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 Bio-pesticides Mediated Suppression of Gram Pod Borer (Helicoverpa armigera Hubner) in Chickpea under Field Conditions

ABSTRACT: 
The gram pod borer Helicoverpa armigera (Hübner), is the most significant pest of Chickpea. A field experiment was conducted to evaluate the bio-efficacy of different microbial treatments against the gram pod borer, H. armigera (Hübner), infesting chickpea during the rabi season 2024-25 at the KVK operational area village. The experiment included six treatments: T1- Beauveria bassiana at 1.5 kg/ha, T2- Bacillus thuringiensis at 1.0 kg/ha, T3- HaNPV at 250 LE/ha, T4- Nomuraea rileyi at 1.5 kg/ha, T5- Spinosad 45 SC at 73 g a.i./ha, and T6 -Water spray and untreated control. Treatments were applied twice to pod borers that had crossed their ETL levels, at 15-day intervals. Results showed that all treatments significantly reduced the larval population of H. armigera compared to the control. Among the treatments, T5- Spinosad 45 SC at 73 g a.i./ha was the most effective, recording the lowest larval population (0.28 larvae/mrl) and minimum pod damage (6.55%). This treatment also achieved the highest grain yield (21.35 q/ha), maximum net profit (Rs. 65,451/ha), and a favorable benefit–cost ratio of 1:11.18. The next treatment was T3- HaNPV at 250 LE/ha, which recorded the low larval population (0.45 larvae/mrl) and pod damage (8.85%), with a grain yield of 18.15 q/ha and a benefit–cost ratio of 1:11.26, indicating its potential as an eco- friendly pest management option. Other microbial treatments such as T2- Bacillus thuringiensi, T1- Beauveria bassiana, and T4- Nomuraea rileyi also showed moderate effectiveness in reducing pest populations and improving yield compared to the control. Thus, the study clearly demonstrated that Spinosad 45 SC at 73 g a.i./ha, followed by HaNPV at 250 LE/ha, were the most effective and economically viable treatments for managing the gram pod borer in chickpea.

Keywords: Bio pesticides, Helicoverpa armigera, Chickpea, Spinosad etc.

1. INTRODUCTION: 
Chickpea (Cicer arietinum L.) is one of the most important pulse crops grown in India, commonly known as Bengal gram. It belongs to the genus Cicer and the family (Leguminosae) Fabaceae. India ranks first in the world for chickpea (C. arietinum L.) production and consumption. Globally, it is cultivated on 149.66 lakh hectares, with a total production of 15.97 million metric tons and an average productivity of 1252 kg/ha (DES 2023, MOAF and W, Gol). In India, chickpea production was 13.75 million tons from an area of 10.91 million hectares, with a productivity of 12.6 quintals per hectare (DES 2023, MOAF and W, GoI). Chickpea alone accounts for nearly 50% of the country's pulse production. Major chickpea-producing states in India include Maharashtra (25.97%), Madhya Pradesh (18.59%), Rajasthan (20.65%), Gujarat (10.10%), and Uttar Pradesh (5.64%), (DES 2023, MOAF and W, GoI)..
Chickpea is a rich source of nutrients in the Indian diet, containing carbohydrates, protein, fat, dietary fiber, folates, niacin, pantothenic acid, riboflavin, thiamine, vitamins A and E, potassium, sodium, calcium, iron, magnesium, phosphorus, and zinc (FAO 2016).
It is attacked by nearly 57 species of insects and other arthropods in India (Lal 1992). The pod borer, H. armigera (Hubner), is the most significant, and it is a multivoltine, highly mobile, and highly fecund insect (Khan et al., 2013). Gram pod borer, is a notorious, multigenerational, and widely distributed pest that is reported to infest 181 species of host plants belonging to 47 families in India. Among insect pests, the pod borer is the most severe reducer of crop yield throughout India (Kailas and Choudhary 2021). Gram pod borer, Helicoverpa armigera (Hubner), causes notable economic damage and is the primary constraint on chickpea growth. In extreme cases, it reduces seed production by approximately 75% to 90% (Sarwar et al., 2013). Several new chemical insecticides are being used by chickpea farmers against Helicoverpa armigera. However, due to the indiscriminate use of synthetic chemicals and the resulting increase in insecticide resistance, it is essential to test the effectiveness of bio-pesticides, which are both economically and ecologically viable. Various synthetic insecticides are recommended by farmers for its control, but because of their adverse effects on the environment, alternative eco-friendly bio-pesticides need to be developed (Shinde et al., 2013). Therefore, the current study was designed to evaluate the efficacy of bio-pesticides for the effective management of chickpea pod borer.
2. MATERIALS AND METHODS
The present study entitled " Bio pesticides- Mediated Suppression of Gram Pod Borer (Helicoverpa armigera Hubner) in Chickpea (Lepidoptera: Noctuidae)” was conducted at Krishi Vigyan Kendra Solapur, in the operational area of Village Nahnegaon, Taluka Akkalkot, District Solapur, Maharashtra, during Rabi 2024-25. 
The research trial was laid out in a Randomised block design (RBD) with seven different treatments, each replicated thrice. The plot measured 3 × 3 meters. Chickpea seeds of the accession ‘Phule Vishwaraj’ were sown in plots with row-to-row and plant-to-plant spacing of 30 × 10 cm. All Bio pesticides used were applied as foliar sprays. Six treatments were tested with the following doses: T1- Beauveria bassiana 1.5 kg/ha, T2- Bacillus thuringiensis 1.0 kg/ha, T3- Helicoverpa armigera Nuclear Polyhydrosis Virus 250 LE/ha, T4-Noumeria relyi 1.5 kg/ha, T5- Spinosad 45 SC 73 g a.i./ha, T6- Water spray 500 liters ha, and T7- Control. Two sprays were applied at 15-day intervals during the experiment to evaluate bio-pesticides' effectiveness when the Helicoverpa armigera larval population reached the Economic Threshold Level. Spraying commenced when the average larval count was ≥1 larva per plant. 
Observations were recorded before spraying and at 1, 3, 7, and 10 days post-spraying. Grain yield was also recorded for each plot. The population of gram pod borer was assessed along a one-meter row length from each plot to investigate larval populations and the cost-benefit ratio.  The percent pod damage was calculated by dividing the number of damaged pods by the total number of pods observed and expressed in percentage
3. RESULTS AND DISCUSSION
3.1Effect of different microbial treatments on larval population of Helicoverpa armigera after first spray
The bio-pesticides Beauveria bassiana 1.5 kg/ha, Bacillus thuringiensis 1.0 kg/ha, HaNPV 250 LE/ha, Noumeria relyi 1.5 kg/ha, and Spinosad 45 SC 73 g a.i. /ha were tested against the gram pod borer H. armigera in chickpea during Rabi 2024-25. Pre-treatment observation was recorded a day before the application of bio-pesticides, which revealed the uniform distribution of pod borer in the field. The data regarding the efficacy of the first and second spray were obtained and presented in Table 1. Figure 1 showed that the population a day before ranged from 1.13 to 2.67 larvae/mrl. 
1 Day after First Spray: 
The lowest larval population was recorded in T5-Spinosad 45 SC  73 g a.i./ha (0.33 larvae/mrl), which was closely followed by treatment T3- HaNPV 250 LE/ha (0.47 larvae/mrl). The treatments T2-Bacillus thuringiensis 1.0 kg/ha (0.67 larvae/mrl) and T1-Beauveria bassiana at 1.5 kg/ha (0.73 larvae/mrl) showed a moderate reduction in H.armigera larval population. Comparatively, higher larval populations were recorded in T4-Nomuraea riley 1.5 kg/ha (0.87 larvae/mrl). However, T6-water spray (1.00 larvae/mrl) and untreated T7-control (1.33 larvae/mrl) recorded higher larval populations.
3 Days after First Spray 
At three days after first spray a further reduction in larval population was observed in most of the treatments. Treatment T-5-Spinosad 45 SC 73 g a.i./ha recorded the lowest larval population (0.53 larvae/mrl), followed by T3-HaNPV 250 LE/ha (0.67 larvae/mrl). T2- B. thuringiensis (0.80 larvae/mrl) and T1-B. bassiana (0.87 larvae/mrl) also showed noticeable pest suppression. The treatment T4-N. rileyi recorded 0.80 larvae/mrl, which was comparable to T2-Bacillus thuringiensis. In contrast, T6-water spray (1.07 larvae/mrl) and untreated T7-control (1.67 larvae/mrl) recorded significantly higher larval populations.
7 Days after First Spray 
The minimum larval population was recorded in T5-Spinosad 45 SC (0.40 larvae/mrl), followed by T3-HaNPV (0.47 larvae/mrl). A moderate reduction was observed in T1-B. bassiana (0.73 larvae/mrl) and T2-B. thuringiensis (0.93 larvae/mrl), while T4-N. rileyi recorded 0.93 larvae/mrl. However, T6-water spray (1.20 larvae/mrl) and untreated T7-control (1.73 larvae/mrl) continued to show higher infestation levels.
10 Days after First Spray 
Ten days after spraying, the trend remained similar. The lowest larval population was recorded in T5-Spinosad 45 SC (0.13 larvae/mrl), followed by T3-HaNPV (0.40 larvae/mrl). Treatments T2-B. thuringiensis (0.73 larvae/mrl) and T1-B. bassiana (0.87 larvae/mrl) showed moderate suppression of the pest population, while T4-N. rileyi recorded 0.93 larvae/mrl. The T6-water spray treatment recorded 1.00 larvae/mrl, whereas the untreated T7-control recorded 1.27 larvae/mrl, indicating the highest infestation. Overall, the results of the first spray clearly indicated that T5-Spinosad 45 SC at 73 g a.i./ha was the most effective treatment, followed by T3-HaNPV at 250 LE/ha, in reducing the larval population of H. armigera in chickpea under field conditions, while the untreated control recorded the highest pest population throughout the observation period.
3.2 Effect of different microbial treatments on larval population of Helicoverpa armigera after second spray
The data on the larval population of H. armigera after the second application of different microbial treatments showed a significant decrease in the larval numbers of the gram pod borer H. armigera in chickpea over time, compared to the untreated control.
1 Day after Second Spray 
One day after the second spray, the larval population ranged from 0.20 to 0.95 larvae/mrl among the treatments. The treatment T5- Spinosad 45 SC 73 g a.i./ha recorded the lowest larval population (0.20 larvae/mrl), indicating its rapid action against the gram pod borer. This was followed by T2- HaNPV at 250 LE/ha (0.33 larvae/mrl) and T1- B. bassiana 1.5 kg/ha (0.47 larvae/mrl). Moderate suppression was observed in T2- B. thuringiensis  1.0 kg/ha (0.60 larvae/mrl) and T4- N. rileyi  1.5 kg/ha (0.67 larvae/mrl). In contrast, higher larval populations were recorded in T6- water spray (0.95 larvae/mrl) and untreated T7- control (1.60 larvae/mrl).
3 Days after Second Spray 
At three days after second spray a further decline in larval population was observed in most treatments. T5-Spinosad 45 SC remained the most effective treatment with the lowest population (0.27 larvae/mrl), followed by T2-HaNPV (0.47 larvae/mrl) and T2-B. thuringiensis (0.53 larvae/mrl). T1-B. bassiana (0.73 larvae/mrl) and T4-N. rileyi (0.93 larvae/mrl) showed comparatively moderate control. The T6-water spray (1.07 larvae/mrl) and untreated T7-control (1.53 larvae/mrl) recorded significantly higher larval populations.
7 Days after Second Spray 
Seven days after spraying, the larval population continued to decrease under most treatments. The lowest larval population was recorded in T5-Spinosad 45 SC (0.07 larvae/mrl), demonstrating its superior effectiveness. This was followed by T3-HaNPV (0.33 larvae/mrl) and T1-B. bassiana (0.53 larvae/mrl). T2-B. thuringiensis (0.73 larvae/mrl) and T4-N. rileyi (0.80 larvae/mrl) showed moderate effectiveness. Meanwhile, T6-water spray (1.07 larvae/mrl) and untreated T7-control (2.27 larvae/mrl) maintained higher larval populations.
10 Days after Second Spray 
Ten days after spraying, the trend remained similar, with treatment T5-Spinosad 45 SC recording the lowest larval population (0.13 larvae/mrl), followed by T3-HaNPV (0.27 larvae/mrl). Treatments such as T1-B. bassiana (0.60 larvae/mrl), T2-B. thuringiensis (0.47 larvae/mrl), and T4-N. rileyi (0.67 larvae/mrl) showed substantial reduction of the larval population. However, T6-water spray (1.07 larvae/mrl) and untreated T7-control (1.60 larvae/mrl) continued to record significantly higher infestation levels.
The overall mean larval population clearly indicated the effectiveness of different microbial treatments against H. armigera in chickpea. The mean larval population after two sprays ranged from 0.28 to 1.41 larvae/mrl across various treatments. The lowest mean larval population of Helicoverpa armigera was recorded in T5-Spinosad 45 SC at 73 g a.i./ha (0.28 larvae/mrl), demonstrating its superior ability to suppress the gram pod borer population. This was followed by treatment T3-HaNPV  250 LE/ha (0.45 larvae/mrl), which also showed effective pest control. Moderate suppression of larval populations was observed in T2-B. thuringiensis 1.0 kg/ha (0.65 larvae/mrl) and T3-B. bassiana 1.5 kg/ha (0.72 larvae/mrl), while T3-N. rileyi at 1.5 kg/ha (0.75 larvae/mrl) exhibited comparatively lesser efficacy among the microbial treatments. However, treatment T7-water spray (1.09 larvae/mrl) and the untreated T7-control (1.41 larvae/mrl) recorded the highest larval populations, indicating no effective suppression of the pest occurred in the absence of microbial or insecticidal treatments.
The results aligned with the findings of Kumar et al. (2020) and Mohanty  et al. (2022), who reported the efficacy of Spinosad 45 SC at 73 g a.i./ha against gram pod borer in chickpea. The efficacy of Spinosad 45 SC was further supported by, Mishra  et al. (2024), Basgude RP et al. (2023), Mishra VK et al. (2014), Shinde YA et al. (2013), Meena BS et al. (2024), Gyathari L. et al. (2021), and Barwa et al. (2022). The high effectiveness of HaNPV 250 LE/ha  recorded in this study is also corroborated by Reddy N. A. et al. (2021), who reported that HaNPV sprays significantly reduced larval populations caused by H. armigera in chickpea. The effectiveness of  HaNPV  250 LE/ha  was highly consistent with the findings of Basvaraj et al. (2017), Magar PN et al. (2023), Shinde YA et al. (2013), Kumar P. et al. (2026), and Banarajee A. et al. (2025). The moderate effectiveness of Treatment T2- B. thuringiensis- observed in this study corroborates the findings of Kaur et al. (2020), who reported that Bt formulations significantly reduced Helicoverpa armigera larval populations in chickpea, although their efficacy was comparatively lower than some modern insecticides. Similarly, Patil S. R. et al. (2019) reported that entomopathogenic fungi such as Beauveria bassiana effectively suppressed lepidopteran pest populations under field conditions. Thus, the present findings support earlier reports that T5- Spinosad- and microbial bio-pesticides such as T3- HaNPV, T3- Bacillus thuringiensis, and entomopathogenic fungi are effective components of eco-friendly pest management strategies for controlling Helicoverpa armigera in chickpea.
3.3 Effect of different microbial treatments on pod damage.
The efficacy of microbes was tested in terms of pod damage in the field trial for Rabi 2024-25 (Table 1). The results show that each of the individual treatments was significantly more effective than the control. The pod damage data also followed a similar trend, where T5 - Spinosad recorded the lowest pod damage (6.56%), followed by T3 - HaNPV with 8.85%, T4 – N. rileyi with 12.63%, T2 – B. thuringiensis with 14.40%, and T1 – B. bassiana with 16.40%. The maximum pod damage (35.74%) was observed in the untreated control. All the treatments resulted in significantly better results than the control plot. Thus, the results clearly indicate that T5 - Spinosad 45 SC 73 g a.i./ha proved to be the most effective in reducing larval populations and minimizing pod damage, followed by T3 - HaNPV 250 LE/ha. The untreated control recorded the highest infestation and pod damage. The present findings are in close agreement with results by Kumar P. et al. (2020), Reddy N. A. et al. (2021), Gagan Singh et al. (2025), Tushar B J et al. (2020), Muhammad Bilal Yousuf et al. (2024), and Chaudhary S et al. (2023). This study confirms that selective microbial treatments effectively suppress gram pod borer infestation in chickpea.
3.4 Effect of different microbial treatments on yield of chickpea
The data presented in Table 2 revealed that different microbial treatments significantly influenced the grain yield of chickpea during Rabi 2024–25. The grain yield recorded in different treatments ranged from 8.73 to 21.35 q/ha, the untreated control recorded the lowest yield of 8.73 q/ha. Among the treatments, T5-Spinosad 45 SC 73 g a.i./ha recorded the highest grain yield of 21.35 q/ha, with an increase of 12.62 q/ha over the control. The higher yield in this treatment might be due to its superior effectiveness in reducing the larval population of gram pod borer H. armigera, resulting in less pod damage and improved crop productivity. The next best treatment was T3-HaNPV 250 LE/ha, which recorded a grain yield of 18.15 q/ha, an increase of 9.42 q/ha over the control. This was followed by T2-B. thuringiensis  1.0 kg/ha, with a yield of 16.69 q/ha, an increase of 7.96 q/ha over the control. The treatment T4-N. rileyi 1.5 kg/ha recorded a grain yield of 15.60 q/ha, showing an increase of 6.87 q/ha over the control, while T1-B. bassiana 1.5 kg/ha recorded a yield of 15.59 q/ha, an increase of 6.86 q/ha over the control. The treatment T6-water spray recorded a grain yield of 9.88 q/ha, which was only slightly higher than the untreated T7-control, indicating minimal effect on pest suppression. The results clearly indicate that effective management of the gram pod borer through microbial treatments resulted in a significant improvement in chickpea yield. The treatment T5-Spinosad 45 SC recorded the highest grain yield, which was in line with the results reported by Yadav SK et al. (2023). They reported that the application of Spinosad significantly increased chickpea grain yield up to 20.10 q/ha and produced the most favorable benefit–cost ratio. The results are consistent with those of Mohanty et al. (2022), who found that the highest yield was recorded in the treatment Spinosad 45 SC 73 g a.i./ha (22.50 q/ha). Mishra et al. (2014) also reported that the highest yield was in the treatment Spinosad 45 SC (17.53 q/ha), followed by Indoxacarb 15.8 EC (16.13 q/ha). Furthermore, the findings of the present study are in close agreement with those of Meena and Tayde (2024), Albin KA et al. (2024), Sneh Yadav et al. (2025), and Upadhyay et al. (2021).
3.5 Economics of microbial in Chickpea
The economic analysis of different microbial treatments presented in Table 2 revealed that the dominant C: B ratio was achieved with T3- HaNPV  250 LE/ha (1:11.26), consistent with findings by Magar PN et al. (2023). This was followed by T5- Spinosad 45 SC  73 g a.i./ha (1:11.26),T4- Nomuraea rileyi 1.5 kg/ha (1:9.35), and T1- B. bassiana  1.5 kg/ha, which had a cost-benefit ratio of (1:8.84) and was comparable to T2- B. thuringiensis 1.0 kg/ha (1:7.10). Similar findings were reported by Yadav SK et al. (2023), indicating that the application of Spinosad notably increased the benefit–cost ratio, ranging from 1:13.98 to 1:14.80, followed by bio-pesticides such as B. thuringiensis and HaNPV. Furthermore, the study's results align closely with those of Meena and Tayde (2024), Upadhyay et al. (2021), and Albin KA et al. (2024).








Table No. 1: Efficacy of different microbials against gram pod borer, Helicoverpa armigera infesting chickpea
	Treatments
	Pre-treatments
	Helicoverpa armigera Larval population /mrl
	Overall mean of 2 Sprayings
	Pod damage* (%)

	
	
	1st Spraying
	2nd Spraying
	
	

	
	
	Day after Spraying
	Day after Spraying
	
	

	
	
	1
	3
	7
	10
	1
	3
	7
	10
	
	

	Beauveria bassiana @ 1.5 kg/ha
	1.07
(1.25)
	0.73
(1.11)
	0.87
(1.17)
	0.73
(1.11)
	0.87
(1.17)
	0.47
(0.98)
	0.73
(1.11)
	0.53
(1.01)
	0.60
(1.04)
	0.72
(1.10)
	16.40
(23.92)

	Bacillus thuringiensis @ 1.0kg/ha
	0.73
(1.10)
	0.67
(1.08)
	0.80
(1.14)
	0.93
(1.20)
	0.73
(1.11)
	0.60
(1.04)
	0.53
(1.02)
	0.73
(1.11)
	0.47
(0.98)
	0.65
(1.07)
	14.40
(22.34)

	HaNPV @ 250 LE/ha
	0.87
(1.17)
	0.47
(0.98)
	0.67
(1.08)
	0.47
(0.98)
	0.40
(0.94)
	0.33
(0.91)
	0.47
(0.98)
	0.33
(0.91)
	0.27
(0.87)
	0.45
(0.98)
	8.85
(17.31)

	Noumeria relyi@1.5kg/ha
	0.93
(1.19)
	0.87
(1.17)
	0.80
(1.14)
	0.93
(1.20)
	0.93
(1.20)
	0.67
(1.08)
	0.93
(1.19)
	0.80
(1.14)
	0.67
(1.08)
	0.75
(1.12)
	12.63
(20.84)

	Spinosad 45 SC @ 73 g a.i./ha
	1.00
(1.22)
	0.33
(0.91)
	0.53
(1.02)
	0.40
(0.93)
	0.13
(0.79)
	0.20
(0.83)
	0.27
(0.87)
	0.07
(0.75)
	0.13
(0.79)
	0.28
(0.88)
	6.55
(14.84)

	Water spray @ 500 lit/ha
	1.00
(1.22)
	1.00
(1.22)
	1.07
(1.25)
	1.20
(1.30)
	1.00
(1.22)
	0.93
(1.19)
	1.07
(1.25)
	1.07
(1.25)
	1.07
(1.25)
	1.09
(1.26)
	28.40
(32.13)

	Control
	1.13
(1.28)
	1.33
(1.35)
	1.67
(1.47)
	1.73
(1.49)
	1.27
(1.33)
	1.60
(1.45)
	1.53
(1.45)
	2.27
(1.62)
	1.60
(1.44)
	1.41
(1.38)
	35.74
(36.82)

	Mean
	0.96
(1.20)
	0.77
(1.12)
	0.87
(1.18)
	0.79
(1.17)
	0.76
(1.11)
	0.69
(1.07)
	0.76
(1.12)
	0.80
(1.11)
	0.73
()
	0.76
(0.77)
	17.57
(24.80)

	SEm ±
	0.15
	0.06

	0.06

	0.10
	0.07
	0.09
	0.10
	0.10
	0.09
	0.09

	2.21

	CD at 5%
	NS

	0.19

	0.18

	0.31

	0.21

	0.28
	0.30
	0.31

	0.28
	0.28

	6.81


      ( ) Figures in parentheses are √x+0.5 square transformed values                		                   NS- Non Significant  
      * Figures in parentheses are arcsine transformed values                              			       mrl = metre row length




Fig.1: Efficacy of different microbial against gram pod borer, Helicoverpa armigera infesting chickpea 
Table 2: Efficacy and economics of different microbials on chickpea grain yield

	Treatments

	Grain yield (q/ha)
	Increase in yield over control (q /ha)
	Percent avoidable losses
	Cost of insecticides /ha+ labour
	Cost of increased yield over control @ Rs. 5650 per q
	Net profit (Rs/ha)
	Cost benefit ratio

	Beauveria bassiana @ 1.5 kg/ha
	15.59
	6.86
	26.97
	3750
	38759.0
	33145.0
	8.84

	Bacillus thuringiensis @ 1.0kg/ha
	16.69
	7.96
	21.82
	5550
	44974.0
	39424.0
	7.10

	HaNPV @ 250 LE/ha
	18.15
	9.42
	14.98
	4340
	53223.0
	48883.0
	11.26 H

	[bookmark: _Hlk203327268]Noumeria relyi@1.5kg/ha
	15.60
	6.87
	25.52
	3750
	38816.0
	35066.0
	9.35

	Spinosad 45 SC @ 73 g a.i./ha
	21.35
	12.62
	-
	5852
	71303.0
	65451.0
	11.18

	Water spray @ 500 lit/ha
	9.88
	1.15
	53.72
	2000
	6498.0
	4498.0
	2.25 L

	Control
	8.73
	-
	59.11
	-
	-
	-
	-

	SEm ±
	0.64
	-
	-
	-
	-
	-
	-

	CD at 5%
	1.96
	-
	-
	-
	-
	-
	-


BCR= Benefit Cost Ratio, Minimum support price of chickpea during 2024-25 = Rs. 5650/q, Labour charge = Rs. 500/day/labour.
Percent avoidable losses= Maximum protected Yield - Treatment Yield / Maximum protected Yield X 100















Fig.2: Efficacy of different microbial on chickpea grain yield


4. CONCLUSION:
Among all treatments evaluated, Spinosad 45 SC at 73 g a.i./ha was the most effective in controlling H. armigera larvae in chickpea. It resulted in the lowest larval numbers (0.28) and minimal pod damage (6.55%), leading to the highest grain yield (21.35 q/ha). It also achieved the greatest net profit (Rs. 65,451/ha) with a benefit–cost ratio of 11.18, highlighting its superior efficacy and economic viability. The second-best treatment was Helicoverpa armigera Nuclear Polyhydrosis Virus 250 LE/ha, which effectively reduced pest infestation and produced a grain yield of 18.15 q/ha with a benefit–cost ratio of 11.26. Other microbial treatments like B. thuringiensis, B. bassiana, and N. rileyi also provided moderate pest control, increasing yields compared to controls. Water spray and untreated plots showed higher larval populations, more pod damage, and lower yields, resulting in poor economic returns. The study concludes that Spinosad 45 SC at 73 g a.i./ha, followed by Helicoverpa armigera Nuclear Polyhydrosis Virus at  250 LE/ha, were the most effective and economically feasible options for managing the gram pod borer in chickpea. 
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