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Abstract !
Rhizobacteria play a crucial role in enhancing plant growth and improving
crop yield. This study focuses on the plant growth-promoting and biofertilizer

potential of rhizobacteria isolated from the chickpea (Cicer arietinum) Article History
rhizosphere. The evaluation invol_ved both prima_ry and secqndary screen_ing Egg:;gg gg m:;gﬂ gggg
processes to assess the key biochemical traits. The primary screening
focused on ammonia and auxin production, where ammonia production Keywords
enhances nitrogen availability for plants and auxins, particularly indole- Ammonia; Auxin;
3-acetic acid (IAA), contribute to root formation and overall plant growth. Chickpea; HCN;

. . . . Plant Growth Promoting
Secondary screening examined the production of siderophores and Potential:
hydrogen cyanide (HCN). Siderophores facilitate iron uptake by plants, while Pseudomonas Parafulva;
HCN acts as a biocontrol agent by inhibiting soilborne pathogens. The study's Siderophore.

findings showed that, among the five bacterial isolates one isolate (B67) had
high auxin and siderophore-producing abilities it also exhibited ammonia
and HCN producing abilities. Inoculation of this rhizobacterial isolate
on chickpea seeds exhibited positive effects on seed germination and
seedling growth. Isolate B67 has been identified as Pseudomonas
parafulva using 16S rRNA gene sequencing. These findings suggest that
Pseudomonas parafulva isolated from the chickpea rhizosphere possesses
multiple plant growth-promoting traits positively influences growth of plants.
Therefore, it might be used as an effective bioinoculant and biocontrol
agent, offering a sustainable alternative to chemical fertilizers and pathogen
management strategies.
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Abbreviation

IAA Indole-3-acetic acid
HCN Hydrogen cyanide
PGPR : Plant growth promoting rhizobacteria.

Introduction

The rhizosphere, the narrow zone of soil influenced
by plant roots, hosts a diverse community of micro-
organisms that interact with plant roots to influence
plant growth and health. These interactions play a
critical role in sustainable agricultural practices, with a
particular emphasis on plant growth promoting
rhizobacteria (PGPR). PGPR are bacteriawhich directly
and indirectly enhance plant growth by promoting
nutrient availability, improving plant health and acting
as biocontrol agents against plant pathogens.'? Their
beneficial effects occur through various mechanisms,
including nitrogen fixation, phytohormone synthesis
and improving plant resistance to abiotic conditions
including drought and salinity.3#

The chickpea (Cicer arietinum) rhizosphere is a
highly dynamic environment, enriched with a variety
of microorganisms, like N, fixing bacteria and
rhizobacteria (PGPR), which collectively influence
the plants growth, nutrient uptake and resistance
to environmental stresses. The interaction between
chickpea roots and rhizospheric microorganisms is
central to its growth, particularly in nitrogen-deficient
soils where PGPRs can enhance nutrient availability
and plant vigour.®$

The positive impact of PGPR in the chickpea
rhizosphere is largely attributed to their ability to
enhance nutrient cycling and improve plant stress
tolerance. Several PGPRs, including Pseudomonas
and Bacillus species, produce phytohormones like
IAA, which induce root elongation and improve plant
growth under drought and salinity stress.®” These
microorganisms also help solubilize phosphorus,
an essential nutrient for plant metabolism and
productivity, which often remains unavailable due to
soil conditions.? In addition, PGPRs can suppress
soil-borne pathogens by producing antimicrobial
compounds competing with pathogens for nutrients
and activating plant defence mechanisms."%"° One
of the most common mechanisms through which
PGPRs exert biocontrol activity is the synthesis
of antibiotics can stop a variety of plant diseases
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from growing."" Pseudomonas and Bacillus species
produce a broad spectrum of antibiotics, such as
phenazines and bacillomycin, which help prevent
the establishment of harmful pathogens in the
rhizosphere.'213

In addition to symbiotic nitrogen fixers like Rhizobium
leguminosarum and Bradyrhizobium, free living
nitrogen fixers like Azotobacter and Azospirillum
help in improving soil fertility by changing atmospheric
N, in plant-usable form. These bacteria improve
soil nitrogen levels, release ammonia and secrete
phytohormones that stimulate rootgrowth and enhance
nutrient absorption. Unlike symbiotic bacteria,
free-living nitrogen fixers function independently,
making them valuable for chickpea cultivation in
nitrogen-deficient soils. However, recent studies
suggest the presence of PGPRs in the chickpea
rhizosphere can further enhance the nodulation
process and increase the overall nitrogen fixation
efficiency, leading to improved crop yields.5

Non-nodulating PGPR also contributes to plant
health by producing siderophores which binds with
iron and increases its availability to plants while
restricting its accessibility to iron for harmful soil-
borne pathogens. Additionally, species like Serratia
and Enterobacter, play a role in organic matter
decomposition, releasing essential nutrients that
promote chickpea growth.* 415

The biocontrol potential of PGPR is particularly
significant for chickpea (Cicer arietinum), which is
susceptible to soil borne pathogens like Fusarium
and Rhizoctonia. Recent studies have shown that
PGPRs such as Bacillus subtilis and Pseudomonas
fluorescens effectively reduce pathogen incidence
while promoting plant growth.'® Additionally, the
application of these PGPR not only reduces disease
symptoms but also improves seedling vigor, leading
to improved plant establishment and productivity.
Similarly, it was also found that Bacillus subtilis and
Pseudomonas fluorescens enhance water retention
in chickpea, reduce water loss through improved root
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structure and increase chlorophyll content, thereby
supporting the plants growth under water-limited
conditions.5'”

The ability of PGPR to enhance plant growth under
adverse environmental factors, such as drought,
salinity and nutrient deficiencies, is a growing area
of interest in sustainable agriculture. With the
increasing need to reduce chemical fertilizers and
pesticides, rhizospheric microorganisms offer an eco-
friendly alternative for enhancing plant productivity
and maintaining soil health for the long term.820
Understanding the interactions between plants and
beneficial microbes is essential for harnessing their
full potential in agricultural applications.

The isolation of indigenous PGPR is particularly
valuable in agricultural practices due to their natural
adaptationto specific soiland environmental conditions.
Unlike commercially avaialable non-native strains,
indigenous PGPR are naturally adapted to the
specific environmental and soil conditions of a given
region, making them more effective and resilient.?'
The objective of this research article is to explore
the plant growth promoting and biofertilizer potential
of rhizobacteria isolated from chickpea rhizosphere
of agricultural field of Mandsaur district, Madhya
Pradesh. The study aims to assess their impact on
plant growth, soil health and biocontrol activities
against soil-borne pathogens, thereby contributing
to sustainable agricultural practices.

Materials and Methods

Sample Collection

Samples of soil were collected from Cicer arietinum
(chick pea) rhizosphere in Mandsaur district
Madhya Pradesh, India. Samples were collected
from different locations in the field by gathering the
soil adhering to the roots and packing it in sterile
polythene bags and safely delivering it safely to the
laboratory and storing it at room temperature till the
further analysis.??

Isolation and Purification of Rhizospheric
Bacterial Cultures

Rhizobacteria were obtained from soil samples using
serial dilution and spread plate methods. 100 mi
of sterile distilled water and one gram of soil were
mixed together and the mixture was vigorously
shaken for 15 minutes using a vortex mixer. One
ml of soil suspension was mixed with 9 ml sterile
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water and successive dilutions were made up to 10°.
The diluted soil suspension (0.2 ml of 10 dilution)
was spread on Nutrient agar medium and kept at
37°C temperature for 48 hours. The colonies having
different morphological characteristics were selected
and purified by the streak plate method. The purified
single colonies were stored in Nutrient agar slants
at 4°C temperature for further analysis.?®

Identification of Rhizospheric Bacterial Cultures
All the rhizobacterial cultures were identified with
the help of colony characteristics like shape, color,
margin, elevation as well as biochemical tests like
MR test, VP test, Simmon citrate test, Motility test,
Triple sugar iron test, Phenylalanine deaminase
test, Hydrogen sulphide production test, Sugar
fermentation test and Nitrate broth test. The bacterial
cultures were gram stained and examined under
microscope to determine their gram characteristics,
bacterial shape and arrangement.?+2

Plant Growth Promoting and Biocontrol Activities
of Rhizospheric Bacteria

The growth promoting and biocontrol activities
of rhizobacterial cultures were evaluated using
primary and secondary screening methods. Primary
screening was based on auxin and ammonia
production assay and secondary screening was
based on the biocontrol activities like siderophore
and HCN production assay.

Primary Screening

Auxin Production

Rhizobacterial cultures were grown in nutrient broth
containing 0.1% tryptophan and incubated at 37°C
for 48 hours. After incubation Salkowski reagent
(2ml 0.5M FeCl, in 49 mI H,O and 49 ml 70% HCIO,)
was added in each test tube. The mixtures were kept
at room temperature for 30 minutes. The appearance
of pink color showed the production of IAA. Unino-
culated medium was used as control.?

Ammonia Production

Peptone broth (4%) was used for detection of
ammonia production in rhizobacterial cultures.
Rhizobacterial cultures were inoculated in 5 ml
peptone broth and kept at 370C temperature for 48
hours. After incubation 0.5 ml Nessler’s reagent was
added to each test tube. Ammonia production was
detected by the color turning from brown to yellow.
Uninoculated medium was used as control.?’
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Secondary Screening

Hydrogen Cyanide Production

The rhizobacterial cultures were spot inoculated on
Nutrient agar plates containing 4% glycine. Asterilized
Whatman filter paper no. 40 soaked in 2% of Na,CO,
in 0.5% picric acid solution was placed on the lid of
Petri plates and sealed with paraffin and incubated
at 37°C for 7 days. When the color of the filter paper
changed from yellow to orange, it indicated that
the rhizobacterial cultures were producing HCN. No
change in color showed absence of HCN production.?®

Siderophore Production

The Chrome azurol S (CAS) agar plate method was
used to detect the siderophore formation. The 24
hours fresh rhizobacterial cultures were inoculated on
CAS agar plates and incubated at 30°C temperature
for 5-6 days. Siderophore production was shown by the
culturesthathad anorange zone surrounding the colony.
This assay was based on the ability of siderophore
to bind with ferric acid with high affinity.?°

Effect of Selected Rhizobacteria on Seed
Germination and Seedling Growth of Chickpea
The seeds of chickpea (Ujjain local kanta chana
variety) were used for germination test and they
were procured from local market of Ujjain, Madhya
Pradesh. Quality of the seeds was checked by
observing physical appearance and uniform healthy
seeds were selected for experiment. The seeds were
surface sterilized with 0.1% HgCI, for two minutes
then they were washed three times with sterile
distilled water. A 24 hours old bacterial culture diluted
in 1:10 ratio with sterile distilled water was used for
seed treatment. Surface sterilized chickpea seeds
were soaked in bacterial suspension for 30 minutes
and five seeds were placed on moistened filter
paper in sterilized Petri plate with equal spacing
and incubated at 28 + 2°C for 5 days. After 48 hours
percentage germination was recorded and after 5
days root length, shoot length and dry weights of root
and shoot were recorded. Vigor index was calculated
using the following formula.*®®

Vigor index = Seed germination (%) x [Mean Root
Length + Mean Shoot Length]

Seeds treated with distilled water served as control
and this experiment was performed in triplicates.?®
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Statistical Analysis

To evaluate the significance of the results, statistical
analysis was performed on the seedling growth data.
The experiment was conducted in triplicates and
the findings were presented as mean + standard
deviation (SD). The mean value at p < 0.01 was
considered significant.

Molecular Characterization of Rhizobacterial
Culture B67 by 16S rRNA Gene Sequencing
The molecular characterization of rhizobacterial
culture B67 was conducted through 16S rRNA gene
sequencing to determine its taxonomic identity.
The gene sequencing of rhizospheric bacteria was
performed by Agharkar Research Institute (ARI),
Pune, India. A total genomic DNA was extracted by
GeneElute Genomic DNA isolation kit (Sigma, USA)
and 16S rRNA gene was amplified by polymerase
chain reaction (PCR) using 27F and 1492R primers.
The PCR product was purified using a Magnetic bead-
based method to ensure high-quality sequencing.
Sequencing was carried out using the BigDye™
Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems). The obtained sequence was analyzed
and compared with reference sequences in the
NCBI database to determine sequence identity and
phylogenetic affiliation.

Results

Isolation and Characterization of Rhizobacterial
Cultures

Five rhizobacterial cultures were successfully
isolated from the rhizospehric soil samples. The
morphological characterization revealed that isolates
B33, B65 and B26 have white colour colonies, B67
has yellow colour colonies and B168 has orange
colour colonies in old cultures and light-yellow colour
in fresh colonies. All isolates show circular colonies
and smooth margins on Nutrient agar plates while
elevations of the colonies varied, B168 and B67
have convex elevation, B33 and B65 have drop like
elevation while isolate B26 has raised elevation.

It was observed that four cultures (B33, B168, B65
and B26) were gram positive and one culture (B67)
was gram negative. All rhizobacterial cultures were
cocci in shape. Culture B67 tested positive for the
Simmon’s citrate test, but showed negative results in
the MR test, VP test, Nitrate broth test, Motility test,
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TSI test, Sugar fermentation test and Phenylalanine
test. Culture B33 showed negative reactions in all
biochemical tests. Culture B168 gave positive result
for the Nitrate broth test and was motile. B65 was MR
positive and motile, while B26 was MR positive, VP
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positive and Nitrate broth test positive. It was also
motile and gave a positive result in the Phenylalanine
test. The results of the biochemical reactions are
shown in Table 1.

Table 1: Biochemical characteristics of rhizobacterial cultures

S. Name of MR VP Nitrate Motility Simmon TS Sugar fermentation Phenyla
No. culture Test Test broth test citrate test -lanine
test test Lactose Mannitol Sorbitol test

fermen fermen fermen
tation tation tation

1. B33 - - - - - - - - - -

2. B168 - - + + - - - - - -

3. B67 - - - - + - - - - -

4. B65 + - - + - - - - - -

5. B26 + + + + - - - - - +

Plant Growth Promoting and Biocontrol Activities
of Rhizospheric Bacteria

The plant growth-promoting and biocontrol activities
of all the five cultures were determined and the

results of the primary and secondary screenings are
shown in Table 3.

Table 3: Plant growth promoting and biocontrol activities of different
rhizobacterial cultures

S. No. Name of Plant growth promoting and biocontrol activities
culture
Primary screening Secondary screening
Auxin Ammonia HCN Siderophore
production production production  production
1. B33 + - - -
2. B168 + - - +
3. B67 +++ ++++ ++++ +
4. B65 ++ - - -
5. B26 ++ - - +

The results of the primary screening showed that,
all the cultures exhibited the positive results of auxin
production in which highest production was seen
in B67, cultures B65 and B26 showed moderate
auxin production, whereas cultures B33 and B168
showed the lowest production. Similarly, ammonia
production was also tested and the results showed

that only B67 exhibited the positive result during
primary screening. The results of the secondary
screening showed that the siderophore production
was detected in three cultures (B67, B168 and B26)
and two cultures B65 and B33 were not able to
produce siderophore. The HCN production was only
observed in B67 and all the four cultures showed
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the negative results. So, these results indicate that
the isolate B67 is the most effective rhizobacteria
for the plant growth promoting as well as biocontrol
applications.

Effect of Selected Rhizospheric Bacteria on Seed
Germination and Seedling Growth

The effect of selected plant growth-promoting
rhizobacteria (PGPR) namely B67 on seed
germination and seedling growth of chickpea seeds
was evaluated using Petri plate assays. Several
growth parameters were analyzed, including
germination percentage, root and shoot length, dry
weight and vigour index. The results showed that
the germination percentage of control seeds was
80% whereas seeds treated with B67 exhibited 90%
germination rate, indicating a positive influence on
seed germination. The statistical analysis showed a

highly significant difference (p < 0.01) between the
treated and control groups, as presented in Table 4
and Figure 1.

In terms of root growth, the control seeds had a
mean root length of 1.70 + 0.69cm while eeds treated
with B67 showed improved root growth, with mean
root lengths of 3.84 + 1.17 cm. The treatment with
B67 demonstrated the significant improvement in
root growth.

Similarly, shoot growth analysis revealed that control
seeds had a mean shoot length of 1.93 + 0.50 cm,
whereas seeds treated with B67 had mean shoot
lengths of 3.82 + 0.66 cm. These findings confirm that
B67 significantly enhances root and shoot growth,
further establishing its role in promoting seedling
development.

Table 4: Effect of rhizobacterial culture on germination and seedling of chickpea

S. Name of Percentage  Effect on root growth Effect on shoot growth Vigor
No. culture germination Index
(%) Root Dry weight  Shoot Dry weight
length of root (mg/ length of shoot
(cm) 5 seeds) (cm) (mg/ 5 seeds)
01.  Control 80 1.70 37+£1.52 1.93 24 +0.7 290.4
+0.69 +0.50 + 68.22
02. B67 90 3.84 43+ 1.00 3.82 77£1.7 689.4
+1.17 +0.66 +120.92

Fig. 1: Effect of plant growth promoting rhizobacteria B67 treatment on germination
and seedling of chickpea A. Control B. B67 treatment
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The mean dry weight of the control root was 37 + 1.52
mg per 5 seeds, while seeds treated with B67 had
significantly higher root dry weights of 43 + 1.00 mg
per 5 seeds. The higher root dry weight in seeds
treated with B67, suggest superior root development.
Similarly, the control seeds had a mean shoot dry
weight of 24 + 0.7 mg per 5 seeds, whereas seeds
treated with B67 exhibited a significantly higher shoot
dry weight of 77 £ 1.7 mg per 5 seeds. These results
demonstrate that B67 significantly enhances shoot
dry weight, further supporting its role in improving
overall plant health.

The vigour index was also positively influences by
the bacterial treatment. The vigour index of control

seeds was 290.4 + 68.22, while seeds treated with

=B67
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B67 exhibited the highest vigour index at 689.4
+ 120.92. These results suggest that B67 is the
highly effective treatment and significantly enhances
seedling growth and vigor compared to the control.

Overall, the results confirm that PGPR, especially B67,
positively influences chickpea seed germination and
seedling growth, highlighting its potential to improve
crop establishment and early developmental stages.

Molecular Characterization of Rhizobacteria B67
by 16S rRNA Gene Sequencing

The isolate B67 was identified as Pseudomonas
parafulva through 16S rRNA sequencing shown in
Figure 2.

GAGCGGATGAYGGGAGCTTGCTCCTKGATTCAGCGGCGGACGGGTGAGTAATGCCTAGGAATCTG
CCTGOTAGTGGGUGOACAACGTTTCGAAAGCGAACGCTAATACCGCATACGTCCTACGGGAGAAAG
CAGGUOACCTTCOGGGCCTTGOCGCTATCAGATGAGCCTAGGTCGUGATTAGCTTGTTGGTGAGGTAA
TGGCTCACCAAGGCGACCGATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGAC
ACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCCGAAAGCCTGATCC
AGCCATGCCGCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGGGTT
GTAGATTAATACTCTGCAATTTTGACGTTACCGACAGAATAAGCACCGGCTAACTCTGTGCCAGC
AGCCGCGGTAATACAGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCGCGTAGGT
GGTTTGTTAAGTTGGATGTGAAAGCCCCGGGCTCAACCTGGOAACTGCATCCAAAACTGGCAAGC
TAGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGA
ACACCAGTGGCCGAARGCGACCACCTGACTGATACTGACACTGAGGTGCGAAAGCGTGGGGGAGC
AAACAGGATTAGAWACCCTGGTMGTCCACGCCGTAAAC

65|: Pseudomonas koreensis strain Ps 9-14 KU041145.1
! Pseudomonas serboccidentalis strain ITP374 OP021715.1

Pseudomonas glycinis strain P1111 NR 181729.1

B67

Pseudomonas parafulva JCM 11244 LC507438.1

—
0.0010

Fig. 2: Molecular characterization of rhizobacterial isolate B67 as Pseudomonas parafulva

Discussion rhizosphere of Cicer arietinum (chickpea) harbors

The results of this study highlight the significant
potential of rhizobacteria in promoting plant growth
and enhancing agricultural productivity. The

a diverse microbial community of rhizobacteria,
many of which exhibit plant growth-promoting
characteristics.®' In this study, both primary and
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secondary screening techniques were used to
identify the most effective rhizobacterial strains
with the potential to promote plant growth through
different mechanisms.

Ammonia and auxin production were assessed in the
primary screening, are key indicators of rhizobacteria
that promote plant growth. Ammonia, a product of
nitrogen fixation, is essential for enhancing nitrogen
availability in the soil, thus improving soil fertility and
plant growth.?? In addition, auxins like indole-3-acetic
acid (IAA), play a crucial role in root elongation
and development, which can significantly influence
nutrient uptake and overall plant health.33 The high
levels of auxin production observed in Pseudomonas
parafulva (B67) suggest that this strain has the
potential to enhance root development and overall
plant growth, a finding consistent with previous
studies that highlight the auxin-producing ability of
Pseudomonas species.?*3°

Secondary screening focused on biocontrol activities,
specifically siderophore and hydrogen cyanide (HCN)
production. Siderophores are iron chelating
compounds that increase iron availability in
nutrient deficient soils promoting plant growth.®'
The siderophore-producing ability of isolate B67
further enhances its role in promoting plant growth
by alleviating nutrient stress. Additionally, HCN
production by P. parafulva contributes to its
biocontrol activity by inhibiting the growth of soil-
borne pathogens, a well-documented feature of
Pseudomonas species.* The ability of B67 to produce
both siderophores and HCN suggests its dual role
as a plant growth promoter and a biocontrol agent.

The inoculation of chickpea seeds with P. parafulva
(B67) resulted in improved seed germination,
seedling growth and root development, which aligns
with previous research showing that Pseudomonas
strains can significantly enhance plant growth by
various mechanisms.*

Molecular identification of isolate B67 using 16S
rRNA gene sequencing confirmed its identity as
Pseudomonas parafulva, a species known for its
multifunctional plant growth-promoting and biocontrol
capabilities, including nitrogen fixation, auxin
production, siderophore synthesis and HCN
production. These plant growth-promoting traits
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highlight its potential as an eco-friendly alternative to
chemical fertilizers and synthetic pesticides, offering
a sustainable solution for agricultural productivity.

Indigenous PGPR, such as P. parafulva play a vital
role in sustainable agriculture by enhancing soil
fertility, promoting plant growth, protecting crops from
pathogens and improving stress tolerance. Their
natural adaptation to local soil and environmental
conditions makes them an effective alternative to
chemical inputs, contributing to climate-resilient
and environmentally sustainable farming. Future
research and large-scale application of native
PGPR bioformulations could significantly enhance
agricultural productivity while maintaining soil health
and ecological balance.¢2137:38

In this study, P. parafulva has been isolated from
agricultural fields in the Mandsaur district of Madhya
Pradesh, specifically in the Malwa region. Given its
adaptability to this region, it has potential for use in
sustainable agricultural practices to enhance crop
productivity. However, further studies are needed
to evaluate its adaptability to other environmental
conditions and its effects on different plant species.

Conclusion

In the present research, a total of five rhizobacterial
cultures were isolated and characterized for their
potential in plant growth promotion and biocontrol.
Among them, isolate B67 was identified as
Pseudomonas parafulva through 16S rRNA gene
sequencing, exhibited the plant growth promoting
activities. It produces high amounts of auxin,ammonia,
HCN and siderophores, suggesting its potential as
both plant growth enhancer and biocontrol agent.

When tested on chickpea seeds, treatment with
P, parafulva (B67) significantly enhanced germination,
root and shoot length and dry weight of roots and
shoots, indicating its ability to promote seedling vigor.
These results suggest that P. parafulva (B67) has
great potential for use in agricultural applications
to enhance plant growth and to provide biocontrol
against plant pathogens especially in Malwa region
of Madhya Pradesh. Thus, Pseudomonas parafulva
(B67) could be developed as an effective microbial
inoculant for improving crop productivity and
sustainability in agricultural fields. Future studies
should explore its adaptability across different
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environmental conditions and its efficacy on various
crops to maximize its potential benefits in sustainable
agriculture.

Acknowledgement

We acknowledge the help received by Agharkar
Research Institute (ARI), Pune for the molecular
identification of Pseudomonas parafulva.

Funding Sources

The authors received no financial support for
the research, authorship and publication of
this article.

Conflict of Interest
The authors do not have any conflict of interest.

Data Availability Statement
The manuscript incorporates all datasets produced
or examined throughout this research study.

Ethical Statement

This research did not involve human participation,
animal subjects or any material that requires ethical
approval.

Author Contribution

o Noureen Qureshi: Data collection, experiment
performing, analysis of data, compilation of the
results and writing original draft.

e Alka Vyas: Supervision, visualization, review
and editing.

e Harsh Vyas: Visualization, analysis and review

References

1. Zhao S., Yao X., Huang K., Cheng Q., Zhang
S., Yang L. Identification and verification of
rhizosphere indicator microorganisms in
tobacco root rot. Agron J. 2021;113(3):1480-
1491. https://doi.org/10.1002/agj2.20547

2. Dastogeer K. M. G., Kao-Knin J., Okazaki
S. Plant Microbiome: Diversity, Functions,
and Applications. Lausanne: Frontiers
in Microbiology; 2022; 13:1-4 https://doi.
org/10.3389/fmicb.2022.1039212

3. KumarA., Patel J. S., Meena V. S., Srivastava
R. Recent advances of PGPR-based
approaches for stress tolerance in plants
for sustainable agriculture. Biocatal Agric
Biotechnol. 2019;20:101271. https://doi.
org/10.1016/j.bcab.2019.101271

4. Babalola O., Molefe R. R., Amoo A. E.
Revealing the active microbiome connected
with the rhizosphere soil of maize plants in
Venters Dorp, South Africa. Biodivers Data
J. 2021;9:e60245. https://doi.org/10.3897/
BDJ.9.e60245

5. Yadav A. N., Kour D., Ahluwalia A. S. Soil
and Phyto microbiomes for plant growth and
soil fertility. Plant Sci Today. 2021;8(sp1):1-5.
https://doi.org/10.14719/pst.1523

6. Wai C. W., Yan W. H., Tsim K. W. K., So
P. S, Xia Y. T,, To T. C. Effects of Bacillus
subtilis and Pseudomonas fluorescens as soil
amendments. Heliyon. 2022;8(11):e11674.

https://doi.org/10.1016/j.heliyon.2022.e11674

7. Glick B. R. Plant growth-promoting
bacteria: Mechanisms and applications.
Scientifica. 2012;2012:963401. https://doi.
org/10.6064/2012/963401

8. Fatima |., Hakim S., Imran A., Ahmad N.,
Imtiaz M., Ali H., Islam E., Yousaf S., Mirza
M. S., Mubeen F. Exploring biocontrol and
growth-promoting potential of multifaceted
PGPR isolated from natural suppressive soll
against the causal agent of chickpea wilt.
Microbiol Res. 2022;260:127015. https://doi.
org/10.1016/j.micres.2022.127015

9. Berg G., Rybakova D., FischerD., Cernava T.,
Verges M. C. C., Charles T., Chen X., Cocolin
L., Eversole K., Corral G. H. Microbiome
definition re-visited: old concepts and new
challenges. Microbiome. 2020;8(1):1-22.

10. Raza A, Ejaz S., Saleem M. S., Hejnak V.,
Ahmad F., Ahmed M. A. A. Plant growth
promoting rhizobacteria improve growth
and yield related attributes of chili under low
nitrogen availability. PLoS ONE. 2021;16(12):
e€0261468. https://doi.org/10.1371/journal.
pone.0261468

1. Pieterse C. M., Zamioudis C., Berendsen
R. L., Weller D. M., Van Wees S. C.,
Bakker P. A. Induced systemic resistance by
beneficial microbes. Annu Rev Phytopathol.
2014;52:347-375. https://doi.org/10.1146/



12.

13.

14.

15.

16.

17.

18.

19.

QURESHI et al., Curr. Agri. Res., Vol. 13(1) 303-313 (2025) 312

annurev-phyto-082712-102340

Fira D., Dimki¢ I., Beri¢ T., Lozo J.,
Stankovi¢ S. Biological control of plant
pathogens by Bacillus species. J Biotechnol.
2018;285:44-55. https://doi.org/10.1016/j.
jbiotec.2018.07.044.

Mehmood N., Saeed M., Zafarullah S.,
Hyder S., Rizvi Z. F., Gondal A. S., Jamil
N., Igbal R., Ali B., Ercisli S., Kupe M.
Multifaceted impacts of plant-beneficial
Pseudomonas spp. in managing various plant
diseases and crop yield improvement. ACS
Omega. 2023;8(25):22296-22315. https://doi.
org/10.1021/acsomega.3c00870

Meena D., Meena R. H., Meena A. K., Sharma
K., Singh Y. V., Damor K., Chundawat D. S.
Growth parameters, yield attributes, and
yield of chickpea (Cicer arietinum L.) as
affected by rock phosphate, poultry manure,
and phosphate-solubilizing bacteria. Pharma
Innov J. 2023;12(8):347-354.

Ashajyothi M., Velmurugan S., Kundu A.,
Balamurugan A., Chouhan V., Kumar A.
Hydroxamate siderophores secreted by
plant endophytic Pseudomonas putida
elicit defense against blast disease in rice
incited by Magnaporthe oryzae. Lett Appl
Microbiol. 2023;76(12): ovad139. https://doi.
org/10.1093/lambio/ovad139

Pande S., Narayana J., Sharma M.
Establishment of the chickpea wilt pathogen
Fusarium oxysporum f. sp. ciceris in the soil
through seed transmission. Plant Pathol
J. 2007;23(1):3-9. https://doi.org/10.5423/
PPJ.2007.23.1.003

Mohamed H. |., Gomaa E. Z. Effect of
plant growth-promoting Bacillus subtilis
and Pseudomonas fluorescens on growth
and pigment composition of radish plants
(Raphanus sativus) under NaCl stress.
Photosynthetica. 2012;50(2):263-272. https://
doi.org/10.1007/s11099-012-0032-8

AliB., Wang X., Saleem M. H., Sumaira, Liu Y.,
Li B., Hafeez A. PGPR-mediated plant growth
and their applications in stress environments.
Sustainability. 2020;12(10):4007.

Zahid M., Abbasi M. K., Hameed S., Rahim
N. Isolation and identification of indigenous
plant growth-promoting rhizobacteria from the
Himalayan region of Kashmir and their effect

20.

21.

22.

23.

24.

25.

26.

27.

on improving growth and nutrient contents
of maize (Zea mays L.). Front Microbiol.
2015;6:207. https://doi.org/10.3389/
fmicb.2015.00207

Yadav R., Mahapatra S., Ramakrishna W.
Bacillus subtilis impact on plant growth, soil
health, and environment. J Appl Microbiol.
2022; 132(5):3543-3562. https://doi.
org/10.1111/jam.15480

Beneduzi A., Ambrosini A., Passaglia L.
M. Plant growth-promoting rhizobacteria
(PGPR): Their potential as antagonists and
biocontrol agents. Genet Mol Biol. 2012;35(4
Suppl):1044-1051.

Sherpa M. T., Sharma L., Bag N., Das S.
Isolation, characterization and evaluation
of native rhizobacterial consortia developed
from the rhizosphere of rice grown in organic
state Sikkim, India and their effect on plant
growth. Front. Microbiol. 2021;12:713660.
https://doi:10.3389/fmicb.2021.713660
Chowhan L., Mir M., Sabra M., El-Habbab
A., Kumar B. K. Plant growth promoting
and antagonistic traits of bacteria isolated
from forest soil samples. Iran J Microbiol.
2023;5(2): 278-289.

Dashti N., Ali N., Cherian V. Montasser M.
Isolation and characterization of novel plant
growth-promoting rhizobacteria (PGPR)
isolates from tomato (Solanum lycopersicum
L.) rhizospherical soil: A novel IAA producing
bacteria. Kuwait Journal of Science.
2021;48(2):1-14. https://doi.org/10.48129/
kjs.v48i2.8427

Cappuccino J. G., Sherman N. Microbiology:
A Laboratoy Manual. 10. Pearson Education
Limited, London: Pearson publisher; 2013.
Oo K. T., Win T. T., Khai A. A., Fu P.
C. Isolation, screening and molecular
characterization of multifunctional plant
growth promoting rhizobacteria for a
sustainable agriculture. American Journal of
Plant Sciences.2020;11, 773-792. https://doi.
org/10.4236/ajps.2020.116055

Singh R. P., Jha P. N. Plant Growth Promoting
Potential of ACC Deaminase Rhizospheric
Bacteria Isolated from Aerva javanica: A Plant
Adapted to Saline Environments. Int.J.Curr.
Microbiol. App.Sci. 2015;4(7):142-152.



28.

20.

30.

31.

32.

33.

QURESHI et al., Curr. Agri. Res., Vol. 13(1) 303-313 (2025) 313

Gupta D., Sinha S. N. Production of Hydrogen
Cyanide (HCN) by Purple Non-Sulfur
Bacterium Isolated from the Rice Field of
West Bengal. IOSR Journal of Pharmacy and
Biological Sciences. 2020;15(1):16-26.
Schwyn B., Neilands J. B. Universal chemical
assay for the detection and determination of
siderophores, Anal. Chem. 1987;160: 47-56.
Mahadevamurthy M., Channappa T. M.,
Sidappa M., Raghupathi M. S. Nagaraj A. K.
Isolation of phosphate solubilizing fungi from
rhizosphere soil and its effect on seed growth
parameters of different crop plants. J App Biol
Biotech. 2016; 4(6): 022-026.

Dutta P., Muthukrishnan G., Gopala
Subramaniam S. K., Dharmaraj R., Karuppiah
A., Loganathan K., Periyasamy K., Pillai M.
A., Upamanya G. K., Boruah S., Deb L.,
Kumari A., Mahanta M., Heisnam P., Mishra
A. K. Plant growth-promoting rhizobacteria
(PGPR) and its mechanisms against plant
diseases for sustainable agriculture and better
productivity. Biocell. 2022;46(8):1843-1859.
https://doi.org/10.32604/biocell.2022.019291
deAndrade L. A., Santos C. H. B., Frezarin E.
T., Sales L. R., Rigobelo E. C. Plant growth-
promoting rhizobacteria for sustainable
agricultural production. Microorganisms.
2023;11(4):1088. https://doi.org/10.3390/
microorganisms11041088

Dukare A., Paul S., Kumar R., Sharma V.
Microbial-based inoculants in sustainable
agriculture: Current perspectives and future
prospects. In: Rakshit A, Meena VS, Parihar
M, Singh HB, Singh AK, eds. Biofertilizers.
Woodhead Publishing; 2021:167-181. https://

34.

35.

36.

37.

38.

doi.org/10.1016/B978-0-12-821667-5.00019-
1

Alattas H., Glick B. R., Murphy D. V., Scott
C. Harnessing Pseudomonas spp. for
sustainable plant crop protection. Front
Microbiol. 2024;15:1485197. https://doi.
org/10.3389/fmicb.2024.1485197

Kakembo D., Lee Y. H. Analysis of traits for
biocontrol performance of Pseudomonas
parafulva JBCS1880 against bacterial
pustule in soybean plants. Biol Control.
2019;134:72-81. https://doi.org/10.1016/j.
biocontrol.2019.04.006

Tarig M., Khan A, Asif M., Khan F., Ansari T.,
Sharig M., Siddiqui M. Biological control: A
sustainable and practical approach for plant
disease management. Acta Agric Scand B
Soil Plant Sci. 2020;70(6):507-524. https://
doi.org/10.1080/09064710.2020.1784262
Gupta S., Kaushal R., Sood G., Bhardwaj
S., Chauhan A. Indigenous plant growth-
promoting rhizobacteria and chemical
fertilizers: Impact on soil health and
productivity of Capsicum annuum L. in the
North Western Himalayan region. Commun
Soil Sci Plant Anal. 2021;52(9):948-963.
https://doi.org/10.1080/00103624.2021.187
2595

Giri K., Mishra G., Suyal D. C., Kumar N.,
Doley B., Das N., Baruah R. C., Bhattacharyya
R., Bora N. Performance evaluation of native
plant growth-promoting rhizobacteria for
paddy yield enhancement in the jhum fields
of Mokokchung, Nagaland, North East India.
Heliyon. 2023;9(3):e14588. https://doi.
org/10.1016/j.heliyon.2023.e14588



