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Abstract
Gummy stem blight, caused by Didymella bryoniae is a major constraint in bottle gourd production, leading to significant yield losses. The present study was conducted at the Vegetable Research Station, Rajendranagar, Hyderabad, during 2021-22, 2022-23, and 2023-24 to evaluate integrated disease management (IDM) approaches for effective control of the disease. Seven treatments involving fungicidal seed treatment, soil drenching, foliar fungicide application, micronutrients, and biological agents were tested under a randomized block design. Results revealed that Treatment 3 (T3) seed treatment with carbendazim 50% @ 2.5 g/kg seed + micronutrients @ 5 kg/ha at earthing + foliar sprays of azoxystrobin 4.8% + chlorothalonil 40% SC @0.25% consistently recorded the lowest disease severity (pooled mean: 10.91%) and the highest marketable yield (30.35 t/ha) with the maximum benefit cost ratio (2.78). The study concludes that T3 is the most effective IDM module for managing gummy stem blight in bottle gourd under field conditions.
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Introduction
Bottle gourd (Lagenaria siceraria; Cucurbitaceae) is a widely cultivated and economically important vegetable crop grown across tropical and temperate regions of the world for its high nutritional value and diverse culinary uses (Thakur et al., 2015). In India, the crop occupies a prominent position among cucurbitaceous vegetables due to its wide adaptability, high yield potential and year-round demand. However, its productivity is severely constrained by several biotic stresses, among which gummy stem blight has emerged as a major and destructive disease.
Gummy stem blight is a fungal disease primarily caused by Didymella bryoniae and affects various aerial parts of the plant, including leaves, stems, vines and fruit peduncles. The disease manifests as foliar blighting, stem girdling, vine collapse and fruit peduncle infection, ultimately resulting in severe yield losses and economic damage (Tripathi et al., 2021). Under favourable environmental conditions, the pathogen spreads rapidly, and severely infected plants often fail to set fruits or undergo premature plant death.
To assess the incidence of gummy stem blight, a systematic survey was conducted during the 2022–23 cropping season in major cucurbit-growing areas of Telangana state. The survey revealed that the highest disease incidence (33.5%) was recorded in bottle gourd fields located in Shamshabad, Shameerpet and Rangareddy regions, indicating the increasing importance of the disease as a major production constraint in the state. Pathogen isolation from diseased plant samples collected during the survey resulted in the identification of Didymella spp. based on morphological and cultural characteristics. When cultured on potato dextrose agar (PDA), the pathogen produced white to greyish mycelial growth with the formation of black pycnidia after 12–15 days of incubation. (Kucharek and Schenck, 1999). The pycnidia produced hyaline, subglobose pycnidiospores, which are characteristic features of the pathogen. (Sudisha  et  al.2004)
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Fig 1 : Severely gummy stem blight infected vine and fruit
The increasing incidence of gummy stem blight and its association with fungal pathogens emphasize the need for effective and sustainable disease management strategies. Therefore, understanding the etiology, distribution and severity of the disease is essential for developing integrated disease management approaches aimed at minimizing yield losses and improving bottle gourd productivity.
Materials and Methods
The field experiments were conducted at the Vegetable Research Station (VRS), Rajendranagar, Hyderabad, Telangana, India, during three consecutive cropping seasons, namely 2021–22, 2022–23, and 2023–24. The experimental site is located at an altitude of approximately 545 m above mean sea level, at 17°32′27″ N latitude and 78°39′93″ E longitude. The region falls under a semi-arid tropical climate characterized by hot summers, mild winters, and monsoon rainfall, which is conducive for the natural development of gummy stem blight in cucurbit crops.
The soil of the experimental field was loamy in texture, well-drained, and suitable for bottle gourd cultivation. Standard agronomic practices recommended for the region were followed uniformly for all treatments throughout the crop growth period, except for the disease management interventions under evaluation. The crop was planted at a spacing of 3.0 m × 0.9 m, ensuring adequate vine growth and proper aeration.

Experimental Design and Crop Details
The experiment was laid out in a Randomized Block Design (RBD) with seven treatments and three replications. Each treatment was randomly allotted within each replication to minimize experimental error and environmental variation. The bottle gourd variety ‘Pusa Naveen’, which is widely cultivated and moderately susceptible to gummy stem blight, was used for the study to facilitate uniform disease development and reliable evaluation of management strategies.
Experimental details are summarized below:
· Crop: Bottle gourd (Lagenaria siceraria [Mol.] Standl.)
· Variety: Pusa Naveen
· Design: Randomized Block Design (RBD)
· Number of treatments: 7
· Number of replications: 3
· Spacing: 3.0 m × 0.9 m
· Years of experimentation: 2021–22, 2022–23, and 2023–24
Treatment Details
Seven integrated disease management (IDM) treatments involving chemical fungicides, micronutrients, and biological agents along with an untreated control, were evaluated for their effectiveness in managing gummy stem blight of bottle gourd. The treatment details are presented in Table 1.
Table 1. Integrated disease management treatments evaluated against gummy stem blight in bottle gourd
	Treatment
	Details

	T1
	Seed treatment with zineb 75% WP @ 2.5 g/kg + soil drenching with zineb @ 0.25% at first earthing + two sprays of zineb @ 0.2% at 10-day intervals.

	T2
	Seed treatment with carbendazim 50% @ 2.5 g/kg + soil drenching with carbendazim @ 0.1% + two sprays of carbendazim @ 0.1%.

	T3
	Seed treatment with carbendazim 50% @ 2.5 g/kg + micronutrients @ 5 kg/ha at earthing + two sprays of azoxystrobin 4.8% + chlorothalonil 40% SC @ 0.25%.

	T4
	Seed treatment with talc-based consortia (TCV-2 + *Bacillus subtilis* CRB-7) @ 10 g/kg + soil drenching @ 1% at each earthing.

	T5
	Pit application of *Trichoderma asperellum* + *Bacillus subtilis* CRB-7 @ 10 g/pit + soil drenching @ 1% at each earthing.

	T6
	First spray with carbendazim @ 0.1% followed by zineb @ 0.2% after 10 days, and a third spray of azoxystrobin + chlorothalonil @ 0.25%.

	T7
	Untreated control 


All chemical and biological treatments were applied as per recommended doses and schedules. Foliar sprays were initiated at the first appearance of disease symptoms and repeated as specified for each treatment.
Observations Recorded
Observations were recorded on the following parameters to assess the effectiveness of different treatments:
· Percent seed germination (in-vitro and in-vivo)
· Percent disease severity (PDI)
· Marketable fruit yield (t ha⁻¹)
· Benefit–cost (B:C) ratio
Initially, typical symptoms of gummy stem blight appeared as circular dark brown-tan spots at the margin of the leaves and water-soaked areas on the stem near the soil line, including defoliation, wilting, and death of plant vines 
Gummy stem blight scoring was done on 5 leaves and stem  each  in  5  plants  using  0-9  rating  scale  as  per Gusmini et  al.  (2005),  where,  0=no  symptoms,1=yellowing  on  leaves  (suspect  of  disease  only),2=moderate  symptoms  (<20%  necrosis)  on  leaves only, 3=slight symptoms (21–45% necrosis) on leaves only,  4=severe  symptoms  (>45%  necrosis)  on  leaves only,  5=some  leaves  dead,  no  symptoms  on  stem,6=moderate  symptoms  (<20%  necrosis)  on  leaves,with necrosis also on petioles and stem (<3 mm long),7=slight  symptoms  (21–45%  necrosis)  on  leaves,necrosis  also  on  petioles  and  stem  (3-5  mm  long),8=severe symptoms (45% necrosis) on leaves, necrosisalso  on  petioles  and  stem  (>5  mm  long)  and  9 = plant dead
Results and Discussion 
Table : 2 Pooled data of Integrated management of gummy stem blight of cucurbits (Bottle gourd) (2021-22, 2022-23, 2023-24)
	Treat-
ments
	In-vitro 
Germination (%)
	In-vivo 
Germination (%)
	Percent Disease Severity (%)
	Marketable yield 
(t/ha)
	B:C ratio

	
	2021-22
	2022-23
	2023-24
	Pooled 
Mean
	2021-22
	2022-23
	2023-24
	Pooled 
Mean
	2021-22
	2022-23
	2023-24
	Pooled 
Mean
	2021-22
	2022-23
	2023-24
	Pooled 
Mean
	

	T1
	92.67
	92.00
	94.33
	93.00
	90.67
	91.33
	92.00
	91.33
	11.68
	10.90
	19.23
	13.94
	24.66
	20.09
	23.87
	22.87
	1.83

	T2
	95.00
	91.67
	93.50
	93.39
	90.67
	91.67
	91.00
	91.11
	11.54
	11.91
	14.91
	12.79
	27.16
	23.16
	25.90
	25.41
	2.17

	T3
	94.67
	93.00
	95.20
	94.29
	93.33
	93.67
	94.00
	93.67
	10.48
	10.56
	11.69
	10.91
	30.66
	28.65
	31.75
	30.35
	2.78

	T4
	92.67
	91.00
	93.33
	92.33
	93.33
	92.67
	93.33
	93.11
	13.57
	13.74
	17.35
	14.89
	23.56
	21.60
	24.73
	23.30
	1.91

	T5
	92.33
	92.67
	93.67
	92.89
	90.67
	90.00
	93.00
	91.22
	12.47
	12.57
	13.24
	12.76
	25.00
	23.22
	26.46
	24.89
	2.11

	T6
	95.00
	93.93
	94.53
	94.49
	89.33
	88.00
	95.17
	90.83
	11.67
	11.35
	12.74
	11.92
	25.70
	24.08
	27.18
	25.65
	2.18

	T7
	90.00
	90.67
	90.67
	90.45
	94.00
	92.67
	91.67
	92.78
	22.63
	22.36
	22.56
	22.52
	20.25
	16.85
	23.19
	20.10
	1.51

	SEm±
	1.42
	1.73
	1.35
	0.46
	1.52
	1.44
	1.57
	0.92
	0.56
	1.18
	0.82 
	0.91
	0.77
	1.60
	1.06
	0.53
	-

	C.D.
at 5%
	4.43
	NS
	NS
	1.43
	NS
	NS
	NS
	NS
	1.77
	3.63
	2.546 
	2.80
	2.42
	4.93
	3.319
	1.63
	-

	C.V.%
	3.26
	3.24
	3.096
	0.86
	3.51
	2.74
	3.643
	1.73
	4.62
	15.31
	6.051
	11.05
	4.47
	12.30
	7.056
	3.72
	-






1.Seed Germination:
In-vitro Seed Germination: The results obtained from three consecutive years of experimentation (2021–22, 2022–23, and 2023–24) revealed considerable variation among the different treatments with respect to in-vitro seed germination of bottle gourd. The data clearly indicate that seed germination was significantly influenced by the type of integrated disease management treatment imposed (Table 2).
During 2021–22, in-vitro germination ranged from 90.00% to 95.00%, with T2 and T6 recording the highest germination (95.00%), followed closely by T3 (94.67%). In contrast, the untreated control T7 recorded the lowest germination (90.00%), indicating the adverse effect of untreated seeds on germination performance. Similar trends were observed during 2022–23, wherein T6 recorded the highest germination (93.93%), followed by T3 (93.00%), whereas T7 again registered comparatively lower germination (90.67%). During 2023–24, T3 recorded the maximum germination (95.20%), followed by T6 (94.53%), while T7 remained consistently inferior (90.67%).
Pooled analysis over three years showed that the highest pooled mean in-vitro germination was recorded in T6 (94.49%), followed closely by T3 (94.29%), indicating that these treatments were consistently superior across seasons. Treatments T2 (93.39%), T1 (93.00%), T5 (92.89%), and T4 (92.33%) recorded intermediate germination levels, while T7 recorded the lowest pooled germination (90.45%). The superior performance of T3 and T6 demonstrates the effectiveness of seed treatment and integrated chemical applications in enhancing seed viability and early germination potential. Recent studies have demonstrated that fungicidal and biological seed enhancement treatments significantly improve germination by reducing seed-borne inoculum and enhancing metabolic activity during early seedling development (Verma, 2025; Harsonowati et al., 2026).


II. In-vivo Seed Germination
In-vivo seed germination under field conditions followed trends broadly similar to those observed under laboratory conditions, though the magnitude of variation among treatments was comparatively lower. Year-wise data revealed noticeable differences in field emergence among treatments.
During 2021–22, in-vivo germination ranged from 89.33% to 94.00%, with T7 recording the highest germination (94.00%), followed by T3 and T4 (93.33%), whereas T6 recorded the lowest germination (89.33%). In 2022–23, field germination ranged from 88.00% to 93.67%, with T3 recording the highest germination (93.67%), while T6 recorded the lowest (88.00%). During 2023–24, T6 recorded the highest in-vivo germination (95.17%), followed by T3 (94.00%), while T7 recorded lower germination (91.67%).
Pooled analysis revealed that T3 recorded the highest mean in-vivo germination (93.67%), followed by T4 (93.11%). Treatments T1 (91.33%), T2 (91.11%), T5 (91.22%), and T6 (90.83%) showed moderate field germination, whereas T7 recorded the lowest pooled germination (92.78%). Similar observations were reported by Sinha et al. (2025), who noted that field germination is often influenced by environmental factors that may mask treatment effects despite improved laboratory germination.
 
III. Disease Severity of Gummy Stem Blight
During 2021–22, disease severity ranged from 10.48% to 22.63%, with T3 recording the lowest severity (10.48%), followed closely by T2 (11.54%), T6 (11.67%), and T1 (11.68%). The highest disease severity was recorded in the untreated control T7 (22.63%), clearly demonstrating the destructive nature of the disease under unmanaged conditions.
A similar trend was observed during 2022–23, wherein T3 again recorded the lowest disease severity (10.56%), followed by T6 (11.35%) and T1 (10.90%), while T7 recorded the highest disease severity (22.36%). During 2023–24, disease severity increased slightly across treatments, likely due to more conducive environmental conditions. Nevertheless, T3 continued to maintain the lowest disease severity (11.69%), while T7 recorded the highest severity (22.56%).
Pooled analysis over three years revealed that T3 recorded the lowest mean disease severity (10.91%), followed by T6 (11.92%)The consistent superiority of T3 across all three years clearly demonstrates the effectiveness of integrated disease management involving seed treatment, micronutrient application, and combination fungicide sprays.
Recent findings by Jeong et al. (2024) confirmed strong antifungal activity of integrated chemical and biological approaches against Didymella bryoniae, supporting the present results.
Gummy stem blight is an emerging fungal disease of cucurbits worldwide and has gained importance due to changing climatic conditions, intensive cultivation of hybrids, and breakdown of host resistance (Garmapalli et al., 2016). During the experimental period, high temperature (~42 °C), high relative humidity (~85%), and unexpected summer rains favored disease development. Recent studies have emphasized that such erratic climatic conditions significantly increase disease pressure and reduce fungicide efficacy, thereby necessitating integrated disease management strategies (Tripathi, 2025).


IV.Marketable Yield
.
During 2021–22, marketable yield ranged from 20.25 t ha⁻¹ to 30.66 t ha⁻¹, with T3 recording the highest yield (30.66 t ha⁻¹), followed by T2 (27.16 t ha⁻¹) and T6 (25.70 t ha⁻¹). The lowest yield was recorded in T7 (20.25 t ha⁻¹). Similar trends were observed during 2022–23, wherein T3 again recorded the highest yield (28.65 t ha⁻¹), followed by T6 (24.08 t ha⁻¹), while T7 recorded the lowest yield (16.85 t ha⁻¹).
During 2023–24, yields were comparatively higher across treatments, with T3 recording the maximum yield (31.75 t ha⁻¹), followed by T6 (27.18 t ha⁻¹) and T2 (25.90 t ha⁻¹). The untreated control T7 again recorded the lowest yield (23.19 t ha⁻¹).
Pooled analysis revealed that T3 recorded the highest mean marketable yield (30.35 t ha⁻¹), followed by T6 (25.65 t ha⁻¹) and T2 (25.41 t ha⁻¹). Treatments T5 (24.89 t ha⁻¹), T4 (23.30 t ha⁻¹), and T1 (22.87 t ha⁻¹) recorded moderate yields, while T7 recorded the lowest pooled yield (20.10 t ha⁻¹). Similar yield advantages under integrated disease management were reported by Tripathi (2025) in bottle gourd and by Mahapatra et al. (2020) in cucurbits.

V. Economic Analysis (Benefit–Cost Ratio)
Economic analysis further highlighted the superiority of integrated disease management treatments (Table 2). The benefit–cost (B:C) ratio varied considerably among treatments, reflecting differences in input costs and marketable yield.
Among the treatments, T3 recorded the highest B:C ratio (2.78), indicating maximum economic returns. This was followed by T6 (2.18) and T2 (2.17). Treatment T5 recorded a B:C ratio of 2.11, while T4 (1.91) and T1 (1.83) showed moderate profitability. The untreated control T7 recorded the lowest B:C ratio (1.51), reflecting lower yield and poor disease control.
The higher B:C ratio obtained under T3 demonstrates that the additional cost incurred on integrated inputs was economically justified by the substantial increase in yield and disease suppression. (Verma, 2025)

VII. Overall Performance of Integrated Disease Management Modules
Among the seven treatments evaluated, T3 consistently outperformed all other treatments across all parameters, including seed germination, disease suppression, yield, and economic returns. The consistent superiority of T3 over three consecutive seasons confirms its robustness and reliability under varying environmental conditions.
Treatment T3, which involved seed treatment with carbendazim 50% @ 2.5 g kg⁻¹ seed, soil application of micronutrients @ 5 kg ha⁻¹ at earthing up, and two foliar sprays of azoxystrobin 4.8% + chlorothalonil 40% SC @ 0.25%, effectively minimized initial pathogen inoculum, suppressed disease development, and promoted better plant growth.
The pooled results clearly indicate that integrated disease management strategies are more effective and sustainable compared to individual chemical or biological treatments alone


VIII. Conclusion
For Integrated management studies against gummy stem blight in bottle gourd, “Seed treatment by carbendazim 50% @2.5g/kg seed, application of micronutrients @5kg/ha in root zone near collar region at the time earthing, Foliar spray of azoxystrobin 4.8% + chlorothalonil 40% SC @0.25% at 10 days interval twice at first sign of disease” showed best treatment than the other treatments with highest B:C ratio(2.78).
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