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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 a major Rabi pulse crop in India, widely known as the "King of Pulses." It provides a rich source of dietary protein, minerals, and fiber, and also enriches soil fertility through nitrogen fixation (Ambule et al., 2015). India is the largest producer of chickpea, contributing about 65% of global production (FAO, 2008). Despite its importance, chickpea yields are constrained by several biotic stresses, of which gram pod borer, Helicoverpa armigera (Hubner), is the most destructive pest (Choudhary et al., 2017). A single larva of H. armigera may damage up to 30 pods during its lifetime, resulting in yield losses ranging from 10-60%, and up to 100% under favorable weather conditions (Gautam et al., 2018). Farmers frequently rely on chemical insecticides for quick control. However, their excessive use has led to issues such as insecticide resistance, resurgence, secondary pest outbreaks, and environmental hazards (Patil et al., 2018). Biopesticides such as botanicals and entomopathogenic fungi offer eco-friendly alternatives, but their efficacy is often slower compared to synthetic insecticides. New-generation insecticides like Chlorantraniliprole and Spinosad have shown promise for effective pest suppression with novel modes of action (Reddy et al., 2019).	Comment by HP: It is essential here to elaborate on previously reported works regarding the treatments applied in the present work.
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.	Comment by HP: Mention the reference which has been followed for this plan.
The treatments evaluated were as follows:	Comment by HP: The properties of each treatment should be mentioned here, whether it is ovicidal, larvicidal, chemical insecticide/biopesticide or any other.
· 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 were carried out twice during the cropping season. Observations on larval population were recorded at 3, 7, and 14 days after each spray application. Yield data were collected at harvest. Economic analysis was performed by calculating the cost of cultivation, gross return, and benefit-cost ratio (BCR).	Comment by HP: The methodology followed for treatment or sprays is not clear in the study. Whether all the sprays were done at same time or at fixed dates or on appearance of insect attack?	Comment by HP: It is important to mention the dates of first and second spray after sowing the pods. 

   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:
     Cost Benefit Ratio:
Gross returns were calculated by multiplying total yield with market price of the produce. Cost of cultivation and cost of treatments was deducted from the gross returns, to find out returns and cost benefit of ratio by following formula.
· 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).
[bookmark: _Hlk211346696]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) and Gautam et al. (2018), who reported that newer molecules such as Emamectin benzoate and Spinosad exhibit strong efficacy against pod borers owing to their novel modes of action.	Comment by HP: et al. has to be in italics at various places.	Comment by HP: 
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 cost-benefit 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

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	




