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Abstract 
Trichoderma spp. are recognized as effective biocontrol agents against fungal diseases in plants, 

providing a safe and eco-friendly alternative to chemical pesticides. This study aimed to evaluate the 

antagonistic potential of three Trichoderma species against Alternaria alternata strains AAS1 and 

AAS2 under in vitro conditions using a dual culture assay. Two distinct pathogenic strains of 

Alternaria alternata were isolated from rotting pomegranate fruit collected in the Jalna district of 

Maharashtra, India, and were characterized based on their colony morphology and growth 

characteristics. The antagonistic effects of the three species were assessed through the dual culture 

assay. The results indicated that T. harzianum exhibited the highest antifungal activity, significantly 

inhibiting the radial growth of both strains (64.44% for AAS1 and 61.11% for AAS2), followed by T. 

koningii and T. viride, which demonstrated moderate and partial inhibition. Both qualitative and 

quantitative data support the conclusion that Trichoderma is a promising biocontrol agent and a 

potential candidate for integrated disease management strategies. Such eco-friendly approaches provide 

sustainable alternatives to chemical fungicides for controlling postharvest fungal pathogens and 

enhancing crop productivity. Future research should focus on field evaluations, the molecular 

characterization of antagonistic mechanisms, and the development of formulations to facilitate the 

large-scale application of Trichoderma-based biocontrol strategies. 
 

Keywords: Alternaria alternata, Trichoderma sp., biocontrol, dual culture assay, pomegranate, 
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Introduction 

Fungal pathogens, particularly Alternaria alternata, pose a significant threat to pomegranate 

cultivation, causing leaf spots, fruit rots, and postharvest losses (Kadam et al., 2018a; 

Mincuzzi et al., 2022) [6, 14]. A. alternata is frequently isolated from decaying pomegranate 

fruits and contributes to reduced fruit quality and marketability (Manjunatha et al., 2022) [10]. 

The economic importance of pomegranate is highlighted by India's position as the world's 

leading producer, with Maharashtra contributing over 70% of the country's production 

(Kadam et al., 2018b) [6]. A. alternata has been identified as a major pathogen affecting 

pomegranates in various regions, including India, Israel, and Spain. The disease manifests as 

black spots on leaves and fruits, leading to chlorosis and premature leaf abscission (Berbegal 

et al., 2014; Tirrò et al., 2024) [21]. Accurate identification of fungal species is crucial for 

developing effective management strategies, as different species may have varying 

epidemiology and fungicide sensitivity (Manjunatha et al., 2022) [10]. 

Conventional fungicides for postharvest disease control face increasing scrutiny due to 

environmental concerns, chemical residues, and fungicide resistance (McLaughlin et al., 

2023) [12]. These limitations have prompted research into alternative methods, including 

physical, chemical, and biological controls (Palou et al., 2008) [17]. Low-toxicity compounds 

(LTCs), such as organic acids and salts, have shown promise but often lack the efficacy of 

synthetic fungicides when used alone (D'aquino & Palma, 2019). Plant extracts and other 

natural compounds have demonstrated potential as fungistatic or fungicidal agents against 

fruit pathogens (Matrose et al., 2020) [11]. However, alternatives generally suffer from 

limitations such as lack of curative activity, low persistence, and inconsistency. To overcome 

these challenges, researchers suggest integrating multiple approaches in a multifaceted 

strategy (Palou et al., 2008) [17] and combining LTCs with other control methods or synthetic 

fungicides (D'aquino & Palma, 2019) to improve efficacy and reduce reliance on 

conventional fungicides. 
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Trichoderma spp. are effective biocontrol agents against 

plant fungal and nematode diseases, offering a safe, eco-

friendly alternative to chemical pesticides (Yao et al., 2023) 
[24]. These fungi employ various mechanisms, including 

competition, antibiosis, antagonism, and mycoparasitism, to 

control pathogens while promoting plant growth and 

inducing systemic resistance (Mukherjee et al., 2021) [16]. In 

pre and postharvest disease management, biocontrol agents 

like Trichoderma, Bacillus, and Pseudomonas have shown 

success in controlling decay in fruits (Lastochkina et al., 

2019) [7]. They compete for nutrients and space, produce 

antimicrobial compounds and hydrolytic enzymes, and 

induce host resistance. The use of these biocontrol agents 

addresses concerns about pesticide residues and toxicity 

while meeting global demand for safer food production 

methods (Leskovac & Petrović, 2023; Taye et al., 2023) [8, 

20]. 

 

Materials and Methods  

Collection and Isolation of Pathogen 

Pathogenic cultures of Alternaria alternata were isolated 

from rotting pomegranate fruit collected in the Jalna district 

of Maharashtra, India. Infected tissues exhibiting typical 

symptoms were surface sterilized with a 1% sodium 

hypochlorite solution for 2 minutes, then rinsed with sterile 

distilled water. The samples were subsequently transferred 

to Potato Dextrose Agar (PDA) plates under aseptic 

conditions. These plates were incubated at a temperature of 

28±2°C for 5 to 7 days to promote fungal growth. Pure 

cultures were obtained by sub-culturing hyphal tips onto 

fresh PDA (Li et al., 2017). Two distinct strains of 

Alternaria alternata, designated AAS1 and AAS2, were 

selectively identified based on their colony morphology and 

growth characteristics. These isolates were preserved on 

potato dextrose agar (PDA) slants at 4°C to ensure viability 

for subsequent antagonism assays. 

 

Dual Culture Assay and Evaluation of Antagonistic 

Activity 

Three strains of Trichoderma species viz. T. viride, T. 

harzianum, and T. koningii were successfully isolated from 

soil samples and subsequently cultured in pure form. Each 

Trichoderma strain was cultivated on Potato Dextrose Agar 

(PDA) medium and incubated at a controlled temperature of 

28±2°C for a duration of 7 days to facilitate the 

development of actively growing cultures. A total of 20 mL 

of PDA was poured into each 90 mm Petri dish and left to 

solidify. In the dual culture method, a 5 mm diameter 

mycelial disc of A. alternata was placed on one side of the 

Petri dish, approximately 4 cm from the center. 

Correspondingly, a mycelial disc of the test Trichoderma 

strain was positioned on the opposite side at an equal 

distance. For the control group, only A. alternata was 

inoculated. All plates were incubated at room temperature, 

maintained at approximately 28±2°C, under aseptic 

conditions to prevent contamination. Observations were 

meticulously recorded following the post-inoculation 

period. Each treatment, including control groups, was 

conducted in triplicate to ensure statistical validity and 

accuracy in the results (Abo‐Elyousr et al., 2014) [1]. After 

7°days, the diameter was measured by the cross method and 

the fungistatic rate was calculated using the following 

formula (Urdukhe & Mogle, 2024) [23]; 

 

 

Results and Discussion
 

Table 1: Antagonistic Effect of Trichoderma Species on Mycelial Growth of Alternaria alternata (AAS1 and AAS2) Under In vitro 

Conditions 
 

Trichoderma 

Species 

Mycelial Growth of A. alternata (cm) 

(AAS1) 

Inhibition% 

(AAS1) 

Mycelial Growth of A. alternata (cm) 

(AAS2) 

Inhibition% 

(AAS2) 

Control  9.0 cm 0% 9.0 cm 0% 

T. viride 5.5 cm 38.89% 5.8 cm 35.56% 

T. harzianum 3.2 cm 64.44% 3.5 cm 61.11% 

T. koningii 4.8 cm 46.67% 5.0 cm 44.44% 

 

Control colonies exhibited full growth at 9 cm, indicating no 

inhibition (Table 1; Fig. 1 and 2). In contrast, T. harzianum 

demonstrated the highest level of inhibition, achieving 

approximately 64% for AAS1 and 61% for AAS2, which 

highlights its strong antifungal activity. Following this, T. 

viride showed moderate inhibition, with around 39% for 

AAS1 and 36% for AAS2. T. koningii displayed 

intermediate inhibition levels at approximately 47% for 

AAS1 and 44% for AAS2, suggesting its potential as a 

biocontrol agent, though it is less effective than T. 

harzianum. In related studies, our findings indicate that T. 

harzianum consistently demonstrated the highest inhibition 

rates, ranging from 64% to 89.8% against various pathogens 

(Bansode, et al., 2022; Mohamed et al., 2017) [2, 15]. T. 

viride displayed moderate to high inhibition, with rates 

between 36% and 85.7%, whereas T. koningii exhibited 

lower effectiveness, achieving inhibition rates of 44% to 

53% (Uniyal & Singh, 2017) [22]. The antagonistic activity 

of Trichoderma species was assessed using dual culture 

assays (Yassin et al., 2021) [25]. 
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Table 2: Qualitative Assessment of Antagonistic Interaction between Trichoderma Species and Alternaria alternata Strains (AAS1 and 

AAS2) 
 

Trichoderma Species Interaction with AAS1 Interaction with AAS2 Observation 

Control (No  Full growth of Alternaria alternata Full growth of Alternaria alternata No inhibition 

T. viride Partial inhibition Partial inhibition Moderate antagonism 

T. harzianum Strong inhibition Strong inhibition High antagonism 

T. koningii Moderate inhibition Moderate inhibition Intermediate antagonism 

 

The control group exhibited unrestricted growth of 

Alternaria alternata, confirming that no external factors 

influenced fungal development (Table 2). Trichoderma 

harzianum displayed the most notable antagonistic effect, 

effectively inhibiting the growth of A. alternata in both 

strains (AAS1 and AAS2). In contrast, Trichoderma viride 

showed moderate inhibition, indicating some antagonistic 

properties, but was less effective than T. harzianum. 

Similarly, T. koningii also inhibited growth, albeit to a lesser 

extent than T. harzianum. This evidence suggests that T. 

harzianum is the most effective biocontrol agent against A. 

alternata among the tested Trichoderma species. The 

antagonistic potential of Trichoderma species against 

Alternaria alternata has been demonstrated in several 

studies. T. harzianum and T. viride effectively inhibited A. 

alternata growth, with T. harzianum showing slightly 

higher efficacy (Pandey, 2010; Meena et al., 2017) [18, 13]. 

Organic fractions of Trichoderma metabolites, particularly 

ethyl acetate, butanol, and n-hexane fractions from T. 

koningii, T. viride, and T. harzianum, respectively, showed 

significant suppression of A. alternata biomass (Shafique et 

al., 2019) [19]. In vitro studies using dual culture assays, 

conidial suspensions, and filtrates of T. harzianum 

demonstrated its ability to inhibit A. alternata growth and 

cause morphological abnormalities in the pathogen's 

mycelia (Gveroska and Ziberoski, 2012) [4]. These findings  

suggest that Trichoderma species have strong potential as 

biocontrol agents against A. alternata in various crops. 

 

Conclusion: The study isolated two pathogenic strains of 

Alternaria alternata from rotting pomegranate fruits and 

assessed the antifungal potential of three Trichoderma 

species using a dual culture assay. Trichoderma harzianum 

exhibited the highest antifungal activity, significantly 

inhibiting both A. alternata strains followed by T. koningii 

with moderate inhibition, and T. viride with only partial 

inhibition. These results indicate that T. harzianum is a 

promising biocontrol agent for A. alternata and suggest its 

utility in integrated disease management for pomegranates. 

Future research should focus on field evaluations, 

understanding antagonistic mechanisms, and developing 

formulations for broader application of Trichoderma-based 

strategies as sustainable alternatives to chemical fungicides. 
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