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Management of Alternaria Leaf Blight in Sponge Gourd (Luffa cylindrica) Using Selected Chemicals and Neem Oil



Abstract 
Sponge gourd (Luffa cylindrica (L.) Rox.) is the most popular vegetables of the family cucurbitaceae, which forms an excellent diet being rich in vitamins iron and minerals. It is easily digestible and is used extensively as vegetable. Among fungal diseases, Alternaria leaf blight and leaf spot caused by Alternaria spp. are the most important diseases of sponge gourd. A field trial was conducted to evaluate the efficacy of neem oil with different chemicals on Alternaria leaf blight of sponge gourd. The experiment was done using RBD (Randomized Block Design) with three replications with seven treatments which are Captan 70% @0.2% + Neem oil @2.0%, Carbendazim 12% @0.3% + Neem oil @2.0%, Fosetyl-Al @0.2% + Neem oil @2.0%, Tebuconazole 50% @0.2% Neem oil @2.0%, Hexaconazole 5% WP @0.2% + Neem oil @2.0%, Neem oil @ 5% and control. Among all the treatments used in experiment were found effective to varying extent. All the treatment statistically significant over control but Captan 70% @0.2% + Neem oil @2.0% was most statistically significant. Captan 70% @0.2% + Neem oil @2.0% proved to be most effective against Alternaria cucumerina, reducing the disease intensity and also yield was highly productive and was statistically significant. The maximum yield (ton/ha) in sponge gourd and B:C ratio was recorded in Captan 70% @0.2% + Neem oil @2.0%.	Comment by Shimaa Rashad: Please rewrite abstract and add short conclusion in the end of abstract	Comment by Shimaa Rashad: Delete @ in all manuscript	Comment by Shimaa Rashad: Delete	Comment by Shimaa Rashad: Delete
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1. Introduction 
Sponge gourd (Luffa cylindrica L. Rox.), commonly known as loofah, belongs to the family Cucurbitaceae and originated in India. It is widely cultivated in tropical and subtropical regions, including China, Korea, India, Japan, and Central America (Bal et al., 2004; Oboh and Aluyor, 2009). India is the second-largest producer of cucurbitaceous vegetables after China, contributing significantly to global production of approximately 500 million tonnes annually (Kalloo and Pandey, 2002).	Comment by Shimaa Rashad: Please updated references from 2018 to 2025
Please write the conclusion of all citation not material and methods
The crop is grown for both edible immature fruits and mature fibrous sponges used for bathing and cleaning. The fruit is rich in nutrients, containing 93.2 g moisture, 1.2 g protein, 0.20 g fat, 2.9 g carbohydrates, vitamins A and C, iron, calcium (36 mg), phosphorus (19 mg), and fiber (0.20 g) per 100 g of edible portion. Cellulose content ranges from 55–90%, lignin 10–23%, hemicellulose 8–22%, and ash 2.4% (Satyanarayana et al., 2007; Tanobe et al., 2005).
Sponge gourd is affected by several fungal pathogens causing fruit rot (Fusarium oxysporum, Aspergillus niger, Alternaria alternata, F. semitectum, Geotrichum candidum), downy mildew (Pseudoperonospora cubensis), belly rot (Rhizoctonia solani), and cottony leak (Pythium spp.).
Alternaria cucumerina is a major foliar pathogen causing leaf blight. Symptoms appear as small necrotic flecks on older leaves, which enlarge into irregular, circular, dark brown lesions with concentric rings and yellow halos, leading to reduced yield and smaller fruits. The pathogen develops optimally at 16–24 °C, with sporulation occurring within 12–14 h under high humidity (>91.5% RH). Continuous leaf wetness of 9–24 h is critical for infection.
The fungus survives between cropping seasons as spores and mycelia in plant debris or seeds, persisting in soil for up to two years. Dissemination occurs through wind and splashing water. Germinating conidia penetrate directly or through wounds and natural openings. Disease development is favored by warm and humid conditions, making effective residue management and environmental control crucial in disease management (Wagh et al., 2017).

2. Materials and Methods 
The present study was conducted during the Kharif  season of 2022 at the central research farm of the Department of Plant Pathology, Sam Higginbottom University of Agriculture, Technology and Sciences, Prayagraj. The field experiment was arranged in a Randomized Block Design (RBD) with three replications.
2.1 Collection of diseased samples
Infected brinjal leaves showing characteristic symptoms of leaf spot of Alternaria  were collected from the Central Research Field (CRF), Department of Plant Pathology, SHUATS, Prayagraj and used them  for isolation of the test fungus.
2.2 Isolation of pathogen
The diseased samples was collected from field used for isolation in laboratory. The infected leaf was cut into 5 mm long and 2 to 3 mm wide pieces in such a way that it contains both infected and healthy portions. These pieces was surface sterilized with 1% NaOCl solution for 1 minute and washed three times sterile distilled water. The pieces was dried on  sterilized blotting papers and then transferred to Petri plates containing Potato Dextrose Agar (PDA) medium and incubated at 25±2OC in BOD and examined for the association of fungi after 5 days at frequent intervals. The associated fungi was re-isolated, purified and identified.
2.3 Maintenance of Culture:
The cultures of the fungus was sub-cultured on PDA slants and kept in BOD at 25±2 °C for 15 days. Such mother culture slants were preserved at 4°C in refrigerator. Further, these cultures was sub-cultured once in a month and used for future purpose (Pandey et al., 2003; Sharma et al., 2012).
2.4 Identification of pathogen:
The fungal colony characteristics were examined through microscopic observation. A small portion of the culture was taken with a sterile needle and placed on a sterile glass slide. It was then stained with lactophenol and cotton blue. The identification of the isolated fungus was carried out based on its morphological characteristics (Keissler, 1912; Kumari et al., 2020).
2.5 Land preparation
The field was thoroughly ploughed and pulverized using a tractor-drawn cultivator to achieve the desired tilt, followed by one harrowing. Plot levelling and formation were done manually. The field was then cleaned by removing the stubble of the previous crop, all weeds, and breaking up the soil clods with a wooden hammer. The selected field was divided into sub-plots (Twenty one plots).
2.6 Intercultural operation
Sowing: The experimental plot was laid out as per statistical design and necessary marking was done for sowing of seeds. The sponge gourd seeds were sown with spacing 30 cm row to row and 45cm plant to plant. The sowing was done on 9th August 2023.
Weeding: Frequent weeding and hoeing were done to keep the plot weed free and to increase soil aeration and conserve soil moisture.
2.7  Observation was recorded
Tendril height (cm) was recorded at 30, 60 and 90 days after sowing (DAS). Five plants were randomly selected and tagged in each plot. The plant height was measured from the ground level to the top of the highest leaf using a meter scale.                             
Number of leaves - The total number of leaves was counted at 30, 60 and 90 DAS from five randomly selected plants to compute the mean number of leaves per plant.
Number of fruits - At 60, 75 and 90 DAS number of fruits was counted for five randomly selected plants to compute the mean number of leaves per plant.
Disease intensity
Disease intensity of plants was recorded at 60, 75 and 90 DAT. In each plot, five plants were examined randomly and scored for disease severity by following 0-9 scale as given by Wheeler (1969).
Table 1 Disease rating scale 
	Grade
	Leaf area covered

	0
	No symptoms of disease on leaves.

	1
	One or two necrotic spots on a few lower leaves of plants, covering nearly 1-10% of the surface area of the plant

	3
	A few isolated spots on leaves, covering nearly 11-25% of the surface area of the plant

	5
	Many spots coalesced on the leaves, covering 26-50% of the surface area of the plant

	7
	Irregular, blighted leaves and sunken lesion with prominent concentric rings on the stem petiole, fruit, covering 51-75% leaf area of the plant.

	9
	Whole plants blighted, leaf and fruits starting to fall, covering more than 75% leaf area of plant.



Percent Disease Intensity (PDI) was calculated by using formula Wheeler (1969).
	PDI=
	Sum of numerical disease ratings
	× 100

	
	Number of plants observed × Maximum disease rating
	


2.7 Harvesting And Yield (q/ha)
Harvesting was done separately from each plot. Data were recorded for each treatment and replication over three pickings.
2.8 Cost of cultivation (₹/ha) 
The cost of cultivation for each treatment was calculated separately taking into consideration of all the cultural practices followed in the cultivation.
2.9 Gross return (₹/ha)
The gross return from each treatment was calculated taking into the consideration the market price of the produce.
2.10 Net profit (₹/ha)
The net profit from each treatment was calculated separately by using the following formula:
Net profit (Rs/ha) = Gross return – Total cost of cultivation
2.11 Cost benefit ratio (C:B ratio)
The benefit cost ratio from each treatment was determined by using the following formula (Reddy and Reddi, 2004).

    
2.12 Statistical Analysis
The data obtained were transformed to corresponding are sin or square root values Yates (1984). Statistical analysis was done to test the level of significance and to compare the treatments. The data were subjected to statistical analysis of variance (ANOVA). F-test was used to determine the significant difference.

3. Result and discussion 
3.1 Effect of treatments on the Tendril heighst (cm) of sponge gourd at 30, 60 and 90 days after sowing	Comment by Shimaa Rashad: heights
At 30 days after sowing maximum tendrils height was recorded in treatment T3- (22.29cm) followed by T2- (20.48cm), T4- (19.47cm), T5- (17.72cm), T6- (16.59cm), T1- (15.76cm), least in T0- (14.26cm). 	Comment by Shimaa Rashad: The results section repeatedly states numerical values that are already presented in the tables. It is not necessary to restate all numerical data again in the text. Instead, please summarize the results by highlighting only the highest and lowest values or the most significant differences. This will improve clarity, avoid redundancy, and make the discussion more concise.
At 60 days after sowing maximum tendrils height was recorded in treatment T3- (120.49cm) followed by T2- (118.5cm), T4- (117.4cm), T5- (114.81cm), T6- (113.27cm), T1- (111.71cm), least in T0- (108.02cm). 
At 90 days after sowing maximum tendrils height was recorded in treatment T3- (163.43cm) followed by T2- (161.58cm), T4- (159.70cm), T5- (157.44cm), T6- (155.12cm), T1- (153.48cm), least in T0- (151.21cm). 
The study revealed a significant impact of fungicidal treatments combined with neem oil on tendril growth of sponge gourd (Luffa cylindrica L.). Tendril height increased steadily from 30 to 90 DAS in all treatments, with T3 (Captan 70% @ 0.2% + neem oil @ 2.0%) recording the maximum height (22.29 cm at 30 DAS; 163.43 cm at 90 DAS), followed by T2 and T4, while T0 (control) showed the least growth.
The enhanced growth under T3 may be attributed to effective disease suppression, reduced biotic stress, and synergistic action between Captan and neem oil, promoting vigorous vegetative development. Similar positive effects of Captan, Carbendazim, and Fosetyl-Al on plant growth have been reported in cucurbits (Isman, 2006 and Maheshwari et al., 2017). 

Table 2 Effect of treatments on the Tendril height (cm) of sponge gourd at 30, 60 and 90 days after sowing

	S. No.
	Treatment detail
	Tendril Height (cm)

	
	
	30 DAS
	60 DAS
	90 DAS

	T0
	Control
	14.26g
	108.02e
	151,21e

	T1
	Neem oil @5% (F.S.)
	15.76f
	111.71d
	153.48d

	T2
	Carbendazim 12% @0.3% (F.S.) + Neem oil @2.0 % (F.S.)
	20.48b
	118.5b
	161.58ab

	T3
	Captan 70% @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	22.29a
	120.49a
	163.43a

	T4
	Fosetyl- Al @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	19.47c
	117.4b
	159.70b

	T5
	Tebuconazole 50% @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	17.72d
	114.81c
	157.44c

	T6
	Hexaconazole 5% WP @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	16.59e
	113.27cd
	155.12d

	
	F- Test
	S
	S
	S

	
	S. Ed. (±)
	0.35
	0.73
	0.89

	
	C.D. @0.5%
	0/76
	1.59
	1.93


F.S.- Foliar Spray
DAS- Days After Sowing


3.2 Effect of treatments on the number of leaves of sponge gourd at 30, 60 and 90 days after sowing
At 30 days after sowing maximum number of leaves was recorded in treatment T3- (11.33) followed by T2- (10.47), T4- (9.8), T5- (9.07), T6- (8.33), T1- (7.87), least in T0- (7.27). 	Comment by Shimaa Rashad: The results section repeatedly states numerical values that are already presented in the tables. It is not necessary to restate all numerical data again in the text. Instead, please summarize the results by highlighting only the highest and lowest values or the most significant differences. This will improve clarity, avoid redundancy, and make the discussion more concise.
At 60 days after sowing maximum number of leaves was recorded in treatment T3- (39) followed by T2- (37.73), T4- (36.07), T5- (34.6), T6- (32.67), T1- (30.6), least in T0- (29.4). 
At 90 days after sowing maximum number of leaves was recorded in treatment T3- (65.6) followed by T2- (64.13), T4- (62.26), T5- (60.8), T6- (60), T1- (58.93), least in T0- (55.33). 
The study showed a significant increase in leaf number of sponge gourd (Luffa cylindrica L.) with different fungicidal treatments combined with neem oil. The highest number of leaves was consistently recorded in T3 (Captan 70% @ 0.2% + neem oil @ 2.0%) at 30 DAS (11.33), 60 DAS (39.0), and 90 DAS (65.6), followed by T2 and T4, while the lowest was observed in the untreated control (T0).
The superior performance of T3 may be attributed to effective disease suppression, reduced pathogen pressure, and improved physiological activity, resulting in enhanced vegetative growth. Captan’s broad-spectrum activity and the synergistic antifungal effects of neem oil likely supported leaf proliferation and canopy development (Isman, 2006 and Maheshwari et al., 2017). 

Table 3 Effect of treatments on the number of leaves of sponge gourd at 30, 60 and 90 days after sowing
	S. No.
	Treatment detail
	Number of leaves

	
	
	30 DAS
	60 DAS
	90 DAS

	T0
	Control
	7.27f
	29.4d
	55.33f

	T1
	Neem oil @5% (F.S.)
	7,87ef
	30.6d
	58.93e

	T2
	Carbendazim 12% @0.3% (F.S.) + Neem oil @2.0 % (F.S.)
	10.47b
	37.73a
	64.13b

	T3
	Captan 70% @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	11.33a
	39a
	65.6a

	T4
	Fosetyl- Al @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	9.8bc
	36.07b
	62.26e

	T5
	Tebuconazole 50% @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	9.07cd
	34.6b
	60.8d

	T6
	Hexaconazole 5% WP @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	8.33de
	32.67c
	60de

	
	F- Test
	S
	S
	S

	
	S. Ed. (±)
	0.37
	0.74
	0.51

	
	C.D. @0.5%
	0.81
	1.61
	1.12


F.S.- Foliar Spray
DAS- Days After Sowing


3.3 Effect of treatments on the number of fruits of sponge gourd at 60, 75 and 90 days after sowing
At 60 days after sowing maximum number of fruits was recorded in treatment T3- (6.07) followed by T2- (5.13), T4- (4.2), T5- (3.73), T6- (3.47), T1- (3.6), least in T0- (3). 	Comment by Shimaa Rashad: The results section repeatedly states numerical values that are already presented in the tables. It is not necessary to restate all numerical data again in the text. Instead, please summarize the results by highlighting only the highest and lowest values or the most significant differences. This will improve clarity, avoid redundancy, and make the discussion more concise.
At 75 days after sowing maximum number of fruits was recorded in treatment T3- (8) followed by T2- (6.87), T4- (6.07), T5- (5.07), T6- (4.67), T1- (4.27), least in T0- (3.8). 
At 90 days after sowing maximum number of fruits was recorded in treatment T3- (11.27) followed by T2- (10.47), T4- (9.2), T5- (8.47), T6- (8.33), T1- (7.67), least in T0- (6.87). 
A significant increase in fruit number of sponge gourd (Luffa cylindrica L.) was observed under different fungicidal treatments combined with neem oil. T3 (Captan 70% @ 0.2% + neem oil @ 2.0%) consistently recorded the highest fruit number at 60 DAS (6.07), 75 DAS (8.00), and 90 DAS (11.27), followed by T2 and T4, whereas T0 (control) recorded the lowest values.
The enhanced fruiting in T3 can be attributed to effective disease control, improved vegetative growth, and better physiological activity, resulting in higher reproductive potential. Captan’s broad-spectrum activity and the synergistic antifungal effect of neem oil likely minimized pathogen load and improved plant health, supporting greater fruit set and retention
(Maheshwari et al., 2017 and Daunde et al., 2020). 

Table 4 Effect of treatments on the number of fruits of sponge gourd at 60, 75 and 90 days after sowing
	S. No.
	Treatment detail
	Number of fruits

	
	
	60 DAS
	75 DAS
	90 DAS

	T0
	Control
	3e
	3.8f
	6.87f

	T1
	Neem oil @5% (F.S.)
	3.6d
	4.27e
	7.67e

	T2
	Carbendazim 12% @0.3% (F.S.) + Neem oil @2.0 % (F.S.)
	5.13b
	6.87b
	10.47b

	T3
	Captan 70% @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	6.07a
	8a
	11.27a

	T4
	Fosetyl- Al @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	4.2c
	6.07c
	9.2c

	T5
	Tebuconazole 50% @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	3.73d
	507d
	8.47cd

	T6
	Hexaconazole 5% WP @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	3.47d
	4.67de
	8.33de

	
	F- Test
	S
	S
	S

	
	S. Ed. (±)
	0.16
	0.2
	0.34

	
	C.D. @0.5%
	0.35
	0.44
	0.74


F.S.- Foliar Spray
DAS- Days After Sowing

3.4 Effect of treatments on the disease intensity (%)  of sponge gourd at 60, 75 and 90 days after sowing
At 30 days after sowing minimum disease intensity (%) was recorded in treatment T3- (10.21) followed by T2- (12.27), T4- (12.78), T5- (14.20), T6- (15.27), T1- (16.19), maximum  in T0- (18.21). 	Comment by Shimaa Rashad: The results section repeatedly states numerical values that are already presented in the tables. It is not necessary to restate all numerical data again in the text. Instead, please summarize the results by highlighting only the highest and lowest values or the most significant differences. This will improve clarity, avoid redundancy, and make the discussion more concise.
At 60 days after sowing minimum disease intensity (%) was recorded in treatment T3- (19.17) followed by T2- (21.37), T4- (23.23), T5- (28.33), T6- (28.57), T1- (31), maximum  in T0- (34.54). 
At 90 days after sowing minimum disease intensity (%) was recorded in treatment T3- (30.25) followed by T2- (33.35), T4- (36.46), T5- (37.51), T6- (38.33), T1- (41.11), maximum  in T0- (48.35). 
The superior performance of T3 can be attributed to the broad-spectrum activity of Captan and the synergistic antifungal properties of neem oil, which effectively suppressed Alternaria cucumerina and reduced disease progression. Similar trends were reported by Chourasiya et al. (2013), where carbendazim and mancozeb treatments lowered disease severity, and by Ginoya and Gohel (2015), who observed reduced severity with hexaconazole. Thakare and Gaikwad (2016) also demonstrated the efficacy of combining fungicides with neem oil in reducing mycelial growth and disease intensity under in vivo conditions.

Table 5 Effect of treatments on the disease intensity (%)  of sponge gourd at 60, 75 and 90 days after sowing
	S. No.
	Treatment detail
	Disease Intensity (%)

	
	
	60 DAS
	75 DAS
	90 DAS

	T0
	Control
	18.21a
	34.54a
	48.35a

	T1
	Neem oil @5% (F.S.)
	16.19b
	31b
	41.11b

	T2
	Carbendazim 12% @0.3% (F.S.) + Neem oil @2.0 % (F.S.)
	12.27e
	21.37e
	33.35e

	T3
	Captan 70% @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	10.21
	19.17f
	30.25f

	T4
	Fosetyl- Al @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	12.78e
	23.23d
	36.46d

	T5
	Tebuconazole 50% @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	14.20d
	28.33e
	37.51cd

	T6
	Hexaconazole 5% WP @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	15.27c
	28.57c
	38.33c

	
	F- Test
	S
	S
	S

	
	S. Ed. (±)
	0.05
	0.35
	0.67

	
	C.D. @0.5%
	0.86
	0.77
	1.47


F.S.- Foliar Spray
DAS- Days After Sowing

3.5 Effect of treatments on the yield (t/ha) and C:B ratio of sponge gourd 
The maximum yield (t/ha) and C:B ratio was recorded in treatment T3- (19.8; 2.89) followed by T2- (18.7; 2.8), T4- (16.5; 2.4), T5- (14.7; 2.2), T6- (13.3; 1.9), T1- (11.4; 1.6), least  in T0- (9.5; 1.4) respectively.	Comment by Shimaa Rashad: The results section repeatedly states numerical values that are already presented in the tables. It is not necessary to restate all numerical data again in the text. Instead, please summarize the results by highlighting only the highest and lowest values or the most significant differences. This will improve clarity, avoid redundancy, and make the discussion more concise.
A significant increase in yield and cost–benefit (C:B) ratio of sponge gourd (Luffa cylindrica L.) was observed under different fungicidal treatments combined with neem oil. The highest yield (19.8 t/ha) and C:B ratio (2.89) were recorded in T3 (Captan 70% @ 0.2% + neem oil @ 2.0%), followed by T2 and T4, while the lowest values were observed in the control (T0).
The superior performance of T3 may be attributed to effective disease suppression, improved vegetative growth, and enhanced fruit set, leading to higher productivity and economic returns. The synergistic action of Captan and neem oil likely reduced pathogen pressure, optimized physiological processes, and improved yield efficiency (Maheshwari et al., 2017 and Daunde et al., 2020). 

Table  6 Effect of treatments on the yield (t/ha) and C:B ratio of sponge gourd
	S. No.
	Treatment detail
	Yield (t/ha)
	C:B ratio

	T0
	Control
	9.5
	1.4

	T1
	Neem oil @5% (F.S.)
	11.4
	1.6

	T2
	Carbendazim 12% @0.3% (F.S.) + Neem oil @2.0 % (F.S.)
	18.7
	2.8

	T3
	Captan 70% @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	19.8
	2.9

	T4
	Fosetyl- Al @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	16.5
	2.4

	T5
	Tebuconazole 50% @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	14.7
	2.2

	T6
	Hexaconazole 5% WP @0.2% (F.S.) + Neem oil @2.0 % (F.S.)
	13.3
	1.9



Conclusion
The present study on “Efficacy of selected chemicals and neem oil against Alternaria leaf blight of sponge gourd (Luffa cylindrica (L.) Roxb.) caused by Alternaria cucumerina” revealed that T3 (Captan 70% @ 0.2% + neem oil @ 2.0%) was the most effective treatment under in vivo conditions. This treatment resulted in the highest tendril height, number of leaves, number of fruits per plant, yield, and cost benefit ratio, along with the lowest disease intensity.	Comment by Shimaa Rashad: More precise scientific wording
The integration of Captan with neem oil provided superior disease suppression compared to other treatments and the control, demonstrating the potential of combining chemical and botanical agents to reduce disease severity and minimize chemical load on the environment and human health.
These results are promising under Prayagraj agro-climatic conditions; however, further multi-location and seasonal trials are recommended to validate and optimize the findings for broader application.
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