


Evaluation of indigenous bio-formulations against major insect-pests of okra


Abstract
A field experiment was carried out to assess the bio-efficacy of indigenous bio-formulations like neemastra, brahmastra, agniastra, neem seed kernel extract 5%, neem oil and a chemical standard (Quinalphos 25 EC) against major insect pests of okra at the College of Agriculture, Campus Azamgarh, ANDUA&T Ayodhya, during 2023–24. The study was conducted using a randomized block design, comprising three replications. Results revealed that all bio-formulations significantly reduced pest populations compared to the untreated control. Among treatments of bio-formulations, Neemastra demonstrated strong activity against leafhoppers (84.26% reduction), while Agniastra and Brahmastra were the most effective against shoot and fruit borer, achieving 63.1–64.4% and 48.4–57.9% reduction, respectively. Yield performance reflected pest suppression trends, with the highest fruit yield recorded in Quinalphos (13.66 t ha⁻¹), followed by Brahmastra (13.50 t ha⁻¹), Agniastra (12.80 t ha⁻¹), and Neemastra (11.80 t ha⁻¹), all significantly superior to the control (8.60 t ha⁻¹). The study highlights that while chemical control remains most effective, indigenous formulations especially Agniastra, Brahmastra, and Neemastra offer promising eco-friendly alternatives for integrated pest management in okra cultivation.
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1. Introduction
Okra (Abelmoschus esculentus (L.) Moench) is one of the most important vegetable crops grown across tropical and subtropical regions of the world, particularly in India. In India, major okra growing states are Uttar Pradesh, Bihar and West Bengal (Eagri, 2023). It is valued for its nutritional richness, providing proteins, carbohydrates, vitamins (A, B, and C), minerals such as iron and iodine, and dietary fiber, making it an integral component of the human diet and a significant contributor to food and nutritional security. Besides its dietary importance, okra cultivation also contributes substantially to the livelihood of smallholder farmers due to its wide adaptability and high consumer demand (Mohapatra et al., 2024). 
Despite its economic and nutritional value, okra productivity is severely limited by the infestation of insect pests throughout its growth period. Among the most destructive insect pests of okra are jassids (Amrasca biguttula biguttula), shoot and fruit borers (Earias vittella and E. insulana), whiteflies (Bemisia tabaci), aphids (Aphis gossypii), thrips (Thrips tabaci), and the mite (Tetranychus cinnabarinus). These pests not only inflict direct damage by sucking sap and boring into fruits and shoots but also cause indirect losses through vectoring of viral diseases. In particular, Bemisia tabaci is recognized as the vector of yellow vein mosaic virus (YVMV), which is one of the most devastating viral diseases of okra, capable of reducing yields by more than half in severely infested fields. Reported yield losses from the insect pest complex in okra range from 23% to as high as 66%, depending on pest intensity and crop stage (Kodandaram et al., 2017; Chaudhary et al., 2021; Yogesh et al., 2021; Randhawa et al., 2020).	Comment by HP: Check spelling 	Comment by HP: Write proper Randhawa and  Pandey 2020
Conventionally, farmers depend heavily on synthetic insecticides for managing these pests, with 10–15 rounds of pesticide sprays often applied during a cropping season. Although initially effective, such reliance often leads to escalating costs, the evolution of pest resistance, pest resurgence, secondary outbreaks, and adverse environmental and health consequences, highlighting an urgent need for safer, sustainable alternatives.
To address these issues, eco-friendly bio-formulations like Neemastra, Brahmastra, and Agniastra are being explored for management of insect-pests. These are typically prepared from ingredients like neem, cow urine, dung, and other botanicals, and are believed to offer pesticidal, antifeedant, and repellent effects while supporting environmental safety.
Despite this growing interest and usage, systematic field-level evaluations of indigenous bio-formulations against the insect pest complex of okra are limited or inconclusive. The present study is conducted for structured research into their practical applicability in okra pest management.
2. Materials and methods
A field experiment was conducted in the farm of College of Agriculture Campus Azamgarh, Acharya Narendra Deva University of Agriculture and Technology, Kumarganj, Ayodhya, Uttar Pradesh, India during 2023-24 to evaluate the bio-efficacy of different bio-formulations viz., neemastra, bramhastra, agniastra, neem seed kernel extract (NSKE 5%) and neem oil. The okra hybrid variety – “Ullas” was sown by maintaining spacing of 45 x 30cm between rows and plants respectively, in randomized block design with three replications having uniform plot size of 4.0 m x 3.0 m. All the recommended agronomical practices except plant protection were followed as and when required. Two sprays were given at fortnight interval. The treatments included the following-
List 1 : Treatments details
	Treatments
	Required Inputs 
	Dose

	Neemastra
	100 litre water, 1 kg cow dung, 5
litre cow urine, 5 kg fine paste of neem leaves.
	No dilution 

	Brahmastra
	5 litre cow urine, 1.5 kg neem leaves, 1 kg karanj leaves, 1 kg castor leaves, 1 kg papaya leaves and 1 kg datura leaves.
	30 ml/L water

	Agniastra
	10 litre cow urine, 1 kg pulp of neem leaves, 500 gm tobacco powder, 500 gm green chilli, 250 gm garlic paste.
	30 ml/L water

	NSKE
	50 litre water, 2.5 kg shade dried neem seed kernals and 50g detergent powder
	5%

	Neem oil
	Readymade formulation
	3ml/ L water

	Quinalphos 25EC
	Readymade formulation
	2ml/ L water

	Control
	Plain water
	



The observations on population of okra shoot and fruit borer and sucking insect-pests (leafhopper/jassid) was made on five random plants in each plot at one day before and 3, 7 and 10 days after each spray. Population of sucking pest was recorded on three leaves each plant, selected randomly from top, middle and bottom canopy. Per cent reduction in pest population is normally calculated using the Henderson-Tilton formula.
           Per cent Reduction in pest population = 1 -     ] X 100
Where, Ta = Pest population in treatment after spray
Tb = Pest population in treatment before spray
Ca = Pest population in control after spray
Cb = Pest population in control before spray
Green okra fruits were harvested and weighed separately from each net plot at every picking. At the end of last picking, total yield from each net plot was calculated and computed on hectare basis (q/ha) and were subjected to suitable transformations for statistical analysis (Gomez and Gomez, 1984). The yield was then converted into per hectare basis by using the following formula as described by Usman et al.,(2012).  


3. Result and Discussion
3.1 Bio-efficacy of indigenous bio-formulations against the population of leaf hopper
Table 1 presents the effect of different bio-formulations on the population of leaf hopper on okra at 3, 7 and 10 days after first spray. The data indicates that all indigenous bio-formulations and the chemical check were significantly superior to the untreated control in reducing the leaf hopper population. Before spraying, the population of leaf hopper ranged from 6.40 to 7.73 per three leaves among all treatments, whereas the control recorded 7.07 insects. After the first application, a considerable reduction in population was observed in all treated plots. The lowest mean population of leafhopper was recorded in the Quinalphos treated plots (1.13 leafhoppers/3 leaves), followed by Neemastra (1.42 leafhoppers/3 leaves), Neem oil (1.78 leafhoppers/3 leaves), NSKE (1.87 leafhoppers/3 leaves), Brahmastra (2.65 leafhoppers/3 leaves) and Agniastra (3.33 leafhoppers/3 leaves). In contrast, the untreated control recorded a steady increase in population (9.02 leafhoppers/3 leaves). Data revealed that treatment of Quinalphos recorded the highest per cent reduction in population (88.24%), followed by Neemastra (84.26%), NSKE (81.04%), Neem oil (80.81%), Brahmastra (67.55%) and Agniastra (59.22%). 
After the second application, the results (Table 2) revealed that the minimum leaf hopper population was recorded in Quinalphos treated plots (1.36 leafhoppers/3 leaves) followed by Neemastra (2.58 leafhoppers/3 leaves) and Neem oil (2.89 leafhoppers/3 leaves). The other treatments recorded the pest count in the range of 2.93 to 4.24 leafhoppers/3 leaves. The control plot recorded the maximum population throughout the observation period (11.55 leafhoppers/3 leaves). Brahmastra and Agniastra were found to be less effective in reducing the leafhopper population but were superior over control. The results clearly demonstrate that superior performance of Quinalphos aligns with the rapid knock-down action typical of organophosphate insecticides while Neemastra, NSKE and Neem oil were the most promising eco-friendly alternatives against leaf hopper on okra. The strong performance of neem-based formulations may be attributed to their azadirachtin content, which interferes with molting and feeding. Similar to the present finding, Harika and Gogoi (2021) also reported neem oil to be effective against the leafhopper population. The efficacy of neem based formulations is in accordance with Anitha and Nandihalli (2010) who reported neem oil to be effective against the leafhopper population. Jat et al. (2018) also found that application of indigenous bio-pesticides resulted in causing significantly maximum mean reduction of the sap sucking insects like aphid, jassid, whitefly and thrips.	Comment by HP: Check year
Table 1: Bio-efficacy of indigenous bio-formulations against the population of leaf hopper, Amrasca biguttula on Okra after first spray

	Treatment No.
	Treatments
	Average population of leaf hopper per three leaf

	
	
	First spray
	Per cent reduction in population

	
	
	PTC
	3DAS
	7 DAS
	10DAS
	Mean
	

	T1
	Neemastra
	7.07 (2.84)
	1.07 (1.44)
	1.40 (1.55)
	1.80 (1.67)
	1.42
	84.26

	T2
	Brahmastra
	6.40 (2.72)
	1.87 (1.69)
	2.67 (1.91)
	3.40 (2.10)
	2.65
	67.55

	T3
	Agniastra
	6.40 (2.72)
	2.53 (1.88)
	3.33 (2.08)
	4.13 (2.27)
	3.33
	59.22

	T4
	NSKE 
	7.73 (2.96)
	1.53 (1.59)
	1.80 (1.67)
	2.27 (1.81)
	1.87
	81.04

	T5
	Neem oil 
	7.27 (2.88)
	1.27 (1.51)
	1.60 (1.61)
	2.47 (1.86)
	1.78
	80.81

	T6
	Quinalphos 25EC 
	7.53 (2.92)
	0.73 (1.32)
	1.07 (1.44)
	1.60 (1.61)
	1.13
	88.24

	T7
	Control
	7.07 (2.84)
	8.27 (3.04)
	8.93 (3.15)
	9.87 (3.30)
	9.02
	-

	SEm±
	0.04
	0.03
	0.02
	0.04
	-
	-

	CD(0.05)
	0.12
	0.10
	0.07
	0.13
	-
	-


NSKE- Neem Seed Kernel Extract, PTC- Pre treatment count;    DAS- days after spray, Data are mean of three replications, Values in parentheses are √ ᵡ + 0.5 transformed values

Table 2: Bio-efficacy of indigenous bio-formulations against the population of leaf hopper, Amrasca biguttula on Okra after second spray

	Treatment No.
	Treatments
	Average population of leaf hopper per three leaf

	
	
	Second spray
	Per cent reduction in population

	
	
	PTC
	3DAS
	7 DAS
	10DAS
	Mean
	

	T1
	Neemastra
	4.53 (2.35)
	2.07 (1.75)
	2.47 (1.86)
	3.20 (2.05)
	2.58
	46.50

	T2
	Brahmastra
	5.93 (2.63)
	2.87 (1.96)
	4.00 (2.24)
	4.60 (2.37)
	3.82
	39.43

	T3
	Agniastra
	6.53 (2.74)
	3.73 (2.17)
	4.60 (2.37)
	4.40 (2.32)
	4.24
	38.95

	T4
	NSKE 
	5.87 (2.62)
	2.87 (1.97)
	2.93 (1.98)
	3.00 (2.00)
	2.93
	53.00

	T5
	Neem oil 
	5.00 (2.45)
	2.27 (1.81)
	3.13 (2.03)
	3.27 (2.07)
	2.89
	45.67

	T6
	Quinalphos 25EC 
	4.07 (2.25)
	0.87 (1.36)
	1.40 (1.55)
	1.80 (1.67)
	1.36
	68.64

	T7
	Control
	10.87 (3.44)
	11.00 (3.46)
	11.53 (3.54)
	12.13 (3.62)
	11.55
	-

	SEm±
	0.04
	0.05
	0.03
	0.04
	-
	-

	CD(0.05)
	0.12
	0.15
	0.09
	0.12
	-
	-


NSKE- Neem Seed Kernel Extract, PTC- Pre treatment count;    DAS- days after spray, Data are mean of three replications, Values in parentheses are √ ᵡ + 0.5 transformed values
3.2 Bio-efficacy of indigenous bio-formulations against the population of shoot and fruit borer 
Table 3 illustrates the effect of various bio-formulations on the population of shoot and fruit borer damage per plant at different time intervals after spray. Before application, the damage caused by larval population ranged from 0.80 to 1.20 in all plots. After the first spray, insecticide check, Quinalphos showed its superiority in recording mean (3, 7 and 10 days sampling points) lowest larval population (0.78 larvae plant-1) and was at par with Brahmastra (0.93 larvae plant-1). Agniastra, NSKE, Neem Oil and Neemastra were next in the order of efficacy with at par larval populations of 1.00, 1.40, 1.42 and 1.69 larvae plant-1, respectively. The untreated check recorded significantly highest population of 2.42 larvae plant-1 (Table 1). Quinalphos recorded the highest reduction in population (63.1%) equal to Agniastra, which also achieved 63.1% reduction. This indicates that Agniastra, despite being a traditional formulation, possesses considerable insecticidal activity against borer larvae. Brahmastra (48.4%), Neem oil (41.0%), and NSKE (33.7%) also significantly reduced borer damage compared to the control. Neemastra, however, recorded the lowest reduction (20.0%), suggesting relatively weaker efficacy against internal feeders such as Earias spp. Overall, the first spray illustrated that while chemical control remained most effective, Agniastra provided a competitive, eco-friendly alternative for managing borer infestation.
After second spraying, the chemical check, Quinalphos (1.40 larvae plant-1) and Agniastra (1.18 larvae plant-1) maintained their superiority in recording mean (3, 7 and 10 days observations) lowest larval population of shoot and fruit borer and differed significantly with the remaining treatments. Brahmastra was next best treatment to record 1.56 larvae plant-1 which was at par with Neem oil (2.60 larvae plant-1) and NSKE (3.11 larvae plant-1). The untreated control showed a continuous increase in larval population (7.47 larvae plant-1). The data showed that the reduction in shoot and fruit borer population in different treatments was in order of Quinalphos (67.3%) followed by Agniastra (64.4%), Brahmastra (57.9%), Neem oil (40.5%), NSKE (33.3%) and Neemastra (27.0%) (Table 4). 
Among the bio-formulation treatments, Agniastra and Brahmastra proved most promising possibly due to its repellent and contact-poison attributes and can be recommended as eco-friendly alternatives for managing shoot and fruit borer in okra cultivation. Similar findings were reported by Karthika (2013), spraying Brahmastra at 5% offered sustained effectiveness up to seven days post-application, delivering strong residual suppression of key okra pests, including whitefly, mite, aphid, leafhopper, and fruit borer. Birah et al. (2012) reported that integrated management practices substantially suppressed jassid, whitefly, and shoot and fruit borer infestations compared with the untreated control, enabling a notable reduction in the use of synthetic insecticides.
Table 3: Bio-efficacy of indigenous bio-formulations against shoot and fruit borer, Earias spp. on Okra after first spray

	Treatment No.
	Treatments
	Average number of shoot and fruit borer damage

	
	
	First spray
	Per cent reduction in population

	
	
	PTC
	3DAS
	7 DAS
	10DAS
	Mean
	

	T1
	Neemastra
	0.93 (1.39)
	0.67 (1.29)
	1.53 (1.59)
	2.87 (1.96)
	1.69
	20.0

	T2
	Brahmastra
	0.80 (1.34)
	0.27 (1.13)
	0.80 (1.34)
	1.73 (1.65)
	0.93
	48.4

	T3
	Agniastra
	1.20 (1.48)
	0.33 (1.15)
	1.00 (1.41)
	1.67 (1.63)
	1.00
	63.1

	T4
	NSKE 
	0.93 (1.39)
	0.80 (1.34)
	1.47 (1.57)
	1.93 (1.71)
	1.40
	33.7

	T5
	Neem oil 
	1.07 (1.44)
	0.80 (1.34)
	1.40 (1.55)
	2.07 (1.75)
	1.42
	41.0

	T6
	Quinalphos 25EC 
	0.93 (1.38)
	0.20 (1.09)
	0.60 (1.26)
	1.53 (1.59)
	0.78
	63.1

	T7
	Control
	1.07 (1.44)
	1.33 (1.53)
	2.27 (1.81)
	3.67 (2.16)
	2.42
	-

	SEm±
	0.06
	0.04
	0.02
	0.03
	-
	-

	CD(0.05)
	N/A
	0.14
	0.07
	0.08
	-
	-


NSKE- Neem Seed Kernel Extract, PTC- Pre treatment count;    DAS- days after spray, Data are mean of three replications, Values in parentheses are √ ᵡ + 0.5 transformed values

Table 4: Bio-efficacy of indigenous bio-formulations against shoot and fruit borer, Earias spp. on Okra after second spray
	Treatment No.
	Treatments
	Average number of shoot and fruit borer damage

	
	
	Second spray
	Per cent reduction in population

	
	
	PTC
	3DAS
	7 DAS
	10DAS
	Mean
	

	T1
	Neemastra
	3.47 (2.1)
	2.93 (2.0)
	3.60 (2.1)
	4.53 (2.4)
	3.69
	27.0

	T2
	Brahmastra
	2.53 (1.9)
	1.00 (1.4)
	1.40 (1.5)
	2.27 (1.8)
	1.56
	57.9

	T3
	Agniastra
	2.27 (1.8)
	0.67 (1.3)
	1.00 (1.4)
	1.87 (1.7)
	1.18
	64.4

	T4
	NSKE 
	3.20 (2.0)
	2.53 (1.9)
	3.40 (2.1)
	3.40 (2.1)
	3.11
	33.3

	T5
	Neem oil 
	3.00 (2.0)
	2.00 (1.7)
	2.67 (1.9)
	3.13 (2.0)
	2.60
	40.5

	T6
	Quinalphos 25EC
	2.93 (2.0)
	0.80 (1.3)
	1.33 (1.5)
	2.07 (1.8)
	1.40
	67.3

	T7
	Control
	5.13 (2.5)
	5.87 (2.6)
	7.67 (2.9)
	8.87 (3.1)
	7.47
	0.2

	SEm±
	0.05
	0.04
	0.04
	0.03
	-
	-

	CD(0.05)
	0.17
	0.13
	0.13
	0.08
	-
	-


NSKE- Neem Seed Kernel Extract, PTC- Pre treatment count;    DAS- days after spray, Data are mean of three replications, Values in parentheses are √ ᵡ + 0.5 transformed values

3.3 Bio-efficacy of indigenous bio-formulations on okra yield 
The data on fruit yield represented in table 5 shows that all treatments gave significantly higher green fruits yield of okra over untreated control (8.6 t/ha). However, highest yield of okra fruits (66.28 t/ha) was obtained from Quinalphos 25EC which was an increase of 66.28% over control, followed by the treatment Brahmastra recorded a production of 13.5 t/ha with 56.98% increase over control. The remaining treatments in the descending order of yield were Agniastra (12.8 t/ha), Neemastra (11.8 t/ha), Neem oil (11.3 t/ha), and NSKE recorded the lowest yield (10.7 t/ha) among different treatments with an increase of 48.84%, 37.21%, 31.4%, 24.42% respectively, over control. It has been reported by Kumar and Sarada (2020) that cow based fermented organic products like neemastra, brahmastra and agniastra were cost effective to control the major pest of castor efficiently along with simultaneous increase in yield. 

Table 5: Effect of indigenous bio-formulations on the yield of okra
	Treatment No.
	Treatments
	Yield of marketable fruits

	
	
	Kg/plot
	Tonnes/ha
	Per cent increase over control

	T1
	Neemastra
	14.1
	11.8
	37.21

	T2
	Brahmastra
	16.2
	13.5
	56.98

	T3
	Agniastra
	15.3
	12.8
	48.84

	T4
	NSKE 
	12.8
	10.7
	24.42

	T5
	Neem oil 
	13.6
	11.3
	31.40

	T6
	Quinalphos 25EC 
	17.2
	14.3
	66.28

	T7
	Control
	10.3
	8.6
	-

	SEm±
	-
	0.05
	-

	CD(0.05)
	-
	0.15
	-


NSKE- Neem Seed Kernel Extract,
4. Conclusion
The study demonstrated that indigenous bio-formulations offer effective and sustainable alternatives for managing major insect pests of okra. While Quinalphos remained the most effective treatment against leafhopper and shoot and fruit borer, the bio-formulations particularly Agniastra, Brahmastra, and Neemastra provided substantial pest suppression and significantly enhanced fruit yield compared to the control. Agniastra and Brahmastra emerged as the most promising eco-friendly options for borer management, whereas Neemastra performed well against leafhoppers. These findings suggest that integrating indigenous bio-formulations into pest management programs can reduce reliance on chemical pesticides and support safer, more resilient okra production.
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