Effect of Biopesticides against Shoot and Fruit borer, (Earias vittella Fab.) on Okra [Abelmoschus esculentus (L.) Moench]
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A comprehensive field experiment was executed at the Department of Entomology, RVSKVV, College of Agriculture, Gwalior, Madhya Pradesh, during the Kharif seasons of 2018 and 2019 to investigate the comparative efficacy of diverse biopesticidal formulations in the management of shoot and fruit borer (Earias vittella) infestation in okra (Abelmoschus esculentus). The experimental design was a Randomized Block Design composed of eight distinct treatments: Beauveria bassiana at 0.5 kg/ha, Verticillium lecanii at 1.0kg/ha, neem oil 5% at 2.5L/ha, neem leaf extract 5% at 25kg/ha, neem seed kernel extract (NSKE) 5% at 25kg/ha, garlic clove extract 5% at 25kg/ha, and Panchgavya 3% at 15L/ha. Empirical data robustly indicated that all biopesticidal interventions were efficacious in mitigating shoot damage relative to untreated controls. Across all treated plots, the proportion of shoots damaged ranged from 0.89–2.62%, which is appreciably lower compared to 2.72% in the untreated controls. The highest reduction in shoot damage was attributed to NSKE 5% (0.89%), closely followed by B. bassiana, whereas Panchgavya 3% exhibited the highest shoot damage among the biopesticidal treatments (2.62%). Analytical computations revealed a percent reduction in shoot damage between 3.7% and 67.3% depending on the biopesticidal intervention. Assessment of fruit damage, evaluated on both weight and numerical basis, mirrored these findings. NSKE 5% conferred minimal fruit damage (3.07% by weight, 3.32% by number), followed sequentially by B. bassiana, V. lecanii and neem oil 5%. Conversely, the maximum fruit damage among all treated plots was associated with Panchgavya 3% (7.03% by weight, 7.38% by number). Untreated plots experienced fruit damage rates substantially higher (10.09% by weight, 10.74% by number). The application of biopesticides led to a reduction in fruit damage by 30.3–69.7% (weight) and 31.3–69.1% (number) across treatments. Yield assessments demonstrated that NSKE 5% augmented fruit yield maximally (119.56q/ha), succeeded by B. bassiana and neem oil 5%. In contrast, the lowest fruit yield was found in plots treated with Panchgavya 3% for both years. Economic analyses highlighted B. bassiana as the most profitable intervention, yielding the highest net profit (₹27,128/ha), followed by NSKE 5% (₹25,938/ha), along with the maximal benefit-cost ratio for B. bassiana (1:14.13), then V. lecanii (1:8.36), NSKE 5% (1:8.11) and garlic clove extract 5% (1:6.78). In summation, the study distinctly substantiates the high efficacy of select biopesticides - particularly NSKE 5%, B. bassiana and neem oil 5% - in curtailing shoot and fruit borer damage, enhancing fruit yield, and improving economic returns. These results highlight the strategic merit and sustainability of integrating these biopesticidal agents into pest management protocols for okra cultivation in Madhya Pradesh, offering an environmentally responsible alternative to conventional chemical pesticides.
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Introduction
Okra (Abelmoschus esculentus (L.) Moench), belonging to the Malvaceae family, is a widely cultivated and nutritionally valuable vegetable crop commonly grown across tropical and subtropical regions, particularly in India, the largest global producer. This crop is celebrated for its tender fruits - rich in proteins, carbohydrates, fiber, minerals such as potassium, calcium, magnesium, iron, and zinc, and vitamins including A, B-complex, C, E, and K-making it an essential dietary component and an ingredient in various culinary preparations. Additionally, its roots and stems play a role in jaggery processing, while seeds serve as sources of oil and protein and have traditional uses as coffee substitutes and water purification agents. Despite its significance, okra production is hampered by numerous insect pests, with the shoot and fruit borer, Earias vittella, posing a particularly severe threat by damaging shoots and fruits, leading to yield reductions ranging from 35% to as high as 90%. Addressing these challenges, recent field investigations conducted at the Department of Entomology, RVSKVV, Gwalior, over the 2018 and 2019 Kharif seasons assessed the efficacy of various biopesticides, including Beauveria bassiana, Verticillium lecanii, neem-based formulations (neem oil, neem leaf extract, neem seed kernel extract-NSKE), garlic clove extract, and Panchgavya, under a randomized block design framework. The findings revealed that all tested biopesticides significantly mitigated shoot and fruit damage caused by the borer compared to untreated controls, with NSKE 5% and B. bassiana demonstrating superior performance by limiting shoot damage to as low as 0.89% and fruit damage down to approximately 3%, in contrast to 2.72% and over 10% in control plots. These treatments also resulted in enhanced fruit yields, reaching up to 119.56 q/ha with NSKE, and favorable economic returns, where B. bassiana treatments achieved the highest net profits and benefit-cost ratios. The study underscores the promise of biopesticides as environmentally sustainable, target-specific alternatives to synthetic insecticides, contributing not only to effective pest management but also to improved crop productivity and profitability within the okra agro-ecosystem of Madhya Pradesh. Such biologically based approaches align with integrated pest management principles, aiding in reducing chemical residues and fostering agro-ecological balance, ultimately supporting food security and sustainable agricultural development.
Materials and Methods
The field investigation was carried out at the Entomological Research Farm of the Department of Entomology, Rajmata Vijayaraje Scindia Krishi Vishwa Vidyalaya, College of Agriculture, Gwalior, Madhya Pradesh, over two consecutive Kharif cropping seasons in 2018 and 2019. The experimental scheme employed a Randomized Block Design (RBD) incorporating seven biopesticidal treatments, each replicated threefold for statistical reliability. Each plot encompassed an area of 3.60 m × 2.40 m, with okra sowing executed at a row-to-row spacing of 60 cm and plant-to-plant spacing of 45 cm to ensure optimal intra- and inter-specific plant growth. All agronomic practices recommended for okra cultivation-including tillage, fertilization, irrigation, and nutrient management - were uniformly administered across treatments, except that no plant protection interventions were applied, thereby isolating the effects of the biopesticidal applications under scrutiny.
Observations
Assessment of infestation levels caused by the shoot and fruit borer (Earias vittella Fabricius) was systematically undertaken at three pivotal periods: one day before the initial spray application (serving as baseline data), and subsequently at seven and fourteen days following each biopesticide application. For each observation, the total number of shoots per plot, alongside the subset exhibiting characteristic borer damage, was enumerated to calculate the percentage shoot damage. Parallel evaluations of fruit damage were performed at each harvest event by randomly selecting five plants per plot, from which both the total and infested fruit counts were recorded. Fruit damage percentages were computed on both numerical and biomass (weight) bases, with the latter obtained via precise weighing of healthy and damaged fruits to quantify yield losses attributable to pest infestation. Additionally, a comprehensive economic analysis was conducted for each treatment, factoring input costs against yield-derived returns, thus enabling quantitative comparison of profit margins and cost-benefit ratios for the biopesticidal regimens.
Results and Discussion
The comparative efficacy of the tested biopesticidal agents was meticulously evaluated by quantifying their impact on both shoot and fruit infestation rates attributable to Earias vittella in okra. Data encompassing the proportions of damaged shoots and fruits, evaluated on both a numerical and biomass basis, were systematically gathered at baseline (pre-treatment) and at successive intervals (7 and 14 days) following each biopesticide application, as detailed across Tables 1 through 11.
Assessment of Biopesticides on Shoot Damage Kharif 2018:
Results from the 2018 cropping season revealed that all biopesticidal interventions significantly diminished shoot damage compared to the control plots, which registered a mean damage of 3.54%. The application of 5% neem seed kernel extract (NSKE) conferred the lowest average shoot damage at 1.60%, a result statistically analogous only to the Beauveria bassiana treatment. In contrast, Panchgavya 3% exhibited the highest damage among biopesticidal treatments (3.47%) but was statistically indistinguishable from neem leaf extract 5%, Verticillium lecanii, garlic clove extract 5%, and neem oil 5%, indicating similar moderate efficacy across these options.
Assessment for Kharif 2019:
A parallel trend was observed during the 2019 season. The lowest incidence of shoot damage was again documented in NSKE 5% (0.19%), closely trailing B. bassiana. Panchgavya 3% consistently incurred the highest rates (1.77%), but its performance was statistically comparable to neem leaf extract 5%, garlic clove extract 5%, neem oil 5%, and V. lecanii treatments, attesting to their relatively moderate but not superior bioefficacy.
Two -Year Pooled Analysis:
When data from both seasons were collated, all biopesticidal regimens outperformed untreated controls (2.72% shoot damage). NSKE 5% continually emerged as the most effective at mitigating shoot injury, limiting damage to 0.89%, with B. bassiana next most efficacious; Panchgavya 3% registered the highest shoot damage (2.62%). Overall, the range of percent reduction in shoot damage attributable to biopesticide application spanned from 3.7% to 67.3%, underscoring the pronounced, though variable, protective potential of these bio-based treatments. These findings align with the prior work of Shreedevi (2011), which also highlighted NSKE 5% as particularly potent in minimising shoot borer infestation.
Impact on Fruit Damage - Kharif 2018 and 2019:
With regard to fruit damage, the trend mirrored observations for shoot injury. During 2018, all biopesticidal treatments substantially reduced fruit damage compared with the control (13.46%). NSKE 5% once again demonstrated superior performance (4.13% fruit damage by weight), being statistically similar only to B. bassiana, while Panchgavya 3% recorded the highest value (8.33%) among treated plots, although comparable to other botanicals and entomopathogens. When fruit damage was gauged by number, NSKE 5%, B. bassiana, V. lecanii, neem oil 5%, and garlic clove extract 5% presented the lowest values, with Panchgavya 3% remaining at the higher end, yet again overlapping statistically with less effective treatments.
For 2019, the minimal fruit damage by mass (2.01%) and number (2.12%) occurred in plots receiving NSKE 5%, closely followed by B. bassiana. Panchgavya 3% again recorded the highest damage rates (5.73% mass, 6.26% number), but did not significantly diverge from the cohort of moderately effective treatments.
Aggregated (Pooled) Fruit Damage Analysis:
Pooled results across both years highlighted a reduction in fruit damage in treated plots, ranging from 3.07 - 7.03% (weight basis) and 3.32 - 7.38% (number basis), compared with 10.09% and 10.74% in untreated controls, respectively. This equated to a 30.3–69.7% (weight) and 31.3 - 69.1% (number) mitigation in fruit damage due to biopesticide applications. NSKE 5% most consistently achieved the lowest fruit damage, succeeded by B. bassiana, V. lecanii and neem oil 5%. Panchgavya 3% invariably produced the highest fruit losses within the biopesticide cohort. These outcomes corroborate those of prior studies (Rudramuni et al., 2011; Yeole & Gawande, 2019; Meena et al., 2020; Vishwanath & Singh, 2009; Shreedevi, 2011), reinforcing the particularly robust efficacy of neem-based biopesticides against fruit and shoot borers in okra.
Effect of Biopesticides on Fruit Yield:
Analysis of yield parameters revealed that, during 2018, all applied biopesticides engendered superior fruit yields (112.22 - 118.66 q/ha) relative to control plots (98.67 q/ha). Maximum yield was achieved with B. bassiana (118.66 q/ha), followed by NSKE 5% and neem oil 5%. In 2019, NSKE 5% took precedence (120.89 q/ha), marginally exceeding B. bassiana and neem oil 5%. The two-year average consolidated these trends, with NSKE 5% providing peak yields (119.56 q/ha), narrowly ahead of B. bassiana and neem oil 5%, while the least yield was consistently associated with Panchgavya 3%. The calculated avoidable yield loss, representing the proportion of yield secured by effective biopesticide intervention, ranged from 12.9% to 19.4%, with NSKE 5% offering the greatest safeguard, consistent with results by Adilakshmi et al. (2008), Sohail et al. (2015), and Yeole & Gawande (2019).
Economic Analysis:
Economic evaluation unequivocally established the profitability of biopesticidal protocols over the untreated control. The highest net return accrued from B. bassiana (₹ 27,128/ha), closely succeeded by NSKE 5% (₹ 25,938/ha). B. bassiana also conferred the most favorable benefit-cost ratio (1:14.13), with other substantial ratios observed for V. lecanii (1:8.36), NSKE 5% (1:8.11), and garlic clove extract 5% (1:6.78). These economic benefits substantiate previous findings (Anitha & Nandihalli, 2008; Shreedevi, 2011) regarding the financial feasibility and agricultural sustainability of neem-based interventions.
Conclusion:
In sum, this detailed multi-year investigation definitively demonstrates that biopesticides, especially NSKE 5%, Beauveria bassiana, and neem oil 5%, are highly effective for reducing shoot and fruit borer damage in okra, while simultaneously enhancing yield and maximizing economic returns. The evidence underscores the potential of these biopesticides as core components in integrated and sustainable pest management frameworks for okra cultivation in Madhya Pradesh, fostering progress toward chemical-free, environmentally responsible agriculture.
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Table-1: Efficacy of biopesticides against shoot and fruit borer, Earias vittella (Fab.) on okra (Kharif- 2018)
	Treatments
	Dose/ha
	Mean per cent damaged shoots
	Mean of four observation

	
	
	
1 DBS
	First spray
	Second spray
	

	
	
	
	7 DAS
	14 DAS
	Mean
	7 DAS
	14 DAS
	Mean
	

	T1Beauveria bassiana
	0.5 kg
	5.77 (2.50)
	2.25 (1.66)
	2.32 (1.68)
	2.29 (1.67)
	1.11 (1.24)
	1.00 (1.18)
	1.05 (1.21)
	1.67 (1.47)

	T2 Verticillium lacanii
	1.0 kg
	6.13 (2.57)
	3.78 (2.06)
	3.75 (2.06)
	3.77 (2.06)
	2.99 (1.87)
	2.88 (1.84)
	2.94 (1.85)
	3.35 (1.96)

	T3 Neem oil 5%
	2.5 litre
	6.03 (2.55)
	3.18 (1.92)
	3.00 (1.87)
	3.09 (1.89)
	2.60 (1.75)
	2.60 (1.75)
	2.60 (1.75)
	2.84 (1.82)

	T4 Neem leaf extract 5%
	25 kg
	5.33 (2.41)
	4.00 (2.12)
	3.84 (2.08)
	3.92 (2.10)
	2.95 (1.85)
	2.84 (1.82)
	2.90 (1.84)
	3.41 (1.98)

	T5 NSKE 5%
	25 kg
	5.13 (2.37)
	2.25 (1.66)
	2.29 (1.67)
	2.27 (1.66)
	0.99 (1.21)
	0.88 (1.16)
	0.94 (1.76)
	1.60 (1.45)

	T6 Garlic clove extract 5%
	25 kg
	6.00 (2.55)
	3.62 (2.03)
	3.51 (2.00)
	3.57 (2.02)
	2.66 (1.76)
	2.66 (1.76)
	2.66 (1.76)
	3.11 (1.90)

	T7Panchgavya 3%
	15 litre
	6.07 (2.56)
	4.02 (2.13)
	3.91 (2.10)
	3.97 (2.11)
	3.06 (1.85)
	2.88 (1.82)
	2.97 (1.84)
	3.47 (1.99)

	T8 Control (untreated)
	
	5.90 (2.53)
	4.11 (2.15)
	4.04 (2.13)
	4.08 (2.14)
	3.11 (1.90)
	2.88 (1.83)
	3.00 (1.86)
	3.54 (2.01)

	SEm ±
	
	(0.05)
	(0.05)
	(0.07)
	(0.06)
	(0.16)
	(0.16)
	(0.15)
	(0.08)

	CD at 5%
	
	NS
	(0.16)
	(0.19)
	(0.17)
	(0.46)
	(0.47)
	(0.46)
	(0.23)


Figures in the parentheses are transform (√x+0.5) values, NS= Non-significant
1. DBS - Day before spray
1. DAS - Day  after spray



Table-2: Efficacy of biopesticides against shoot and fruit borer, Earias vittella (Fab.) on okra (Kharif- 2019)
	Treatments
	Dose/ha
	Mean per cent damaged shoots
	Mean of four observation

	
	
	
1 DBS
	First spray
	Second spray
	

	
	
	
	7 DAS
	14 DAS
	Mean
	7 DAS
	14 DAS
	Mean
	

	T1Beauveria bassiana
	0.5 kg
	1.22 (1.28)
	0.37 (0.89)
	0.59 (1.02)
	0.48 (0.99)
	0.22 (0.83)
	0.37 (0.89)
	0.30 (0.86)
	0.39 (0.94)

	T2 Verticillium lacanii
	1.0 kg
	1.14 (1.28)
	1.70 (1.46)
	1.63 (1.45)
	1.66 (1.46)
	1.41 (1.28)
	1.48 (1.31)
	1.44 (1.30)
	1.55 (1.40)

	T3 Neem oil 5%
	2.5 litre
	1.07 (1.19)
	1.77 (1.50)
	1.63 (1.45)
	1.70 (1.48)
	1.44 (1.38)
	1.50 (1.40)
	1.47 (1.39)
	1.59 (1.44)

	T4 Neem leaf extract 5%
	25 kg
	1.07 (1.19)
	1.89 (1.46)
	1.96 (1.51)
	1.92 (1.56)
	1.47 (1.38)
	1.62 (1.45)
	1.54 (1.43)
	1.73 (1.45)

	T5 NSKE 5%
	25 kg
	1.18 (1.30)
	0.22 (0.83)
	0.33 (0.90)
	0.28 (0.87)
	0.00 (0.71)
	0.22 (0.83)
	0.11 (0.78)
	0.19 (0.83)

	T6 Garlic clove extract 5%
	25 kg
	1.21 (1.27)
	1.71 (1.48)
	1.88 (1.51)
	1.80 (1.50)
	1.48 (1.40)
	1.55 (1.31)
	1.52 (1.41)
	1.66 (1.47)

	T7Panchgavya 3%
	15 litre
	1.19 (1.30)
	1.92 (1.55)
	2.03 (1.59)
	1.98 (1.57)
	1.51 (1.41)
	1.63 (1.45)
	1.57 (1.43)
	1.77 (1.51)

	T8 Control (untreated)
	
	1.14 (1.28)
	2.18 (1.64)
	2.29 (1.67)
	2.23 (1.65)
	1.55 (1.42)
	1.63 (1.45)
	1.59 (1.44)
	1.91 (1.55)

	SEm ±
	
	(0.15)
	(0.18)
	(0.16)
	(0.14)
	(0.19)
	(0.17)
	(0.17)
	(0.12)

	CD at 5%
	
	NS
	(0.53)
	(0.47)
	(0.42)
	(0.57)
	(0.49)
	(0.50)
	(0.34)


Figures in the parentheses are transform (√x+0.5) values, NS= Non-significant
1. DBS - Day before spray
1. DAS - Day  after spray


Table-3: Efficacy of biopesticides against shoot and fruit borer, Earias vittella (Fab.) on okra (Pooled- 2018 & 2019)
	Treatments
	Dose/ha


	Mean per cent damaged shoots
	Reduction in shoots damage (%)  


	
	
	Mean     2018
	Mean     2019
	Average of two years
	

	T1Beauveria bassiana
	0.5 kg
	1.67 (1.47)
	0.39 (0.94)
	1.03 (1.23)
	62.1

	T2 Verticillium lacanii
	1.0 kg
	3.35 (1.96)
	1.55 (1.40)
	2.45 (1.72)
	9.9

	T3 Neem oil 5%
	2.5 litre
	2.84 (1.82)
	1.59 (1.44)
	2.21 (1.65)
	18.8

	T4 Neem leaf extract 5%
	25 kg
	3.41 (1.98)
	1.73 (1.45)
	2.57 (1.74)
	5.5

	T5 NSKE 5%
	25 kg
	1.60 (1.45)
	0.19 (0.83)
	0.89 (1.18)
	67.3

	T6 Garlic clove extract 5%
	25 kg
	3.11 (1.90)
	1.66 (1.47)
	2.38 (1.70)
	12.5

	T7Panchgavya 3%
	15 litre
	3.47 (1.99)
	1.77 (1.51)
	2.62 (1.76)
	3.7

	T8 Control (untreated)
	
	3.54 (2.01)
	1.91 (1.55)
	2.72 (1.79)
	

	SEm ±
	
	(0.08)
	(0.12)
	(0.06)
	

	CD at 5%
	
	(0.23)
	(0.34)
	(0.19)
	


Figures in the parentheses are transform (√x+0.5) values, NS= Non-significant
1. DBS - Day before spray
1. DAS - Day  after spray






Table-4: Efficacy of biopesticides against shoot and fruit borer, Earias vittella (Fab.) on okra (Kharif- 2018)
(Weight basis)
	Treatments
	Dose/ha
	Mean per cent damaged fruits
	Mean of four observation

	
	
	
1 DBS
	First spray
	Second spray
	

	
	
	
	7 DAS
	14 DAS
	Mean
	7 DAS
	14 DAS
	Mean
	

	T1Beauveria bassiana
	0.5 kg
	7.33 (2.80)
	4.03 (2.13)
	4.97 (2.33)
	4.50 (2.23)
	4.13 (2.15)
	4.33 (2.20)
	4.23 (2.18)
	4.37 (2.21)

	T2 Verticillium lacanii
	1.0 kg
	7.60 (2.84)
	4.10 (2.14)
	8.33 (2.91)
	6.30 (2.58)
	7.13 (2.74)
	8.03 (2.92)
	7.58 (2.83)
	6.94 (2.91)

	T3 Neem oil 5%
	2.5 litre
	7.50 (2.83)
	4.27 (2.18)
	8.77 (2.98)
	6.43 (2.61)
	8.00 (2.87)
	8.93 (3.06)
	8.47 (2.97)
	7.45 (2.80)

	T4 Neem leaf extract 5%
	25 kg
	8.20 (2.94)
	4.40 (2.21)
	9.03 (3.08)
	6.72 (2.68)
	8.87 (3.05)
	9.63 (3.17)
	9.25 (3.11)
	7.98 (2.91)

	T5 NSKE 5%
	25 kg
	8.20 (2.94)
	3.97 (2.11)
	4.30 (2.19)
	4.13 (2.15)
	4.00 (2.12)
	4.23 (2.17)
	4.12 (2.15)
	4.13 (2.15)

	T6 Garlic clove extract 5%
	25 kg
	8.20 (2.94)
	4.53 (2.24)
	8.20 (2.93)
	6.37 (2.61)
	8.40 (2.97)
	9.03 (3.08)
	8.72 (3.02)
	7.54 (2.83)

	T7Panchgavya 3%
	15 litre
	7.67 (2.85)
	5.17 (2.38)
	9.33 (3.13)
	7.25 (2.78)
	8.90 (3.07)
	9.90 (3.22)
	9.40 (3.15)
	8.33 (2.97)

	T8 Control (untreated)
	
	7.07 (2.75)
	10.98 (3.38)
	13.00 (3.67)
	11.99 (3.53)
	17.00 (4.18)
	12.87 (3.66)
	14.93 (3.93)
	13.46 (3.74)

	SEm ±
	
	(0.07)
	(0.06)
	(0.27)
	(0.16)
	(0.20)
	(0.11)
	(0.15)
	(0.15)

	CD at 5%
	
	NS
	(0.17)
	(0.78)
	(0.46)
	(0.58)
	(0.33)
	(0.44)
	(0.44)


Figures in the parentheses are transform (√x+0.5) values, NS= Non-significant
1. DBS - Day before spray
1. DAS - Day  after spray




Table-5: Efficacy of biopesticides against shoot and fruit borer, Earias vittella (Fab.) on okra (Kharif- 2019)
(Weight basis)
	Treatments
	Dose/ha
	Mean per cent damaged fruits
	Mean of four observation

	
	
	
1 DBS
	First spray
	Second spray
	

	
	
	
	7 DAS
	14 DAS
	Mean
	7 DAS
	14 DAS
	Mean
	

	T1Beauveria bassiana
	0.5 kg
	0.99 (1.22)
	1.30 (1.33)
	1.03 (1.19)
	1.17 (1.27)
	2.95 (1.85)
	3.70 (2.05)
	2.33 (1.68)
	3.50 (2.00)

	T2 Verticillium lacanii
	1.0 kg
	0.95 (1.20)
	1.23 (1.31)
	2.20 (1.63)
	1.72 (1.49)
	5.97 (2.54)
	9.64 (3.17)
	7.81 (2.87)
	4.76 (2.29)

	T3 Neem oil 5%
	2.5 litre
	1.03 (1.24)
	1.27 (1.33)
	2.33 (1.67)
	1.80 (1.51)
	6.43 (2.63)
	9.91 (3.21)
	8.17 (2.94)
	4.99 (2.34)

	T4 Neem leaf extract 5%
	25 kg
	1.01 (1.23)
	1.80 (1.51)
	2.82 (1.81)
	2.31 (1.67)
	6.90 (2.70)
	10.97 (3.39)
	8.94 (3.07)
	5.62 (2.47)

	T5 NSKE 5%
	25 kg
	1.03 (1.24)
	0.93 (1.19)
	1.17 (1.23)
	1.05 (1.24)
	2.83 (1.82)
	3.10 (1.90)
	2.97 (1.86)
	2.01 (1.58)

	T6 Garlic clove extract 5%
	25 kg
	1.02 (1.23)
	1.33 (1.35)
	2.59 (1.75)
	1.96 (1.57)
	6.67 (2.67)
	10.47 (3.27)
	8.57 (2.99)
	5.27 (2.39)

	T7Panchgavya 3%
	15 litre
	0.95 (1.20)
	1.93 (1.56)
	2.95 (1.85)
	2.44 (171)
	7.00 (2.73)
	11.03 (3.38)
	9.02 (3.08)
	5.73 (2.49)

	T8 Control (untreated)
	
	1.06 (1.25)
	2.07 (1.60)
	3.70 (2.05)
	2.89 (1.84)
	7.97 (2.90)
	13.16 (3.68)
	10.56 (3.32)
	6.72 (2.69)

	SEm ±
	
	(0.03)
	(0.08)
	(0.17)
	(0.09)
	(0.14)
	(0.22)
	(0.13)
	(0.09)

	CD at 5%
	
	NS
	(0.23)
	(0.49)
	(0.27)
	(0.43)
	(0.64)
	(0.39)
	(0.26)


Figures in the parentheses are transform (√x+0.5) values, NS= Non-significant
1. DBS - Day before spray
1. DAS - Day  after spray

Table-6: Efficacy of biopesticides against shoot and fruit borer, Earias vittella (Fab.) on okra 
(Pooled- 2018 & 2019) (Weight basis)
	Treatments
	Dose/ha


	Mean per cent damaged fruits
	Reduction in fruits damage (%)  


	
	
	Mean     2018
	Mean     2019
	Average of two years
	

	T1Beauveria bassiana
	0.5 kg
	4.37 (2.21)
	3.50 (2.00)
	3.94 (2.11)
	61.0

	T2 Verticillium lacanii
	1.0 kg
	6.94 (2.91)
	4.76 (2.29)
	5.85 (2.52)
	42.0

	T3 Neem oil 5%
	2.5 litre
	7.45 (2.80)
	4.99 (2.34)
	6.22 (2.58)
	38.4

	T4 Neem leaf extract 5%
	25 kg
	7.98 (2.91)
	5.62 (2.47)
	6.80 (2.70)
	36.6

	T5 NSKE 5%
	25 kg
	4.13 (2.15)
	2.01 (1.58)
	3.07 (1.88)
	69.7

	T6 Garlic clove extract 5%
	25 kg
	7.54 (2.83)
	5.27 (2.39)
	6.41 (2.63)
	36.5

	T7Panchgavya 3%
	15 litre
	8.33 (2.97)
	5.73 (2.49)
	7.03 (2.74)
	30.3

	T8 Control (untreated)
	
	13.46 (3.74)
	6.72 (2.69)
	10.09 (3.25)
	

	SEm ±
	
	(0.15)
	(0.09)
	(0.09)
	

	CD at 5%
	
	(0.44)
	(0.26)
	(0.27)
	


Figures in the parentheses are transform (√x+0.5) values, NS= Non-significant
1. DBS - Day before spray
1. DAS - Day  after spray





Table-7: Efficacy of biopesticides against shoot and fruit borer, Earias vittella (Fab.) on okra (Kharif- 2018)
(Number basis)
	Treatments
	Dose/ha

	Mean per cent damaged fruits
	Mean of four observation

	
	
	
1 DBS
	First spray
	Second spray
	

	
	
	
	7 DAS
	14 DAS
	Mean
	7 DAS
	14 DAS
	Mean
	

	T1Beauveria bassiana
	0.5 kg
	8.00 (2.91)
	4.60 (2.26)
	5.43 (2.43)
	5.02 (2.35)
	4.30 (2.19)
	4.20 (2.17)
	4.25 (2.18)
	4.63 (2.27)

	T2 Verticillium lacanii
	1.0 kg
	8.90 (3.07)
	4.93 (2.33)
	7.07 (2.72)
	6.05 (2.55)
	7.17 (2.77)
	7.07 (2.75)
	7.12 (2.76)
	6.58 (2.66)

	T3 Neem oil 5%
	2.5 litre
	9.00 (3.08)
	5.03 (2.35)
	7.10 (2.72)
	6.02 (2.54)
	7.93 (2.84)
	7.67 (2.77)
	7.80 (2.81)
	6.91 (2.69)

	T4 Neem leaf extract 5%
	25 kg
	8.70 (3.03)
	5.10 (2.36)
	8.10 (2.92)
	6.60 (2.66)
	9.37 (3.11)
	9.27 (3.10)
	9.32 (3.10)
	7.96 (2.89)

	T5 NSKE 5%
	25 kg
	9.07 (3.09)
	4.57 (2.25)
	5.27 (2.40)
	4.92 (2.33)
	4.13 (2.15)
	4.10 (2.14)
	4.12 (2.15)
	4.52 (2.24)

	T6 Garlic clove extract 5%
	25 kg
	8.93 (3.07)
	5.07 (2.35)
	7.43 (2.78)
	6.25 (2.59)
	8.43 (2.97)
	8.27 (2.94)
	8.35 (2.95)
	7.30 (2.78)

	T7Panchgavya 3%
	15 litre
	8.80 (3.05)
	5.67 (2.48)
	8.93 (3.04)
	7.30 (2.78)
	10.03 (3.24)
	9.37 (3.14)
	9.70 (3.19)
	8.50 (2.99)

	T8 Control (untreated)
	
	8.43 (2.99)
	11.23 (3.42)
	14.07 (3.82)
	12.65 (3.63)
	18.20 (4.32)
	15.27 (3.97)
	16.73 (4.15)
	14.69 (3.90)

	SEm ±
	
	(0.09)
	(0.07)
	(0.24)
	(0.13)
	(0.22)
	(0.24)
	(0.23)
	(0.17)

	CD at 5%
	
	NS
	(0.19)
	(0.70)
	(0.39)
	(0.66)
	(0.71)
	(0.68)
	(0.49)


Figures in the parentheses are transform (√x+0.5) values, NS= Non-significant
1. DBS - Day before spray
1. DAS - Day  after spray



Table-8: Efficacy of biopesticides against shoot and fruit borer, Earias vittella (Fab.) on okra (Kharif- 2019)
(Number basis)
	Treatments
	Dose/ha
	Mean per cent damaged fruits
	Mean of four observation

	
	
	
1 DBS
	First spray
	Second spray
	

	
	
	
	7 DAS
	14 DAS
	Mean
	7 DAS
	14 DAS
	Mean
	

	T1Beauveria bassiana
	0.5 kg
	0.97 (1.21)
	0.95 (1.19)
	0.59 (1.04)
	0.77 (1.11)
	2.01 (1.58)
	6.05 (2.56)
	4.03 (2.18)
	2.40 (1.70)

	T2 Verticillium lacanii
	1.0 kg
	1.03 (1.24)
	1.31 (1.35)
	3.30 (1.88)
	2.31 (1.65)
	6.22 (2.48)
	10.06 (3.21)
	8.14 (2.92)
	5.22 (2.39)

	T3 Neem oil 5%
	2.5 litre
	1.03 (1.24)
	1.41 (1.38)
	3.54 (1.96)
	2.48 (1.70)
	6.74 (2.65)
	10.23 (3.25)
	8.48 (3.00)
	5.48 (2.44)

	T4 Neem leaf extract 5%
	25 kg
	1.01 (1.23)
	1.84 (1.53)
	3.77 (2.02)
	2.80 (1.81)
	7.26 (2.68)
	11.09 (3.39)
	9.17 (3.10)
	5.99 (2.54)

	T5 NSKE 5%
	25 kg
	1.00 (1.23)
	0.64 (1.05)
	0.48 (0.96)
	0.56 (1.01)
	2.14 (1.61)
	5.22 (2.37)
	3.68 (2.03)
	2.12 (1.62)

	T6 Garlic clove extract 5%
	25 kg
	1.07 (1.25)
	1.57 (1.43)
	3.77 (2.02)
	2.67 (1.77)
	6.99 (2.71)
	10.83 (3.35)
	8.91 (3.06)
	5.79 (2.50)

	T7Panchgavya 3%
	15 litre
	1.02 (1.23)
	1.94 (1.56)
	3.90 (2.06)
	2.92 (1.84)
	7.49 (2.77)
	11.72 (3.49)
	9.61 (3.18)
	6.26 (2.60)

	T8 Control (untreated)
	
	1.10 (1.26)
	2.22 (1.63)
	3.92 (1.97)
	3.07 (1.86)
	8.04 (2.91)
	12.93 (3.68)
	10.49 (3.31)
	6.78 (2.69)

	SEm ±
	
	(0.03)
	(0.11)
	(0.32)
	(0.17)
	(0.32)
	(0.23)
	(0.16)
	(0.12)

	CD at 5%
	
	NS
	(0.31)
	(0.93)
	(0.51)
	(0.93)
	(0.67)
	(0.47)
	(0.34)


Figures in the parentheses are transform (√x+0.5) values, NS= Non-significant
1. DBS - Day before spray
1. DAS - Day  after spray

Table-9: Efficacy of biopesticides against shoot and fruit borer, Earias vittella (Fab.) on okra 
(Pooled- 2018 & 2019) (Number basis)
	Treatments
	Dose/ha


	Mean per cent damaged fruits
	Reduction in fruits damage (%)  


	
	
	Mean 
2018
			Mean 
2019
	Average of 
two years
	

	T1Beauveria bassiana
	0.5 kg
	4.63 (2.27)
	2.40 (1.70)
	3.52 (2.00)
	67.2

	T2 Verticillium lacanii
	1.0 kg
	6.58 (2.66)
	5.22 (2.39)
	5.90 (2.53)
	45.1

	T3 Neem oil 5%
	2.5 litre
	6.91 (2.69)
	5.48 (2.44)
	6.20 (2.58)
	42.3

	T4 Neem leaf extract 5%
	25 kg
	7.96 (2.89)
	5.99 (2.54)
	6.98 (2.73)
	35.0

	T5 NSKE 5%
	25 kg
	4.52 (2.24)
	2.12 (1.62)
	3.32 (1.95)
	69.1

	T6 Garlic clove extract 5%
	25 kg
	7.30 (2.78)
	5.79 (2.50)
	6.55 (2.64)
	39.0

	T7Panchgavya 3%
	15 litre
	8.50 (2.99)
	6.26 (2.60)
	7.38 (2.80)
	31.3

	T8 Control (untreated)
	
	14.69 (3.90)
	6.78 (2.69)
	10.74 (3.35)
	

	SEm ±
	
	(0.17)
	(0.12)
	(0.09)
	

	CD at 5%
	
	(0.49)
	(0.34)
	(0.27)
	


Figures in the parentheses are transform (√x+0.5) values, NS= Non-significant
1. DBS - Day before spray
1. DAS - Day  after spray
	




Table-10: Fruit yield under different biopesticides 
	Treatments
	Dose/ha
	Yield (q/ha)
	Avoidable losses/ha

	
	
	Kharif- 2018
	Kharif- 2019
	Average 
	

	T1Beauveria bassiana
	0.5 kg
	118.66
	120.33
	119.50
	19.34

	T2 Verticillium lecanii
	1.0 kg
	115.78
	117.44
	116.61
	16.46

	T3 Neem oil 5%
	2.5 litre
	117.08
	118.42
	117.75
	17.60

	T4 Neem leaf extract 5%
	25 kg
	114.00
	115.33
	114.66
	14.51

	T5 NSKE 5%
	25 kg
	118.22
	120.89
	119.56
	19.40

	T6 Garlic clove extract 5%
	25 kg
	116.22
	117.22
	116.72
	16.56

	T7Panchgavya 3%
	15 litre
	112.22
	113.89
	113.06
	12.91

	T8 Control (untreated)
	
	98.67
	101.60
	100.13
	

	SEm ±
	
	1.80
	1.52
	1.18
	

	CD at 5%
	
	5.30
	4.47
	3.46
	


Figures in the parentheses are mean values 







Table-11: Economics of different biopesticides for the control of major sucking pests on okra crop 
	Treatments
	Dose/ha
	Yield (q/ha)
	Additional yield over control (q/ha)
	Additional profit (Rs/ha)
	Cost of treatments (Rs/ha)
	Net profit (Rs/ha)
	C:B ratio 

	T1Beauveria bassiana
	0.5 kg
	119.50
	19.37
	29055
	1920
	27128
	1:14.13

	T2 Verticillium lacanii
	1.0 kg
	116.61
	16.48
	24720
	2640
	22078
	1:8.36

	T3 Neem oil 5%
	2.5 litre
	117.75
	17.62
	26430
	3700
	22728
	1:6.14

	T4 Neem leaf extract 5%
	25 kg
	114.66
	14.53
	21795
	3200
	18598
	1:5.81

	T5 NSKE 5%
	25 kg
	119.56
	19.43
	29145
	3200
	25938
	1:8.11

	T6 Garlic clove extract 5%
	25 kg
	116.72
	16.59
	24885
	3200
	21683
	1:6.78

	T7Panchgavya 3%
	15 litre
	113.06
	12.93
	19395
	5700
	13688
	1:2.40

	T8 Control (untreated)
	
	100.13
	-
	-
	-
	-
	-



Note:												Rate of insecticides Rs/litre or kg.
Selling rate of okra fruit (Rs/q)	: 1500							Beauveria bassiana		: 720	
Labour charge for sprays (Rs)	: 600 per spray						Verticillium lecanii		: 720
													Neem oil			: 1000
		Neem leaf extract		: 40
		NSKE				: 40
		Garlic clove extract		: 40
		Panchgavya			: 150




Fig 1:Per cent shoot and fruit damage by shoot and fruit borer under different biopesticides






Fig 2: Fruit yield under different biopesticides
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Biopesticides 
Yield (q/ha)	
B. bassiana	V. lacanii	Neem oil	Neem leaf extract	NSKE	Garlic clove extract	Panchgavya 	Control 	119.5	116.61	117.75	114.66	119.56	116.72	113.06	100.13	

