Evaluation of Biopesticides and Biorationals Against Sucking Pest Complex and Their Safety to Natural Enemies of Okra [Abelmoschus esculentus (L.) Moench]


ABSTRACT
A field experiment was conducted in Randomized Block Design with seven treatments and three replications during Kharif 2025 at the Instructional Farm, Krishi Vigyan Kendra, Dhule (Maharashtra), to evaluate the bio-efficacy of biopesticides and biorationals against sucking pest complex of okra cv. Hybrid Radhika and their impact on the predatory ladybird beetle. Two foliar sprays were imposed at a 14-day interval and observations were recorded before spraying and at 7, 10 and 14 days after each spray. Emamectin benzoate 5% SG @ 0.5 g/L was significantly superior in reducing the mean population of leafhopper (0.88 leafhopper/3 leaves/plant), aphid 1.19 per three leaves per plant and whitefly 0.48 per three leaves per plant. Among the biopesticides, a sequential spray of Lecanicillium lecanii 1.15% WP followed by Beauveria bassiana 1.15% WP was most effective against the sucking pests. None of the treatments showed toxicity to the predatory ladybird beetle. The results indicate that Emamectin benzoate 5% SG; Lecanicillium lecanii 1.15% WP followed by Beauveria bassiana 1.15% WP and M. anisopliae 1.15% WP are effective and economically viable options for integration into sucking pest management programmes for okra.
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1. INTRODUCTION
Okra (Abelmoschus esculentus L. Moench), commonly known as bhindi or lady’s finger, is one of the most important vegetable crops grown in tropical and subtropical regions of the world. It belongs to the family Malvaceae and is believed to have originated in Africa. Okra is widely cultivated as a summer and kharif season vegetable crop because of its wider adaptability, short duration and high economic value, the crop has gained considerable importance among vegetable growers. Okra is cultivated under both irrigated and rainfed conditions and performs well in a wide range of soil and climatic conditions. At present, it is commercially grown in many countries including India, Nigeria, Sudan, Pakistan, Egypt and Mexico. India is the leading producer of okra and contributes more than sixty per cent of the world production, making it an economically important vegetable crop in the country. (Swamy, 2023 and Ounis et al., 2024).
The crop is highly valued because of its nutritional and medicinal properties. Tender fruits are rich in carbohydrates, proteins, vitamins, minerals, antioxidants and dietary fibre. Okra is an excellent source of vitamins A, B and C, calcium, potassium, phosphorus and iron. The mucilage present in the fruits helps in maintaining digestive health and reducing cholesterol levels. In addition, the crop has several medicinal uses and is considered beneficial in controlling various ailments owing to its antioxidant and anti-inflammatory properties. The stems and mature fruits are also utilized in paper and fibre industries, while the mucilage extracted from roots and stems finds application in food processing industries (Swamy, 2023; Ayenan et al., 2025 and Ndungu et al., 2026).
India occupies the foremost position in okra production. The crop is cultivated extensively in Maharashtra, Gujarat, Andhra Pradesh, Uttar Pradesh, Bihar, Madhya Pradesh and West Bengal. In Maharashtra, okra is grown almost throughout the year and provides regular income to farmers due to its continuous harvesting and high market demand. The area under okra cultivation is about 5.55 lakh hectare with 73.08 lakh metric tonnes production and productivity 13.14 metric tonnes per ha. during the year 2024-25. Where as in Maharashtra, the okra cultivation on 13,990 hectares, production is 1,75,440 metric tonnes and productivity are 12.54 metric tonnes per hectare during the year 2024-25. However, despite the availability of improved varieties and advanced cultivation practices, the productivity of okra is often limited by several biotic and abiotic stresses. Among the biotic factors, insect pests are considered one of the major constraints responsible for significant reduction in yield and quality of fruits (Anonymous, 2025a and Anonymous, 2025b).
It suffers heavy yield and quality losses due to a complex of insect pests, chief among them the leafhopper (Amrasca biguttula biguttula Ishida), aphid (Aphis gossypii Glover), whitefly (Bemisia tabaci Gennadius) and shoot and fruit borer (Earias vittella Fabricius) (Ounis et al., 2024). Farmers largely rely on repeated applications of synthetic insecticides for their management; however, indiscriminate use has led to insecticide resistance, pest resurgence, elimination of natural enemies, environmental pollution and pesticide residues in edible fruits (Bamisile et al., 2021; Ofuya et al., 2023).
Biopesticides and biorational insecticides, including microbial agents such as Beauveria bassiana, Metarhizium anisopliae and Lecanicillium lecanii, botanicals such as Azadirachtin and reduced-risk molecules such as Emamectin benzoate, offer selective and comparatively safer alternatives that are compatible with integrated pest management (Irsad et al., 2023; Negi et al., 2023). Several workers have reported encouraging results with these products against the okra pest complex (Kumar et al., 2025); however, their relative performance and economics vary with agro-climatic conditions and local pest pressure. 
2. MATERIALS AND METHODS
The field experiment was conducted during Kharif 2025 at the Instructional Farm, Krishi Vigyan Kendra, Dhule (424 004), Maharashtra, in a Randomized Block Design with seven treatments replicated thrice. The plot size was 3.6 m × 2.4 m. Okra seed of the variety 'Hybrid Radhika' was sown on 17 July 2025 at 30 cm × 15 cm spacing under recommended agronomic practices (FYM @ 20 t/ha; N:P: K @ 100:50:50 kg/ha). Two foliar sprays were imposed with a knapsack sprayer at the onset of fruiting and at a 14-day interval. Population counts of leafhopper, aphid and whitefly were recorded on three leaves (top, middle, bottom) of five randomly tagged plants per plot, one day before spraying (pre-count) and at 7, 10 and 14 days after each spray (DAS). The predatory ladybird beetle was counted on a whole-plant basis on the same tagged plants at identical intervals. 

Table 1: Details of treatment
	Treat. No.
	Treatment details
	Dose/L

	T1
	Lecanicillium lecanii 1.15 WP and followed by B. bassiana 1.15% WP
	5g/L

	T2
	Beauveria bassiana 1.15 WP
	5g/L

	T3
	Metarhizium anisopliae 1.15 WP
	5g/L

	T4
	Bacillus thuringiensis 0.50 WP
	1g/L

	T5
	Emamectin benzoate 5 % SG
	0.5g/L

	T6
	Azadirachtin (10000 ppm)
	3ml/L

	T7
	Untreated control
	-



3. RESULTS AND DISCUSSION
3.1 Bio-efficacy against leafhoppers (Amrasca biguttula biguttula)
The result to the effect of different biopesticides and biorationals on leafhopper populations after the first and second spray on okra is presented in Table 2. and Graph.1, 2.
The precount of leafhopper population recorded a day before spraying varied from 7.67 to 8.40 leafhoppers per three leaves per plant with non-significant differences between different treatments, indicating a homogenous distribution of the leafhopper population in the experimental plot.
At seventh day after the first spray, the treatment with Emamectin benzoate 5% SG @ 0.5 g/L, was found significantly superior over all other treatments recorded the lowest leafhopper population (1.93 leafhoppers/3 leaves/plant). Among the biopesticides, the treatment with Lecanicillium lecanii @ 5.0 g/L followed by Beauveria bassiana 1.15% WP @ 5.0 g/L was found the best treatment (3.40 leafhoppers/3 leaves/plant), which was followed by Metarhizium anisopliae 1.15% WP @ 5.0 g/L (4.40 leafhoppers/3 leaves/plant) and Azadirachtin (10,000 ppm) @ 3.0 ml/L (4.67 leafhoppers/3 leaves/plant). The untreated control recorded the highest population (8.93 leafhoppers/3 leaves/plant).
 At tenth day after the first spray, again the treatment with Emamectin benzoate 5% SG @ 0.5 g/L remained significantly superior recorded the lowest population (1.27 leafhoppers/3 leaves/plant). Among the biopesticides, similar pattern was observed i.e. L. lecanii @ 5.0 g/L followed by B. bassiana 1.15% WP @ 5.0 g/L (3.20 leafhoppers/3 leaves/plant) followed by M. anisopliae 1.15% WP @ 5.0 g/L (4.27 leafhoppers/3 leaves/plant) and Azadirachtin (10,000 ppm) @ 3.0 ml/L (4.53 leafhoppers/3 leaves/plant). The untreated control recorded 7.07 leafhoppers per three leaves per plant.
At fourteenth day after the first spray, the treatment with Emamectin benzoate 5% SG @ 0.5 g/L continued to be the most effective treatment, recorded the lowest population (1.13 leafhoppers/3 leaves/plant). But the biopesticides, L. lecanii @ 5.0 g/L (3.13 leafhoppers/3 leaves/plant) followed by M. anisopliae @ 5.0 g/L (4.20 leafhoppers/3 leaves/plant) were the best ones in checking the population of leaf hoppers. The untreated control registered 7.00 leafhoppers/3 leaves/plant.
At 7th days after the second spray (Table 2), Emamectin benzoate 5% SG @ 0.5 g/L recorded the lowest leafhopper population (0.40 leafhoppers/3 leaves/plant). But among the biorational treatment with M. anisopliae @ 5.0 g/L (1.40 leafhoppers/3 leaves/plant), was found the best treatment which was followed by the treatment with sequential application of L. lecanii @ 5.0 g/L followed by B. bassiana @ 5.0 g/L (2.07 leafhoppers/3 leaves/plant). While the untreated control recorded 7.33 leafhoppers per three leaves per plant. 
At 10th and 14th days after the second spray, a similar trend in the efficacy of the treatments was observed. Emamectin benzoate 5% SG @ 0.5 g/L recorded the lowest leafhopper population, with 0.33 and 0.27 leafhoppers per three leaves per plant, respectively. Among the bio pesticides, M. anisopliae @ 5.0 g/L was the most effective treatment, recorded 1.07 and 0.53 leafhopper per three leaves per plant at 10th and 14th days after the second spray, respectively. Moreover, the treatment with sequential spray of L. lecanii @ 5.0 g/L followed by B. bassiana @ 5.0 g/L, was found equally effective and statistically at par with M. anisopliae @ 5.0 g/L which recorded 1.73 and 0.87 leafhoppers per three leaves per plant at 10th and 14th days after the second spray, respectively. The untreated control recorded the highest leafhopper population, with 5.13 and 5.07 leafhoppers per three leaves per plant at 10th and 14th days after the second spray, respectively.
The overall mean of the first and second sprays revealed that Emamectin benzoate 5% SG @ 0.5 g/L was significantly superior to the other treatments, recorded the lowest leafhopper population of 0.88 leafhopper per three leaves per plant. Among the biopesticides treatments, the sequential spray of L. lecanii @ 5.0 g/L followed by B. bassiana @ 5.0 g/L emerged as the most effective treatment, recorded a leafhopper population of 2.40 leafhoppers per three leaves per plant, followed by M. anisopliae @ 5.0 g/L, which recorded 2.64 leafhoppers per three leaves per plant. In comparison, the untreated control recorded the highest leafhopper population of 6.76 leafhoppers per three leaves per plant.
The higher effectiveness of Emamectin benzoate 5% SG as an effective management option corroborates the findings of Berwa et al., (2017). 
The efficacy of L. lecanii in suppressing the jassid populations is in confirmation with Halder et al., (2021) and Kumar et al., (2025), who found that L. lecanii proved superior over B. bassiana and M. anisopliae in suppressing leafhopper infestation. Similarly, Hubballi et al., (2024) and Kekan et al., (2022) found that L. lecanii serves as an excellent eco-friendly biological alternative for managing leafhoppers on okra. 







Table 2: Bioefficacy of different biopesticides and biorationals against leafhoppers (Amrasca biguttula biguttula) population in okra during Kharif – 2025
	Tr. No.
	Treatments
	Dose/L
(g or ml)
	Leafhopper population/3 leaves/plant
	Leafhopper population/3 leaves/plant
	Avg. of 1st& 2nd spray

	
	
	
	1st spray
	2nd spray
	

	
	
	
	Pre count
	7 DAS
	10 DAS
	14 DAS
	7 DAS
	10 DAS
	14 DAS
	

	1
	Lecanicillium lecanii 1.15% WP followed by B. bassiana 1.15 % WP
	5.0
	7.87
	3.40
	3.20
	3.13
	2.07
	1.73
	0.87
	2.40

	
	
	
	(2.89)*
	(1.96)
	(1.91)
	(1.89)
	(1.60)
	(1.49)
	(1.17)
	(1.70)

	2
	Beauveria bassiana 1.15 % WP
	5.0
	8.00
	5.00
	4.73
	4.67
	2.40
	2.00
	1.13
	3.32

	
	
	
	(2.91)
	(2.34)
	(2.28)
	(2.26)
	(1.69)
	(1.58)
	(1.28)
	(1.95)

	3
	Metarhizium anisopliae 1.15 %WP
	5.0
	7.67
	4.40
	4.27
	4.20
	1.40
	1.07
	0.53
	2.64

	
	
	
	(2.85)
	(2.21)
	(2.18)
	(2.17)
	(1.37)
	(1.25)
	(1.02)
	(1.77)

	4
	Bacillus thuringiensis 0.50 % WP
	1.0
	7.93
	5.20
	5.00
	4.80
	3.07
	2.93
	2.07
	3.72

	
	
	
	(2.90)
	(2.39)
	(2.34)
	(2.30)
	(1.89)
	(1.85)
	(1.60)
	(2.05)

	5
	Emamectin benzoate 5 % SG
	0.5
	8.40
	1.93
	1.27
	1.13
	0.40
	0.33
	0.27
	0.88

	
	
	
	(2.97)
	(1.56)
	(1.33)
	(1.28)
	(0.95)
	(0.91)
	(0.87)
	(1.17)

	6
	Azadirachtin (10,000 ppm)
	3.0
	7.93
	4.67
	4.53
	4.47
	2.27
	1.80
	1.07
	3.11

	
	
	
	(2.90)
	(2.27)
	(2.23)
	(2.21)
	(1.66)
	(1.51)
	(1.25)
	(1.90)

	7
	Untreated control
	-
	8.07
	8.93
	7.07
	7.00
	7.33
	5.13
	5.07
	6.76

	
	
	
	(2.93)
	(3.06)
	(2.75)
	(2.73)
	(2.80)
	(2.37)
	(2.35)
	(2.69)

	S. Em ±
	-
	0.14
	0.11
	0.10
	0.10
	0.09
	0.08
	0.06
	0.04

	C.D @ 5 %
	-
	N.S.
	0.33
	0.32
	0.31
	0.27
	0.25
	0.20
	0.14

	CV %
	-
	8.32
	8.30
	8.33
	8.14
	8.99
	8.87
	8.47
	4.07


  *Figures in the parentheses are √(X+0.5) transformed values, 
DAS: Days After Spray and N.S.: Non-Significant.


Graph.1  Effect of different biopesticides and biorationals on leaf hoppers (Amrasca bigutulla bigutulla) population (after first spray)



Graph.2 Effect of different biopesticides and biorationals on leaf hoppers (Amrasca bigutulla bigutulla) population (after second spray)





4.2.2 Bioefficacy of Different Biopesticides and Biorationals Against Aphids (Aphis gossypii) Population in okra during Kharif - 2025
The data in respect to effect of different biopesticides and biorationals on the aphid population after the first and second spray on okra is presented in Table. 3 and Graph.3, 4
A day before spraying, the pre-count of aphids was recorded, in which the population varied from 13.47 to 15.40 aphids per three leaves per plant, with no significant difference, indicating a homogenous distribution of the aphid population in the experimental plot. 
At 7th day after the first spray, the treatment with Emamectin benzoate 5% SG @ 0.5 g/L was found significantly superior over all other treatments, recorded the lowest aphid population (2.27 aphids/3 leaves/plant). But among the biopesticides, a sequential spray treatment of Lecanicillium lecanii @ 5.0 g/L followed by Beauveria bassiana @ 5.0 g/L was recorded minimum 5.80 aphids per three leaves per plant, which was statistically at par with Metarhizium anisopliae @ 5.0 g/L (7.40 aphids/3 leaves/plant). Untreated control recorded the highest aphid population (17.73 aphids/3 leaves/plant).
At 10th and 14th day after the first spray, a similar trend in treatment efficacy was observed. Emamectin benzoate 5% SG @ 0.5 g/L maintained its superiority, recorded the lowest aphid population of 1.93 and 1.87 aphids per three leaves per plant at 10th and 14th day after the first spray, respectively. Among the biopesticides treatments, the sequential spray of L. lecanii @ 5.0 g/L followed by B. bassiana @ 5.0 g/L was the most effective, recorded an aphid population of 4.60 and 4.53 aphids per three leaves per plant at 10th and 14th day after the first spray, respectively. This was followed by M. anisopliae @ 5.0 g/L, which recorded 6.73 and 6.67 aphids per three leaves per plant at 10th and 14th day after the first spray, respectively. The sequential spray of L. lecanii @ 5.0 g/L followed by B. bassiana @ 5.0 g/L and the treatment with M. anisopliae @ 5.0 g/L were statistically at par with each other. The untreated control recorded the highest aphid population of 14.00 and 14.60 aphids per three leaves per plant at 10th and 14th day after the first spray, respectively (Table 4).
The results indicated in Table.3 describe the effect of different biopesticides on the aphid population after the second spray on okra.
At 7th day after the second spray, Emamectin benzoate 5% SG @ 0.5 g/L recorded the lowest aphid population of 0.47 aphids per three leaves per plant and demonstrated significant superiority over all other treatments. M. anisopliae @ 5.0 g/L, with an aphid population of 2.20 aphids per three leaves per plant, was the second most effective treatment. The sequential spray of L. lecanii followed by B. bassiana @ 5.0 g/L and Azadirachtin 10,000 ppm @ 3.0 ml/L, which recorded aphid populations of 3.00 and 3.33 aphids per three leaves per plant, respectively, were statistically at par with M. anisopliae @ 5.0 g/L. The untreated control recorded the highest aphid population of 15.00 aphids per three leaves per plant.
A similar pattern of significance was observed at 10th and 14th day after the second spray.
The mean of both sprays showed that the treatment with Emamectin benzoate 5% SG @ 0.5 g/L significantly superior and recorded the lowest mean population (1.19 aphids/3 leaves/plant). Among the biopesticides L. lecanii @ 5.0 g/L followed by B. bassiana @ 5.0 g/L (3.81 aphids/3 leaves/plant), was the next best treatment in controlling aphids population which was statistically at par with the treatment M. anisopliae @ 5.0 g/L (4.47 aphids/3 leaves/plant). Untreated control recorded 15.12 aphids per three leaves per plant.
The effectiveness of newer insecticides like Emamectin benzoate 5% SG against sucking pests is in conformity with the trends reported by Gaikwad et al., (2020a), who explored diverse chemical checks under field environments. Furthermore, Kumar et al., (2025) and Berwa et al., (2017) confirmed the higher performance of chemical checks over standalone bio-intensive inputs. 
Among the botanical options, the strong performance of Azadirachtin (10,000 ppm) @ 3.0 ml/L is strongly backed by Harika and Gogoi (2021) and Hubballi et al., (2024), who found that neem derivatives offer robust botanical solutions for sustainable aphid management on okra. This is also in complete agreement with Waman (2024) observed that neem formulations effectively suppress sucking pests and perform comparably with other botanical oils. Similarly, Sahu et al., (2024) emphasized the relative superiority of botanicals over standard microbial options. 
Regarding microbial options, the competitive edge demonstrated by L. lecanii over M. anisopliae and B. bassiana under field conditions matches findings documented by Naik and Shekharappa (2009). It also tallies with observations from Kekan et al., (2022) and Kumar et al., (2025), confirming that L. lecanii formulations provide superior control of aphid populations relative to other entomopathogenic fungi.

Table 3: Bioefficacy of different biopesticides and biorational against aphid (Aphis gossypii) population in okra during Kharif-2025
	Tr. No.
	Treatments
	Dose/L
(g or ml)
	Aphid population/3 leaves/plant
	Aphid population/3 leaves/plant
	Avg. of 1st & 2nd spray

	
	
	
	1st spray
	2nd spray
	

	
	
	
	Pre count
	7 DAS
	10 DAS
	14 DAS
	7 DAS
	10 DAS
	14 DAS
	

	1
	Lecanicillium lecanii 1.15% WP followed by B. bassiana 1.15 % WP
	5.0
	14.33
	5.80
	4.60
	4.53
	3.00
	2.80
	2.13
	3.81

	
	
	
	(3.85)*
	(2.50)
	(2.24)
	(2.24)
	(1.87)
	(1.81)
	(1.62)
	(2.07)

	2
	Beauveria bassiana 1.15 % WP
	5.0
	15.40
	9.20
	9.00
	8.87
	3.93
	3.67
	2.87
	6.26

	
	
	
	(3.99)
	(3.11)
	(3.08)
	(3.06)
	(2.11)
	(2.04)
	(1.83)
	(2.60)

	3
	Metarhizium anisopliae 1.15 %WP
	5.0
	15.27
	7.40
	6.73
	6.67
	2.20
	2.07
	1.73
	4.47

	
	
	
	(3.97)
	(2.80)
	(2.67)
	(2.66)
	(1.63)
	(1.58)
	(1.47)
	(2.23)

	4
	Bacillus thuringiensis 0.50 % WP
	1.0
	14.40
	9.33
	9.20
	9.07
	4.60
	4.07
	3.13
	6.57

	
	
	
	(3.86)
	(3.13)
	(3.11)
	(3.09)
	(2.25)
	(2.12)
	(1.89)
	(2.66)

	5
	Emamectin benzoate 5 % SG
	0.5
	13.47
	2.27
	1.93
	1.87
	0.47
	0.33
	0.27
	1.19

	
	
	
	(3.69)
	(1.66)
	(1.56)
	(1.51)
	(0.98)
	(0.91)
	(0.87)
	(1.30)

	6
	Azadirachtin (10,000 ppm)
	3.0
	15.07
	9.07
	8.87
	8.67
	3.33
	3.07
	2.53
	5.93

	
	
	
	(3.94)
	(3.09)
	(3.06)
	(3.03)
	(1.96)
	(1.89)
	(1.74)
	(2.53)

	7
	Untreated control
	-
	15.13
	17.73
	14.00
	14.60
	15.00
	14.73
	14.67
	15.12

	
	
	
	(3.95)
	(4.26)
	(3.80)
	(3.88)
	(3.93)
	(3.90)
	(3.89)
	(3.95)

	S. Em ±
	0.18
	0.15
	0.16
	0.16
	0.11
	0.10
	0.09
	0.06

	C.D @ 5 %
	N.S.
	0.47
	0.49
	0.48
	0.33
	0.31
	0.29
	0.17

	CV %
	8.24
	9.04
	9.82
	9.70
	8.87
	8.68
	8.59
	3.88


*Figures in the parentheses are  transformed values
DAS: Days After Spray and N.S.: Non-Significant.

Graph.3 Effect of different biopesticides and biorationals on aphid (Aphis gossypii) population (after first spray)



Graph.4 Effect of different biopesticides and biorationals on aphid (Aphis gossypii) population (after second spray)




4.2.3 Bioefficacy of Different Biopesticides and Biorationals Against whitefly (Bemisia tabaci) Population in okra during Kharif - 2025
The data related to the effect of different biorationals and biopesticides on the whitefly population after the first and second spray on okra is presented in Table. 4 and Fig. 1, 2
The whitefly population before the first spray ranged from 6.67 to 7.87 whiteflies per three leaves per plant, with no significant differences among treatments, indicating a homogenous distribution of the whitefly population in the experimental plot.
At 7th, 10th and 14th day after first spray, treatment with Emamectin benzoate 5% SG @ 0.5 g/L was found significantly superior over all the treatments (0.93, 0.67 and 0.60 whitefly per three leaves per plant, respectively). Among the sequential spray treatment with biopesticides, L. Lecanii @ 5.0 g/L followed by B. bassiana @ 5.0 g/L was the next best treatment (2.27, 2.20 and 2.13 whiteflies per three leaves per plant), respectively. The untreated control recorded the highest whitefly population.
The data on the results of the effect of different biopesticides and biorationals on the whitefly population after the second spray on okra is given in Table .5.
At 7th day after second spray (7 DAS), again the treatment with Emamectin benzoate 5% SG @ 0.5 g/L recorded the lowest population 0.33 whitefly per three leaves per plant and demonstrated its superiority. Which was followed by the biopesticides, M. anisopliae 1.15% WP @ 5.0 g/L (1.13 whiteflies/3 leaves/plant) and the sequential spray treatment with L. lecanii followed by B. bassiana @ 5.0 g/L 1.53 whitefly per three leaves per plant, which were statistically at par with each other. While the untreated control plot recorded 6.87 whitefly per three leaves per plant.
A similar pattern observations were recorded at 10th and 14th days after the second spray. 
The cumulative mean population of both 1st and 2nd spray showed that whitefly populations ranged from 0.48 to 6.94 whitefly per three leaves per plant across treatments. Emamectin benzoate 5% SG @ 0.5 g/L recorded the lowest population (0.48 whitefly/3 leaves/plant). Among the biopesticides, a sequential spray treatment of L. lecanii followed by B. bassiana @ 5.0 g/L (1.76 whiteflies/3 leaves/plant) was the next best treatment which was statistically at par with M. anisopliae @ 5.0 g/L (2.13 whiteflies/3 leaves/plant), as against 6.94 whiteflies per three leaves per plant in the untreated control. 
The effectiveness of chemical groups and adjacent biorationals against whitefly complexes was recorded by Berwa et al., (2017), Patel et al., (2017) and Jain et al., (2021). The effectiveness of Lecanicillium lecanii systems in reducing damage of whitefly was earlier reported by Halder et al., (2021), which confirms present findings. Waman (2024) and Hubballi et al., (2024) also confirmed the effectiveness of L. lecanii and Azadirachtin formulations in controlling whitefly populations in case of biopesticides, confirming the findings of the present investigation. Efficacy trends regarding biological and botanical treatments on insect complexes are further supported by Kumar et al., (2025) and Sahu et al., (2024).

Table 4: Bio-efficacy of different biopesticides and biorational against whitefly (Bemisia tabaci) population in okra during Kharif-2025
	Tr. No.
	Treatments
	Dose/L
(g or ml)
	Whitefly population/3 leaves/plant
	Whitefly population/3 leaves/plant
	Avg. of 1st & 2nd spray

	
	
	
	1st spray
	2nd spray
	

	
	
	
	Pre count
	7 DAS
	10 DAS
	14 DAS
	7 DAS
	10 DAS
	14 DAS
	

	1
	Lecanicillium lecanii 1.15% WP followed by B. bassiana 1.15 % WP
	5.0
	7.53
	2.27
	2.20
	2.13
	1.53
	1.47
	0.93
	1.76

	
	
	
	(2.83)*
	(1.66)
	(1.63)
	(1.62)
	(1.42)
	(1.40)
	(1.20)
	(1.50)

	2
	Beauveria bassiana 1.15 % WP
	5.0
	6.87
	4.73
	4.33
	4.13
	3.13
	2.67
	1.73
	3.46

	
	
	
	(2.71)
	(2.28)
	(2.19)
	(2.15)
	(1.90)
	(1.77)
	(1.35)
	(1.98)

	3
	Metarhizium anisopliae 1.15 %WP
	5.0
	7.27
	3.73
	3.33
	3.13
	1.13
	1.00
	0.47
	2.13

	
	
	
	(2.78)
	(2.06)
	(1.96)
	(1.91)
	(1.26)
	(1.22)
	(0.98)
	(1.62)

	4
	Bacillus thuringiensis 0.50 % WP
	1.0
	7.07
	4.80
	4.47
	4.27
	3.33
	2.73
	2.60
	3.70

	
	
	
	(2.74)
	(2.30)
	(2.22)
	(2.18)
	(1.96)
	(1.79)
	(1.37)
	(2.05)

	5
	Emamectin benzoate 5 % SG
	0.5
	7.87
	0.93
	0.67
	0.60
	0.33
	0.27
	0.07
	0.48

	
	
	
	(2.89)
	(1.20)
	(1.07)
	(1.05)
	(0.91)
	(0.87)
	(0.75)
	(0.99)

	6
	Azadirachtin (10,000 ppm)
	3.0
	6.67
	3.93
	3.53
	3.33
	2.33
	1.93
	1.00
	2.68

	
	
	
	(2.67)
	(2.10)
	(2.01)
	(1.95)
	(1.68)
	(1.56)
	(1.22)
	(1.78)

	7
	Untreated control
	-
	7.40
	7.87
	6.33
	6.73
	6.87
	7.00
	6.87
	6.94

	
	
	
	(2.80)
	(2.88)
	(2.61)
	(2.68)
	(2.71)
	(2.74)
	(2.71)
	(2.73)

	S. Em ±
	-
	0.14
	0.10
	0.09
	0.09
	0.08
	0.08
	0.07
	0.05

	C.D @ 5 %
	-
	N.S.
	0.30
	0.28
	0.28
	0.25
	0.24
	0.23
	0.14

	CV %
	-
	8.48
	8.18
	8.18
	8.28
	8.33
	8.18
	8.98
	4.51


       *Figures in the parentheses are  transformed values
     DAS: Days After Spray and N.S.: Non-Significant.


Fig.1 Effect of different biopesticides and biorationals on whitefly (Bemisia tabaci) population (after first spray)



Fig. 2 Effect of different biopesticides and biorationals on whitefly (Bemisia tabaci) population (after second spray)

4.2.4 Impact of Different Biopesticides and Biorationals on Natural Enemies (LadybirdBeetle)

The data on the impact of different bio pesticides and bio rationals on the population of natural enemies, particularly coccinellids (ladybird beetles), are presented in Table. 5 and Graph.5, 6.
The pre-treatment and post-treatment predator counts were recorded one day before spraying and at 7th, 10th and 14th days after each spray. The observations indicated a uniform distribution of natural enemies across all treatments, suggesting that none of the treatments exhibited toxicity towards the coccinellid population. 
In the present study, the microbial treatment B. bassiana 1.15% WP @ 5.0 g/L, B. thuringiensis 0.50% WP @ 1.0 g/L or in sequential application with L. lecanii followed by B. bassiana @ 5.0 g/L was found to be less toxic to ladybird beetles and sustained the highest predator populations. These findings are in close agreement with Naik et al., (2019), who observed that B. bassiana formulations were safe to adult coccinellid predators under field conditions.
The low toxicity and eco-friendly behavior of botanical applications such as Azadirachtin (10,000 ppm) toward ladybird beetles observed during the course of this investigation are strongly supported by Rosaiah (2001) and Patil (2021), who reported that azadirachtin based formulations were completely safe to coccinellid predators in okra ecosystems. Furthermore, Halder et al., (2021) observed that entomopathogenic fungi and their combinations with botanical oils were highly safe to polyphagous predatory coccinellids.





	Tr. No.
	Treatments
	Dose/L
(g or ml)
	Ladybird beetle population/plant
	Ladybird beetle population/plant

	
	
	
	1st spray
	2nd spray

	
	
	
	Pre count
	7 DAS
	10 DAS
	14 DAS
	7 DAS
	10 DAS
	14 DAS

	1
	Lecanicillium lecanii 1.15% WP followed by B. bassiana 1.15 % WP
	5.0
	2.80
	1.53
	1.47
	1.40
	1.20
	0.87
	0.67

	
	
	
	(1.82)*
	(1.36)
	(1.40)
	(1.38)
	(1.29)
	(1.17)
	(1.08)

	2
	Beauveria bassiana 1.15 % WP
	5.0
	3.07
	2.53
	2.00
	1.93
	1.33
	1.00
	0.87

	
	
	
	(1.89)
	(1.74)
	(1.58)
	(1.55)
	(1.35)
	(1.22)
	(1.17)

	3
	Metarhizium anisopliae 1.15 %WP
	5.0
	2.87
	2.00
	1.73
	1.67
	1.00
	0.73
	0.53

	
	
	
	(1.83)
	(1.58)
	(1.49)
	(1.44)
	(1.21)
	(1.11)
	(1.01)

	4
	Bacillus thuringiensis 0.50 % WP
	1.0
	3.07
	2.40
	1.80
	1.73
	1.27
	0.93
	0.73

	
	
	
	(1.88)
	(1.70)
	(1.52)
	(1.49)
	(1.32)
	(1.19)
	(1.11)

	5
	Emamectin benzoate 5 % SG
	0.5
	2.80
	1.13
	1.00
	0.93
	0.87
	0.47
	0.33

	
	
	
	(1.81)
	(1.28)
	(1.22)
	(1.19)
	(1.16)
	(0.98)
	(0.89)

	6
	Azadirachtin (10,000 ppm)
	3.0
	2.60
	1.80
	1.67
	1.60
	1.13
	0.80
	0.60

	
	
	
	(1.76)
	(1.51)
	(1.47)
	(1.45)
	(1.28)
	(1.12)
	(1.04)

	7
	Untreated control
	-
	3.07
	3.47
	2.93
	3.00
	2.87
	2.93
	2.87

	
	
	
	(1.87)
	(1.98)
	(1.83)
	(1.85)
	(1.80)
	(1.74)
	(1.74)

	S. Em ±
	-
	0.09
	0.14
	0.11
	0.12
	0.12
	0.15
	0.17

	C.D @ 5 %
	-
	N.S.
	N.S.
	N.S.
	N.S.
	N.S.
	N.S.
	N.S.

	CV %
	-
	8.34
	15.26
	13.04
	13.85
	15.91
	20.86
	25.12


  Table 5: Impact of different biopesticides and biorational against predatory ladybird beetle (Coccinella spp.) population in okra during Kharif-2025


       *Figures in the parentheses are  transformed values
     DAS: Days After Spray and N.S.: Non-Significant.


Fig. 3 Impact of different biopesticides and biorationals on population of predatory coccinellids (after first spray)



Fig. 4 Impact of different biopesticides and biorationals on population of predatory coccinellids (after second spray)


4. CONCLUSION
Among all the treatments evaluated, Emamectin benzoate 5% SG @ 0.5 g/L was the most effective and economically superior option for management of leafhoppers, aphids and whiteflies of okra. Among the biopesticides, sequential spray of L. lecanii followed by B. bassiana 1.15% WP @ 5.0 g/L, statistically at par with Metarhizium anisopliae 1.15% WP @ 5.0 g/L was the most effective against sucking pests. All biorational treatments were safe to the predatory ladybird beetle. Emamectin benzoate 5% SG and M. anisopliae 1.15% WP can therefore be recommended, either singly or in rotation, as effective and economically viable components of integrated pest management programmes for sustainable insect pest management in okra.
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Pre count	L. lecanii 1.15% WP followed by  B. bassiana 1.15 % WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	7.8666666666666663	8	7.666666666666667	7.9333333333333327	8.4	7.9333333333333336	8.0666666666666682	7 DAS	L. lecanii 1.15% WP followed by  B. bassiana 1.15 % WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	3.4	5	4.3999999999999995	5.2	1.9333333333333333	4.666666666666667	8.9333333333333318	10 DAS	L. lecanii 1.15% WP followed by  B. bassiana 1.15 % WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	3.2000000000000006	4.7333333333333334	4.2666666666666666	5	1.2666666666666666	4.5333333333333323	7.0666666666666664	14 DAS	L. lecanii 1.15% WP followed by  B. bassiana 1.15 % WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	3.1333333333333333	4.666666666666667	4.2	4.8	1.1333333333333335	4.4666666666666659	7	Treatments 


Population of Insect/3 leaves/ plant
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Population of Insect/3 leaves/ plant




7 DAS	L. lecanii 1.15% WP followed by  B.bassiana 1.15%  WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	3	3.9333333333333336	2.1999999999999997	4.6000000000000005	0.46666666666666662	3.3333333333333335	15	10 DAS	L. lecanii 1.15% WP followed by  B.bassiana 1.15%  WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	2.8000000000000003	3.6666666666666665	2.0666666666666669	4.0666666666666673	0.33333333333333331	3.0666666666666664	14.733333333333334	14 DAS	L. lecanii 1.15% WP followed by  B.bassiana 1.15%  WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	2.1333333333333333	2.8666666666666667	1.7333333333333334	3.1333333333333333	0.26666666666666666	2.5333333333333337	14.666666666666666	Treatments 


Population of Insect/3 leaves/ plant




Pre count	L. lecanii 1.15% WP followed by  B. bassiana 1.15 % WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	7.53	6.87	7.27	7.07	7.87	6.67	7.4	7 DAS	L. lecanii 1.15% WP followed by  B. bassiana 1.15 % WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	2.2666666666666666	4.7333333333333334	3.7333333333333329	4.8	0.93333333333333324	3.9333333333333336	7.8666666666666671	10 DAS	L. lecanii 1.15% WP followed by  B. bassiana 1.15 % WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	2.1999999999999997	4.333333333333333	3.3333333333333335	4.4666666666666659	0.66666666666666663	3.5333333333333332	6.333333333333333	14 DAS	L. lecanii 1.15% WP followed by  B. bassiana 1.15 % WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	2.1333333333333333	4.1333333333333337	3.1333333333333333	4.2666666666666666	0.6	3.3333333333333335	6.7333333333333334	Treatments 


Population of Insect/ 3 leaves/ plant
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Population of Insect/ 3 leaves/ plant




Pre count	L. lecanii 1.15% WP followed by  B. bassiana 1.15 % WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	2.8000000000000003	3.0666666666666664	2.8666666666666667	3.0666666666666664	2.8000000000000003	2.6	3.0666666666666669	7 DAS	L. lecanii 1.15% WP followed by  B. bassiana 1.15 % WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	1.5333333333333332	2.5333333333333332	2	2.4	1.1333333333333335	1.8	3.4666666666666668	10 DAS	L. lecanii 1.15% WP followed by  B. bassiana 1.15 % WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	1.4666666666666668	2	1.7333333333333334	1.8	1	1.6666666666666667	2.9333333333333336	14 DAS	L. lecanii 1.15% WP followed by  B. bassiana 1.15 % WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	1.3999999999999997	1.9333333333333333	1.6666666666666667	1.7333333333333334	0.93333333333333324	1.6000000000000003	3	Treatments 


Population of coccinellids/ plant




7 DAS	L. lecanii 1.15% WP followed by  B. bassiana 1.15 % WP	Beauveria bassiana 1.15 % WP	Metarhizium anisopliae 1.15 %WP	Bacillus thuringiensis 0.50 % WP	Emamectin benzoate 5 % SG	Azadirachtin (10,000 ppm)	Untreated control	1.2	1.3333333333333333	1	1.2666666666666666	0.86666666666666659	1.1333333333333333	2.8666666666666667	10 DAS	0.8666666666666667	1	0.73333333333333339	0.93333333333333346	0.46666666666666673	0.79999999999999993	2.9333333333333336	14 DAS	0.66666666666666663	0.8666666666666667	0.53333333333333333	0.73333333333333339	0.33333333333333331	0.6	2.8666666666666667	Treatments 


Population of coccinellids/ plant




