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Performance of Field Pea (Pisum sativum L.) Genotypes against Pod Borer (Helicoverpa armigera Hübner)

ABSTRACT
[bookmark: _GoBack]The present study evaluated the resistance of sixteen field pea (Pisum sativum L.) genotypes, including the reference genotype FPD 21-148, against Helicoverpa armigera, a destructive pod borer pest causing significant yield losses, in Sehore district, Malwa region, Madhya Pradesh, during the rabi season. Screening was conducted under field conditions, and pest incidence was monitored from pod initiation to harvest by recording the weekly mean larval population on 10 randomly selected plants per genotype. At harvest, pod damage percentage and grain yield were assessed on three plants per genotype. Results revealed that FPD 21-150, FPD 21-151, FPD 21-155, and FPD 21-159 were moderately susceptible, whereas FPD 21-148, FPD 21-149, and FPD 21-158 exhibited the least susceptibility to infestation. The remaining genotypes were highly susceptible. The larval population was lowest in FPD 21-148 (2.22 larvae/plant) and highest in FPD 21-154 (4.78 larvae/plant). Grain yield ranged from 2815 kg/ha (FPD 21-148) to 1045 kg/ha (FPD 21-154), while pod damage varied from 23.09% to 41.81%, respectively. A strong negative association was observed between infestation level and yield. The findings emphasize the potential of incorporating host plant resistance into integrated pest management for sustainable field pea cultivation.
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1. INTRODUCTION
Pea (Pisum sativum L.), a leguminous crop belonging to the family Fabaceae, contains a high amount of protein with essential amino acids, particularly lysine (Gurmu et al., 2022). It occupies a unique position due to its high-quality nutrition, offering valuable and easily digestible protein (typically 20–25% of its dry weight), fat (about 1.2%), and minerals such as calcium and iron, as well as vitamins like riboflavin, thiamine, and niacin. Among all grain legumes, pea ranks second in importance after soybean (Mihailovic et al., 2005; Singh and Bhatt, 2012). In addition to being used as a forage crop for cattle and as a cover crop to prevent soil erosion, peas are primarily cultivated for their mature seeds, which are consumed by humans (https://dpd.gov.in/Pea.PDF). Field pea is grown primarily in rotation with cereals to capture the benefits of symbiotic nitrogen fixation and reduced crop water use (Lake et al., 2021). Globally, pea serves as a significant export and cash crop, contributing approximately 40% of the total world pulse trade. Notably, it has the unique ability to fix atmospheric nitrogen, making it available for plant use and thereby enhancing its agricultural value (Abhilasha and Shekharappa, 2017; Ceyhan and Avci, 2005; Chatterjee et al., 2019; Chauhan et al., 2018). In India, pea is cultivated over an area of 7.62 lakh hectares, with an average production of 10.04 lakh tonnes and a productivity of 1318 kg/ha (Anonymous, 2024). India is the second-largest producer of pea in the world (FAOSTAT, 2021). However, its productivity remains low compared to cereals, primarily due to cultivation on marginal lands, imbalanced fertilizer application, and damage caused by diseases and insect pests (Zohary and Maria, 2000). Among these, insect pest attacks at different stages of crop growth are a major factor limiting the production of this crop (Verma et al., 2019). The major insect pests of pea include the pea leaf miner (Chromatomyia horticola Goureau), gram pod borer (H. armigera Hübner), pea spiny pod borer (Etiella zinckenella Treitschke), blue butterfly (Lampides boeticus L.), cutworm (Agrotis ipsilon Hüfnagel), pea stem fly (Ophiomyia phaseoli Tryon), pea aphid (Acyrthosiphon pisum Harris), and pod fly (Melanogromyza obtusa Malloch), all of which collectively cause severe yield losses (Mittal and Ujagir, 2007; Yadav et al., 2015; Yadav et al., 2018).
Among insect pests, the pod borer is a major lepidopteran pest that causes significant damage to the field pea crop. In field pea, pod borer complexes have been reported to cause 13.45–40.38% pod damage (Dahiya and Naresh, 1993). Similarly, 7.20–31.17% pod damage has been reported by pod borers (Pal et al., 2020), while damage ranging from 5.5–12.5% has also been documented for lepidopteran pod borers (Khan et al., 2015).
For the management of insect pests, various practices have been adopted by different researchers, including the use of biocontrol agents, botanicals, resistant/tolerant varieties, and insecticidal sprays (Kumari et al., 2024). However, the predominant approach for controlling these pests remains the application of insecticides. Excessive reliance on insecticides can lead to several adverse effects, including pest resurgence, environmental pollution, and health hazards (Tare et al., 2024).
Growing resistant genotypes is an important component of integrated pest management (IPM) due to its environmental safety and compatibility with other control methods. Keeping this in view, field pea genotypes were screened for their relative susceptibility to the pod borer from the pod formation to harvesting stage. Understanding the resistance patterns of field pea genotypes aids in selecting cultivars with enhanced resistance and productivity for sustainable agricultural practices (Chouhan et al., 2023). Therefore, the present study provides insights into the susceptibility and resistance patterns of selected field pea genotypes against the pod borer, H. armigera.
2. MATERIAL AND METHODS
The current investigation was carried out at the Agricultural Research Farm of Rafi Ahmed Kidwai College of Agriculture, Sehore, Malwa region, Madhya Pradesh, from mid-November 2021 to mid-March 2022 (Rabi season). Fifteen field pea genotypes, namely FPD 21-149, FPD 21-150, FPD 21-151, FPD 21-152, FPD 21-153, FPD 21-154, FPD 21-155, FPD 21-156, FPD 21-157, FPD 21-158, FPD 21-159, and FPD 21-160, along with a single check genotype (FPD 21-148), were evaluated in a randomized block design (RBD) with three replications. All recommended agronomic practices for raising a good crop were followed, except for pest control measures. The crop was planted at a spacing of 30 × 10 cm (row-to-row × plant-to-plant), with each plot measuring 1.8 × 4.0 m². A distance of 1 m was maintained between replications.
2.1 Observation methodology
The borer infestation was assessed based on pod damage. The larval population of pod borer was recorded at weekly intervals from 10 randomly selected plants, starting at pod initiation and continuing until harvest, and the overall mean population was calculated. Larvae were counted using the ground sheet method. The genotypes were screened for their susceptibility to pod borer under natural field infestation. For this, pod damage and yield were recorded from three randomly selected plants at the harvesting stage. Pod damage caused by H. armigera was identified by the presence of clear, round holes on the pods. To determine the percentage of pod damage, the total number of pods and the number of damaged pods were counted, and the data were statistically analyzed using the following formula:
Pod damage % =  x 100
FPD 21-148 genotype was used as a susceptible check, and the Pest Susceptibility Rating (PSR) was computed based on the total pod damage caused by the pod borer. The PSR was calculated using pod damage data, following the formula proposed by Abbott (1925).
Pest susceptibility percent =  x 100
Where, P. D. = Mean per cent pod damage  
Pest susceptibility to pod borer damage was scored on a 1–9 scale as described by Vishal and Ram (2005). The percentage of pest susceptibility was then transformed into the following rating scale, ranging from 1 to 9:
Table 1. Pest Susceptibility Rating (PSR)- 1 to 9 scale
	Pest Susceptibility Rating (PSR)
	Pest susceptibility (%)/ resistance (%)
	Remarks

	1
	100%
	Highly resistant

	2
	75 to 99.9%
	

	3
	50 to 74.9%
	

	4
	25 to 49.9%
	Least susceptible

	5
	10 to 24.9%
	

	6
	-10 to 9.9%
	Moderately susceptible

	7
	-25 to -9.9%
	

	8
	-50 to -24.9%
	Highly susceptible

	9
	-50% or less
	



2.2 Grain yield: The grain yield (g) per plant was recorded at harvest and converted into kg/ha and calculated under different treatments as given below: 
Yield/ha = Factor grain yield/plot
Where, Factor = (10,000/Net plot size) in sq. m. 
2.3 Statistical analysis: The collected data were converted into transformed values and analyzed statistically using Analysis of Variance (ANOVA) at the 5% significance level using OPSTAT. 

3. RESULTS AND DISCUSSION
The results of the present investigation revealed that H. armigera larvae fed on leaves, flowers, buds, developing pods, and mature seeds of field pea, causing significant economic losses. Among the tested genotypes, FPD 21-148 recorded the lowest larval population (2.22 larvae/plant) and pod damage (23.09%), followed by FPD 21-149 (2.46 larvae/plant; 23.91% pod damage) and FPD 21-158 (2.57 larvae/plant; 24.97% pod damage). These genotypes were classified as least susceptible (PSR 4–5). Furthermore, genotypes FPD 21-150 (2.69 larvae/plant), FPD 21-155 (2.74 larvae/plant), FPD 21-151 (2.89 larvae/plant), and FPD 21-159 (3.12 larvae/plant) were classified as moderately susceptible (PSR 6–7), with pod damage of 25.80%, 26.67%, 27.29%, and 28.12%, respectively. However, genotypes FPD 21-152 (3.22 larvae/plant; 30.46% pod damage), FPD 21-153 (3.28 larvae/plant; 30.74% pod damage), FPD 21-156 (3.35 larvae/plant; 31.99% pod damage), FPD 21-157 (3.42 larvae/plant; 32.25% pod damage), FPD 21-160 (3.54 larvae/plant; 34.22% pod damage), FPD 21-161 (3.67 larvae/plant; 35.45% pod damage), FPD 21-162 (3.78 larvae/plant; 38.56% pod damage), and FPD 21-163 (4.22 larvae/plant; 39.79% pod damage) were classified as highly susceptible (PSR 8) to H. armigera. The highest larval population (4.78 larvae/plant) with maximum pod damage (41.81%) was recorded in genotype FPD 21-154, which was classified as highly susceptible (PSR 9) (Table 2 and Fig. 1).
The present investigation confirmed findings similar to those reported by Omar et al. (2023), who observed the maximum pod borer population in field pea germplasm VL 201 (4.47 pod borers per 5 plants) and the minimum in germplasms IPFD 12-2, Pant P 222, RAU 37, HUDP 1302, Pant 243, IPF 13-13, HFP 5, IPF 13-14, HFP 8909, and Pant P 195 (0.00 pod borers per 5 plants). Similarly, Krishna et al. (2019) screened 50 field pea germplasms and found that VL 58 and Pant P 195 recorded the highest pod borer population (4.47/5 plants), while IPFD 12-2 and RG 3 recorded the lowest population (0.17 pod borers/5 plants). Chauhan et al. (2023) screened 15 genotypes of field pea germplasm against different insect pests of field pea and reported that H. armigera larval population was significantly lowest (0.39 larvae/plant) on germplasm Pant P 418, which also recorded significantly lower pod damage (3.24%). The present study conformed with the findings of Verma et al. (2025), who evaluated 36 advanced field pea genotypes against gram pod borer (H. armigera) and lentil pod borer (E. zinckenella). Among the tall genotypes, the minimum pod damage was recorded in HFP 1463 (3.62%) and HFP 1445 (3.98%), respectively, whereas the maximum was observed in HFP 1132 (13.24%) and HFP 1130 (11.11%), respectively. However, among the dwarf field pea genotypes, HFP 1428 and HFP 1426 showed minimum pod damage, whereas HFP 1125 and HFP 1036 recorded the maximum pod damage by H. armigera and E. zinckenella, respectively. The findings are also in close agreement with those of Verma et al. (2019), who classified three genotypes (HFP-1137, HFP-530B, and HFP-529) as resistant (PSR 2), thirteen genotypes as moderately resistant (PSR 3–5), and one genotype (HFP-8712) as highly susceptible (PSR 8) against H. armigera.
The present study revealed significant variation in grain yield among the field pea genotypes (Table 2 and Fig. 2). The highest yield (2815 kg/ha) was recorded in genotype FPD 21-148, followed by FPD 21-149 (2765 kg/ha) and FPD 21-158 (2752 kg/ha). Grain yield showed a decreasing trend with an increase in larval population and percentage pod damage. The lowest yield (1045 kg/ha) was recorded in FPD 21-154, which was found to be highly susceptible to H. armigera. Tare et al. (2024) reported that Pant P 484 (2818 kg/ha) had the highest yield, whereas the lowest yield was recorded from KPMR 942 (919 kg/ha). The present findings are in agreement with those of Verma et al. (2025), who observed that the maximum field pea yield was obtained from HFP 1445 (2445.83 kg/ha) with minimum pod damage (3.98%). Similarly, Chouhan et al. (2023) evaluated 71 field pea genotypes against aphid, leafhopper, and gram pod borer and reported that the minimum yield (1023 kg/ha) was recorded in the genotype Safed Batra Gudda.
Table 2. Larval population (per plant), pod damage (%), pest susceptibility rating (PSR), and grain yield (kg/ha) of field pea genotypes tested against H. armigera during rabi 2021–22. 
	Sr. No.
	Genotypes
	Larval population (per plant) #
	Pod damage (% )#
	Grain Yield (kg/ha) #
	Pest Susceptibility Rating (PSR)
	Categorization of genotypes

	1
	FPD 21-148
	2.22
(1.65)*
	23.09
(28.71) **
	2815
	4
	LS

	2
	FPD 21-149
	2.46
(1.72)
	23.91
(29.26)
	2765
	5
	LS

	3
	FPD 21-150
	2.69
(1.79)
	25.80
(30.51)
	2734
	6
	MS

	4
	FPD 21-151
	2.89
(1.84)
	27.29
(31.48)
	2628
	7
	MS

	5
	[bookmark: _Hlk205677024]FPD 21-152
	3.22
(1.93)
	30.46
(33.48)
	2560
	8
	HS

	6
	FPD 21-153
	3.28
(1.94)
	30.74
(33.66)
	2487
	8
	HS

	7
	FPD 21-154
	4.78
(2.30)
	41.81
(40.27)
	1045
	9
	HS

	8
	FPD 21-155
	2.74
(1.80)
	26.67
(31.08)
	2663
	6
	MS

	9
	FPD 21-156
	3.35
(1.96)
	31.99
(34.43)
	2291
	8
	HS

	10
	FPD 21-157
	3.42
(1.98)
	32.25
(34.59)
	2064
	8
	HS

	11
	FPD 21-158
	2.57
(1.75)
	24.97
(29.97)
	2752
	5
	LS

	12
	FPD 21-159
	3.12
(1.90)
	28.12
(32.01)
	2616
	7
	MS

	13
	FPD 21-160
	3.54
(2.01)
	34.22
(35.78)
	1837
	8
	HS

	14
	FPD 21-161
	3.67
(2.04)
	35.45
(36.53)
	1684
	8
	HS

	15
	FPD 21-162
	3.78
(2.07)
	38.56
(38.37)
	1397
	8
	HS

	16
	FPD 21-163
	4.22
(2.17)
	39.79
(39.09)
	1146
	8
	HS

	SEm±
	0.09
	0.27
	16.04
	-
	-

	CD (p = 0.05)
	0.26
	0.78
	46.32
	-
	-


*Figures in the parentheses are  transformed value, **Figures in the parentheses are arc sine transformed value, # Mean of three spray, LS= Least susceptible, MS= Moderately susceptible and HS= Highly susceptible  

Fig. 1 Relationship between larval population, pod damage and pest susceptibility rating for H. armigera

Fig. 2 Relationship of grain yield of tested field pea genotypes and pest susceptibility rating for H. armigera
4. CONCLUSION
The present study demonstrated that Helicoverpa armigera infestation caused substantial yield losses in field pea, with significant variation in susceptibility among genotypes. FPD 21-148 (2.22 larvae/plant; 23.09% pod damage; 2815 kg/ha), FPD 21-149, and FPD 21-158 were classified as least susceptible (PSR 4–5). Several genotypes fell into the moderately susceptible category, whereas highly susceptible genotypes, such as FPD 21-154, showed the highest larval incidence (4.78 larvae/plant), maximum pod damage (41.81%), and the lowest yield (1045 kg/ha) (PSR 9). These results highlight the potential of least susceptible genotypes for incorporation into breeding programs and integrated pest management to reduce H. armigera-induced yield losses and lower production costs associated with pod borer control.
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