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Abstract

Soil salinity is a major constraint to chickpea (Cicer arietinum L.) production, particularly in | Article History
arid regions such as Dera Ismail Khan, Pakistan. This study aimed to evaluate the potential of Received:
salt-tolerant Rhizobium strains in improving chickpea growth, nodulation and yield under saline | anuary 15,2024
soil conditions. A pot experiment was conducted at the Arid Zone Research Center, where five Revised:
chickpea genotypes (G1-G5) were inoculated with salt-tolerant rhizobial strains isolated from February 09, 2024
saline soils. The study compared inoculated plants with uninoculated controls. Results showed Ma?:tf;%t,e(zi(:m
that rhizobial inoculation significantly enhanced seed germination (up to 90%), shoot length

(28-42%), root length (25-37%) and biomass (42%) compared to uninoculated plants. | “V2Ple Online:

June 30, 2024
Nodulation efficiency improved markedly showing 100% nodulation across all genotypes.

Additionally, inoculation led to a 45% increase in pod number. Soil health analysis revealed
enhanced organic matter content, increased nitrogen levels and reduced bulk density in
inoculated treatments, particularly in genotypes G5 and G2. These findings suggest that salt-
tolerant Rhizobium strains can effectively mitigate the adverse effects of salinity, improve soil
fertility and enhance chickpea productivity. The results highlight the potential of rhizobial

inoculation as a sustainable approach for chickpea cultivation in saline environments.
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Fertility”, “Yield Enhancement”.
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INTRODUCTION

Pakistan faces severe challenges due to land
degradation and desertification, with nearly 45% of
its land affected by secondary salinization. Each
year, approximately 10,000 hectares of irrigated
land are abandoned due to increasing soil salinity,
posing a significant threat to food security and
agricultural sustainability (Begum N, ) (Zhang J, ).

Chickpea (Cicer arietinum L.) is an essential legume
crop, particularly in arid and semi-arid regions,
providing a rich source of protein, carbohydrates,
lipids, and essential vitamins (Koul B). However,
chickpea production in these regions is constrained
by poor soil fertility, salinity, and water scarcity
(Ahmed HG, ). Addressing soil fertility depletion is
critical for sustaining crop productivity in Pakistan’s
drylands. Legume-based cropping systems are
widely recognized for their ability to improve soil
structure, enhance nitrogen availability through
biological nitrogen fixation (BNF), and mitigate soil
erosion. Integrating legumes such as chickpea into
crop rotations with staple crops like wheat and
cotton has been shown to improve yields and soil
health. However, the success of these systems
largely depends on the availability of efficient
rhizobial strains capable of forming robust
symbiotic associations with chickpea roots under
saline and drought-prone conditions (Singh RK, )
(Yegrem L).

Rhizobium-legume symbiosis plays a key role in
enhancing soil fertility by fixing atmospheric
nitrogen, thereby reducing dependence on synthetic
fertilizers. The effectiveness of Rhizobium
inoculation in saline soils depends on selecting salt-
tolerant bacterial strains capable of sustaining
efficient nitrogen fixation (Bruning B, ). Research
indicates that certain rhizobial strains exhibit

salinity tolerance, enabling them to establish

successful associations with legumes even under
challenging soil conditions (llangumaran G, ). This
underscores the importance of identifying and
developing stress-tolerant rhizobial inoculants for

chickpea production in salt-affected areas.

In Pakistan, chickpea cultivation remains limited,
resulting in a low abundance of indigenous
Rhizobium strains in agricultural soils (Pla CL).
Moreover, rhizobial inoculants introduced from
other regions often fail to establish effectively in
saline soils. Therefore, selecting and evaluating
region-specific, salt-tolerant Rhizobium strains is
crucial for improving chickpea productivity and soil

fertility in Pakistan and other arid environments.

This study aims to isolate and characterize
Rhizobium strains from saline soils and local
chickpea varieties, assessing their nodulation
efficiency and plant growth-promoting traits under

both controlled and field conditions.

MATERIALS AND METHODS

Study Site and Soil Sampling

Soil for the pot experiment was collected from an
irrigated agricultural site at the Arid Zone Research
Center, Dera Ismail Khan (31°49'N, 70°54'E),
Pakistan. The region is characterized by arid
climatic conditions, with an average annual
temperature of 16-18°C and rainfall of 180-200
mm. The soil, classified as silt loam (Calcisol). Soil
samples (0-30 cm depth) were collected in October
(autumn) before sowing and in April (spring) at the
experiment's end. Samples were air-dried, sieved

(<2 mm) and stored at 4°C for further analysis.

Plant Material and Rhizobial Strains
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Seeds of the Pakistan-origin chickpea variety were
obtained from the National Agricultural Research
Centre (NARC), Islamabad. Rhizobial strains were
previously isolated from the rhizosphere of chickpea

grown in saline soils of Dera Ismail Khan.

Isolation and Characterization of Rhizobial

Strains

Rhizobial strains were isolated from chickpea
nodules using standard microbiological techniques.
Nodules were surface-sterilized with 95% ethanol (3
min) and 0.2% HgCl. (5 min), then rinsed
thoroughly with sterile water. Bacteria were
streaked onto yeast extract mannitol agar (YMA)
medium and incubated at 28°C for 6—7 days. The
purified isolates were identified through Gram

staining and microscopic examination.

Salt Tolerance of Rhizobial Strains

Rhizobial isolates were tested for salt tolerance by
growing them in YEM broth supplemented with
NaCl (2%, 3%, 4% and 5%). Bacterial growth was
assessed spectrophotometrically at 600 nm after 24,
48 and 72 hours.

Seed Germination and Inoculation

Chickpea seeds were surface-sterilized using 75%
ethanol for 2 minutes, followed by thorough
washing with sterile water. Germination was
conducted on moist filter paper at 25°C in darkness
for 7 days. For inoculation, bacterial cultures were
grown in TY broth, centrifuged and re-suspended in
phosphate-buffered saline (PBS, pH 7.4) at 10’ CFU
mL™". Seedlings were dipped in the suspension for
15 minutes before transplantation into 500 g pots

filled with saline soil.

Pot Experiment and Plant Growth Assessment

The pot experiment had two treatments: (i)
uninoculated control and (ii) Rhizobium-inoculated
plants. Plants were grown under controlled
conditions (20-26°C day/17-18°C night) and after
six weeks, shoot and root length, along with dry

biomass, were measured.

Soil and Plant Analysis

Soil organic carbon, nitrogen and bulk density were

analyzed using standard methods.

Statistical Analysis

Data were analyzed using analysis of variance
(ANOVA) in SPSS 25.0, with mean comparisons
conducted using Least Significant Difference (LSD)
at P = 0.05.

RESULTS

Growth Performance and Nodulation Efficiency

The five chickpea genotypes (G1, G2, G3, G4 and
Gb5) showed significant variation in response to
rhizobial inoculation under saline conditions.
Inoculated plants exhibited better root and shoot
growth, with an increase in shoot length (28-42%)
and root length (25-37%) across genotypes
compared to uninoculated controls. Genotype G3
demonstrated the highest shoot length increase,
while G5 had the greatest root growth improvement
(Figure 1). Without inoculation, no nodules were
observed in G1 and G4, whereas inoculation

resulted in 100% nodulation across all genotypes.

Salt Tolerance and Germination Response

Salinity stress negatively affected seed germination,
reducing rates to 55-65%. However, inoculation
with salt-tolerant rhizobia significantly improved

germination, increasing it up to 90% in G2 and G4.
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The strains were particularly effective in mitigating biomass of inoculated plants increased significantly

salt-induced dormancy and enhancing seedling showing a 42% increase in dry matter over

establishment (Figure 2). The shoot and root uninoculated plants.
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Figure 1. Rhizobial inoculation and chickpea growth and nodulation performance

Yield Performance and Pod Development conditions (Figure 3). The increase in

reproductive growth was attributed to

Rhizobium inoculation positively influenced
chickpea yield, leading to a 45% increase in
pod number compared to non-inoculated
plants. The highest pod production was
recorded in G1 and G3, with improved seed

weight and pod formation under inoculated

improved nitrogen fixation and nutrient
uptake. These findings align with previous
studies indicating that rhizobial symbiosis
enhances chickpea productivity under stress
conditions.
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Figure 2. Rhizobial inoculation and chickpea germination, pod formation and yield performance

Soil Health Improvement carbon concentrations (Figure 4). The

presence of rhizobial strains enhanced
Post-harvest soil  analysis showed that microbial activity, leading to better soil
inoculated treatments improved soil organic nutrient dynamics and organic matter
matter and nitrogen while Soil bulk density accumulation, crucial for sustaining soil
decreased. Genotypes G5 and G2 exhibited fertility under saline conditions.
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Figure 3. Rhizobial inoculation soil health quality improvement
DISCUSSION
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The results of this study demonstrate that
inoculating five chickpea genotypes with salt-
tolerant  rhizobial strains  significantly
improved plant growth, biomass accumulation

and yield under saline soil conditions.

The growth and development of chickpea
genotypes varied significantly in response to
rhizobial inoculation. Inoculated plants
exhibited greater shoot and root length,
biomass accumulation and nodulation
compared to uninoculated controls. This
improvement aligns with previous studies,
which report that effective rhizobial strains
enhance legume growth by facilitating
nitrogen fixation, improving nutrient uptake
and promoting root elongation (Pl CL). The
selected rhizobial strain effectively alleviated
salt stress, leading to increased germination
and seedling establishment, as also observed
in prior studies on stress-adapted bacterial
strains (Abd-Alla MH, ). Salinity stress
severely impacts chickpea germination and
early growth by inducing osmotic stress and
limiting water uptake. The findings of this
study revealed that seed germination under
5% NaCl was significantly improved (up to
90%) with rhizobial inoculation, particularly
in genotypes G2 and G4. This effect is likely
due to the enhanced production of plant
growth-promoting compounds by rhizobia,
which counteract salt-induced dormancy
(Jaiswal SK, ). Nodulation efficiency was also
substantially improved in all inoculated
genotypes, with the highest nodulation rates
observed in G3 and G5. These results are
consistent with previous findings that stress-
tolerant rhizobia can establish a successful
symbiosis under saline conditions, thus

improving nitrogen fixation (Htwe AZ). The

positive effects of Rhizobium inoculation
extended to reproductive growth, as evidenced
by a 30-45% increase in pod number and
weight. Genotypes G1 and G3 exhibited the
highest yield increases, suggesting that
rhizobial association enhances both vegetative
and reproductive growth in chickpea. These
findings support previous reports that
Rhizobium inoculation significantly increases
pod formation and seed yield in legumes under
stress conditions (Li X, ). The improved yield
is attributed to enhanced nitrogen fixation,
increased nutrient availability and improved
root architecture, all of which contribute to

better pod development and seed formation.

Post-harvest soil analysis indicated increased
organic matter content, soil permeability and
microbial activity in inoculated plots. The
improvement in soil nitrogen, carbon levels
suggests that rhizobial inoculation enhances
soil fertility by promoting nutrient cycling and
microbial interactions. Similar findings have
been reported in previous studies, where
Rhizobium  inoculation  improved soil
structure and nutrient availability in legume-
based cropping systems (Yegrem L)
(llangumaran G, ). The ability of rhizobia to
survive and function under stress conditions is
crucial for maintaining long-term soil health

and productivity.

CONCLUSION

This study confirmed that rhizobial
inoculation significantly enhances chickpea
growth, nodulation and soil health under
saline stress. Among the five genotypes, G3
and G5 showed the most substantial
improvements in biomass, germination and

yield. These findings suggest that inoculating
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chickpea with salt-tolerant Rhizobium strains
is an effective strategy for improving
production and soil fertility in saline soils of

Pakistan.
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