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ABSTRACT 

Sclerotium oryzae isolates obtained from stem-rot-affected rice in Karnataka were characterized for cultural, 

sclerotial, biochemical and molecular variability. Isolates were compared on potato dextrose agar (PDA), 

Sabouraud dextrose agar, nutrient agar, Richard's agar and Hanson's agar. Considerable isolate-to-isolate 

variation occurred in colony colour, texture and radial growth. On PDA, SO-1 and SO-2 reached 84 mm after 48 

h, whereas several isolates remained slow growing even after 96 h. Sclerotial initiation generally occurred 

within 4-6 days; 23-69 sclerotia plate-1 were produced, sclerotial diameter ranged from 1.6 to 3.6 mm and 100-

sclerotium dry weight ranged from 36.8 to 77.8 mg. Glucose was utilized by all isolates and was the most 

consistently preferred carbon source; indole production was frequent whereas methyl-red reduction occurred in 

fewer isolates. Of 45 ITS-region sequences generated, 30 high-quality sequences were retained, identified as S. 

oryzae and deposited in GenBank. Phylogenetic analysis resolved two principal groups, demonstrating 

substantial phenotypic and molecular heterogeneity within the Karnataka population. 
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1. INTRODUCTION 

Stem rot of rice is associated with Sclerotium oryzae Catt., a soil- and residue-borne fungus capable of 

producing persistent sclerotia. Population variability is epidemiologically important because isolates may differ 

in growth, sclerotial development, nutritional responses and genetic relatedness, with potential consequences for 

survival, pathogenicity and disease management. Classical studies have reported marked cultural and pathogenic 

variation among S. oryzaeisolates collected from rice-growing regions (Ali, 1997; Kumar et al., 2011; Sandhya 

et al., 2026; Kumar et al., 2026). 

Morphological characterization remains useful for documenting colony colour, texture, growth rate and 

sclerotial traits, but phenotype alone may not resolve genetic relationships. Molecular approaches based on 

ribosomal DNA regions have therefore been used to confirm members of the rice sheath/stem-rot complex and 

to evaluate genetic diversity (Naveenkumar et al., 2026). Kumar et al. (2010) demonstrated substantial diversity 

among Indian S. oryzaeisolates using RAPD markers, while ITS-based approaches provide a sequence 

framework for identification and phylogenetic comparison. 

Recent work from Telangana and Andhra Pradesh also documented significant differences in growth and 

sclerotial characters among S. oryzaeisolates (Prameela et al., 2020; Negi et al., 2026; Kukreti et al., 2026), 

supporting the view that regional populations are heterogeneous. Characterization of isolates collected across 

Karnataka was therefore undertaken to integrate cultural growth on multiple media, sclerotial morphology, 

simple biochemical traits and sequence-based molecular analysis. 

The objectives were to characterize variability of Karnataka S. oryzaeisolates in colony growth and morphology; 

compare sclerotial initiation, number, colour, size, shape and dry weight; assess utilization of selected carbon 

sources and indole/methyl-red reactions; and identify representative isolates by sequence analysis and 

phylogenetic reconstruction. 

 

2. MATERIALS AND METHODS 

2.1 Collection, isolation and maintenance of isolates 

Diseased rice stem samples were collected from paddy-growing areas of Karnataka in sterile polythene covers, 

labelled and transported to the laboratory. Approximately 3-mm pieces from infected stem tissue were surface 

sterilized with 2% sodium hypochlorite for 1 min, rinsed three times in sterile distilled water and transferred to 
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potato dextrose agar (PDA). Plates were incubated at 27 ± 1 C. Cultures were purified by the single-hyphal-tip 

method (Pathak, 1972) and maintained on PDA by periodic transfer, with stock cultures held at 4 C. 

2.2 Pathogenicity 

Pathogenicity was evaluated on the susceptible rice cultivar BPT-5204. Plants were raised in sterilized soil and 

inoculum was produced on pieces of water sedge (Typha angustata) colonized by S. oryzae. Forty-five-day-old 

plants at maximum tillering were inoculated by placing six-day-old immature sclerotia-bearing sedge material 

inside the leaf sheath, after which moist cotton and water were used to maintain high humidity for 

approximately 24h. Symptoms were recorded 10 days after inoculation; uninoculated plants served as controls. 

This procedure is reproduced from the thesis protocol. 

2.3 Cultural and sclerotial characterization 

Purified isolates were compared on PDA, Sabouraud dextrose agar (SDA), nutrient agar (NA), Richard's agar 

and Hanson's agar. Approximately 15-20 ml of medium was poured into 90-mm Petri plates and inoculated 

centrally with a 5-mm culture disc. Experiments were replicated three times and incubated at 27 +/- 2 C. Colony 

colour, texture and radial growth were recorded through 96 h. Sclerotial initiation, time to formation, number 

per plate, colour, distribution pattern, diameter, length, shape and dry weight of 100 sclerotia were recorded 

from PDA cultures. 

2.4 Biochemical characterization 

A rapid biochemical test kit was used to record indole production, methyl-red reaction, citrate utilization and 

utilization of selected carbohydrates. Fifty microlitres of isolate suspension was inoculated into the appropriate 

wells and incubated at 25 C for 2-3 days. Glucose, adonitol, arabinose, lactose, sorbitol, mannitol, rhamnose and 

sucrose utilization were scored from colour change as described in the thesis protocol (Lilly and Barnett, 1951; 

Cowan and Steel, 1970; Seeley and Vandemark, 1981). 

2.5 DNA extraction, amplification, sequencing and phylogenetic analysis 

Genomic DNA was extracted from 5-7-day-old fungal cultures using the Hi-Elute mini-prep workflow reported 

in the thesis, with Proteinase K treatment, spin-column washing and elution. PCR reactions were assembled in 

25-microlitre volumes and amplified under a profile of 95 C for 5 min; 35 cycles of 94 C for 1 min, 55 C for 1 

min and 72 C for 1 min; and a final extension at 72 C for 10 min. Amplicons were separated on 1% agarose gels 

and sequenced by Sanger sequencing. Consensus sequences were checked, compared with the NCBI nucleotide 

database using BLAST, aligned with ClustalW and analysed in MEGA X (Kumar et al., 2018). The molecular 

protocol is reproduced as reported in the thesis; its primer nomenclature should be checked against the original 

laboratory records before journal submission. 

 

3. RESULTS 

3.1 Cultural variability 

Large differences were observed among isolates in colony colour, texture and growth rate. On PDA, mycelial 

colour ranged from whitish to dirty white and textures included smooth, fluffy and scattered forms. SO-1 and 

SO-2 reached 84 mm at 48 h, whereas isolates such as SO-64 and SO-65 remained slow growing after 96 h. 

Variation was also pronounced on SDA, NA, Richard's agar and Hanson's agar, with different isolates reaching 

90 mm at different incubation times. 

 

Table 1. Cultural and growth characters of Sclerotium oryzae on PDA 

 

Isolate No. Color Texture Growth after 

48 hrs (mm) 

Growth after 

72 hrs (mm) 

Growth after 

96 hrs (mm) 

SO-1 Off white Scattered 84 90 90 

SO-2 Whitish Smooth 84 90 90 

SO-3 Whitish Scattered 80 90 90 

SO-4 Whitish Scattered 79 90 90 

SO-5 Whitish Scattered 79 90 90 

SO-6 Whitish Smooth 79 90 90 

SO-7 Whitish Scattered 78 90 90 

SO-8 Whitish Fluffy 78 90 90 

SO-9 Dirty white Fluffy 78 90 90 

SO-10 Dirty white Scattered 77 90 90 

SO-11 Whitish Fluffy 76 90 90 

SO-12 Off white Smooth 76 90 90 

SO-13 Whitish Smooth 75 90 90 

SO-14 Whitish Smooth 74 90 90 

SO-15 Whitish Fluffy 74 90 90 

SO-16 Off white Scattered 74 84 87 

SO-17 Off white Scattered 73 90 90 

SO-18 Whitish Smooth 73 90 90 

SO-19 Off white Fluffy 72 89 90 
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SO-20 Whitish Scattered 72 82 85 

SO-21 Dirty white Scattered 71 90 90 

SO-22 Whitish Scattered 71 90 90 

SO-23 Whitish Smooth 71 90 90 

SO-24 Whitish Smooth 69 90 90 

SO-25 Dirty white Fluffy 69 90 90 

SO-26 Whitish Smooth 68 90 90 

SO-27 Whitish Smooth 68 90 90 

SO-28 Dirty white Smooth 65 90 90 

SO-29 Off white Smooth 65 85 90 

SO-30 Whitish Scattered 64 90 90 

SO-31 Off white Fluffy 64 87 90 

SO-32 Off white Scattered 63 90 90 

SO-33 Dirty white Fluffy 63 90 90 

SO-34 Whitish Scattered 63 90 90 

SO-35 Whitish Smooth 62 73 82 

SO-36 Dirty white Fluffy 61 87 90 

SO-37 Off white Smooth 61 82 90 

SO-38 Off white Fluffy 61 90 90 

SO-39 Whitish Scattered 60 90 90 

SO-40 Dirty white Scattered 60 78 86 

SO-41 Dirty white Fluffy 58 87 90 

SO-42 Off white Scattered 58 90 90 

SO-43 Dirty white Scattered 56 85 90 

SO-44 Off white Fluffy 55 90 90 

SO-45 Whitish Scattered 55 87 90 

SO-46 Whitish Scattered 55 81 90 

SO-47 Dirty white Smooth 54 90 90 

SO-48 Whitish Smooth 54 64 89 

SO-49 Dirty white Fluffy 53 79 88 

SO-50 Off white Scattered 49 82 90 

SO-51 Off white Fluffy 49 83 90 

SO-52 Whitish Scattered 43 90 90 

SO-53 Off white Fluffy 42 62 80 

SO-54 Dirty white Scattered 41 68 78 

SO-55 Off white Scattered 36 74 88 

SO-56 Whitish Smooth 33 63 87 

SO-57 Whitish Fluffy 32 55 80 

SO-58 Off white Smooth 29 44 78 

SO-59 Off white Fluffy 29 57 58 

SO-60 Off white Smooth 25 48 84 

SO-61 Off white Scattered 18 32 56 

SO-62 Whitish Fluffy 17 39 79 

SO-63 Dirty white Fluffy 13 36 52 

SO-64 Whitish Fluffy 12 38 45 

SO-65 Dirty white Scattered 3 11 44 

 

Table 2. Cultural characterstics of S. oryzaeon different agar media 

 

Isolat

e No. 

Sabouraud

s Dextrose 

Agar 

Sabouraud

s Dextrose 

Agar 

Nutrient 

Agar 

Nutrien

t Agar 

Richards 

Agar 

Richard

s Agar 

Hanson’

s Agar 

Hanson’s 

Agar 

Isolate 

No. 

Color Texture Color Texture Color Texture Color Texture 

SO-1 Whitish Smooth Whitish Smooth Whitish Smooth Pale 

White 

Compact 

SO-2 Whitish Scattered Whitish Scattere

d 

Whitish Scattered Pure 

White 

Filamentou

s 

SO-3 Whitish Smooth Whitish Smooth Whitish Scattered Pure 

White 

Filamentou

s 

SO-4 light Brown Smooth Whitish 

Brown 

Smooth Light 

Brown 

Smooth White Smooth 
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SO-5 Brown Scattered Brown Scattere

d 

Whitish Smooth Pale 

Brown 

Smooth 

SO-6 Whitish Smooth Whitish Scattere

d 

Whitish Smooth Brownish 

Yellow 

Smooth 

SO-7 Whitish Fluffy Whitish Fluffy Whitish Scattered Pure 

white 

Smooth 

SO-8 Dark brown Fluffy Whitish Fluffy Whitish Fluffy Pure 

White 

Fluffy 

SO-9 Whitish Smooth Whitish Smooth Dirty 

white 

Smooth Cottony 

white 

Scattered 

SO-10 Whitish Fluffy Whitish Fluffy Whitish Scattered Light 

brown 

Smooth 

SO-11 Whitish Fluffy Whitish Fluffy Whitish Scattered Pure 

White 

Compact 

SO-12 Brown Smooth Light 

brown 

Smooth Whitish 

Brown 

Smooth Pure 

white 

Fluffy 

SO-13 Pale Brown Scattered Pale 

Brown 

Smooth Whitish Fluffy Whitish Scattered 

SO-14 Whitish Scattered Whitish 

Brown 

Fluffy Whitish Smooth Whitish Smooth 

SO-15 Whitish Smooth Whitish Smooth Off white Scattered Pure 

white 

Smooth 

SO-16 Dark brown Fluffy Light 

Brown 

Fluffy Brownish 

white 

Scattered Dall 

White 

Fluffy 

SO-17 Yellow 

Brown 

Scattered Yellowis

h Brown 

Smooth Dirty 

white 

Smooth Whitish Smooth 

SO-18 Yellow 

Brown 

Fluffy Yellowis

h Brown 

Smooth Whitish Smooth Yellowis

h white 

Scattered 

SO-19 Pale Brown  Smooth Whitish 

Brown 

Smooth Dirty 

white 

Scattered Pale 

brown 

Filamentou

s 

SO-20 White 

brown 

Smooth Whitish Smooth Pale 

white 

Scattered Pale 

White 

Filamentou

s 

SO-21 Whitish Scattered Whitish Scattere

d 

Whitish Smooth Pure 

white 

Smooth 

SO-22 Whitish Smooth Whitish Smooth Whitish Scattered Cottony 

white 

Smooth 

SO-23 Whitish Smooth Whitish Smooth Whitish Scattered Whitish Scattered 

SO-24 Brown Smooth Brown Scattere

d 

Dirty 

white 

Smooth Pale 

Brown 

Smooth 

SO-25 Whitish Smooth Whitish 

Brown 

Smooth Off white Scattered Pale 

Brown 

Smooth 

SO-26 Whitish Smooth Whitish Smooth Whitish Smooth Whitish Smooth 

SO-27 Yellow 

Brown 

Scattered Brown Scattere

d 

Whitish Smooth Whitish Smooth 

SO-28 Pale Brown Fluffy Light 

brown 

Smooth Off white Smooth Brown Smooth 

SO-29 Light 

Brown 

Smooth Light 

Brown 

Smooth Off 

White 

Smooth Pale 

white 

Smooth 

SO-30 Whitish  Scattered Whitish 

Brown 

Scattere

d 

Whitish Smooth Whitish Smooth 

SO-31 Brown Scattered Whitish Smooth Whitish Fluffy Pure 

white 

Filamentou

s 

SO-32 Yellow 

Brown 

Fluffy Yellowis

h Brown 

Smooth Whitish Fluffy Whitish Scattered 

SO-33 Whitish Smooth Whitish Smooth Dirty 

white 

Fluffy Whitish Smooth 

SO-34 Yellowish 

Brown 

Scattered Yellowis

h Brown 

Scattere

d 

Pale 

Brown 

Smooth Pale 

Brown 

Fluffy 

SO-35 Off white Fluffy Dark 

Brown 

Fluffy Whitish Smooth Pure 

White 

Smooth 

SO-36 Brownish 

yellow  

Smooth Brownish 

yellow 

Fluffy Dirty 

white 

Fluffy Cottony 

white 

Serrated 

SO-37 Whitish Smooth Whitish Fluffy Dirty Smooth Cottony Smooth 
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Brown white white 

SO-38 Whitish Scattered Whitish Fluffy Whitish Fluffy Pale 

Brown 

Smooth 

SO-39 Whitish Fluffy Whitish Smooth Whitish Fluffy Pure 

white 

Smooth 

SO-40 Dark 

Brown 

Scattered Pale 

Brown 

Smooth Dirty 

white 

Smooth Whitish Scattered 

SO-41 Yellow 

Brown 

Smooth Yellowis

h Brown 

Smooth Off white Smooth Pale 

Brown 

Filamentou

s 

SO-42 Whitish 

Brown 

Fluffy Light 

Brown 

Fluffy Off 

White 

Scattered Pure 

White 

Smooth 

SO-43 Pale Brown Scattered Pale 

Brown 

Scattere

d 

Whitish 

Brown 

Smooth Whitish Scattered 

SO-44 Whitish Fluffy Whitish Fluffy Whitish Scattered Pure 

white 

Smooth 

SO-45 Pale Brown Smooth   Pale 

Brown 

Smooth Whitish Scattered Pure 

white 

Scattered 

SO-46 Off white Scattered Whitish Scattere

d 

light 

brown 

Scattered Light 

White 

Compact 

SO-47 Whitish Scattered Whitish Smooth Dirty 

Brown 

Fluffy Whitish Smooth 

SO-48 Whitish 

Brown 

Fluffy Off white Fluffy Whitish Smooth Pure 

White 

Smooth 

SO-49 Whitish Smooth Whitish Smooth Whitish Fluffy Whitish Scattered 

SO-50 Pale Brown Smooth   Pale 

Brown 

Fluffy Whitish 

Brown 

Scattered Whitish Scattered 

SO-51 Brown Fluffy Light 

brown 

Scattere

d 

Light 

Brown 

Fluffy Whitish Serrated 

SO-52 Dark 

Brown 

Scattered Light 

Brown 

Scattere

d 

Dirty 

White 

Scattered Dirty 

white 

Fluffy 

SO-53 Pale brown Scattered Whitish 

Brown 

Scattere

d 

Whitish Fluffy Whitish Scattered 

SO-54 Whitish Smooth Whitish Smooth Whitish Smooth Pure 

White 

Compact 

SO-55 Pale Brown Fluffy Light 

Brown 

Fluffy Off 

White 

Smooth Pure 

White 

Filamentou

s 

SO-56 Pale yellow 

white 

Scattered Yellowis

h Brown 

Scattere

d 

Whitish Scattered Pure 

white 

Serrated 

SO-57 Off white  Smooth Whitish Smooth Whitish Fluffy Pure 

White 

Filamentou

s 

SO-58 Pale yellow 

white 

Smooth Pale 

yellowish 

Smooth Yellowis

h White 

Scattered White Smooth 

SO-59 Whitish Fluffy Whitish Smooth Off white Fluffy Pure 

white 

Scattered 

SO-60 Off white Smooth Whitish Smooth Whitish Smooth Pure 

white 

Scattered 

SO-61 Brown Fluffy Light 

White 

Fluffy Dirty 

white 

Smooth Dall 

White 

Fluffy 

SO-62 Whitish Scattered Whitish Scattere

d 

Dirty 

white 

Fluffy Whitish Smooth 

SO-63 Light 

brown 

Scattered Pale 

Brown 

Scattere

d 

Whitish Fluffy Whitish Smooth 

SO-64 Dark 

Brown 

Scattered Whitish 

Brown 

Scattere

d 

Whitish Fluffy Dirty 

white 

Smooth 

SO-65 Light 

brown 

Scattered Whitish Scattere

d 

Dirty 

white 

Scattered light 

brown 

Compact 

 

Table 3. Growth and development of S. oryzaemycelia (mm) on different agar media 

 

Isol

ate 

No. 

Sabaur

ands 

Dextro

se 

Sabaur

ands 

Dextro

se 

Sabaur

ands 

Dextro

se 

Nutr

ient 

Agar 

(mm

Nutr

ient 

Agar 

(mm

Nutr

ient 

Agar 

(mm

Rich

ard 

Agar 

(mm

Rich

ard 

Agar 

(mm

Rich

ard 

Agar 

(mm

Hans

on’s 

Agar 

(mm) 

Hans

on’s 

Agar 

(mm) 

Hans

on’s 

Agar 

(mm) 
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Agar 

(mm) 

Agar 

(mm) 

Agar 

(mm) 

) ) ) ) ) ) 

Isol

ate 

No. 

Growth 

after 

Growth 

after 

Growth 

after 

Grow

th 

after 

Grow

th 

after 

Grow

th 

after 

Gro

wth 

after 

Gro

wth 

after 

Gro

wth 

after 

Grow

th 

after 

Grow

th 

after 

Grow

th 

after 

Isol

ate 

No. 

48 hrs 72 hrs 96 hrs 48 

hrs 

72 

hrs 

96 

hrs 

48 

hrs 

72 

hrs 

96 

hrs 

48 hrs 72 hrs 96 hrs 

SO-

1 

74 88 90 33 47 58 76 90 90 64 76 90 

SO-

2 

34 58 76 16 27 35 76 90 90 57 88 90 

SO-

3 

77 86 90 47 58 63 43 69 84 61 84 90 

SO-

4 

15 35 48 18 44 57 71 90 90 58 80 90 

SO-

5 

63 83 90 48 79 90 64 87 90 33 56 77 

SO-

6 

9 18 31 70 73 75 51 76 90 24 46 67 

SO-

7 

55 77 86 48 61 78 71 90 90 64 89 90 

SO-

8 

76 82 90 23 48 61 38 70 90 65 78 90 

SO-

9 

72 82 90 54 68 81 54 69 90 74 90 90 

SO-

10 

61 78 90 48 75 81 61 77 90 53 79 90 

SO-

11 

68 79 89 35 67 84 19 38 54 54 83 90 

SO-

12 

72 83 90 65 84 90 74 90 90 56 86 90 

SO-

13 

82 90 90 43 72 90 36 54 77 41 76 90 

SO-

14 

67 78 86 47 81 90 48 81 90 57 83 90 

SO-

15 

63 87 90 36 54 73 56 83 90 34 83 90 

SO-

16 

65 72 86 33 39 43 61 81 90 77 76 90 

SO-

17 

48 69 81 37 49 74 53 68 88 56 84 90 

SO-

18 

48 69 83 48 74 90 78 90 90 69 81 90 

SO-

19 

65 73 86 16 33 53 65 78 88 42 71 90 

SO-

20 

18 32 48 74 82 90 58 69 90 65 84 90 

SO-

21 

78 86 90 37 56 78 68 84 90 57 86 90 

SO-

22 

48 68 78 9 37 49 69 83 90 53 87 90 

SO-

23 

86 90 90 61 83 90 37 76 83 33 51 68 

SO-

24 

76 84 90 58 81 90 56 79 90 43 54 83 

SO-

25 

43 68 83 84 90 90 77 90 90 51 76 90 

SO-

26 

38 82 90 73 90 90 39 54 77 26 43 90 

SO-

27 

33 69 88 SO 77 90 72 90 90 63 83 90 

SO- 56 78 90 39 57 77 63 83 90 61 83 90 
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28 

SO-

29 

25 29 34 14 33 48 47 58 78 69 90 90 

SO-

30 

17 45 68 33 39 58 55 69 83 36 76 90 

SO-

31 

34 58 79 33 61 73 37 49 63 76 83 90 

SO-

32 

76 85 90 73 90 90 44 57 83 36 63 86 

SO-

33 

76 88 90 29 48 55 34 67 80 67 88 90 

SO-

34 

65 84 90 68 86 90 74 90 90 63 81 90 

SO-

35 

69 78 86 18 39 54 43 73 90 57 87 90 

SO-

36 

77 87 90 28 39 48 46 56 74 39 77 84 

SO-

37 

48 69 83 23 67 81 71 89 90 65 76 90 

SO-

38 

17 33 48 64 76 90 73 88 90 64 84 90 

SO-

39 

38 63 78 51 77 90 43 71 86 39 87 90 

SO-

40 

78 88 90 76 84 90 49 67 81 58 79 86 

SO-

41 

61 73 88 39 76 90 80 90 90 58 69 90 

SO-

42 

39 45 52 46 76 85 73 90 90 48 81 90 

SO-

43 

65 79 86 74 90 90 76 90 90 56 65 90 

SO-

44 

69 76 89 64 84 90 37 59 87 46 81 90 

SO-

45 

63 84 90 37 68 81 16 33 47 71 86 90 

SO-

46 

36 54 83 8 15 32 53 74 90 82 90 90 

SO-

47 

63 78 89 39 49 64 48 58 73 63 83 90 

SO-

48 

49 63 88 51 78 90 47 77 90 36 49 73 

SO-

49 

73 86 90 35 69 87 65 78 90 67 76 90 

SO-

50 

77 88 90 68 89 90 63 84 90 49 77 90 

SO-

51 

72 88 90 47 54 69 39 49 76 65 89 90 

SO-

52 

34 52 68 84 90 90 64 87 90 64 84 90 

SO-

53 

84 90 90 34 56 79 61 83 90 23 36 65 

SO-

54 

66 82 90 69 81 90 31 67 79 63 81 90 

SO-

55 

44 52 66 35 49 58 78 90 90 63 87 83 

SO-

56 

32 48 66 31 47 53 76 86 90 42 73 90 

SO-

57 

12 35 54 29 32 44 51 74 90 65 83 90 

SO-

58 

54 83 90 19 37 48 16 39 56 31 56 68 

SO-

59 

76 86 90 43 57 84 47 66 85 18 46 55 
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SO-

60 

79 88 90 79 90 90 34 65 81 79 89 90 

SO-

61 

48 59 90 27 53 67 73 90 90 64 79 90 

SO-

62 

43 68 87 13 25 39 65 84 90 61 84 90 

SO-

63 

72 86 90 69 84 90 78 90 90 65 79 90 

SO-

64 

69 76 88 79 88 90 77 90 90 65 84 84 

SO-

65 

32 57 83 16 29 48 44 56 76 63 81 90 

 

3.2 Sclerotial variability 

Sclerotial development differed markedly among isolates. The number of sclerotia per plate ranged from 23 in 

SO-13 to 69 in SO-43. Colour ranged from black to brown, with the thesis noting light-brown sclerotia in SO-

46. Distribution patterns included central, peripheral and spread arrangements. Sclerotial diameter ranged from 

1.6 to 3.6 mm; SO-59 had the smallest reported diameter and SO-49 the largest. Dry weight of 100 sclerotia 

ranged from 36.8 to 77.8 mg, with SO-61 and SO-55 representing the lower and upper extremes, respectively. 

 

Table 4. Sclerotia development of Sclerotium oryzae 

 

Isolate No. Sclerotial 

initiation 

(days) 

Days of 

formation 

Sclerotia / 

Plate 

 Sclerotia 

colour 

Sclerotial 

Pattern  

SO-1 4 5 34 Black Spread 

SO-2 5 6 41 Black Spread 

SO-3 5 6 54 Black Spread 

SO-4 4 5 42 Black Spread 

SO-5 5 6 43 Black Peripheral 

SO-6 5 6 39 Black Peripheral 

SO-7 4 6 34 Black Peripheral 

SO-8 5 6 37 Black Spread 

SO-9 4 5 42 Brown Peripheral 

SO-10 5 6 47 Brown Spread 

SO-11 5 6 39 Black Peripheral 

SO-12 5 6 44 Black Spread 

SO-13 4 5 23 Black Peripheral 

SO-14 4 5 39 Black Peripheral 

SO-15 4 6 33 Black Peripheral 

SO-16 5 6 33 Black Spread 

SO-17 5 6 39 Black Peripheral 

SO-18 5 6 41 Black Peripheral 

SO-19 4 5 62 Brown Peripheral 

SO-20 4 5 38 Brown Spread 

SO-21 5 6 46 Black Spread 

SO-22 5 6 39 Brown Spread 

SO-23 4 5 39 Black Spread 

SO-24 5 6 28 Black Peripheral 

SO-25 5 6 31 Black Spread 

SO-26 4 5 40 Black Spread 

SO-27 5 6 43 Black Peripheral 

SO-28 4 6 38 Brown Peripheral 

SO-29 4 5 36 Black Control 

SO-30 5 6 47 Black Peripheral 

SO-31 4 5 48 Black Spread 

SO-32 4 5 39 Black Peripheral 

SO-33 4 6 48 Black Peripheral 

SO-34 5 6 37 Brown Peripheral 

SO-35 4 5 36 Brown Spread 

SO-36 5 6 30 Brown Peripheral 

SO-37 4 5 33 Brown Peripheral 
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SO-38 4 6 36 Black Peripheral 

SO-39 5 6 49 Black Peripheral 

SO-40 4 5 46 Black Peripheral 

SO-41 4 5 34 Brown Spread 

SO-42 4 6 48 Black Peripheral 

SO-43 4 5 69 Brown Peripheral 

SO-44 5 6 62 Brown Peripheral 

SO-45 5 6 40 Black Spread 

SO-46 4 6 35 Light  Brown Spread 

SO-47 4 5 43 Black Peripheral 

SO-48 4 6 52 Black Peripheral 

SO-49 4 5 42 Brown Peripheral 

SO-50 4 5 68 Brown Peripheral 

SO-51 4 5 41 Brown Peripheral 

SO-52 4 5 43 Black Spread 

SO-53 4 6 33 Brown Spread 

SO-54 5 6 43 Black Spread 

SO-55 5 6 44 Black Peripheral 

SO-56 4 5 38 Brown Peripheral 

SO-57 4 6 53 Black Peripheral 

SO-58 4 6 49 Black Spread 

SO-59 4 5 24 Black Spread 

SO-60 5 6 47 Black Spread 

SO-61 4 5 38 Black Spread 

SO-62 4 6 41 Black Peripheral 

SO-63 4 5 34 Black Spread 

SO-64 4 5 39 Black Spread 

SO-65 4 5 39 Black Spread 

 

Table 5. Sclerotia characteristics of S, oryzae 

 

Isolate No. Sclerotia 

Diameter (mm) 

Sclerotia 

length 

(mm) 

Sclerotia 

Shape 

Test weight 

dry weight 

(mg) / 100 

Sclerotia 

Sclerotial 

pattern 

SO-1 2.4 4.7 Irregular 41.5 Spars 

SO-2 2.1 6.9 Round 51.7 Spars 

SO-3 2.1 4.8 Round 47.6 Spars 

SO-4 1.9 3.6 Round 48.6  Spars 

SO-5 2.1 3.8 Round 42.8 Spars 

SO-6 1.9 3.2 Round 45.6 Spars 

SO-7 2.0 3.9 Round 39.7 Spars 

SO-8 2.3 3.9 Round 43.3 Spars 

SO-9 2.1 3.7 Irregular 54.6 Dense 

SO-10 2.1 2.9 Round 47.3 Spars 

SO-11 2.0 6.2 Round 44.4 Spars 

SO-12 2.1 3.1 Round 41.3 Spars 

SO-13 3.1 2.9 Spherical 41.1 Spars 

SO-14 2.1 3.6 Oblong 47.6        Spars 

SO-15 2.1 3.7 Round 41.9 Spars 

SO-16 2.4 4.8 Oblong 43.1 Spars 

SO-17 3.1 6.9 Round 47.9 Spars 

SO-18 2.3 4.8 Oblong  71.8         Too Dense 

SO-19 3.1 3.1 Round 44.9 Spars 

SO-20 2.8 3.9 Round 42.9 Spars 

SO-21 1.9 4.9 Round 44.8 Spars 

SO-22 1.9 3.8 Oblong 47.8 Spars 

SO-23 2.8 6.3 Oblong 49.6 Spars 

SO-24 2.9 6.2 Spherical 48.3 Spars 

SO-25 2.2 4.5 Oblong 41.3 Dense 

SO-26 2.1 4.4 Spherical 48.8 Spars 
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SO-27 2.4 3.9 Oblong 44.3  Spars 

SO-28 2.7 6.5 Round 41.8 Spars 

SO-29 2.3 3.4 Round 53.2 Dense 

SO-30 2.3 2.9 Round 51.4 Spars 

SO-31 1.9 4.6 Oblong 54.8 Dense 

SO-32 1.9 3.7 Spherical 44.3 Spars 

SO-33 2.2 4.8 Round 43.8 Spars 

SO-34 2.1 4.6 Round 46.8 Spars 

SO-35 2.3 3.7 Round 69.1 Too Spars 

SO-36 2.6 6.2 Round 47.6 Spars 

SO-37 2.8 3.9 Round 53.4 Spars 

SO-38 1.8 3.7 Oblong 47.6 Spars 

SO-39 2.6 3.7 Round 63.4 Dense 

SO-40 2.9 4.8 Round 50.3 Spars 

SO-41 2.3 5.9 Oblong 49.8 Dense 

SO-42 2.3 4.9 Round 71.9 Too Spars 

SO-43 2.0 4.8 Spherical 64.4 Dense 

SO-44 1.8 4.4 Round 61.5 Dense 

SO-45 2.1 4.7 Oblong  69.2                                                                                                                                                                                                                                                                                                                                            Too Dense 

SO-46 2.3 3.1 Spherical 61.6 Dense 

SO-47 1.8 4.2 Round 47.9 Dense 

SO-48 2.1 4.5 Round 65.6 Dense 

SO-49 3.6 4.6 Round 51.2 Spars 

SO-50 1.9 4.6 Round 63.8 Dense 

SO-51 2.3 5.3 Spherical 43.4 Spars 

SO-52 2.0 4.4 Oblong 46.7 Spars 

SO-53 2.3 5.8 Round 61.5 Dense 

SO-54 2.4 5.8 Round 44.3 Spars 

SO-55 2.1 4.7 Oblong 77.8 Too Spars 

SO-56 1.8 4.6 Spherical 49.1 Spars 

SO-57 3.1 4.9 Round 49.3 Spars 

SO-58 2.3 6.4 Oblong 47.9 Spars 

SO-59 1.6 4.0 Oblong 51.3 Dense 

SO-60 2.0 3.4 Oblong 45.6 Spars 

SO-61 2.3 6.3 Round 36.8 Spars 

SO-62 3.1 6.1 Round 44.4 Spars 

SO-63 2.2 5.3 Round 52.7 Dense 

SO-64 2.2 3.5 Irregular 51.5 Dense 

SO-65 2.0 5.9 Round 48.9 Spars 

 

3.3 Biochemical variability 

Carbon-source utilization profiles differed among isolates. Glucose was utilized by all isolates and supported the 

most consistent growth response, while sucrose was also widely utilized. Lactose, citrate and adonitol were used 

less consistently. Most isolates were positive for indole production, whereas the methyl-red reaction was 

positive in a smaller subset. 

 

Table 6. Utilization of different carbons source as a growth parameter for S. oryzae 

 

Isolat

e No. 

Citrat

e 

Glucos

e 

Adonito

l 

Arabinos

e 

Lactos

e 

Sorbito

l 

Mannito

l 

Rhamnos

e 

Sucros

e 

SO-1 - + - - - + + + + 

SO-2 + + + - + + + + + 

SO-3 + + - + + + + + + 

SO-4 - + - - - + + + + 

SO-5 - + - - - - + - + 

SO-6 + + - - - + - + + 

SO-7 - + + - - + + + + 

SO-8 - + - - - - + + + 

SO-9 + + - + + + + + + 

SO-10 - + + - - - + + + 

SO-11 - + - - + - + + + 

SO-12 + + - + - + + + + 
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SO-13 - + - - - + - - + 

SO-14 - + - - - - + - + 

SO-15 - + - - - - + + + 

SO-16 - + - - - + + + + 

SO-17 - + - + - - + - - 

SO-18 + + - - - + + - + 

SO-19 - + - - - - - + + 

SO-20 - + - - - + + + + 

SO-21 + + - - - - + + + 

SO-22 - + - - - + + + + 

SO-23 - + - - - - + + + 

SO-24 - + - - - + - - + 

SO-25 + + - - - + + - + 

SO-26 - + - - - + + + + 

SO-27 - + + - - - - - + 

SO-28 - + - - - - - + + 

SO-29 + + - + - + + + + 

SO-30 - + - - - - + + + 

SO-31 - + - - - + + - + 

SO-32 + + - - - + + + + 

SO-33 - + - - - + + + + 

SO-34 + + - - - + + + + 

SO-35 - + + + - + + + + 

SO-36 - + + + - + - + + 

SO-37 + + - - - + + + + 

SO-38 + + - - - + - + + 

SO-39 - + + - - - + - + 

SO-40 - + + - - + + - + 

SO-41 + + - - - + + - + 

SO-42 - + - - - + + + + 

SO-43 - + - + - - + - + 

SO-44 - + - + - - + - + 

SO-45 + + + - - + + + + 

SO-46 - + - - - + + + + 

SO-47 - + - - - + + - + 

SO-48 - + - - - + + + + 

SO-49 - + - - - + + + + 

SO-50 - + - - - - + - + 

SO-51 + + - + - + + + + 

SO-52 - + - - + + + + + 

SO-53 + + + - - + + + + 

SO-54 - + - - + + + + + 

SO-55 + + - - + + - - + 

SO-56 + + - + - + + + + 

SO-57 + + - - + + + + + 

SO-58 - + - - - + + + + 

SO-59 - + - - - + + - + 

SO-60 - + - - - + + + + 

SO-61 + + - - - + + + + 

SO-62 - + - - - + + + + 

SO-63 + + - - - - + + + 

SO-64 - + - - - - + + + 

SO-65 + + - - - + + + + 

 

Table 7. Biochemical characters of S. oryzae. 

 

Isolate No. Indole production Methyl red 

SO-1 + - 

SO-2 - - 

SO-3 - + 

SO-4 + - 



Genetics and Molecular Research 25 (22s): 2026     12 

SO-5 + - 

SO-6 - + 

SO-7 - - 

SO-8 + - 

SO-9 + - 

SO-10 - - 

SO-11 - - 

SO-12 - - 

SO-13 - - 

SO-14 + - 

SO-15 + + 

SO-16 - - 

SO-17 - - 

SO-18 + - 

SO-19 + - 

SO-20 - + 

SO-21 + - 

SO-22 + - 

SO-23 + - 

SO-24 - - 

SO-25 - - 

SO-26 + - 

SO-27 + - 

SO-28 + - 

SO-29 + + 

SO-30 + - 

SO-31 - - 

SO-32 + - 

SO-33 + + 

SO-34 - - 

SO-35 + - 

SO-36 + - 

SO-37 + - 

SO-38 - - 

SO-39 + + 

SO-40 - - 

SO-41 - - 

SO-42 + + 

SO-43 - - 

SO-44 + + 

SO-45 - + 

SO-46 - - 

SO-47 + - 

SO-48 + - 

SO-49 + - 

SO-50 - - 

SO-51 + - 

SO-52 - - 

SO-53 + - 

SO-54 - - 

SO-55 + - 

SO-56 + - 

SO-57 + + 

SO-58 - - 

SO-59 + - 

SO-60 - - 

SO-61 + - 

SO-62 - + 

SO-63 + - 

SO-64 - + 

SO-65 + + 
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3.4 Molecular identification and phylogenetic relationships 

Forty-five sequences were generated from the molecular analysis, of which 30 were retained after filtering and 

removal of chimeric sequences. The retained sequences averaged 880 +/- 25 bp. BLAST-based identification 

grouped the retained sequences as Sclerotium oryzae and accession numbers were obtained from NCBI 

GenBank. Maximum-likelihood analysis using the Tamura-Nei model separated the isolates into two main 

groups, A and B. Group A contained 16 isolates; SO-6 was distinct within this group, while SO-26, SO-5, SO-

16 and SO-17 were described as distinct within group B. 

 

Table 8. Identity of Sclerotium oryzae isolates of rice sequenced and deposited in Genbank, NCBI, USA 

 

Sl. No. Isolates designation Identified as GenBank accession No. 

1 S. oryzae- SO1 Sclerotium oryzae MZ935641 

2 S. oryzae– SO2 Sclerotium oryzae MZ936283 

3 S. oryzae– SO3 Sclerotium oryzae MZ950610 

4 S. oryzae– SO4 Sclerotium oryzae MZ950611 

5 S. oryzae– SO5 Sclerotium oryzae MZ950611 

6 S. oryzae– SO6 Sclerotium oryzae MZ950680 

7 S. oryzae– SO7 Sclerotium oryzae MZ950683 

8 S. oryzae– SO8 Sclerotium oryzae MZ950682 

9 S. oryzae– SO9 Sclerotium oryzae MZ950681 

10 S. oryzae- SO10 Sclerotium oryzae MZ950686 

11 S. oryzae- SO11 Sclerotium oryzae MZ950679 

12 S. oryzae- SO12 Sclerotium oryzae MZ950684 

13 S. oryzae- SO13 Sclerotium oryzae MZ950924 

14 S. oryzae– SO14 Sclerotium oryzae MZ958804 

15 S. oryzae- SO15 Sclerotium oryzae MZ950925 

16 S. oryzae- SO16 Sclerotium oryzae MZ951045 

17 S. oryzae- SO17 Sclerotium oryzae MZ951047 

18 S. oryzae- SO18 Sclerotium oryzae MZ958813 

19 S. oryzae- SO19 Sclerotium oryzae MZ951048 

20 S. oryzae– SO20 Sclerotium oryzae MZ966298 

21 S. oryzae– SO21 Sclerotium oryzae MZ951049 

22 S. oryzae– SO22 Sclerotium oryzae MZ951054 

23 S. oryzae– SO23 Sclerotium oryzae MZ951056 

24 S. oryzae– SO24 Sclerotium oryzae MZ951055 

25 S. oryzae– SO25 Sclerotium oryzae MZ951104 

26 S. oryzae– SO26 Sclerotium oryzae MZ951106 

27 S. oryzae– SO27 Sclerotium oryzae MZ951107 

28 S. oryzae– SO28 Sclerotium oryzae MZ958805 

29 S. oryzae– SO29 Sclerotium oryzae MZ964409 

30 S. oryzae– SO30 Sclerotium oryzae MZ951110 

 

4. DISCUSSION 

The broad variation in colony growth and sclerotial traits demonstrates that the Karnataka S. oryzae population 

is phenotypically heterogeneous. Comparable variation in growth rate, sclerotial position and colony characters 

has been reported for isolates from Haryana (Kumar et al., 2011) and for isolates from Telangana and Andhra 

Pradesh (Prameela et al., 2020). Such variability may reflect differences in genotype, local adaptation and 

physiological requirements, and it cautions against using a single isolate as representative of a regional pathogen 

population. PDA supported clear expression of growth and sclerotial characters, but isolate ranking changed 

across media, indicating strong genotype-by-medium effects (Shivappa et al., 2026). Differences in sclerotial 

number, size, colour and dry weight are particularly relevant because sclerotia function as persistent survival 

structures and primary inoculum. The observed range of sclerotial characteristics therefore provides useful 

descriptors for isolate differentiation and for selecting contrasting isolates in future pathogenicity or fungicide-

sensitivity studies (Yuvaraj et al., 2025). 

Biochemical tests further separated isolates by substrate use. Universal utilization of glucose and broad use of 

sucrose, rhamnose, mannitol and sorbitol indicate shared core metabolic capacity, while less consistent use of 

other substrates points to physiological variation (Roy et al., 2025). These traits should be interpreted as 

phenotypic descriptors rather than taxonomic markers because growth responses can vary with inoculum, 

medium chemistry and incubation conditions (Kaaviya et al., 2025). Sequence-based analysis confirmed the 

identity of 30 retained isolates as S. oryzaeand resolved two principal phylogenetic groups. Earlier RAPD 

analysis also demonstrated substantial diversity in Indian S. oryzaepopulations (Kumar et al., 2010; Usha et al., 

2025), while ITS-based approaches have been widely used to resolve fungi associated with the rice sheath- and 
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stem-rot complex. The combination of phenotypic diversity and sequence clustering in the present dataset 

supports the presence of structured variability within Karnataka. For submission, the original chromatograms, 

primer records and GenBank accessions should be rechecked so that the molecular methods and sequence 

metadata are internally consistent. 

 

5. CONCLUSION 

The collection of S. oryzae showed substantial variability in cultural growth, colony morphology, sclerotial 

development, carbon-source utilization and sequence-based relationships. Isolates differed widely in radial 

growth on five media, number and pattern of sclerotia, sclerotial dimensions and test weight. Glucose was the 

most consistently utilized carbon source, while indole and methyl-red reactions provided additional biochemical 

differentiation. Thirty retained sequences were identified as S. oryzae and deposited in GenBank, and 

phylogenetic analysis separated the isolates into two main groups. The combined phenotypic and molecular 

dataset provides a useful basis for selecting representative isolates for pathogenicity, host-resistance and 

fungicide-response studies. Before journal submission, the primer nomenclature and sequence-analysis details 

reported in the thesis should be reconciled with the original laboratory records and sequence files. 
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