


Evaluation of Trichoderma spp. against Macrophominaphaseolina causing Dry Root Rot in blackgram


Abstract 
Dry root rot caused by Macrophomina phaseolina is an important constraint on blackgram productivity, particularly under high-temperature and moisture-stress conditions. This study evaluated the antagonistic potential of 20 Trichoderma isolates against M. phaseolina under in vitro conditions using a dual-culture assay and assessed their effects on blackgram seed germination and early seedling growth following seed biopriming. The isolates differed significantly in their capacity to inhibit pathogen mycelial growth. TPP-15 produced the highest inhibition (80.1%), followed by TPP-10 (79.6%) and TPP-2 (78.1%), whereas TPP-6 produced the lowest inhibition (64.9%). Several additional isolates showed inhibition above 73%. Seed biopriming with the isolates improved germination, root and shoot growth, vigour index, and seedling biomass relative to the control. TPP-15 recorded the highest seed germination (93.6%) and vigour index (3969.6), while TPP-1 recorded the lowest values among the treatments, although these remained above the control. The combined performance of TPP-15 in pathogen suppression and seedling growth promotion identifies it as the most promising isolate under the experimental conditions. However, the findings are limited to controlled assays, and efficacy against dry root rot must be validated in pathogen-infested soil, greenhouse, and field environments before practical application. Overall, selected Trichoderma isolates show potential for further development as biological components of dry root rot management in blackgram.
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Introduction 
	Blackgram (Vigna mungo L.) is an important pulse crop cultivated extensively in India because of its high nutritional value and role in improving soil fertility through biological nitrogen fixation. Blackgram production is constrained by several diseases, among which dry root rot, caused by Macrophomina phaseolina (Tassi) Goid, is one of the most destructive. Macrophomina phaseolina is a soil-borne fungal pathogen with a broad host range and the ability to survive adverse environmental conditions through the production of microsclerotia. The disease is particularly severe under high-temperature and low-soil-moisture conditions, leading to root decay, yellowing, wilting, and, ultimately, plant death (Elmerich et al., 2022). Recent blackgram research indicates that M. phaseolina behaves as a persistent, polyphagous necrotroph and that microsclerotial survival, host susceptibility, and stress-responsive plant defence jointly influence disease development. These features explain why dry root rot is difficult to manage through a single intervention and support the use of integrated strategies combining resistant germplasm, biological control, and appropriate crop management (Elmerich et al., 2022; Marquez et al., 2021; Shirai & Eulgem, 2023). At high temperatures (30–35 °C) and soil moisture levels below 60%, this fungus can cause substantial yield losses in various crops (Gupta et al., 2012). Although fungicides are available for disease management, their repeated application may increase production costs and adversely affect environmental and soil health (Bellaloui et al., 2023). Recent syntheses have further emphasised that variation in pathogen biology, virulence-related factors, and host defence responses contributes to the complexity of M. phaseolina-associated diseases (Ramamoorthy et al., 2026). Evaluations conducted under both in vitro and in vivo conditions have shown that Trichoderma-based treatments can contribute to the eco-friendly management of M. phaseolina-associated disease, although efficacy varies among treatments and experimental systems (Nanda et al., 2024).
The use of Trichoderma species as biological control agents has received considerable attention as a sustainable alternative for controlling various soil-dwelling pathogens, including M. phaseolina, across diverse host crops (Marquez et al., 2021). Studies have demonstrated that Trichoderma species can form inhibition zones, parasitise pathogen hyphae, and significantly reduce the mycelial growth of M. phaseolina under in vitro conditions. Trichoderma antagonism is strain-dependent and may involve rapid rhizosphere colonisation, competition for nutrients and space, secretion of antifungal metabolites and cell-wall-degrading enzymes, and induction of host defence. Consequently, screening locally adapted isolates is important because isolates belonging to the same genus may differ substantially in pathogen suppression and plant-beneficial activity (Bell et al., 1982; Kumari et al., 2024; Woo et al., 2023; Maurya et al., 2024). A recent study on groundnut similarly reported antagonistic activity of T. asperellum against M. phaseolina, supporting the continued evaluation of Trichoderma isolates for biological disease suppression (Sivagami & Thamarai Selvi, 2025). Comparable isolate-dependent differences in pathogen inhibition and plant growth promotion have also been reported in another Trichoderma–soil-borne pathogen system (Htut et al., 2025). Furthermore, selected Trichoderma treatments have reduced M. phaseolina-associated disease severity under glasshouse conditions, indicating the value of progressing from in vitro screening to plant-based evaluation (Waheed et al., 2024).
Accordingly, a comparative assessment was required to determine whether locally obtained Trichoderma isolates differed in their antagonistic activity against M. phaseolina from blackgram and whether promising isolates also improved seed germination and early seedling vigour under controlled conditions.
The main objective of this study was to evaluate the antagonistic potential of different Trichoderma isolates against M. phaseolina using the dual-culture technique and seed biopriming.
MATERIALS AND METHODS
Isolation and maintenance of the pathogen
Macrophomina phaseolina was isolated from diseased blackgram plants showing typical dry root rot symptoms in Tirupati District. Small pieces of infected root tissue were surface-sterilised in a 1% sodium hypochlorite solution for one minute and washed thoroughly with sterile distilled water. The tissue pieces were then transferred onto potato dextrose agar (PDA) medium. The fungal culture was purified using the single-hyphal-tip method and maintained on PDA slants at 4 °C for further study.
Isolation and maintenance of Trichoderma spp.
Different isolates of Trichoderma spp. were obtained from blackgram rhizosphere soil in Tirupati District, Andhra Pradesh, using the soil-dilution technique (Dhingra & Sinclair, 1995) and were plated on modified Trichoderma-selective medium. Probable Trichoderma colonies were selected, subcultured, purified, and preserved on PDA slants at 4 °C for subsequent use. The Trichoderma spp. were identified using the slide-culture technique, following the taxonomic keys and monograph of Rifai (1969). A total of 20 Trichoderma isolates were obtained, designated TPP-1 to TPP-20, maintained on PDA medium, and subcultured periodically to ensure culture viability.
Evaluation of Trichoderma spp. against Macrophomina phaseolina
The antagonistic activity of Trichoderma isolates against M. phaseolina was evaluated using the dual-culture technique described by Bell et al. (1982). A 9-mm mycelial disc of the pathogen and a 9-mm disc of the antagonist were placed opposite each other on PDA plates, 1 cm from the edge of each Petri plate. Plates inoculated only with the pathogen served as the control. The plates were incubated at 28 ± 2 °C for seven days, after which the radial growth of the pathogen was recorded. The experiment was conducted with three replications in a completely randomised design.
The percentage inhibition of radial growth was calculated using the following formula described by García et al. (1994):
I = [(C-T)/C] × 100
Where,
I = Percent inhibition of mycelial growth
C = Radial growth of pathogen in control
T = Radial growth of pathogen in treatment.
SEED PRIMING WITH BIOAGENTS
Biopriming of blackgram seeds was performed using 20 Trichoderma isolates. The fungal inocula were prepared following the protocol described by Nagamani et al. (2017). Blackgram variety TBG 104 seeds were thoroughly washed with distilled water, air-dried, immersed in the bioagent suspensions for 10 minutes, and stirred thoroughly to ensure uniform coverage. The treated seeds were spread on clean blotting paper and allowed to shade-dry. They were then placed in Petri dishes lined with a double layer of moist blotting paper, covered with lids lined with moist blotting paper, and incubated for one week at 28 ± 1 °C. Treated seeds were also sown in soil under greenhouse conditions. Seeds were sown at 10 seeds per pot in earthen pots (30 diameter) containing soil and manure in a 1:1 ratio. Seed germination was observed periodically, and root and shoot lengths were measured. The vigour index was calculated from the root and shoot lengths as follows:
Vigour index = [Root length (cm) + shoot length (cm)] x germination %
RESULTS AND DISCUSSION
Antagonistic activity of Trichoderma isolates
	The antagonistic potential of 20 Trichoderma isolates against Macrophomina phaseolina was evaluated under in vitro conditions using the dual-culture technique. Considerable variation was observed among the isolates in their suppression of pathogen mycelial growth (Table 1 and Figure 1).
The dual-culture assay revealed that all Trichoderma isolates were capable of suppressing the mycelial growth of Macrophomina phaseolina, although the extent of inhibition varied considerably among isolates. Among the 20 Trichoderma isolates evaluated, TPP-15 exhibited the highest mycelial growth inhibition (80.1%), followed by TPP-10 (79.6%). These isolates rapidly colonised the culture medium and effectively restricted pathogen growth, indicating their comparatively strong antagonistic potential. Moderately high inhibition was observed with TPP-5 (75.8%), TPP-12 (75.7%), TPP-3 (75.4%), and TPP-18 (75.4%). TPP-8, TPP-7, TPP-11, TPP-20, and TPP-9 also showed appreciable antagonistic activity, recording more than 73% inhibition. The lowest inhibition was observed with TPP-6 (64.9%). Similar findings were reported by Sreedevi et al. (2011), who evaluated Trichoderma against M. phaseolina and found that T. viride and T. harzianum reduced mycelial growth by 61.1% and 64.4%, respectively. Our findings also agree with those of Divya et al. (2015), who observed significant inhibition of M. phaseolina by different Trichoderma species under dual-culture conditions. Isolate Tri-12 recorded the highest inhibition (81.1%), whereas the lowest inhibition (48.1%) was observed with isolate Tri-27. Similarly, da Veiga et al. (2026) observed that all Trichoderma isolates inhibited the growth of M. phaseolina. The highest inhibition, exceeding 66%, was exhibited by T. endophyticum, followed by T. harzianum with 59% inhibition.
The 80.1% inhibition recorded for TPP-15 is within the upper range reported for effective Trichoderma isolates tested against M. phaseolina in dual-culture assays. Comparable studies have also demonstrated substantial isolate-to-isolate variation, with inhibition depending on the growth rate, metabolite profile, and mycoparasitic competence of the antagonist (El-Benawy et al., 2020; Khaledi & Taheri, 2016; Parihar et al., 2025). The present result therefore identifies TPP-15 as a strong candidate for subsequent characterisation; however, in vitro inhibition alone should not be interpreted as evidence of field efficacy.
	The inhibitory effect of Trichoderma may be attributed to competition for nutrients and space, the production of antifungal metabolites, and direct mycoparasitism. Inhibition zones and overgrowth of the pathogen colony by Trichoderma species have been widely reported and are considered evidence of antibiosis and hyperparasitism (Woo et al., 2023; Yao et al., 2023; Kumari et al., 2024).
Mechanistically, the observed restriction of pathogen growth may reflect the combined action of diffusible and volatile metabolites and hydrolytic enzymes, such as chitinases, rather than a single antagonistic process. Such multifactorial activity can improve the competitive exclusion of soil-borne pathogens, although confirmation would require enzyme assays, metabolite profiling, and microscopic examination of antagonist–pathogen contact zones (García et al., 1994; Nagamani et al., 2017; Woo et al., 2023; Yao et al., 2023).
Effect of Trichoderma seed biopriming on blackgram seedlings
Blackgram seeds were primed with 20 Trichoderma spp. isolates to evaluate their potential to enhance seed germination, vigour index, and seedling biomass using the paper-towel method. The results presented in Table 2 and Figure 2 indicated significant differences in the performance of most Trichoderma isolates used for seed priming, irrespective of the inoculum form applied. Overall, seed priming with Trichoderma spp. markedly improved seed germination, vigour index, and seedling biomass compared with the control.
Among the isolates, TPP-15 recorded the highest seed germination (93.6%) and vigour index (3969.6), whereas the lowest germination (70.3%) and vigour index (1911.4) were observed with TPP-1 under in vitro conditions. All antagonistic isolates increased germination percentage, root and shoot lengths, and seedling biomass. TPP-15 was identified as the most promising isolate, significantly improving the germination, seedling vigour, and biomass of blackgram. The enhanced germination and growth may be attributed to effective root colonisation by Trichoderma, which formed a whitish-green mycelial layer that protected seedlings against pathogenic fungi and promoted healthy development.
These findings are consistent with Negi et al. (2021), who evaluated PGPR, Rhizobium, and Trichoderma viride as seed-biopriming agents and reported improvements in plant growth, seed yield, seed quality, and vigour, together with reduced disease incidence, compared with chemical seed treatment and the untreated control.
The concurrent improvement in seed germination, root and shoot growth, and vigour index following treatment with TPP-15 agrees with earlier reports indicating that Trichoderma-based seed biopriming enhances reserve mobilisation, promotes early root establishment, and strengthens antioxidative capacity during seedling development (Paul & Rakshit, 2023; Swain et al., 2021; Woo et al., 2023). However, the magnitude of these responses is influenced by several factors, including inoculum density, seed physiological status, colonisation efficiency, and compatibility between the Trichoderma isolate and the host genotype.
Although the pot-culture assay provided controlled conditions for initial evaluation, the superior performance of TPP-15 requires further validation under more realistic conditions. Therefore, additional studies should be conducted in pathogen-infested soil and under greenhouse and field conditions. Such evaluations should include disease incidence, persistence of root colonisation, and yield response, together with comparisons against untreated controls and suitable commercial bioagent standards, before practical application is recommended.
Conclusion 
The study demonstrated substantial variation among 20 Trichoderma isolates in their antagonistic activity against Macrophomina phaseolina and in their effects on blackgram seedling performance. TPP-15 was the best-performing isolate, recording 80.1% inhibition of pathogen mycelial growth, 93.6% seed germination, and a vigour index of 3969.6. TPP-10 and TPP-2 also showed comparatively high pathogen inhibition, while several other isolates produced meaningful improvements in germination and seedling growth. These findings indicate that locally obtained Trichoderma isolates differ in both biocontrol potential and plant-growth-promoting capacity. The observed inhibition may be associated with competition, antibiosis, and mycoparasitism, although these mechanisms were not directly examined. The results support the further evaluation of TPP-15, together with other promising isolates, in pathogen-infested soil and under greenhouse and field conditions. Such validation should include disease incidence, persistence of root colonisation, crop growth, and yield response. Until these assessments are completed, the isolates should be regarded as promising candidates rather than confirmed field-ready biocontrol agents.
limitation 
This study was conducted under in vitro, paper-towel, pot-culture, and greenhouse conditions and did not establish field efficacy. The antagonistic mechanisms of the isolates were inferred but not confirmed through enzyme assays, metabolite profiling, or microscopic examination. Disease incidence, persistence of root colonisation, and yield response were not evaluated under pathogen-infested field conditions. The performance of TPP-15 and other promising isolates may therefore vary with soil type, environmental conditions, inoculum density, seed status, and host genotype.
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Table 1: Antagonistic effect of Trichoderma spp. Against M.Phaseolina by dual culture technique
	S. No.
	Trichoderma spp.
	Per cent inhibition (%)

	1
	TPP-1
	71.7 (57.8)*

	2
	TPP-2
	78.1(62.1)

	3
	TPP-3
	75.4(60.2)

	4
	TPP-4
	70.0 (56.8)

	5
	TPP-5
	75.8 (60.6)

	6
	TPP-6
	64.9 (53.6)

	7
	TPP-7
	73.8 (59.2)

	8
	TPP-8
	74.8 (59.9)

	9
	TPP-9
	73.1 (58.8)

	10
	TPP-10
	79.6 (63.1)

	11
	TPP-11
	73.7 (59.1)

	12
	TPP-12
	75.7 (60.5)

	13
	TPP-13
	67.0 (54.9)

	14
	TPP-14
	70.3 (57.0)

	15
	TPP-15
	80.1 (63.5)

	16
	TPP-16
	70.7 (57.3)

	17
	TPP-17
	72.1(58.2)

	18
	TPP-18
	75.4 (60.2)

	19
	TPP-19
	70.2(56.9)

	20
	TPP-20
	73.3 (58.9)

	
	Control
	0.0

	
	C.D.
	3.8

	
	SE(m)
	1.3

	
	C.V.
	3.2


*Angular Transformed values


      
        
Fig 1: Antagonistic effect of Trichoderma spp. Against M.Phaseolina by dual culture technique


	S. No.
	Trichoderma spp.
	Germination (%)
	Root length (cm)
	Shoot length(cm)
	Vigour index

	1
	TPP-1
	70.3
	9.3
	17.8
	1911.4

	2
	TPP-2
	73.6
	9.6
	18.8
	2094.9

	3
	TPP-3
	79.7
	9.6
	20.7
	2413.9

	4
	TPP-4
	81.7
	9.7
	22.1
	2598.9

	5
	TPP-5
	90.3
	10.1
	21.7
	2872.6

	6
	TPP-6
	91.4
	10.2
	23.3
	3061.2

	7
	TPP-7
	82.1
	10.2
	23.1
	2731.2

	8
	TPP-8
	81.1
	10.2
	23.1
	2701.4

	9
	TPP-9
	80.4
	10.3
	23.8
	2744.6

	10
	TPP-10
	92.4
	12.2
	27.4
	3662.5

	11
	TPP-11
	84.2
	11.1
	25.1
	3050.1

	12
	TPP-12
	83.6
	11.3
	25.6
	3077.2

	13
	TPP-13
	84.6
	11.2
	26.3
	3174.9

	14
	TPP-14
	92.1
	10.7
	26.7
	3445.5

	15
	TPP-15
	93.6
	13.5
	28.9
	3969.6

	16
	TPP-16
	84.6
	10.1
	23.5
	2840.6

	17
	TPP-17
	90.6
	12.0
	27.8
	3608.5

	18
	TPP-18
	89.0
	11.3
	28.6
	3553.2

	19
	TPP-19
	88.3
	12.1
	27.3
	3481.5

	20
	TPP-20
	89.0
	12.2
	24.5
	3269.3

	
	Control
	61.7
	8.1
	16.3
	1500.6

	
	C.D.
	2.5
	1.1
	
	

	
	SE(m)
	0.9
	0.4
	
	

	
	C.V.
	1.3
	0.5
	
	

	
	
	1.8
	6.2
	
	

	
	
	
	
	
	


Table 2: Effect of seed biopriming with selected bioagents on germination and vigour of
Blackgram










Fig 2: Effect of seed biopriming with 20 Trichoderma isolates on vigour index of Blackgram
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Per cent Inhibition
TPP-1	TPP-2	TPP-3	TPP-4	TPP-5	TPP-6	TPP-7	TPP-8	TPP-9	TPP-10	TPP-11	TPP-12	TPP-13	TPP-14	TPP-15	TPP-16	TPP-17	TPP-18	TPP-19	TPP-20	Control	1911.4	2094.9	2413.9	2598.9	2872.6	3061.2	2731.2	2701.4	2744.6	3662.5	3050.1	3077.2	3174.9	3445.5	3969.6	2840.6	3608.5	3553.2	3481.5	3269.3	1500.6	Trichoderma Isolates
Vigour Index
