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Halotolerant bacteria mitigate the effects of
salinity stress on soybean growth by
regulating secondary metabolites and
molecular responses
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Abstract

Background: Salinity is a major threat to the agriculture industry due to the negative impact of salinity stress on
crop productivity. In the present study, we isolated rhizobacteria and evaluated their capacities to promote crop
growth under salt stress conditions.

Results: We isolated rhizospheric bacteria from sand dune flora of Pohang beach, Korea, and screened them for
plant growth-promoting (PGP) traits. Among 55 bacterial isolates, 14 produced indole-3-acetic acid (IAA), 10
produced siderophores, and 12 produced extracellular polymeric and phosphate solubilization. Based on these PGP
traits, we selected 11 isolates to assess for salinity tolerance. Among them, ALT29 and ALT43 showed the highest
tolerance to salinity stress. Next, we tested the culture filtrate of isolates ALT29 and ALT43 for IAA and organic acids
to confirm the presence of these PGP products. To investigate the effects of ALT29 and ALT43 on salt tolerance in
soybean, we grew seedlings in 0 mM, 80 mM, 160 mM, and 240 mM NaCl treatments, inoculating half with the
bacterial isolates. Inoculation with ALT29 and ALT43 significantly increased shoot length (13%), root length (21%),
shoot fresh and dry weight (44 and 35%), root fresh and dry weight (9%), chlorophyll content (16–24%), Chl a (8–
43%), Chl b (13–46%), and carotenoid (14–39%) content of soybean grown under salt stress. Inoculation with ALT29
and ALT43 also significantly decreased endogenous ABA levels (0.77-fold) and increased endogenous SA contents
(6–16%), increased total protein (10–20%) and glutathione contents, and reduced lipid peroxidation (0.8–5-fold),
superoxide anion (21–68%), peroxidase (12.14–17.97%), and polyphenol oxidase (11.76–27.06%) contents in soybean
under salinity stress. In addition, soybean treated with ALT29 and ALT43 exhibited higher K+ uptake (9.34–67.03%)
and reduced Na+ content (2–4.5-fold). Genes involved in salt tolerance, GmFLD19 and GmNARK, were upregulated
under NaCl stress; however, significant decreases in GmFLD19 (3–12-fold) and GmNARK (1.8–3.7-fold) expression
were observed in bacterial inoculated plants.

Conclusion: In conclusion, bacterial isolates ALT29 and ALT43 can mitigate salinity stress and increase plant
growth, providing an eco-friendly approach for addressing saline conditions in agricultural production systems.
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Background
Soil salinity is among the most devastating environmental
stressors that negatively affect crop production, affecting
millions of hectares of land around the world and causing
significant economic losses each year [1–3]. Approxi-
mately 62 million hectares (20%) of irrigated land are cur-
rently affected by high salt content [1, 2], and it has been
estimated that more than 50% of arable land will be sali-
nized by 2050 [4, 5]. Soil salinity limits crop productivity
by impairing root growth, nutrient uptake, and metabolic
processes [1–3]. The active rhizosphere zone is reduced as
a result of impaired root growth and development, affect-
ing nutrient uptake efficiency.
In addition, salinity stress affects physiological, mor-

phological, and biochemical processes, which decrease
crop biomass and productivity [2, 3]. Excess Na and Cl
ions result in ionic imbalances and ion toxicity through
competition with K ions. Ion toxicity interferes with
many physiological processes in plants and leads to
chlorosis and necrosis [6, 7]. Similarly, Na inhibits im-
portant cellular processes and enzymatic activities that
require K for functioning by competing with K for bind-
ing sites and disturbing K homeostasis [6]. It has been
suggested that plant survival under salinity stress re-
quires high cytosolic K concentrations and maintenance
of low Na concentrations in the cytoplasm and cytosol
[8, 9]. Morphological changes under salinity stress have
been observed in all growth stages, including germin-
ation, seedling, vegetative, and mature stages [10]. Salt
stress-induced biochemical changes include the modula-
tion of phytohormones (decreases in the stress hormone
abscisic acid [ABA] and increases in the defense hor-
mone salicylic acid [SA]), changes in ion uptake (accu-
mulation or removal of ions), antioxidant enzyme
activation, reactive oxygen species (ROS) generation and
accumulation, and photosynthetic pathway disruption
[2]. On a molecular level, salinity stress in plants also af-
fects gene regulation. Furthermore, salinity stress im-
pedes photosynthesis by affecting chlorophyll and
carotenoids and reducing PSII activity [11–13]. A de-
cline in photosynthesis will eventually deplete energy re-
serves, leading to plant starvation, foliar expansion of
leaves, and senescence [14].
Soybean is an economically important legume crop

that is cultivated for plant oil, mineral, and protein re-
sources worldwide [5, 15]. Soybean is semi-tolerant to
salinity stress; however, high salinity can decrease soy-
bean yield by inhibiting seed germination and post-
germination growth [16–18]. Salinity stress negatively
impacts soybean growth, seed quality and quantity, and
yield [19]. For soybean, the availability of the whole
genome sequence has enhanced our understanding of
the basic mechanisms of salinity-related gene expression
and regulation [20]. Several soybean genes that confer

salinity stress tolerance have been identified [21].
GmFLD19 has been shown to enhance tolerance to salt
stress by reducing Na ion and malondialdehyde content,
upregulating antioxidant enzyme activity, and increasing
chlorophyll content [15]. Similarly, GmNARK induces
ABA production, improving tolerance to salt stress in
soybean [22].
Saline conditions present major challenges for agricul-

tural production in many countries [23–25]. Strategies
such as traditional breeding, genetic engineering of halo-
tolerant transgenic plants, and chemical applications are
used to address the issue of high salinity [26, 27]. How-
ever, such methods are not always feasible, and some
may even create additional adverse impacts on the eco-
system [28]. Therefore, identifying and developing eco-
friendly strategies to manage high salinity are vital for
agricultural systems. The use of plant growth-promoting
rhizobacteria (PGPR) to elicit mechanisms facilitating
plant tolerance to salinity stress has emerged as a prom-
ising approach to improve plant adaptation and
resource-use efficiency in hostile environments [17, 18,
29, 30]. PGPR can benefit plant growth and development
by producing phytohormones and organic substances
that promote growth and increase nutrient availability
and uptake [17, 23]. Several studies have reported the ef-
fectiveness of PGPR for improving crop growth under
abiotic stress, including salinity stress. Bacterial strains
such as Pseudomonas, Burkholdera, Bacillus, and Arthro-
bacter have been identified as plant growth promoters
under saline conditions in crop plants such as cucumber,
tomato, wheat, and soybean [23, 29–31]. The purpose of
the current study was to isolate, identify, and
characterize halotolerant PGPRs. Bacterial isolates
ALT29 and ALT43 were selected based on multiple
plant growth promotion (PGP) traits. We evaluated the
effects of halotolerant isolates ALT29 and ALT43 on
soybean growth attributes, ion uptake, ROS generation
and antioxidant production, and salt-related gene
expression under NaCl stress at concentrations of 80
mM, 160 mM, and 240 mM.

Results
Isolation, screening, and identification
Fifty-five bacterial isolates were isolated (S. Table 1) and
screened for plant growth-promoting traits (indole-3-
acetic acid [IAA], siderophore production, extracellular
polymeric substances [EPS] formation, phosphate
solubilization, and NaCl tolerance). The Salkowski
reagent results revealed that 14 isolates exhibited IAA
activity, 12 isolates exhibited EPS activity and phosphate
solubilization, and 10 isolates produced siderophores (S.
Fig. 1). Based on multiple PGP traits, we selected 11 iso-
lates to screen at different concentrations of NaCl (70
mM, 140 mM, 210 mM, and 280 mM). The highest NaCl
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tolerance was observed in ALT29 and ALT43 (S. Fig. 2),
which were, therefore, selected for further investigation
and molecular identification. The identification results
showed that ALT29 and ALT43 exhibit high sequence
similarity with Bacillus aryabhattai and Arthrobacter
woluwensis, respectively. The sequences were submitted
to NCBI GenBank with accession no. MW077247 and
MW077246 (S. Fig. 3).

In vitro IAA quantification of isolates ALT29 and ALT43
IAA production in the culture filtrate of isolates ALT29
and ALT43 spiked with different concentrations of NaCl
was quantified using GC/MS. ALT29 and ALT43 both
produced substantial amounts of IAA, but the highest
IAA content was produced by ALT29 (Fig. 1).

Bacterial isolates ALT29 and ALT43 regulate soybean
growth under salinity stress
Salinity stress inhibited the growth attributes and
reduced the chlorophyll content of soybean plants.
However, the negative effects of salinity were attenu-
ated in soybean plants inoculated with ALT29 and
ALT43 (Fig. 2). Compared with the control plants,
those exposed to salinity stress exhibited decreases in
shoot length (15%), root length (29%), shoot fresh
and dry weight (49 and 35%), and root fresh and dry
weight (22 and 34%). Inoculation with isolates ALT29
and ALT43 mitigated salinity stress, increasing the
shoot length (13%), root length (21%), shoot fresh
and dry weight (44 and 35%), and root fresh and dry
weight (9%) compared with NaCl-stressed plants
(Fig. 2; Table 1). Additionally, under normal condi-
tion, increases in chlorophyll content (21%), Chl a
(10%), Chl b (8%), and carotenoid (8%) content were
observed in ALT29 and ALT43-inoculated soybean
plants compared with control plants (Fig. 3). How-
ever, when plants were subjected to NaCl stress (80
mM, 160 mM, and 240 mM), a decrease in chlorophyll
content (12–42%), Chl a (18–80%), Chl b (38–89%),
and carotenoid (19–79%) content were observed
(Fig. 3). Inoculation with halotolerant ALT29 and
ALT43 mitigated the NaCl stress and increased the
chlorophyll content (16–24%), Chl a (8–43%), Chl b
(13–46%), and carotenoid (14–39%) content were ob-
served in soybean inoculated plant compared with
only NaCl stressed plants (80 mM, 160 mM, and 240
mM) (Fig. 3).

Regulation of endogenous phytohormones under salinity
stress
A significant increase in ABA content (1.57-fold) was
observed in soybean plants under salinity stress com-
pared to the control (Fig. 4a). However, among plants
exposed to NaCl stress (80 mM, 160 mM, and 240 mM),

a decrease in ABA content (0.77-fold) was observed in
those inoculated with isolates ALT29 and ALT43
(Fig. 4a). Moreover, SA results were in contrast to ABA
results; a 2% increase in endogenous SA content was
observed in plants inoculated with ALT29 and ALT43
under normal conditions. Under NaCl stress, a 6–16%
increase was observed in soybean plants inoculated with
ALT29 and ALT43 (Fig. 4b).

Antioxidant quantification in soybean plants under
salinity stress
Changes in antioxidant content were investigated in
soybean plants subjected to NaCl stress with and with-
out inoculation with isolates ALT29 and ALT43. Malon-
dialdehyde (MDA) content was evaluated to assess the
extent of lipid peroxidation (LPO). Higher levels of
MDA (2.3–6.3-fold) were observed in soybeans treated
with NaCl stress (80 mM, 160 mM, and 240 mM) com-
pared with ALT29 and ALT43 inoculation (0.8–5-fold)
(Fig. 5a). Similarly, superoxide anion (SOA) contents
varied in response to the NaCl treatments (Fig. 5b).
However, the production of SOA was significantly inhib-
ited in ALT29 and ALT43-inoculated soybean plants
(21–68%) compared with NaCl-stressed plants (38–
91%). Similar trends were observed in peroxidase dis-
mutase (POD) content and polyphenol oxidase (PPO)
content, which were lower in salinity stress soybean
plants inoculated with isolates ALT29 and ALT43
(Fig. 5c & d). To further elucidate the ability of ALT29
and ALT43 to mitigate salinity stress, the GSH content
in soybean plants was significantly higher (56–179%) in
ALT29 and ALT43-inoculated plants compared with un-
inoculated plants (37–136%) under NaCl stress (Fig. 5e).
In addition, the total protein content significantly de-
creased (20–43%) under salinity stress compared with
control plants. However, inoculation with halotolerant
ALT29 and ALT43 increased the protein content in
NaCl-stressed plants by 10–20% (Fig. 5f).

geRole of bacterial isolates in ion uptake during salinity
stress
Inductively coupled mass spectrometry (ICP) analysis of
Na+ and K+ content was conducted. Soybean plants
treated with NaCl (80 mM, 160mM, and 240 mM)
exhibited higher Na+ content (4–8-fold) (Fig. 6a). How-
ever, ALT29 and ALT43-inoculated plants showed sig-
nificant decreases in Na+ content (2–4.5-fold) (Fig. 6a).
Compared with Na+, the K+ content decreased signifi-
cantly under salinity stress (24.5–65.39%) compared with
control plants (Fig. 6b). However, K+ uptake increased
(9.34–67.03%) in salinity-stressed soybean plants inocu-
lated with ALT29 and ALT43 compared with un-
inoculated plants (Fig. 6b).
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Gene expression under salinity stress and bacteria
inoculation
GmFLD19 was more highly expressed (7–18-fold) in
soybean plants exposed to NaCl stress (Fig. 7a). How-
ever, ALT29 and ALT43 inoculation improved soybean
adaptability against NaCl stress, resulting in a significant
decrease in GmFLD19 expression (3–12-fold) in soybean
plants exposed to NaCl stress (80 mM–240 mM)
(Fig. 7a). Similarly, a significant increase in the expres-
sion of GmNARK was observed in soybean plants
exposed to NaCl stress (2–4.6-fold) (Fig. 7b). However,
ALT29 and ALT43 inoculation enhanced soybean resist-
ance to NaCl stress and reduced the expression of
GmNARK (1.8–3.7-fold) in soybean plants exposed to
NaCl stress (Fig. 7b).

Discussion
Soil salinity is a serious agricultural problem around the
world [23–25]. In plants, salinity stress can cause oxida-
tive damage, ion toxicity, and nutritional imbalances that
reduce photosynthetic rates, inhibit plant growth, and
decrease crop yield and quality [17, 30]. Plants under
salinity stress undergo several morphological and
physiological changes that impede growth and develop-
ment [30, 32]. However, beneficial plant growth-
promoting rhizobacteria have been demonstrated to play
a significant role in alleviating salinity stress in plants,
improving crop growth and yield in saline environments
[17, 30, 32]. Alleviation of salinity stress by PGPR has
been reported in cotton, rice, wheat, tomato and soybean
[23, 29–36].

Fig. 1 Quantification of a IAA and b organic acid content in isolates ALT29 and ALT 43 culture broth using GC/MS-SIM analysis. Data points are
the mean of three technical replications and error bars represent standard error. Bars with different letters are significantly different from each
other, as evaluated by DMRT analysis
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In this study, soybean plants exposed to NaCl stress
exhibited reduced growth, root and shoot length, and
fresh and dry biomass. However, inoculation with bac-
terial isolates ALT29 and ALT43 mitigated the effects of
salinity stress, improving plant-growth attributes in inoc-
ulated plants compared to un-inoculated plants (Fig. 2;
Table 1). Similarly, chlorophyll content plays a vital role
in photosynthesis, however salinity stress affect chloro-
phyll content depend on level of salinity [37, 38]. A de-
crease in chlorophyll content was observed in plants
under salt stress. However, NaCl-induced decreases in
chlorophyll and carotenoid content were attenuated in

soybean plants inoculated with ALT29 and ALT43
(Fig. 3). These results are consistent with previous find-
ings that inoculation with halotolerant PGPR increases
chlorophyll content in plants under salinity stress, in-
cluding Ocimum basilicum [39], Solanum lycopersicum
[33], Glycine max [34], and Oryza sativa [40]. Further-
more Yoo et al. [33] Siddikee et al. [41], Fan et al. [42],
and Khan et al. [18] reported Bacillus aryabhattai and
Arthrobacter woluwensis against salinity stress in tomato,
canola and soybean plants, and reported that plants in-
oculated with bacteria isolate significantly enhance plant
growth, chlorophyll content under NaCl stress.

Fig. 2 Effects of bacterial isolates ALT29 and ALT 43 on the growth of soybean plants under normal conditions and NaCl stress

Table 1 Growth promoting effect of Isolate ALT29 and ALT43 in soybean under various NaCl stress. The values with ± show
standard deviation (SD) are means of three technical replicates. Value in columns followed by different letters are significantly
different as evaluated by DMRT analysis

SL(cm) RL(cm) SFW(g/3P) RFW(g/3P) SDW(g/3P) RDW(g/3P)

Cont. 20.26 ± 1.4 24.16 ± 5.34 16.75 ± 0.75 6.50 ± 0.55 1.86 ± 0.45 0.51 ± 0.08

ALT29 23 ± 2.0 25.46 ± 4.88 17.22 ± 1.07 8.54 ± 1.36 2.53 ± 0.45 0.67 ± 0.03

ALT43 22.06 ± 1.0 27.83 ± 5.10 17.07 ± 1.00 7.79 ± 0.71 2.42 ± 0.34 0.63 ± 0.04

80 mM NaCl 16.16 ± 1.04 18.33 ± 0.76 12.50 ± 0.50 5.03 ± 0.50 1.20 ± 0.2 0.38 ± 0.01

80 mM+ ALT29 19.96 ± 0.45 20.33 ± 1.10 14.74 ± 0.75 6.87 ± 0.11 2.02 ± 0.10 0.42 ± 0.05

80 mM+ ALT43 18.16 ± 1.04 22.23 ± 1.07 14.24 ± 0.96 6.11 ± 0.25 2.06 ± 0.12 0.39 ± 0.11

160mM NaCl 11 ± 1.00 16.83 ± 0.76 8.52 ± 0.50 3.69 ± 0.20 1.01 ± 0.10 0.42 ± 0.02

160mM + ALT29 14.1 ± 0.75 19.5 ± 1.50 9.90 ± 0.50 4.99 ± 0.50 1.5 ± 0.11 0.38 ± 0.03

160mM + ALT43 13 ± 1.01 20.16 ± 0.76 10.28 ± 0.75 5.96 ± 0.54 1.43 ± 0.07 0.52 ± 0.03

240mM NaCl 8.36 ± 0.77 17.5 ± 0.51 4.22 ± 0.40 2.66 ± 0.32 0.92 ± 0.06 0.34 ± 0.03

240mM + ALT29 10.5 ± 0.55 20.5 ± 1.00 7.83 ± 0.80 3.01 ± 0.50 1.163 ± 0.14 0.42 ± 0.02

240mM + ALT43 11.2 ± 0.43 17.73 ± 1.02 8.56 ± 0.51 4.41 ± 0.35 1.14 ± 0.05 0.35 ± 0.01

SL Shoot length, RL Root length, SFW Shoot Fresh weight, RFW Root Fresh weight, SDW Shoot Dry weight, RDW Root Dry weight
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The beneficial effects of the selected halotolerant
bacterial isolates (ALT29 and ALT43) on soybean
growth may be attributed to the salinity tolerance and
plant growth-promoting traits (EPS formation, organic
acid, and IAA production) exhibited by these isolates
(S. Fig. 1 and Fig. 1). Vurukonda [27] and Selvakumar
[28] reported that EPS-producing bacteria contribute
to the maintenance of salinity tolerance in plants,
providing protection against salinity stress [43, 44].
Similarly, organic acids benefit plants by providing an
important source of carbon and energy as well as
regulating abiotic stress tolerance [45]. The bacteria
used in the current study produce several organic
acids (Fig. 1b), which have been shown to enhance
plant growth. Furthermore, IAA is an essential phyto-
hormone, and numerous studies have demonstrated
that IAA-producing halotolerant bacteria improve
plant salinity tolerance. In this study, isolates ALT29
and ALT43 produced IAA in LB media with NaCl
(Fig. 1a). Therefore, the growth promotion of salt-
stressed soybean plants inoculated with ALT29 and
ALT43 is likely mediated by these PGP traits.
Salinity stress leads to the accumulation of Na and

Cl, which affects the presence and distribution of

other vital elements in plants, reducing physiological
activity and plant growth [2, 3]. Increased concentra-
tions of Na ions produce osmotic stress, impacting
intercellular K influx [6]. K is an essential element for
plant growth [46]; the results of this study showed
decreases in K and increases in Na in soybean plants
under salinity stress (Fig. 6). However, inoculation
with ALT29 and ALT43 improved K uptake and
reduced Na uptake in NaCl-treated plants (Fig. 6).
In addition, phytohormones are essential signal mole-

cules in plants that are regulated under stress conditions
[47, 48]. In particular, salinity stress has been shown to
increase the biosynthesis of the phytohormone abscisic
acid [49, 50]. Previous studies show that high endogen-
ous ABA content inhibits the growth of Brassica napus,
Zea mays, and Phaseolus vulgaris [47, 48, 51]. Inocula-
tion with halotolerant PGPR modulates abiotic stress, in-
cluding salinity stress, and reduces ABA biosynthesis
[35, 52–54]. In the current study, we observed a signifi-
cant increase in endogenous ABA content in soybean
plants under NaCl stress; however, this effect was miti-
gated by ALT29 and ALT43 inoculation (Fig. 4a). Simi-
larly, salt-stressed Gossypium hirsutum and Triticum
aestivum inoculated with salt-tolerant Pseudomonas

Fig. 3 Effects of NaCl stress on chlorophyll content in soybean plants with and without inoculation of isolates ALT29 and ALT 43. a Chlorophyll
content (SPAD), b Chlorophyll A (Chl A), c Chlorophyll B (Chl B), and d Carotenoid content. Data points are the mean of three technical replications
and error bars represent standard error. Bars with different letters are significantly different from each other, as evaluated by DMRT analysis
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putida, Arthrobacter protophormiae, and Bacillus subtilis
exhibited reduced ABA accumulation and enhanced
plant growth [32, 36].
Salicylic acid is a defense-signaling phytohormone that

acts as an ROS scavenger, protecting plants from oxida-
tive stress [55–57]. Hamayun et al. [3] and Wang et al.
[58] reported a decrease in endogenous SA in Glycine
max and Iris hexagona under salinity stress. Our results
were consistent with these findings in that NaCl reduced
SA content in soybean; however, higher SA contents
were observed in soybean plants inoculated with isolates
ALT29 and ALT43 (Fig. 4b). Our current finding con-
firms the previous reports of Kang et al. [59] and Khan
et al. [60, 61] who reported that bacterial inoculation
enhances SA content in plants under abiotic stress.

Accumulation of Na in plant tissues increases the for-
mation of ROS (superoxide anion, singlet oxygen), dis-
turbs the normal metabolism, and produces cellular
toxicity and protein degradation [62]. To mitigate the ef-
fects of salinity stress and increased ROS generation,
plants activate antioxidant defense systems, such as
glutathione reductase (GR), LPO, and other antioxidant
enzymes (PPO, POD, TPP) that remove free radicals and
protect against cellular stress. Soybean plants inoculated
with ALT29 and ALT43 exhibited increases in GSH and
TPP content and decreases in LPO, SOA, and PPO
content under salinity stress (Fig. 5). Similar results were
also observed in maize, rice, and basil plants inoculated
with halotolerant bacteria, which exhibited significant in-
creases in ROS-scavenging enzyme activity [39, 40, 63, 64].

Fig. 4 Endogenous abscisic acid (ABA), and salicylic acid (SA) quantification in soybean plants inoculated with ALT29 and ALT 43. a ABA content
and b SA content under normal conditions and NaCl stress. Data points are the mean of three technical replicates. Error bars represent standard
error. Bars with different letters are significantly different from each other, as evaluated by DMRT

Khan et al. BMC Plant Biology          (2021) 21:176 Page 7 of 15





https://doi.org/10.4014/jmb.1007.07011
https://doi.org/10.4014/jmb.1007.07011
https://doi.org/10.1080/15226514.2016.1183583
https://doi.org/10.1080/15226514.2016.1183583
https://doi.org/10.1016/j.micres.2015.12.003
https://doi.org/10.1016/j.micres.2015.12.003
https://doi.org/10.1007/s11104-020-04618-w
https://doi.org/10.1007/s11104-020-04618-w
https://doi.org/10.3390/ijms14047370
https://doi.org/10.3390/ijms14047370
https://doi.org/10.1007/BF00011639
https://doi.org/10.1071/PP01131
https://doi.org/10.1071/PP01131
https://doi.org/10.1016/S0098-8472(02)00110-7
https://doi.org/10.1038/nature08122
https://doi.org/10.1038/nature08122
https://doi.org/10.1046/j.1365-3040.1998.00249.x
https://doi.org/10.1371/journal.pone.0173203
https://doi.org/10.1371/journal.pone.0173203
https://doi.org/10.1111/pbi.12556
https://doi.org/10.1111/j.1365-313X.2004.02267.x
https://doi.org/10.1111/j.1365-313X.2004.02267.x
https://doi.org/10.1007/s11738-013-1364-0
https://doi.org/10.1007/s11738-013-1364-0
https://doi.org/10.1023/A:1005632506230
https://doi.org/10.1023/A:1005632506230
https://doi.org/10.1080/17429145.2014.894587
https://doi.org/10.1080/17429145.2014.894587
https://doi.org/10.1186/s12866-020-01822-7
https://doi.org/10.1186/s12866-020-01822-7
https://doi.org/10.1371/journal.pone.0232228
https://doi.org/10.1371/journal.pone.0232228
https://doi.org/10.15666/aeer/1602_20432058
https://doi.org/10.1007/s10725-010-9479-4
https://doi.org/10.1080/17429145.2010.535178
https://doi.org/10.1371/journal.pone.0097669
https://doi.org/10.1371/journal.pone.0097669
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1104/pp.117.3.979
https://doi.org/10.1104/pp.117.3.979
https://doi.org/10.3390/plants8100363
https://doi.org/10.1007/s10658-014-0581-8
https://doi.org/10.1007/s10658-014-0581-8
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/S0168-9452(97)00115-5
https://doi.org/10.1016/S0168-9452(97)00115-5
https://doi.org/10.1093/oxfordjournals.pcp.a078658
https://doi.org/10.1093/oxfordjournals.pcp.a078658


https://doi.org/10.1038/s41598-020-76675-1
https://doi.org/10.1038/s41598-020-71661-z

	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	Isolation, screening, and identification
	In vitro IAA quantification of isolates ALT29 and ALT43
	Bacterial isolates ALT29 and ALT43 regulate soybean growth under salinity stress
	Regulation of endogenous phytohormones under salinity stress
	Antioxidant quantification in soybean plants under salinity stress
	geRole of bacterial isolates in ion uptake during salinity stress
	Gene expression under salinity stress and bacteria inoculation

	Discussion
	Conclusion
	Methods
	Isolation, screening, and identification
	ALT29 and ALT43 IAA and organic acid production
	Growth conditions and treatments
	Endogenous abscisic acid and salicylic acid quantification
	Antioxidant enzyme activities
	RNA extraction, cDNA synthesis, and qRT-PCR analysis
	Determination of Na and K uptake in plant
	Statistical analysis
	Abbreviations

	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

