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Evaluation of indigenous Trichoderma isolates from Nepal Terai region against sheath blight disease of rice
Abstract

Sheath blight caused by Rhizoctonia solani is a major constraint to rice  production in Terai region of Nepal, often resulting in substantial yield losses. The heavy use of chemical fungicides raises serious concerns about environmental pollution and human health, highlighting the need for safer disease management options. In this context, biological control using Trichoderma spp. has gained considerable attention. This study aimed to manage sheath blight in spring rice using indigenous Trichoderma spp. Based on prior invitro and screenhouse experiments, three promising Trichoderma isolates and a virulent isolate of R. solani were selected for field evaluations. Rice seeds were soaked in Trichoderma spore suspension (10⁶ spores/ml) and sown in nursery beds. Twenty-fivedaysold seedlings were root-dipped in Trichoderma spore suspension before transplanting and a foliar spray was applied 24 hours after pathogen inoculation. Among the tested isolates, Trichoderma isolate RN-12 was found to be highly effective
. Plants treated with RN-12 showed a significant reduction in disease severity, and lower relative lesion height compared to untreated control. These results clearly demonstrated the strong antagonistic potential of RN-12 in limiting both the development and progression of sheath blight. In addition to disease suppression, RN-12 also enhanced plant growth parameters. The highest values for total tiller number, flag leaf length, panicle length, and total grains per panicle were consistently recorded in RN-12-tretaed plants across all four rice varieties, showing its superiority over other treatments, including untreated control. 
Keywords: Biocontrol, Rhizoctonia solani, Plant growth promoter
1. Introduction

Rice (Oryza sativa L.) is the staple food for more than half of the world's population, including Nepal (Prasad et al., 2017). In Nepal, rice serves as a major source of income and employment for farming communities, with the terai region contributing the largest share of national production. However, the mid-hill and high hill regions also contribute significantly to national rice production (Joshi et al., 2020). Among the diseases affecting rice, sheath blight ranks second after rice blast in terms of global impact. In Asia, average yield losses due to sheath blight are estimated at 6%, with localized losses of up to 50% (Doni et al., 2023). In Nepal, the disease is economically important in Terai region (Manandhar, 1987) and has become more challenging due to the increased use of nitrogenous fertilizers and the cultivation of hybrid rice (Manandhar, 2017). The disease is caused by Rhizoctonia solani, a soil-borne fungus that is particularly difficult to manage due to its ability to survive in soil through sclerotia and hyphal masses (Li et al., 2021). Disease severity was highest when the maximum temperature was 30-33°C, minimum temperature was 21- 24°C, morning relative humidity exceeding 95%, and evening relative humidity exceeding 65% (Kasniya et al., 2025). The spread of sheath blight is directly dependent on inoculum density, warm and high humidity conditions (Groth and Lee, 2003), maximum air temperature, morning relative humidity and leaf wetness (Biswas et al., 2011) and high humidity after rainfall (Kasniya et al., 2022).
Therefore, extensively use  the synthetic pesticides and chemical fertilizers  have raised serious concerns to control the disease, resulted cause the  environmental pollution and human health. As concerned of  biological  strategies, Trichoderma spp., are played the significant role for managing the disease.  

Trichoderma spp., being fast-growing and soil-inhabiting fungi, exhibit strong rhizosphere competence and adaptability across diverse environmental conditions (Shoresh et al., 2010; Abdullah et al., 2021). Certain strains have shown the capacity to support plant growth under biotic and abiotic stress conditions by enhancing the production of growth-promoting compounds (Uphoff et al., 2006). 
These fungi are capable of internal colonization of plant tissues, providing systemic protection against a range of pathogens (Contreras-Cornejo et al., 2016). Their efficacy has been demonstrated against major rice pathogens, including Pyricularia oryzae and R. solani (Yadav et al., 2018). Our recent studies further indicate that Trichoderma isolates can effectively manage sheath blight while simultaneously enhancing rice growth, highlighting their dual role as biopesticides and biofertilizers (Yadav et al., 2024). Therefore, Trichoderma spp. represents an environmentally friendly and sustainable alternative to chemical-based disease management practices in rice cultivation (Singh, 2012). 
2. Materials and Methods

This study evaluated the efficacy of indigenous Trichoderma spp. against R. solani in spring rice and assessed their potential to enhance plant growth. Laboratory and screenhouse experiments were conducted at Nepal Plant Disease and Agro Associates (NPDA), Balaju-Chakrapath, Kathmandu, while the field experiment was conducted at the Directorate of Agriculture Research, Tarahara, Sunsari, Nepal, from February to June 2023. The experimental farm of DOAR is located in Koshi Province in the eastern region of Nepal (latitude 26.420, longitude 87.163 and altitude 136 m above mean sea level). The site has a sub-tropical climate and the soil is alluvial with a clay loam textural class. 
Four varieties commonly cultivated as spring rice in the terai region such as Hardinath-1, Chaite-2, Chaite-5 and BINA Dhan were selected for the study. Hardinath-1 is an early-maturing variety with a maturity period of about 120 days, whereas Chaite-2 and Chaite-5 mature within 120-125 days. BINA Dhan is a short duration variety popular in Bangladesh, generally maturing within 110-120 days. 
Rice seeds were sown on 21 February 2023 following seed treatment with Trichoderma spp. Seedlings were transplanted on 28 March 2023 after an additional seedling treatment. Pathogen inoculation was carried out on the evening of 1 June 2023. Disease assessment was performed thereafter, and harvesting was completed between 20 to 25 June 2023.
2.1 Preparation of Trichoderma spore suspension

Three potent Trichoderma isolates were selected based on their prior in-vitro antagonistic activity and plant growth promoting potential (Table 1). Spores were harvested from 5daysold cultures grown on potato dextrose agar (PDA) by adding distilled water and gently scraping the culture surface with an inoculation loop. The resulting suspension was filtered using a triple layer muslin cloth to remove mycelial debris. Spore concentration was determined by using a haemocytometer and adjusted to 106 spores/mL.
2.2 Rice seedling preparation

Seeds of four selected rice varieties (Hardinath-1, Chaite-2, BINA Dhan, and Chaite-5) were obtained from the Directorate of Agriculture Research, Tarahara, Sunsari, and Jeevan Vikash Agriculture Co-operative Morang, Nepal. Seeds were soaked in tap water for 12 hours, then immersed in Trichoderma spore suspension for an additional 12 hours. Treated seeds, along with untreated controls, were sown in well-prepared nursery beds. The nursery beds were levelled, and enriched with vermicompost and maintained under proper moisture conditions to ensure the production of healthy seedlings suitable for transplanting.
2.3 Seedling treatment and field transplanting
Twenty-fivedaysold seedlings were uprooted and the roots were dipped
 in Trichoderma spore suspension for 8 hours. Control seedlings were dipped in sterile water. Two treated seedlings were transplanted per hill in the main field. Each plot measured 3 × 3 m, with 50 cm spacing between plots and 1 m between blocks. Plant spacing was maintained at 20 × 20 cm. The experiment was laid out in a randomized complete block design (RCBD) with three replications. 
Based on the soil test recommendation, nitrogen, phosphorus, and potassium were applied 108 g N, 90 g P and 54 g K were applied per plot. Accordingly, diammonium phosphate (DAP, 195.65 g)
 and muriate of potash (MOP, 90 g) 
were applied as basal doses, while urea (158.2 g) was applied in two splits as basal and top dressing. In addition, 600 g of vermicompost was also applied per plot. 
2.4 Pathogen inoculation and Trichoderma application
Rice plants were inoculated at the maximum tillering stage (60 days after transplanting) by placing a 5mm mycelial disc from a 5daysold pure culture of R. solani onto the sheath at the central base of 20 rice hills 
per replication. The sheath was gently opened to insert the inoculum and then covered with moist absorbent cotton for 24 hours to maintain adequate moisture for fungal establishment, just above the water level (Sudhakar et al., 1998). Twenty-four hours after inoculation, the plants were sprayed with Trichoderma spore suspensions using a hand sprayer at a rate of 100 ml per replicate
. R. solani-inoculated plants that did not receive Trichoderma treatment served as the controls.
2.5 Disease assessment and plant growth parameters
Lesion height (RLH) was recorded 20 days after inoculation following Sharma et al. (1990). Lesion height was measured from the base of the plant to the upper lesions on the stem, and plant height was recorded from the base to the tip of the plant. RLH was calculated using the following formula:
RLH = (Lesion height ÷ Plant height) × 100 
Disease severity and disease reaction were assessed following the Standard Evaluation System of IRRI (2002). Lesion size reduction were determined by measuring lesion length and recording the number of infected tillers per plant, respectively.
2.6 Statistical analysis

All recorded data were analyzed using the Web Agri Stat Package 2.0 (WASP). One way analysis of variance (ANOVA) was performed, and treatment means were separated using Duncan’s Multiple Range Test (DMRT) at 1% and 5% levels of significance (CD=0.01 and 0.05).
3. Results
Isolation and identification of Trichoderma
Green circular colonies resembling Trichoderma appeared on TSM within 4 to 6 days of incubation. All isolates grew vigorously, covering 9-cm Petri plates within four days and producing abundant spores. Based on morphological identification up to the genus level, three representative Trichoderma isolates were selected and submitted to Intrepid Nepal Laboratory for molecular characterization. Sequence analysis using the Gene Bank database confirmed that all three isolates belonged to Trichoderma asperellum (Table1).
Table 1. Gene Bank accession numbers and isolate codes for Trichoderma asperellum used in the study 
	Isolate code
	*Gene Bank accession number
	Species

	RN-1

RN-10

RN-12
	PQ578325

PQ578326

PQ578324
	Trichoderma asperellum

Trichoderma asperellum

Trichoderma asperellum


*Gene Bank: National library of medicine, National center for biotechnology information. An official website of the United States government.
Isolation, identification, and pathogenicity of Rhizoctonia solani
All four sheath blight samples showed mycelial growth on water agar within 24 hours of incubation. Microscopic examination revealed hyphae with right-angle (90°) branching, a diagnostic characteristic of R. solani. All three R. solani isolates induced typical sheath blight symptoms on the rice variety Sona Mansuli. Among the isolates, RS-3 produced comparatively more severe symptoms and was therefore selected for subsequent experiments. 
Evaluation of Trichoderma asperellum isolates against sheath blight in spring rice
Three Trichoderma asperellum isolates (RN-1, RN-10, and RN-12) were evaluated based on previous screenhouse studies (Yadav et al., 2024). All three isolates significantly reduced relative lesion height, percent disease intensity, disease incidence, and lesion size of sheath blight in treated rice plants compared with the untreated controls (Table 2). Among the treatments, T. asperellum isolate RN-12 was the most effective across all four rice varieties, recording the highest lesion size reduction of the disease (90.09%), the lowest relative lesion height (0.5%), the lowest per cent disease intensity (4.07%) and the lowest disease incidence (4.4%) compared to the control. 
In addition to disease reduction, all Trichoderma isolates significantly enhanced rice plant growth (Table 3). Plants treated with T. asperellum isolates RN-1 (94.68 cm), RN-10 (90.21 cm), and RN-12 (90.34 cm) attained significantly greater plant height than the untreated control (Fig. 1). Notably, isolate RN-12 resulted in the highest total number of tillers (15), longest flag leaf (26.6), greatest panicle length (25.47cm), and total highest number of grains per panicle (212.6) (Table 3).
Table 2. Effect of Trichoderma asperellum isolates on relative lesion size height, and per cent disease intensity, and lesion size reduction of sheath blight in spring rice at Tarahara, Sunsari, Nepal, during 21 February 2023. 

	Treatments
	RLH
	PDI

	 
	Lesion size reduction


	T1V1
	1.63±0.8
	9.62±0.8
	
	66.59836


	T1V2
	1.33±1.2
	10.37±0.8
	
	73.66337

	T1V3
	1.7±0.9
	7.40±0.6
	
	67.68061

	T1V4
	1.9±1.7
	9.25±0.9
	
	66.4903

	T2V1
	1.57±0.9
	9.62±0.7
	
	67.82787

	T2V2
	1.27±0.8
	7.77±0.6
	
	74.85149

	T2V3
	1.49±1.2
	8.14±0.6
	
	71.673

	T2V4
	2±1.0
	5.92±0.6
	
	64.72663

	T3V1
	1.19±0.8
	6.66±0.8
	
	75.61475

	T3V2
	0.5±1.4
	4.07±0.8
	
	90.09901

	T3V3
	1.69±1.4
	6.29±0.4
	
	67.87072

	T3V4
	1.88±0.9
	5.92±0.8
	
	66.84303

	V1
	4.88±0.9
	51.85±1.6
	
	-

	V2
	5.05±0.9
	53.33±1.7
	
	-

	V3
	5.26±0.7
	57.77±1.8
	
	-

	V4
	5.67±0.9
	54.07±1.4
	
	-


T1 – Isolate RN-1, T2 - RN-10, T3 - RN-12, V1 – var. Hardinath-1, V2 -Chaite-2, V3 – BINA Dhan, and V4 – Chaite-5.

	Treatments
	Plant height (cm)
	Total number of tillers
60 DAT
	Flag leaf length (cm)

90DAT
	Panicle length (cm)

110 DAT
	Total number of grains per panicle

	
	30 DAT
	60 DAT
	90DAT
	
	
	
	Total grain
	Filled grain
	Unfilled grain

	T1V1

T1V2

T1V3

T1V4

T2V1

T2V2

T2V3

T2V4

T3V1

T3V2

T3V3

T3V4

V1

V2

V3

V4
	38.03±1.7

38.01±2.1

37.52±1.8

46.49±2.1

38.57±2.0

34.48±1.6

37.89±2.1

44.60±2.3

39.41±1.4

43.28±2.4

36.44±1.2

44.84±0.9

36.95±0.6

36.58±2.2

36.24±2.5

41.40±0.1
	51.70±1.7

52.06±2.8

53.1±2.1

59.79±6.0

53.12±2.8

51.76±0.9

53.37±2.2

61.90±2.4

55.30±3.8

54.49±1.6

51.47±1.6

69.66±0.4

50.5±2.1

45.03±2.0

47.75±0.9

53.98±0.7
	78.51±0.7

74.89±3.2

74.85±1.9

94.68±1.1

81.23±2.2

73.33±0.2

76.37±1.8

90.21±3.8

80.54±2.2

75.6±1.6

76.36±0.2

90.34±1.6

77.90±1.8

72.78±3.2

73.71±2.4

87.19±1.6
	12.90±0.2

13.69±3.6

14.24±0.5
11.12±2.1

11.19±1.5

11.83±0.4

14.28±3.4

13.15±1.0

13.46±1.4

15.69±2.6

14.13±1.9

13.02±0.8

10.87±1.7

9.76±1.5

11.12±0.9

7.97±0.7
	19.63±1.6

20.17±0.5

26.39±1.1

23.85±2.0

20.98±1.9

25.66±1.3

26.59±1.4

24.02±2.2

22.86±1.1

22.43±0.8

26.04±1.6

26.6±0.8

18.76±0.6

21.18±1.8

23.86±1.4

21.97±1.8
	22.34±1.3

24.46±1.3

22.38±0.5

24.66±0.5

22.94±0.2

21.86±0.0

22.03±0.6

24.17±0.9

23.56±0.6

25.47±0.4

22.86±0.5

24.40±0.6

21.58±0.6

22.26±1.9

21.36±0.8

22.80±0.6
	187

161

155

181

199.33

171.33

141

180.33

196

181

190.33

212.67

134.33

143

129

141
	142±6.9

118.66±4.1

134.33±6.1

154.33±7.4

157.66±3.2

134.66±6.8

114±5.8

150.33±4.4

157.33±5.7

147±2.1

168±2.4

181.66±2.4

81.33±4.4

85±4.0

80.66±2.0

89.66±3.6
	45±4.0

42.33±6.1

20.66±2.4

26.66±2.8

41.66±1.6

36.66±3.0

27±5.8

30±8.1

38.66±2.6

34±1.6

22.33±2.0

31±0.8

53±6.16

58±4.9

48.33±2.3

51.33±2.6


Table 3. Effect of Trichoderma asperellum isolates on the growth of spring rice at Tarahara, Sunsari, Nepal, during 21 February 2023
T1 – Isolate RN-1, T2 - RN-10, T3 - RN-12, V1 – var. Hardinath-1, V2 -Chaite-2, V3 – Beena Dhan, and V4 – Chaite-5.

Data depict the mean of four replications. The numerical value indicates mean ±standard deviation. Significant difference at 1% and 5% levels of significance. CD (0.01) = 0.560 CD (0.05) = 0.426
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Fig 1. Rice plants of different varieties treated with Trichoderma asperellum isolates RN-1 (T1), RN-10 (T2), and RN-12 (T3), along with the shoots and roots of untreated controls for V1 - var. Hardinath-1, V2 - Chaite-2, V3 - Beena Dhan, and V4 - Chaite-5
4. Discussion
In the present study, rice plants treated with Trichoderma showed significant suppression of sheath blight disease
 along with marked improvement in growth parameters. Disease control was reflected by significant reductions in relative lesion height and per cent disease intensity. This study served as a field verification of the results obtained from our earlier in-vitro and screenhouse experiments using the same Trichoderma isolates (Yadav et al., 2024). Although different rice varieties were used in the screenhouse and the present field experiments, the Trichoderma isolates exhibited consistent performance across diverse rice varieties under both controlled and field conditions. Similar findings were reported by Kubheka et al. (2022), who documented the effectiveness of Trichoderma species in managing major soil-borne pathogens of rice.

Chaudhary et al. (2020) reported the dual role of Trichoderma spp. as both biocontrol agents against R. solani and promoters of plant growth. Consistent with these findings, the present field trial in spring rice showed that plants treated with Trichoderma isolates attained significantly greater plant height, number of tillers, panicle length, flag leaf length, root length, and total number of grains compared to untreated controls. This clearly demonstrated the growth promoting potential of the tested Trichoderma isolates. 
Among the evaluated Trichoderma asperellum isolates, RN-12 exhibited the highest level of sheath blight control, whereas isolate RN-1 resulted in the greatest plant height. In addition to superior disease suppression, isolate RN-12 produced the maximum number of tillers, the longest flag leaves, and the longest panicles, indicating its strong growth-promoting ability. These positive effects may be attributed to the native origin and well-acclimatized nature of the Trichoderma isolates, enabling them to establish efficiently in rice rhizosphere. Over all, the present findings are consistent with the our earlier in-vitro and screenhouse experiments (Yadav et al., 2024), offering a sustainable alternative for sheath blight management and improving rice yield. and overall crop qualityBottom of Form  of who reported that rice seeds and seedlings treated with native Trichoderma isolates showed enhanced plant growth and significant suppression of sheath blight caused by Rhizoctonia solani under field conditions. 
5. Conclusion

The results of this study demonstrate that Trichoderma spp. possess strong potential for the management of sheath blight disease of rice caused by Rhizoctonia solani, while simultaneously enhancing plant growth and yield-related parameters. Among the tested T. asperellum isolates, RN-12 (PQ578324) proved to be the most effective, exhibiting superior biocontrol activity and consistent plant growth promotion in spring rice. Owing to its dual role in disease suppression and plant growth enhancement, isolate RN-12 may be further validated and developed as a biopesticide-cum-biofertilizer for the integrated management of sheath blight and for improving rice productivity. 
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�How much disease control in percentage as control.


�What is difference between early maturity and short duration?





�How much water taken for dip the seedling? Clear that


�217 kg/ha


�100 kg/ha too high dose. Kindly check?


�It means approx.. 200 tillers inoculated per rep


�Mentioned areas in which used 100 ml water


�Mentioned he scale of disease and formula of PDI in M&M


�Describe in comparison with lesion size reduced 


�Only single unit after decimal 


�How much suppress the disease in percent?


�Format accordingly 
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