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Abstract
Chickpea (Cicer arietinum L.) is an important pulse crop in India, providing a vital source of protein in daily diets. However, its cultivation faces serious challenges due to insect pests, with the gram pod borer (Helicoverpa armigera Hubner) being the most damaging, often causing significant economic losses. This study focused on understanding the patterns of gram pod borer infestation in chickpea crops during the Rabi seasons of 2021-2022 and 2022-2023 and examined how weather conditions influenced pest populations. The research was carried out at the Student Instructional Farm of Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, following a systematic experimental setup using a Randomized Completely Block Design (RCBD). Pest observations were recorded every seven days, starting 20 days after sowing. Findings showed that infestations typically began in November and lasted until March, with the highest pest populations occurring in February both years. Analysis revealed that higher temperatures tended to reduce pest numbers, while increased wind speed and humidity favored their spread. Rainfall had a minor influence. These results highlight the strong connection between weather conditions and pest activity, underscoring the importance of climate-based pest management strategies to protect chickpea crops effectively.	Comment by Win 10: Make it italics	Comment by Win 10: at seven days interval
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INTRODUCTION
Chickpea (Cicer arietinum L.) is a crucial pulse crop in India, serving as a major protein source in diets (Jukanti et al., 2012; Thudi et al., 2017). It is rich in essential nutrients, including carbohydrates, amino acids, unsaturated fatty acids, minerals, and vitamins (Jukanti et al., 2012). 
Chickpea (Cicer arietinum L.) is a vital pulse crop in India, serving as a major source of protein in diets (Agrawal & Ram, 2013) also referred to as gram or Bengal gram, it is popularly known as the “King of Pulses.” Pulses, which are food legumes, have been cultivated by farmers for thousands of years, contributing to a nutritionally balanced diet for people in India and various other countries. In India, pulses are often called the “poor man’s meat and the rich man’s vegetable.” The significance of vegetable protein is widely acknowledged across the world. (Swamy 2023). In India, chickpea (Cicer arietinum L.) is affected by more than 60 insect pests like that gram pod borer (Helicoverpa armigera Hubner) damage on pods; Aphids (Aphis craccivora Koch) sap-sucking pest that affects young plants; Cutworms (Agrotis ipsilon Hufnagel) damages seedlings by cutting them at the base; Termites (Odontotermes spp. & Microtermes spp.) attack roots and weaken plants; Gram Cutworm (Feltia subterranea) causes defoliation and damages seedlings, Whitefly (Bemisia tabaci Gennadius) acts as a vector for plant viruses, Jassids or Leafhoppers (Empoasca kerri Pruthi) sucks sap and causes leaf curling, Thrips (Caliothrips indicus Bagnall) causes leaf distortion and stunted growth and Bruchids (Callosobruchus chinensis & Callosobruchus maculatus) Post-harvest pest that damages stored chickpea grains. The Gam pod borer (Helicoverpa armigera Hubner) most destructive, inflicting severe economic losses on multiple agricultural crops across India, including chickpea with larval populations peaking in December and April (Kailas, 2021; Shinde et al., 2013) which leads to crop losses ranging from 90% to 95% (Singh & Sewak, 2009).	Comment by Win 10: The sentence was repeated twice. Needs to modify	Comment by Win 10: Gram	Comment by Win 10: Kailas and Chaudhary	Comment by Win 10: Singh and Sewak
 MATERIAL AND METHOD: 
The experiment for current research was conducted under field conditions at the Student Instructional Farm (SIF) of Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, Uttar Pradesh. The farm is located between 25° 26' and 28° 58' N latitude and 79° 31' and 80° 34' E longitude, at an elevation of 125.9 meters above sea level. The experiment was laid out using a net plot size of 4.5 × 3 meters, with three replications in a Randomized Completely Block Design (RCBD). The crop was spaced at 30 × 10 cm, ensuring proper plant-to-plant distance through thinning and gap filling, while recommended agronomic practices and fertilizer applications were followed to assess the population dynamics of the gram pod borer in chickpea.	Comment by Win 10: Make it square meters	Comment by Win 10: Mention the reference
The pest population was observed in the unprotected plot at seven-day intervals, beginning 20 days after sowing and continuing until crop maturity. The number of gram pod borers was recorded from 10 randomly selected plants. Additionally, meteorological data for correlation analysis were obtained from the meteorological observatory at Chandra Shekhar Azad University of Agriculture and Technology, Kanpur. The relationship between insect population dynamics and weather parameters was analyzed using an appropriate statistical method.	Comment by Win 10: Mention the statistical tool
RESULT  & DISCUSSION
 The study investigated the Gam pod borer (Helicoverpa armigera Hubner) infestation on chick pea crops during the Rabi seasons of 2021-2022 and 2022-2023, analyzing its population dynamics and correlation with weather conditions. In 2021-2022, Gam pod borer infestation occurred from the 47th SMW (Standard Meteorological Week) (November 22, 2021) to 10th SMW (March 13, 2022), with populations ranging from 0.41 to 1.40 pod borer per plant. The peak infestation was recorded in the 7th SMW February 14, 2022 at 3.32 pod borer per plant, with temperatures of 8.1°C (min) and 25.0°C (max), relative humidity of 68.6%, and wind speed of 3.6 km/h.  (Table- 01)	Comment by Win 10: Gram	Comment by Win 10: Chickpea (single word)	Comment by Win 10: crop	Comment by Win 10: Gram	Comment by Win 10: Mention it as larvae per plant
In 2022-2023, gram pod borer infestation started earlier 46th SMW (Standard Meteorological Week) (November 14, 2022) to 10th SMW (March 12, 2023), with populations ranging from 0.28 to 1.17 pod borer per plant. The peak infestation occurred in the 6th SMW (February 6, 2023) at 3.56 pod borer per plant, with temperatures of 10.9°C (min) and 28.1°C (max), relative humidity of 70.5%, and wind speed of 4.2 km/h. (Table- 02)
The correlation of the larval population of H. armigera was found negative non-significant with maximum and minimum temperature (r = -0.291 and r = -0.491, respectively). However, it was a positive nonsignificant correlation with morning relative humidity relative humidity (r = 0.220 and r = 0.355) wind speed (r = 0.717 and r = 0.559) and rainfall (r = 0.136 and r = 0.196) mm respectively 2021-22 and 2022-23. These findings suggest that abiotic factors, particularly temperature, humidity, and wind speed, play a significant role in shaping the seasonal dynamics of the Gram pod borer on chickpea crops. (Table-03).	Comment by Win 10: Make it italic	Comment by Win 10: During 2021-22 and 2022-23, respectively
Reddy et al. (1995) observed that the larval population of Helicoverpa armigera was most active from the last week of December to the second week of March. Chatar et al. (2010) reported that the pest was active from the last week of December until the third week of January, after which the population gradually declined as the crop neared maturity. Meena et al. (2021) found that the relative abundance of H. armigera in chickpea peaked twice during the season: once between the 47th and 50th standard weeks, and again from the 10th to the 14th standard weeks in both years. Ramteke et al. (2014) reported that the larval population peaked when the maximum temperature ranged from 28.60°C to 32.40°C. Similarly, Gautam et al. (2018) found a negative but non-significant correlation between Helicoverpa armigera populations and both maximum (r = -0.335) and minimum (r = 0.220) temperatures, as well as rainfall (r = -0.266). However, they observed a significant positive correlation with relative humidity (6.394%).	Comment by Win 10: Please add latest reviews – from 2015 onwards
Check the year in the reference	Comment by Win 10: 47th and 50th 	Comment by Win 10: 10th , 14th 
Conclusion:
However, the substantial yield losses can be mitigated through the implementation of advanced cultivation techniques, such as planting pest-resistant or tolerant varieties at the ideal time, coupled with recommended agronomic practices and targeted insecticide use. In recent times, the gram pod borer has posed a significant threat to Indian agriculture, particularly to chickpea crops, due to the emergence of resistance to widely used insecticides like synthetic pyrethroids, along with other related ecosystem challenges.	Comment by Win 10: It is a general statement. How this is related to your study? Write the conclusion based on your results
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	Table- 01: Seasonal incidence and growth population of Gram pod borer
(Helicoverpa armigera Hubner) and weather parameters during crop period 2021-2022.

	
Sr. No.
	SMW
	Mean no. of pod borer larvae/Plant
	Temperature (°C)
	Relative Humidity (%)
	Wind Speed (Km/h)
	Rain Fall (mm)	Comment by Win 10: Rainfall

	
	
	Gram pod borer
(Helicoverpa armigera Hubner)
	Max
	Min
	
	
	

	[bookmark: _Hlk191330210]1
	46
	0.0
	27.5
	11.9
	69.5
	1.1
	0.0

	2
	47
	0.41
	26.9
	13.3
	62.5
	2.5
	1.2

	3
	48
	0.86
	26.3
	11.9
	71.0
	1.2
	0.0

	4
	49
	1.44
	26
	13.5
	69.5
	2.4
	0.0

	5
	50
	0.81
	23.7
	8.6
	69.5
	1.7
	0.0

	6
	51
	0.75
	22.1
	7.1
	64.0
	4.1
	0.0

	7
	52
	1.23
	20
	9.0
	86.0
	1.7
	8.6

	8
	1
	1.75
	20.4
	8.5
	83.0
	3.0
	23.5

	9
	2
	1.91
	19.4
	10.3
	84.0
	4.1
	14.6

	10
	3
	2.19
	15.7
	4.9
	82.5
	3.5
	0.0

	11
	4
	2.57
	17.9
	7.7
	80.5
	4.8
	3.0

	12
	5
	2.98
	21.2
	7.5
	74.5
	5.9
	13.0

	13
	6
	3.10
	22.7
	8.1
	72.5
	4.3
	0.0

	14
	7
	3.32
	25
	8.1
	68.6
	3.6
	0.0

	15
	8
	2.76
	27.4
	12.3
	64.5
	6.2
	0.0

	16
	9
	2.15
	27.8
	11.7
	68.0
	3.5
	0.0

	17
	10
	1.40
	29.2
	13.9
	65.5
	4.8
	0.0


Fig. 01: Seasonal incidence and growth population of Gram pod borer (Helicoverpa armigera Hubner) and weather parameters during crop period 2021-2022.


	Table- 02: Seasonal incidence and growth population of Gram pod borer
(Helicoverpa armigera Hubner) and weather parameters during crop period 2022-2023.

	

Sr. No.
	SMW
	Mean no. of pod borer larvae/Plant
	Temperature (°C)
	Relative Humidity
(%)
	Wind Speed (Km/h)
	Rain Fall (mm)	Comment by Win 10: Rainfall

	
	
	Gram pod borer
(Helicoverpa armigera Hubner)
	Max
	Min
	
	
	

	1
	46
	0.28
	27.8
	12.9
	60.0
	3.3
	0.0

	2
	47
	0.38
	27
	9.9
	62.0
	2.3
	0.0

	3
	48
	0.89
	26.8
	10.3
	70.0
	1.2
	0.0

	4
	49
	1.16
	24.9
	9.7
	68.0
	2.6
	0.0

	5
	50
	0.65
	25.2
	10.1
	64.5
	3.8
	0.0

	6
	51
	0.86
	23.3
	7.5
	75.0
	1.8
	0.0

	7
	52
	1.23
	20.6
	7.6
	75.5
	3.8
	0.0

	8
	1
	1.62
	13.9
	5.4
	82.0
	2.8
	0.0

	9
	2
	1.85
	17.8
	6.3
	81.5
	3.0
	0.0

	10
	3
	2.06
	20.4
	7.4
	69.5
	4.1
	0.0

	11
	4
	2.41
	22.3
	10.8
	81.5
	4.1
	18.2

	12
	5
	2.88
	22.7
	9.7
	75.0
	5.9
	1.0

	13
	6
	3.56
	28.1
	10.9
	70.5
	4.2
	0.0

	14
	7
	3.16
	26.7
	11.1
	66.5
	5.8
	0.0

	15
	8
	2.62
	31
	11.8
	69.5
	2.4
	0.0

	16
	9
	2.35
	31.2
	14.4
	72.5
	3.2
	0.0

	17
	10
	1.17
	30.5
	15.1
	68.5
	4.7
	0.0


Fig. 02: Seasonal incidence and growth population of Gram pod borer
(Helicoverpa armigera Hubner) and weather parameters during crop period 2022-2023.

	Table No. 03: Correlation analysis between populations of Gram pod borer (Helicoverpa armigera Hubner) and abiotic factor with weather parameters 2021-22 and 2022-23.

	Insect pest
	Gram pod borer
(Helicoverpa armigera Hubner)
2021-2022
	Gram pod borer
(Helicoverpa armigera Hubner)
2022-2023

	Max. Temperature (°C)
	-0.29197
	-0.049186

	Min. Temperature (°C)
	-0.39964
	-0.075901

	[bookmark: _Hlk192963011]Relative Humidity (%)
	0.220184
	0.355148

	[bookmark: _Hlk192962890]Wind Speed (Km/h)
	0.717641
	0.559492

	[bookmark: _Hlk192962744]Rain Fall (mm)	Comment by Win 10: Rainfall
	0.13625
	0.196812




 Mean no. of pod borer larvae/Plant	0.28000000000000008	0.3800000000000005	0.89	1.1599999999999981	0.65000000000000113	0.86000000000000065	1.23	1.62	1.85	2.06	2.4099999999999997	2.88	3.56	3.16	2.62	2.3499999999999988	1.1700000000000017	Maximum Temperature (°C)	27.8	27	26.8	24.9	25.2	23.3	20.6	13.9	17.8	20.399999999999999	22.3	22.7	28.1	26.7	31	31.2	30.5	MinimumTemperature (°C)	12.9	9.9	10.3	9.7000000000000011	10.1	7.5	7.6	5.4	6.3	7.4	10.8	9.7000000000000011	10.9	11.1	11.8	14.4	15.1	Relative Humidity (%)	60	62	70	68	64.5	75	75.5	82	81.5	69.5	81.5	75	70.5	66.5	69.5	72.5	68.5	Wind Speed (Km/h)	3.3	2.2999999999999998	1.2	2.6	3.8	1.8	3.8	2.8	3	4.0999999999999996	4.0999999999999996	5.9	4.2	5.8	2.4	3.2	4.7	Rain Fall (mm)	0	0	0	0	0	0	0	0	0	0	18.2	1	0	0	0	0	0	



SMW	46	47	48	49	50	51	52	1	2	3	4	5	6	7	8	9	10	 Mean no. of pod borer larvae/Plant	0	0.41000000000000031	0.86000000000000065	1.44	0.81	0.750000000000001	1.23	1.7500000000000009	1.9100000000000001	2.19	2.57	2.98	3.1	3.32	2.7600000000000002	2.15	1.4	Maximum Temperature (°C)	27.5	26.9	26.3	26	23.7	22.1	20	20.399999999999999	19.399999999999999	15.7	17.899999999999999	21.2	22.7	25	27.4	27.8	29.2	MinimumTemperature (°C)	11.9	13.3	11.9	13.5	8.6	7.1	9	8.5	10.3	4.9000000000000004	7.7	7.5	8.1	8.1	12.3	11.7	13.9	Relative Humidity (%)	69.5	62.5	71	69.5	69.5	64	86	83	84	82.5	80.5	74.5	72.5	68.599999999999994	64.5	68	65.5	Wind Speed (Km/h)	1.1000000000000001	2.5	1.2	2.4	1.7000000000000008	4.0999999999999996	1.7000000000000008	3	4.0999999999999996	3.5	4.8	5.9	4.3	3.6	6.2	3.5	4.8	Rain Fall (mm)	0	1.2	0	0	0	0	8.6	23.5	14.6	0	3	13	0	0	0	0	0	






