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Abstract 

Cowpea (Vigna unguiculata [L.] Walp) is a nutrient-dense grain legume of global agricultural 

significance, particularly in resource-poor tropical climates. However, cowpea crown rot, caused by 

the soil-borne fungus Agroathelia rolfsii, has emerged as a major biotic constraint to production 

worldwide. Conventional chemical control measures raise environmental and health concerns, 

driving the exploration of sustainable biocontrol alternatives. Trichoderma is a well-established 

biocontrol agent against diverse phytopathogenic fungi. This study aimed to evaluate the 

coexistence of two molecularly characterised strains, T. virens and T. asperellum, and to assess 

their individual and combined biocontrol efficacy against the cowpea crown rot pathogen A. rolfsii 

under in-vitro conditions. Dual-culture assays indicated antagonistic interactions, with the radial 

growth of T. asperellum inhibited by 50.07% in the presence of T. virens, whereas T. virens radial 

growth remained unaffected, with an inhibition of 12.93% (p > 0.05). The radial growth of  

T. virens in control cultures, and co-cultures indicated possible antagonism between the two species 

under competitive conditions, with T. virens demonstrating a superior competitive colonisation 

capacity. In-vitro biocontrol assays against A. rolfsii revealed 63.6% pathogen inhibition by  

T. asperellum alone, 76.3% by T. virens alone, and the highest inhibition of 81.7% by the 

consortium. Despite these numerical differences, no significant differences were observed among 

treatments (p > 0.05). Thus, T. asperellum, T. virens, or their fungal consortium offers a promising 

in vitro control of A. rolfsii, warranting further field validation for integrated disease management 

in cowpea. 
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Introduction 

Cowpea (Vigna unguiculata (L.) Walp.), a member of the family Fabaceae, is a globally 

significant agricultural crop widely cultivated in Africa, the Americas, and Asia (Kirarei et al. 

2024). The legume is grown on approximately 15 million hectares, with total annual production 

averaging 6 million metric tons (Horn et al. 2022). The crop is particularly valued as an accessible 

and affordable protein source, with grain protein content ranging from 20-30% and appreciable 

levels of thiamine, riboflavin, niacin, folates, Fe, P, Ca, Mg, and Zn (Shevkani et al. 2025).  

Despite the economic and cultural significance of the crop, like any other cultivated plant, 

cowpea is susceptible to a variety of diseases caused by bacteria, fungi, viruses, nematodes, and 

parasitic higher plants, which can significantly reduce crop yield and quality (Singh & Allen 1979). 

Among these, fungal pathogens pose a significant threat to all cultivated crops and are also 

responsible for devastating losses in cowpea under field and post-harvest conditions. One such 

particularly devastating fungal pathogen is Athelia rolfsii (Agroathelia rolfsii), which girdles stem 

bases and subsequently causes wilting and death of plants (Singh & Allen 1979, Kettles & Luna 

2019, Omomowo & Babalola 2021) 

Agroathelia rolfsii (Sacc.), anamorph: Sclerotium rolfsii, is a devastating fungus widespread 

across the moist tropics and warm temperate areas, and can cause root and stem rots, damping-off, 

vascular wilts, and charcoal rots in affected plants (Adandonon 2004, Dania & Henry 2021). This 

soil-borne fungus that survives in soil and plant debris as mycelium and sclerotia (Dania & Henry 

2021). It is a polyphagous fungus with an extensive host range of at least 600 species across 100 

families (Shanmugaraj et al. 2023). The most common hosts worldwide are legumes, crucifers, and 

cucurbits, including groundnut, green bean, lima bean, onion, garden bean, pepper, potato, sweet 

potato, tomato, and watermelon, causing significant economic losses (Nandi et al. 2017, Okon et al. 

2025). Due to its broad host range and persistence in soil through the formation of dormant 

sclerotia, the disease is generally considered difficult to control (Okon et al. 2025). 

Despite the capacity of synthetic chemicals to control the disease, their use should generally 

be minimised due to the long-term negative impacts they impose on humans and the environment. 

In addition, given the soil-borne nature of the disease, achieving sufficient control with chemicals 

may require large quantities of fungicides, which is impractical in many situations (Kator et al. 

2015). Biological control holds promise for controlling A. rolfsii, which causes significant yield 

losses in commercial crop cultivations under field and greenhouse conditions (O'Brien 2017, He  

et al. 2021). 

Trichoderma species of the family Hypocreaceae have been extensively studied as excellent 

candidates for biological control of plant diseases due to their proven capacity to safeguard plants 

against various destructive phytopathogens through multiple mechanisms, including 

mycoparasitism, antibiosis, competition for nutrients and space, and induction of systemic 

resistance in the plant (Zhang et al. 2018, Yao et al. 2023, Zhang et al. 2022, Tarafder et al. 2024, 

Mishra et al. 2024, Benchaphong et al. 2025, Rahnama et al. 2025). Among the numerous 

Trichoderma species, T. asperellum and T. virens have proven to be effective biocontrol agents 

under both laboratory and field conditions in several studies (Guzmán-Guzmán et al. 2023, Yao  

et al. 2023). 

Trichoderma asperellum is a promising biocontrol agent possessing both biocontrol and plant 

growth-promoting potential (Shanmugaraj et al. 2023, Hasna et al. 2025). Numerous studies have 

demonstrated the biocontrol potential of T. asperellum against A. rolfsii-induced diseases across 

various crops, including cowpea (Vijayakumar & Appusami 2025). Trichoderma virens also 

utilises several mechanisms to control plant pathogens and has been successfully employed against  

A. rolfsii in a number of studies (Halifu et al. 2020, Hua et al. 2021, Nawarathna et al. 2025). 

The potential of Trichoderma species as biocontrol agents has not yet been fully explored, as 

they exhibit extensive inter- and intra-specific variation in their phytopathogenic antagonistic 
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activity against phytopathogens, reflecting the different adaptations of individual Trichoderma 

strains (Atlagić et al. 2025). While numerous studies have successfully employed various 

Trichoderma strains in combination with other biological control agents from different fungal or 

bacterial genera (Poveda & Eugui, 2022), comparatively limited research exists on the in vitro 

coexistence of different Trichoderma species and their combined efficacy in controlling plant 

pathogens such as A. rolfsii relative to single-strain applications. Understanding compatibility 

among Trichoderma species or isolates under various cultural conditions will provide insights into 

the potential use of multiple Trichoderma species as biological agents against a particular plant 

pathogen (Reaves 1994). Therefore, this study aimed to evaluate the in vitro co-existence capacity 

and biocontrol potential of T. asperellum and T. virens, both individually and in combination, 

against the cowpea crown rot pathogen A. rolfsii. 
 

Materials & methods 
 

Experimental area 

Laboratory experiments were conducted at the Agricultural Microbiology and Plant 

Pathology Laboratory, Faculty of Agriculture, Rajarata University of Sri Lanka. (30 ± 2°C and 70% 

Relative Humidity). 
 

Assessing the in vitro co-existence capacity of the T. asperellum strain with the T. virens strain 

using a dual-culture assay 

Molecularly characterized cultures of T. asperellum (GeneBank accession number: 

ON040617) and T. virens (GeneBank accession number: MG386643.1) were obtained from the 

Plant Pathology Laboratory, Department of Plant Sciences, Faculty of Agriculture, Rajarata 

University of Sri Lanka. The identity of both strains had been previously confirmed through 

internal transcribed spacer (ITS) region sequencing and phylogenetic analysis, verifying species 

identity. Stock cultures of the two species were prepared and incubated at room temperature (30 ± 

1°C and 70% RH) for 7 days. 

Five-millimetre mycelial plugs of each Trichoderma strain were excised from stock cultures 

and were placed 8.5 cm apart, on Petri dishes containing Potato Dextrose Agar (PDA), following 

the treatment design outlined below, and incubated for 14 days in a completely randomized design 

(CRD) at 30±1°C and 70% RH. Each treatment was replicated five times. 
 

T1 = T. virens only 

T2 = T. asperellum only 

T3 = T. virens + T. asperellum  
 

The radial growth of each species under each treatment combination over a period of 14 days, 

and the percentage inhibition of radial growth of each species by the other was calculated using the 

following equation. 
 

 
 

R1-Mean of colony radius of the Trichoderma species in the control plate 

R2-Mean of colony radius of the Trichoderma species in the dual culture plate 
 

All collected data were statistically analysed in RStudio (version 4.5.1) using a simple 

regression, linear mixed-effect models, ANOVA, and pairwise comparisons (Reaves 1994). 
 

In-vitro bioassay of T. asperellum and T. virens, individually and as a consortium, to suppress 

cowpea crown rot-causing pathogen Agroathelia rolfsii under in-vitro conditions 

The biocontrol efficacy of T. asperellum and T. virens was evaluated by placing 5 mm 

mycelial plugs from 7-day-old pure cultures of each Trichoderma species compared to molecularly 
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identified A. rolfsii (accession number: PV216709) on Petri dishes (90 mm), each containing 25 ml 

of sterile PDA under aseptic conditions. Control plates containing T. asperellum, T. virens, and  

A. rolfsii only were also maintained alongside the treatment plates according to the experimental 

design below.  

 

T1 = T. virens only 

T2 = T. asperellum only 

T3 = A. rolfsii only 

T4 = T. virens + A. rolfsii 

T5 = T. asperellum + A. rolfsii  

T6 = T. virens + T. asperellum + A. rolfsii 

 

The mycelial growth of A. rolfsii, T. virens, and T. asperellum across all treatments and controls 

was measured over seven consecutive days. Plates were incubated in a completely randomised 

design (CRD) at 30 ± 1°C and 70% RH under natural light, with five replicates per treatment. 

The percentage growth inhibition of A. rolfsii by T. asperellum and T. virens was calculated 

using the formula described by Doley & Jite (2012) 

 

 
 

R1-Mean colony radius of A. rolfsii in the control plate 

R2-Mean colony radius of A. rolfsii in treated plate 

 

All collected data were statistically analysed using R Studio (version 4.5.1) using linear 

regression analysis, a repeated mixed effect model, ANOVA, and pairwise comparisons. 

 

Results 

 

Assessing in vitro co-existence capacity of T. asperellum with T. virens strain using a dual plate 

assay 

Despite belonging to the same genus, the dual culture assay revealed a competitive 

interaction between the T. asperellum and T. virens strains when grown together. Visual 

observations, as shown in Fig. 1, indicated that, compared with the control plates, T. virens 

displayed vigorous radial expansion and appeared to dominate the available substrate, 

demonstrating more aggressive sporulation and faster colonisation. T. asperellum, on the other 

hand, showed a relatively restricted growth in the presence of T. virens. 

The growth curve analysis in Fig. 2 revealed a marked difference in the growth of  

T. asperellum (TA) and T. virens (TV) under individual and co-culture conditions. In control 

cultures, T. virens demonstrated superior growth, achieving a maximum mean colony radius of 

45.25 ± 0.22 mm,while T. asperellum achieved a maximum mean colony radius of 43.66 ± 1.5 mm 

under the same conditions. Overall, both species exhibited a rapid growth rate, colonising the PDA 

medium within approximately four days of incubation and maintaining a relatively stable growth 

plateau thereafter, due to the spatial constraints of the Petri dish. In dual cultures, both species 

exhibited reduced growth compared with their respective controls. However, the degree of growth 

suppression differed markedly between the two Trichoderma species. T. asperellum in co-culture 

showed a dramatic reduction in colony radius, reaching a maximum of 21.8 ± 7.4 mm, representing 

a substantially reduced colony radius relative to its control value of 43.66 ± 1.5 mm. In contrast,  

T. virens in co-culture maintained a colony radius of 39.39 ± 5 mm, which was only slightly less 

than its control of 45.25 ± 0.22 mm. Statistical analysis also confirmed no significant difference in 

T. virens growth between co-cultures and control plates (p > 0.05), corroborating the differential 

growth responses of the two species observed in the growth curves. 
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Fig. 1 – In vitro co-existence capacity of T. asperellum with T. virens strain assessed by dual plate 

assay. Top view images showing growth at days 1, 3, and 7 post-incubation (28 ± 2°C, 70%RH). 

(A1-A3) Co-culture of T. asperellum with T. virens (B1-B3) T. virens monoculture, (C1-C3)  

T. asperellum monoculture. 

 

These findings were further examined using percentage inhibition in co-culture, as shown in 

Fig. 3. Consistent with the dual culture assay, T. asperellum showed substantial radial growth 

inhibition of 50.07% by day 4 and maintained this level throughout the experimental period. 

Conversely, T. virens showed minimal growth inhibition of only 12.93%. During the initial phase, 

T. virens exhibited a slight negative inhibition of -18.03%, which is possibly attributable to its slow 

initial colonization rate and the absence of sufficient competitive stimulus at this early stage. 

Although the radial growth of each species was suppressed in co-culture conditions, the combined 

colonization radii of both species amounted to approximately 61.2 ± 12.5 mm (21.8 ± 7.4 mm in  

T. asperellum co-culture and 39.39 ± 5mm in T. virens co-culture), which is substantially greater 

than the individual control values of 43.66 ± 1.5 mm and 45.25 ± 0.22 mm in T. asperellum and  

T. virens, respectively. This suggests that despite the competitive suppression of individual species, 

the combined colonization potential of the consortium remained relatively intact, thereby providing 

a substantial bioactive surface area for antagonistic interactions with the pathogen. 
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Fig. 2 – Growth curves of Trichoderma asperellum and T. virens under individual and co-culture 

conditions on PDA medium. 

 

 
 

Fig. 3 – Growth inhibition percentage of T. asperellum (TA) and T. virens (TV) in dual culture 

conditions. 

 

The growth rate analysis presented in Fig. 4 provided insights into the interactions between 

the two Trichoderma strains in co-cultures and controls. By day 2, all treatments exhibited elevated 

growth rates, with T. virens control recording the highest initial growth rate of approximately 27.4 

± 3.7 mm/day, followed by T. asperellum control, which showed a growth rate of 21.66 ± 2.02 

mm/day. In contrast, T. virens and T. asperellum in co-culture displayed notably lower initial 

growth rates than their respective controls, with recording T. virens at 16.8 ± 3.9 mm/day and  

T. asperellum recording 12.8 ± 2.8 mm/day. By day 3, growth rates across all treatments declined 

sharply and approached zero by day 4. This corresponds to the plateau phase observed in the 
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growth curves of Fig. 2, where both species reached their maximum colonisation capacity, having 

covered the available PDA surface. 

 

 
 

Fig. 4 – Growth rate analysis of T. asperellum (TA) and T. virens (TV) in dual culture conditions 

and control 

 

In vitro bioassay of T. asperellum and T. virens, individually and as a consortium, against the 

cowpea crown rot pathogen Agroathelia rolfsii 

Trichoderma virens and T. asperellum, both individually and as a consortium, were 

evaluated for their in vitro antagonistic activity against A. rolfsii as shown in Fig. 5.  

Upon examining the radial growth of the pathogen A. rolfsii, as depicted in Fig. 6, the 

pathogen grew rapidly in the control treatment, reaching a peak mean colony radius of 45.0 ± 0.0 

mm and plateauing by day 4 due to the space and resource constraints of the Petri dish. In contrast, 

all treatments containing Trichoderma maintained a relatively stable, suppressed pathogen growth 

trend from day 1 onwards. Of these, the most significant inhibitory effect of A. rolfsii was observed 

in the consortium treatment containing both T. asperellum and T. virens, where the pathogen 

colony radius was restricted to a maximum of 8.25 ± 1.7 mm from day 4 throughout the 

observation period. Individual Trichoderma treatments also demonstrated notable suppression, with 

T. virens limiting pathogen growth to approximately 10.66 ± 4.04 mm and T. asperellum to 16.4 ± 

9.34 mm under the same conditions. 

Fig. 7 presents a linear regression analysis revealing contrasting growth patterns of the 

pathogen under different treatment conditions. The regression slope of the control treatment 

showed a steep positive gradient, indicating rapid pathogen growth in the absence of Trichoderma. 

In contrast, all Trichoderma-treated plates exhibited relatively flat regression slopes, confirming the 

effective growth-suppressing capacity of Trichoderma species, both as a consortium and 

individually. The overlapping confidence intervals within the shaded region suggest a similar, 

though not identical, degree of antagonism among all the Trichoderma treatments (Fig. 7). Among 

the treatments, the regression line for the consortium treatment remained nearly horizontal, further 

reinforcing its superior suppression capacity of the pathogen. 
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Fig. 5 – In vitro antagonistic activity of T. virens and T. asperellum against A. rolfsii individually 

and as a consortium. Top view images showing growth at days 1, 3 and 7 post-incubation (28 ± 

2°C, 70%RH). (A1-A3) A. rolfsii monoculture (control), (B1-B3) A. rolfsii with T. asperellum, 

(C1-C3) A. rolfsii with T. virens, (D1-D3) A. rolfsii with T. asperellum and T. virens. 

 

 
 

Fig. 6 – Growth curves of Agroathelia rolfsii under control and Trichoderma treatment conditions. 
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Fig. 7 – Linear regression analysis of Agroathelia rolfsii growth under different Trichoderma 

treatments. 

 

 
 

Fig. 8 – Comparative inhibition percentages of Trichoderma species against Agrothelia rolfsii after 

7 days of incubation. 

 

Fig. 8 illustrates the overall comparative pathogen inhibition capacity of each Trichoderma 

treatment on day 7. Trichoderma asperellum alone inhibited the pathogen by 63.6%, while  

T. virens alone achieved an inhibited pathogen of 76.3%. Most notably, the consortium of  

T. asperellum and T. virens exhibited enhanced biocontrol efficacy, achieving the highest inhibition 

rate of 81.7%. This represents an approximate 18% improvement over T. asperellum alone and a 

5.4% increase compared to T. virens alone, suggesting the complementary mechanisms of action of 

the two contribute to enhanced biocontrol efficacy when applied together. Despite these numerical 
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differences, statistical analysis revealed no significant difference among the three treatments (p > 

0.05). 

 

Discussion  

Though the coexistence of Trichoderma species has not been widely studied, the results of 

the present coexistence study are consistent with previous research work of Reaves (1994) who 

studied in-vitro colony interactions among the species of Trichoderma through dual culture assays 

comprising self-pairings and intraspecific and interspecific pairings using 15 isolates of  

T. polysporum, T.hamatum, T.citrinoviride, T. satumisporum, T. viride, T. harzianum, and  

T. Iongibrachiatum. Surprisingly, antagonism occurred even in self-pairings, however, it was more 

prevalent in interspecific pairings. Competitive behaviours, such as the formation of inhibition 

zones, conidial ridges, and demarcation lines, were observed in the dual cultures. The findings of 

the current study also confirm that, despite both species belonging to the same genus, the 

competitive growth rate of T. virens relative to T. asperellum enable the former to outcompete the 

latter and rapidly exploit available resources and space. 

These co-culture studies play an essential role in understanding the competitive ability and 

compatibility among Trichoderma species or isolates under various culture conditions, thereby 

enabling the selection of appropriate species and isolate combinations for use against target 

pathogens. For the co-culture assay, a 14-day observation period was selected based on preliminary 

findings of Reaves (1994) who showed maximum growth and visible competitive interactions 

among different Trichoderma species within this time frame. 

An important inference drawn from these findings is that, despite individual inhibition of  

T. virens (12.93%) and T. asperellum (50.07%) under co-culture conditions, the consortium applied 

against Agroathelia rolfsii has achieved an 81.7% pathogen inhibition, which was superior to the 

individual treatments of T. virens (76.33%) and T. asperellum (63.6%) alone. This suggests that 

despite competitive colony interactions and a reduction in individual growth area of each 

Trichoderma species, as previously observed by Reaves (1994), the biocontrol efficacy of the 

consortium is not diminished but rather enhanced. This may be attributed to the combination of 

distinct antagonistic mechanisms possessed by each individual Trichoderma species. For instance, 

T. asperellum, is a promising biocontrol strain possessing both biocontrol and plant growth-

promotion potential. Trichoderma asperellum is a strong mycoparasite producing several 

hydrolytic enzymes, such as cellulase, beta-1,3 glucanases, beta-1,4-glucanases, chitinase, and 

protease, which have the capacity to degrade cell wall components and thereby aid in controlling 

various plant pathogens (Shanmugaraj et al. 2023, Hasna et al. 2025). Trichoderma virens also 

utilises several mechanisms to control plant pathogens, including aggressive competition for 

nutrients and space, rapidly colonising the substrate and depriving pathogens of their nutritional 

and spatial requirements. It also suppresses the pathogen by secreting pathogen cell wall-degrading 

enzymes (CWDEs) such as chitinases, glucanases, and proteases, and most notably, T. virens 

produces several secondary metabolites including gliotoxin which contribute effectively to 

phytopathogen suppression (Halifu et al. 2020). Hence, it can be concluded that the complementary 

ecological and biochemical roles of the two species collectively contribute to enhance pathogen 

inhibition relative to single species applications. 

Strain variation in Trichoderma species may arise from genetic diversity, geographic origins, 

and local environmental adaptation, resulting in differences in fungal growth rate, conidial 

morphology, and biogeographical distribution (Hewedy et al. 2020). The T. virens strain 

(MG386643.1) used in this study exhibits rapid and extensive colony growth with an aggressive 

sporulation capacity, which may differ from each other T. virens strains that exhibit moderate 

growth rates and initially forming white mycelia that spread radially whilst producing concentric 

rings of conidia (Rahman et al. 2017). These differences may be attributed to the strain's ecological 

adaptation to the dry-zone conditions of Sri Lanka, which likely contributed to its phenotypic 

variation. 
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The antagonistic efficacy of Trichoderma species against A. rolfsii, observed in the present 

study is consistent with findings from numerous previous investigations. Vijayakumar & Appusami 

(2025) reported that T. asperellum inhibited approximately 70% of pathogen growth in dual-culture 

assays against the cowpea crown rot pathogen A. rolfsii, while Naznin & Monil (2024) 

demonstrated considerably higher suppression rates of 93.89%, using a native T. asperellum isolate 

(MBCT10) against the same pathogen. Similarly, Shanmugaraj et al. (2023) reported over 80% 

suppression of A. rolfsii by T. asperellum isolates. Hua et al. (2021) evaluated 10 Trichoderma 

strains for antagonistic activity against A. rolfsii and identified T. virens as the most effective, 

achieving 70.2% in vitro growth inhibition. This superior performance of T. virens was further 

corroborated by Nawarathna et al. (2025), who demonstrated 86.02% pathogen inhibition in dual-

culture assays against the cowpea crown rot-causing A. rolfsii. Motlagh et al. (2022) also reported 

even more pronounced antagonistic activity, with T. virens inhibiting A. rolfsii by 90.98% in dual 

cultures and demonstrating superior disease suppression compared with T. harzianum under 

greenhouse conditions in peanut white stem rot disease management.  

The consistency of these findings, with the results of the current study, which measured the 

colony radius of A. rolfsii in control and treatment plates over seven days, further support the 

biocontrol potential of both species, yielding final inhibition percentages of 63.6% for  

T. asperellum, 76.3% for T. virens, and 81.7% for the consortium of T. asperellum and T. virens, 

collectively confirming that both T. asperellum and T. virens are effective biocontrol agents against 

A. rolfsii. 

 

Conclusion 

This study successfully evaluated the in vitro biocontrol efficacy and coexistence 

compatibility of Trichoderma asperellum and T. virens against cowpea crown rot caused by 

Agroathelia rolfsii (Sacc.). The dual-culture assessment revealed that, although both T. asperellum 

and T. virens are established biocontrol agents, they exhibit competitive interactions when co-

cultured. However, despite this competitive relationship, the in vitro bioassay against Agrothelia 

rolfsii revealed that both species possess significant antagonistic potential, with T. asperellum 

achieving 63.6% inhibition, T. virens achieving 76.3% inhibition, and their consortium 

demonstrating the highest efficacy at 81.7% inhibition over seven days. The superior performance 

of the consortium treatment suggests that the Trichoderma strains possess complementary 

biocontrol mechanisms that generate an additive or enhanced effect on pathogen inhibition. This 

study provides valuable insights into the biocontrol potential available for managing cowpea crown 

rot. The findings, however, necessitate further investigation to evaluate the performance of these 

strains under field conditions, as this study is limited by reliance on artificial growth media and a 

controlled laboratory environment. 
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