGACTT-3").

Trial design and statistical analysis

All trials were performed in a randomised block de-
sign. Numerical data generated from seed germination
and growth promotion experiments were subjected to
analysis of variance (ANOVA). Fisher’s significant diffe-
rence (LSD) test at P values of 0.05 was used to com-
pare the mean of the treatments.

Results and discussion

Isolation of bacterial endophytes

In a natural environment, plants have to manage va-
rious biotic and abiotic stresses (Balseiro-Romero et al.,
2017). Abiotic stresses refer to inanimate components
associated with the environment, such as nutrients, salt
concentration, water availability, temperature change, and
pH, which directly influence plant growth in the agricultu-
ral field (Kumar and Verma, 2018). In the present study,
28 bacterial endophytes were screened from the leaf
samples of B. glabra (designated as BoGll to BoGI28).
Four isolates (BoGl5, BoGl8, BoGl21, and BoGl26) were
found to have salt-tolerant ability and were subcultured in
pure form at 5% NaCl-supplemented NAM for further stu-
dies. The characteristics of the four isolates are given in
Table 1. All four isolates had colonies from irregular to
circular ones (see Table 1).

Endophytic microorganisms rely on natural host
plants to survive. Several researchers (Khalifa et al.,
2016; Nascimento et al., 2016) have reported less di-
verse endophytic bacteria in plants (4 log10 to 8 log10
CFU/g of plant tissue) than rhizospheric bacteria
(6 1og10 to 9 logl0 CFU/g of soil). On the basis of the
results of previous studies (Mahmood et al., 2016; Ete-
sami and Maheshwari, 2018; Noori et al., 2018), the use
of beneficial microorganisms in agricultural fields to
increase salt-stress tolerance of plants has been pro-
posed. In the present study, the four bacterial isolates
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Table 1. Microscopic and macroscopic characteristics of the isolated bacterial cultures

Bizi)tlzial Shape Colour Margin | Elevation (s}tfllrlll
BoGI5 rod pale yellow | circular convex -
BoGI8 cocci yellow irregular raised -
BoGI21 rod whitish irregular raised +
BoGl26 cocci whitish circular raised -

Table 2. Screening of bacterial isolates for phosphate solubilisation ability

Bacterial Phosphate solubilization efficiency Phosphate Phosphate
isolate colony diameter | halo zone diameter solu}olllzatlon solubilization
[mm] [mm] index [pg/ml]
BoGl5 10£0.02 0 1.00£0.02 0
BoGI8 1+0.07 0 1.00£0.03 0
BoGI21 6+0.12 38+0.08 7.33+0.01 | 214.59+0.21
BoGI26 1.5+0.03 8+0.02 6.33+0.05 | 103.83+0.04

Values are the mean of 3 replicates + standard error of mean

Table 3. Screening profile of bacterial isolates for various PGP characteristics

Bacterial [AA-like auxin HCN Slderqphore AQC
. production . production zone  deaminase
isolate . production " A
[ng/mi] [mm] activity
BoGl5 0.26 £ 0.01 ++ 1.8 £ 0.47 -
BoGI8 2.7+151 - 8.2+1.62 -
BoGI21 28.1+1.38 +++ 18.8 +1.82 +++
BoGI26 6.62 £ 2.10 + 8.1+0.61 +

*mean of 3 replicates * standard error of mean;
+++ — strong action, ++ — modest action, + - weak action, (-) — no action

were tested for their PGP traits: IAA production, phos-
phate liquefaction, siderophore production, ACC deami-
nase activity, and hydrogen cyanide production.
Phosphorus is an essential macronutrient required by
all living organisms. Plants require it in small amounts
although its critically low availability could lead to defi-
ciency and thus adversely affect their growth (Karnwal,
2017). The required amount of phosphorus for optimal
growth ranges from 25 pmol/I to 30 pmol/l, but the ac-
tual amount of phosphorus available in most soil types
ranges only from 1 pmol/l to 1.7 pmol/1 (Perrig et al.,
2007). Several researchers (Perrig et al., 2007; Mascia-
relli et al., 2014) have reported that plants use soil bac-
teria for liquefaction of mineral phosphates into a utili-

sable form. The current study found only two isolates
that showed bright areas surrounding the bacterial
growth with a diameter ranging from 8 to 38 mm and
phosphate solubilisation index ranging from 6.33 to
7.33, thus indicating positive results (Table 2). The
phosphate-solubilising efficiency of all four isolates cho-
sen for testing in 0.5% tri-calcium phosphate supplemen-
ted with Pikovskaya’s broth showed that two bacterial
isolates successfully liquefied mineral phosphate in the
inoculated broth (Table 2). Phosphate solubilising bac-
teria (PSB) BoGI121 and BoG126 were found to solubilize
phosphate to the level of 214.59 pg/ml and 103.83 pg/ml
soluble phosphate, respectively, in the broth after 48 h
of incubation.
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The phosphate solubilising efficiency of all four
strains is shown in Table 2. Inorganic phosphate solubili-
sation by microorganisms is important for crop growth
as a source of nourishment. Earlier studies have repor-
ted the application of numerous soil bacterial genera,
namely Achromobacter, Pseudomonas, Flavobacterium,
Enterobacter, Serratia, Bacillus, Mycobacterium, Er-
winia, Agrobacterium, and Escherichia, as phosphate
solubilisers (Haiyambo et al., 2015; Carlos et al., 2016).

Production ofIAA, which is important for plant growth,
is one of the most critical characteristics of a wide variety
of soil microorganisms. IAA is a growth hormone associa-
ted with rhizome propagation, plant cell proliferation, and
cell duplication (Karnwal and Dohroo, 2018). In the pre-
sent study, all the four isolates were analysed for IAA
production (namely availability of L-tryptophan), and
they all showed positive attributes for IAA production
ranging from 0.26 pg/ml to 28.1 pg/ml (see Table 3).
The isolate BoGI21 produced the maximum amount of
IAA of 28.1 pg/ml. Strains BoGl5, BoGl8, and BoG126
produced lower amounts of IAA (0.26 ug/ml, 2.7 pg/ml,
and 6.63 pg/ml, respectively).

Karnwal (2019) reported the significance of rhizo-
competent stress-resistant microorganisms with diverse
functions that are primarily responsible for the elimina-
tion of salt anxiety in crops. The biosynthesis of iron sca-
venger siderophores is an important function of PGPRs
(Chauhan et al., 2016). It promotes plant development
by increasing nutrient supply for the plant while redu-
cing iron supply for soil-borne phytopathogens. In the
current study, three isolates (BoGl5, BoGI21, and
BoGl26) showed positive results for HCN, all the iso-
lates showed positive results for siderophore production,
while only two isolates (BoGI21 and BoGl26) showed
ACC deaminase activity (see Table 3).

The PGPRs in soil produce ACC deaminase and pro-
mote plant growth; they also protect the plant against
abiotic (drought, salt, flooding, and inorganic and organic
contaminants) (Benidire et al., 2016) and biotic stresses
(bacterial and fungal pathogens). These secondary meta-
bolites have an immediate effect on shoot, root, and seed
growth of various crops.

Screening for stress tolerance
Microorganisms use various mechanisms to enable

them to survive under stress environment. Numerous
bacterial genera such as Azotobacter, Bacillus, Pseudo-

monas, and Rhizobium are competent to withstand abio-
tic stresses by synthesising a significant amount of exo-
polysaccharides (EPS) (Torres et al., 2019). In the pre-
sent study, the bacterial isolates BoGl5, BoGl8, BoGI21,
and BoGI26 were assessed at varying levels of salinity,
pH, and temperature. The salt stress results revealed
that the selected isolates could tolerate NaCl concentra-
tion of higher than 5%. The BoGI121 isolate showed good
growth on media containing 5% (0.86 M), 7% (1.2 M),
and 8.5% (1.46 M) salt concentration. In recent years,
bacteria belonging to different genera such as Rhizo-
bium, Bacillus, Pseudomonas, Burkholderia, Achromo-
bacter, Methylobacterium, and Variovorax have been
shown to exhibit good tolerance against different abiotic
stresses (Passari et al., 2016). Such microorganisms can
help to avoid environmental anxiety in farming and are
potentially useful for decreasing soil salinity. In the cur-
rent study, it was found that BoGI21 could tolerate
a maximum of 10% NaCl concentration, where it showed
slow growth (growth was seen after 5 days of incuba-
tion), whereas at 12% NaCl concentration, no growth
was observed. Bacterial growth was observed at different
pH values tested. The ideal pH for BoGI21 growth was
6, although positive results were also noted at pH 5 and
7. Temperature stress test showed that the bacterial
isolate could grow in temperatures ranging from 25°C to
40°C. A dendrogram created for the bacterial isolates by
using UPGMA cluster analysis (similarity index: Eucli-
dean) for stress tolerance at different levels of salinity,
temperature, and pH showed two clusters: cluster 1 in-
cluded 3 isolates (BoGl5, BoGI21, and BoGI26) and clu-
ster Il included 1 isolate (BoGI8) as shown in Figure 1.

Root colonisation

It was found that the isolate BoGI21 could colonize
the roots of wheat and corn seedlings. The bacterial
strain formed dense opaque zones around radicles and
regions adjacent to the roots. This indicated root coloni-
sation.

Effect of saline condition on seed germination

Seed germination efficiency of wheat and corn seeds
was tested at different NaCl concentrations (0, 50, 100,
150, and 200 mM). A 100% seed germination was re-
corded at 50 mM NaCl concentration for both experi-
mental plants. At higher NaCl concentration, the per-
centage of seed germination was reduced for both types
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Fig. 1. Dendrogram based on UPGMA cluster analysis (simi-
larity index: Euclidean) by using PAST software 3.22 for salt-
tolerant isolates of Bougainvillea glabra using growth pattern
data for different stress levels (salinity, temperature, and pH
stress). Of all the screened four isolates, BoGl21 showed the
most prominent PGP characteristics and higher salt tolerance
activity. Therefore, only the BoGI21 strain was selected for
further studies: colonisation, seed inoculation, seed inocula-
tion under salinity conditions, and bacterial identification

Table 4. Seed germination percentage of wheat and corn
under various NaCl concentrations after 4 days of incubation

NaCl concentration Seed germination [%]

[mM]

wheat corn
Control 100£0.30°  100+1.21°
50 100+0.04" 100+0.08"
100 78+0.70"  82+0.02°
150 70£0.03*  50+0.72"
200 30£0.24° 8+1.32"

Values with different superscript letters in a column are significantly
different (P < 0.05) and show the difference between control and
NaCl treatments

of plants. At 100 mM concentration, seed germination
for wheat and corn was 78% and 82%, respectively. In-
creased concentration of NaCl (150 and 200 mM) sho-
wed 32% and 74% decline in corn seed germination as
compared to that with 100 mM NaCl concentration, res-
pectively. Furthermore, only 18% decline in seed germi-
nation was observed for wheat at 150 mM NaCl con-
centration as compared to that at 100 mM NaCl con-

centration. At 150 and 200 mM NaCl concentrations, the
percentage of seed germination was 40% and 42%, res-
pectively, for wheat and corn (Table 4).

Seed inoculation under salinity condition

Table 5 shows the results of the influence of salt
stress on wheat and corn seed germination at different
concentrations of NaCl. A positive effect of the inocula-
ted bacteria was noted on percentage seed germination
as compared to the control. Strain BoGI21 showed
better percentage of seed germination in wheat than in
corn and control. The inoculation of BoGI21 in wheat
showed 86% and 58% seed germination at 150 and
200 mM salt concentrations, respectively, while in corn,
74% and 26% seed germination was noted at similar NaCl
concentrations, respectively. These results confirmed
the positive effect of bacterial inoculation on the germi-
nation of seeds under salinity stress (Table 5).

BoGI21 inoculation increased the radicle length of
wheat seedlings significantly by 10.3 and 5 mm at 50 and
100 mM salinity stress, respectively (Table 6). Similarly,
the inoculation of corn seeds with BoGI21 increased the
radicle length significantly at 50 and 100 mM salinity
stress by 25.6 and 8.8 mm, respectively. However, the
inoculation of seeds with the BoGIl21 isolate did not
show any increase in radicle length at higher level of
salinity (200 mM NaCl) in both crops (Table 6).

The inoculation of seeds with BoG121 at 50 mM NaCl
concentration increased the plumule length of wheat and
corn germinated seeds by 31.9 mm for wheat and 33.1
mm for corn (Table 7). No plumule growth was observed
at 200 mM NaCl for wheat inoculated with BoGI21,
whereas for corn, a limited growth was observed at the
same NaCl level. At 150 mM NaCl concentration, bac-
terial inoculation in corn showed a significant increase
(13.2 mm) in the growth of plumule as compared to that
of the control plant.

Characterisation and identification
of the bacterial isolate

Earlier studies (Jasim et al., 2015; Passari et al.,
2016; Karnwal 2019) found that endophytic bacteria
such as Proteobacteria, Firmicutes, Actinobacteria, and
Bacteroidetes are important for plant growth. The most
common genera of bacterial endophytes are Microbacte-
rium, Pseudomonas, Burkholderia, Stenotrophomonas,
Bacillus, Pantoea, and Micrococcus (Taghavi et al., 2015;
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Table 5. Effect of bacterial inoculation on seed germination under various NaCl concentrations

NaCl concentration | Seed germination % for wheat =~ Seed germination % for corn
(mM] control BoGlI21 control BoGl21
50 100+0.00* | 100£0.00° = 100+0.08" = 100+0.00°
100 78+0.70° | 100+0.00" 82+0.02°  100£0.00°
150 70+0.03° 86+1.42" = 50+0.72° 74+0.2"
200 30+0.24°¢ 58+0.02" 12+1.32° 26+2.12"

Values represented with superscript letters in a row are significantly different (£< 0.05) and show
the difference between control and NaCl treatments

Table 6. Effect of endophytes on radicle length under various NaCl concentrations

Radicle length of wheat seedlings | Radicle length corn seedlings
NaCl concentration [mm] [mm]
mMj control BoGI21 control BoGl21
50 4.3+0.11°¢ 10.3+0.18" 3.8+0.24" 25.6+0.16%
100 3.7+0.03" 5.0+0.05" = 3.0+0.12° 8.8+0.15°
150 0.0+0.0" 1.8+0.2° 0.0£0.0" 4.2+0.14°
200 0.0+0.0° 0.0£0.0° 0.0+0.0° 1.0+0.01°

Values represented with superscript letters in a row are significantly different (£< 0.05) and show the
difference between control and NaCl treatments

Table 7. Effect of endophytes on plumule length under various NaCl concentrations

Plumule length of wheat seedlings

NaCl concentration

Plumule length of corn seedlings

(mM] [mm] [mm]
control BoGlI21 control BoGlI21
50 10.3+0.07" 31.9+0.22° 11.2+0.27" 33.1+0.46°
100 8.0+0.32° 11.7+0.07° 9.2+0.16° 22.0+1.24°
150 0.0£0.0" 4.8+0.02% 0.0+0.0" 13.2+0.06°
200 0.0+0.0° 0.0+0.0° 0.0£0.0° 3.8+0.08°

Values represented with superscript letters in a row are significantly different (£ < 0.05) and show the

difference between control and NaCl treatments

Heydarian et al., 2016). Microscopic, biochemical, and
molecular methods were used to identify and characte-
rise the BoGI21 bacterial isolate. Microscopy results
revealed that the bacterial isolate BoGI121 was rod-sha-
ped bacilli and gram-positive in nature.

Molecular characterisation of the bacterial isolate
was performed by the 16S rDNA sequencing method.
The 16S rRNA gene sequence of BoG121 showed 90.96%
identity with that of Bacillus aerius strain 24K and Ba-
cillus licheniformis strain DSM 13 (90.45%) as shown in
Figure 2. The phylogenetic tree for BoGI21 was con-
structed using MEGA X software as shown in Figure 2.

Conclusions

The present study confirmed the growth of wheat and
corn in saline conditions in the presence of salinity-
tolerant bacterial endophytes. Inoculation of wheat and
maize with the bacterial isolate showed positive results
in terms of increase in the percentage of seed germina-
tion, plumule length, and radicle length. These improve-
ments in plant growth characteristics were related to
phytohormone production (auxins-IAA), phosphate lique-
faction, siderophore production, ACC deaminase activity,
and HCN production, which suggested that salinity
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0.0020

BoGI21 €€

NR 042338.1 Bacillus aerius strain 24K 16S ribosomal RNA partial sequence
NR 116023.1 Bacillus licheniformis strain BCRC 11702 16S ribosomal RNA partial sequence
NR 074923.1 Bacillus licheniformis strain ATCC 14580 16S ribosomal RNA partial sequence
NR 113588.1 Bacillus licheniformis strain NBRC 12200 16S ribosomal RNA partial sequence
NR 118996.1 Bacillus licheniformis strain DSM 13 16S ribosomal RNA partial sequence
NR 157609.1 Bacillus haynesii strain NRRL B-41327 16S ribosomal RNA partial sequence
L NR 113993.1 Bacillus sonorensis strain NBRC 101234 16S ribosomal RNA partial sequence
NR 157608.1 Bacillus swezeyi strain NRRL B-41294 16S ribosomal RNA partial sequence
| NR 104873.1 Bacillus subtilis subsp. inaquosorum strain BGSC 3A28 16S ribosomal RNA partial sequence

l— NR 112116.2 Bacillus subtilis strain IAM 12118 16S ribosomal RNA complete sequence

Fig. 2. Phylogenetic tree created for the isolate BoGI21 by using MEGA X software

stress-tolerant bacteria were helpful and beneficial for
enhancing the growth of wheat and corn. The results of
the present study are useful to evaluate the possibilities
of using salt stress-tolerant bacterial endophytes in
wheat and corn varieties grown in the Himachal region
under field conditions.
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