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


ABSTRACT
The efficacy of biorational insecticides against the gram pod borer, Helicoverpa armigera (Hubner) in chickpea crops in Kanpur region of Uttar Pradesh, India. The study assessed several biorational insecticides, including Spinetoram, Emamectin benzoate, HaNPV, Bacillus thuringiensis, Metarhizium anisopliae, Neem oil and garlic + tobacco leaf extract. Field experiments using a randomized block design revealed that Spinetoram and Emamectin benzoate achieved the highest reduction in larval population and pod damage, with Spinetoram reducing larval population by 84.58 % and pod damage to 6.83 %. All treatments were superior to control in improving grain yield, with Spinetoram yielding 17.63 q/ha and Emamectin benzoate 16.62 q/ha. While Spinetoram was the most effective, Emamectin benzoate offered the highest incremental cost-benefit ratio. The research concludes that biorational insecticides, particularly Spinetoram and Emamectin benzoate, offer effective and environmentally friendly options for managing gram pod borer in chickpea while maximizing yield and economic efficiency.
Keywords: biorational insecticides; randomized block design; incremental cost-benefit ratio; economic efficiency.

1. INTRODUCTION
Chickpea, Cicer arietinum Linn. is considered as “King of Pulses” and cultivated globally with different names i.e. Gram, Chana, Bengal gram (India), Chickpea (English), Hamaz, Hommes (Arab world), Nohud, Lablabi (Turkey), Shimbra (Ethiopia) and Garbanzo (Latin America), in different countries. It belongs to the family Fabaceae, sub-family Faboideae. The genus Cicer originated in South-eastern Turkey and spread to other parts of the world. It is adapted to relatively cooler climates. In India, it is sometimes called as “poor man’s meat and rich man’s vegetable” (Bahadur et al. 2018). The largest area of adaption is in the Indian sub-continent. Chickpea is cultivated in many countries of the world and comprises of 20 per cent of the world legumes production. It is the most important crop with high acceptability and wider use. It provides a high-quality protein to the people in developing countries. Green leaves/twigs of chickpea are used in preparing nutritious vegetables in countries of South Asia. These are also used as high protein fodder mixed with cereal leaves. There are two types of chickpea i.e. Desi and Kabuli types. Desi type has small seeds with angular, sharp edges and the seed coat can vary from black to cream or yellow. The flowers of Desi type are generally pink and almost 80-90 per cent of the world’s chickpea crop grown is Desi type. The splits (dal) and flour (besan) are invariably made from desi type. The kabuli type have large rounded seeds shaped like a ram’s head with cream beige or white seed coats, estimated at 10 per cent production area of the chickpea growing regions (Pandey et al. 2011). Chickpea stover is fed to the cattle/goats as a nutrient rich supplement as their major cereal fodder in the lean season. Its ability to enrich the soil fertility by fixing large quantities of atmospheric nitrogen with the help of symbiotic bacteria mainly Rhizobium species is economically sound and environmentally acceptable. It has high nutritive value and is enriched with vegetable protein, carbohydrate, cholesterol lowering fiber, oil, ash, calcium and phosphorus.
In India, chickpea had total pulses area of 10.91 million hectare with production of 13.75 million tonnes and productivity 1260 kg/ha in 2024. It is grown in six major states viz. Maharashtra, Madhya Pradesh, Rajasthan, Gujrat, Uttar Pradesh, Andhra Pradesh, Karnataka and Chhattisgarh altogether contributing 97.15 per cent of the total production and 96.95 per cent of the total area of chickpea production in India. In Uttar Pradesh chickpea is grown in an area of 0.62 million hectare with production of 0.77 million tonnes and productivity of 1250 kg/ha in 2023-24. Maharashtra is the single largest producer in the country accounting for over 23.82 per cent of total production while Madhya Pradesh, Rajasthan and Uttar Pradesh contribute about 22.05 per cent, 19.28 per cent and 5.59 per cent, respectively (Anonymous, 2023-24).
Gram pod borer life cycle involves four major developmental stages (eggs, larvae, pupa and adult). Eggs are yellowish-white and glistening at initial stage, changing to dark-brown before hatching, larvae with five pairs of prolegs on the third to sixth and tenth abdominal segments; a narrow dark, median dorsal band on each side, colour varies from shades of green, straw yellow and pinkish to reddish brown or even black; fully grown larvae are 30-40 mm long. Adult have 3.5-4 cm wing span and 14-18 mm long; males usually are greenish-grey and female are orange-brown; forewings with a line of 7-8 blackish spots on the margin and a broad, irregular, transverse brown band; hindwings are pale-straw colour with a broad dark-brown border (Yadav et al. 2020). Damaging symptoms by small larvae are that they feed on foliage and larger larvae that bore into flower buds, flowers and pods and consume the developing seed. The low yield of chickpea crop is attributed to the regular outbreaks of gram pod borer, H. armigera which is considered as one of the major pests of chickpea.
Gram pod borer, Helicoverpa armigera (Hubner) is a noxious and polyphagous pest of global importance damaging more than 200 cultivated and wild hosts (Yadav et al. 2011). Among cultivated hosts, chickpea, Cicer arietinum (Linnaeus), which is one of the most valuable pulse crops, reports heavy incidence of H. armigera damaging foliage and pods of the crop to the extent of up to 80 per cent in India ranging from region to region and depending upon climate and crop intensity (Srivastava and Sehgal, 2002). Its outbreak has been witnessed due to its polyphagous nature, multivoltine, migratory, overwintering and diapause under adverse conditions. The most damaging stage of the pest is larva, which feed on both foliage and pods.
Biorational insecticides stand out for their environmentally friendly attributes, as they typically degrade rapidly, reducing risks of soil and water contamination while preserving agricultural biodiversity and biological control agents such as predators and parasitoids of Helicoverpa armigera. Unlike broad-spectrum chemical pesticides, these products help maintain ecological balance and minimize non-target impacts, which is especially important for integrated pest management systems in chickpea cultivation. The adoption of biorational agents thus supports both improved pest suppression outcomes and long-term sustainability of farming ecosystems.
2. MATERIALS AND METHODS
An experiment was laid out in Randomised Block Design replicated thrice at SIF, 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.
Table 1 The experiment was conducted by using the following layout plan
	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.  
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:

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
	
	
	
	

	2.
	Treatment
	t-1
	
	
	
	

	3.
	Error
	(r-1) (t-1)
	
	
	
	

	4.
	Total
	rt-1
	
	
	
	


     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.
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 pest management agents that are effective against target pests but have minimal impact on non-target organisms and the environment. They are typically derived from natural sources (plants, microbes and minerals) or synthetic compounds based on active ingredients of botanicals, microbials and hormones (IGR). Spinetoram is a multi-component tetracyclic macrolide in the class of spinosyn insecticides, was developed for the control of lepidopterous larvae on a variety of crops. Its mode of action is disruption of nicotinic/gamma amino butyric acid-gated chloride channels Shimokawatoko et al. (2012). Emamectin benzoate works by binding to glutamate-gated chloride channels in the nervous system of insects, leading to an influx of chloride ions. This causes paralysis and eventual death due to disruption of nerve signals in lepidopteran larvae Stavrakaki et al. (2022). HaNPV operates as a biopesticide through ingestion by the insect pest, where it is released from its protective protein coat in the alkaline gut to infect midgut cells Liu et al. (2006). Bacillus thuringiensis (Bt) kills susceptible insects when they ingest insecticidal Cry or Cry proteins, which are activated in the insect’s midgut. These activated toxins then bind to specific receptors on the midgut’s epithelial cells, form pores in the cell membranes and cause the cells to rupture, leading to the destruction of the midgut lining. This cell lysis halts feeding and eventually results in the death of the insect larva Vachon et al. (2012). Metarhizium anisopliae’s mode of action involves insect cuticle penetration by germinating conidia, followed by hyphal growth and colonisation of hemocoel Schrank et al. (2010). Neem oil disrupts insect hormones, acting as an antifeedant and inhibiting growth, especially in juvenile stages of larva Mordue (2004). Garlic extract acts on insects by exhibiting insecticidal, repellant and antifeedant properties, disrupting growth and development Rinaldi et al. (2019). Tobacco extracts act as insecticides by targeting the insect nervous system. The primary active compound, nicotine, binds to nicotinic acetyl choline receptors in the insect’s central nervous system, leading to overstimulation. This ultimately causes a blockage of nerve signals, paralysis and death of the insect Shivanandappa et al. (2014). The results on influence of biorational insecticides on larval population of gram pod borer (H. armigera) during 2023-24 and 2024-25 are discussed with up-to-date review and given here under:
3.1 Mean larval population of H. armigera (Hubner)
[bookmark: _GoBack]Pooled data of both years revealed that all the treatments showed significant reduction of H. armigera in number of larvae as compared to control plots. The treatments Spinetoram 11.7 % SC and Emamectin benzoate 5 % SG were found to be significantly superior among all biorational insecticides but it did not differ significantly with each other in reducing larval population of H. armigera. Also, the treatments HaNPV @ 250 LE/ha and Bacillus thuringiensis @ 1.5 l/ha were at par with each other. Metarhizium anisopliae @ 2.5 l/ha, Neem Oil (1500 ppm) and Garlic + Tobacco Leaf Extract @ 50 g/l of water were also found to be at par with each other in reducing larval population of H. armigera. The earlier reports made by Rajashekharappa et al. (2022) and Das et al. (2023) who observed Spinetoram and Emamectin benzoate as a most effective biorational insecticides against H. armigera in chickpea and found 88.17 per cent and 73.57 per cent population reduction over control, respectively.
Among all the treatments, Spinetoram 11.7 % SC @ 60 g a.i./ha with (1.86 larvae per ten plants) had least number of H. armigera larvae. However, Emamectin benzoate 5 % SG @ 11 g a.i./ha were found next effective treatment with 2.55 larvae per ten plants. Amongst the remaining treatments, the order of effectiveness against H. armigera was HaNPV @ 250 LE/ha, Bacillus thuringiensis @ 1.5 l/ha, Metarhizium anisopliae @ 2.5 l/ha and Neem Oil (1500 ppm) @ 2.5 l/ha with 3.96, 4.81, 5.40 and 6.08 larvae per ten plants, respectively. Garlic + Tobacco Leaf Extract @ 50 g/l of water with 6.77 larvae per ten plants was found least effective among all the treatments however, it was significantly superior over control. Maximum larval population (12.07 larvae per ten plants) was recorded in control plot (Table 3). Present findings are in agreement with Konda and Kumar (2022) who confirmed that efficacy showed that the reduction per cent of larval population in HaNPV with 61.05 per cent, Neem oil with 58.34 per cent and Tobacco leaf extract with 46.66 per cent was found least effective but comparatively superior over control. The best and most economical treatment was HaNPV (1:1.96), Neem oil (1:1.74), Tobacco leaf extract (1:1.17). The highest yield was recorded in HaNPV (14.91 q/ha) and the lowest in Tobacco leaf extract with 8.98 q/ha. Rajashekharappa et al. (2022) revealed that Spinetoram 11.7 % SC @ 0.4 ml/l (88.17 per cent) pod borers populations were reduced in all the treatments compared to the control. The highest marketable pod yield was recorded in the Spinetoram 11.7 % SC @ 0.4 ml/l (24.06 t/ha). The efficacy and pod yield were superior after analyzing the C: B ratio, Spinetoram 11.7 % SC recorded the highest C: B ratio of (1:4.71). Das et al. (2023) confirmed that the highest percent reduction in larval population was observed in Emamectin benzoate (73.57 per cent) and was most successful in bringing down the larval population, followed by bio-pesticides Metarhizium anisopliae (1×108 cfu) (50.92 %), Neem Oil 2 % (45.81 %).
3.2 Population reduction per cent over control
The data obtained from the pooled mean of the 1st, 2nd and 3rd spray revealed that Spinetoram 11.7 % SC @ 60 g a.i./ha was most effective in reducing the larval population over control (84.58 per cent). Earlier similar report made by Naveen and Ghosh (2020) who observed the efficacy of Spinetoram 11.7 % SC @ 60 g a.i./ha, Bacillus thuringiensis and neem oil against H. armigera in chickpea during Rabi, 2017-18 and 2018-19. However, Emamectin benzoate 5 % SG @ 11 g a.i./ha was found next effective in reducing the larval population up to 78.87 per cent, followed by HaNPV @ 250 LE/ha (67.19 per cent), B. thuringiensis @ 1.5 l/ha (60.14 per cent), Metarhizium anisopliae @ 2.5 l/ha (55.26 per cent), Neem Oil (1500 ppm) @ 2.5 l/ha (49.62 per cent) and Garlic Extract + Tobacco Leaf Extract @ 50 g/l of water (43.91 per cent) (Table 3). In present study, biorational insecticides were effective against H. armigera which in line with similar findings to Makwana et al. (2017) who evaluated efficacy of different biorational insecticides against H. armigera, HaNPV followed by Bacillus thuringiensis @ 1.5 kg/ha. Meena et al. (2018) who worked on efficacy of biorational insecticides against H. armigera reported a reducing order of effectiveness among biorational insecticides HaNPV > Bacillus thuringiensis > Garlic extract. The botanical pesticide garlic extract (10 ml/lit.) proved least effective in the present study. The present findings are also in agreement with that of Anandhi et al. (2011) who reported two sprays of garlic extract as most effective in reduction of pod borer population on chickpea. Patel et al. (2021) who confirmed the efficacy of certain biorational insecticides against shoot and fruit borer. Among all the treatments minimum per cent shoot infestations and reduction over control were recorded in treatment comprising of Bacillus thuringiensis followed by Metarhizium anisopliae, while maximum per cent shoot infestations and lowest yield was recorded in (Tobacco leaf extract + Garlic extract). Konda and Kumar (2022) who confirmed that efficacy showed that the reduction per cent of larval population in HaNPV with 61.05 per cent, Neem oil with 58.34 per cent and Tobacco leaf extract with 46.66 per cent was found least effective but comparatively superior over control. The best and most economical treatment was HaNPV (1:1.96), Neem oil (1:1.74), Tobacco leaf extract (1:1.17). The highest yield was recorded in HaNPV (14.91 q/ha) and lowest in Tobacco leaf extract with 8.98 q/ha. Rajashekharappa et al. (2022) revealed that Spinetoram 11.7 % SC @ 0.4 ml/l (88.17 per cent) pod borers populations were reduced in all the treatments compared to the control. The highest marketable pod yield was recorded in the Spinetoram 11.7 % SC @ 0.4 ml/l (24.06 t/ha). The efficacy and pod yield were superior after analyzing the C: B ratio, Spinetoram 11.7 % SC recorded the highest C: B ratio of (1:4.71). Das et al. (2023) confirmed that highest per cent reduction in larval population was observed in Emamectin benzoate (73.57 per cent) and was most successful in bringing down the larval population, followed by bio-pesticides Metarhizium anisopliae (1×108 cfu) (50.92 %), Neem Oil 2 % (45.81 %). Khorasiya et al. (2018) reported that efficacy of bio-pesticides HaNPV @ 250 LE per ha as most effective against H. armigera recording significantly lowest per cent pod damage at harvest (15.25 per cent) and registered the highest grain yield (1264 kg/ha). Bacillus thuringiensis @ 1.0 kg/ha was also found equally effective against H. armigera.
3.3 Per cent pod damage due to H. armigera (Hubner)
All the treatments were found significantly effective in reducing the percentage pod damage caused by gram pod borer, H. armigera (Hubner) as compared to control plots (25.00 per cent). The treatments Spinetoram 11.7 % SC and Emamectin benzoate 5 % SG were found significantly superior among all biorational insecticides but it did not differ significantly with each other in reducing percentage pod damage. Also, the treatments HaNPV @ 250 LE/ha and Bacillus thuringiensis @ 1.5 l/ha were found at par with each other. Metarhizium anisopliae @ 2.5 l/ha and Neem Oil (1500 ppm) were also found to be statistically at par with each other in reduction of percentage pod damage.
Among the various treatments, Spinetoram 11.7 % SC @ 60 g a.i./ha with (6.83 per cent) was found to be the most effective followed by Emamectin benzoate 5 % SG @ 11 g a.i./ha with the pod damage per cent of 7.83, followed by HaNPV @ 250 LE/ha (12.83 per cent), B. thuringiensis @ 1.5 l/ha (14.83 per cent), Metarhizium anisopliae @ 2.5 l/ha (16.00 per cent), Neem oil (1500 ppm) @ 2.5 l/ha (16.66 per cent) and Garlic Extract + Tobacco Leaf Extract @ 50 g/l of water (19.66 per cent) (Table 3). The present findings are supported by Hanumant and Kumar (2024) evaluated biorational insecticides against chickpea pod borer, the results revealed that insecticides were effective against pod borer even if they have slight per cent pod damage. Emamectin benzoate 5 % SG (8.80 %) followed by HaNPV (11.34 %) and Bacillus thuringiensis (11.93 %) which is statistically found to be least effective but significantly superior over control. The highest yield was found in Emamectin benzoate 5 % SG (18.03 q/ha), HaNPV (13.70 q/ha) and Bacillus thuringiensis (12.40 q/ha) as compared to control (9.10 q/ha). Khorasiya et al. (2018) reported that efficacy of bio-pesticides HaNPV @ 250 LE per ha as most effective against H. armigera recording significantly lowest per cent pod damage at harvest (15.25 per cent) and registered the highest grain yield (1264 kg/ha). Bacillus thuringiensis @ 1.0 kg/ha was also found equally effective against H. armigera.
3.4 Grain yield in different biorational insecticides
All the biorational insecticides were found significantly superior in increasing the grain yield as compared to control plots. Spinetoram 11.7 % SC was found significantly superior than rest of the biorational insecticides. Emamectin benzoate 5 % SG and HaNPV @ 250 LE/ha were found to be at par with each other in terms of grain yield.  Metarhizium anisopliae @ 2.5 l/ha and Neem Oil (1500 ppm) were also found to be at par with each other in increasing grain yield. Similar trends in yield of HaNPV against H. armigera in comparison with Emamectin benzoate was also reported by Hanumant and Kumar (2024).
The highest grain yield was obtained from Spinetoram 11.7 % SC @ 60 g a.i./ha with 17.63 q/ha. Emamectin benzoate 5 % SG @ 11 g a.i./ha was second best treatment which recorded of 16.62 q/ha grain yield. Whereas, rest of the treatments i.e. HaNPV @ 250 LE/ha with 16.14 q/ha, B. thuringiensis @ 1.5 l/ha with 15.33 q/ha, Metarhizium anisopliae @ 2.5 l/ha with 13.81 q/ha, Neem oil (1500 ppm) @ 2.5 l/ha with 13.37 q/ha and Garlic Extract + Tobacco Leaf Extract @ 50 g/l of water with 11.73 q/ha, respectively. The lowest yield 9.72 q/ha was recorded form control plot (Table 3). The present findings are in confirmation with Hanumant and Kumar (2024) evaluated biorational insecticides against chickpea pod borer, the result revealed that insecticides were effective against pod borer even if they have slight per cent pod damage. Emamectin benzoate 5 % SG (8.80 %) followed by HaNPV (11.34 %) and Bacillus thuringiensis (11.93 %) which is statistically found to be least effective but significantly superior over control. The highest yield was found in Emamectin benzoate 5 % SG (18.03 q/ha), HaNPV (13.70 q/ha) and Bacillus thuringiensis (12.40 q/ha) as compared to control (9.10 q/ha). Patel et al. (2021) who confirmed the efficacy of certain biorational insecticides against shoot and fruit borer. Among all the treatments minimum per cent shoot infestations and reduction over control were recorded in treatment comprising of Bacillus thuringiensis followed by Metarhizium anisopliae while maximum per cent shoot infestations and lowest yield was recorded in (Tobacco leaf extract + Garlic extract). Konda and Kumar (2022) who confirmed that efficacy showed that the reduction per cent of larval population in HaNPV with 61.05 per cent, Neem oil with 58.34 per cent and Tobacco leaf extract with 46.66 per cent was found least effective but comparatively superior over control. The best and most economical treatment was HaNPV (1:1.96), Neem oil (1:1.74), Tobacco leaf extract (1:1.17). The highest yield was recorded in HaNPV (14.91 q/ha) and lowest in Tobacco leaf extract with 8.98 q/ha. Rajashekharappa et al. (2022) revealed that Spinetoram 11.7 % SC @ 0.4 ml/l (88.17 per cent) pod borers populations were reduced in all the treatments compared to the control. The highest marketable pod yield was recorded in the Spinetoram 11.7 % SC @ 0.4 ml/l (24.06 t/ha). The efficacy and pod yield were superior after analyzing the C: B ratio, Spinetoram 11.7 % SC recorded the highest C: B ratio of (1: 4.71). Khorasiya et al. (2018) reported that efficacy of bio-pesticides HaNPV @ 250 LE per ha as most effective against H. armigera recording significantly lowest per cent pod damage at harvest (15.25 per cent) and registered the highest grain yield (1264 kg/ha). Bacillus thuringiensis @ 1.0 kg/ha was also found equally effective against H. armigera.


3.5 Incremental cost benefit ratio
The efficacy of biorational insecticides against crop losses inflicted by H. armigera  during 2023-24 and 2024-25 and their incremental cost benefit ratio were pooled together that revealed the maximum incremental cost benefit ratio was obtained in plots treated with Emamectin benzoate 5 % SG @ 11 g a.i./ha (1 : 7.95) followed by Bacillus thuringiensis @ 1.5 l/ha (1 : 4.57), HaNPV @ 250 LE/ha (1 : 4.14), Metarhizium anisopliae @ 2.5 l/ha (1 : 3.14), Spinetoram 11.7 % SC @ 60 g a.i./ha (1 : 2.55) and Neem oil (1500 ppm) @ 2.5 l/ha (1 : 2.07). The lowest incremental cost benefit ratio (1 : 1.49) was calculated in Garlic Extract + Tobacco Leaf Extract @ 50 g/l of water. However, for population and crop loss management point of view Spinetoram 11.7 % SC @ 60 g a.i./ha was found most effective among all biorational insecticides but in case of incremental cost benefit ratio it was found non economical as compared to Bacillus thuringiensis @ 1.5 l/ha, HaNPV @ 250 LE/ha and Metarhizium anisopliae @ 2.5 l/ha due to its higher market value (Table 3.4). The present findings are in confirmation with Konda and Kumar (2022) who reported that efficacy results showed that the most economical treatment was HaNPV (1:1.96), Neem oil (1:1.74), Tobacco leaf extract (1:1.17). The highest yield was recorded in HaNPV (14.91 q/ha) and lowest in Tobacco leaf extract with 8.98 q/ha. Rajashekharappa et al. (2022) also reported that Spinetoram 11.7 % SC as having highest marketable pod yield. The efficacy and pod yield were superior after analyzing the cost benefit ratio, Spinetoram 11.7 % SC recorded the highest C: B ratio of (1: 4.71). Tripathi et al. (2023) reported similar results confirming that all the treatments were significantly effective in reducing the larval population in Emamectin benzoate 5 % SG recorded highest yield 18.50 q/ha with the highest cost-benefit ratio of 1: 10.83 which was followed by the treatment of Bacillus thuringiensis var. Kurstaki and Neem oil with yield (15.30 and 14.14 q/ha) and cost benefit ratio of (1: 6.5 and 1: 1.6), respectively.











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
Effect of biorational insecticides on population of H. armigera larvae/ten plants, per cent population reduction over control, percentage pod damage and grain yield (q/ha) in chickpea during Rabi, 2023-24 and 2024-25 clearly revealed that all the treatments showed significant reduction in number of H. armigera larvae as compared to control plots. Among all the treatments, Spinetoram 11.7 % SC @ 60 g a.i./ha with (1.86 larvae per ten plants) contained least number of H. armigera larvae. Emamectin benzoate 5 % SG @ 11 g a.i./ha was found next effective treatment with 2.55 larvae per ten plants. Among the remaining treatments, the order of effectiveness against H. armigera was HaNPV @ 250 LE/ha, Bacillus thuringiensis @ 1.5 l/ha, Metarhizium anisopliae @ 2.5 l/ha and Neem Oil (1500 ppm) @ 2.5 l/ha with 3.96, 4.81, 5.40 and 6.08 larvae per ten plants, respectively. Garlic Extract + Tobacco Leaf Extract @ 50 g/l of water recorded 6.77 larvae per ten plants and was least effective among all the treatments however, it was significantly superior over control which recorded 12.07 larvae per ten plants. The treatments Spinetoram 11.7 % SC and Emamectin benzoate 5 % SG were found to be at par with each other in reducing larval population of H. armigera. Also, the treatments HaNPV @ 250 LE/ha and Bacillus thuringiensis @ 1.5 l/ha were at par with each other. Metarhizium anisopliae @ 2.5 l/ha, Neem Oil (1500 ppm) and Garlic + Tobacco Leaf Extract @ 50 g/l of water were also found to be at par with each other in reducing larval population of H. armigera.
Reduction per cent over control during Rabi, 2023-24 and 2024-25 revealed that Spinetoram 11.7 % SC @ 60 g a.i./ha was most effective in reducing the larval population by 84.58 per cent. However, Emamectin benzoate 5 % SG @ 11 g a.i./ha was found next effective in reducing the larval population by (78.87 per cent), followed by HaNPV @ 250 LE/ha (67.19 per cent), B. thuringiensis @ 1.5 l/ha (60.14 per cent), Metarhizium anisopliae @ 2.5 l/ha (55.26 per cent), Neem oil (1500 ppm) @ 2.5 l/ha (49.62 per cent) and Garlic Extract + Tobacco Leaf Extract @ 50 g/l of water (43.91 per cent).
Maximum pod damage caused by the gram pod borers to the pods lead to maximum grain yield loss. All the treatments were found significantly effective in reducing the pod damage caused by gram pod borer, H. armigera (Hubner) as compared to control plots (25.00 per cent). Among the various treatments, Spinetoram 11.7 % SC @ 60 g a.i./ha with (6.83 per cent) was found to be the most effective followed by Emamectin benzoate 5 % SG @ 11 g a.i./ha with the pod damage per cent of 7.83 per cent, which is then followed by HaNPV @ 250 LE/ha (12.83 per cent), B. thuringiensis @ 1.5 l/ha (14.83 per cent), Metarhizium anisopliae @ 2.5 l/ha (16.00 per cent), Neem oil (1500 ppm) @ 2.5 l/ha (16.66 per cent) and Garlic Extract + Tobacco Leaf Extract @ 50 g/l of water (19.66 per cent). The treatments Spinetoram 11.7 % SC and Emamectin benzoate 5 % SG were found to be at par with each other in reducing percentage pod damage. Also, the treatments HaNPV @ 250 LE/ha and Bacillus thuringiensis @ 1.5 l/ha were found to be at par with each other. Metarhizium anisopliae @ 2.5 l/ha and Neem Oil (1500 ppm) were also found to be at par with each other in reducing percentage pod damage.
Pooled grain yield in different treatments during Rabi, 2023-24 and 2024-25 revealed that the highest grain yield was obtained from Spinetoram 11.7 % SC @ 60 g a.i./ha with 17.63 q/ha. Emamectin benzoate 5 % SG @ 11 g a.i./ha was second best treatment which recorded 16.62 q/ha grain yield. Whereas, rest of the treatments i.e. HaNPV @ 250 LE/ha with 16.14 q/ha, B. thuringiensis @ 1.5 l/ha with 15.33 q/ha, Metarhizium anisopliae @ 2.5 l/ha with 13.81 q/ha, Neem oil (1500 ppm) @ 2.5 l/ha with 13.37 q/ha and Garlic Extract + Tobacco Leaf Extract @ 50 g/l of water with 11.73 q/ha, respectively. The lowest yield 9.72 q/ha was recorded form control plot. All the biorational insecticides were found significantly superior in increasing the grain yield as compared to control plots. Spinetoram 11.7 % SC was found significantly superior than rest of the biorational insecticides. Emamectin benzoate 5 % SG and HaNPV @ 250 LE/ha were found to be at par with each other in terms of grain yield.  Metarhizium anisopliae @ 2.5 l/ha and Neem Oil (1500 ppm) were also found to be at par with each other in increasing grain yield.
Different biorational insecticides tested against H. armigera (Hubner) revealed that all the treatments were effective in reducing the population of gram pod borer and thus results in increasing the yield compared to control. The highest increased yield over control was obtained in Spinetoram 11.7 % SC @ 60 g a.i./ha with 7.91 q/ha. Emamectin benzoate 5 % SG @ 11 g a.i./ha was second best treatment which recorded of 6.90 q/ha of increased grain yield over control. Whereas, rest of the treatments i.e. HaNPV @ 250 LE/ha with 6.42 q/ha, B. thuringiensis @ 1.5 l/ha with 5.61 q/ha, Metarhizium anisopliae @ 2.5 l/ha with 4.09 q/ha, Neem oil (1500 ppm) @ 2.5 l/ha with 3.65 q/ha and Garlic Extract + Tobacco Leaf Extract @ 50 g/l of water with 2.01 q/ha, respectively.
Concluding the incremental cost benefit ratio, it was observed that Emamectin benzoate 5 % SG @ 11 g a.i./ha registered the highest incremental cost benefit ratio of 1: 7.95, however, Spinetoram 11.7 % SC @ 60 g a.i./ha recorded lower 1: 2.55 incremental cost benefit ratio because of its higher cost.
Among certain biorational insecticides B. thuringiensis @ 1.5 l/ha was highly economical in terms of incremental cost benefit ratio of 1: 4.57 followed by HaNPV @ 250 LE/ha recording a ratio of 1: 4.14. Due to comparatively higher cost of treatment application HaNPV, registered lower incremental cost benefit ratio.
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