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Morpho-Molecular Characterization of Antagonistic Pseudomonas spp. Isolated from the Rice (Oryza sativa L.) Rhizosphere across Tamil Nadu and Telangana, India


ABSTRACT
A systematic survey was conducted in major rice-growing regions of Tamil Nadu and Telangana, India, to isolate and characterize antagonistic Pseudomonas spp. from the rice rhizosphere. Rhizosphere soil samples collected from diverse agro-climatic zones yielded twenty Pseudomonas isolates, designated as AUPS-1 to AUPS-20. Morphological characterization revealed that all isolates were rod-shaped with smooth, shiny, round colonies, while variations were observed in colony elevation and margins. Several isolates exhibited fluorescence under UV light, indicating the presence of fluorescent Pseudomonas spp. Biochemical characterization confirmed that all isolates were Gram-negative and showed varying reactions for catalase, oxidase, nitrate reduction, siderophore production, phosphate solubilization, and citrate utilization, reflecting functional diversity among the isolates. Among them, isolate AUPS-10 demonstrated superior morphological and biochemical traits, including fluorescence, oxidase and catalase activity, nitrate reduction, siderophore production, phosphate solubilization, and citrate utilization. Based on these attributes, AUPS-10 was selected for molecular identification. 16S rRNA gene sequencing confirmed its affiliation with the genus Pseudomonas, and phylogenetic analysis clustered it closely with authenticated Pseudomonas reference strains. The combined morphological, biochemical, and molecular analyses identified AUPS-10 as a promising antagonistic Pseudomonas isolate with potential application in sustainable rice disease management.	Comment by vigneswaran selvaraj: The abstract should concise the research but what has been done has been recorded here. Kindly change accordingly.
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1. INTRODUCTION
Rice (Oryza sativa L.) is one of the most important staple food crops, supporting the livelihood and food security of a large proportion of the global population, particularly in Asia. "In India, rice cultivation occupies a major share of the cropped area however, its productivity is often constrained by soil-borne diseases and declining soil health. Continuous reliance on chemical pesticides and fertilizers has led to environmental pollution, disruption of beneficial soil microflora, and the emergence of resistant pathogen populations, emphasizing the need for sustainable and eco-friendly disease management strategies (Bandumula 2018; Bishwajit et al., 2013). Plant growth–promoting rhizobacteria (PGPR) play a crucial role in enhancing plant health through multiple direct and indirect mechanisms. Among them, species of the genus Pseudomonas are widely recognized for their effective rhizosphere colonization, metabolic versatility, and strong antagonistic activity against a broad range of phytopathogens. Fluorescent Pseudomonas spp. are particularly notable for their ability to produce secondary metabolites such as siderophores, antibiotics, hydrogen cyanide, and lytic enzymes, which contribute to pathogen suppression and improved nutrient availability in the rhizosphere (Sharma et al., 2017; Yasmin et al., 2017). The rhizosphere microbial community associated with healthy plants represents a valuable reservoir of potential biocontrol agents. Isolation and characterization of indigenous Pseudomonas strains adapted to local agro-climatic conditions are essential for developing region-specific bioinoculants with consistent field performance. Morphological and biochemical characterization provides preliminary identification and functional insight, while molecular techniques such as 16S rRNA gene sequencing offer reliable confirmation of taxonomic identity and phylogenetic relationships (Mirza et al., 2006; Moronta-Barrios et al., 2018). In this context, the present study was undertaken to survey major rice-growing regions of Tamil Nadu and Telangana for the isolation of antagonistic Pseudomonas spp. The isolates were characterized based on morphological, biochemical, and molecular attributes to identify promising strains with potential application in sustainable rice disease management programs.
2. MATERIALS AND METHODS
2.1 Survey and Sample Collection
A field survey was undertaken in important rice-growing tracts of Tamil Nadu and Telangana, India, to obtain rhizosphere soil samples for isolating antagonistic Pseudomonas spp. Sampling locations were chosen across multiple districts to represent varied agro-climatic conditions and rice cultivars. Healthy rice plants were gently uprooted, and the soil tightly adhering to the root system was aseptically collected. Samples from each site were pooled, placed in sterile polythene bags, transported to the laboratory under cooled conditions, and processed within 24 hours of collection.
2.2 Isolation of Pseudomonas spp.	Comment by vigneswaran selvaraj: The percent inhibition against major rice pathogens if done may kindly be included. The details can be included more briefly. 
Isolation of Pseudomonas spp. was performed using the serial dilution plate technique. Ten grams of rhizosphere soil were homogenized in 90 mL of sterile distilled water and shaken thoroughly. Serial dilutions were prepared up to 10⁻⁶, and 0.1 mL aliquots from suitable dilutions were spread onto King’s B agar medium. The plates were incubated at 28 ± 2 °C for 48 hours. Colonies exhibiting characteristic Pseudomonas morphology were selected and examined for fluorescence under UV light (365 nm). Pure cultures were obtained through repeated streaking and maintained on nutrient agar slants at 4 °C for short-term storage, while long-term preservation was done in 50% glycerol at −80 °C. (Shruti et al., 2013; KODAMA et al., 1985)
2.3 Morphological Characterization
Morphological characterization of the purified Pseudomonas isolates was carried out after 48 hours of growth on nutrient agar. Colony features such as shape, elevation, surface texture, margin, and pigmentation were recorded. Fluorescence production was evaluated on King’s B medium under UV illumination. Cellular morphology and Gram reaction were determined by microscopic examination following Gram staining, in accordance with standard bacteriological descriptions (Palleroni, 2010; Baker et al., 2020; Lawongsa et al., 2008).
2.4 Biochemical Characterization
The biochemical properties of the Pseudomonas isolates were assessed using standard diagnostic tests. These included Gram staining, catalase and oxidase activity, nitrate reduction, siderophore production, phosphate solubilization, citrate utilization, and methyl red reaction. All tests were conducted in triplicate, and results were interpreted following established protocols (Chakra, 2019; Soesanto et al., 2011).
2.5 Molecular Identification of Pseudomonas Isolates
Genomic DNA was extracted from 24-hour-old cultures grown in King’s B broth using a modified CTAB method. DNA quality and concentration were evaluated using a NanoDrop spectrophotometer. Molecular identification was achieved through amplification of the 16S rRNA gene using universal primers 27F and 1492R. PCR reactions were carried out in a 25 μL volume containing PCR Master Mix, primers, template DNA, and nuclease-free water. Amplification conditions consisted of an initial denaturation at 95 °C for 3 minutes, followed by 35 cycles of denaturation, annealing, and extension, with a final extension at 72 °C for 10 minutes. The amplified products (~1.5 kb) were separated on 1% agarose gel, purified, and sequenced in both directions. Edited sequences were compared with NCBI GenBank entries using BLASTn, and phylogenetic analysis was performed using the Neighbor-Joining method in MEGA software (version 12) with 1000 bootstrap replications to confirm evolutionary relationships (Nikbin et al., 2012; Jaafar et al., 2014).
3. RESULTS AND DISCUSSION
3.1. Survey and Isolation of Pseudomonas spp.
A systematic survey was conducted in major rice-growing regions of Tamil Nadu and Telangana to isolate antagonistic Pseudomonas spp. from the rice rhizosphere. Rhizosphere soil samples were collected from different districts and rice cultivars representing diverse agro-climatic conditions. Using standard isolation procedures, a total of twenty Pseudomonas isolates were recovered and designated as AUPS-1 to AUPS-20 based on their location and order of isolation (Table 1). The maximum number of isolates was obtained from Tamil Nadu, followed by Telangana, indicating a rich and widespread population of Pseudomonas spp. in rice rhizosphere soils of these regions. The recovery of isolates from geographically distinct locations reflects the ecological adaptability of Pseudomonas spp. and their ability to colonize diverse rice-growing environments. Such isolates are considered advantageous for biological control applications due to their better survival and rhizosphere competence under local field conditions (Rangarajan et al., 2002; Noori & Saud 2012).
3.2. Morphological Characterization of Pseudomonas Isolates
Morphological characterization of the twenty Pseudomonas isolates revealed relatively uniform yet distinguishable colony characteristics on nutrient agar (Table 1). All isolates exhibited rod-shaped cells, consistent with the typical morphology of Pseudomonas spp. Colonies were predominantly round in shape, with variations in elevation (flat to raised) and margin (smooth to irregular). The colony surface of all isolates appeared smooth and shiny, a characteristic feature of Pseudomonas spp. Notably, several isolates exhibited a positive reaction under UV light, indicating the production of fluorescent pigments, a hallmark trait of fluorescent Pseudomonas species such as P. fluorescens. Fluorescence was observed in isolates including AUPS-1, AUPS-5, AUPS-7, AUPS-10, AUPS-11, AUPS-12, AUPS-13, AUPS-14, AUPS-16, AUPS-17, AUPS-18, and AUPS-20. Among the isolates, AUPS-10 showed typical Pseudomonas morphology with smooth, round, flat colonies and strong fluorescence under UV light, suggesting its affiliation with fluorescent Pseudomonas spp. The observed morphological diversity indicates the presence of multiple Pseudomonas strains adapted to different rhizosphere conditions across rice-growing regions (Lawongsa et al., 2008; Suman et al., 2015; Mirza et al., 2006).
3.3 Biochemical Characterization of Antagonistic Pseudomonas Isolates
Biochemical characterization further confirmed the identity and functional diversity of the Pseudomonas isolates (Table 2). All isolates were Gram-negative, consistent with the diagnostic characteristics of the genus Pseudomonas. A majority of the isolates tested positive for catalase and oxidase activity, reflecting their aerobic metabolism and ability to detoxify reactive oxygen species. Several isolates exhibited nitrate reduction, indicating their potential role in nitrogen cycling within the rhizosphere. Siderophore production was observed in many isolates, highlighting their ability to chelate iron and suppress phytopathogens through competitive exclusion. Phosphate solubilization was also detected in multiple isolates, suggesting their contribution to nutrient availability and plant growth promotion. Among all isolates, AUPS-10 emerged as the most promising strain, exhibiting positive reactions for catalase, nitrate reduction, oxidase, siderophore production, phosphate solubilization, and citrate utilization, while remaining negative for methyl red, which is typical of Pseudomonas spp. The presence of multiple beneficial biochemical traits in AUPS-10 indicates its strong antagonistic and plant growth–promoting potential. The observed biochemical variability among the isolates reflects functional diversity, which is essential for selecting efficient biocontrol agents. Isolates such as AUPS-10 possessing multiple antagonistic and nutrient-mobilizing traits are likely to exhibit enhanced rhizosphere competence and disease suppression ability (Srinivasa et al., 2015; Sihotang et al., 2025).











	Table 1.  Survey and Morphological characterization of isolates of Pseudomonas sp. from Different Rice (Oryza sativa L.) Cultivars across Tamil Nadu and Telangana
	Sl. No
	State
	District
	Area
	Cell shape
	Colony
	Elevation
	Surface
	Margin
	Reaction to the UV light
	Isolate Identification code

	1
	Tamil Nadu
	Cuddalore
	Thidalveli	Comment by vigneswaran selvaraj: Well done. More comparisons were did but limitations are not explained. It can be added.
	Rod
	Round 
	Raised 
	Smooth Shiny 
	Smooth 
	Fluorescent
	AUPS-1

	2
	
	
	Saliyanthoppu
	Rod
	Round
	Flat
	Smooth Shiny 
	Smooth 
	No reaction
	AUPS-2

	3
	
	
	Sivapuri
	Rod
	Round
	Flat
	Smooth Shiny 
	Irregular
	No reaction
	AUPS-3

	4
	
	
	Kadavacheri
	Rod
	Round
	Raised 
	Smooth Shiny 
	Smooth 
	No reaction
	AUPS-4

	5
	
	
	Usuppur
	Rod
	Round
	Raised 
	Smooth Shiny 
	Irregular
	Fluorescent
	AUPS-5

	6
	
	
	Vallampadugai
	Rod
	Round
	Raised
	Smooth Shiny 
	Smooth 
	No reaction
	AUPS-6

	7
	
	
	Velakudi
	Rod
	Round
	Flat
	Smooth Shiny 
	Smooth 
	Fluorescent
	AUPS-7

	8
	
	
	Perampattu
	Rod
	Round
	Flat
	Smooth Shiny 
	Irregular
	No reaction
	AUPS-8

	9
	
	Ariyalur
	Pathupullividuthi
	Rod
	Round
	Raised 
	Smooth Shiny 
	Smooth 
	No reaction
	AUPS-9

	10
	
	Thanjavur
	Thirumanur
	Rod
	Round
	Flat
	Smooth Shiny 
	Smooth 
	Fluorescent
	AUPS-10

	11
	Telangana
	Ranga Reddy
	Kadthal
	Rod
	Round
	Raised 
	Smooth Shiny 
	Irregular
	Fluorescent
	AUPS-11

	12
	
	Nagarkurnool
	Achampet
	Rod
	Round
	Flat
	Smooth Shiny 
	Irregular
	Fluorescent
	AUPS-12

	13
	
	Mahabubnagar
	Makthal
	Rod
	Round
	Flat
	Smooth Shiny 
	Smooth 
	Fluorescent
	AUPS-13

	14
	
	Ranga Reddy
	Rajendranagar
	Rod
	Round
	Raised
	Smooth Shiny 
	Irregular
	Fluorescent
	AUPS-14

	15
	
	Jagtial
	Polasa
	Rod
	Round
	Raised 
	Smooth Shiny 
	Smooth 
	No reaction
	AUPS-15

	16
	
	Mancherial
	Makulapet
	Rod
	Round
	Flat
	Smooth Shiny 
	Irregular
	Fluorescent
	AUPS-16

	17
	
	Karimnagar
	Gangadhara
	Rod
	Round
	Raised 
	Smooth Shiny 
	Smooth 
	Fluorescent
	AUPS-17

	18
	
	Warangal
	Atmakur
	Rod
	Round
	Raised
	Smooth Shiny 
	Irregular
	Fluorescent
	AUPS-18

	19
	
	Peddapalli
	Eligedu
	Rod
	Round
	Flat
	Smooth Shiny 
	Smooth 
	No reaction
	AUPS-19

	20
	
	Nizamabad
	Dharmaram
	Rod
	Round
	Raised 
	Smooth Shiny 
	Irregular
	Fluorescent
	AUPS-20



	


Table 2. Biochemical characterization of antagonistic Pseudomonas spp. 
	Isolate
	Gram Staining
	Catalase
	Nitrate reduction
	Oxidase
	Siderophore Production
	Methyl red
	Phosphate Solubilisation
	Citrate utilization

	AUPS-1
	-ve
	+
	+
	+
	+
	-
	+
	+

	AUPS-2
	-ve
	+
	+
	+
	+
	-
	+
	+

	AUPS-3
	-ve
	+
	-
	-
	+
	-
	+
	+

	AUPS-4
	-ve
	-
	+
	-
	+
	-
	-
	+

	AUPS-5
	-ve
	+
	-
	-
	-
	-
	-
	-

	AUPS-6
	-ve
	+
	+
	+
	+
	-
	+
	+

	AUPS-7
	-ve
	-
	-
	-
	+
	-
	+
	+

	AUPS-8
	-ve
	+
	+
	+
	+
	-
	-
	+

	AUPS-9
	-ve
	+
	+
	-
	-
	-
	+
	-

	AUPS-10
	-ve
	+
	+
	+
	+
	-
	+
	+

	AUPS-11
	-ve
	+
	+
	-
	+
	-
	-
	+

	AUPS-12
	-ve
	+
	+
	+
	+
	-
	+
	+

	AUPS-13
	-ve
	+
	+
	-
	-
	-
	-
	-

	AUPS-14
	-ve
	+
	+
	+
	+
	-
	+
	+

	AUPS-15
	-ve
	+
	-
	-
	+
	-
	-
	+

	AUPS-16
	-ve
	-
	+
	-
	-
	-
	+
	-

	AUPS-17
	-ve
	+
	+
	+
	+
	-
	+
	+

	AUPS-18
	-ve
	-
	-
	-
	+
	-
	+
	-

	AUPS-19
	-ve
	+
	+
	-
	-
	-
	+
	+

	AUPS-20
	-ve
	+
	-
	+
	+
	-
	-
	-




3.4. Molecular Identification of Pseudomonas Isolates
Based on its superior morphological and biochemical performance, isolate AUPS-10 was selected for molecular identification through 16S rRNA gene sequencing. The amplified 16S rRNA gene sequence confirmed its affiliation with the genus Pseudomonas and was submitted to the NCBI GenBank database under the accession number PX737088.1 BLASTn analysis revealed a high degree of sequence similarity with authenticated Pseudomonas fluorescens reference strains, thereby confirming the species-level identity of the isolate. Phylogenetic analysis using the Neighbor-Joining method showed that AUPS-10 clustered closely with established P. fluorescens strains, forming a well-supported clade with high bootstrap values. The molecular identification was consistent with the observed phenotypic characteristics, including rod-shaped cells, fluorescence under UV light, and positive reactions for oxidase activity, siderophore production, phosphate solubilization, and citrate utilization. The agreement between molecular, morphological, and biochemical data confirms AUPS-10 as a Pseudomonas fluorescens isolate with strong antagonistic potential for sustainable rice disease management (Mirza et al., 2006; Lawongsa et al., 2008).
[bookmark: _GoBack]Conclusion	Comment by vigneswaran selvaraj: The conclusion states strong antagonistic potential of AUPS-10. This claim would be more convincing if supported by greenhouse or in vitro pathogen inhibition assays, which may be suggested as future work.
The present investigation successfully isolated and characterized antagonistic Pseudomonas spp. from the rice rhizosphere of major rice-growing regions in Tamil Nadu and Telangana. Substantial morphological and biochemical variability among the twenty isolates reflected their adaptation to diverse agro-climatic and rhizosphere conditions. Several isolates exhibited important plant growth–promoting and biocontrol attributes, such as fluorescence, siderophore production, phosphate solubilization, nitrate reduction, and oxidase activity. Among them, isolate AUPS-10 consistently displayed superior functional traits. Molecular identification using 16S rRNA gene sequencing confirmed AUPS-10 as Pseudomonas fluorescens, validating its phenotypic characteristics and taxonomic placement. The strong concordance between phenotypic and molecular analyses supports the reliability of the isolate selection strategy. Overall, the study highlights the potential of Pseudomonas fluorescens isolate AUPS-10 as an effective biological control agent and plant growth promoter. Further greenhouse and field evaluations are recommended to confirm its efficacy and to facilitate its development as an eco-friendly bioinoculant for sustainable rice production.
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