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Abstract-The development of salt-affected arable lands has become a serious challenge to agricultural
sustainability and global food security due to climate change. The dangers posed by soil salinity and its
impact on farming have not been sufficiently addressed through traditional breeding methods. Halo tolerant
plant growth-promoting rhizobacteria (HT-PGPR) are important for restoring degraded salt-affected soils
and for helping plants grow better, improving their nutritional value and yield, and increasing their ability
to withstand both living and non-living stressors. HT-PGPR use several methods to reduce soil salinity,
including the production of substances and plant hormones, the creation of secondary metabolites and
siderophores, the maintenance of ion balance, and the improvement of plant nutrient availability. As our
study aims to expand our understanding of HT-PGPR and its effects on agriculture, this review addresses
salinity-related problems and provides the scientific community with modern solutions, such as HT-PGPR,
for sustainable farming practices and efficient agriculture.

INTRODUCTION

Soil salinization, which means the build-up of
soluble salts like sodium and chloride in farmland,
poses a serious threat to crop productivity and food
security worldwide (Synan Abu Qamar et al., 2024).
This issue is growing because of climate change, the
use of saline water for irrigation, and improper
farming practices. Salt-affected lands are expanding
quickly, becoming one of the main causes of land
degradation (Hui-Ping Li et al., 2025). Many
important crops, such as wheat, rice, and maize, are
naturally sensitive to salt. Even a small amount of
salt in the soil can greatly reduce their yield
Traditional methods like plant breeding and genetic
improvements have had limited success in salty
conditions. Therefore, new approaches are needed
to help farming on saline soils. Halotolerant plant-
growth-promoting rhizobacteria (HT-PGPR) have
emerged as a promising natural solution. These
microbes are found in naturally salty environments
or near salt-tolerant plants and can survive and
grow on plant roots even in high-salt soils. For
example, strains of bacteria like Bacillus,
Pseudomonas and Enterobacter that can handle salt are

often used as biofertilizers or growth stimulants for
saline soils (Alka Sagar ef al., 2022).

These organisms act as bio-inoculants that
improve soil health and plant resilience. A key
feature is their ability to produce phytohormones.
Many halo tolerant rhizobacteria make auxins,
especially indole-3-acetic acid (IAA), gibberellins,
cytokinins, and other growth regulators. Some
strains even produce multiple hormones. For
instance, Azspirillum, Bacillus, and Pseudomonas from
salty soils have been shown to produce both IAA
and gibberellins under salty conditions. Using such
PGPR often results in longer and heavier roots in
plants. Importantly, many HT-PGPR also make a
protein called 1-aminocyclopropane-1-carboxylate
(ACC) deaminase. In fact, halo tolerant strains of
Pantoea and Bacillus that produce both IAA and ACC
deaminase have been found to significantly increase
the biomass of salt-stressed chickpea and wheat,
showing a combination of growth and stress
tolerance benefits. HT-PGPR also helps improve
plant water balance and osmotic adjustment by
providing steady solutes. At the same time,
halotolerant rhizobacteria often produce large
amounts of extracellular polysaccharides (EPS). EPS
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can bind sodium ions and form a protective biofilm
around roots, improving soil structure and water
retention while preventing excessive salt from
entering plant tissues (Kumari et al., 2020).

Moreover, HT-PGPR enhances nutrient
availability in salty soils. Many strains can break
down mineral phosphates or fix atmospheric
nitrogen, addressing the common lack of
phosphorus and nitrogen in saline soils. The
production of siderophores by halo tolerant strains
also helps in chelating and making available
micronutrients like iron, which become less
accessible in high-salt conditions. Finally,
inoculating plants with HT-PGPR often boosts their
antioxidant defences: treated plants accumulate
higher levels of enzymes like superoxide dismutase
and catalase, as well as non-enzymatic antioxidants,
which help neutralize harmful reactive oxygen
species caused by salt stress. Together, these various
traits allow halo tolerant PGPR to provide broad
protection against salt stress in crops. By adjusting
hormonal signals, reducing ethylene, improving
water and nutrient status, and reducing oxidative
damage, HT-PGPR significantly ease the negative
effects of soil salinity. Using these beneficial
organisms through bioinoculants or by designing
the soil microbiome is therefore a promising path
for sustainable farming on salt-affected lands.

MATERIALS AND METHODS

Study area and Sampling
Sample collection

Soil samples were collected from the saline soil of
Sangli area. After collection, physical and chemical
tests of the soil were done. The soil samples that had
high pH and electrical conductivity were selected
for further study.

Isolation and Enhancement of Halotolerant PGPR

Soil suspensions were prepared using samples
collected from different saline agricultural areas to
start the enrichment process. Ten grams of each soil
sample were mixed with 90 ml of sterile
physiological saline solution (0.85% NaCl) and
shaken vigorously for 30 minutes (Boukaew et al.,
2010).

The suspensions were then serially diluted to get
suitable concentrations for enrichment. The base
medium had minimal salts and was supplemented
with 1% glucose as a carbon source. Salt

concentrations were varied between 5% and 15%.
The enrichment cultures were incubated at 28 °C
while being gently shaken at 150 rpm (Mei et al.,
2021). At 48-hour intervals, 1% of the enriched
culture was transferred to fresh media. To ensure
that halotolerant organisms were consistently
selected, this process was repeated five times (Bhise
et al., 2016).

Screening for plant Development Advancing
Traits

IAA Generation Assay

The production of indole-3-acetic acid (IAA) was
measured using the Salkowski reagent method
(Udhayakumar, et al., 2024). Bacterial growth was
observed at various salt concentrations in a medium
containing tryptophan. After incubation, the
cultures were centrifuged, and Salkowski’s reagent
was added to the supernatant. The concentration of
IAA was measured spectrophotometrically at 530
nm using a standard curve made with pure IAA.
The IAA production levels at different NaCl
concentrations were compared to evaluate the effect
of salt stress on IAA production.

Nitrogen Fixation Assessment:

Quantitative methods were used to assess nitrogen
fixation capabilities. Growth indicated a possible
ability for nitrogen fixation in the nitrogen-free
medium used for the initial screening. The acetylene
reduction test (Soper et al., 2021), which measures
ethylene production using gas chromatography, was
used for quantitative evaluation. To determine
stability under stress, the effectiveness of nitrogen
fixation was assessed at different salt concentrations.

Phosphate Solubilization Test

The assessment of phosphate solubilization was
carried out using Pikovskaya’s medium containing
tricalcium phosphate. The stability of phosphate
solubilization under salt stress was observed by
testing at different NaCl concentrations. The
quantitative evaluation included
spectrophotometric measurement of soluble
phosphate in liquid medium (Ning et al., 2024).

Siderophore Generation Analysis

Siderophore production was identified using the
Chrome Azurol S (CAS) test. The CAS-shuttle test
(Ghosh et al. 2015), which measures absorbance at
630 nm, was used for quantitative assessment.
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Specific tests for hydroxamate and catecholate types
were used to determine the chemical nature of
siderophores. The effectiveness of production was
evaluated at varying salt concentrations.

ACC Deaminase Activity Assessment

The amount of alpha-ketobutyrate produced from
ACC was measured to estimate ACC deaminase
activity (Qi and Zhao, 2013). The only nitrogen
source used to grow the cultures was ACC in
minimal medium. After the reaction with 2,4-
dinitrophenylhydrazine, the enzyme activity was
measured spectrophotometrically at 540 nm. Tests at
different salt concentrations were used to evaluate
the stability of ACC deaminase activity under salt
stress.

RESULTS

The soil sample had a pH of 8.4, which means it’s
slightly alkaline, a common feature of saline soils.
The electrical conductivity was measured at 11.3 dS/
m, which shows that the soil has a high level of
salinity. According to standard classifications,
salinity is considered high when the EC value is
above 4 dS/m, and when it’s over 8 dS/m, it can have
a major impact on plant growth.

Screening for plant Development Advancing
Traits

IAA Generation Assay

All 25 isolates could produce IAA. In conditions
without salt, IAA production ranged from 12.3 to
48.7 micrograms per millilitre. When the salt
concentration was 5% NaCl, IAA levels were lower,
ranging from 8.7 to 39.2 micrograms per millilitre.
When the salt concentration increased further to
10% NaCl, IAA production decreased even more,
with levels from 3.2 to 28.5 micrograms per millilitre
effect of salt on IAA production differed among
isolates. Some strains, like HT-3 and HT-12, showed
more stable IAA production across all salt
concentrations, with less decrease at 10% NaCl
compared to salt-free conditions. For instance,
isolates HT-5 and HT-18 showed a greater reduction
in IAA production at 10% NaCl compared to salt-
free conditions. This sensitivity to salt stress
suggests that the auxin biosynthesis pathways in
these strains are more susceptible to osmotic or ionic
interference. Interestingly, a few isolates, such as
HT-1 and HT-9, showed a slight increase in IAA

IAA Production by PGPR Isolates Under Different Salt Concentrations
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Fig. 1. Presents the IAA production levels of the isolates
under these conditions.

production at 5% NaCl compared to salt-free
conditions, suggesting that moderate salinity might
stimulate auxin biosynthesis in these strains.

Nitrogen Fixation Capabilities

In salt-free conditions, nitrogenase activity ranged
from 7.2 to 28.5 nanomoles of C2H4 per milligram
of protein per hour, with an average of 18.3
nanomoles of C2H4 per milligram of protein per
hour. Salt stress significantly affected nitrogenase
activity. At 5% NaCl, activity levels decreased,
ranging from 5.8 to 23.7 nanomoles of C2H4 per
milligram of protein per hour. When salinity
increased to 10% NaCl, activity levels dropped even
more compared to salt-free conditions. The effect of
salinity on nitrogen fixation varied among isolates.
For example, isolates HT-7 and HT-15 maintained
relatively high nitrogenase activity even at 10%
NaCl, showing less reduction compared to salt-free
conditions. In contrast, other isolates experienced a
sharp decline in nitrogenase activity with increasing
salinity. For instance, isolates HT-4 and HT-11
showed a more significant reduction in activity at
10% NaCl. Interestingly, a few isolates like HT-1 and
HT-9 showed a slight increase in nitrogenase

Nitrogenase Activity of PGPR Isolates Under Different Salt Concentrations
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Fig. 2. Iillustrates the nitrogenase activity of the isolates
under different salt concentrations.
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activity at 5% NaCl compared to salt-free
conditions.

Phosphate Solubilization Test

Of the 25 isolates, all showed clear zones of
phosphate solubilization on Pikovskaya’s agar
plates. Quantitative analysis in liquid medium
showed varying levels of phosphate solubilization
efficiency among these isolates. In salt-free
conditions, the amount of soluble phosphate
released ranged from 68.5 to 287.3 micrograms per
millilitre. At 5% NaCl, solubilization levels
decreased ranging from 58.2 to 253.6 micrograms
per millilitre. When salinity increased further to 10%
NaCl, solubilization levels dropped more compared
to salt-free conditions. The effect of salinity on
phosphate solubilization varied significantly among
isolates. Some strains, such as HT-7, HT-12, and HT-
18, maintained high phosphate solubilization
efficiency even at 10% NaCl, showing less reduction
compared to salt-free conditions. In contrast, other
isolates experienced a sharp decline in phosphate
solubilization with increasing salinity. For example,
isolates HT-3 and HT-21 showed more reduction in
solubilization at 10% NaCl. Interestingly, a few
isolates, including HT-1, HT-9, and HT-15, showed a
slight increase in phosphate solubilization at 5%
NaCl compared to salt-free conditions.

Phosphate Solubilization by PGPR Isolates Under Different Salt Concentrations

Isolate Number

Fig. 3. Presents the phosphate solubilization efficiency of
the isolates under different salt concentrations.

Siderophore Generation Analysis

Out of the 25 isolates, all showed positive results for
siderophore production on CAS agar plates,
indicated by orange halos around the colonies.
Quantitative analysis using the CAS-shuttle solution
assay showed varying levels of siderophore
production among these isolates. In salt-free
conditions, siderophore production ranged from
26.3% to 78.9% siderophore units. Salt stress had a
variable impact on siderophore production. At 5%

NaCl, production levels decreased, ranging from
23.1% to 72.4% siderophore units. When salinity
increased further to 10% NaCl, production levels
dropped more compared to salt-free conditions. The
effect of salinity on siderophore production varied
significantly among isolates. Some strains, like HT-
7, HT-12, and HT-18, maintained high siderophore
production even at 10% NaCl, showing less
reduction compared to salt-free conditions. In
contrast, other isolates experienced a sharp decline
in siderophore production with increasing salinity.
For instance, isolates HT-4 and HT-22 showed more
reduction in production at 10% NaCl. Interestingly,
a few isolates, such as HT-1, HT-9, and HT-15,
showed a slight increase in siderophore production
at 5% NaCl compared to salt-free conditions.

Siderophore Production by PGPR Isolates Under Different Salt Concentrations

Isolate Number

Fig. 4. Illustrates the siderophore production by the
isolates under different salt concentrations.

ACC Deaminase Activity

Of the 25 isolates, all showed positive growth on
minimal medium containing ACC as the sole
nitrogen source, indicating potential ACC
deaminase production. Quantitative assessment
revealed varying levels of enzyme activity among
these isolates. In salt-free conditions, ACC
deaminase activity ranged from 0.68 to 2.87
micromoles of alpha-keto butyrate per milligram of
protein per hour. The highest activity was observed
in isolates belonging to the genera Pseudomonas
and Bacillus, known for their efficient ACC
deaminase production. Salt stress significantly
affected ACC deaminase activity. At 5% NaCl,
activity levels decreased, ranging from 0.55 to 2.43
micromoles of alpha-keto butyrate per milligram of
protein per hour. When salinity increased further to
10% NacCl, activity levels dropped even more
compared to salt-free conditions. The effect of
salinity on ACC deaminase activity varied among
isolates. Some strains, particularly HT-7 and HT-15,
maintained relatively high ACC deaminase activity
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ACC Deaminase Activity of PGPR Isolates Under Different Salt Concentrations
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Fig. 5. Presents the ACC deaminase activity of the isolates under different salt concentrations.

even at 10% NaCl, showing less reduction compared
to salt-free conditions. For example, isolates HT-3
and HT-20 showed more activity at 10% NaCl.
Interestingly, a few isolates, such as HT-1 and HT-12,
showed a slight increase in ACC deaminase activity
at 5% NaCl compared to salt-free conditions.

CONCLUSION

This detailed study on halo tolerant plant growth-
promoting rhizobacteria has given us important
knowledge about how they can help increase crop
yield in areas with salty soil. The successful finding
and studying of many PGPR strains from salt-
affected lands, along with showing that these
bacteria help plants grow better even when there is
a lot of salt, marks a big step towards creating
natural solutions for farming in salty environments.

The fact that some of these bacterial strains can
keep helping plants grow even in very salty
conditions is very encouraging. This suggests they
could be used in areas that are heavily affected by
salt, which is a growing problem in agriculture. In
short, this research adds a lot to what we know
about halo tolerant PGPR and their role in making
agriculture more sustainable in salty soils. It shows
a promising way to deal with the increasing issue of
soil salinity, supporting global efforts to improve
food production and encourage eco-friendly
farming methods.
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