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Abstract— Wilt caused by Fusarium oxysporum f. sp. cucumerinum is a serious soil-borne disease of cucumber (Cucumis 

sativus L.) that causes major yield losses, particularly under continuous cultivation. A survey conducted in the Coimbatore 

region during 2024–2025 revealed wide variation in wilt incidence across locations, ranging from 4.70 to 80.13%. Four 

integrated disease management (IDM) modules were evaluated under field conditions during 2025 and 2026. Among them, 

Module 2, comprising soil application and seed treatment with a Trichoderma asperellum + Bacillus subtilis consortium and 

soil drenching with B. subtilis along with clove oil EC formulation (0.1%), recorded the lowest wilt incidence and the highest 

yield in both years. In 2025, Module 2 recorded 7.72% wilt incidence at 75 days after sowing (DAS), a yield of 9.00 t/ha and 

a B:C ratio of 2.92; and in 2026 the corresponding values were 15.40%, 9.32 t/ha and 2.95. Pooled analysis confirmed Module 

2 as the best treatment (11.60% wilt incidence, 9.20 t/ha yield and B:C ratio of 2.90) compared with 47.30% wilt incidence 

and 5.90 t/ha yield in the untreated control. The study showed that a bio-intensive IDM module can manage cucumber wilt 

effectively under field conditions and is an eco-friendlier alternative to sole dependence on chemicals. 

Keywords— Cucumis sativus, wilt disease, Fusarium, integrated disease management, clove oil, carbendazim, biological 
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I. INTRODUCTION 

Cucumber (Cucumis sativus L.) is an important vegetable crop cultivated widely for its economic and nutritional value, but its 

productivity is constrained by several fungal, bacterial, and viral diseases (Brar et al., 2025; Yang et al., 2024; Ta et al., 2024; 

Daunde et al., 2020). Among these, wilt disease is one of the most destructive problems in cucumber production and is 

commonly associated with Fusarium oxysporum f. sp. cucumerinum, although other Fusarium species can also be involved in 

some production systems (Brar et al., 2025; Din et al., 2020). The pathogen is soil-borne, spreads through infested soil and 

water, infects plants at different growth stages, colonizes vascular tissues and produces symptoms such as damping-off, 

yellowing of older leaves, vascular browning, wilting and eventual plant death (Din et al., 2020; Sharma & Shukla, 2021). 

Wilt incidence can be severe under continuous cropping and favorable environmental conditions, with reported yield losses 

commonly ranging from 10% to 70% and reaching 80% or more in severe infestations (Sharma & Shukla, 2021; Zhu et al., 

2024; Yang et al., 2024; Luo et al., 2026). The persistence of chlamydospores in soil for many years and the imbalance of 

rhizosphere microbial communities contribute to recurring outbreaks and make management difficult (Haridasan & Sajeena, 

2025; Yang et al., 2024; Yu et al., 2024). Conventional control measures such as fungicides, crop rotation, resistant rootstocks, 

and grafting provide partial relief, but their performance is often limited by environmental concerns, resistance development, 

unstable host resistance, cost, or operational difficulty (Haridasan & Sajeena, 2025; Brar et al., 2025; Yang et al., 2024; Yu et 

al., 2024). 

For these reasons, integrated disease management has emerged as a more durable strategy for soil-borne diseases because it 

combines complementary approaches rather than relying on a single tactic (Haridasan & Sajeena, 2025; Mahmood et al., 2023; 

Daunde et al., 2020). Biological control agents such as Trichoderma, Bacillus, Pseudomonas, and Streptomyces suppress 
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Fusarium through antagonism, rhizosphere colonization, nutrient competition, and induction of plant defense responses (Wang 

et al., 2021; Zhu et al., 2024). Several studies have shown that combined microbial treatments reduce wilt incidence more 

effectively than single agents and also improve plant growth and yield (Singh & Balodi, 2021; Wang et al., 2021; Waris et al., 

2025; Ta et al., 2024). 

Botanicals and other eco-compatible inputs can further strengthen disease suppression within IDM systems. Neem-based 

products, clove oil formulations, silicon, salicylic acid, and other natural or low-risk compounds have been reported to reduce 

disease severity or enhance host resistance while lowering sole dependence on conventional chemicals (Dey et al., 2025; Yu 

et al., 2024; Sun et al., 2022; Hussein, 2016). Recent evidence also indicates that integrated modules can improve soil biological 

activity, microbial balance, and plant physiological resilience in addition to disease control (Luo et al., 2026; Yang et al., 2024; 

Sun et al., 2022; Tang et al., 2020). 

Under these conditions, location-specific evaluation of IDM modules is necessary before recommendation to farmers. The 

present study was therefore undertaken to survey the occurrence of wilt disease in cucumber-growing areas of Coimbatore and 

to evaluate different IDM modules for suppressing wilt incidence and improving yield and benefit-cost ratio under field 

conditions. 

II. MATERIALS AND METHODS 

The study comprised two components: a regional survey on cucumber wilt occurrence in Coimbatore and a field experiment 

to evaluate IDM modules under natural disease pressure. 

2.1 Survey of wilt incidence 

Surveys were conducted in major cucumber-growing locations of the Coimbatore region during 2024 and 2025. At each 

location, wilt incidence was recorded as percent incidence (PI), along with variety, month of survey, and geo-coordinates. 

Disease surveys are widely used to establish local prevalence and management need in cucumber wilt pathosystems (Din et 

al., 2020). 

2.2 Experimental site and design 

The field experiment was conducted during 2025 and 2026 in a randomized block design with four treatments and three 

replications. Similar IDM evaluations in cucumber have commonly used randomized or complete randomized block designs 

for field assessment of disease incidence and yield (Dey et al., 2025). 

2.3 IDM treatments 

The following four treatments were evaluated (Table 1). The treatment structure was based on the principle that combining 

cultural sanitation, biological seed or soil application, and targeted root-zone treatment can improve wilt suppression compared 

with single-method management (Haridasan & Sajeena, 2025; Singh & Balodi, 2021; Mahmood et al., 2023; Mouhsan, 2026). 

TABLE 1 

INTEGRATED DISEASE MANAGEMENT (IDM) MODULES EVALUATED AGAINST CUCUMBER WILT 

Module Components 

Module 1 

Field sanitation and use of drip irrigation; seed treatment with carbendazim @ 2 g/kg seed; soil 

drenching with consortia of Trichoderma asperellum + Bacillus subtilis @ 0.1% in the root zone at 

the time of earthing up 

Module 2 

Soil application of consortia of Trichoderma asperellum + Bacillus subtilis @ 2.5 kg/ha; seed 

treatment with the consortia @ 10 g/kg seed; soil drenching with Bacillus subtilis along with clove 

oil EC formulation 0.1% in the root zone at the time of earthing up 

Module 3 
Field sanitation and use of drip irrigation; seed treatment with carbendazim @ 2 g/kg seed; soil 

drenching with carbendazim @ 0.1% in the root zone at the time of earthing up 

Module 4 (Control) No treatment 

 

2.4 Crop protection operations 

Seed treatment was imposed before sowing according to the treatment schedule. Soil application or root-zone drenching was 

carried out at the time of earthing up. Similar studies have used seed treatment, root dipping, root irrigation, or soil drenching 
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to deliver biological and chemical treatments against cucumber wilt pathogens (Brar et al., 2025; Waris et al., 2025; Luo et al., 

2026). 

2.5 Observations recorded 

Wilt incidence was recorded at 25, 50, and 75 days after sowing (DAS), and fruit yield was recorded at harvest. Disease 

incidence in cucumber wilt study is typically assessed as the percentage of infected plants, and disease severity can also be 

graded on 0–4 scales where required (Wang et al., 2021; Zhu et al., 2024; Ta et al., 2024). Benefit-cost ratio was calculated 

for each treatment to assess economic feasibility, since economic return is a key endpoint in IDM evaluation (Sarkar et al., 

2025). 

2.6 Statistical analysis 

The recorded data were subjected to analysis of variance, and treatment means were compared using the critical difference at 

the 5% probability level. Similar cucumber IDM studies have analyzed treatment effects using ANOVA and mean comparison 

procedures (Dey et al., 2025; Mahmood et al., 2023; Ta et al., 2024). 

III. RESULTS 

3.1 Survey on the occurrence of wilt in cucumber 

Wilt incidence recorded at 14 locations in the Coimbatore region during 2024 ranged from 9.20 to 80.13% (Table 2). In the 

subsequent survey, incidence across seven locations ranged from 4.70 to 62.11% (Table 3). 

TABLE 2 

OCCURRENCE OF WILT DISEASE IN CUCUMBER IN THE COIMBATORE REGION DURING 2024 

S. No Variety Latitude Longitude Month PI (%) Location 

1 Local 11.017942 77.128062 January 29.12 Sulur, Coimbatore 

2 Local 10.857987 76.855707 January 31.25 Navakarai, Coimbatore 

3 Local 10.85792 76.85575 January 42.50 Ettimadai, Coimbatore 

4 Local 11.0152 76.9326 January 78.35 TNAU, Coimbatore 

5 Amaravathi 10.963016 76.845199 March 73.16 Thenkarai, Thondamuthur 

6 Local 11.082173 76.883895 March 23.19 Seeranaikenpalayam, Coimbatore 

7 Amaravathi 10.8324 77.081831 June 74.67 Kinathukadavu, Coimbatore 

8 Local 10.859284 76.855732 July 32.12 Madhukarai, Coimbatore 

9 Local 11.0134 76.9536 August 9.20 TNAU, Coimbatore 

10 Local 11.0146 76.9324 October 78.34 TNAU, Coimbatore 

11 Local 11.082173 76.883895 November 17.14 Seeranaikenpalayam, Coimbatore 

12 Local 10.683531 77.048088 December 23.10 Raasakapalayam, Sattakal Pudur, Coimbatore 

13 Local 10.820911 76.929427 December 80.13 Coimbatore 

14 Local 10.943696 76.79056 December 10.11 Thondamuthur, Coimbatore 

 

TABLE 3 

OCCURRENCE OF WILT DISEASE IN CUCUMBER IN THE COIMBATORE REGION DURING 2025 

SI. No Variety Geo-coordinates Month of survey PI (%) Location 

1 Local 10.963016, 76.845199 January 39.30 Thenkarai, Thondamuthur 

2 Local 11.0152, 76.9326 February 44.60 TNAU, Coimbatore 

3 Local 11.01794, 77.12806 July 45.90 Sulur, Coimbatore 

4 Local 10.65504, 76.96938 August 62.11 Pollachi North 

5 Local 10.87995, 77.13287 October 12.52 Kinathukadavu 

6 Local 11.01794, 77.12806 November 9.21 Sulur, Coimbatore 

7 Local 10.65504, 76.96938 December 4.70 Pollachi North 
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3.2 Field evaluation of IDM modules 

3.2.1 First-year field trial (2025) 

The first-year trial (2025) showed that Module 2 recorded the minimum disease incidence (7.72% at 75 days after sowing, 

DAS) and the highest yield (9.00 t/ha) (Table 4). Module 2 comprised soil application of the Trichoderma asperellum + Bacillus 

subtilis consortia @ 2.5 kg/ha, seed treatment with the consortia @ 10 g/kg seed, and soil drenching with Bacillus subtilis 

along with clove oil EC formulation 0.1% in the root zone at the time of earthing up. The control recorded the maximum 

disease incidence (46.20% at 75 DAS) and the lowest yield (6.13 t/ha). 

TABLE 4 

EFFECT OF DIFFERENT IDM MODULES ON WILT INCIDENCE IN CUCUMBER (2025) 

Treatment Wilt (%) 25 DAS Wilt (%) 50 DAS Wilt (%) 75 DAS Yield (t/ha) B:C ratio 

Module 1 0.00 0.00 8.00 8.52 2.54 

Module 2 0.00 0.00 7.72 9.00 2.92 

Module 3 0.00 0.00 11.40 8.20 2.70 

Module 4 (Control) 12.50 21.80 46.20 6.13 2.10 

SED 0.06 0.23 0.49 0.15 0.03 

CD (0.05) 0.13 0.48 1.05 0.32 0.06 

CV 2.41 2.30 2.53 1.19 1.38 

 

3.2.2 Second-year field trial (2026) 

The second-year trial showed a trend similar to the first year (Table 5). Module 2 recorded the minimum disease incidence 

(15.40%) and the highest yield (9.32 t/ha), and was as effective as the chemical treatment (Module 3), which recorded 15.72% 

wilt incidence and a yield of 8.30 t/ha. In the control, disease incidence was highest (48.20% at 75 DAS) and yield lowest (5.62 

t/ha). 

TABLE 5 

EFFECT OF DIFFERENT IDM MODULES ON WILT INCIDENCE IN CUCUMBER (2026) 

Treatment Wilt (%) 25 DAS Wilt (%) 50 DAS Wilt (%) 75 DAS Yield (t/ha) B:C ratio 

Module 1 0.00 0.00 17.22 8.18 2.74 

Module 2 0.00 0.00 15.40 9.32 2.95 

Module 3 0.00 0.00 15.72 8.30 2.85 

Module 4 (Control) 10.00 25.10 48.20 5.62 2.29 

SED 0.08 0.18 0.63 0.12 0.05 

CD (0.05) 0.17 0.39 1.35 0.27 0.10 

CV 3.80 2.71 2.79 1.94 2.04 

 

3.2.3 Pooled analysis 

Pooled analysis of the 2025 and 2026 trials showed that Module 2 recorded the minimum disease incidence (11.60%) and the 

highest yield (9.20 t/ha), compared with the control, which recorded the maximum disease incidence (47.30% at 75 DAS) and 

the lowest yield (5.90 t/ha) (Table 6). 
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TABLE 6 

POOLED ANALYSIS OF THE EFFECT OF DIFFERENT IDM MODULES ON WILT INCIDENCE IN CUCUMBER (2025 

AND 2026) 

Treatment Wilt (%) 25 DAS Wilt (%) 50 DAS Wilt (%) 75 DAS Yield (t/ha) B:C ratio 

Module 1 0.00 0.00 12.60 8.40 2.60 

Module 2 0.00 0.00 11.60 9.20 2.90 

Module 3 0.00 0.00 11.81 8.30 2.80 

Module 4 (Control) 11.30 23.45 47.30 5.90 2.195 

SED 0.07 0.205 0.56 0.39 0.04 

CD (0.05) 0.15 0.435 1.20 0.835 0.08 

CV 3.105 2.505 2.66 1.99 1.71 

 

IV. DISCUSSION 

The field results show that Module 2 gave the most consistent wilt suppression, highest yield, and best benefit-cost ratio across 

two seasons, which fits the broader pattern that combining compatible biological agents outperforms single-tactic management 

in cucumber wilt systems. Dual or multi-agent biocontrol combinations repeatedly produced stronger disease suppression than 

single strains, including Bacillus–fungus combinations, Bacillus–Trichoderma mixtures, and larger consortia under protected 

or greenhouse conditions (Luo et al., 2026; Wang et al., 2021; Singh & Balodi, 2021; Hussein, 2016). 

This advantage is biologically plausible because cucumber wilt is a persistent soil-borne vascular disease with long-lived 

chlamydospores, wide field prevalence, and strong dependence on soil and rhizosphere conditions, so no single intervention is 

usually sufficient (Haridasan & Sajeena, 2025; Din et al., 2020). 

Module 2 likely performed best because it integrated seed treatment, soil application, and root-zone drenching, thereby 

protecting the crop at multiple infection stages. Similar studies show that Bacillus and Trichoderma combinations suppress 

Fusarium wilt more effectively when applied through root irrigation, soil drench, or seed-plus-soil delivery rather than as a 

single exposure (Luo et al., 2026; Singh & Balodi, 2021; Brar et al., 2025). 

The superiority of the biological module over the untreated control also agrees with reports that Bacillus-based and 

Trichoderma-based treatments reduce cucumber wilt while improving plant growth. Field or pot studies with Bacillus subtilis, 

Bacillus velezensis, Streptomyces rochei, and Trichoderma spp. all reported meaningful reductions in disease incidence or 

disease index together with increases in biomass or vigor (Yang et al., 2024; Ta et al., 2024; Zhu et al., 2024; Waris et al., 

2025). 

A likely reason is that these bioagents act through multiple complementary mechanisms. Reported mechanisms include 

antimicrobial activity, nutrient and niche competition, root colonization, siderophore or IAA production, degradation of 

disease-promoting phenolics, and enrichment of beneficial rhizosphere taxa that suppress Fusarium proliferation (Wang et al., 

2021; Ta et al., 2024; Luo et al., 2026). 

Another relevant explanation is induction of host defense and improvement of the soil biochemical environment. Bacillus-, 

Streptomyces-, and silicon-based studies showed higher antioxidant or defense-related enzyme activity and lower oxidative 

damage in treated cucumber plants, indicating that wilt reduction is not only due to direct antagonism but also to stronger host 

resistance (Yang et al., 2024; Zhu et al., 2024; Ta et al., 2024; Sun et al., 2022). 

The inclusion of clove oil in Module 2 may also have contributed to performance because broader IDM literature supports 

adding eco-compatible inputs to biological modules. Botanical or low-risk inputs such as neem formulations, salicylic acid, 

silicon, L-arabinose, and integrated amendment systems have reduced disease pressure or enhanced resistance while lowering 

dependence on conventional chemicals (Dey et al., 2025; Yu et al., 2024; Sun et al., 2022; Hussein, 2016; Tang et al., 2020). 

Although Module 3 also reduced wilt effectively, the broader literature explains why sole chemical dependence is less attractive 

as a long-term strategy. Chemical and fumigant approaches can be limited by residue concerns, environmental risk, cost, and 
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resistance development, whereas integrated systems are designed to keep disease below economic thresholds with lower 

ecological burden (Haridasan & Sajeena, 2025; Yu et al., 2024; Mahmood et al., 2023; Sarkar et al., 2025). 

The survey data in the Coimbatore region, showing marked location-to-location variation in wilt incidence, are also consistent 

with earlier prevalence studies. Cucumber wilt incidence has been reported from roughly 10% to 60% in field surveys and can 

exceed 50% under severe production conditions, especially in continuously cropped systems (Din et al., 2020; Zhu et al., 2024; 

Wang et al., 2021; Sun et al., 2022). 

V. CONCLUSION 

The study indicates that IDM Module 2 was the most effective option for managing cucumber wilt under the tested field 

conditions, as it minimized wilt incidence and maximized yield and economic return across both years. 

Taken together with the wider literature, the results support a bio-intensive IDM strategy built around Bacillus- and 

Trichoderma-based consortia, supported by compatible cultural or botanical inputs, as a more sustainable alternative to sole 

chemical management. Module 2, comprising microbial consortia-based seed, soil, and drench applications, can be 

recommended as an effective and eco-friendlier IDM module for wilt management in cucumber under Coimbatore conditions. 
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