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                                                                     ABSTRACT
The present study was carried out during the Rabi season of 2024-2025. The experiment was done in Randomized Block Design (RBD). Eight treatments were applied, each replicated three times, viz  Profenofos 40% + Cypermethrin 4%, Beauveria bassiana 1.15% WP, NSKE @ 5%, Spinosad 45% SC, Neem oil @ 5%, Chlorantraniliprole 18.5% SC, Bacillus thuringiensis 1×10⁹ CFU/ml and untreated control. Two rounds of spray after 15 days applications were given to manage Helicoverpa armigera. Among all treatments, (Chlorantraniliprole 18.5% SC) recorded the lowest larval population (0.35 larvae/plant), followed by (Profenofos + Cypermethrin) at (0.41), (Spinosad) (0.48), (Neem oil) (0.53), (NSKE) (0.61), (Beauveria bassiana) (0.68) and (Bacillus thuringiensis) (0.75) All these treatments significantly reduced pest incidence compared to the untreated control, which recorded a much higher population of 3.42 larvae/plant. In terms of economics, the highest benefit-cost ratio (BCR) was observed in T6 (Chlorantraniliprole 18.5% SC) with 1:2.54, followed by T1 (1:2.30), T4 (1:2.43), T5 (1:2.08), T3 (1:1.92), T2 (1:1.58), and T7 (1:1.05), whereas the lowest BCR was recorded in the untreated control (T0) with 1:0.90.
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1. INTRODUCTION
Chickpea (Cicer arietinum L.) is one of the most important Rabi pulse crops cultivated in India and is widely recognized as the “King of Pulses” due to its economic, nutritional, and ecological significance. Chickpea serves as an excellent source of dietary protein, complex carbohydrates, dietary fiber, and essential minerals such as iron, zinc, and magnesium, making it an important component of both vegetarian and non-vegetarian diets (Ambule et al., 2015). Beyond its nutritional value, chickpea plays a crucial role in sustainable agriculture through its ability to fix atmospheric nitrogen in association with Rhizobium species, thereby improving soil fertility and reducing the dependence on synthetic nitrogen fertilizers. This makes chickpea an integral part of crop rotations and farming systems aimed at enhancing soil health and productivity.
“Globally, India stands as the largest producer and consumer of chickpea, contributing nearly 65% of the world’s total production” (FAO, 2008). The crop is extensively grown across semi-arid and subtropical regions, where it serves as a major source of livelihood for millions of small and marginal farmers. Despite its immense importance, chickpea productivity in India is often below potential levels due to a combination of abiotic and biotic stresses. Among the various biotic factors, insect pests pose a major challenge, with the gram pod borer (Helicoverpa armigera Hubner) being recognized as the most devastating pest affecting chickpea cultivation (Choudhary et al., 2017).
The larvae of H. armigera are highly polyphagous and have a voracious feeding habit. A single larva can damage up to 30 pods during its development, resulting in significant reductions in seed yield and quality. Under normal field conditions, yield losses range between 10–60%, but under favorable weather conditions and in the absence of timely control measures, losses may even reach 100% (Gautam et al., 2018). The pest attacks the crop during the flowering and pod formation stages, causing both direct and indirect economic losses. Moreover, its ability to develop resistance to multiple insecticide groups and adapt to varying environmental conditions makes its management particularly challenging.
To mitigate damage caused by this pest, farmers traditionally rely heavily on chemical insecticides, which offer rapid knockdown and visible control. However, the indiscriminate and excessive use of synthetic chemicals has led to multiple negative consequences, including the development of insecticide resistance, resurgence of pest populations, secondary pest outbreaks, environmental pollution, and adverse impacts on non-target organisms, including pollinators and natural enemies (Patil et al., 2018). These issues highlight the urgent need for sustainable and environmentally friendly pest management strategies.
In recent years, biopesticides such as botanical extracts (e.g., neem-based formulations) and entomopathogenic fungi (Beauveria bassiana, Metarhizium anisopliae) have gained attention as eco-friendly alternatives. These biological control agents are compatible with integrated pest management (IPM) programs and are safe for humans and beneficial arthropods. However, their relatively slower action compared to synthetic insecticides and dependency on environmental conditions often limit their field-level effectiveness.
To address these gaps, new-generation insecticides with novel modes of action have emerged as promising tools for managing H. armigera more effectively and sustainably. Compounds such as Chlorantraniliprole (a diamide group insecticide) and Spinosad (a spinosyn group insecticide derived from natural soil bacteria) have shown excellent efficacy against pod borers, often providing long residual activity and minimal impact on beneficial organisms (Reddy et al., 2019). Chickpea plays a vital role in India’s agricultural and nutritional security, but Helicoverpa armigera continues to be a major production constraint. A balanced pest management strategy, combining cultural, biological, and chemical control measures with the judicious use of new-generation insecticides, can help minimize yield losses while promoting environmental sustainability. Future research should focus on resistance management, development of pest-resistant chickpea varieties, and the optimization of IPM strategies to ensure sustainable chickpea production.

2. MATERIALS AND METHODS 
A field experiment was conducted during the Rabi season of 2024–2025 at the Central Research Farm, Sam Higginbottom University of Agriculture, Technology and Sciences (SHUATS), Prayagraj. The crop was sown in experimental plots measuring 2 × 3 m² with a spacing of 30 × 10 cm, following the recommended agronomic practices. The experiment was laid out in a Randomized Block Design (RBD) comprising eight treatments, each replicated three times.
The treatments details were as follows:
· T₁: Profenofos 40% + Cypermethrin 4%
· T₂: Beauveria bassiana 1.15% WP
· T₃: Neem Seed Kernel Extract (NSKE) @ 5%
· T₄: Spinosad 45% SC
· T₅: Neem oil @ 5%
· T₆: Chlorantraniliprole 18.5% SC
· T₇: Bacillus thuringiensis (1 × 10⁹ CFU/ml)
· T₀: Untreated control
Spray applications of the respective treatments were conducted twice during the cropping season at critical pest infestation periods, ensuring uniform coverage of the crop canopy. Observations on the larval population were recorded at 3, 7, and 14 days after each spray application (DAS), following standard entomological sampling procedures. For each treatment, larvae were counted from five randomly selected plants per plot, and the mean larval population per plant was calculated to assess treatment efficacy.
At physiological maturity, the crop was harvested plot-wise, and data on marketable yield were recorded in kilograms per plot and converted into quintals per hectare (q ha⁻¹) for statistical analysis.
An economic analysis of each treatment was performed to determine its cost-effectiveness. The cost of cultivation was estimated based on the prevailing market prices of inputs and labor. The gross return was calculated by multiplying the total yield with the market price of the produce. The benefit-cost ratio (BCR) was computed using the formula:

Cultural Operation:
Preparatory tillage:  Using a tractor-drawn cultivator, the field was completely ploughed and ground to achieve the desired tilt. During the land preparation process, a harrowing operation was conducted once. They gathered weeds and stubble from the field. With the aid of a rake, the area was leveled, and the plots were marked out in accordance with a layout created using statistical designs.

Seed rate and sowing: A seed rate of 60 Kg/ha was utilized to raise the crop. Plots of size of 2 m × 3 m was made. Sowing was done with 30 cm × 10 cm spacing.
Application of fertilizers: A basal dose of 30 Kg N, 60 Kg P2O5 and 30 Kg K2O was applied in furrows before sowing.
Inter cultural operations: All the recommended agronomic practices were followed to raise the crop, expect plant protection measures, which enable the build-up of insect pests in a pesticide free environment.
Irrigation: First irrigation was given immediately after sowing and subsequent irrigations was given as required.
Harvesting: The crop was harvested after reaching the dehiscent stage.
Yield: The yield of the chickpea was recorded per plot (t/ha)
Preparation of insecticidal spray solutions:

Before spraying activities began, the insecticidal spray solution with the appropriate dosage according to the treatment was always newly made at the test site. The following formula was used to create the spray solution with the required concentration.

Where,


 (Reguri et al 2020)

	V	= Volume of formulated insecticide required 
	C	= Concentration required.
	A	= Volume of solution to be prepared.
	% a.i. = given percentage of active ingredient.



   Method of recording observation:

Observations on the population of Helicoverpa armigera (gram pod borer) were recorded one day prior to insecticidal application (pre-treatment) and subsequently at 3, 7, and 14 days after spraying. Data were collected from five randomly selected and tagged plants within each experimental plot. The larval count was used to calculate the percentage of infestation using the following formula:
     Benefit Cost Ratio:
The market price of the produce was multiplied by the total yield to determine the gross returns. The formula was used to determine the returns and cost-benefit ratio after deducting the costs of cultivation and treatments from the gross returns.
· Gross return = Marketable yield × Market price 
· Net return = Gross return – Total cost

   Gross returns 
Benefit Cost Ratio = -------------------------------
                                                              Total cost of cultivation        
           (Reddy et al., 2020)

3. RESULTS AND DISCUSSION
The field experiment conducted during Rabi 2024-25 revealed significant differences in the efficacy of chemical and biopesticide treatments against Helicoverpa armigera on chickpea (Table 1; Fig. 1 & 2).
All treatments significantly reduced larval populations compared to the untreated control (T0), which consistently recorded the highest infestation (3.42 larvae/plant). Among the tested insecticides, Emamectin benzoate 5SG (T6) proved most effective, recording the lowest mean larval population (0.35 larvae/plant). This was closely followed by Profenofos + Cypermethrin (T1, 0.41 larvae/plant) and Spinosad 45% SC (T3, 0.48 larvae/plant). Botanicals and biopesticides also reduced larval density but were comparatively less effective, with Beauveria bassiana (T5, 0.55 larvae/plant) and Chlorantraniliprole (T7, 0.75 larvae/plant) showing moderate control. These findings align with Reddy et al. (2019), Gautam et al. (2018) and Mishra et al. (2024),  who reported that newer molecules such as Emamectin benzoate and Spinosad exhibit strong efficacy against pod borers owing to their novel modes of action.
The variation in larval suppression was directly reflected in seed yield. The highest yield was recorded with Emamectin benzoate (28.3 q/ha), followed by Profenofos + Cypermethrin (26.7 q/ha) and NSKE (24.0 q/ha). Among the biopesticides, Beauveria bassiana (22.5 q/ha) and Spinosad (21.2 q/ha) showed appreciable improvement over the control (9.3 q/ha). This indicates that even though biopesticides are relatively slower in action, their integration with chemical molecules can provide sustainable pest suppression while minimizing ecological hazards.
The -benefit cost ratio (BCR) analysis demonstrated that Emamectin benzoate (1:2.54) was the most economical treatment, followed by Spinosad (1:2.43) and Profenofos + Cypermethrin (1:2.30). Among botanicals, Neem oil and Beauveria bassiana registered a BCR of 1:2.08 and 1:1.58 respectively, which is economically feasible compared to the untreated control (1:0.90). These results corroborate the reports of Patil et al. (2018), who emphasized the economic viability of new-generation insecticides under field conditions. Overall, chemical insecticides, particularly Emamectin benzoate and Profenofos + Cypermethrin, outperformed botanicals and microbial agents in terms of pest suppression, yield enhancement, and economic return. However, sole reliance on chemical insecticides may lead to resistance development and ecological imbalance (Choudhary et al., 2017). Therefore, incorporating biopesticides such as Beauveria bassiana and botanicals like Neem oil within an Integrated Pest Management (IPM) framework could reduce chemical load while ensuring sustainable chickpea production.











	

Sr.  No.

	
Treatments
	Percent shoot and fruit infestation of Leucinodes orbonalis
	
YIELD q/ha
	
B:C RATIO

	
	
	FIRST SPRAY
	SECOND SPRAY
	
	

	
	
	
DBS
	3rd DAS
	7th DAS
	14th DAS
	MEAN
	3rd DAS
	7th DAS
	14th DAS
	MEAN
	
	

	
T0
	Control
	2.86
	2.66
	3.06
	3.0
	2.67
	3.26
	3.40
	3.60
	3.42
	9.3
	1:0.9

	T1
	Cypermethrin25EC
	2.53
	1.26
	0.73
	0.86
	0.95
	0.53
	0.26
	0.46
	0.41
	26.7
	1:2.3

	
T2
	Neem oil 2%
	2.60
	1.86
	1.53
	1.40
	1.66
	0.80
	0.53
	0.73
	0.68
	17.0
	1:1.58


	
T3
	Spinosad45%SC
	3.06
	1.66
	1.33
	1.26
	1.46
	0.73
	0.46
	0.66
	0.61
	21.2
	1:1.92

	T4
	NSKE 2%
	2.60
	1.33
	1.13
	0.93
	1.13
	0.60
	0.33
	0.53
	0.48
	24.0
	1:2.26

	
T5
	Beauveria bassiana
	3.00
	1.46
	1.26
	1.20
	1.30
	0.66
	0.40
	0.60
	0.55
	22.5
	1:2.08

	
T6
	Emamectin benzoate   5SG
	2.88
	1.06
	0.53
	0.66
	0.75
	0.46
	0.20
	0.40
	0.35
	28.3
	1:2.54

	
T7
	Chlorantraniprole
	2.86
	2.06
	1.73
	1.80
	1.86
	0.86
	0.60
	0.80
	0.75
	11.7
	1:1.05

	Overall Mean
	2.79
	1.66
	1.48
	1.38
	1.42
	0.98
	0.77
	0.97
	6.59
	-----
	----

	F-test
	NS
	S
	S
	S
	S
	S
	S
	S
	S
	----
	-----

	S. Ed. (±)
	0.37
	0.39
	0.16
	0.18
	0.28
	0.17
	0.28
	0.18
	0.14
	----
	-----

	C.D.(P=0.05)
	0.15
	0.18
	0.23
	0.19
	0.13
	0.08
	0.13
	0.09
	0.07
	----
	----


Table 1. Efficacy of certain chemicals and bio-Pesticides against the larval population of Helicoverpa armigera during 1st and 2nd spray.

1st Spray




















Fig 1. Efficacy of certain chemicals and bio-pesticides against the larval population of Helicoverpa armigera (Hubner) during First spray.

2nd Spray


	















Fig 2. Efficacy of certain chemicals and bio-pesticides against larval population of Helicoverpa armigera (Hubner) during second spray





4. CONCLUSION

[bookmark: _GoBack]The present study demonstrated that among all the evaluated treatments, Emamectin benzoate 5SG proved to be the most effective against Helicoverpa armigera, recording the lowest larval population, highest seed yield, and maximum benefit–cost ratio. This was followed closely by Profenofos + Cypermethrin and Spinosad 45% SC, which also provided significant control and economic returns. Although biopesticides such as Beauveria bassiana and botanicals like Neem oil and NSKE were relatively less effective compared to synthetic insecticides, they still offered considerable reduction in pod borer infestation and can play an important role in reducing pesticide load. The findings suggest that while new-generation insecticides are highly effective and economically viable for pod borer management, their integration with biopesticides and botanicals is essential for long-term sustainability. Adoption of such an Integrated Pest Management (IPM) strategy will not only enhance chickpea productivity but also minimize risks of resistance, resurgence, and environmental hazards.
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1st Spray 

1 DBS	T1 Profenofos 40 % +   Cypermethrin 4%	T2 Beauvaria bassiana 1.15 % WP	T3       NSKE @ 5%	T4 Spinosad 45 % SC	T5 Neem oil @ 5 %	T6 Chlorantraniliprole
% 18.5SC	T7 Bacillus thurigiensis 1x109 CFU/ml	T0 Control	2.5299999999999998	2.6	3.06	2.6	3	2.88	2.86	2.86	3 DAS	T1 Profenofos 40 % +   Cypermethrin 4%	T2 Beauvaria bassiana 1.15 % WP	T3       NSKE @ 5%	T4 Spinosad 45 % SC	T5 Neem oil @ 5 %	T6 Chlorantraniliprole
% 18.5SC	T7 Bacillus thurigiensis 1x109 CFU/ml	T0 Control	1.26	1.86	1.66	1.33	1.46	1.06	2.06	2.66	7 DAS	T1 Profenofos 40 % +   Cypermethrin 4%	T2 Beauvaria bassiana 1.15 % WP	T3       NSKE @ 5%	T4 Spinosad 45 % SC	T5 Neem oil @ 5 %	T6 Chlorantraniliprole
% 18.5SC	T7 Bacillus thurigiensis 1x109 CFU/ml	T0 Control	0.73	1.53	1.33	1.1299999999999999	1.26	0.53	1.73	3.06	14 DAS	T1 Profenofos 40 % +   Cypermethrin 4%	T2 Beauvaria bassiana 1.15 % WP	T3       NSKE @ 5%	T4 Spinosad 45 % SC	T5 Neem oil @ 5 %	T6 Chlorantraniliprole
% 18.5SC	T7 Bacillus thurigiensis 1x109 CFU/ml	T0 Control	0.86	1.4	1.26	0.93	1.2	0.66	1.8	3	Mean	T1 Profenofos 40 % +   Cypermethrin 4%	T2 Beauvaria bassiana 1.15 % WP	T3       NSKE @ 5%	T4 Spinosad 45 % SC	T5 Neem oil @ 5 %	T6 Chlorantraniliprole
% 18.5SC	T7 Bacillus thurigiensis 1x109 CFU/ml	T0 Control	0.95	1.66	1.46	1.1299999999999999	1.3	0.75	1.86	2.67	



2nd Spray 

3 DAS	T1 Profenofos 40 % +   Cypermethrin 4%	T2 Beauvaria bassiana 1.15 % WP	T3       NSKE @ 5%	T4 Spinosad 45 % SC	T5 Neem oil @ 5 %	T6 Chlorantraniliprole
% 18.5SC	T7 Bacillus thurigiensis 1x109 CFU/ml	T0 Control	0.53	0.8	0.73	0.6	0.66	0.46	0.86	3.26	7DAS	T1 Profenofos 40 % +   Cypermethrin 4%	T2 Beauvaria bassiana 1.15 % WP	T3       NSKE @ 5%	T4 Spinosad 45 % SC	T5 Neem oil @ 5 %	T6 Chlorantraniliprole
% 18.5SC	T7 Bacillus thurigiensis 1x109 CFU/ml	T0 Control	0.26	0.53	0.46	0.33	0.4	0.2	0.6	3.4	14 DAS	T1 Profenofos 40 % +   Cypermethrin 4%	T2 Beauvaria bassiana 1.15 % WP	T3       NSKE @ 5%	T4 Spinosad 45 % SC	T5 Neem oil @ 5 %	T6 Chlorantraniliprole
% 18.5SC	T7 Bacillus thurigiensis 1x109 CFU/ml	T0 Control	0.46	0.73	0.66	0.53	0.6	0.4	0.8	3.6	Mean	T1 Profenofos 40 % +   Cypermethrin 4%	T2 Beauvaria bassiana 1.15 % WP	T3       NSKE @ 5%	T4 Spinosad 45 % SC	T5 Neem oil @ 5 %	T6 Chlorantraniliprole
% 18.5SC	T7 Bacillus thurigiensis 1x109 CFU/ml	T0 Control	0.41	0.68	0.61	0.48	0.55000000000000004	0.35	0.75	3.42	




