
IN VITRO ANTAGONISTIC ACTIVITY OF TRICHODERMA ASPERELLUM AND PATHOGENIC PROFILING OF MACROPHOMINA PHASEOLINA IN GROUNDNUT

ABSTRACT
Groundnut (Arachis hypogaea L.), a crucial leguminous crop grown worldwide, is extremely susceptible to several devastating diseases, with charcoal rot incited by Macrophomina phaseolina being significant threat. This study elaborately investigates the pathogenicity profiles of various M. phaseolina isolates and evaluates the in-vitro bioefficacy of Trichoderma asperellum as a potential biocontrol agent. Pathogenicity assays showed considerable variability in virulence among the isolates, with Mp1 having the highest disease incidence. The antagonistic potential of T. asperellum was studied using a poison food assay that showed a dose-dependent inhibition of growth of the fungus, peaking at 77.78% suppression at peak concentrations. The findings highlight the immense potential of T. asperellum is a safe, eco-friendly alternative to traditional chemical fungicides, providing a new route for integrated disease management strategies. Its strong antagonistic mechanisms, such as mycoparasitism, resource competition, and secondary metabolite production, make it a key tool for improving crop resilience and promoting sustainable groundnut cultivation practices.
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1. INTRODUCTION
Groundnut is regarded as one of the most vital leguminous crops, primarily grown globally as a source of food and animal feed (Bediako et al., 2019). Among all available edible oils, peanut oil ranks as the second most expensive, following olive oil. At present, global production of peanut oil exceeds 6 million metric tons (Aguero, 2017).  By 2024, it is anticipated that the worldwide area dedicated to peanut farming will reach 33.0 million hectares, yielding 50.366 million tons with a productivity rate of 1.53 tons per hectare      (USDA, 2024). In India, the cultivated area is projected to be 5,000 thousand hectares, generating 6,000 thousand tons at a productivity level of 1.2 tons per hectare (USDA, 2024). The most significant biotic factors impacting groundnut cultivation and yield in the nation include groundnut rosette disease (comprising the groundnut rosette assistor virus, groundnut rosette virus, and a satellite RNA), Rust (Puccinia arachidis), early leaf spot (Cercospora arachidicola), late leaf spot (Phaseoisariopsis personata) and aflatoxin contamination (Aspergillus species) (Giordano et al., 2021). Moreover, dry root rot in peanuts, caused by Macrophomina phaseolina, poses serious challenges for farmers by negatively affecting yield characteristics. This pathogen is distributed worldwide and can infect groundnut crops at any growth stage. It has an extensive host range, affecting over 500 economically significant crops, including legumes (chickpea, soybean, mungbean, pigeon pea, cowpea, and urdbean (Pandey and Basandrai, 2021) corn, sorghum, cotton, and groundnut (Gaikwad and Rajurkar, 2018). The fungus induces a variety of disease symptoms, such as charcoal root, root rot, seedling blight, foliage blight, dry rot, pod rot, and seed rot, which lead to substantial yield losses in crops (Kumar et al., 2020). The dry root rot in peanuts, caused by Macrophomina phaseolina, manifests several distinctive symptoms including wilting and drying of the plant, darkening of the taproot often splitting open to show blackish discoloration in the vascular system, peeling of the bark, loss of lateral and smaller roots resulting in plants that can be easily uprooted, and the presence of microsclerotia on the root surface (Pamala et al., 2023). This study will include the pathogenicity test of peanut dry root rot caused by Macrophomina phaseolina, as well as the in vitro effectiveness of Trichoderma asperellum and various oilcake aqueous extracts against charcoal rot. 
2. MATERIALS AND METHODS: 
	2.1. Mass multiplication of M. phaseolina inoculum for soil application
The pathogen isolates were cultured in a sand and maize medium. A mixture of sand and ground maize seeds in a 19:1 ratio was adjusted to 50% moisture, and sterilized in 500ml conical flasks at 20 psi for 2 hours. Each flask was inoculated with four 9mm mycelial discs of M. phaseolina from different locations under sterile conditions. The flasks were then incubated at room temperature (28±2°C) for 15 days to produce the inoculum for further experiments (Venkadeshkumar et al., 2019)
Screening isolates of M. phaseolina for virulence: The potting mixture consisted of clay loam soil, sand, and farmyard manure mixed in a 1:1:1 ratio. Each isolate of M. phaseolina was separately mixed at a five percent level with sterilized soil in 30 cm earthen pots ten days before sowing (Ramkisan, 2024). Groundnut seeds, which were surface sterilized with 0.1% HgC12 solution for 30 sec followed by two repeated washing in sterile water and sown at a rate of 3 seeds per pot, were used in this study with the groundnut cultivar VRI-2 (Sivakumar et al., 2016). The experiment was set up with three replications in a completely randomized design in a glass house with regular and uniform watering. Root rot incidence was monitored at 45, 60, and 75 days after sowing, and the percent disease incidence was calculated. The native isolates were isolated from the native rhizosphere soil itself and were serial diluted at 10-4 dilutions and the poison food assay was performed using the virulent antagonist isolate among them by inoculating fungal discs on Potato Dextrose Broth (Sultana, 2022; Krishnaveni, and Vidyapeeth, 2022) and incubating it at 26±2℃ for 10 days and then the culture filtrate is filtered on Whatman No 41 filter paper against the virulent Macrophomina phaseolina isolate at different concentrations and the efficacy of the antagonist microbiota Trichoderma asperellum was calculated using the formula

Inhibition Percentage= (Control −Treatment​)     x 100 
                                                             Control                             
3. RESULTS AND DISCUSSION         
[bookmark: _Hlk147924341]Artificial inoculation of the fungus was done to prove the pathogenicity. The groundnut VRI 2 cultivar were sown in pots and inoculated with virulent M. phaseolina at the pre-flowering stage between 20 to 25 days after sowing and incubated in a growth chamber by monitoring for the expression of symptoms. (Pamala et al., 2023). Pot culture study was conducted to assess the virulence of different isolates of M. phaseolina and the results are depicted in (Table 1). Among the 10 isolates of M. phaseolina, isolate Mp1 collected from Ayyampalayam, Karur district was found to be more virulent and recorded the maximum incidence of 40.57 per cent disease index. (Ganesh, 2021). It was followed by the isolates of Mp6 and Mp9 were found to be virulent and recorded 34.41 PDI and 30.15 PDI respectively. (Somnath, 2024). The minimum disease incidence was observed in an isolate collected from Kadagathur, Krishnagiri district Mp8 with 11.88 PDI. The variability in the pathogenicity among the isolates of M. phaseolina was reported by several workers in groundnut with different varieties (Mohan and Bala Baskar, 2012, Marquez N et al., 2021). The pathogenic variability of M. phaseolina isolates differed significantly, based on the percent disease incidence induced on cultivars of JL-24 groundnut and K-6 groundnut (Pamala et al., 2023). Additionally, Song X et al., (2023) verified that two-week-old peanut seedlings were used to evaluate the virulent M. phaseolina isolate (SXY183). M. phaseolina was re-isolated from sick roots, confirming its pathogenicity. Within 7 days, inoculated plants developed brown lesions on their stems and roots, but control plants showed no symptoms (Harish et al., 20028). 
The isolates exhibited varying growth patterns, with Ta-7 from Shoolagiri (Krishnagiri) showing the highest growth (86 mm) and Ta-6 from Palacode (Dharmapuri) the lowest (74 mm), reflecting differences in environmental adaptability. The average growth across isolates was 78.04 mm. Colony colours ranged from green to shades like greyish green (Ta-4) and yellowish green (Ta-5, Ta-9). Dense growth was observed in Ta-1 and Ta-4, while Ta-5 and Ta-8 exhibited sparse growth. Textural differences included rough colonies (Ta-1, Ta-2, Ta-7), velvety colonies (Ta-3, Ta-10), and smooth colonies (Ta-6, Ta-9), indicating varying levels of hyphal organization. Fluffy colonies (Ta-5) were associated with aerial mycelium formation. Notably, isolates from Krishnagiri, particularly Ta-7, showed more aggressive growth, making them promising candidates for further study. These findings align with those of Kose et al. (2024), where they found significant variability in Trichoderma isolates (T. asperellum, T. harzianum, T. reesei, and T. hamatum) regarding growth, colony morphology, pigmentation, and conidial features on PDA medium. All isolates exhibited rapid growth, with   T. asperellum, T. reesei, and T. hamatum reaching 90 mm in 7 days. Colony textures ranged from subaerial and dispersed in T. asperellum to flat in T. harzianum, while T. reesei and T. hamatum showed fluffy and cottony growth, respectively. Pigmentation varied from white (T. asperellum and       T. harzianum) to yellow (T. reesei and T. hamatum), with colour deepening as the colonies matured. Distinct branching patterns were noted, including ring-like zones in T. harzianum and moderate to frequent branching in others. Conidial shapes ranged from globose to ellipsoidal, with hooked or paired phialides contributing to morphological diversity. 
In the food poison assay, the mycelial growth of Macrophomina phaseolina was assessed against different concentrations of Trichoderma asperellum extract (Gupta, 2023; Perez pizza, 2025). The inhibition was found to be concentration dependent. The growth of mycelial at 5% was inhibited to 70.00 mm with 22.22% inhibition. The growth was inhibited to 50.00 mm or 44.44% inhibition at 10%. At 15%, the growth was inhibited to 35.00 mm with 61.11% inhibition. The most inhibitory concentration was the highest one that was 20% and this had the least growth of 20.00 mm and 77.78% inhibition (Nikala et al., 2019). This study corroborates with the research findings of Waheed et al., (2024) found that Trichoderma viride exhibited significant antagonistic effects against Macrophomina phaseolina. In vitro bioassays indicated that T. viride, when combined with maize biochar, resulted in maximum mycelial growth inhibition of the pathogen (Pan et al., 2021). Specifically, in glasshouse experiments, treatments with 3% maize biochar and T. viride showed a 60% reduction in disease severity index, demonstrating the effectiveness of this combination in suppressing the disease and promoting maize plant health (Wang et al., 2022). Similarly, the study conducted by (Degani et al., 2023) showed that different Trichoderma species, specifically T. asperellum and T. longibrachiatum, have shown promising results in controlling Macrophomina phaseolina in cotton crops. In a semi-field pot trial, these Trichoderma-based biological treatments protected cotton plants throughout the full season. The study indicated that the eco-friendly treatments had significant efficacy in suppressing the pathogen, with real-time PCR monitoring showing suppression rates ranging from 62% to 93% on day 68. 
CONCLUSION 
Trichoderma asperellum is a highly effective biocontrol agent with strong antagonistic ability against pathogenic fungi, including M. phaseolina, which causes dry root rot in groundnuts. Its mechanisms include mycoparasitism, resource competition, and secondary metabolite production, making it a strategic tool for sustainable crop production. T. asperellum showed up to 77.78% inhibition of mycelial growth, demonstrating its potential as an eco-friendly alternative to chemical fungicides. Its diverse growth pattern and tolerance make it suitable for various agroecosystems. The use of T. asperellum offers benefits such as reduced environmental impact, improved soil health, and long-term sustainability in agriculture. Incorporating T. asperellum into integrated pest management systems can enhance crop resistance and reduce losses, contributing to sustainable agricultural practices, particularly for groundnut crops
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[bookmark: _Hlk154570377]Table 1. Effect of various isolates of M. phaseolina on the incidence of root rot on groundnut              (var. VRI 2) (Pathogenicity test)

	Sl. No.
	Isolate Name
	Disease incidence (%)
	Mean*

	
	
	40 DAS*
	65 DAS*
	90 DAS*
	

	1.
	Mp1
	[bookmark: _Hlk154670641]29.40
	44.85
	47.47
	[bookmark: _Hlk154671443]40.57a (39.72)

	2.
	Mp2
	08.96
	18.78
	20.11
	15.95h (23.53)

	3.
	Mp3
	12.39
	30.53
	32.94
	25.29d (30.18)

	4.
	Mp4
	13.74
	24.16
	26.57
	21.49e (27.61)

	5.
	Mp5
	04.11
	11.71
	14.46
	10.09j (18.51)

	6.
	Mp6
	17.13
	41.73
	44.36
	[bookmark: _Hlk154573865]34.41b (35.91)

	7.
	Mp7
	10.25
	20.44
	23.23
	17.97g (25.07)

	8.
	Mp8
	06.37
	13.39
	15.89
	[bookmark: _Hlk154573903]11.88i (20.16)

	9.
	Mp9
	15.97
	36.42
	38.05
	[bookmark: _Hlk154573879]30.15c (33.30)

	10.
	Mp10
	11.62
	21.55
	24.69
	19.29f (26.00)



* Mean of three replications
* In a column, mean followed by a common letter are not significantly differ at 5% level by Duncan’s multiple range test (DMRT).








Table 2. Saltation characteristics of native isolates of Trichoderma asperellum at 10 DAS 

	S. No
	Isolate Code
	Locality
	District
	Growth (mm)
	Colony Colour
	Appearance
	Texture

	1
	Ta-1
	Ayyampalayam
	Karur
	77.50
	Green
	Dense growth
	Rough

	2
	Ta-2
	Puliyur
	Karur
	79.40
	Green
	Velvety
	Rough

	3
	Ta-3
	Puthukoottai
	Karur
	80.00
	Light green
	Flat growth
	Velvety

	4
	Ta-4
	Marudepalli
	Krishnagiri
	82.00
	Greyish green
	Dense growth
	Rough

	5
	Ta-5
	Nedungal
	Dharmapuri
	75.50
	Yellowish green
	Sparse growth
	Fluffy

	6
	Ta-6
	Palacode
	Dharmapuri
	74.00
	Dark green
	Profuse growth
	Smooth

	7
	Ta-7
	Shoolagiri
	Krishnagiri
	86.00
	Light green
	Patchy growth
	Rough

	8
	Ta-8
	Kadagathur
	Krishnagiri
	76.00
	Pale green
	Sparse growth
	Velvety

	9
	Ta-9
	Sellampatti
	Karur
	79.40
	Yellowish green
	Fluffy growth
	Smooth

	10
	Ta-10
	Devarahalli
	Krishnagiri
	78.55
	Dark green
	Flat growth
	Velvety














Table 3. Invitro efficacy of Trichoderma asperellum against Macrophomina phaseolina                   (Poison food assay) 

	Concentration of  T.  asperellum extract
	Mycelial Growth (mm)
	Mycelial Reduction (mm)
	Inhibition Percentage (%)

	5
	70.00
	20.00
	22.22

	10
	50.00
	40.00
	44.44

	15
	35.00
	55.00
	61.11

	20
	20.00
	70.00
	77.78

	(Control)
	90.00
	0.00
	0.00


















Fig 1. Growth of various isolates of Trichoderma asperellum in in-vitro conditions



	














              Fig 2. Temporal dynamics of M. phaseolina during Pathogenicity assay
 



Growth of Trichoderma asperellum in (mm)

Growth (mm)	Karur	Karur	Karur	Krishnagiri	Dharmapuri	Dharmapuri	Krishnagiri	Krishnagiri	Karur	Krishnagiri	Ayyampalayam	Puliyur	Puthukoottai	Marudepalli	Nedungal	Palacode	Shoolagiri	Kadagathur	Sellampatti	Devarahalli	Ta-1	Ta-2	Ta-3	Ta-4	Ta-5	Ta-6	Ta-7	Ta-8	Ta-9	Ta-10	1	2	3	4	5	6	7	8	9	10	77.5	79.400000000000006	80	82	75.5	74	86	76	79.400000000000006	78.55	


Temporal dynamics of M. phaseolina during Pathogenecity assay in Pot culture

Disease incidence (%)	40 DAS*	Mp1	Mp2	Mp3	Mp4	Mp5	Mp6	Mp7	Mp8	Mp9	Mp10	29.4	8.9600000000000009	12.39	13.74	4.1100000000000003	17.13	10.25	6.37	15.97	11.62	Disease incidence (%)	65 DAS*	Mp1	Mp2	Mp3	Mp4	Mp5	Mp6	Mp7	Mp8	Mp9	Mp10	44.85	18.78	30.53	24.16	11.71	41.73	20.440000000000001	13.39	36.42	21.55	Disease incidence (%)	90 DAS*	Mp1	Mp2	Mp3	Mp4	Mp5	Mp6	Mp7	Mp8	Mp9	Mp10	47.47	20.11	32.94	26.57	14.46	44.36	23.23	15.89	38.049999999999997	24.69	



