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ABSTRACT 
	Fungal diseases severely threaten rice productivity and food security across the Cauvery Delta. This study investigated the prevalence, morphological variation, pathogenicity, and molecular identities of three primary fungal pathogens Bipolaris oryzae, Pyricularia oryzae and Rhizoctonia solani collected across Tamil Nadu and Karaikal U.T. Field surveys revealed wide spatial variation in disease intensity, with maximum percent disease index (PDI) recorded for sheath blight (54.00% in Nannilam), blast (42.34% in Aduthurai) and brown spot (30.40% in Pattukkottai). In vitro characterisation of ten isolates per species demonstrated notable diversity in mycelial growth rates, colony pigmentation, conidial features, and sclerotial formation. Controlled greenhouse evaluations on susceptible rice cultivar BPT-5204 confirmed varying degrees of virulence among isolates, identifying Bo8 (mean PDI 28.95%), Pg7 (mean PDI 38.99%) and Rs6 (mean PDI 36.85%) as the most aggressive pathotypes for brown spot, blast, and sheath blight, respectively. PCR amplification and Sanger sequencing of the ribosomal DNA internal transcribed spacer (rDNA-ITS) region definitively confirmed species identities for the hyper-virulent isolates: B. oryzae Bo8 (558 bp; ON556554), P. oryzae Pg7 (541 bp; ON556555) and R. solani Rs6 (514 bp; ON556551). These characterised pathotypes provide critical reference strains for regional resistance breeding and targeted disease management strategies.
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1. INTRODUCTION 
Cultivated rice (Oryza sativa L.) represents an indispensable food source for over half the world's population, playing a vital role in upholding agrarian economies and agrarian food security across Asia (Sackey et al., 2025). India stands as a major producer in global rice agriculture; during the 2024-25 cropping cycle, national paddy cultivation covered roughly 51 million hectares, generating nearly 149 million metric tonnes (Alphonso et al., 2026). In Tamil Nadu, paddy production forms the core of rural livelihoods, anchored primarily by intensive farming systems across the nutrient-rich Cauvery Delta ecosystem. Sustaining population growth demands continuous yield improvements per unit of cultivated land (Yadav et al., 2026). Nevertheless, the potential productivity of modern high-yielding cultivars remains severely constrained by biological stresses. Among these, phytopathogenic fungi are particularly destructive, causing widespread disease outbreaks that threaten seasonal regional outputs (Shukla et al., 2022). 
Rice blast, caused by the hemibiotrophic ascomycete Pyricularia oryzae Cavara (syn. Magnaporthe oryzae B.C. Couch), is an exceptionally damaging disease in rice-growing regions worldwide (Valent, 2021). The pathogen infects multiple host tissues, colonizing leaves, nodes, leaf collars and panicle bases. Symptom progression begins as minor chlorotic lesions that expand into characteristic spindle-shaped spots featuring light-grey centers bordered by dark brown margins. Infections occurring at the panicle neck disrupt nutrient transport, leading to panicle sterility and substantial grain loss (Bosco et al., 2026). 
Recent population-level work in Northeast India has documented morphological and genetic diversity among M. oryzae isolates, supporting the use of combined phenotypic and molecular approaches when characterizing regional pathogen populations (Baite et al., 2026).
Simultaneously, brown spot disease, incited by the necrotrophic fungus Bipolaris oryzae (Breda de Haan) Shoemaker (syn. Helminthosporium oryzae), damages foliar structures, panicles and glumes (Chhabra et al., 2023). Symptoms appear as round-to-oval, sesame-seed-like spots surrounded by prominent yellow halos, impairing effective photosynthetic tissue. Under conducive environmental conditions, extensive leaf necrosis causes premature leaf drop, impaired grain filling and reduced grain quality (Thuy et al., 2023). 
Recent field research has also shown that brown spot severity and management outcomes can vary with crop-establishment and agro-ecological conditions, supporting context-specific assessment of B. oryzae in rice production systems (Lingeswari et al., 2026).
Completing this major disease complex is sheath blight, caused by the soil-inhabiting basidiomycete Rhizoctonia solani Kuhn [teleomorph: Thanatephorus cucumeris (A.B. Frank) Donk]. Belonging primarily to the Anastomosis Group 1 sub-group IA (AG-1 IA) lineage, this fungus establishes early infections on lower leaf sheaths before expanding upward into the upper canopy (Bintang et al., 2017). Lesions present as water-soaked, grey-green patches that develop into irregular banded blotches with pale centres and dark brown margins, resulting in canopy collapse and lodging (Jash & Sarkar, 2025). 
Recent field studies in paddy have continued to evaluate fungicidal and integrated approaches for sheath blight management, indicating the practical importance of locally applicable disease-control strategies (Swathi et al., 2025; Revathi et al., 2025).
Understanding the phenotypic, cultural and genetic diversity within co-existing fungal populations is critical for designing durable disease control strategies. Morpho-cultural profiling combined with molecular sequencing yields detailed insights into pathotypic variation, geographical distribution and phylogenetic structure. These diagnostic approaches facilitate precise species verification, supporting the deployment of resistant cultivars and targeted management interventions (Kumar et al., 2026). 
At the molecular level, recent work on rice-R. solani interactions has shown that pathogen-derived small RNAs can participate in host-pathogen regulation, highlighting the mechanistic complexity of this pathosystem (Ni et al., 2026).
Research gap. There is a need for an integrated regional characterisation of P. oryzae, B. oryzae and R. solani using a common framework that combines morpho-cultural assessment, pathogenicity testing and ITS-based confirmation across the Cauvery Delta and Karaikal U.T. Within the scope of this study, establishing such a comparative dataset is necessary to distinguish virulent regional isolates and provide consistent reference material for subsequent evaluation.
1.1 Objective
Accordingly, this study performed systematic field collections across paddy-growing areas in the Cauvery Delta region of Tamil Nadu and Karaikal U.T. to isolate representative strains of P. oryzae, B. oryzae and R. solani. Isolated strains were evaluated for phenotypic and microscopic traits. Definitive species identities were established by sequencing the internal transcribed spacer (ITS) region of the nuclear ribosomal DNA, thereby building a reference repository of virulent regional isolates. 
2. material and methods 
2.1 Sample Collection and Pathogen Isolation
Paddy leaf and sheath samples exhibiting distinct symptoms of blast, brown spot and sheath blight were gathered from active agricultural fields across five districts of the Cauvery Delta in Tamil Nadu (Thanjavur, Thiruvarur, Nagapattinam, Mayiladuthurai and Cuddalore) and Karaikal district in Puducherry U.T. Small tissue sections (5 mm2) straddling healthy and necrotic lesion boundaries were surface-cleaned using 1% sodium hypochlorite (NaOCl) for 60 seconds. Tissues were washed three times in sterile distilled water and blotted dry on sterile paper towels. Cleaned fragments were transferred onto Potato Dextrose Agar (PDA) plates and kept at 28 ± 2°C under a 12-hour light/dark regime. Monosporic or single hyphal-tip isolations were carried out to obtain pure cultures, which were maintained on PDA slants at 4°C. 
2.2 Phenotypic and Morphological Assessment
Cultural traits of verified isolates were documented following 7 days of growth on PDA at 28°C. Evaluated colony parameters included radial expansion (cm), mycelial appearance (aerial, fluffy or appressed), margin characteristics and reverse pigmentation. Conidiation in P. oryzae and B. oryzae was induced using moist micro-culture chambers held at 25°C for 3 days. Spore length, width, septation count and colouration were recorded under a calibrated light microscope. For non-sporing R. solani strains, hyphal branching patterns, septal constrictions and sclerotial properties (spatial distribution, colour and average diameter) were measured. Low-nutrient water agar (2%) was utilised to encourage reproductive formation when required. 
2.3 Greenhouse Pathogenicity Verification
Infection capabilities of all recovered isolates were tested on the susceptible rice genotype BPT-5204 under controlled greenhouse conditions. Seedlings were cultivated in pots containing autoclaved soil mixtures. Inoculations were conducted at the peak tillering stage (25-30 days post-transplanting). For P. oryzae and B. oryzae, conidial concentrations were adjusted to 5 X 105 spores mL-1 using a haemocytometer and sprayed onto foliage with a fine mister. For R. solani, actively growing mycelial-sclerotial plugs were inserted into basal leaf sheaths. Inoculated plants were kept in humidified chambers (>90% relative humidity) covered with clear polyethylene sheets for 48 hours to encourage fungal entry. Mock-inoculated control plants received sterile water. Symptom development was checked daily, and Koch's postulates were fulfilled through re-isolation and morphological re-verification. 
2.4 Genomic Extraction and rDNA-ITS Polymerase Chain Reaction
DNA extraction followed a standard cetyltrimethylammonium bromide (CTAB) methodology. Fungal biomass was produced in Potato Dextrose Broth (PDB) incubated at 28°C for 15 days on a mechanical shaker. Mycelial mats were harvested, washed, dried and ground into fine powder using liquid nitrogen. DNA quality was verified via 0.8% agarose gel electrophoresis, and concentrations were measured spectrophotometrically. Amplification of the nuclear ribosomal ITS region was executed using standard universal primers: ITS-1 (Forward: 5'-TCCGTAGGTGAACCTGCGG-3') and ITS-4 (Reverse: 5'-TCCTCCGCTTATTGATATGC-3'). Each 10 µL reaction comprised 5 µL 2 x PCR Master Mix, 1 µL of each primer (10 pmol), 2 µL sterile water and 1 µL template DNA (50 ng). Cycling parameters consisted of an initial denaturation at 95°C for 2 min, followed by 40 cycles at 95°C for 1 min, 58°C for 1 min, and 72°C for 1 min, with a final extension at 72°C for 5 min. PCR products were separated on 1.0% agarose gels stained with ethidium bromide in 1 x TAE buffer and recorded under UV transillumination. 
2.5 Sequence Purification and Alignment
For unambiguous molecular species verification, amplicons from the single most virulent isolate of each pathogen, Bo8 (B. oryzae), Pg7 (P. oryzae) and Rs6 (R. solani), were scaled up in 40 µL reaction volumes using EmeraldAmp® GT PCR Master Mix. Purified products were sequenced using Sanger dideoxy technology. Raw chromatograms were trimmed, aligned, and analysed against GenBank reference records via the NCBI BLASTn algorithm. Assembled sequences were submitted to GenBank for official accession assignments. 
3. results and discussion

3.1 Field Survey Analysis and Spatial Disease Footprints
[image: C:\Users\userr0225\Downloads\PG SURVEY MAP.png]Field monitoring across ten survey sites in the Cauvery Delta demonstrated widespread yet variable disease levels among all three targeted fungal pathogens (Table 1; Plate 1 and Figure 1). Brown spot severity reached a peak PDI of 30.40 % in Pattukottai (Thanjavur district) at maximum tillering, whereas the lowest baseline level occurred at Adambar (15.50% PDI) in Thiruvarur district. Rice blast incidence reached its highest field level in Aduthurai (Thanjavur district) with 42.34 % PDI during panicle initiation, compared to a minimum field reading of 19.23 % PDI in Sivapuri (Cuddalore district). Sheath blight exhibited the highest overall field intensity, peaking at 54.00 % PDI in Nannilam (Thiruvarur district) at panicle initiation. 
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Figure 1. Spatial footprint and epidemiological mapping of major fungal diseases affecting rice across the Cauvery Delta region.

Table 1: Integrated field footprint survey of fungal pathogens across the Cauvery Delta region
	S. No.
	District
	Locality
	Crop Stage
	Cultivar
	Pathogen Target
	Isolate ID
	Field PDI (%)*

	1
	Karaikal
	Nallathur
	Tillering
	BPT-5204
	Bipolaris oryzae
	Bo1
	18.70 (25.62)

	
	
	
	
	
	Pyricularia oryzae
	Pg1
	28.70 (32.39)

	
	
	
	
	
	Rhizoctonia solani
	Rs1
	34.43 (35.92)

	2
	
	Thirunallar
	Flowering
	BPT-5204
	Bipolaris oryzae
	Bo2
	21.30 (27.48)

	
	
	
	
	
	Pyricularia oryzae
	Pg2
	31.30 (34.01)

	
	
	
	
	
	Rhizoctonia solani
	Rs2
	46.98 (43.26)

	3
	Mayiladuthurai
	Nalladai
	Grain filling
	CR-1009
	Bipolaris oryzae
	Bo3
	15.50 (23.18)

	
	
	
	
	
	Pyricularia oryzae
	Pg3
	25.50 (30.32)

	
	
	
	
	
	Rhizoctonia solani
	Rs3
	32.50 (34.75)

	4
	
	Sembanarkoil
	Grain filling
	BPT-5204
	Bipolaris oryzae
	Bo4
	18.58 (25.50)

	
	
	
	
	
	Pyricularia oryzae
	Pg4
	28.50 (32.31)

	
	
	
	
	
	Rhizoctonia solani
	Rs4
	37.00 (37.46)

	5
	Thiruvarur
	Adambar
	Flowering
	BPT-5204
	Bipolaris oryzae
	Bo5
	16.42 (23.90)

	
	
	
	
	
	Pyricularia oryzae
	Pg5
	36.42 (37.12)

	
	
	
	
	
	Rhizoctonia solani
	Rs5
	23.76 (29.17)

	6
	
	Nannilam
	Panicle initiation
	CR-1009
	Bipolaris oryzae
	Bo6
	18.52 (25.48)

	
	
	
	
	
	Pyricularia oryzae
	Pg6
	32.22 (34.58)

	
	
	
	
	
	Rhizoctonia solani
	Rs6
	54.00 (47.29)

	7
	Thanjavur
	Aduthurai
	Panicle initiation
	CR-1009
	Bipolaris oryzae
	Bo7
	22.34 (28.20)

	
	
	
	
	
	Pyricularia oryzae
	Pg7
	42.34 (40.59)

	
	
	
	
	
	Rhizoctonia solani
	Rs7
	39.32 (38.83)

	8
	
	Pattukkottai
	Max tillering
	BPT-5204
	Bipolaris oryzae
	Bo8
	30.40 (33.46)

	
	
	
	
	
	Pyricularia oryzae
	Pg8
	20.40 (26.85)

	
	
	
	
	
	Rhizoctonia solani
	Rs8
	20.43 (26.87)

	9
	Nagapattinam
	Nagore
	Flowering
	CR-1009
	Bipolaris oryzae
	Bo9
	23.12 (28.73)

	
	
	
	
	
	Pyricularia oryzae
	Pg9
	34.78 (36.13)

	
	
	
	
	
	Rhizoctonia solani
	Rs9
	37.12 (37.53)

	10
	Cuddalore
	Sivapuri
	Grain filling
	BPT-5204
	Bipolaris oryzae
	Bo10
	27.33 (31.51)

	
	
	
	
	
	Pyricularia oryzae
	Pg10
	19.23 (26.00)

	
	
	
	
	
	Rhizoctonia solani
	Rs10
	41.73 (40.23)


*Values in parentheses indicate arc-sine transformed data. 

Table 2: Integrated in vitro morpho-cultural and phenotypic profiles of fungal isolates 
	Pathogen Species
	Isolate
	Colonial Appearance & Mycelial Topography
	Growth Rate
	Sclerotial Characteristics

	Bipolaris oryzae
	Bo1
	Light grayish
	Intermediate
	—

	
	Bo2
	Whitish brown
	Intermediate
	—

	
	Bo3
	Dark grayish
	Restricted
	—

	
	Bo4
	Grayish black
	Restricted
	—

	
	Bo5
	Light grayish
	Intermediate
	—

	
	Bo6
	Light grayish with localized white tones
	Restricted
	—

	
	Bo7
	Grayish core, white margins
	Accelerated
	—

	
	Bo8
	Light grayish core, white fluffy aerial cotton
	Accelerated
	—

	
	Bo9
	Light grayish with localized white tones
	Accelerated
	—

	
	Bo10
	Grayish core, white margins
	Accelerated
	—

	Pyricularia oryzae
	Pg1
	Grayish black, non-uniform margin
	Intermediate
	—

	
	Pg2
	Buff tone, continuous smooth margin
	Intermediate
	—

	
	Pg3
	Buff tone, non-uniform margin
	Restricted
	—

	
	Pg4
	Grayish black, continuous smooth margin
	Intermediate
	—

	
	Pg5
	Grayish black, continuous smooth margin
	Accelerated
	—

	
	Pg6
	Buff tone, continuous smooth margin
	Accelerated
	—

	
	Pg7
	Intense black tone, non-uniform margin
	Accelerated
	—

	
	Pg8
	Grayish black, continuous smooth margin
	Restricted
	—

	
	Pg9
	Buff-white color, non-uniform margin
	Accelerated
	—

	
	Pg10
	Intense black tone, continuous smooth margin
	Restricted
	—

	Rhizoctonia solani
	Rs1
	Creamy white mycelium
	Restricted
	Spherical, white to brown, 1.19 mm

	
	Rs2
	Light yellow mycelium
	Accelerated
	Spherical, brown, 2.00 mm

	
	Rs3
	Creamy white mycelium
	Intermediate
	Micro-spherical, dark brown/black, 0.77 mm

	
	Rs4
	Whitish brown mycelium
	Intermediate
	Spherical, brown, 1.32 mm

	
	Rs5
	Creamy white mycelium
	Restricted
	Irregular, white to brown (None produced)

	
	Rs6
	Light yellow mycelium
	Accelerated
	Macro-spherical, black, 2.04 mm

	
	Rs7
	White mycelium
	Accelerated
	Spherical, white to brown, 1.78 mm

	
	Rs8
	Brown mycelium
	Restricted
	Spherical, brown (None produced)

	
	Rs9
	Creamy white mycelium
	Intermediate
	Irregular, dark brown/black, 1.66 mm

	
	Rs10
	Light brown mycelium
	Accelerated
	Micro-spherical, dark brown/black, 1.92 mm








Table 3: Integrated in vivo virulence dynamics of fungal isolates on susceptible cultivar BPT-5204 
	Targeted Pathogen
	Isolate ID
	30 DAS PDI (%)*
	60 DAS PDI (%)*
	90 DAS PDI (%)*
	Mean PDI (%)*

	Bipolaris oryzae
	Bo1
	11.30 (19.64)
	25.12 (30.07)
	26.78 (31.16)
	21.00 (27.27)

	
	Bo2
	12.16 (20.40)
	26.56 (31.02)
	27.93 (31.90)
	22.21 (28.11)

	
	Bo3
	8.56 (17.01)
	23.73 (29.15)
	24.98 (29.98)
	19.09 (25.90)

	
	Bo4
	10.63 (19.02)
	24.84 (29.89)
	25.67 (30.44)
	20.38 (26.83)

	
	Bo5
	8.08 (16.51)
	22.35 (28.21)
	23.91 (29.27)
	18.11 (25.18)

	
	Bo6
	10.05 (18.48)
	23.78 (29.18)
	24.00 (29.33)
	19.27 (26.03)

	
	Bo7
	12.76 (20.92)
	26.76 (31.15)
	27.34 (31.52)
	22.28 (28.16)

	
	Bo8
	17.30 (24.57)
	34.16 (35.76)
	35.40 (36.51)
	28.95 (32.55)

	
	Bo9
	13.24 (21.33)
	28.87 (32.50)
	29.45 (32.86)
	23.85 (29.23)

	
	Bo10
	15.01 (22.79)
	30.00 (33.21)
	31.67 (34.24)
	25.56 (30.36)

	
	CD (p=0.05)
	1.48

	
	SE(d)
	0.70

	Pyricularia oryzae
	Pg1
	—
	27.12 (31.38)
	32.98 (35.04)
	30.05 (33.24)

	
	Pg2
	—
	29.50 (32.89)
	33.18 (35.17)
	31.34 (34.04)

	
	Pg3
	—
	25.43 (30.28)
	30.57 (33.56)
	28.00 (31.94)

	
	Pg4
	—
	25.87 (30.57)
	31.90 (34.38)
	28.88 (32.50)

	
	Pg5
	—
	31.63 (34.62)
	36.50 (37.16)
	33.59 (35.42)

	
	Pg6
	—
	30.14 (33.29)
	35.72 (36.70)
	32.93 (35.01)

	
	Pg7
	—
	37.49 (37.75)
	40.50 (39.52)
	38.99 (38.63)

	
	Pg8
	—
	24.36 (29.57)
	29.39 (32.82)
	26.87 (31.22)

	
	Pg9
	—
	31.00 (33.83)
	36.48 (37.15)
	33.78 (35.53)

	
	Pg10
	—
	23.03 (28.67)
	28.21 (32.08)
	25.62 (30.40)

	
	CD (p=0.05)
	3.21

	
	SE(d)
	1.51

	Rhizoctonia solani
	Rs1
	28.45 (32.23)
	33.23 (35.20)
	—
	30.84 (33.73)

	
	Rs2
	34.53 (35.98)
	38.91 (38.59)
	—
	36.72 (37.29)

	
	Rs3
	27.18 (31.42)
	32.12 (34.52)
	—
	29.65 (32.99)

	
	Rs4
	29.78 (33.07)
	34.48 (35.95)
	—
	32.13 (34.52)

	
	Rs5
	26.12 (30.73)
	31.96 (34.42)
	—
	29.04 (32.60)

	
	Rs6
	34.73 (36.10)
	38.98 (38.63)
	—
	36.85 (37.37)

	
	Rs7
	32.48 (34.74)
	36.64 (37.25)
	—
	34.56 (36.00)

	
	Rs8
	25.00 (30.00)
	30.89 (33.76)
	—
	27.94 (31.90)

	
	Rs9
	31.17 (33.93)
	35.50 (36.57)
	—
	33.33 (35.26)

	
	Rs10
	33.65 (35.45)
	37.72 (37.89)
	—
	35.68 (36.67)

	
	CD (p=0.05)
	2.18

	
	SE(d)
	1.03


*Values in parentheses indicate arc-sine transformed data. DAS = Days After Sowing.
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Plate 1. Field epidemic symptoms of major rice fungal diseases
These localised variations stem from combined influences of host susceptibility, regional weather conditions and local crop management practices. Areas experiencing elevated relative humidity, frequent rainfall and moderate winds promote rapid spore dispersal, germination and host infection (Farda et al., 2026). Intensive monoculture using susceptible varieties like BPT-5204 produces dense crop canopies that trap humidity, enhancing sheath blight development (Senapati et al., 2022). Similarly, high blast severity at Aduthurai corresponds with heavy nitrogenous fertiliser applications, which increase host tissue vulnerability and accelerate fungal colonisation (Verma et al., 2025). This spatial pathogen heterogeneity highlights how modern intensive cropping practices have reshaped historical host-pathogen dynamics (Burdon & Thrall, 2008). 
3.2 In Vitro Morphological and Cultural Characterisation
All isolated strains grew successfully on PDA, showing considerable phenotypic variation in growth rates, colony colour, margin shape and reproductive structures across the ten isolates evaluated per pathogen species (Table 2; Plate 2). 
[image: culture images]







Plate 2. Morpho-cultural variations among major fungal pathogens of rice in the Cauvery Delta region.
3.2.1 Bipolaris oryzae
Isolates of B. oryzae demonstrated noticeable cultural plasticity, ranging from light grey colonies to dark greyish-black aerial mycelium (Table 2). Rapidly growing strains (Bo7, Bo8, Bo9, Bo10) produced dense, fluffy aerial growth, with Bo2 displaying maximum radial coverage within 7 days. Microscopic examination revealed that fast-growing, fluffy colonies corresponded with abundant production of curved, canoe-shaped conidia. Mature conidia were bipolar, tapering slightly toward the ends, widest near the middle and exhibited dark olivaceous-to-brown colouration. 
Conidia possessed 5-10 pseudosepta, with older cells situated near the basal attachment point, matching established taxonomic descriptions (Thuy et al., 2023). Spore dimensions varied across geographic isolates, remaining within the standard 45-106 x14-17 µm taxonomic range (Ejigu et al., 2024). 
3.2.2 Pyricularia oryzae
Colony morphology of P. oryzae segregated into two main types: dark grey-black or pale buff colonies featuring either smooth or uneven margins (Table 2). Growth velocities varied among isolates; the highly virulent strain Pg7 formed dark black colonies with irregular edges and restricted radial extension, whereas strains Pg5, Pg6 and Pg9 exhibited rapid radial expansion.  Microscopic observation showed hyaline to pale olive, septate, branching hyphae ranging from 1.5-6.0 µm in width (Singh et al., 2021). Mature conidia were pyriform (pear-shaped) with narrow apices, rounded bases and 2-3 transverse septa (Viret & Gindro, 2025). Conidia attached to conidiophore tips via a prominent basal hilum, measuring 18-23 x 8-10 µm, consistent with standard species diagnostic criteria (Yin et al., 2026). 
3.2.3 Rhizoctonia solani
Strains of R. solani displayed diverse vegetative growth traits, with mycelial colours ranging from off-white to pale yellow and dark brown within fluffy or appressed mats (Table 2). Radial expansion was rapid in most strains, with Rs2, Rs6, Rs7 and Rs10 covering entire agar surfaces within 7 days. Sclerotial formation and sizes differed notably; isolate Rs6 formed the largest dark-black spherical sclerotia averaging 2.04 mm in diameter, whereas strains Rs5 and Rs8 produced no sclerotia under standard in vitro conditions. Colour transitions from light tan to dark brown mycelium align with established literature describing variability in the R. solani species complex (Lal et al., 2025). Observed sclerotial sizes fall within reported global ranges (0.85-3.05 mm), where sclerotial abundance often correlates with pathotypic virulence, though sclerotial formation can remain suppressed in specific sub-groups (Singh et al., 2018). 
3.3 Pathogenicity Profiling and Virulence Spectrum
3.3.1 B. oryzae
Greenhouse evaluations using pot culture assays on ten isolates of B. oryzae confirmed their pathogenic capabilities on susceptible cultivar BPT-5204 while revealing significant virulence variability. Foliar inoculation induced small brown lesions on leaf tissue within 3 days post-inoculation, fulfilling Koch's postulates. Among the evaluated strains, isolate Bo8 emerged as the most aggressive pathotype, recording the highest mean Percent Disease Index (PDI) of 28.95% (peaking at 35.40% PDI at 90 DAS), followed closely by Bo10 (25.56% Mean PDI) and Bo9 (23.85% Mean PDI). Conversely, isolate Bo5 exhibited the lowest virulence with a mean PDI of 18.11%.
These observations align closely with the findings of Grish et al. (2024), who evaluated regional isolates of B. oryzae and recorded marked pathotypic variation. In their study, isolate Bo1 (from the Kollidam region) displayed hyper-virulence with 67.56% disease incidence at 75 DAT, followed by Bo3 (58.20%), while isolates Bo2 and Bo5 proved significantly less aggressive (44.00% and 43.92% PDI, respectively). The consistent range of disease severity observed across independent studies underscores the presence of significant pathogenic plasticity within regional field populations of B. oryzae, where individual strains possess varying capacities for host tissue degradation and toxin production.
3.3.2 P. oryzae
Pot culture pathogenicity trials on ten P. oryzae isolates demonstrated a broad virulence spectrum across inoculated rice plants. Characteristic spindle-shaped lesions with greyish centers developed on leaf blades within 4 to 7 days post-inoculation, with disease severity intensifying progressively across growth stages. Isolate Pg7 was identified as the hyper-virulent pathotype, inducing a maximum mean disease severity of 38.99% PDI (reaching 40.50% PDI at 90 DAS). Isolates Pg9 (33.78% Mean PDI) and Pg5 (33.59% Mean PDI) also demonstrated elevated aggressiveness, whereas isolate Pg10 registered the lowest severity at 25.62% Mean PDI. Re-isolation of the fungus from symptomatic tissues yielded pure cultures matching parent isolate morphology, confirming Koch's postulates.
This phenotypic progression matches observations by Verma et al. (2025), who confirmed that P. oryzae acted as an aggressive pathogen on susceptible rice cultivars, infecting 80% of inoculated plants within two weeks and achieving an average severity of 25.8%. Similarly, Yan et al. (2023) reported that artificial inoculation with P. oryzae induced systemic infection across growth stages, with typical leaf symptoms appearing by day 7 and expanding continuously through 60 days. The variable disease incidence observed among geographically distinct isolates highlights differences in strain-level aggressive potential, likely driven by variations in effector protein secretion and cell-wall-degrading enzyme dynamics during appressorium-mediated penetration.
3.3.3 R. solani
Virulence profiling of ten R. solani isolates under controlled pot culture conditions highlighted substantial differences in tissue-colonising efficiency. Inoculation induced characteristic water-soaked, sheath-blight lesions within 5 days post-inoculation. Isolate Rs6 emerged as the most aggressive pathotype, producing a maximum mean disease severity of 36.85% PDI (peaking at 38.98% PDI at 60 DAS), closely followed by Rs2 (36.72% Mean PDI) and Rs10 (35.68% Mean PDI). In contrast, isolate Rs8 was the least virulent strain, registering a minimum mean severity of 27.94% PDI. 
Similar pathogenic heterogeneity was documented by Goswami et al. (2019), who artificially inoculated 12 isolates of R. solani across 10 rice germplasm lines and observed distinct virulence patterns and disease progress curves. In their evaluation, isolate D-14 was hyper-virulent across all germplasm lines (49.22% PDI), alongside other highly aggressive strains such as A-1 (47.28%), A-5 (42.45%), and A-3 (41.09%), whereas isolates like A-10 (10.28%) and A-2 (10.88%) exhibited weak virulence. 
3.4 Molecular Amplification and Phylogenetic Interpretation
PCR amplification of the nuclear rDNA-ITS region using universal primers ITS-1 and ITS-4 produced clear, consistent, single amplicons for the three selected hyper-virulent pathotypes. Product lengths were resolved at 558 bp for B. oryzae (Bo8), 541 bp for P. oryzae (Pg7), and 514 bp for R. solani (Rs6). These amplicon sizes match expected diagnostic ranges, corresponding to the standard 600 bp marker for B. oryzae, the 500-750 bp range for P. oryzae and the expected 530 bp band for R. solani populations. Direct sequencing confirmed species identities and consensus sequences were deposited in GenBank under accessions ON556554 (Bo8), ON556555 (Pg7) and ON556551 (Rs6). BLASTn queries demonstrated 100% identity with verified global reference records.
Minor length variations observed in amplicon sizes relative to published literature are typical for fungal ITS regions. Although B. oryzae Bo8 produced a 558 bp product, literature values occasionally report bands up to 600 bp, a variation driven by small insertions/deletions within non-coding spacer regions (ITS1 and ITS2) among geographic populations (Ogbuji & Agogbua, 2025). For P. oryzae Pg7, the 541 bp amplicon aligns with stable global reference lineages (Onaga et al., 2025). Notably, the 514 bp product obtained for R. solani Rs6 differs from larger 700-730 bp amplicons sometimes reported in broader basidiomycete databases, confirming its specific classification within the AG-1 IA anastomosis sub-group where shorter ITS lengths serve as a diagnostic marker (Bintang et al., 2017). While rDNA-ITS sequencing provides reliable species-level resolution, multilocus sequence analysis (MLSA) targeting housekeeping genes such as TEF-1alpha or ACT will further refine subspecific population structures (Senapati et al., 2022).
4. Conclusion 

This study provides a detailed baseline assessment of the cultural, morphological and molecular traits of B. oryzae, P. oryzae and R. solani populations in the Cauvery Delta. Regional fungal isolates exhibited notable phenotypic variation in growth rates, spore dimensions and sclerotial formation. Controlled pathogenicity assays identified hyper-virulent pathotypes Bo8 (brown spot), Pg7 (blast) and Rs6 (sheath blight), which were verified through rDNA-ITS sequencing and GenBank registration. These molecularly validated, high-virulence strains provide essential reference resources for regional cultivar screening and integrated disease management programmes in intensive paddy production systems.
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Limitation 
This study was limited to ten isolates per pathogen collected from selected sites in the Cauvery Delta region and Karaikal U.T., which may restrict the representation of broader pathogen diversity. Pathogenicity was evaluated only on the susceptible rice cultivar BPT-5204 under controlled greenhouse conditions. Molecular confirmation was based solely on rDNA-ITS sequencing of the most virulent isolate of each pathogen. Moreover, field-level environmental and crop-management factors were not quantitatively assessed. Future studies should include larger, multi-season isolate collections, diverse rice cultivars, wider geographic coverage, and multilocus molecular analyses to improve population-level interpretation and generalisability.
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