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Abstract
Plant growth-promoting rhizobacteria (PGPR) are known for growth promotion and mitigating environmental stresses. 
Here, we examined the propitiousness of three indigenous salt-tolerant PGPR, i.e., Bacillus subtilis (NBRI 28B), B. subtilis 
(NBRI 33 N), and B. safensis (NBRI 12 M) for plant growth promotion and salt stress amelioration in Zea mays. Results 
of the in vitro plant growth-promoting attribute revealed NBRI 12 M demonstrated the highest values at 1 M salt (NaCl) 
concentration. Furthermore, the greenhouse experiment using three Bacillus strains confirmed plant growth-promoting and 
salt stress-ameliorating ability, through colonizing successfully and mitigating the adverse effects of ethylene by modulating 
1-aminocyclopropane-1-carboxylic acid (ACC) accumulation, ACC-oxidase (ACO), and ACC-synthase (ACS) activities 
under salt stress. Bacillus sp. inoculation has also induced plant response for defense enzymes, chlorophyll, proline and 
soluble sugar under salt stress. Among three Bacillus strains, NBRI 12 M not only demonstrated higher values for plant 
growth-promoting (PGP) attributes but also the same was observed in the greenhouse experiment. Thus, the outcomes of this 
comparative study represent for the first time that salt-tolerant Bacillus strains exhibiting multiple PGP attributes under salt 
stress along with high rhizosphere competence can alleviate salt stress by reducing the stress ethylene level in the host plant.
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Introduction

Land degradation due to soil salinization is a serious risk to 
agriculture. By the year 2050, more than 50% of cultivated 
land predicted to be affected by salinity (Panta et al. 2014). 
Moreover, salt stress possibly contributes most to reductions 
in crop production worldwide among various abiotic stresses 
(Zörb et al. 2018). Salt stress causes leaf curling and yel-
lowing, decreased growth rate, and reduced plant height, 

due to inhibited cell division and elongation. Salt stress is 
not only limited to stunting plant growth alone, but it also 
has severe impacts on plant physiology modifications. Per-
haps, salt stress can lead to increased reactive oxygen species 
(ROS) production, such as hydrogen peroxide, superoxide 
radicals, and hydroxyl free radicals, resulting in lipid peroxi-
dation and induction of oxidative stress in plants (Zörb et al. 
2018). Salt stress also promotes the endogenous ethylene 
level of the plant known as “stress ethylene” which inhibits 
leaf growth, cell division, and root elongation (Glick 2014; 
Li et al. 2015; Dubois et al. 2018). Therefore, an extensive 
investigation is required to improve salt tolerance in crop 
plants against soil salinity.

Recently, the beneficial microbes have been used to 
mitigate the harmful effects caused by salt stress along 
with enhancing the growth of crops. The use of the plant 
growth-promoting rhizobacteria (PGPR) can be an impor-
tant strategy for improving agriculture in saline soils (Tewari 
and Arora 2014). The bacterial genera such as Acetobacter, 
Azospirillum, Azotobacter, Bacillus, Burkholderia, Kleb-
siella, Pseudomonas, and Serratia have been reported as 
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PGPR (Verma et al. 2019). Among the above-mentioned 
beneficial PGPR, the Bacillus genera have been recognized 
as the dominant community, due to their survivability under 
varied biotic and abiotic environmental stresses environ-
ments (Kang et al. 2015; Radhakrishnan et al. 2017). They 
generally possess multifarious growth-promoting properties 
such as nitrogen fixation, producing siderophore, dissolv-
ing mineral insoluble phosphate, phytohormones production 
such as IAA, and synthesizing ACC deaminase enzymes 
(Wang et al. 2018; Misra et al. 2017; Douriet-Gámez et al. 
2018). ACC deaminase utilizes ACC, a precursor for ethyl-
ene biosynthesis in plants, thus reducing the concentration 
of stress ethylene under stress conditions and promoting 
growth and development (Penrose and Glick 2003). Moreo-
ver, under saline stress, Bacillus spp. produce exopolysac-
charides (EPS) which not only helps in preventing the entry 
of toxic ions, but also regulates the ionic balance along with 
water transport in plant tissues (Radhakrishnan et al. 2017). 
The presence of the above-mentioned properties makes 
Bacillus spp. to ameliorate the detrimental effects of salt 
stress on crops by inducing physiological changes related 
to water transport, nutrient uptake and the activation of the 
defense system. Therefore, Bacillus spp. confirm their ben-
eficial effects on plants for improving growth and crop yield.

South Western Semi-Arid zone, North Eastern Plain zone, 
and Western Plain zone of Uttar Pradesh, India are amongst 
the low rainfall receiving agroclimatic zones (Agriculture 
Department, Uttar Pradesh; Lata 2019). Therefore, these 
locations are more prone to water stress condition and the 
problem of soil salinization is more intensified. Indigenous 
microorganisms that occur in native habitats are supposed to 
share a strategy for resisting high salt concentration and have 
developed a manifold adaptation for sustaining their active 
population while coping up with the local environmental 
stress (Laditi et al. 2012; Abiala et al. 2015; Misra et al. 
2017). Therefore, screening of highly effective halotolerant 
indigenous PGPR is imperative to sustain the agricultural 
production. Therefore, the present study was aimed to under-
stand the involvement of native salt stress-tolerant Bacillus 
spp. with ACC deaminase activity in modulating the ethyl-
ene biosynthesis for salt stress mitigation and growth pro-
motion in maize.

Materials and methods

Estimation of PGP and other attributes of Bacillus 
spp.

Plant growth-promoting and salt-tolerant Bacillus subtilis 
NBRI 28B (NBRI 28B), Bacillus subtilis NBRI 33 N (NBRI 
33 N), and Bacillus safensis NBRI 12 M (NBRI 12 M) (Gen-
Bank accession no. KX495304, KX495258, and KX495277) 

were isolated from the arable soil of South Western Semi-
Arid zone, North Eastern Plain zone, and Western Plain zone 
of Uttar Pradesh, India, respectively (Misra et al. 2017). 
These strains were selected owing to have different isolation 
sources, multiple PGP attributes, and abiotic stress tolerance 
for further studies.

In the present study, these bacterial strains were subjected 
for evaluation of their ability for having varied PGP traits 
such as phosphate solubilization, indole acetic acid (IAA) 
production, biofilm formation, and ACC deaminase activ-
ity under control (0 M NaCl) as well as salt (0.5 M and 
1 M NaCl) stress condition. To estimate the solubilization 
of phosphate by bacterial isolates, the NBRIP medium was 
used as a substrate. The solubilized phosphate was then 
quantified by Molybdate Blue Method (Nautiyal 1999). In 
the case of quantification of auxin production, the respec-
tive bacterial strains were inoculated in NB (Nutrient Broth) 
supplemented with tryptophan as a substrate and after incu-
bation, the activity was estimated by addition of orthophos-
phoric acid followed by Salkowski’s reagent (Bric et al. 
1991). In the case of biofilm formation, the bacterial inocu-
lum was stained with 0.1% crystal violet followed by wash-
ing with 95% ethanol. After washing, OD was measured at 
590 nm using a spectrophotometer (EVOLUTION201, Ther-
moScientific, USA) (Srivastava et al. 2008). ACC deaminase 
activity of salt-tolerant bacterial strains was estimated by 
the method mentioned by Penrose and Glick (2003), with 
slight modifications. In short, overnight-grown bacterial 
strains were inoculated in NFb (nitrogen free) medium sup-
plemented with ACC (Sigma Chemical Co., USA) as the 
substitute for the nitrogen source. The ability of the bacteria 
to utilize ACC was verified by comparing it with the con-
trol having the same isolate grown in absentia of nitrogen 
source. The bacterial strains were also tested for their ability 
to produce exo-polysaccharide (EPS) and alginate using the 
phenol–sulphuric acid method (Titus et al. 1995) and carba-
zole–boric sulfuric acid method (Mishra et al. 2012), respec-
tively. The initial inoculum of selected bacterial strains for 
these tests was approximately 7.5 × 107 CFU ml−1. Bacterial 
strains were further characterized qualitatively for demon-
strating N2 fixation using a nitrogen-free medium contain-
ing bromothymol blue (BTB) as an indicator (Gothwal et al. 
2007). The change in color to blue was marked as nitrogen 
fixation in the solid culture conditions. Several biochemical 
activities of bacterial strains were also determined using the 
KB003 Hi25TM identification kit (HiMedia, India). In the 
present study, bacterial strains were subjected to evaluation 
of their stress-tolerant ability at different concentrations of 
salt stress (NaCl; 0.5 M and 1 M). It is determined by count-
ing the respective colony-forming unit (Log10 CFU ml−1) up 
to 10 days (Mishra et al. 2017). For this, each bacterial strain 
with three replicates each was grown in a sterile test tube 
containing 5 mL nutrient broth medium altered with 0.5 M 
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and 1 M NaCl (w/v). The bacterial strains under mentioned 
salt concentrations were grown in the nutrient medium at 30 
°C with the continuous shaking of 180 rpm. As a control, the 
same three bacteria were grown in nutrient broth medium.

Assessment of Bacillus spp. for plant growth 
promotion under greenhouse condition

Following the characterization of bacterial strains on the 
basis of PGP and salt stress tolerance in vitro, the bacterial 
strains were also tested for growth promotion and salt stress 
amelioration using maize (Zea mays) as a model plant in 
pot conditions. Experiments were conducted in a completely 
randomized block design comprising 12 replicates in pots 
(15 cm in diameter) containing 2.0 mm sieved unsterilized 
garden soil (2.0 kg per pot) (pH 8.20; electrical conductivity, 
308 μS cm−1) of CSIR-National Botanical Research Institute, 
Lucknow, India (latitude/longitude 11° 24′ N/ 79° 44′ E). For 
the same, maize (Zea mays “Maharaja”) seeds were treated 
with bacteria as described by the method of Nautiyal (1997). 
For the control condition, seeds were treated with water. 
Plants were allowed to grow under greenhouse condition 
and the treatments for host plant with respect to concerned 
bacterial strains were as follows: control (uninoculated), 
salt (100 mM NaCl), Bacillus subtilis (NBRI 28B); Bacillus 
subtilis (NBRI 33 N); Bacillus safensis (NBRI 12 M), and 
NBRI 28B + S; NBRI 33 N + S; NBRI 12 M + S (bacterial 
strains with 100 mM NaCl). Soil moisture content in each 
treatment was maintained to 20% either with water (control 
and salt treatments) or 48 h grown bacterial culture (NBRI 
28B; NBRI 33 N; NBRI 12 M) (~ 108‒9 CFU ml−1) in bacte-
ria (NBRI 12 M; NBRI 28B; NBRI 33 N) and bacteria with 
salt (NBRI 12 M + S; NBRI 28B + S; NBRI 33 N + S) treat-
ments. The stress of salt (100 mM salt (NaCl)) was given in 
salt-stressed set as described by Nautiyal et al. (2013). Plants 
in all treatments were harvested after 30 days of sowing for 
evaluating growth parameters, biochemical changes, modu-
lation in defense enzymes, and ethylene emission analysis.

Evaluation of plant vegetative parameters, 
biochemical, and defense enzymes

Vegetative parameters comprising shoot and root length, 
number of leaves per plant, plant fresh and dry weight were 
determined using three replicates of maize plant from each 
treatment.

Chlorophyll (total) and carotenoid content in the leaves 
were determined by the method described by Arnon (1949). 
The proline content of the leaves was determined using the 
method of Bates et al. (1973). Sugar content in the leaves 
was estimated as per the protocol of Dubois et al. (1956).

Estimation of antioxidants from leaf samples was done 
using established standard protocols. Briefly, 500 mg of 

leaves (three replicates from each treatment) were crushed 
in 1 ml of extraction buffer (100 mM potassium phosphate 
buffer (pH 7.0) containing 0.1 mM EDTA and 1% polyvi-
nylpyrrolidone [w/v] at 4 °C). The homogenate was centri-
fuged at 15,000×g for 15 min at 4 °C and the supernatants 
were stored at − 80 °C. SOD (EC 1.15.1.1) activity was 
measured as previously described (Beauchamp and Fri-
dovich 1971). Furthermore, a 3 ml mixture was prepared to 
contain 100 μl of enzyme extract, 13 mM methionine, 75 μM 
nitrobluetetrazolium (NBT), 40 mM phosphate buffer (pH 
7.8), 0.1 mM EDTA, and 02 μM riboflavin in that order. In 
the case of blank, the mixture containing enzyme extract 
kept in the dark, whereas those without the protein (con-
trol) and with the enzyme (treatments) maintained in the 
light. The reaction was started by switching on the light 
for 30 min. The absorbance was measured at 560 nm. The 
activity of SOD is the measurement of NBT reduction by 
mixture devoid of protein under light minus NBT reduc-
tion by the mixture containing protein. One unit of activ-
ity is the quantum of enzyme required to inhibit half of 
the initial NBT reduction under the light and expressed as 
units mg−1 protein g−1 FW. CAT (EC 1.11.1.6) activity was 
determined as described (Aebi 1984). The rate of decline 
in absorbance was measured during 3 min at 240 nm in the 
reaction mixture consisting of 50 mM sodium phosphate 
buffer (pH 7.0), 20 mM H2O2 and 100 μl of enzyme extract. 
For control, the mixture considered was 50 mM sodium 
phosphate buffer (pH 7.0) and 100 μl of protein, whereas 
those for blank were 50 mM sodium phosphate buffer (pH 
7.0) and 20 mM H2O2. The expression of enzyme activ-
ity was in H2O2 (μmoles) separated in min mg−1 FW. The 
ascorbate peroxidase (APX; EC 1.11.1.3) was assayed by 
estimating the reduction in absorbance (290 nm; an absorb-
ance coefficient 2.8 mM−1 cm−1) for the rate of oxidation 
of ascorbate (Nakano and Asada 1981). In short, the reac-
tion mixture consisted of 50 mM phosphate buffer (pH 7.0), 
0.1 mM H2O2, 0.5 mM sodium ascorbate, 0.1 mM EDTA. 
The reaction was initiated by adding either enzyme extract 
(treatments) or hydrogen peroxide (control). The decline in 
absorbance was recorded from 10 to 30 s after the start of 
the reaction. The expression of the enzyme activity was in 
μmol of ascorbate oxidized min−1 g−1 FW. Guaiacol peroxi-
dase (EC 1.11.1.7) activity was determined (Hemeda and 
Klein 1990) colorimetrically at 470 nm using 1% guaiacol 
(v/v; as a donor), 0.3% H2O2 (as a substrate) and 50 mM 
phosphate buffer (pH 6.6). The protein was added to ini-
tiate the reaction, whereas ethanol was added to serve as 
a control. The oxidation of guaiacol (extinction coefficient 
26.6 mM−1 cm−1) was monitored with an increase in absorb-
ance. The activity of the enzyme was expressed in terms 
of μmol of guaiacol oxidized min−1 g−1 FW. The poly-
phenol oxidase (EC 1.10.3.1) assay was performed (Patra 
and Mishra 1979) with the mixture consisting of 300 μmol 
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phosphate buffer (pH 6.8), 5 μmol pyrogallol, and enzyme 
extract for 5 min. 5% (v/v) H2SO4 was used to stop the 
reaction followed by centrifugation for 15 min at 3000 × g. 
Enzyme activity was measured as an increase in the amount 
of purpurogallin formed in the reaction at 420 nm. The 
expression of the polyphenol oxidase activity was in terms 
of µg PPO mg−1 protein g−1 FW.

Ethylene production analysis

Ethylene emissions from maize plants were estimated using 
the protocol of Madhaiyan et al. (2007) with slight modifi-
cation. Leaves were collected from maize plants under dif-
ferent treatments and were placed in 120 ml vials and were 
sealed with a rubber septum for 4 h. Air sample (1 ml) pre-
sent in the headspace was injected into a Gas Chromatogra-
phy machine (Thermo Scientific, USA) having a Poropak-Q 
column and flame ionization detector. The quantity of eth-
ylene emission was expressed as nmol of ethylene h−1 g dry 
weight−1 and compared to the pure ethylene standard curve.

Evaluation of ACC level in plant tissue

ACC concentration in plant tissue was determined using the 
method established by Siddikee et al. (2012). One gram of 
maize leaf sample was immediately frozen in liquid nitrogen 
and crushed. Furthermore, ACC was extracted using meth-
anol (80%) containing butylated hydroxyl toluene (BHT; 
2 mg l−1) as an antioxidant and incubated for 45 min at 
room temperature. Sample suspension was then centrifuged 
at 2000×g at 20 °C for 15 min and was transferred in metha-
nol and was again centrifuged. The resulting supernatant 
was evaporated to dryness using a rotatory evaporator. Resi-
dues were dissolved in distilled water and the upper aqueous 
phase was extracted using dichloromethane and was further 
mixed with HgCl2 (80 mmol) in test tubes and were sealed 
with a rubber septum. Afterward, a 0.2 ml NaOCl solution 
was added into the tubes, mixed while shaking, and incu-
bated for 8 min. One ml of the gaseous portion was sampled 
and assayed for ethylene using gas chromatography (GC).

Estimation of enzyme activity involved 
in the ethylene biosynthetic pathway

Measurement of in vitro ACS and ACO activity were per-
formed from the protein extracts as described by Siddikee 
et al. (2012). ACS activity was estimated from enzyme 
extract obtained by homogenizing one gram of leaf sam-
ple in 100 mmol Na-phosphate (pH 9.0) containing 5 mM 
pyridoxal phosphate (PLP), the mmol 2-mercaptoethanol 
(2-ME), 1 mmol EDTA, and 10% glycerol in the presence 
of 1 g polyvinylpolypyrrolidone (PVPP). Ammonium sulfate 
was supplemented to the enzyme extract for precipitation 

which was further dissolved in a solution containing 
100 mmol Na-phosphate (pH 7.8), 5 mM pyridoxal phos-
phate (PLP), 0.5 mmol 2-ME, and 10% glycerol. All the 
steps related to enzyme preparation were performed at 4 °C. 
ACS activity was estimated by incubating the enzyme solu-
tion with 100 mmol 2-[4-(2-hydroxyethyl)-1-piperazinyl] 
ethanesulfonic acid (HEPES)–KOH (pH 8.5), 5 mmol PLP, 
100 mmol S-adenosyl-l-methionine (SAM), and test chemi-
cals at given concentrations in a total volume of 400 ml. 
After incubation of 15 min at 30 °C, the quantity of ACC 
formed was estimated as described above. For quantifying 
the ACO activity, frozen plant tissues were ground in liq-
uid nitrogen and homogenized in extraction buffer contain-
ing 100 mmol Tris–HCl (pH 7.2), 10% (w/v) glycerol, and 
30 mmol sodium ascorbate. The homogenate obtained was 
centrifuged at 15,000 × g for 15 min at 4 °C. Enzyme activity 
was estimated by incubating supernatant at 30 °C for 15 min 
in 10 ml screw-cap tubes fitted with a Teflon-coated septum 
in presence of 50 mmol FeSO4, 1 mmol ACC, and 5% (v/v) 
CO2. After the incubation period, the quantity of ethylene 
released into the headspace was determined by GC.

Tracking of Bacillus spp. in the rhizosphere of maize

To demonstrate the rhizosphere competence ability of bac-
terial strains on plant roots grown in non-sterilized soils, a 
spontaneous rifampicin-resistant (RifR) strain of NBRI 28B, 
NBRI 33 N, and NBRI 12 M was isolated on NA plates, 
comprising 250 µg rifampicin ml−1 (Sigma Chemical Co., 
St. Louis, USA) as described earlier (Nautiyal 1997). One 
gram of root of maize plant was thoroughly cleaned with tap 
water to remove all loosely adhered soil particles, followed 
by washing with sterile 0.85% NaCl (w/v) and crushed with 
a mortar and pestle. The heterogeneous bacterial population 
in the maize rhizosphere was recovered by serial dilution 
plating of the homogenate on NA plates and NA plates sup-
plemented with 50 µg rifampicin ml−1. Average coloniza-
tion (Log10 CFU/g root dry weight) of bacterial strains in 
the rhizosphere was estimated from three plants at the time 
of harvesting. No natural population of RifR bacteria was 
detected when root homogenates of uninoculated controls 
were plated from non-sterilized soils.

Statistical analysis

First, means were tested for homogeneity of variance to 
evaluate the variation among obtained values. Further-
more, these means were compared by analysis of variance 
(ANOVA), followed by the Duncan test to determine signifi-
cance (p ≤ 0.05). Pearson’s coefficient was also calculated 
for possible correlation between ACC deaminase activity 
of Bacillus strains, components of the ethylene biosynthetic 
pathway and dry weight of plant under salt stress.
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Results

Estimation of PGP and other attributes of Bacillus 
spp.

The selected three PGPR in this study were initially evalu-
ated for qualitative estimation of nitrogen-fixing ability. 
It was observed that out of three PGPR only NBRI 12 M 
has the ability to fix nitrogen by changing the color of the 
medium from yellow to blue (Fig. S1). Moreover, consid-
ering biochemical properties, all the PGPR strains found 
to be positive for having different biochemical activities. 
However, none of the PGPR found positive for malonate 
activity (Table S1). NBRI 12 M and NBRI 28B exhib-
ited most of the biochemical properties such as ONPG, 
sucrose, mannitol, glucose, arabinose, and trehalose 
(Table S1).

Concerning phosphate solubilization, we observed all 
the three PGPR exhibiting significant differences under 
normal and salt stress condition. NBRI 12 M recorded to 
have the highest phosphate solubilizing activity while the 
least phosphate solubilization was observed in NBRI 33 N 
under all the conditions (Table 1). Moreover, NBRI 33 N 
demonstrated the highest (7.79%) reduction in 0.5 M NaCl 
stress, while NBRI 12 M showed least (4.34%) reduction 

when compared to normal condition. Phosphate solubi-
lization by each PGPR demonstrated a significant differ-
ence and was reduced remarkably under 1 M NaCl stress 
condition. There is a reduction in phosphate solubiliza-
tion capability of three PGPR (NBRI 28B; 39.58%, NBRI 
33 N; 70.64%, NBRI 12 M; 11.68%) when compared with 
normal condition.

In the case of IAA production, all three PGPR differed 
significantly among themselves under normal as well as 
salt stress condition (Table 1). NBRI 33 N reported being 
the most effective IAA producing PGPR, while NBRI 28B 
recorded to have the least IAA producing ability under nor-
mal and salt (0.5 M NaCl) stress condition. However, under 
1.0 M NaCl condition, NBRI 12 M found to maintain its 
IAA producing ability at highest and retarded by only 8.28% 
while NBRI 33 N exhibited maximum declination of 27.67% 
when compared to normal condition.

Furthermore, all three PGPR strains were subjected to 
evaluating ACC deaminase activity under control and salt 
stress conditions. NBRI 12 M exhibited maximum, while 
NBRI 28B showed minimum ACC deaminase activity under 
normal and salt stress condition (Table 1). The maximum 
(7.28%) enhancement for this activity was observed in NBRI 
12 M, while NBRI 28B found to be least (1.44%) enhanced 
under 1 M NaCl condition when compared to normal con-
dition. All PGPR strains showed significant differences for 

Table 1   Plant growth-promoting (PGP) attributes of Bacillus spp. under different salt (NaCl) stress (0 M, 0.5 M, and 1 M) condition

PGP attributes are expressed as mean values of three replicates ± SE which were compared by analysis of variance (ANOVA), followed by the 
Duncan test. Statistically significant differences were then determined at p ≤ 0.05, using the SPSS ver 20.0 and represented by different letters. 
Values in the rows with the same letter are not significantly different (p ≤ 0.05) by the Duncan test
1 Phosphate (P) solubilization is expressed as μg ml−1

2 Indole acetic acid (IAA) production, and
3 ACC deaminase activity is expressed as nmol α-Ketobutyrate mg protein−1 h−1

4 Biofilm was measured at an optical density (O.D) at 590 nm
5 Exopolysaccharide (EPS) production, and
6 Alginate (Alg) production is expressed as μg ml−1

Plant growth-pro-
moting traits

P-Solubilization1 IAA2 ACC deaminase3 Biofilm4 EPS5 Alg6

NBRI 28B
 Control 28.88 ± 0.19c 14.28 ± 0.12b 2.73 ± 0.03a 2.63 ± 0.00a 649.13 ± 5.04a 423.04 ± 0.70a

 0.5 M NaCl 27.39 ± 0.16b 14.11 ± 0.18b 2.74 ± 0.07a 2.66 ± 0.00b 706.33 ± 1.52b 524.48 ± 1.25b

 1 M NaCl 20.70 ± 0.35a 12.81 ± 0.14a 2.77 ± 0.14b 2.66 ± 0.00b 909.35 ± 1.63c 631.32 ± 1.12c

NBRI 33 N
 Control 27.58 ± 0.15c 19.65 ± 0.26c 3.06 ± 0.06a 2.52 ± 0.00a 255.01 ± 1.32a 332.32 ± 0.85a

 0.5 M NaCl 25.58 ± 0.11b 17.80 ± 0.08b 3.15 ± 0.00b 2.58 ± 0.00b 272.63 ± 1.52b 391.84 ± 1.53c

 1 M NaCl 16.16 ± 0.24a 14.21 ± 0.12a 3.16 ± 0.05b 2.62 ± 0.00c 567.75 ± 1.63c 398.24 ± 0.58c

NBRI 12 M
 Control 37.48 ± 0.16c 16.33 ± 0.06b 3.82 ± 0.01a 0.90 ± 0.00a 843.26 ± 2.91a 561.44 ± 0.97a

 0.5 M NaCl 35.92 ± 0.19b 16.19 ± 0.06b 4.11 ± 0.10b 1.68 ± 0.01b 924.30 ± 1.13b 575.68 ± 1.62b

 1 M NaCl 33.56 ± 0.15a 14.98 ± 0.12a 4.12 ± 0.11b 2.73 ± 0.00c 1786.20 ± 9.09c 845.12 ± 0.70c
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the same under both normal as well as salt stress condition 
(Table 1).

Regarding biofilm formation under control and salt stress 
conditions, we observed that the formation of biofilm by all 
three PGPR was significantly different among themselves 
under normal and salt stress condition (Table 1). NBRI 28B 
demonstrated maximum biofilm formation capability fol-
lowed by NBRI 33 N, while NBRI 12 M demonstrated low-
est biofilm formation capability under the control condition 
(Table 1). Surprisingly, under salt (1 M NaCl) stress condi-
tion NBRI 12 M found to have the maximum capability to 
form biofilm and exhibited 67.03% more biofilm formation 
than normal condition. NBRI 28B have shown least (1.12%) 
enhancement in the biofilm-forming capacity as compared 
to normal condition.

Upon considering exo-polysaccharide (EPS) production 
all three PGPR strains demonstrated significant variation 
among themselves under normal and salt stress condition. 
NBRI 12 M exhibited maximum EPS production while 
NBRI 33 N accounted least in each condition (Table 1). 
Unexpectedly, under 0.5  M NaCl stress condition, we 
observed an enhancement in EPS production by all three 
PGPR strain (NBRI 28B; 8.07%, NBRI 33 N; 6.25%, NBRI 
12 M; 8.76%). However, the increasing trend for EPS pro-
duction was not only found to be consistent but also more 
intensed in 1 M NaCl stress condition by all the three PGPR 
strain (NBRI 28B; 28.60%, NBRI 33 N; 55.02%, NBRI 
12 M; 52.79%) when compared with the non-stress condi-
tion (Table 1).

Similarly, with regards to alginate production ability, 
NBRI 12 M has demonstrated significantly higher alginate 
production capacity while NBRI 33 N recorded to have the 
least alginate production under control and salt stress condi-
tion (Table 1). Also, NBRI 12 M observed to have maximum 
enhancement (33.60%) for alginate production under 1 M 
NaCl when compared to the normal condition than the other 
two PGPR strains.

Salt‑tolerance ability of Bacillus spp.

These potential PGPR strains were subsequently tested for 
their salt stress tolerance ability. At 0.5 and 1.0 M NaCl, 
NBRI 28B showed survival till day 10 with 6.24 Log10 
CFU ml−1 and 5.26 Log10 CFU ml−1, respectively (Fig. 1). 
While NBRI 33 N survived with 5.77 Log10CFU ml−1 and 
5.25 Log10 CFU ml−1 till day 10 under 0.5 and 1.0 M NaCl, 
respectively (Fig. 1). Moreover, NBRI 12 M has demon-
strated its ability to withstand 0.5 and 1.0 M NaCl with 6.54 
Log10CFU ml−1 and 5.58 Log10 CFU ml−1, respectively 
(Fig. 1).

In general, NBRI 12 M identified as a potential PGPR 
to resist salt stress till the 10th day in comparison to rest 
three PGPR strain. Also, NBRI 12 M demonstrated least 

temporal fluctuations in colony count (4.85% lesser at day 
1; 7.31% lesser at day 3; 10.80% lesser at day 5; 11.47% 
lesser at day 7) in comparison to that of other three PGPR 
strains under normal and 0.5 M NaCl salt stress condition. 
Similarly, it also showed an analogous trend for colony 

Fig. 1   Temporal growth assessment of Bacillus spp. under different 
salt stress conditions. 0 M NaCl represents control for the experiment 
under the mentioned stress condition. Error bars are the standard 
error of the means (n = 3)
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count (20.94% lesser at day 1; 29.35% lesser at day 3; 
31.85% lesser at day 5; 38.01% lesser at day 7) under nor-
mal and 0 M NaCl salt stress condition.

Effect of Bacillus spp. inoculation on plant 
growth promotion and salt stress amelioration 
under greenhouse conditions

Effect of Bacillus spp. inoculation on maize vegetative 
parameters

The maize (Zea mays) crop plant was used as a host 
for determining growth promotion in the presence and 
absence of three PGPR strains under both normal and 
salt stress condition. Results demonstrated that inocula-
tion with Bacillus spp. have significantly enhanced the 
overall plant vegetative properties as compared to the 
respective uninoculated controls under both normal and 
salt-stressed condition (Table 2, Fig. S2). Among the three 
PGPR, NBRI 12 M demonstrated significantly higher 
growth promotion in all the concerned vegetative param-
eters when compared with control plants (Table 2). How-
ever, NBRI 33 N accounted for significant lower values for 
shoot length and plant fresh weight. NBRI 33 N showed 
non-significant enhancement for root length, number of 
leaves and plant dry weight when compared with NBRI 
28B under normal condition (Table 2). NBRI 12 M has 
significantly increased the shoot and root length, number 
of leaves, plant fresh and dry weight by 38.20%, 44.29%, 
38.33%, 46.75%, 37.80% respectively under salt stress.

Effect of Bacillus spp. inoculation on chlorophyll (total), 
proline, and soluble sugar content of maize

The response of Bacillus spp. treatment towards non-enzy-
matic properties of maize crop under normal and salt stress 
condition was determined by performing biochemical assays 
namely chlorophyll (total), carotenoid, proline, and soluble 
sugar. Inoculation of all the three PGPR has accounted for 
a significant increase in chlorophyll (total), carotenoid, and 
soluble sugar content when compared to uninoculated nor-
mal and salt control (Fig. 2). However, NBRI 12 M demon-
strated maximum ability to enhance total chlorophyll, carot-
enoid, and soluble sugar content under salt stress condition 
by 62.60%, 78.15%, and 35.98%, respectively. Our results 
also showed a significant decrease in proline accumulation 
in PGPR-treated plants when compared to salt (control)-
treated plants (Fig. 2). Moreover, NBRI 12 M inoculated 
plants accumulated 61.87% less proline, while NBRI 28B 
and NBRI 33 N decreased the proline accumulation in plants 
only by 54.44% and 53.83%, respectively.

Effect of Bacillus spp. inoculation on defense enzymes 
of maize

To evaluate the quenching of oxidative stress in maize 
plants, we performed defense enzyme assay compris-
ing superoxide dismutase (SOD), ascorbate peroxidase 
(APX), guaiacol peroxidase (GPX), catalase (CAT), and 
polyphenol oxidase (PPO). All antioxidant enzymes were 
observed to be significantly maximum in salt (control)-
treated plants (Fig. 3). Inoculation of all the three PGPR 

Table 2   Measurement of maize vegetative parameters along with survival and competence in the rhizosphere of maize by Bacillus spp.

Parameters are expressed as mean values of three replicates ± SE which were compared by analysis of variance (ANOVA), followed by the Dun-
can test. Statistically significant differences (signified by different letters) were then determined at p ≤ 0.05, using the software SPSS ver 20.0. 
Values in the columns with the same letter are not significantly different (p ≤ 0.05) by the Duncan test. Four different treatments refer to control 
(uninoculated; no salt); salt (uninoculated; 100 mM NaCl); NBRI 28B, NBRI 33 N, and NBRI 12 M (Zea mays treated with NBRI 28B, NBRI 
33 N, and NBRI 12 M); and NBRI 28B + S, NBRI 33 N + S, and 12 M + S (Zea mays treated with NBRI 28B, NBRI 33 N, and NBRI 12 M 
under salt stress condition)

Treatment Plant growth parameters Microbial population (Log10 
CFU g−1)

Shoot length 
(cm)

Root length (cm) No. of leaves Fresh plant wt. 
(g)

Dry plant wt. (g) Heterogenous Rifampicin 
resistant

Control 42.07 ± 1.67b 24.13 ± 0.55c 3.67 ± 0.33b 5.58 ± 0.04b 0.69 ± 0.02b 7.62 ± 0.04 0
Salt (100 mM 

NaCl)
30.73 ± 0.52a 17.27 ± 0.49a 2.67 ± 0.33a 3.86 ± 0.03a 0.51 ± 0.03a 5.66 ± 0.05 0

NBRI 28B 57.30 ± 0.76e 27.50 ± 0.83d 4.33 ± 0.33bc 6.92 ± 0.03f 0.78 ± 0.02 cd 8.44 ± 0.07 7.06 ± 0.04
NBRI 28B + S 41.17 ± 0.75b 26.07 ± 0.43d 4.00 ± 0.00b 6.31 ± 0.02d 0.70 ± 0.01b 7.05 ± 0.04 6.85 ± 0.06
NBRI 33 N 49.70 ± 0.84d 27.50 ± 0.42d 4.33 ± 0.33bc 6.50 ± 0.03e 0.74 ± 0.02bc 8.74 ± 0.08 7.66 ± 0.05
NBRI 33 N + S 45.67 ± 1.21c 21.07 ± 0.50b 4.33 ± 0.33bc 6.11 ± 0.03c 0.71 ± 0.02b 7.32 ± 0.05 6.88 ± 0.05
NBRI 12 M 55.73 ± 0.61e 36.23 ± 0.18f 5.00 ± 0.00c 8.23 ± 0.03 h 0.95 ± 0.01e 8.77 ± 0.06 7.94 ± 0.07
NBRI 12 M + S 49.73 ± 0.97d 31.00 ± 0.47e 4.33 ± 0.33bc 7.25 ± 0.02 g 0.82 ± 0.01d 7.53 ± 0.07 7.23 ± 0.08
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strains has significantly lowered the activity of defense 
enzymes under salt stress except NBRI 28B which demon-
strated increased values for GPX and CAT, activity. Under 
salt stress, NBRI 12 M has exhibited a maximum reduc-
tion in the defense enzymatic activity by 62.08%, 59.93%, 
60.40%, 40.70%, and 43.93% for SOD, APX, GPX, CAT, 
and PPO, respectively, on comparison with the only salt 
(control)-treated plants (Fig. 3). Moreover, NBRI 28B 
treatment exhibited the least decrement by 34.75% for 

SOD; 29.29% for APX; and 19.25% for PPO activity in 
maize plants under salt stress condition (Fig. 3).

Effect of Bacillus spp. inoculation on ethylene production, 
ACC content, ACS, and ACO activities

Ethylene production was increased significantly in maize 
plants by 26.47, 19.35, and 7.40% in NBRI 33 N, NBRI 
28B, and NBRI 12 M inoculated maize plants, respectively, 

Fig. 2   Chlorophyll, proline, and soluble sugar in maize leaves. The 
values shown here are the mean of three replicates. Errors bars repre-
sent standard errors. Different letters above the bars represent signifi-

cant differences according to the analysis of variance (ANOVA), fol-
lowed by the Duncan test (p ≤ 0.05) applied using the software SPSS 
ver 20.0
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as compared to control under normal condition. Ethylene 
production was maximum in uninoculated plants receiving 
salt treatment. However, inoculation of NBRI 12 M, NBRI 
28B, and NBRI 33 N ameliorated the ethylene emission by 
50, 37.04, and 35.18%, respectively, as compared to alone 
salt inoculated plants (Fig. 4).

The ACC concentration in maize plants demonstrated sig-
nificant enhancement in NBRI 28B, NBRI 12 M, and NBRI 
33 N by 27.89, 19.08 and 14.51%, respectively, under nor-
mal condition in comparison to control treatment (Fig. 4). In 
addition, maize plants inoculated with NBRI 12 M showed 
maximum (11.47%), while NBRI 28B exhibited minimum 

Fig. 3   Defense enzyme activities in maize leaves. The values shown 
here are the mean of three replicates. Errors bars represent standard 
errors. Different letters above the bars represent significant differ-

ences according to the analysis of variance (ANOVA), followed by 
the Duncan test (p ≤ 0.05) applied using the software SPSS ver 20.0
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enhancement (6.08%) in ACC content under salt stress con-
dition (Fig. 4).

ACC synthase is an important enzyme in ethylene bio-
synthesis which catalyzes the conversion of SAM to ACC. 
In maize plants under normal condition, ACS activity 
recorded to be maximum in NBRI 28B and showed 54.38% 
enhancement as compared to control. Significant reduction 
of ACS activity was observed in salt stress condition but 
plants inoculated with NBRI 12 M, NBRI 33 N, and NBRI 
28B demonstrated enhanced ACS activity by 28.20, 22.22, 
and15.15%, respectively, as compared to alone salt-treated 
plants (Fig. 4).

ACC-oxidase enzyme, which plays a crucial role in the 
ethylene biosynthetic pathway by converting ACC into eth-
ylene. ACO activity was significantly reduced in PGPR-
treated maize plants as compared to control under normal 
condition. NBRI 12 M-treated maize plants showed mini-
mum while plants inoculated with NBRI 28B exhibited 
maximum activity. Stress caused due to salt in maize plants 

significantly enhanced the ACO activity in all the treatments. 
Inoculation of NBRI 12 M, NBRI 33 N, and NBRI 28B 
has significantly reduced the ACO activity by 58.69, 32.60, 
and 26.08%, respectively, as compared to alone salt-treated 
plants (Fig. 4).

Correlation between ACC deaminase activity, components 
of ethylene biosynthetic pathway, and dry weight of plant 
under salt stress condition

The correlation pattern between the ACC deaminase activity 
of Bacillus strains and components of the ethylene biosyn-
thetic pathway was evaluated and it was found that most of 
the parameters are positively correlated except ACO and eth-
ylene (Table 3). Moreover, ACC had a significant (p ≤ 0.05) 
negative correlation with the ethylene content of the plant 
under salt stress condition. A similar trend was exhibited 
in the case of ACS but non-significant. Ethylene showed a 

Fig. 4   Effect of Bacillus spp. inoculation on ethylene biosynthesis in 
maize plants. The values shown here are the mean of three replicates. 
Errors bars represent standard errors. Different letters above the bars 

represent significant differences according to the analysis of variance 
(ANOVA), followed by the Duncan test (p ≤ 0.05) applied using the 
software SPSS ver 20.0
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significant (p ≤ 0.05) negative correlation with dry weight 
of the plant under control condition (Table 3).

Colonization of Bacillus spp. in the maize rhizosphere

Simultaneously, we observed the colonization ability of 
NBRI 28B, NBRI 33 N, and NBRI 12 M along with the 
heterogeneous bacterial population in maize rhizosphere 
under normal as well as salt stress condition. NBRI 12 M 
showed maximum colonizing and survival ability in maize 
rhizosphere with 7.94 Log10 CFU g−1 and 7.23 Log10 CFU 
g−1 under normal and stress condition (Table 2). However, 
under salt stress, NBRI 28B exhibited minimum survival 
capacity with 6.85 Log10 CFU g−1 (Table 2). Moreover, the 
heterogeneous bacterial population was found to be in the 
range of 7.05–8.77 Log10 CFU g−1 in maize rhizosphere 
under both normal as well as salt stress condition. However, 
salt stress has reduced the heterogeneous bacterial popula-
tion to a maximum of 5.66 Log10 CFU g−1 (Table 2).

Discussion

Sustainable agriculture demands for increased crop pro-
duction with amelioration of abiotic stresses. This can be 
achieved by the successful introduction of potential abi-
otic stress-tolerant and plant growth-promoting rhizobac-
teria. Keeping this challenge in mind, the present study is 
focused on accessing the potential of three Bacillus spp. 
on growth promotion and salt stress amelioration of maize. 
In the present study, we have studied the influence of three 
Bacillus spp., two strains closely related to B. subtilis from 
South Western Semi-Arid and North Eastern Plain zone 
each, while one strain closely related to B. safensis from 
Western Plain zone. Bacillus spp. has been known well 
for their stress tolerance and plant growth promotion but 
a comparative study with PGPR possessing multiple PGP 
attributes under salt stress condition has rarely been per-
formed to enhance plant growth promotion and salt stress 

amelioration by mitigating ethylene stress (Misra et al. 
2017; Radhakrishnan et al. 2017; Etesami and Beattie 
2018).

The PGPR can influence plant growth directly or indi-
rectly through several mechanisms (Glick 2014; Redmile-
Gordon et al. 2014; Abiala et al. 2015; Gouda et al. 2018). 
Among PGPR, Bacillus spp. are known very well for their 
abundance in extreme conditions but their comparative 
analysis under a stressed environment is still scanty (Rad-
hakrishnan et al. 2017). The advantage of using Bacillus 
strain as a PGPR for plant growth promotion under salt 
stress condition may be attributed to their ability to with-
stand extreme conditions in soil by producing endospores 
(Chakraborty et al. 2013). Earlier, several researchers have 
estimated PGP attributes of Bacillus spp. under salt stress 
condition (Goswami et al. 2014; Misra et al. 2017; Khan 
et al. 2016). Our findings demonstrated that NBRI 12 M 
showed better PGP attributes and tolerance towards salt 
stress than NBRI 28B and NBRI 33 N. Earlier reports dem-
onstrating characterization of B. safensis under salt stress 
were scarce, however, its propitiousness for having PGP 
attributes have been well established by several researchers 
under normal condition (Chakraborty et al. 2013; Sarkar 
et al. 2018).

In our study, we have demonstrated that inoculation of 
salt-tolerant Bacillus spp. having ACC deaminase activity 
has significantly increased plant vegetative and biochemical 
parameters such as chlorophyll (total), carotenoid, and solu-
ble sugar content which found to be in congruence with the 
findings of earlier studies (Ullah and Bano 2015; Vurukonda 
et al. 2016; Li and Jiang 2017; Misra et al. 2019). In addi-
tion, similar to previous reports, we also observed that pro-
line accumulation was reduced significantly in plants receiv-
ing bacterial treatment under salt stress condition (Singh 
and Jha 2016; Tiwari et al. 2016; Curá et al. 2017; Misra 
et al. 2019). Among the three, NBRI 12 M (B. safensis) 
was more effective for improving plant vegetative proper-
ties suggesting its potential role in salt stress mitigation and 
growth promotion.

Table 3   Pearson’s correlation 
based on modulation of ethylene 
biosynthetic pathway and 
dry weight of plant by ACC 
deaminase producing Bacillus 
strains under salt stress

a Correlation is significant at the 0.05 level

ACC deaminase ACS ACC​ ACO Ethylene Dry wt. (salt) Dry wt. 
(con-
trol)

ACC deaminase 1
ACS 0.968 1.000
ACC​ 0.676 0.470 1.000
ACO  − 0.870  − 0.718  − 0.952 1.000
Ethylene  − 0.781  − 0.600  − 0.988a 0.988a 1.000
Dry wt. (salt) 0.927 0.803 0.904  − 0.991a  − 0.959 1.000
Dry wt. (control) 0.802 0.626 0.983  − 0.992a  − 0.999a 0.968 1
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Proline accumulation in the plant is an important pro-
cess playing a major role in maintaining the osmotic balance 
between intracellular and extracellular space while minimiz-
ing the damage caused by salt stress (Lei et al. 2016). Our 
results of PGPR-mediated reduced accumulation of proline 
in PGPR-treated plants under salt stress were found to be in 
corroboration with several previous reports (Singh and Jha 
2016; Tiwari et al. 2016; Fukami et al. 2018). The possible 
reason behind such results could be that the exopolysaccha-
rides (EPS) produced by PGPR may not only sequester the 
toxic ions but also promote the formation of biofilm on root 
surfaces of plant, thus restricting excess Na+ influx into roots 
and making it unreachable to plants under saline conditions 
(Ashraf et al. 2004; Upadhyay et al. 2011; Dodd and Perez-
Alfocea 2012; Choudhary et al. 2016; Habib et al. 2016).

Antioxidant enzymes play an important role in plants 
under salt stress by controlling ROS production. The results 
of the present study demonstrated that the amount of anti-
oxidative enzymes was significantly reduced in PGPR inocu-
lated maize plants under salt stress (Fig. 3). Notwithstand-
ing, all the three Bacillus strains did not correspond equally 
in plant growth promotion and salt stress amelioration under 
the greenhouse experiment. For instance, NBRI 12 M (B. 
safensis) demonstrated maximum reduction for antioxidant 
enzymes in comparison to NBRI 28B (B. subtilis) and NBRI 
33 N (B. subtilis). Our findings were found to be in corrobo-
ration with previous studies stating that plants under dif-
ferent abiotic stresses exhibit high ROS quenching activity, 
while PGPR treatment tends to reduce the antioxidant activi-
ties (Vardharajula et al. 2011; Kang et al. 2014; Tiwari et al. 
2016; Misra et al. 2019). Moreover, contrary to our results, 
several studies have reported that PGPR treatment under salt 
stress had increased the defense enzymatic activity in the 
host plants (Ullah and Bano 2015; Habib et al. 2016). How-
ever, the response mechanisms related to increased defense 
enzymes production are likely to incur a high cost to plants 
productivity. In addition, Kang et al. (2014) have established 
that the reduction in the activity of defense enzymes may 
suggest that PGPR-treated plants experience a low level of 
stress. Hence, NBRI 12 M could provide a beneficial effect 
in regulating plant integrity without losing its fitness under 
salt stress.

In general, salt stress strongly correlated with increased 
ethylene production (Madhaiyan et al. 2006; Yim et al. 2013, 
2014). In the present study, salt-tolerant Bacillus strains with 
the ability to produce ACC deaminase activity regulated 
the ethylene level in plants under salt stress condition and 
resulted in plant growth promotion. Earlier reports have also 
demonstrated the role of PGPR in ameliorating salt stress 
through modulating the ethylene level (Siddikee et al. 2011; 
Bal et al. 2012; Misra et al. 2017).

Another crucial enzyme in ethylene biosynthesis is 
ACO. In the present study, maize plants under salt stress 

have demonstrated enhanced ACO activity as compared 
to plants under normal condition. In the presented study, 
application of PGPR resulted in a significant reduction 
in ACO activity, NBRI 12 M-treated maize plants have 
exhibited maximum reduction which is consistent with the 
low ethylene production under salt stress. Previous studies 
have also demonstrated that under high salinity, ethylene 
level increased due to enhanced ACO activity (Kukreja 
et al. 2005; Peng et al. 2014). However, Chen et al. have 
observed decreased ACO activity in wheat plants under 
salt stress condition (Chen et al. 2014). Thus, the results 
of the present study might suggest a reason for controlling 
ethylene biosynthesis in plants as a response towards adap-
tion to salinity stress.

Growth and colonization of NBRI 28B, NBRI 33 N, 
and NBRI 12 M in the rhizosphere of maize were observed 
under normal and salt stress condition. Along with the 
native heterotrophic bacterial population, NBRI 12 M has 
effectively established itself to colonize and compete with 
the same concentration under both normal as well as salt 
stress condition. Our findings were supported by previous 
reports estimating the rhizosphere colonizing capability of 
PGPR in different host crops (Chauhan and Nautiyal 2010; 
Mishra et al. 2011; Mendis et al. 2018; Misra et al. 2019).

Conclusion

The role of stress-tolerant Bacillus strains having mul-
tifaceted PGP attributes under salt stress is indispensa-
ble for the confrontation of problems associated with salt 
stress. Our comparative study for salt-tolerant ACC deami-
nase producing bacterial strains exhibiting multiple PGP 
attributes under normal and salt stress condition revealed 
NBRI 12 M as a potent PGPR representing the Western 
Plain zone of UP, India. Moreover, PGPR possessing ACC 
deaminase activity able to modulate ethylene biosynthe-
sis which ascertains their role in ameliorating salt stress 
and enhancing plant growth under salt stress. The present 
study will provide an advantage towards sustainable food 
crop development in areas facing abiotic stress such as 
salinity.
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