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In vitro Efficacy of Fungicides, Bio-agents, and Organic Amendments Against Sclerotium rolfsii
Causing Stem Rot of Chilli


ABSTRACT
Aims: To assess the in vitro fungitoxic and antagonistic potential of systemic fungicides, contact/combi-product fungicides, fungal and bacterial biocontrol agents, and organic amendments against Sclerotium rolfsii (Sacc.), the causal agent of stem rot of chilli.
Study Design: Completely Randomized Design (CRD).
Place and Duration of Study: Department of Plant Pathology, College of Agriculture, Latur, Maharashtra, India. The study was carried out during 2025–2026.
Methodology: The pathogen S. rolfsii was isolated from infected chilli plants showing typical collar/stem rot symptoms using the tissue isolation technique on Potato Dextrose Agar (PDA). Seven systemic fungicides (500 and 1000 ppm), seven contact and combi-product fungicides (2000 and 2500 ppm), and seven organic amendments (5% and 10%) were evaluated using the Poisoned Food Technique. Seven biocontrol agents were screened using the Dual Culture Technique.
Results: Among systemic fungicides, Propiconazole 25% EC, Tebuconazole 25.9% EC, and Hexaconazole 5% SC recorded complete mycelial growth inhibition (100.00%) across both concentrations. Among contact/combi-products, Mancozeb 75% WP, Propineb 70% WP, Azoxystrobin 18.2% + Difenoconazole 11.4% SC, Carbendazim 12% + Mancozeb 63% WP, Tebuconazole 50% + Trifloxystrobin 25% WP, and Tebuconazole 6.7% + Captan 26.9% SC caused complete growth inhibition (100.00%) at 2000 and 2500 ppm. Among bioagents, Trichoderma harzianum exhibited the highest mycelial growth inhibition (66.22%, colony diameter 30.40 mm), followed by Aspergillus niger (65.52%, 31.03 mm). Among organic amendments, Groundnut seed cake and Cotton seed cake recorded complete mycelial growth inhibition (100.00%) at 10% concentration, with average inhibitions of 92.27% and 89.46%, respectively. Conclusion: Triazole systemic fungicides, dithiocarbamate/combi-formulations, Trichoderma harzianum,
and oil cake amendments (groundnut and cotton seed cakes) exhibited superior fungitoxic and antagonistic efficacy in vitro, demonstrating strong potential for integration into eco-friendly management modules against chilli stem rot.
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1. INTRODUCTION
Chilli (Capsicum annuum L.) is an indispensable cash crop cultivated for green culinary vegetables and dried commercial spice across tropical and subtropical agro-ecosystems. Belonging to the family Solanaceae, chilli is recognized globally for its nutritional attributes (vitamins A, B, B6, and C) and bioactive principles, notably capsaicin (pungency) and capsanthin (red oleoresin). India is a primary global producer and exporter, accounting for nearly 865 thousand hectares with an annual output of 2.8 million tonnes of dry chilli (FAOSTAT, 2025–26). Among key producing states, Andhra Pradesh ranks first (240 thousandha, 1.4 million tonnes, 5,600 kg/ha), followed by Telangana, Madhya Pradesh, Karnataka, and Maharashtra.
Chilli production faces severe biological constraints from soil-borne phytopathogenic fungi, among which stem rot (collar/root rot) caused by Sclerotium rolfsii (Sacc.) has emerged as an aggressive threat. Sclerotium rolfsii is a polyphagous, soil-inhabiting, basidiomycetous necrotroph capable of infecting over 500 plant species across Solanaceae, Fabaceae, and Asteraceae families. The pathogen invades the collar and root zones near the aerobic soil interface, producing profuse white cottony mycelia and up to 93.33% under favorable warm and humid conditions. Surveys across the Marathwada tract of Maharashtra and southern states document recurring yield losses ranging from 16% to 80%. Because S. rolfsii produces persistent, mustard seed-like sclerotial survival structures that remain viable in soil for years, chemical fungicides alone often prove inadequate or uneconomical for smallholders. Developing an Integrated Disease Management (IDM) framework combining compatible synthetic molecules, fungal antagonists, and organic amendments is therefore essential. The present investigation was executed to evaluate the in vitro efficacy of chemical fungicides, biocontrol agents, and organic amendments against	Comment by HP:   No previous studies were identified.
  The rationale for selecting the treatments is not clearly justified.
  The research hypotheses are not clearly stated.	Comment by HP: Limited research gap: The introduction does not clearly identify the specific research gap or the novelty of the present study compared with previous studies on Sclerotium rolfsii management.
S. rolfsii.
2. MATERIAL AND METHODS 
2.1 Isolation and Identification of Sclerotium rolfsii
Naturally infected chilli plants exhibiting characteristic stem rot lesions and collar constriction were collected from experimental fields and farmer plots in Latur district. Tissue isolation was performed by cutting 2.5 mm pieces from the advancing margins of collar/root rot tissues, surface sterilizing them in 0.1% sodium hypochlorite (NaOCl) for 30 seconds, rinsing thrice in sterile distilled water, and aseptically plating them onto Potato Dextrose Agar (PDA) medium. Dishes were incubated in a BOD incubator at 27 ± 1°C for 5 to 7 days. Pure cultures were maintained on PDA slants via hyphal tip isolation. Diagnostic identity was confirmed via cultural growth traits and microscopic features: hyaline, septate, branched hyphae exhibiting clamp connections at right angles, and globose, smooth, brown sclerotial bodies.	Comment by HP:   Insufficient sampling information: The study does not specify the number of diseased plants or samples collected, the number of fungal isolates obtained, or the criteria used for selecting representative isolates.
  Inadequate pathogen identification: Identification of Sclerotium rolfsii relies mainly on cultural and microscopic characteristics without molecular confirmation, which may limit the accuracy of species identification.
  Incomplete methodological justification: The procedures, including the use of 0.1% NaOCl for 30 seconds and incubation at 27 ± 1°C, are not sufficiently justified or referenced, and no information is provided on experimental replication or controls during isolation and identification.
2.2 In Vitro Evaluation of Systemic, Contact, and Combi-product Fungicides
The fungitoxic efficacy of seven systemic fungicides (Propiconazole 25% EC, Carbendazim 50% WP, Thiophanate methyl 70% WP, Tebuconazole 25.9% EC, Hexaconazole 5% SC, Azoxystrobin 23% SC, and Difenoconazole 25% EC) at 500 and 1000 ppm, along with three contact (Mancozeb 75% WP, Propineb 70% WP, Copper oxychloride 50% WP) and four combi-products (Azoxystrobin 18.2% + Difenoconazole 11.4% SC, Carbendazim 12% + Mancozeb 63% WP, Tebuconazole 50% + Trifloxystrobin 25% WP, Tebuconazole 6.7% + Captan 26.9% SC) at 2000 and 2500 ppm, was evaluated using the Poisoned Food Technique (Nene and Thapliyal, 1993). Calculated quantities of fungicides based on active ingredients were thoroughly incorporated into sterilized molten PDA medium. Poured Petri dishes were centrally inoculated with 5 mm mycelial discs excised from the periphery of a 7-day-old active culture of S. rolfsii. Inverted plates were incubated at 27 ± 1°C. Unamended PDA dishes served as the untreated control. Colony diameters were measured when the control plates reached 90.00 mm.
Percent inhibition over control was calculated using Vincent's (1947) formula: I= C-T 
C	×100
where:
· I = Percent inhibition of mycelial growth
· C = Radial growth of the pathogen in the untreated control (mm)
· T = Radial growth of the pathogen in the dual culture treatment (mm)
2.3 In Vitro Evaluation of Bio-agents
Seven biocontrol agents (Trichoderma koningii, Trichoderma hamatum, Trichoderma harzianum, Trichoderma asperellum, Aspergillus niger, Bacillus subtilis, and Pseudomonas fluorescens) were screened using the Dual Culture Technique (Dennis and Webster, 1971). In 90 mm Petri dishes containing PDA, 5 mm culture discs of the test pathogen and the respective bioagent were placed equidistant and opposite each other (approximately 60 mm apart). Plates inoculated exclusively with S. rolfsii served as the control. Dishes were incubated at 27 ± 1°C until the control attained full 90.00 mm radial growth. Pathogen radial growth was recorded and percent inhibition over control calculated using the formula of Arora and Upadhyay (1978).	Comment by HP: Limited experimental details: Information on the number of replicates, experimental design, randomization, and statistical analysis is not provided, which limits the reproducibility and statistical interpretation of the results.
I= C-T 
C	×100
where:
· I = Percent inhibition of mycelial growth
· C = Radial growth of the pathogen in the untreated control (mm)
· T = Radial growth of the pathogen in the dual culture treatment (mm)
2.4 In Vitro Evaluation of Organic Amendments
Seven organic amendments (Groundnut seed cake, Cotton seed cake, Neem seed powder, Sesame seed cake, Safflower seed cake, Mustard seed cake, and Vermicompost) were evaluated at 5% and 10% concentrations using the Poisoned Food Technique. Aqueous extracts were prepared by soaking materials in sterile distilled water (1:1 w/v) for 24 hours followed by filtration through Whatman filter paper. Extracts were incorporated into double-strength PDA, poured into dishes, centrally inoculated with 5 mm discs of S. rolfsii, and incubated at 27 ± 1°C. Mycelial diameter was recorded and percent inhibition computed relative to plain PDA control plates.	Comment by HP: Incomplete experimental details: The number of replicates, experimental design, randomization, and statistical analysis are not clearly described, limiting the reproducibility and validity of the results.
Percent inhibition over control was calculated using Vincent's (1947) formula: I= C-T 
C	×100
where:
· I = Percent inhibition of mycelial growth
· C = Radial growth of the pathogen in the untreated control (mm)
· T = Radial growth of the pathogen in the dual culture treatment (mm)
2.5 Statistical Analysis
All experiments were laid out in a Completely Randomized Design (CRD) with three replications. Data on percent growth inhibition were transformed into arcsine values prior to analysis of variance (Panse and Sukhatme, 1978). Standard Error of mean (S.E. ±) and Critical Difference (C.D.) values at a 1% level of significance (P = 0.01) were worked out.
3. RESULTS AND DISCUSSION
3.1 In vitro Efficacy of Systemic Fungicides Against Sclerotium rolfsii
All seven systemic fungicides significantly suppressed the mycelial proliferation of S. rolfsii compared to the control (P = 0.01) (Table 1). At 500 ppm, complete mycelial inhibition (100.00%, 0.00 mm growth) was produced by Propiconazole 25% EC, Tebuconazole 25.9% EC, and Hexaconazole 5% SC. Difenoconazole 25% EC and Azoxystrobin 23% SC gave 86.00% (12.60 mm) and 81.63% (16.53 mm) inhibition,
respectively. Conversely, Carbendazim 50% WP (18.56%, 73.29 mm) and Thiophanate methyl 70% WP
(16.73%, 74.94 mm) showed poor efficacy. At 1000 ppm, Difenoconazole 25% EC also reached 100.00% inhibition, joining Propiconazole, Tebuconazole, and Hexaconazole. Azoxystrobin 23% SC reached 85.93% inhibition.	Comment by HP:   Insufficient statistical reporting: Although significant differences are reported (P = 0.01), the results do not provide the experimental replication, statistical test used, standard errors or critical differences, making it difficult to assess the reliability and magnitude of the observed differences.
  Limited discussion of the findings: The section mainly presents numerical results without adequately explaining the possible reasons for the differences in fungicide efficacy or comparing the findings with previous studies.
The pooled mean performance across concentrations showed absolute fungitoxicity (100.00% inhibition) with Propiconazole 25% EC, Tebuconazole 25.9% EC, and Hexaconazole 5% SC, followed by Difenoconazole 25% EC (93.00%) and Azoxystrobin 23% SC (83.78%). Carbendazim 50% WP (20.03%) and Thiophanate methyl 70% WP (18.23%) were the least effective.
Plate1: In vitro efficacy of systemic fungicides against Sclerotium rolfsii causing stem rot of chilli
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Table 1. In vitro efficacy of systemic fungicides against Sclerotium rolfsii causing stem rot of chilli

	Tr.
No.
	Treatments
	Mean Colony Diam (mm) at ppm
	Avg. (mm)
	% Inhibition over control
	Avg. % inhibition

	
	
	500
	1000
	
	500
	1000
	

	T1
	Propiconazole 25% EC
	00.00
	00.00
	00.00
	100.00
	100.00
	100.00

	T2
	Carbendazim 50% WP
	73.29
	70.65
	71.97
	18.56
	21.5
	20.03

	T3
	Thiophanate methyl
70% WP
	74.94
	72.23
	73.58
	16.73
	19.74
	18.23

	T4
	Tebuconazole 25.9%
EC
	00.00
	00.00
	00.00
	100.00
	100.00
	100.00

	T5
	Hexaconazole 5% SC
	00.00
	00.00
	00.00
	100.00
	100.00
	100.00

	T6
	Azoxystrobin 23% SC
	16.53
	12.66
	14.59
	81.63
	85.93
	83.78

	T7
	Difeconazole 25% EC
	12.60
	00.00
	06.30
	86.00
	100.00
	93.00

	T8
	Control (untreated)
	90.00
	90.00
	90.00
	-
	-
	-

	
	S.E. ±
	0.45
	0.52
	-
	-
	-
	-

	
	C.D. at 1%
	1.89
	2.16
	-
	-
	-
	-























Fig 1: . In vitro efficacy of systemic fungicides against Sclerotium rolfsii causing stem rot of chilli500	1000	Avg. % inhibition
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The strong fungitoxicity of triazole molecules (demethylation inhibitors disrupting ergosterol synthesis) aligns with findings by Bhat and Srivastava (2003) and Sahana et al. (2020), who reported complete S. rolfsii arrest with Hexaconazole, Propiconazole, and Difenoconazole. Similar high efficacy of Tebuconazole

25.9% EC against chilli dry root rot was documented by Madhavi and Bhattiprolu (2011). The inefficacy of benzimidazoles (Carbendazim and Thiophanate methyl) mirrors observations by Sharma and Dhruj (2018), who noted widespread tolerance to Carbendazim across Indian isolates of S. rolfsii.


3.2 In vitro Efficacy of Contact and Combi-product Fungicides Against Sclerotium rolfsii Six of the seven evaluated contact/combi-product formulations were Mancozeb 75% WP, Propineb 70% WP, Azoxystrobin 18.2% + Difenoconazole 11.4% SC, Carbendazim 12% + Mancozeb 63% WP, Tebuconazole 50% + Trifloxystrobin 25% WP, and Tebuconazole 6.7% + Captan 26.9% SC, completely inhibited mycelial growth (100.00%, 0.00 mm) at both 2000 and 2500 ppm (Table 2). Copper oxychloride
50% WP was significantly less effective, recording 41.43% (52.71 mm) and 54.05% (41.35 mm) inhibition at 2000 and 2500 ppm, respectively, with an overall mean inhibition of 47.74%.
Plate2: In vitro Efficacy of Contact and Combi-product Fungicides Against Sclerotium rolfsii
[image: ][image: ]

	[image: ]T5

Table 2: In vitro efficacy of contact-combi fungicides against Sclerotium rolfsii causing stem rot of chilli

	Tr.
No.
	Treatments
	Mean Colony Diam (mm) at ppm
	Avg. (mm)
	% Inhibition over control
	Avg. % inhibition

	
	
	2000
	2500
	
	2000
	2500
	

	T1
	Mancozeb 75% WP
	00.00
	00.00
	00.00
	100.00
	100.00
	100.00

	T2
	Propineb 70% WP
	00.00
	00.00
	00.00
	100.00
	100.00
	100.00

	T3
	Copper oxychloride
50% WP
	52.71
	41.35
	47.03
	41.43
	54.05
	47.74

	T4
	Azoxystrobin 18.2% +
Difeoconazole 11.4% SC
	00.00
	00.00
	00.00
	100.00
	100.00
	100.00

	T5
	Carbendazim 12 % +
Mancozeb 63 % WP
	00.00
	00.00
	00.00
	100.00
	100.00
	100.00

	T6
	Tebuconazole 50% +
Trifloxystrobin 25% WP
	00.00
	00.00
	00.00
	100.00
	100 .00
	100.00

	T7
	Tebuconazole 6.7% +
	00.00
	00.00
	00.00
	100.00
	100.00
	100.00



	
	Captan 26.9% SC
	
	
	
	
	
	

	T8
	Control (untreated)
	90.00
	90.00
	90.00
	-
	-
	-

	
	S.E. ±
	0.39
	0.33
	-
	-
	-
	-

	
	C.D. at 1%
	1.64
	1.35
	-
	-
	-
	-


















Fig 2: : In vitro efficacy of contact-combi fungicides against Sclerotium rolfsii causing stem rot of chilli2000	2500	Avg. % inhibition
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These results match Purane et al. (2017) and Madhavi and Bhattiprolu (2011), who documented superior suppression of chilli collar rot by Mancozeb, Propineb, and Carbendazim + Mancozeb, whereas inorganic copper salts yielded poor inhibition. Dual-action formulations (triazoles combined with strobilurins or phthalimides) offer multi-site protection and mitigate fungicide resistance risks.
3.3 In vitro Efficacy of Biocontrol Agents Against Sclerotium rolfsii
All seven bioagents significantly restricted the radial mycelium of S. rolfsii relative to the control (90.00 mm) (P = 0.01) (Table 3). Trichoderma harzianum recorded the highest growth suppression (66.22% inhibition, 30.40 mm colony diameter), closely followed by Aspergillus niger (65.52%, 31.03 mm). The other Trichoderma species showed moderate antagonistic activity: T. koningii (61.41%, 34.73 mm), T. asperellum (60.63%, 35.43 mm), and T. hamatum (59.66%, 36.30 mm). Bacterial bioagents were less suppressive: Pseudomonas fluorescens gave 46.60% inhibition (48.06 mm) and Bacillus subtilis recorded 44.15% (50.26 mm).
Plate 3: In vitro Efficacy of Biocontrol Agents Against Sclerotium rolfsii


Table 3. In vitro efficacy of bioagents against Sclerotium rolfsii causing stem rot of chilli

	Tr.
No.
	Treatments
	Mean Colony Diameter Of Pathogen (mm)
	% Inhibition over control

	T1
	Trichoderma koningii
	34.73
	61.41



	
	
	
	

	T2
	Trichoderma hamatum
	36.30
	59.66

	T3
	Trichoderma harzianum
	30.40
	66.22

	T4
	Trichoderma asperellum
	35.43
	60.63

	T5
	Aspergillus niger
	31.03
	65.52

	T6
	Bacillus subtilis
	50.26
	44.15

	T7
	Pseudomons fluorescens
	48.06
	46.60

	T8
	Control (untreated)
	90.00
	-

	
	S.E. ±
	0.56
	-

	
	C.D. at 1%
	2.34
	-
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The antagonistic superiority of T. harzianum is driven by rapid spatial competition, mycoparasitic coiling, and secretion of cell-wall lytic enzymes and antifungal peptaibols. Similar trends were reported by Dutta and Das (2002) and Aljabali et al. (2025), who documented T. harzianum as the most potent antagonist against S. rolfsii. Karande et al. (2025) similarly observed substantial collar rot suppression in chilli with T. asperellum and A. niger.Mean Colony Diameter & Per Cent Inhibition

3.4 In vitro Efficacy of Organic Amendments Against Sclerotium rolfsii
Aqueous extracts of the seven organic amendments showed concentration-dependent fungitoxicity against
S. rolfsii (Table 4). At 5%, radial growth was least with Groundnut seed cake (13.90 mm, 84.55% inhibition), followed by Sesame seed cake (18.53 mm, 79.41%), Cotton seed cake (18.96 mm, 78.93%), and Safflower seed cake (25.83 mm, 71.30%). At 10%, Groundnut seed cake and Cotton seed cake achieved complete mycelial arrest (100.00%, 0.00 mm), followed by Sesame seed cake (85.55%, 13.00 mm) and Safflower

seed cake (81.93%, 16.26 mm). Vermicompost (11.30% avg. inhibition), Mustard seed cake (19.27%), and Neem seed powder (21.46%) were less inhibitory.







@ 5% Conc.
@ 10% Conc.



Table 4: In vitro efficacy of Organic amendments against Sclerotium rolfsii causing stem rot of chilli

	Tr.
No.
	Treatments
	Mean Colony Diam (mm) at Conc.
	Avg. (mm)
	% Inhibition over control
	Avg. % inhibition

	
	
	5%
	10%
	
	5%
	10%
	

	T1
	Groundnut seed cake
	13.90
	00.00
	6.95
	84.55
	100.00
	92.27

	T2
	Cotton seed cake
	18.96
	00.00
	9.48
	78.93
	100.00
	89.46

	T3
	Neem seed powder
	77.60
	63.75
	70.67
	13.77
	29.16
	21.46

	T4
	Sesame seeed cake
	18.53
	13.00
	15.76
	79.41
	85.55
	82.48

	T5
	Safflower seed cake
	25.83
	16.26
	42.09
	71.30
	81.93
	76.61

	T6
	Mustard seed cake
	79.80
	65.50
	72.65
	11.33
	27.22
	19.27

	T7
	Vermicompost
	82.50
	77.15
	79.82
	8.33
	14.27
	11.30

	T8
	Control (Untreated)
	90.00
	90.00
	90.00
	-
	-
	-

	
	S.E. ±
	0.58
	0.26
	-
	-
	-
	-

	
	C.D. at 1%
	2.40
	1.07
	-
	-
	-
	-


Fig 4. In vitro efficacy of Organic amendments against Sclerotium rolfsii causing stem rot of chilli
















These results are consistent with Vineela et al. (2020), who recorded 100% S. rolfsii inhibition with groundnut cake extract, and Pawar et al. (2014), who observed significant mortality reductions in S. rolfsii infested soils treated with oil cakes. The strong antifungal activity of oil cake extracts is attributed to the release of phenolic volatiles, organic acids, fatty acid metabolites, and sulfur compounds upon decomposition that disrupt sclerotial and hyphal membranes.5%	10%	Avg. % inhibition
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4. CONCLUSION
The in vitro study established the fungitoxic and antagonistic superiority of triazole systemic fungicides, dithiocarbamate and combi-fungicides, Trichoderma harzianum, and oil cakes against Sclerotium rolfsii. Propiconazole 25% EC, Tebuconazole 25.9% EC, Hexaconazole 5% SC, Mancozeb 75% WP, and Propineb 70% WP completely inhibited pathogen mycelial growth. Trichoderma harzianum was the most effective biological antagonist (66.22% inhibition), and Groundnut seed cake achieved complete fungal suppression at 10% concentration. These treatments provide promising components for formulating integrated disease management (IDM) modules against chilli stem rot.	Comment by HP: Lack of practical recommendations and limitations: The conclusion does not clearly acknowledge the main limitations of the study or provide specific recommendations for subsequent greenhouse and field validation before practical IDM adoption.
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