Efficacy of Biorational Insecticides against Gram Pod Borer, Helicoverpa armigera (Hubner) in Chickpea [Cicer arietinum (Linnaeus)] in Kanpur Region of Uttar Pradesh, India

Abstract
This study evaluates the efficacy of various biorational insecticides against the gram pod borer, Helicoverpa armigera (Hubner) in chickpea, Cicer arietinum (Linnaeus) crop in the Kanpur region of Uttar Pradesh, India. Field experiments were conducted using the chickpea variety KGD-1168 over two consecutive Rabi seasons (2023-24 and 2024-25), employing a Randomized Block Design with eight treatments, including Spinetoram, Emamectin benzoate, HaNPV, Bacillus thuringiensis, Metarhizium anisopliae, Neem oil and Garlic + Tobacco leaf extract. Results indicated that Spinetoram 11.7 SC and Emamectin benzoate 5 SG were the most effective treatments, significantly reducing larval populations (up to 84.58% and 78.87%, respectively reduction over control), pod damage (down to 6.83 and 7.83%, respectively), and maximizing grain yield (17.63 and 16.62 q/ha, respectively). HaNPV and Bacillus thuringiensis provided moderate control, while Metarhizium anisopliae, Neem oil and Garlic + Tobacco leaf extract were less effective but still superior to untreated control. The cost-benefit analysis highlighted Emamectin benzoate as the most economical option, with the highest incremental cost benefit ratio (ICBR 1:7.95). The findings support the adoption of specific biorational insecticides for sustainable management of H. armigera, improved chickpea productivity and enhanced farm profitability.
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1. INTRODUCTION
Chickpea, Cicer arietinum (Linn.), popularly known as the “King of Pulses,” is an important legume cultivated worldwide. It belongs to the family Fabaceae and subfamily Faboideae. In India, it is often described as the “poor man’s meat and rich man’s vegetable” due to its high nutritional value and affordability (Bahadur et al. 2018). The Indian subcontinent represents the largest area of adaptation for chickpea cultivation. Contributing about 20 percent of global legume production, chickpea serves as a vital source of high-quality protein, especially in developing countries. In South Asian regions, its green leaves and twigs are consumed as nutritious vegetables, while the foliage mixed with cereal leaves serves as a protein-rich fodder.
Two major types of chickpea are recognized: Desi and Kabuli. The Desi type bears small, angular seeds with colors ranging from black to yellow, and its flowers are typically pink. In contrast, the Kabuli type produces large, rounded seeds resembling a ram’s head, with beige or cream seed coats (Pandey et al. 2011). In 2024, India recorded a total chickpea cultivation area of 10.91 million hectares with a production of 13.75 million tonnes and an average productivity of 1260 kg/ha. Major chickpea-growing states include Maharashtra, Madhya Pradesh, Rajasthan, Gujarat, Uttar Pradesh, Andhra Pradesh, Karnataka and Chhattisgarh—together accounting for 97.15 percent of total production and 96.95 percent of the cultivated area. In Uttar Pradesh alone, chickpea covers about 0.62 million hectares with a production of 0.77 million tonnes and a productivity of 1250 kg/ha during 2023–24. Maharashtra leads as the top producer, contributing around 23.82 percent of national output, followed by Madhya Pradesh (22.05%), Rajasthan (19.28%), and Uttar Pradesh (5.59%) (Anonymous, 2023–24).
The gram pod borer, Helicoverpa armigera, undergoes four major developmental stages: egg, larva, pupa and adult. Eggs are initially yellowish-white and glossy, turning dark brown before hatching. Larvae exhibit five pairs of prolegs located on the third to sixth and tenth abdominal segments, with a distinct dark median dorsal band on each side. Their coloration varies from green and yellow to pinkish, brownish or even black, reaching a length of 30–40 mm when fully grown. Adults measure 14–18 mm in body length with a wingspan of 3.5–4 cm. Males are typically greenish-grey, while females appear orange-brown; the forewings bear 7–8 marginal blackish spots and a broad irregular brown band, whereas hindwings are pale straw with a dark-brown border (Yadav et al. 2020).
Biorational insecticides have emerged as eco-friendly alternatives, characterized by rapid degradation and minimal risk to soil and water ecosystems. Their selective action preserves beneficial natural enemies such as predators and parasitoids of H. armigera, thereby supporting biodiversity and sustainable pest management. Unlike conventional broad-spectrum pesticides, these compounds reduce non-target effects and maintain ecological balance—an essential aspect of Integrated Pest Management (IPM) in chickpea cultivation. This study emphasizes the efficacy of biorational insecticides in controlling H. armigera while enhancing environmental safety. Among them, Spinetoram and Emamectin benzoate demonstrated significant reductions in pest infestation and improved grain yields, representing promising alternatives to traditional insecticides. Their targeted activity not only delays resistance development but also contributes to long-term agricultural sustainability. These outcomes align with national objectives of promoting sustainable agriculture and ensuring safer food production.
2. MATERIALS AND METHODS
An experiment was laid out in Randomised Block Design replicated thrice at S.I.F., C.S.A. University of Agriculture and Technology, Kanpur. KGD-1168 variety of chickpea was sown in Rabi season, 2023-24 and 2024-25. All the agronomic practices were followed to raise the healthy crop.
[bookmark: _GoBack]Table 1 Layout plan for this experiment 
	Variety
	KGD-1168

	Experimental design
	RBD

	Replications
	3

	Treatments
	8

	Plot size
	4.0 × 3.0 m (12 m2)

	Row to row distance
	30 cm

	Plant to plant distance
	10 cm

	Plot to plot distance
	0.5 m

	Irrigation channel width
	1 m

	Field border width
	1 m
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Table 2 Details of the treatments
	Sr. No.
	Treatments
	Concentration
	Doses
	Trade name

	T1
	Metarhizium anisopliae
	2 ×  Spores/ml
	2.5 l/ha
	Green Meta

	T2
	HaNPV
	1 × POBs/ml
	250 LE/ha
	Heli-cide

	T3
	Bacillus thuringiensis
	-
	1.5 l/ha
	Green Larvicide

	T4
	Neem Oil
	       1500 ppm
	2.5 l/ha
	AZA_D

	T5
	Garlic Extract + Tobacco Leaf extract
	5 % Extract
	50 g/l of water
	Self-preparation

	T6
	Emamectin benzoate
	5 % SG
	11 g a.i./ha
	TrustTM

	T7
	Spinetoram
	11.7 % SC
	60 g a.i./ha
	DelegateTM

	T8
	Control
	-
	-
	-



2.1 Preparation of Garlic and Tobacco leaf extract
To make tobacco leaf extract, 50 g of tobacco leaves were mixed with 1 litre of water to get 5 % concentration. The mixture will be boiled at 60 to 70°C temperature for about one hour. To maintain 1 litre quantity, water was added while boiling and the solution was allowed to cool for overnight. To prepare garlic extract, 50 g of fresh garlic was grinded with the help of grinder and soaked in 1 litre of water to get 5 % extract concentration for 24 hours. Both extracts were separately filtered through muslin cloth for spraying (Singh et al. 2023).  
2.2 Preparation of desired concentration of insecticides
To calculate the amount of insecticide required for desired strength of the diluted spray, the following formula was used:


2.3 Preparation of spray solution 
In case of liquid formulation, the required quantity of insecticide was added in small quantity of water and stirred thoroughly. The remaining quantity of water @ 500 l/ha was then added slowly with constant stirring to get the desired concentration of spray solution. The quantity of insecticide required per litre of water was calculated by the following formula:

2.4 Spray schedule
The first application of biorational insecticides was applied at Economic Threshold Level (one small larva per plant or two eggs per plant) thereafter two more sprays were performed at fortnightly intervals with the help of knapsack sprayer at proposed dose and concentration. 
2.5 Observations recorded
The observations of larval population were recorded one day before spray and at 3rd, 7th and 10th day after application of each spray on 10 randomly selected chickpea plants from each plot. Pod damage was recorded on ten randomly selected plants per plot at the time of harvesting by counting the total number of healthy and damaged pods and per cent pod damage was calculated with following formula (Singh et al. 2023):

2.6 Data transformation and statistical calculation
The per ten plants larval population data was statistically analysed to ascertain the efficacy of biorational insecticides against H. armigera on chickpea cultivar KGD-1168 by following RBD experimental design. The population data of H. armigera was used for analysis of variance after transformation by using square root transformation  as suggested by Heinrichs (1981).
The percentage pod damage was used for analysis of variance after transformation by using arc sin transformation as suggested by Gomez and Gomez (1976). While the grain yield data of various biorational insecticides treated plots were recorded after the threshing and transformed into q/ha. The analysis of variance table was prepared by using Randomised Block Design.
The calculated ‘F’ value was compared with tabulated ‘F’ value at 5 % level of significance. The details of ANOVA are given in table:
Table 3: ANOVA table 
	S. No.
	Source of Variation
	Degree of freedom
	S.S.
	M.S.S.
	F Value

	
	
	
	
	
	Cal ‘F’
	Tab ‘F’

	1.
	Replication
	r-1
	R.S.S.
	R.M.S.
	R.M.S./E.M.S.
	-

	2.
	Treatment
	t-1
	Tr.S.S.
	Tr.M.S.
	Tr.M.S./E/M.S.
	-

	3.
	Error
	(r-1) (t-1)
	E.S.S.
	E.M.S.
	-
	-

	4.
	Total
	rt-1
	T.S.S.
	-
	-
	-


     The critical difference (C.D.) was calculated by the following formula given below to know the significance of differences among different parameters i.e. larval population/plant, pod damage (%) and crop yield (q/ha) inflicted by H. armigera in various biorational insecticides treated plot by using following formula:
C.D. = × ‘t’
Where ‘t’ value was obtained from ‘t’ value given by Fisher and Yates (1963) at 5 % level of significance at error degree of freedom.	
2.7 Crop yield
Crop was harvested when the pods became mature. Harvested pods were collected, dried, threshed and cleaned manually. Yield of seed from each plot was weighed separately. The per plot yield data in kg/plot was converted into q/ha and used for statistical analysis and incremental cost benefit ratio (Singh et al. 2023).
2.8 Economics of different treatments
Increase in yield over control was worked out by deducting the yield recorded in control plot from the yield of the respective biorational insecticide treated plots. The monetary value of increased yield was calculated in form of rupees using local market price of crop. Net return for each treatment was calculated by deducting the cost of treatment from the monetary value of increased yield. Incremental cost benefit ratio was calculated by using the formula:

3. RESULTS AND DISCUSSION
Biorational insecticides are environmentally compatible pest management tools that effectively control target pests while minimizing adverse impacts on non-target organisms. These agents are either derived from natural origins such as plants, microbes and minerals or formulated synthetically based on active ingredients from botanicals, microbes and insect growth regulators (IGRs).
Spinetoram, a multi-component tetracyclic macrolide belonging to the spinosyn class, effectively controls lepidopterous larvae across various crops. It acts by disrupting nicotinic and gamma-aminobutyric acid (GABA)-gated chloride channels (Shimokawatoko et al. 2012). Emamectin benzoate exerts its toxicity by binding to glutamate-gated chloride channels in the insect nervous system, causing an influx of chloride ions that leads to paralysis and death (Stavrakaki et al. 2022). HaNPV functions as a biopesticide through ingestion, releasing virions in the insect’s alkaline gut, which infect midgut cells (Liu et al. 2006). The bacterium Bacillus thuringiensis (Bt) kills susceptible insects when the ingested Cry proteins are activated in the midgut, bind to specific receptors and create membrane pores that rupture epithelial cells, ultimately killing the larva (Vachon et al. 2012). The fungus Metarhizium anisopliae infects insects by germinating on and penetrating the cuticle, followed by internal colonization of the hemocoel (Schrank et al. 2010). Neem oil, rich in azadirachtin, acts as an antifeedant and growth disruptor by interfering with insect hormonal activity (Mordue, 2004). Garlic extract displays insecticidal, repellent and antifeedant effects, disturbing insect growth and development (Rinaldi et al. 2019). Similarly, tobacco extracts, containing nicotine, act on the insect nervous system by overstimulating nicotinic acetylcholine receptors, leading to paralysis and death (Shivanandappa et al. 2014).
3.1 Mean larval population of H. armigera (Hubner)
Pooled results over two years indicated that all treatments significantly reduced larval populations of H. armigera compared to control plot. Among treatments, Spinetoram 11.7% SC and Emamectin benzoate 5% SG achieved the highest efficacy, though their performance did not differ significantly from each other. HaNPV @ 250 LE/ha and Bacillus thuringiensis @ 1.5 l/ha were statistically at par, as were Metarhizium anisopliae @ 2.5 l/ha, Neem oil (1500 ppm), and Garlic + Tobacco Leaf Extract @ 50 g/l of water.
Spinetoram 11.7% SC @ 60 g a.i./ha recorded the lowest larval count (1.86 larvae per ten plants), followed by Emamectin benzoate 5% SG @ 11 g a.i./ha (2.55 larvae per ten plants). Other treatments recorded 3.96, 4.81, 5.40 and 6.08 larvae per ten plants for HaNPV, Bt, M. anisopliae and Neem oil, respectively. Garlic + Tobacco extract (6.77 larvae per ten plants) was least effective but still significantly better than control (12.07 larvae per ten plants). These findings align with Rajashekharappa et al. (2022) and Das et al. (2023), who reported Spinetoram and Emamectin benzoate as highly effective biorational insecticides against H. armigera in chickpea, achieving 88.17% and 73.57% population reduction over control, respectively.
3.2 Percentage reduction of larval population over control
Pooled mean data from three sprays showed Spinetoram 11.7% SC @ 60 g a.i./ha as the most effective, achieving 84.58% reduction in larval population over control. This was followed by Emamectin benzoate 5% SG @ 11 g a.i./ha (78.87%), HaNPV @ 250 LE/ha (67.19%), Bt @ 1.5 l/ha (60.14%), M. anisopliae @ 2.5 l/ha (55.26%), Neem oil @ 2.5 l/ha (49.62%) and Garlic + Tobacco extract (43.91%). These observations are consistent with studies by Naveen and Ghosh (2020), Makwana et al. (2017) and Meena et al. (2018), who reported similar effectiveness orders among these biorational insecticides.
Supporting studies by Patel et al. (2021), Konda and Kumar (2022), Rajashekharappa et al. (2022), Das et al. (2023) and Khorasiya et al. (2018) also demonstrated comparable treatment efficacy and confirmed that HaNPV and Bt achieved significant pest suppression, while Spinetoram exhibited superior efficacy and yield performance.
3.3 Percent pod damage due to H. armigera (Hubner)
All treatments significantly reduced pod damage compared to control (25.00%). Spinetoram 11.7% SC and Emamectin benzoate 5% SG were the most effective, followed by HaNPV and Bt, which were statistically at par. M. anisopliae and Neem oil treatments were also similar in performance.
Spinetoram 11.7% SC @ 60 g a.i./ha recorded the lowest pod damage (6.83%), followed by Emamectin benzoate 5% SG @ 11 g a.i./ha (7.83%). HaNPV, Bt, M. anisopliae, Neem oil and Garlic + Tobacco extract treatments achieved 12.83%, 14.83%, 16.00%, 16.66% and 19.66% pod damage, respectively. The results agree with findings of Hanumant and Kumar (2024) and Khorasiya et al. (2018), who reported similar efficacy patterns, with Spinetoram and Emamectin benzoate showing substantial yield advantages.
3.4 Grain yield under different biorational treatments
All biorational insecticides significantly increased grain yield compared to the untreated control. Spinetoram 11.7% SC recorded the highest yield (17.63 q/ha), followed by Emamectin benzoate 5% SG (16.62 q/ha), HaNPV (16.14 q/ha) and Bt (15.33 q/ha). M. anisopliae (13.81 q/ha), Neem oil (13.37 q/ha) and Garlic + Tobacco extract (11.73 q/ha) produced intermediate yields, while the control yielded only 9.72 q/ha. These results align with previous findings by Hanumant and Kumar (2024), Patel et al. (2021), Konda and Kumar (2022) and Rajashekharappa et al. (2022), corroborating the superior performance of Spinetoram and economic feasibility of HaNPV and Bt.
3.5 Incremental cost-benefit ratio
Economic analysis from pooled data revealed that Emamectin benzoate 5% SG @ 11 g a.i./ha had the highest incremental cost-benefit ratio (1:7.95), followed by Bt @ 1.5 l/ha (1:4.57), HaNPV @ 250 LE/ha (1:4.14), M. anisopliae @ 2.5 l/ha (1:3.14), Spinetoram 11.7% SC @ 60 g a.i./ha (1:2.55) and Neem oil (1:2.07). Garlic + Tobacco extract @ 50 g/l of water showed the lowest ratio (1:1.49). Although Spinetoram proved biologically most effective, its higher cost rendered it less economical than HaNPV, Bt and M. anisopliae.
These findings are consistent with prior reports by Konda and Kumar (2022), Rajashekharappa et al. (2022) and Tripathi et al. (2023), which confirmed that while Spinetoram achieved the highest yield and pest suppression, bioinsecticides like HaNPV and Bt provided better cost-effectiveness and sustainability benefits.





Table 4 Effect of biorational insecticides on pod damage, population reduction per cent over untreated control and grain yield during Rabi, 2023-24
	S. No.
	Name of Treatments
	Doses
	Overall mean larval population/10 plants
	Population reduction over control (%)
	Pod damage (%)
	Yield (q/ha)

	1
	Metarhizium anisopliae
(2 ×  Spores/ml)
	2.5 l/ha
	5.66 (2.48)*
	54.20
	16.67 (24.09)**
	13.25

	2
	HaNPV
(1 × POBs/ml)
	250 LE/ha
	4.11 (2.14)
	66.74
	13.00 (21.13)
	15.36

	3
	Bacillus thuringiensis
	1.5 l/ha
	4.92 (2.32)
	60.19
	15.00 (22.78)
	14.52

	4
	Neem Oil (1500 ppm)
	2.5 l/ha
	6.29 (2.60)
	49.11
	17.00 (24.35)
	12.92

	5
	Garlic Extract + Tobacco Leaf extract
(5% Extract)
	50 g/l of water
	6.81 (2.70)
	44.90
	21.33 (27.50)
	11.08

	6
	Emamectin benzoate 5% SG
	11 g a.i./ha
	2.73 (1.79)
	77.91
	8.00 (16.42)
	16.02

	7
	Spinetoram 11.7% SC
	60 g a.i./ha
	2.03 (1.59)
	83.57
	7.33 (15.70)
	17.14

	8
	Untreated Control
	-
	12.36 (3.58)
	
	26.33 (30.87)
	9.30

	Sem (±)
CD at 5%
	0.09
	
	0.81
	0.18

	
	0.30
	
	2.49
	0.57



* Figure in parentheses are square root values ()

** Figure in parentheses are arc sin transformed values
Table 5 Effect of biorational insecticides on pod damage, population reduction per cent over untreated control and grain yield during Rabi, 2024-25
	S. No.
	Name of Treatments
	Doses
	Overall mean larval population/10 plants
	Population reduction over control (%)
	Pod damage (%)
	Yield (q/ha)

	1
	Metarhizium anisopliae
(2 ×  Spores/ml)
	2.5 l/ha
	5.14 (2.37)*
	56.32
	15.33 (23.05)**
	14.37

	2
	HaNPV
(1 × POBs/ml)
	250 LE/ha
	3.81 (2.07)
	67.62
	12.67 (20.85)
	16.92

	3
	Bacillus thuringiensis
	1.5 l/ha
	4.70 (2.28)
	60.06
	14.67 (22.52)
	16.14

	4
	Neem Oil (1500 ppm)
	2.5 l/ha
	5.88 (2.52)
	50.04
	16.33 (23.83)
	13.83

	5
	Garlic Extract + Tobacco Leaf extract
(5% Extract)
	50 g/l of water
	6.73 (2.68)
	42.82
	18.00 (25.10)
	12.39

	6
	Emamectin benzoate 5% SG
	11 g a.i./ha
	2.37 (1.69)
	79.86
	7.67 (16.07)
	17.22

	7
	Spinetoram 11.7% SC
	60 g a.i./ha
	1.70 (1.48)
	85.55
	6.33 (14.57)
	18.12

	8
	Untreated Control
	-
	11.77 (3.50)
	
	23.67 (29.11)
	10.15

	Sem (±)
CD at 5%
	0.09
	
	0.71
	0.20

	
	0.29
	
	2.20
	0.63



* Figure in parentheses are square root values
** Figure in parentheses are arc sin transformed values
Table 6 Pooled, Effect of biorational insecticides on pod damage, population reduction per cent over untreated control and grain yield in chickpea during Rabi, 2023-24 and 2024-25
	S. No.
	Name of Treatments
	Doses
	Overall mean larval population/10 plants
	Population reduction over control (%)
	Pod damage (%)
	Yield (q/ha)

	1
	Metarhizium anisopliae
(2 ×  Spores/ml)
	2.5 l/ha
	5.40 (2.42)*
	55.26
	16.00 (23.57)**
	13.81

	2
	HaNPV
(1 × POBs/ml)
	250 LE/ha
	3.96 (2.11)
	67.19
	12.83 (20.98)
	16.14

	3
	Bacillus thuringiensis
	1.5 l/ha
	4.81 (2.30)
	60.14
	14.83 (22.64)
	15.33

	4
	Neem Oil (1500 ppm)
	2.5 l/ha
	6.08 (2.56)
	49.62
	16.66 (24.08)
	13.37

	5
	Garlic Extract + Tobacco Leaf extract
(5% Extract)
	50 g/l of water
	6.77 (2.69)
	43.91
	19.66 (26.32)
	11.73

	6
	Emamectin benzoate 5% SG
	11 g a.i./ha
	2.55 (1.74)
	78.87
	7.83 (16.24)
	16.62

	7
	Spinetoram 11.7% SC
	60 g a.i./ha
	1.86 (1.53)
	84.58
	6.83 (15.14)
	17.63

	8
	Untreated Control
	-
	12.07 (3.54)
	
	25.00 (30.00)
	9.72

	Sem (±)
CD at 5%
	0.08
	
	0.76
	0.19

	
	0.29
	
	2.34
	0.60


* Figure in parentheses are square root values)
** Figure in parentheses are arc sin transformed values

Table 7 Pooled, effect of biorational insecticides on yield, economics and incremental cost benefit ratio in chickpea during 2023-24 and 2024-25
	S. No.
	Name of Treatments
	Doses
	Yield (q/ha)
	Increased yield over control (q/ha)
	Value of increased yield over control (Rs/ha)
(A)
	* Total cost of treatment (Rs/ha)
(B)
	Net Profit (Rs/ha)
(A-B)
	ICBR Ratio
(A-B)/B



	1
	Metarhizium anisopliae
(2 ×  Spores/ml)
	2.5 l/ha
	13.81
	4.09
	21124
	5100
	16024
	1:3.14

	2
	HaNPV
(1 × POBs/ml)
	250 LE/ha
	16.14
	6.42
	33159
	6450
	26709
	1:4.14

	3
	Bacillus thuringiensis
	1.5 l/ha
	15.33
	5.61
	28975
	5200
	23775
	1:4.57

	4
	Neem Oil (1500 ppm)
	2.5 l/ha
	13.37
	3.65
	18852
	6130
	12722
	1:2.07

	5
	Garlic Extract + Tobacco Leaf extract
(5% Extract)
	50 g/l of water
	11.73
	2.01
	10381
	4160
	6221
	1:1.49

	6
	Emamectin benzoate 5% SG
	11 g a.i./ha
	16.62
	6.90
	35638
	3980
	31658
	1:7.95

	7
	Spinetoram 11.7% SC
	60 g a.i./ha
	17.63
	7.91
	40855
	11480
	29375
	1:2.55

	8
	Untreated Control
	-
	9.72
	
	
	
	
	



Market cost of chickpea = Rs 5165/q; Sprayer rent = Rs 100/spray; Labour charge = Rs 375/day
* Plant protection cost includes cost of biorational insecticides, labour charge for spraying and rent of sprayer
4. CONCLUSION	
	The study on the impact of biorational insecticides on Helicoverpa armigera larvae in chickpea during Rabi 2023-24 and 2024-25 showed that all treatments significantly reduced the larval population compared to the untreated control. Among the insecticides, Spinetoram 11.7% SC and Emamectin benzoate 5% SG were the most effective and comparable in lowering the larval count. HaNPV @ 250 LE/ha and Bacillus thuringiensis @ 1.5 l/ha demonstrated moderate efficacy, while Metarhizium anisopliae @ 2.5 l/ha, Neem Oil (1500 ppm) and Garlic + Tobacco Leaf Extract @ 50 g/l were less effective but statistically similar in their effects. Spinetoram 11.7% SC @ 60 g a.i./ha led the reduction in larval population, followed by Emamectin benzoate 5% SG @ 11 g a.i./ha and then HaNPV and B. thuringiensis treatments. All treatments significantly decreased pod damage caused by the gram pod borer, with Spinetoram and Emamectin benzoate being superior and on par, followed by moderate effectiveness of HaNPV and Bacillus thuringiensis, while Metarhizium anisopliae and Neem oil showed comparable pod damage control. Regarding grain yield, all biorational insecticides significantly increased yield compared to the control, with Spinetoram 11.7% SC outperforming others. Emamectin benzoate and HaNPV treatments were moderately effective and statistically similar in enhancing yield, while Metarhizium anisopliae and Neem oil were less effective but comparable. Economically, Emamectin benzoate 5% SG @ 11 g a.i./ha achieved the highest incremental cost-benefit ratio of 1:7.95, followed by Bacillus thuringiensis @ 1.5 l/ha with a ratio of 1:4.57, indicating these treatments not only control the pest effectively but also provide good economic returns. In essence, biorational insecticides, particularly Spinetoram and Emamectin benzoate, are highly effective in reducing H. armigera larval populations and pod damage, while boosting chickpea grain yield cost-effectively. These findings support their integration into sustainable pest management strategies for chickpea cultivation.
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