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Management strategies of American bollworm (Helicoverpa armigera Hubner) in Bt Cotton under farmer field conditions in Suryapet district

Abstract
American bollworm (Helicoverpa armigera Hubner) remains a persistent and economically important pest of cotton despite the widespread cultivation of Bt hybrids. Its high fecundity, polyphagous nature and ability to develop resistance to insecticides often result in sporadic outbreaks, leading to significant yield and economic losses under field conditions. The present study was conducted during Kharif seasons of 2023–24, 2024–25 and 2025–26 in Suryapet district of Telangana state to evaluate the effectiveness of a location-specific Integrated Pest Management (IPM) module against H. armigera in Bt cotton under farmer participatory conditions.
Frontline demonstrations were implemented across 10 locations each year, covering 10 acres. The IPM module comprised cultural practices such as deep summer ploughing and timely sowing, installation of pheromone traps for pest surveillance, use of bird perches, periodic release of Trichogramma chilonis, neem-based biopesticides and need-based application of selective insecticides based on Economic Threshold Level (ETL). The performance of IPM plots was compared with adjacent farmer practice plots that followed calendar-based insecticide applications without systematic monitoring.
The pooled data over three years indicated a substantial reduction in pest incidence and fruiting body damage in IPM plots. The average seed cotton yield under IPM was 11.6 q/acre compared to 8.4 q/acre in farmer practice, registering a yield advantage of 38.09%. Economic analysis revealed higher gross returns (Rs. 85,920/acre) and net returns (Rs. 49,853/acre) in IPM plots compared to Rs. 62,300/acre and Rs. 32,333/acre respectively, under conventional practice. The mean benefit-cost ratio was 2.38 in demonstration plots as against 2.08 in farmer practice.
The study demonstrates that adoption of scientifically validated, monitoring-based IPM strategies effectively suppresses American bollworm populations, optimizes pesticide use and enhances profitability and sustainability of Bt cotton cultivation in semi-arid agro-ecosystems of Telangana.
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Introduction
Cotton (Gossypium hirsutum L.) is one of the most important commercial fibre crops cultivated worldwide and plays a vital role in the agricultural economy of India. The crop contributes significantly to rural employment, textile industries and export earnings. Telangana state is one of the major cotton-growing regions in the country, where the crop is predominantly cultivated under rainfed conditions during the Kharif season. In districts such as Suryapet, cotton serves as a principal source of livelihood for small and marginal farmers, making crop protection a critical determinant of farm profitability and sustainability.
Cotton production, however, is highly vulnerable to insect pest infestations. Among the various insect pests, the bollworm complex has historically been responsible for severe yield losses. American bollworm (Helicoverpa armigera Hubner) is considered one of the most destructive and economically significant pests of cotton due to its wide host range, high reproductive capacity and remarkable adaptability to diverse agro-climatic conditions. The pest is polyphagous in nature and feeds on more than 180 cultivated and wild host plants, enabling it to survive and migrate across cropping systems throughout the year. In cotton, early instar larvae feed on tender foliage and squares, while later instars attack flowers and bore into developing bolls, feeding internally on seeds and lint. Such damage results in shedding of fruiting bodies, reduced boll retention, inferior fibre quality and ultimately substantial yield reduction. Under favourable environmental conditions and inadequate management, yield losses may range from 20 to 40 percent, depending on the stage and severity of infestation.
In this context, Integrated Pest Management (IPM) has emerged as a scientifically validated and environmentally sound approach for managing insect pests in cotton ecosystems. IPM emphasizes pest surveillance, threshold-based decision making, conservation of natural enemies and judicious use of selective insecticides. By integrating cultural, mechanical, biological and chemical control strategies, IPM aims to maintain pest populations below economic injury levels while minimizing ecological disruption and resistance development. Despite availability of IPM recommendations, adoption at farmer level remains inconsistent due to lack of awareness, inadequate monitoring and reliance on calendar-based pesticide applications. Therefore, location-specific evaluation and demonstration of IPM modules under real field conditions are essential to generate confidence among farmers and validate their economic viability.
Keeping this in view, the present study was undertaken to assess the effectiveness of an Integrated Pest Management module against American bollworm (Helicoverpa armigera) in Bt cotton under farmer participatory conditions in Suryapet district of Telangana state. The study aimed to evaluate its impact on pest incidence, yield performance and economic returns in comparison with prevailing farmer practices.
Materials and Methods
1. Study Area and Agro-climatic Conditions
The present investigation was conducted during three consecutive Kharif seasons (2023–24, 2024–25 and 2025–26) in Suryapet district of Telangana state, India. The district falls under the Southern Agro-Climatic Zone of Telangana and is characterized by semi-arid tropical conditions. The average annual rainfall ranges between 750–900 mm, predominantly received during the southwest monsoon (June–September). The mean maximum temperature during the cropping season varies from 32–40 °C, while minimum temperatures range from 18–25 °C.
The experimental fields were situated on red sandy loam soils with moderate drainage capacity. Soil samples were collected prior to sowing from representative locations following standard sampling procedures. The samples were analyzed for pH, electrical conductivity, organic carbon and available macro nutrients (N, P₂O₅ and K₂O) to ensure balanced nutrient management. Based on soil test results, recommended fertilizer doses were applied uniformly in both demonstration and farmer practice plots to avoid nutrient bias.
2. Experimental Design and Layout
The study was conducted under Frontline Demonstration (FLD) mode by Krishi Vigyan Kendra (KVK), Gaddipally. A total of 10 demonstrations were conducted each year across different villages of Suryapet district, covering a total area of 10 acres per season.
At each location:
· One acre was maintained as an IPM Demonstration plot.
· An adjacent farmer-managed field of comparable size was selected as Check (Farmer Practice).
· The design followed a side-by-side comparison approach under real farming conditions rather than controlled research station conditions.
· Farmers were selected based on willingness to cooperate and maintain uniform crop management except pest management interventions.
Prior to implementation, participating farmers were sensitized through training programmes, group discussions, method demonstrations and field visits focusing on pest identification, monitoring techniques and ETL concepts.
3. Crop Establishment and Agronomic Practices
Bt cotton hybrids commonly cultivated in the locality were sown during the recommended sowing window (June–July). Spacing was maintained as per package of practices (generally 90 cm × 30 cm).
All recommended agronomic practices such as land preparation, seed treatment, fertilizer application, intercultivation and irrigation (where applicable) were uniformly followed in both demonstration and check plots to ensure that yield differences were primarily due to pest management interventions.
Weed management was carried out through manual and mechanical methods at critical stages. No additional growth regulators were used beyond local recommendations.
Integrated Pest Management (IPM) Module in Demonstration Plots
The Integrated Pest Management (IPM) module implemented in the demonstration plots was designed as a systematic and scientifically structured approach to manage Helicoverpa armigera in Bt cotton under field conditions. The strategy emphasized precise monitoring, threshold-based decision making and integration of multiple compatible control measures to ensure effective and measurable pest suppression. All IPM components were implemented in a sequential manner with clearly defined timing, application methods and evaluation parameters to enable quantification of their impact.
4.1 Cultural Practices: Preventive cultural practices were initiated prior to crop establishment to reduce the initial pest load. Deep summer ploughing was carried out during April–May to expose and destroy overwintering pupae present in the soil. Sowing was undertaken within the recommended window to avoid synchronization of susceptible crop stages with peak moth activity. Nutrient management was based on soil test recommendations, with controlled nitrogen application to prevent excessive vegetative growth that favors bollworm infestation. Removal of alternate host plants in field bunds and nearby areas was ensured to minimize pest carryover and continuity.
4.2 Pest Monitoring and Surveillance: A systematic pest monitoring protocol was followed throughout the cropping period. Pheromone traps were installed at a density of five traps per acre for monitoring adult moth population. The traps were positioned at canopy height and lures were replaced at 20–25 day intervals. Weekly observations were recorded, and trap catches were used as an early warning indicator of pest build-up. In addition to trap monitoring, field scouting was conducted at seven-day intervals. During each observation, twenty randomly selected plants per plot were examined to record larval population and percentage boll damage. These observations were used to assess pest dynamics and to decide the need for control measures.
4.3 Mechanical and Physical Control: Mechanical and ecological approaches were adopted to enhance natural pest suppression. Bird perches were installed at ten per acre to attract predatory birds, which contributed to reduction of larval population. Manual collection and destruction of early instar larvae were carried out during initial stages of infestation to prevent population buildup. Removal of infested squares and bolls was also practiced in localized areas to limit further spread.
4.4 Biological Control: Biological control interventions were implemented in a planned and quantifiable manner. The egg parasitoid Trichogramma chilonis was released at the rate of 50,000 parasitoids per acre at ten-day intervals starting from square initiation stage. A total of two to three releases were carried out depending on pest incidence levels. The effectiveness of parasitoid release was assessed through reduction in egg hatchability and subsequent larval population. Neem-based biopesticide (Azadirachtin 1500 ppm) was applied at 5 ml per litre during early larval stages, which helped in suppressing initial pest population while conserving natural enemies.
4.5 Chemical Control (Need-based and ETL Driven): Chemical control measures were strictly implemented based on Economic Threshold Level to ensure rational pesticide use. The threshold was fixed at five percent fruiting body damage or five larvae per twenty plants. Only when pest population exceeded this level were insecticides applied. Selective insecticides with different modes of action, namely Emamectin benzoate (0.4 g/l), Spinosad (0.3 ml/l) and Chlorantraniliprole (0.3 ml/l) were used in rotation to prevent resistance development. Sprays were applied using calibrated knapsack sprayers to ensure uniform coverage and effective deposition. The number of chemical sprays was recorded and compared with farmer practice plots to evaluate reduction in pesticide use.
Farmers’ Practice (Check Plot): In the check plots, farmers followed their conventional pest management practices without systematic monitoring or adherence to Economic Threshold Levels. Pest control decisions were generally based on visual observation or fixed spray schedules rather than scientific surveillance. Broad-spectrum insecticides such as acephate (1.5g/l) and lambda cyhalothrin (1 ml/l) were commonly applied, often at frequent intervals irrespective of actual pest population levels. Biological control measures and pheromone-based monitoring were not practiced in these fields. As a consequence, the number of insecticide applications was typically higher in farmer practice plots compared to demonstration plots. The absence of monitoring-based interventions and reliance on calendar spraying often resulted in higher input costs and suboptimal pest suppression. 
The overall effectiveness of the IPM module was assessed based on quantifiable parameters including larval population per twenty plants, percentage boll damage, number of insecticide sprays, seed cotton yield and economic returns. The integration of these precisely implemented components enabled effective pest control, reduced chemical dependency and improved sustainability of Bt cotton cultivation under field conditions.
Results and Discussion
The results obtained from the three-year field study clearly demonstrated the effectiveness of the Integrated Pest Management (IPM) module in reducing the incidence of American bollworm (Helicoverpa armigera) and improving cotton productivity under farmer field conditions. A clear difference was observed between IPM plots and farmer practice plots with respect to pest population, damage levels, number of sprays and economic returns. Regular monitoring through pheromone traps and field scouting helped in early detection of pest population, which allowed timely control measures. The use of cultural practices, biological control agents and need-based insecticide application helped to keep pest levels below the Economic Threshold Level.
The pest monitoring data indicated that larval population in IPM plots was consistently maintained below the Economic Threshold Level (ETL) during most stages of crop growth. The average larval population ranged between 2.1 to 3.4 larvae per 20 plants in IPM plots, whereas it ranged between 4.8 to 6.2 larvae per 20 plants in farmer practice plots during peak infestation periods. Similarly, fruiting body damage in IPM plots was restricted to 4–6%, while farmer practice plots recorded higher damage levels ranging from 9–14%. This reduction in pest incidence can be attributed to timely interventions based on pheromone trap monitoring and regular field scouting.
The number of chemical sprays was significantly reduced in IPM plots due to need-based application. On average, only 2–3 insecticide sprays were applied in IPM plots compared to 4–6 sprays in farmer practice plots. Despite fewer sprays, IPM plots recorded better pest control, indicating the effectiveness of selective insecticides and biological interventions. The reduced spray frequency also helped in lowering input costs and minimizing environmental impact.
Yield performance showed a consistent advantage of IPM over farmer practice across all three seasons. The average seed cotton yield in IPM plots was 11.6 quintals per acre compared to 8.4 quintals per acre in farmer practice plots, resulting in an average increase of 38.09%. The higher yield in IPM plots was mainly due to reduced boll damage, improved boll retention and better crop health during critical growth stages. The difference in yield between IPM and farmer practice was found to be substantial and practically significant under field conditions.
Economic analysis further confirmed the superiority of the IPM approach. The average net returns in IPM plots were Rs. 49,853 per acre, which was significantly higher than Rs. 32,333 per acre recorded in farmer practice plots. The benefit-cost ratio was also higher in IPM plots (2.38) compared to farmer practice (2.08), indicating better economic efficiency. Although the cost of cultivation in IPM plots was slightly higher due to inclusion of biological inputs and monitoring tools, the increased yield and reduced pesticide use resulted in higher profitability.
Overall, the results clearly indicate that the IPM module provided effective and measurable control of Helicoverpa armigera in Bt cotton. The integration of cultural practices, monitoring tools, biological control agents and ETL-based chemical application not only reduced pest incidence but also improved yield and economic returns. The findings demonstrate that IPM is a reliable, sustainable and farmer-friendly approach for managing bollworm infestation under the agro-climatic conditions of Suryapet district.
Economics
Table 1: Yield performance of Bt cotton under Demo and Farmer Practice
	Year
	Yield (q/acre) Demo Plot
	Yield (q/acre) 
Farmer Practice
	% Increase over Farmer Practice

	2023–24
	11.2
	8.1
	38.27%

	2024–25
	12.4
	9.0
	37.77%

	2025–26
	11.3
	8.2
	37.80%

	Average
	11.6
	8.4
	38.09%



Fig 1: Yield performance of Bt cotton under Demo and Farmer Practice
The data clearly indicate that Demo plots consistently recorded higher yield compared to farmer practice across all three seasons. The average yield advantage of 38.09% demonstrates the effectiveness of monitoring-based and integrated pest control measures. Better boll retention and reduced fruit damage in Demo plots contributed significantly to increased seed cotton yield.
[image: ]Table 2: Economics of Bt cotton under Demo and Farmer PracticeFig 2: Economics of Bt cotton

	Year
	Cost of Cultivation (Rs/ac)
	Gross Returns (Rs/ac)
	Net Returns (Rs/ac)
	B:C Ratio

	
	Demo
	Farmer
	Demo
	Farmer
	Demo
	Farmer
	Demo
	Farmer

	2023–24
	34,800
	29,600
	84,000
	60,750
	49,200
	31,150
	2.41
	2.05

	2024–25
	36,900
	30,400
	93,000
	67,500
	56,100
	37,100
	2.52
	2.22

	2025–26
	36,500
	29,900
	80,760
	58,650
	44,260
	28,750
	2.21
	1.96

	Average
	36,067
	29,967
	85,920
	62,300
	49,853
	32,333
	2.38
	2.08


[image: ][image: ][image: ]Although the cost of cultivation in IPM plots was slightly higher due to biological inputs and monitoring tools, the increased yield resulted in substantially higher gross and net returns. The average net return under IPM was Rs. 49,853 per acre compared to Rs. 32,333 per acre under farmer practice. The higher B:C ratio (2.38) confirms that IPM is economically superior and more profitable than conventional pesticide-based management.

Limitations of the Study
The present study was conducted under specific agro-climatic conditions of Suryapet district, and therefore the results may vary under different environmental conditions and cropping systems. The demonstrations were carried out in a limited number of locations and seasons, which may not fully capture year-to-year variability in pest dynamics. In addition, variations in farmer management practices and field conditions could influence the outcomes. Hence, further multi-location and long-term studies are required to validate the wider applicability of the IPM module.
Conclusion
The present three-year study clearly demonstrated that the Integrated Pest Management (IPM) approach is effective in managing American bollworm (Helicoverpa armigera) in Bt cotton under farmer field conditions in Suryapet district of Telangana state. The adoption of cultural practices, regular pest monitoring, biological control agents and need-based chemical application helped in maintaining pest populations below the Economic Threshold Level.
Demonstration plots consistently recorded higher seed cotton yield compared to farmer practice, with an average increase of 38.09 percent. Economic analysis also revealed higher gross returns, net returns and benefit-cost ratio under IPM plots. Although the cost of cultivation was slightly higher due to monitoring and biological inputs, the overall profitability was significantly improved.
The study confirms that IPM is not only technically effective but also economically beneficial and environmentally safer than conventional calendar-based pesticide spraying. Therefore, large-scale promotion of IPM practices through extension programmes and farmer training is essential to ensure sustainable cotton production and enhanced farmer income in Telangana state.
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