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ABSTRACT

The study aimed to isolate pseudomonads from soil samples and evaluate their growth under varying pH
levels and NaCl concentrations. The results showed that 46.66% of the 15 isolates showed high growth
under 50 mM salinity, while 13.33% showed high growth at 100 mM salinity and 33.33% were able to
tolerate up to 150 mM salinity with reduced growth. All isolates showed higher growth at pH 7 and 8,
while 20% of isolated showed high growth even at pH 9 and 10. The study showed the potential of candidate
isolates in pH and salt stress. These isolates having Plant growth-promoting rhizobacteria (PGPR) may be
utilized to augment plant growth under pH and salt stress conditions.
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Introduction

Salt stress is one of the major environmental factors
limiting plant growth and productivity, particularly
in coastal and arid regions. The cultivation of lentils
(Lens culinaris M) in India can be negatively im-
pacted by high pH levels and elevated salt concen-
trations in the soil (Singh et al., 2022). These condi-
tions can cause reduced growth and decreased
yields for the crop. Studies have shown that high pH
values can lead to toxicity of essential nutrients and
ion imbalances that negatively affect plant growth
and health (Kumar et al., 2021). Additionally, high
salt levels can cause soil salinization and increase
the risk of drought stress for the lentil plants, result-
ing in reduced yields (Hossain et al., 2017; Singh and
Husen, 2019). To mitigate these negative effects,
farmers in India can implement practices such as

regular soil testing and management, irrigation
management, and the use of salt-tolerant lentil vari-
eties. To overcome this challenge, researchers have
focused on the identification and characterization of
plant growth-promoting rhizobacteria (PGPR) that
are able to tolerate high salt concentrations
(Kumawat et al., 2022). PGPR are beneficial microor-
ganisms that colonize the root system of plants and
provide a range of benefits such as increased nutri-
ent uptake, improved stress tolerance, and enhanced
growth (Shultana et al., 2022). In the context of soil
salinity, the isolation and use of rhizobacteria that
promote plant growth and can tolerate high salt lev-
els could be a key factor in mitigating the harmful
effects of soil salinity on plant growth and survival
(Banerjee et al., 2019). Recently, there has been a
growing interest in the use of PGPR as biostimulants
for crop improvement in salt-affected soils. How-
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ever, the identification and characterization of salt-
tolerant PGPR are crucial for the development of
effective and sustainable biostimulants strategies.
This information can be used to optimize the selec-
tion and use of PGPR for specific crops grown under
different salinity conditions (Banjare et al., 2023). In
this context, recent studies have aimed to character-
ize salt-tolerant PGPR using a range of methods in-
cluding physiological (different pH and salt concen-
tration) characterization (Yañez et al., 2021; Saleem et
al., 2021). These studies have provided valuable in-
sights into the mechanisms of salt tolerance in PGPR
under salt stress conditions. In present study,
pseudomonads from various soil specimens were
isolated and evaluated the influence of varying pH
levels and NaCl concentrations on their growth.

Materials and Methods Top of Form

Screening of bacterial isolates for different pH
and salt concentration

Based on their antagonistic activities, 15 bacterial
isolates were screened for pH and salt stress toler-
ance activities such as different salt concentration;
different pH ranges (Tsegaye et al., 2019)

Effect of different pH values on growth of
pseudomonades isolates

The effect of different pH values of Kings’ B broth
medium (7, 8 9, 10, and 11pH) on growth of
pseudomonades isolates in medium were estimated.
Five treatments for each pH values of liquid me-
dium were used for this analysis.

Effect of different NaCl concentrations on growth
of pseudomonades isolates

The effect of different added dose of NaCl (50, 100
and 150 mM NaCl) in Kings’ B broth on the growth
of different isolates was performed. Isolates were
inoculated in 10 ml medium containing different
doses of NaCl and replicated thrice.

Results and Discussion

Based on the antagonistic activity against Fusarium
oxysporum f. sp. lentis. Fifteen (15) potential PGPR
were selected i.e., PGPR18 (85.19), PGPR16 (84.81),
PGPR22 (80.74), PGPR21(79.63), PGPR26 (75.56)
PGPR24 (72.59), PGPR27 (67.41), PGPR9 (61.85),
PGPR23 (61.48), PGPR30 (60.74), PGPR25 (59.63),
PGPR14 (57.78), PGPR20 (55.56), PGPR29 (51.11) &

PGPR13 (48.89) for screening of their tolerance at
different salt concentrations and different pH ranges
(Table 1).

Among these 15 isolates, 7 (46.66%)
pseudomonad isolates viz. PGPR18, PGPR16,
PGPR21, PGPR26, PGPR23, PGPR14 and PGPR20
were showed high growth (+++) and 8 (53.33%)
pseudomonad isolates i.e., PGPR22, PGPR24,
PGPR27, PGPR9, PGPR30, PGPR25, PGPR29 and
PGPR13 were showed moderate growth (++) on 50
mM salinity, respectively.

Similarly, at 100 mM salinity, only two (13.33%)
pseudomonad isolates (PGPR18 and PGPR16) were
showed high growth (+++), 6 (40%) pseudomonad
isolates (PGPR22, PGPR21, PGPR26, PGPR24,
PGPR23 and PGPR14) were showed moderate
growth (++) and seven isolates (46.66%) (PGPR27,
PGPR9, PGPR30, PGPR25, PGPR20, PGPR29 and
PGPR13) were showed less growth (+). Interest-
ingly, five (33.33%) pseudomonad isolates (PGPR18,
PGPR16, PGPR22, PGPR24 and PGPR23) were toler-
ated 150 mM salinity, however  showed less growth
(+) and other ten  isolates (PGPR21, PGPR26,
PGPR27, PGPR9, PGPR30, PGPR25, PGPR14,
PGPR20, PGPR29 and PGPR13) were showed not
any growth (-).

For pH tolerance test, all 15 (100%) pseudomonad
isolates grew well and displayed high growth (+++)
on pH-7 and pH-8 whereas, on pH-9 only 3 (20%)
isolates PGPR18, PGPR16, PGPR22 were expressed
high growth (+++) remaining 12 (80%) isolates
showed moderate growth (++).

Similarly on pH-10 five (33.33%) isolates
(PGPR18, PGPR16, PGPR22, PGPR21 and PGPR26)
showed moderate growth (++) behavior and seven
(46.66%) isolates showed less growth (+) while 3
(20%) isolates (PGPR20, PGPR29 and PGPR13) were
displayed no growth (-) at pH-10 level.

At pH-11, 3 (20%) isolates (PGPR18, PGPR16 and
PGPR22) grew moderately (++) and three (20%) iso-
lates (PGPR21, PGPR26 and PGPR27) showed less
growth (+) and there is no growth have been ob-
served in 9 (60%) isolates (Table, Plate).

For saline prone areas, salt tolerant bacteria are a
potential bioresource (Hayat et al., 2013). There has
been a substantial increase in soil salinization in re-
cent years, which appears to be one of most common
factors that limit photosynthetic capacity, protein
synthesis, plant growth, energy (Parida and Das
2005), total nitrogen content and lipid metabolism
(Rahman et al., 2019; Tyerman et al., 2019). An in-
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crease in crop productivity can be attributed to the
development and utilization of plant growth-pro-
moting (PGP) bacteria that are tolerant to different
abiotic stress including salt, pH and extreme tem-
peratures. Our results showed that among these fif-
teen isolates, seven (46.66%) pseudomonad isolates
grew well and were showed high growth (+++) and
eight (53.33%) isolates were showed moderate
growth (++) astolerated on 50 mM salinity respec-
tively. Similarly, at 100 mM salinity tolerance, two
(13.33%) pseudomonad isolates (PGPR18 and
PGPR16) were tolerated and showed high growth
(+++), six (40%) isolates were showed moderate
growth (++) and seven isolates (46.66%) were
showed less growth (+). Interestingly, five (33.33%)
pseudomonad isolates were able to tolerate even in
150 mM salinity level but showed less growth (+)
and ten (66.66%) isolates showed without any
growth (-), thus are confirmed their ability of surviv-
ing in saline condition. A strain of P. plecoglossicida,
strain Pp20, could reduce salt and aluminum dam-
age to maize roots (Zerouk et al., 2019). Further, it
was discovered that strain Pp20 can survive in a
range of salt concentrations, from 50 to 600 mM and
found that the presence of salt had positive effect on
seminal roots, lateral roots, root length and  stem
weight (Mahmood et al., 2019). Similarly, the previ-
ous report showed that P. libanensis TR1 and
Helianthus annuus exhibited high resistance to saline
stress (8%) (Ma et al., 2019). Another study showed

that isolates UPMR2, UPMR7, UPMR17, and
UPMR18 could tolerate high salt concentrations (up
to 6%) which confirm their ability to survive in a
saline environment (Habib et al., 2013).

In pH tolerance test, all (100%) pseudomonad iso-
lates grew well and displayed high growth (+++) on
pH-7 and pH-8 whereas, on pH-9 only three (20%)
isolates were expressed high growth (+++) remain-
ing twelve (80%) isolates showed moderate growth
(++). Similarly at pH-10 five (33.33%) isolates
showed moderate growth (++) behavior and seven
(46.66%) isolates showed less growth (+) while three
(20%) isolates were displayed no growth (-) at pH-10
level. Whereas, at pH-11, three (20%) isolates grew
moderately (++) and three (20%) isolates showed
less growth (+) and there is no growth have been
observed in nine (60%) isolates. The study found
that the growth of selected bacterial isolates in-
creases linearly under different range of stress con-
ditions such as pH between 7 and 11 and salt con-
centration up to 150 mM. However, at a salt concen-
tration of 150 mM, the bacterial growth was ob-
served to decrease. The research indicates, bacterial
strains isolated from acidic soils were able to convert
insoluble phosphates into soluble forms under high
salt and pH stress conditions (Chaiharn and
Lumyong, 2009; Sharma et al., 2021). Previous study
showed that the isolate was able to tolerate salt con-
centrations up to 8% NaCl, but the optimum growth
was observed at 4% NaCl (Singh et al., 2019).

Table 1. Bacterial isolates screened for different pH and salt concentration

Sl. Bacterial isolates Salt. Conc of NaCl (mM) pH
No. 50 100 150 7.0 8.0 9.0 10.0 11.0

1 PGPR18 +++ +++ + +++ +++ +++ ++ ++
2 PGPR16 +++ +++ + +++ +++ +++ ++ ++
3 PGPR22 ++ ++ + +++ +++ +++ ++ ++
4 PGPR21 +++ ++ - +++ +++ ++ ++ +
5 PGPR26 +++ ++ - +++ +++ ++ ++ +
6 PGPR24 ++ ++ + +++ +++ ++ + -
7 PGPR27 ++ + - +++ +++ ++ + +
8 PGPR9 ++ + - +++ +++ ++ + -
9 PGPR23 +++ ++ + +++ +++ ++ + -
10 PGPR30 ++ + - +++ +++ + + -
11 PGPR25 ++ + - +++ +++ ++ + -
12 PGPR14 +++ ++ - +++ +++ ++ + -
13 PGPR20 +++ + - +++ +++ ++ - -
14 PGPR29 ++ + - +++ +++ ++ - -
15 PGPR13 ++ + - +++ +++ ++ - -

*- = No growth, + = Less growth, ++ = Medium growth, +++ = High growth
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Conclusion

Of the 15 pseudomonad isolates studied, 46.66%
showed high growth (+++) under 50 mM salinity,
while 53.33% showed moderate growth (++). At 100
mM salinity, 13.33% of the isolates (PGPR18 and
PGPR16) displayed high growth (+++) while 40%
showed moderate growth (++) and 46.66% showed
less growth (+). 33.33% of the isolates were found to
tolerate 150 mM salinity with less growth (+) while
66.66% did not grow (-), indicating their survival in
saline conditions. All 100% of the pseudomonad iso-
lates showed high growth (+++) at pH 7 and 8,
while only 20% showed high growth (+++) at pH 9
and 80% showed moderate growth (++). At pH 10,
33.33% showed moderate growth (++) and 46.66%
showed less growth (+), with 20% showing no
growth (-). At pH 11, 20% grew moderately (++) and
20% showed less growth (+), while 60% did not
grow at all. The study found that the growth of the
bacterial isolates increased linearly under various
stress conditions such as pH 7 to 11 and salt concen-
trations up to 150 mM. In conclusion, the character-
ization of salt-tolerant PGPR is important for the
development of sustainable biostimulants strategies
for the improvement of crop performance in salt-af-
fected soils. Future research should focus on opti-
mizing the selection and use of PGPR for specific
crops and environmental conditions, leading to im-
proved crop yields and increased food security.
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