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Overall recommendation: Major revision. Correct the numerical inconsistencies in Table 1, complete the statistical methodology, clarify isolate identification and experimental details, and standardize language, citations, and references.

In Vitro Antagonistic Efficacy of Trichoderma viride Culture Filtrates Against Sclerotium rolfsii Sacc., the Causal Agent of Groundnut Stem Rot
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ABSTRACT 
Groundnut (Arachis hypogaea L.) is an important oilseed crop, but its productivity is affected by stem rot caused by Sclerotium rolfsii Sacc. Biological control using antagonistic fungi offers a potential approach for reducing dependence on chemical disease management. The present study evaluated the in vitro inhibitory activity of cell-free culture filtrates from ten native isolates of Trichoderma viride against S. rolfsii. The pathogen was isolated from infected groundnut stem tissues and identified based on colony morphology and sclerotial characteristics. T. viride isolates were obtained from rhizosphere soil samples and maintained as Tv1 to Tv10. Culture filtrates were prepared from 10-day-old potato dextrose broth cultures and incorporated into potato dextrose agar at 10%, 20%, 30% and 40% concentrations using the poisoned food technique. All isolates reduced radial mycelial growth of S. rolfsii compared with the control, and inhibition generally increased with filtrate concentration. Among the isolates tested, Tv4 showed the greatest inhibitory effect, restricting pathogen growth to 27.79 mm, 19.56 mm, 12.26 mm and 0.00 mm at 10%, 20%, 30% and 40% concentrations, respectively. Complete inhibition was observed with Tv4 at 40% concentration. Tv6, Tv7 and Tv8 also showed high inhibition at the highest concentration. These results indicate that T. viride culture filtrates can suppress S. rolfsii growth under in vitro conditions.
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1. INTRODUCTION 

Groundnut (Arachis hypogaea L.), frequently termed the "poor man's nut," serves as a crucial source of vegetable protein and edible oil globally (Parmar et al. 2022). In agricultural economies such as India, rapid demographic growth has substantially heightened market demand (Kadiyala et al. 2021). Nevertheless, realization of optimal yield potential is frequently hampered by an array of biotic and abiotic constraints. Soil-borne fungal epidemics, particularly stem rot incited by Sclerotium rolfsii Sacc., represent major yield-limiting factors in both rainfed and irrigated production systems (Meena et al. 2024).
Please revise the introductory paragraph for conciseness and improve the statement on market demand. The rationale for the present study should be linked more explicitly to the need for biological management of groundnut stem rot.
Because S. rolfsii forms resilient sclerotia capable of surviving extended periods in the soil matrix, conventional chemical interventions often prove economically inefficient and ecologically undesirable (Biswas et al. 2026). Consequently, contemporary plant protection paradigms focus on sustainable biological control methods. Antagonistic fungi belonging to the genus Trichoderma have demonstrated broad-spectrum biocontrol activity against numerous soil-borne, foliar, and post-harvest phytopathogens (Hossain et al. 2025). Their antagonistic modes of action encompass mycoparasitism, competitive exclusion, induction of systemic resistance, and the biosynthesis of volatile and non-volatile fungistatic compounds (Manathunga et al. 2024).
Recent evidence indicates that antagonistic performance against S. rolfsii is strongly isolate dependent rather than uniform across the genus Trichoderma. In a groundnut-associated pathosystem, substantial variation among Trichoderma isolates was linked with differences in secreted antifungal constituents, whereas another multi-isolate study found that only subsets of Trichoderma strains produced volatile or non-volatile metabolites capable of suppressing S. rolfsii (Hirpara et al., 2016; Montalvão et al., 2023).
Please standardize citation formatting throughout the manuscript. Use one consistent author–year citation style.
This functional heterogeneity is biologically plausible because Trichoderma secondary metabolism encompasses diverse metabolite classes and is regulated by species, strain, and environmental context; consequently, screening locally adapted isolates and their extracellular products is necessary before selecting candidates for further development (Zeilinger et al., 2016).
The primary objective of this investigation was to isolate native T. viride strains from the groundnut rhizosphere and systematically evaluate the in vitro inhibitory potential of their cell-free culture filtrates against S. rolfsii.
2. MATERIAL AND METHODS 
2.1 Isolation and Identification of the Pathogen (Sclerotium rolfsii)
Groundnut specimens exhibiting characteristic stem rot lesions were collected from field plots. Small tissue segments (2–3 mm) excised from the advancing margins of infected stems were surface-sterilized using a 0.1% sodium hypochlorite (NaOCl) solution for 30 seconds. The segments were thoroughly rinsed in three successive changes of sterile distilled water and placed onto Potato Dextrose Agar (PDA) plates. The culture plates were incubated at 28°C for 5 days. Fungal cultures were purified using the single hyphal tip technique. Pathogen identification as Sclerotium rolfsii Sacc. was confirmed through characteristic macroscopic colony features and sclerotial arrangement.
Please provide the location, sampling period, number of samples collected, and criteria for selecting representative isolates. Clarify the basis for identification of S. rolfsii and provide molecular confirmation if available.
2.2 Isolation and Maintenance of Antagonistic Trichoderma viride
Rhizosphere soil samples were collected from healthy groundnut fields. Strains of T. viride were isolated via the serial dilution plate technique on Trichoderma Selective Medium (TSM) as described by Aseel et al. (2023). Isolates were purified via single hyphal tip propagation and verified taxonomically using standard identification (Kharkwal et al. 2024; Balamurugan et al. 2025b). Ten distinct isolates (designated Tv1 through Tv10) were maintained on PDA slants at 4°C for further experimentation.
Please provide the sampling location, sampling depth, number of soil samples, and criteria used to obtain the ten T. viride isolates. Describe the taxonomic identification procedure more clearly.
2.3 Extraction of Cell-Free Culture Filtrates
Mycelial discs (7 mm diameter) obtained from the active growing margins of each T. viride isolate were inoculated into 250 mL Erlenmeyer flasks containing 50 mL of sterile Potato Dextrose Broth (PDB). The flasks were incubated at room temperature (28°C) for 10 days. The fungal culture was subsequently filtered through Whatman No. 1 filter paper, followed by sterilization through a 0.22 µm membrane filter to obtain cell-free culture filtrates.
Please clarify whether the culture filtrates were tested for sterility after 0.22 µm filtration and whether they were used immediately or stored. Provide sufficient culture conditions for reproducibility.
2.4 In Vitro Antifungal Assay (Poisoned Food Technique)
The inhibitory activity of T. viride culture filtrates was determined following the procedure outlined by Chandra (2024). Requisite volumes of culture filtrate were incorporated into molten PDA to yield final concentration gradients of 10%, 20%, 30%, and 40% (v/v). The amended media were poured into sterile Petri plates and allowed to solidify.
Please specify the exact volumes of culture filtrate and PDA used to obtain 10%, 20%, 30%, and 40% (v/v) final concentrations.
A 7 mm mycelial plug taken from a 4-day-old active culture of S. rolfsii was inoculated into the center of each plate. Unamended PDA plates inoculated with the pathogen served as the control group. All treatment plates were incubated at 28°C until mycelial growth in the control plates completely filled the Petri dish (90 mm). The percentage inhibition of mycelial growth was calculated using the equation:
Antifungal activity % = Dc- Ds /Dc × 100
Please correct the equation formatting to: Inhibition (%) = [(Dc − Ds) / Dc] × 100. Define Dc and Ds using complete sentences.
Where Dc is the diameter of growth in control plate
 Ds is the diameter of growth in the plate containing culture filtrate.
2.5 Statistical Analysis
The laboratory experiments were laid out in a Completely Randomized Design (CRD) with three replications per treatment. Data were subjected to analysis of variance (ANOVA), and mean Dhar et al. (2025).
The statistical-analysis section is incomplete. Please state the statistical software, ANOVA model, significance level, and post-hoc test. The phrase “and mean Dhar et al. (2025)” is incomplete/erroneous and should be corrected or removed.
3. results and discussion
Please capitalize the section heading consistently as “3. RESULTS AND DISCUSSION”.

The antagonistic potential of cell-free culture filtrates from ten T. viride isolates against S. rolfsii was evaluated using the poisoned food assay. As detailed in Table 1, all tested culture filtrates exhibited significant growth suppression compared to the control (p < 0.05), with the degree of inhibition demonstrating a clear positive correlation with filtrate concentration.
Please verify the statement that all treatments showed significant suppression after rechecking the ANOVA and multiple-comparison results. If a correlation with concentration is claimed, provide the correlation coefficient/statistical test or use “inhibition generally increased with concentration.”
Table 1. Bio-efficacy of T. viride culture filtrates against radial mycelial growth of S. rolfsii in vitro.
	Isolate ID
	10% Concentration
	20% Concentration
	30% Concentration
	40% Concentration

	
	Growth (mm)
	Inhibition (%)
	Growth (mm)
	Inhibition (%)
	Growth (mm)
	Inhibition (%)
	Growth (mm)
	Inhibition (%)

	Tv1
	39.38d
	56.24
	30.87e
	65.70
	22.86e
	74.60
	3.98e
	95.57

	Tv2
	43.32a
	51.86
	37.33b
	58.52
	26.52b
	70.53
	7.23b
	91.96

	Tv3
	34.28f
	61.91
	29.89f
	66.80
	20.39f
	77.34
	3.56f
	96.04

	Tv4
	27.79j
	69.12
	19.56j
	78.26
	12.26j
	86.37
	0.00j
	100

	Tv5
	36.86e
	47.93
	39.28a
	56.35
	28.89a
	67.90
	9.00a
	90

	Tv6
	30.54i
	66.06
	21.21i
	76.43
	14.25i
	84.16
	1.23i
	98.63

	Tv7
	33.39g
	62.90
	25.86g
	71.26
	19.33g
	78.52
	1.78g
	98.02

	Tv8
	32.25h
	64.16
	23.52h
	73.86
	17.49h
	80.56
	1.60h
	98.22

	Tv9
	40.69c
	54.78
	32.53d
	3.85
	23.56d
	73.82
	5.26d
	94.15

	Tv10
	42.23b
	53.07
	34.39c
	61.78
	25.59c
	71.56
	6.79c
	92.45

	Control
Table 1 requires complete numerical verification. Using the stated formula and a 90 mm control, Tv5 at 10% (36.86 mm) corresponds to 59.04% inhibition, not 47.93%; Tv9 at 20% (32.53 mm) corresponds to 63.86%, not 3.85%. Please recalculate all inhibition percentages and recheck the statistical superscripts.
	90.00
	-
	90.00
	-
	90.00
	-
	90.00
	-


* Values represent the mean of three independent replications.
* Means followed by identical superscript letters within a column do not differ significantly at p ≤ 0.05 according to Duncan's Multiple Range Test (DMRT).
Among all evaluated isolates, Tv4 demonstrated the highest antifungal potency across all tested dosages. At a 10% culture filtrate concentration, Tv4 restricted fungal growth to 27.79 mm (69.12% inhibition). Complete growth suppression (0.00 mm growth; 100% inhibition) was achieved when the filtrate concentration was raised to 40%. Isolates Tv6, Tv8, and Tv7 also exhibited high inhibitory effectiveness, achieving over 98% mycelial growth suppression at the 40% concentration mark.
Please revise the Results after correcting all inhibition percentages in Table 1. The numerical values in the text must exactly match the corrected table.
These findings align with previous studies by Abdelmoteleb et al. (2023), who observed substantial pathogen suppression using cell-free filtrates of Trichoderma species against soil-borne organisms such as Rhizoctonia solani and S. rolfsii. The fungicidal efficacy of Trichoderma culture filtrates is driven by the production of non-volatile antibiotic metabolites (including viridin, trichodermin, and gliotoxin) as well as extracellular lytic enzymes (such as chitinases and beta-1,3-glucanases) capable of degrading the structural integrity of target fungal cell walls (Sarrocco et al. 2022; Balamurugan et al. 2025a).
Please distinguish mechanisms demonstrated in the present experiment from mechanisms reported in previous studies. Enzymes and secondary metabolites were not measured in this study.
REVIEWER CORRECTION: Please use “antifungal” or “growth-inhibitory” rather than “fungicidal” unless loss of pathogen viability has been experimentally demonstrated.

The strong separation among Tv4, Tv6, Tv8, and the less inhibitory isolates is consistent with reports that antifungal activity of Trichoderma-derived metabolites can be markedly isolate specific. Culture-filtrate studies have shown variable inhibition of S. rolfsii among T. afroharzianum isolates, and screening of multiple Trichoderma isolates likewise demonstrated that metabolite-mediated suppression of S. rolfsii is not uniformly expressed across strains (Marques et al., 2022; Montalvão et al., 2023). Accordingly, the superior activity of Tv4 should be interpreted as an isolate-level phenotype under the present assay conditions rather than as a general property of T. viride.
Please ensure that claims of statistical separation are supported by the corrected DMRT analysis and superscript letters in Table 1.
The concentration-dependent response also supports a role for diffusible extracellular factors. In T. harzianum, inhibition of S. rolfsii by culture filtrate has been correlated experimentally with extracellular chitinase and β-1,3-glucanase activity, while work with groundnut-associated Trichoderma isolates has linked antagonistic performance with secreted antifungal constituents (El-Katatny et al., 2001; Hirpara et al., 2016). However, because the present study did not quantify hydrolytic enzymes or chemically profile the filtrates, the specific compounds responsible for the observed inhibition cannot be assigned from the growth assay alone.
Please state that the concentration-dependent inhibition is consistent with diffusible inhibitory factors rather than claiming a specific mechanism that was not experimentally measured.
More broadly, Trichoderma can deploy soluble secondary metabolites, volatile compounds, and direct mycoparasitic interactions, and the relative contribution of these mechanisms varies among strains and experimental systems (Chan et al., 2023; Zeilinger et al., 2016). The complete in vitro suppression observed with Tv4 at 40% therefore provides a rational basis for prioritizing this isolate for metabolite profiling and greenhouse validation, but it does not by itself establish field efficacy.
4. Conclusion

The study demonstrated that cell-free culture filtrates of native Trichoderma viride isolates inhibited the in vitro growth of Sclerotium rolfsii, the causal agent of groundnut stem rot. Inhibition increased with filtrate concentration across most isolates. Among the ten isolates evaluated, Tv4 was the most effective, producing complete suppression of pathogen growth at 40% culture filtrate concentration. Tv6, Tv7 and Tv8 also showed strong inhibitory activity at the same concentration. These findings suggest that Tv4 may be considered for further evaluation as a potential biocontrol candidate. However, the present results are limited to an in vitro poisoned food assay, and further studies are required under greenhouse and field conditions before practical recommendations can be made.
Please retain the limitation that the study is restricted to an in vitro assay. Avoid implying field-level efficacy until greenhouse and field validation are completed.
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