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Abstract

The present investigation focused on the exploration of native phosphate solubilizing microorganisms associated with
orange rhizospheric soil collected from Bhiwapur Tahsil of Nagpur District, Maharashtra. The study aimed to isolate
efficient phosphate solubilizing microorganisms and evaluate their biochemical characteristics, molecular identity and
antimicrobial potential against selected plant pathogens. Soil samples collected from citrus orchards were processed using
serial dilution techniques and cultured on selective Pikovskaya’s medium. Distinct colonies producing phosphate
solubilization zones were purified and subjected to cultural, morphological and biochemical examination. The isolates
were further screened for phosphate solubilization efficiency and plant growth promoting attributes including indole acetic
acid production, siderophore secretion HCN Production and ammonia production.

Antagonistic activity of the selected isolates was evaluated against important phytopathogens such as Fusarium
oxysporum and Xanthomonas citri under laboratory conditions. Molecular identification was carried out through 16S
rRNA gene amplification and sequence analysis. The study revealed that several isolates belonging to Bacillus subtilis
genera possessed efficient phosphate solubilization ability along with notable antimicrobial activity. Among the isolates,
PSMB37 demonstrated comparatively higher phosphate solubilization and pathogen inhibition efficiency.

The findings indicate that orange rhizospheric microorganisms from Bhiwapur Tahsil may serve as promising candidates
for the development of eco-friendly biofertilizer and biocontrol formulations for sustainable citrus cultivation.
Keywords: Phosphate solubilizing microorganisms, orange rhizosphere, antimicrobial activity, Bacillus, Pseudomonas,
16S rRNA, biocontrol, plant growth promoting rhizobacteria.
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1. Introduction The citrus rhizosphere represents a dynamic microbial

Sustainable agricultural practices increasingly depend
upon beneficial soil microorganisms capable of
improving nutrient availability and suppressing
phytopathogens. Among the essential plant nutrients,
phosphorus is considered one of the major limiting
factors for crop productivity because a substantial
proportion of soil phosphorus remains unavailable in
insoluble complexes [1]. Continuous dependence on
chemical fertilizers to compensate for phosphorus
deficiency often leads to deterioration of soil fertility
and environmental imbalance. Consequently, microbial
approaches for nutrient mobilization are gaining
considerable attention in modern agriculture. Phosphate
solubilizing microorganisms constitute an important
group of rhizospheric microbes capable of transforming
insoluble phosphate compounds into plant-available
forms through the production of organic acids and other
metabolites [2,3]. In addition to nutrient mobilization,
many phosphate solubilizers are recognized for their
multiple plant growth promoting properties including
phytohormone production, siderophore secretion and
biological suppression of plant pathogens [4]. These
characteristics make them valuable candidates for
integrated nutrient and disease management programs.

* Author for Correspondence: omshreesainathom@gmail.com,

environment enriched with diverse bacterial populations
that influence plant growth and soil health. Orange
cultivation occupies an important position in the
agricultural economy of the Vidarbha region of
Maharashtra, especially in Nagpur District. Bhiwapur
Tabhsil is known for citrus cultivation due to its favorable
agroclimatic conditions. However, citrus orchards
frequently encounter yield losses due to fungal and
bacterial diseases caused by pathogens such as Fusarium
oxysporum and Xanthomonas citri. Isolation of
indigenous rhizospheric microorganisms adapted to
local soil conditions may provide efficient strains for
agricultural application. Native phosphate solubilizing
microorganisms with antimicrobial potential can
contribute simultaneously to nutrient availability and
disease suppression. Therefore, the present work was
undertaken to isolate  phosphate  solubilizing
microorganisms from orange rhizosphere soils of
Bhiwapur Tahsil and characterize them using
biochemical and molecular approaches while evaluating
their antagonistic activity against selected plant
pathogens.

2. Objectives
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1. To isolate phosphate solubilizing microorganisms
from orange rhizospheric soil of Bhiwapur Tahsil.

2. To characterize the isolates based on
morphological and biochemical properties.

3. To evaluate phosphate solubilization efficiency of
the isolates.

4. To determine plant growth promoting traits of
selected isolates.

5. To assess antagonistic activity against important
plant pathogens.

6. To perform molecular characterization using 16S
rRNA gene sequencing.

3. Materials and Methods

3.1 Study Area

The present study was conducted using orange orchards
located in different villages of Bhiwapur Tahsil, Nagpur
District, Maharashtra, India. The region is characterized
by tropical climatic conditions suitable for citrus
cultivation.

3.2 Collection of Soil Samples

Rhizospheric soil samples were collected from healthy
orange plants at a depth of 5-15 cm using sterile
polythene bags. Samples were transported to the
laboratory and stored at 4°C until further processing.

33 Isolation of  Phosphate
Microorganisms

Isolation of phosphate solubilizing microorganisms was
carried out using serial dilution and spread plate
techniques on Pikovskaya’s agar medium [1,10]. One
gram of soil sample was suspended in 9 mL sterile
distilled water and serially diluted up to 10—6 dilution.
Aliquots from appropriate dilutions were spread onto
sterile Pikovskaya’s agar plates and incubated at 28 +
2°C for 48—72 h. Colonies showing clear halo zones
around the growth were considered positive for
phosphate solubilization and purified by repeated
streaking.

Solubilizing

3.4 Morphological Characterization

Morphological characterization of bacterial isolates was
carried out according to standard microbiological
methods [16]. The isolates were examined for colony
morphology including shape, size, color, elevation,
margin and texture. Gram staining and microscopic
observations were performed to determine cellular
morphology.

3.5 Biochemical Characterization

Biochemical characterization was performed following
standard protocols [17].

Biochemical characterization of isolates was carried out
using standard microbiological procedures. The
following tests were performed:

e  Gram staining

e  C(Catalase test

e Indole test

Methyl red test
Voges-Proskauer test
Citrate utilization test
Motility test

Sugar fermentation tests

3.6 Qualitative Phosphate Solubilization Assay
Qualitative phosphate solubilization assay was
performed using Pikovskaya’s agar medium [1].
Qualitative phosphate solubilization was determined on
Pikovskaya’s agar medium by measuring halo zone
diameter around bacterial colonies after incubation.
Phosphate  solubilization efficiency (PSE) was
calculated using the formula:

PSE (%) = (Halo zone diameter / Colony diameter) x
100

3.7 Plant Growth Promoting Traits
Plant growth promoting traits were analyzed using
standard microbiological methods [2,7].

3.7.1 Indole Acetic Acid Production

IAA production assay was performed using standard
colorimetric procedure [19]. TAA production was
determined using Salkowski reagent after incubation in
tryptophan supplemented broth.

3.7.2 Ammonia Production

Ammonia production was determined using standard
microbiological procedure [17]. Ammonia production
was detected by inoculating isolates in peptone water
followed by addition of Nessler’s reagent.

3.7.3 Siderophore Production

Siderophore production was analyzed using Chrome
Azurol S agar method [20]. Siderophore production was
evaluated using Chrome Azurol S agar medium.

3.7.4 Hydrogen cyanide (HCN) production
Hydrogen cyanide (HCN) production by bacterial
isolates was determined using the qualitative method.
The isolates were streaked on nutrient agar medium
supplemented with glycine (4.4 g/L). A sterile Whatman
No. 1 filter paper soaked in picric acid and sodium
carbonate solution was placed inside the lid of each Petri
plate. The plates were sealed and incubated at 28 + 2°C
for 48—72 h. Development of orange to reddish-brown
coloration on the filter paper indicated HCN production
by the isolates.[24]

3.8Antagonistic Activity Against Plant Pathogens
Antagonistic activity assays were carried out using
standard biocontrol evaluation procedures [12].

3.8.1 Antifungal Activity

Antifungal activity against Fusarium oxysporum was
evaluated using dual culture technique [21].
Antagonistic activity against Fusarium oxysporum was
assessed using dual culture technique on potato dextrose
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agar plates. Percentage inhibition of fungal growth was
calculated.

3.8.2 Antibacterial Activity

Antibacterial activity against Xanthomonas citri was
determined by agar well diffusion method [22].
Antibacterial activity against Xanthomonas citri was
determined using agar well diffusion method. Zone of
inhibition was measured after incubation.

3.9Molecular Characterization

Molecular characterization using 16S rRNA gene
sequencing was performed using standard PCR
amplification method [23].

Genomic DNA from selected efficient isolates was
extracted using standard protocols. Amplification of 16S

Amplified PCR products were analyzed by agarose gel
electrophoresis and sequenced. Sequence similarity was
analyzed using NCBI BLAST.

3.10 Statistical Analysis
All experiments were carried out in triplicates and
results were expressed as mean + standard deviation

4. Results

4.1 Isolation
Microorganisms
A total of 80 soil samples were collected from the orange
rhizosphere of Bhiwapur Tahsil. From these samples, 36
phosphate-solubilizing  microbial isolates  were
successfully obtained. The isolates exhibited clear halo
zones on Pikovskaya’s agar medium, indicating their

of  Phosphate Solubilizing

rRNA gene was performed using universal primers 27F ability to solubilize insoluble phosphate and
and 1492R. demonstrating phosphate-solubilizing activity..
PCR amplification conditions included:
e Initial denaturation: 95°C for 5 min 4.2 Morphological and Biochemical
e  35cycles of: Characterization
o  Denaturation at 95°C for 30 sec The isolates showed considerable variation in colony
o  Annealing at 55°C for 30 sec morphology, pigmentation and biochemical
o  Extension at 72°C for 1 min characteristics. Most efficient isolates were Gram-
e  Final extension at 72°C for 10 min positive rod-shaped bacteria belonging to Bacillus spp.
Table 1. Morphological and Biochemical Characteristics of Selected Isolates
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Phosphate Solubilization Index (PSI) of Isolates
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Fig No.1 PHOSPHATE SOLUBLIZATION INDEX OF ISOLATES

Among all isolates, PSMRU65 showed the highest phosphate solubilization index (~2.38), indicating excellent phosphate-
solubilizing potential.

Other isolates with comparatively high PSI values include:

PSMRU3 (~1.85)

PSMRUI1 (~1.82)

PSMRU13 (~1.81)

PSMRUS (~1.76)

PSMRU10 (~1.69)

Most remaining isolates exhibited moderate PSI values ranging from 1.10 to 1.30.

4.4 Plant Growth Promoting Traits

4.4.1 IAA Production of Different isolate

Several isolates exhibited important plant growth promoting traits including IAA production, ammonia production and
siderophore production.

IAA Production by Different Isolates -
100+

804

60 1

Mean IAA (ug mL™")

20 4

) i
L
Isolates

FigNo.2 IAA Production of Different isolate

The study indicates considerable variation in IAA production among the isolates. Among all tested isolates, PSMRU65
was identified as the most efficient IAA producer, followed by PSMRU58 and PSMRU65

4.4.2 Siderophore Production of Different isolate

1JDDT, Volumel6 Issue 55s, 2026
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Siderophore Production by Different Isolates
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FigNo.3 Siderophore Production of Different isolate
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Among all isolates, PSMRU65 showed exceptionally high siderophore production (approximately 95 %SU), indicating
its strong iron-chelating ability and superior plant growth-promoting potential. And Lower siderophore production was

observed in isolates such as PSMRU1, PSMRU20, PSMRU33, and PSMRU62.

4.4.3 HCN Production of Different isolate
HCN Production (pg/mL) by Different Isolates
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Among all isolates, PSMRU65 showed the highest HCN production (108.92 + 0.47 pg/mL)

FigNo.4 HCN Production of Different isolate
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Among all isolates, PSMRU65 showed the highest HCN production: HCN=108.92+0.47 pg/mL Moderate to high HCN
production was observed in isolates PSMRU34 to PSMRUG62. Lowest HCN production was recorded in: PSMRU23 =

1.28 £ 0.27 pg/mLand PSMRU29 = 1.28 £+ 0.27 pg/Ml

4.4.4 HCN Production of Different isolate
1JDDT, Volumel6 Issue 55s, 2026
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Ammonia Production (ug/mL) by Different Isolates
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Fig No.5 Ammonia Production of Different isolate

Most isolates exhibited low ammonia production ranging between 4-8 pug/mL. Among all isolates, PSMRU65 showed
the highest ammonia production 25.7+0.2 pg/mLand was categorized as an Excellent / Extreme Producer.

4.5 Antagonistic Activity Against Plant Pathogens
Antifungal Activity of Isolate PSMRU65 Against Test Pathogen

Sr.No. | Isolate Control T,(mm) | T,(mm) | T,;(mm) Mean £ SD | o nhibition |  Activity
Growth (mm) (mm)
1 PSMRU65 90 42 40 41 41.0 £ 1.0 54.44 Excellent
2 PSMRU65 20 39 38 40 39.0+1.0 56.67 Excellent
3 PSMRU65 20 44 45 43 44.0 £ 1.0 51.11 Excellent
Summary Statistics Activity Interpretation
Overall Mean Inhibition (%) : 54.07 The isolate PSMRUG5 exhibited strong antifungal activity
Highestintbiton (5] 4 90,81 against the test pathogen with an average inhibition of
Lowest Inhibition (%) : 5111 54.07% S E llent
Activity Grade . Excellant 4 0, which falls under the Excellent category.
% Inhibition = (Control G";"::";I ;mwth Growth) x 100 Control Growth (mm) = 90 mm

Table No. 2 Antifungal Activity of Isolate PSMRUG65 Against Test Pathogen Fusarium oxysporum

1JDDT, Volumel6 Issue 55s, 2026
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The table represents the antifungal activity of isolate PSMRUG65 against the test fungal pathogen using the dual culture
assay method. The antifungal potential was evaluated by measuring the radial growth . The isolate PSMRUG65 exhibited
excellent antifungal activity, effectively suppressing the growth of the test pathogen by more than 50%. This strong
antagonistic effect may be attributed to the production of antimicrobial metabolites, siderophores, hydrogen cyanide
(HCN), ammonia, and other plant growth-promoting substances. h inhibition of the pathogen in comparison with the

control plate.

Triplicate Observation Table Showing Antagonistic Activity of PSMRU65
Against Citrus Canker Pathogen Xanthomonas citri by Dual Culture Method

& Control Growth Mean Zone of
No.| Isolate of Xanthomonascitri | T;(mm) | Ty(mm) | T;(mm) Inhibition + SD (mm) % Inhibition Activity
(mm)
1 PSMRU65 90 32 31 33 320+1.0 ; 64.44 Excellent
|
2 | PSMRUGS 90 40 39 4 400+10 | 5556 | Excellent
]
3 | PSMRUG5 90 35 34 36 35.0+1.0 61.11 Excellent
Summary Statistics Activity Interpretation Observation Details
Overall Mean % Inhibition  : 60.37 % The isolate PSMRUG5 exhibited strong antagonistic + Control growth of pathogen (without isolate) was
Highest % Inhibition . 64.44% activity against Citrus Canker pathogen maintained at 90 mm in all plates.
Lowest % Inhibition . 55.56% Xanthomonas citri with an average inhibition of 4 T,, T, T, are triplicate observations for each treatment.
Activity Grade W Excollent 60.37 %, which falls under the Excellent # The zone of inhibition is calculated as the reduction in
category. pathogen growth in presence of the isolate.

(Control Growth — Treatment Growth)

% Inhibition = x 100

Control Growth

Control Growth (mm) = 90 mm

Table No. 3 Showing Antagonistic Activity of PSMRUG6S Against Citrus Canker Pathogen Xanthomonas citri by
Dual Culture Method

The table represents the antagonistic activity of isolate
PSMRUG65 against the citrus canker pathogen
Xanthomonas citri using the dual culture method. The
inhibitory effect of the isolate was determined by
comparing the radial growth of the pathogen in treated
plates with the untreated control.

The isolate PSMRUG65 demonstrated excellent
antagonistic activity against the citrus canker pathogen
Xanthomonas citri. The inhibition percentage above
50% indicates strong antimicrobial potential. This
activity may be associated with the production of
antibacterial metabolites such as siderophores, hydrogen

cyanide (HCN), ammonia, antibiotics, and extracellular
enzymes.

4.6 Molecular Characterization

The obtained 16S rRNA gene sequence of isolate
PSMRU65 was compared with sequences available in
the NCBI GenBank database using the BLAST analysis
tool. The sequence analysis revealed that the isolate
showed maximum similarity with: PSMRU65=Bacillus
subtilis The sequence was submitted to the GenBank
database and assigned the accession number: PZ414096

Table 5. Molecular Identification of Efficient Isolates

Isolate
PSMRUG65 Bacillus subtilis

Closest Organism

Accession Number
PZ414096

1JDDT, Volumel6 Issue 55s, 2026
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5. Discussion

The present study demonstrated the occurrence of
diverse phosphate solubilizing microorganisms in the
orange rhizosphere soils of Bhiwapur Tahsil
Development of halo zones on Pikovskaya’s agar
medium indicated the ability of the isolates to mobilize
insoluble phosphate compounds through extracellular
metabolic activity. Variations observed among isolates
in phosphate solubilization efficiency suggest the
presence of physiologically diverse microbial
populations in citrus rhizosphere soils.

Biochemical profiling revealed that the majority of
efficient isolates belonged to Bacillus subtilis which are
commonly associated with rhizospheric plant growth
promotion and biological control activities [8,13]. These
microorganisms are known to survive under varied
environmental conditions and produce metabolites
beneficial for plant health.

The selected isolates exhibited multiple plant growth
promoting attributes including indole acetic acid
production, HCN production ammonia release and
siderophore secretion. Such characteristics are important
for improving nutrient uptake, root development and
rhizospheric competitiveness. The antagonistic activity
observed  against  Fusarium  oxysporum  and
Xanthomonas citri may be associated with the
production of antimicrobial compounds, hydrolytic
enzymes or competition for nutrients and ecological
niches.

Molecular characterization through 16S rRNA
sequencing confirmed the taxonomic identity of
efficient isolates was  Bacillus subtilis reported as
beneficial rhizospheric bacteria with phosphate
solubilization and biocontrol potential [14,15]. The
recovery of such microorganisms from citrus
rhizosphere soils indicates their possible adaptation to
orchard ecosystems of the Vidarbha region.

Overall, the findings support the potential application of
indigenous phosphate solubilizing microorganisms as
environmentally safe alternatives to chemical fertilizers
and pesticides in citrus cultivation systems.

6. Conclusion

The present study successfully isolated and
characterized phosphate solubilizing microorganisms
from orange rhizospheric soils of Bhiwapur Tahsil,
Nagpur District. The isolates exhibited significant
phosphate solubilization, plant growth promoting traits
and antagonistic activity against important plant
pathogens. Molecular characterization identified
efficient isolates as Bacillus subtilis. These
microorganisms may be utilized as eco-friendly
biofertilizers and biocontrol agents for improving
orange production and soil fertility.

Further field studies are recommended to evaluate the
performance of these isolates wunder natural
environmental conditions.
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