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Host-plant morphological and biochemical determinants affecting chickpea (Cicer arietinum L.) susceptibility to the pod borer, Helicoverpa armigera (Hubner).


Abstract:
The investigation was carried out to ascertain the effect of plant morphological and biochemical attributes for its susceptibility to the pod-borer, H. armigera. involving twelve chickpea (Cicer arietinum L.) genotypes, namely L 550, ICC 86111, IPC 2021-12, IPC 2021-16, IPC 2021-36, JAKI 9218, IPC 2021-30, ICC 8397, IPC 2021-15, JSC 37, T 39-1, and IPC 2020-51. Significant variation was observed among genotypes for both plant morphological and biochemical parameters contributing to pod borer resistance. Among the genotypes, IPC 2021-16 exhibited the highest trichome density (39.40/mm²) and trichome length (368.20 µm), whereas ICC 8397 recorded maximum pod wall thickness (0.44 mm), suggesting enhanced mechanical resistance. The genotype, L 550 showed the longest pods (19.60 mm) and maximum width (9.47 mm). Biochemical analysis revealed T 39-1 with the highest protein (28.86%) and phenol content (3.03 g/seed), whereas IPC 2021-16 exhibited the lowest sugar content (3.22 g/100 g seed), indicating less susceptibility to H. armigera. Correlation analysis observed a significant negative association of pod damage with trichome density (r = -0.825**) and trichome length (r = -0.802**), while positive association with pod length (r = 0.903**) and pod width (r = 0.858**). These findings emphasize the role of morphological and biochemical traits, particularly trichome characteristics and secondary metabolites, in imparting resistance to H. armigera and could guide the selection of resistant genotypes for future chickpea breeding programs. 
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Introduction
Chickpea (Cicer arietinum L.), a member of the Fabaceae family, is one of the world’s most important pulse crops, often referred to as the “King of Pulses” owing to its nutritional and agronomic value (Mishra et al., 2025). It serves as a key source of dietary protein, minerals, vitamins and carbohydrates, especially in South Asia, Africa and the Mediterranean region (Yousuf et al., 2024). Chickpea also plays a vital role in soil fertility through biological nitrogen fixation, making it an important crop for sustainable agriculture (Gaur et al., 2010).
However, chickpea productivity is severely constrained by several biotic stresses—among them, the lepidopteran pest Helicoverpa armigera (Hübner), commonly called as the pod borer, stands out as one of the most destructive insect pests of chickpea (Patil et al., 2017). Damage by H. armigera can range from moderate to extreme (30–90 %) under favourable conditions, imposing serious yield losses and economic burdens (Noreen et al., 2024; Patil et al., 2017). The pest’s polyphagous nature, rapid generation cycle, high fecundity and ability to enter multiple generations per season make it a formidable threat (Patil et al., 2017).
Given the limitations and environmental risks of heavy reliance on insecticides for managing pod borer infestations, host-plant resistance (HPR) has emerged as a viable and sustainable strategy in chickpea pest management (Patil et al., 2017). Host-plant resistance relies on plant traits that reduce pest damage through mechanisms such as antixenosis (non-preference), antibiosis (adverse impact on pest biology) and tolerance (ability to endure damage without yield loss) (Smith, 2005). In the context of chickpea and H. armigera, identifying and exploiting morphological and biochemical traits that underpin resistance is critical for breeding and integrated pest management.
Morphological traits such as trichome density, trichome length on leaves and pods, pod wall thickness, pod length and width have been documented to influence insect pest-plant interactions in chickpea. For instance, higher trichome density and greater pod wall thickness increase physical barriers to larval feeding and oviposition, reducing damage (Shabbir et al., 2014; Rehman et al., 2024). Meanwhile, biochemical traits such as phenolic compounds, flavonoids, tannins and organic acids (e.g., malic acid, oxalic acid) influence the insect’s behaviour, growth and survival by acting as deterrents or toxicants (Sane et al., 2025; Rehman et al., 2024).
Establishing clear associations (e.g., correlations) between these biophysical and biochemical traits and measured pod borer damage is essential for enhancing selection efficiency in chickpea breeding programs (Noreen et al., 2024). The quantification and validation of such traits provide strategic markers for genotype screening, enabling breeding of chickpea varieties with durable resistance.
Therefore, this study was undertaken to evaluate a set of diverse chickpea genotypes for (i) morphological traits, including pod length, width, wall thickness, trichome density and trichome length, and (ii) biochemical traits such as protein content, phenolics, flavonoids, tannins and sugar content, and to correlate these traits with susceptibility to H. armigera. The objective is to identify plant morphological and biochemical determinants aiding pod borer resistance, which could serve as effective criteria for screening chickpea germplasm and advancing the development of resistant varieties.
2. Materials and Methods
Experimental site and design
The present investigation was carried out from February to June, 2024–2025 at the Pulse Quality Laboratory, Division of Basic Sciences, ICAR–Indian Institute of Pulses Research (IIPR), Kanpur. Twelve chickpea (Cicer arietinum L.) genotypes, namely L 550 (Susceptible check), ICC 86111 (Resistant check), IPC 2021-12, IPC 2021-16, IPC 2021-36, JAKI 9218, IPC 2021-30, ICC 8397, IPC 2021-15, JSC 37, T 39-1 and IPC 2020-51  were evaluated under laboratory conditions for their morphological and biochemical attributes. These genotypes were selected on the basis of field screening conducted with respect to pod-damage by H. armigera. The experiment was laid out in a Complete Randomized Design (CRD) with three replications to study genotypic variability and resistance mechanisms.
Pod-damage estimation
Pods from the selected plants were critically examined for damage of H. armigera. Total number of pods per plant and number of damaged pods were recorded and per cent pod damage were calculated as indicated below. 
Per cent pod damage =   × 100
2.1 Morphological attributes
Ten pods were randomly selected from the plants of each replication. Pod length and width were measured manually using a millimeter scale, and the average values were calculated. Pod wall thickness was recorded for ten randomly chosen pods per replication using an electronic Vernier caliper. The number of trichomes present in a unit mm2 area of the pods surface was counted under the binocular microscope to determine the trichome density. Pod discs of 1 mm² diameter, cut using a cork borer, were used for the observation. Trichome length was measured using a high-definition compound microscope equipped with an inbuilt micrometre, from the same samples used for estimating the trichome density (Altaf et al., 2008). Ten uniform samples from each replication were observed for studying the trichome characteristics.
2.2 Biochemical attributes
2.2.1 Protein content
The total protein content of seed was determined by the Kjeldahl method as described by Jackson (1967). A 0.2 g powdered seed sample was digested with 10 ml of concentrated H2SO4, and 4 g of the digestion mixture at 420°C temperature until the solution turned green. After dilution with distilled water, distillation was performed, and nitrogen content was quantified. Protein content was expressed as percentage protein on a seed weight basis.
2.2.2 Total phenolic content (TPC), Total flavonoid content (TFC) and Tannin content
	For estimation of total phenols, flavonoids, and tannins, 10 g of chickpea seed flour was defatted using hexane. One gram of defatted flour was mixed with 10 ml of 70% ethanol in centrifuge tubes, shaken for 3 h at 300 rpm, and centrifuged at 3000 g for 15 min (Sigma 2-16KL Bench-top Refrigerated Centrifuge). Supernatants were collected and stored at 4°C in amber bottles until analysis.
	Total phenolic content was measured by the Folin–Ciocalteu method following Chandrasekara and Shahidi (2010) with slight modifications. An aliquot of 100 µL of the extract was mixed with 900 µL of distilled water and 500 µL of Folin–Ciocalteu reagent (1N, diluted 1:10 with distilled water). After allowing the mixture to stand for 5 minutes, 1.5 mL of sodium carbonate solution (7.5% w/v) was added, and the reaction mixture was incubated at room temperature for 2 hours in the dark. The absorbance of the blue-colored complex was measured at 765 nm using a UV–Visible spectrophotometer. Results were expressed as mg gallic acid equivalent (GAE)/g seed.
	Total flavonoid content was determined by the aluminium chloride colorimetric assay (Kim et al., 2003) with slight modifications. An aliquot of 250 µL of the extract was mixed with 1.25 mL of distilled water, followed by the addition of 75 µL of 5% sodium nitrite (NaNO₂) solution. After 5 minutes of incubation, 150 µL of 10% aluminium chloride (AlCl₃) solution was added. The mixture was then allowed to stand for 6 minutes, after which 500 µL of 1 M sodium hydroxide (NaOH) solution was added, and the final volume was made up to 2.5 mL with distilled water. The reaction mixture was incubated for 35 minutes in the dark at room temperature, and the absorbance was measured at 510 nm using a UV–Visible spectrophotometer. TFC was expressed as mg catechin equivalent/g seed.
Tannin content was estimated using the vanillin–HCl method (Sun et al., 1998) with slight modifications. An aliquot of 1.0 mL of the extract was mixed with 5.0 mL of 1% (w/v) vanillin solution prepared in methanol and 2.5 mL of concentrated hydrochloric acid (8 N). The reaction mixture was vortexed and incubated in a water bath at 30°C for 20 minutes in the dark to allow color development. The absorbance of the resulting red complex was measured at 500 nm using a UV–Visible spectrophotometer. Results were expressed as mg tannic acid equivalent/g seed


2.2.3 Total sugar content
Sugar estimation was carried out following the phenol–sulfuric acid method (Dubois et al., 1956). One gram of defatted flour was extracted with 80% ethanol in a water bath at 60°C for 90 minutes and centrifuged at 5000 rpm for 10 minutes. The supernatant was evaporated at 60°C and redissolved in distilled water. An aliquot of 200 µL of the extract was transferred into a test tube, and 1 mL of 5% (w/v) phenol solution was added, followed by 5 mL of concentrated sulfuric acid (H₂SO₄). The mixture was allowed to stand for 10 minutes at room temperature and then incubated for 20 minutes in a water bath at 25–30°C. Absorbance was measured at 490 nm, and results were expressed as g total soluble sugar/100 g seed.
Statistical analysis
All morphological and biochemical data were subjected to analysis of variance (ANOVA) using the Web Agri Stat Package (WASP) version 1.0, developed by ICAR–CCARI, Goa.


Results and Discussion
Twelve chickpea genotypes evaluated under laboratory conditions exhibited considerable variation in pod damage caused by Helicoverpa armigera. Among the genotypes, L 550 recorded the highest pod damage (15.68%), followed by IPC 2021-30 (11.47%), IPC 2020-51 (11.53%), and JSC 37 (6.76%), indicating their relative susceptibility to pod borer infestation. The minimum pod damage was observed in IPC 2021-36 (0.69%), followed by IPC 2021-15 (1.18%), IPC 2021-16 (1.0%), IPC 2021-12 (2.11%), and ICC 86111 (1.49%), which were found to be less preferred by the larvae. The remaining genotypes, JAKI 9218 (6.25%), ICC 8397 (1.58%), and T 39-1 (2.56%), showed moderate levels of pod damage. Overall, the results indicated that the genotypes differed significantly in their reaction to H. armigera infestation, suggesting the presence of varying levels of resistance and susceptibility among the tested chickpea entries.
3.1 Morphological Traits
Pod Length (mm)
Significant variation in pod length was recorded among twelve chickpea genotypes (Table 1), ranging from 14.35 mm (IPC 2021-16) to 19.60 mm (L 550). The genotype L 550 exhibited the maximum pod length (19.60 mm), followed by IPC 2021-15 (18.67 mm) and IPC 2021-30 (18.61 mm), whereas the minimum was observed in IPC 2021-16 (14.35 mm). These findings are comparable with Divija et al. (2018), who reported pod length variation from 14.43 mm (ICC 4484) to 19.75 mm (ICC 2767). Similar trends were observed by Brar et al. (2017), who noted pod length ranging from 15.5 to 20.2 mm. This attribute has been considered a significant morphological trait affecting H. armigera infestation due to its role in providing oviposition surface area.
Pod Width (mm)
Pod width also showed significant genotypic variation, ranging from 6.33 mm (IPC 2021-16) to 9.47 mm (L 550). Genotypes L 550 and IPC 2021-15 recorded the widest pods, while IPC 2021-16 had the narrowest. Divija et al. (2018) observed similar pod width variation (6.73–9.91 mm) among chickpea genotypes. Wider pods are generally associated with larger seed size, which may influence pod borer oviposition and feeding preferences (Reddy et al., 2014).
Pod Wall Thickness (mm)
Pod wall thickness varied from 0.31 mm (L 550) to 0.48 mm (IPC 2021-16). The thickest pod walls were recorded in IPC 2021-16, followed by ICC 8397 and IPC 2020-51, whereas thinner walls were found in L 550 and IPC 2021-15. Divija et al. (2018) reported a similar range (0.23–0.31 mm). Thicker pod walls act as a physical barrier to larval entry and feeding (Lateef & Sachan, 1990; Sharma, 2005). Hence, genotypes with thicker pod walls are less preferred by pod borer.
Trichome Density (per mm²)
Trichome density varied significantly among genotypes, ranging from 24.60 trichomes/mm² (L 550) to 39.40 trichomes/mm² (IPC 2021-16). Genotypes IPC 2021-16, ICC 8397, and IPC 2020-51 exhibited higher trichome density, while L 550 and IPC 2021-15 showed lower values. Chamoli et al. (2022) recorded similar density variations (20.6–38 trichomes/mm²). Higher trichome density is known to deter H. armigera oviposition and larval movement (Brar et al., 2017).
Trichome Length (µm)
Trichome length ranged from 240.34 µm (L 550) to 368.20 µm (IPC 2021-16). Genotypes IPC 2021-16, ICC 8397, and IPC 2020-51 recorded significantly longer trichomes compared to L 550, IPC 2021-15, and IPC 2021-30. Longer trichomes act as mechanical deterrents to larval feeding and oviposition (Sarnaik et al., 2017). Resistant chickpea lines generally exhibit both high trichome density and length (Girija et al., 2008; Shabbir et al., 2014).






















Table 1 Morphological attributes of pods from different chickpea genotypes recorded under the study
	Genotype
	Pod length (mm) ± SE
	Pod width (mm) ± SE
	Pod wall thickness (mm) ± SE
	Trichome density (/mm²) ± SE
	Trichome length (µm) ± SE

	L 550
	19.60ᵃ ± 0.133
	9.47ᵃ ± 0.113
	0.31ᵈ ± 0.002
	24.60ᶠ ± 0.201
	240.34ᶠ ± 1.39

	ICC 86111
	16.32ᶜ ± 0.272
	7.62ᶜ ± 0.080
	0.38ᶜ ± 0.001
	31.04ᵈ ± 0.042
	302.91ᵇ ± 3.71

	IPC 2021-12
	16.33ᶜ ± 0.011
	7.95ᵇ ± 0.011
	0.36ᶜ ± 0.000
	30.84ᵈ ± 0.199
	298.04ᵇᶜ ± 2.94

	IPC 2021-16
	14.35ᵉ ± 0.234
	6.33ᵉ ± 0.088
	0.48ᵃ ± 0.005
	39.40ᵃ ± 0.657
	368.20ᵃ ± 3.632

	IPC 2021-36
	17.62ᵇ ± 0.078
	8.19ᵇ ± 0.092
	0.36ᶜ ± 0.005
	28.50ᵉ ± 0.223
	263.86ᵉ ± 3.411

	JAKI 9218
	15.60ᵈ ± 0.117
	7.51ᶜᵈ ± 0.094
	0.38ᶜ ± 0.006
	32.40ᶜ ± 0.419
	315.33ᵇ ± 4.291

	IPC 2021-30
	18.61ᵇ ± 0.215
	8.53ᵇ ± 0.116
	0.34ᶜᵈ ± 0.004
	26.39ᵉᶠ ± 0.197
	247.06ᶠ ± 3.11

	ICC 8397
	14.95ᵈᵉ ± 0.097
	6.73ᵉ ± 0.002
	0.44ᵇ ± 0.006
	35.61ᵇ ± 0.279
	363.64ᵃ ± 1.978

	IPC 2021-15
	18.67ᵇ ± 0.260
	9.41ᵃ ± 0.122
	0.33ᵈ ± 0.005
	25.00ᶠ ± 0.094
	245.59ᶠ ± 2.339

	JSC 37
	17.43ᵇ ± 0.011
	8.15ᵇ ± 0.089
	0.36ᶜ ± 0.001
	29.33ᵉ ± 0.249
	272.33ᵈᵉ ± 1.389

	T 39-1
	17.95ᵇ ± 0.110
	8.31ᵇ ± 0.068
	0.35ᶜ ± 0.001
	27.82ᵉ ± 0.284
	255.10ᵉ ± 2.604

	IPC 2020-51
	15.60ᵈ ± 0.223
	7.15ᵈ ± 0.061
	0.42ᵇ ± 0.005
	34.37ᵇ ± 0.468
	333.50ᵃᵇ ± 2.042

	CD (5%)
	0.493
	0.248
	0.011
	0.92
	8.293

	SEm ±
	0.171
	0.086
	0.004
	0.32
	2.88

	SEd ±
	0.242
	0.122
	0.006
	0.452
	4.073

	CV (%)
	2.024
	2.167
	2.127
	2.1
	1.971






3.2 Biochemical Traits
Protein content among genotypes ranged from 19.00% (JAKI 9218) to 28.86% (T 39-1). Genotypes with higher protein, such as T 39-1 (28.86%) and ICC 8397 (25.52%), tended to exhibit greater pod borer damage (Table 2). Similar findings were reported by Divija et al. (2018) and Bhatnagar et al. (2000), indicating that high protein enhances susceptibility by providing nutritional advantages to larvae.
Phenolic content ranged from 1.21 mg gallic acid equivalent (GAE)/g seed (IPC 2021-15) to 3.03 mg gallic acid equivalent (GAE)/g seed (T 39-1). Genotypes T 39-1 and ICC 8397 showed high phenolic content, associated with reduced pod borer damage. Phenolic compounds impart antinutritional and deterrent effects, restricting larval feeding (Sahoo & Patnaj, 2003; Divija et al., 2018).
Flavonoid levels varied between 0.77 mg catechin equivalent (CE) /g seed (L 550) and 1.23 mg catechin equivalent/g seed (T 39-1). High-flavonoid genotypes, such as T 39-1 and IPC 2020-51, showed enhanced resistance. Simmonds and Stevenson (2001) demonstrated that flavonoids possess antifeedant and antibiotic activities that suppress H. armigera larval growth.
Tannin levels ranged from 1.02 mg tannic acid equivalent/g seed (IPC 2021-30) to 1.94 mg tannic acid equivalent (TAE) /g seed (T 39-1). Genotypes with higher tannins, such as T 39-1 and JAKI 9218, are likely to be less preferred by pod borer due to reduced digestibility and inhibitory effects on larval development (Divija et al., 2018).
Sugar content varied from 3.22 g/100g (IPC 2021-16) to 5.40 g/100g (L 550). Higher sugar levels in L 550 and ICC 86111 correlated with increased attractiveness to pod borers, while lower sugar levels in IPC 2021-16 contributed to deterrence (Haralu, 2018).
Table 2 Biochemical attributes of chickpea genotypes estimated under the study
	Genotypes
	Protein %
	Total phenol content (mg GAE/ g seed)
	Total flavonoid content (mg CE/ g seed)
	Tannin content (mg TAE/g seed)
	Total soluble sugar (g/100g seed)

	L 550
	24.21±0.20d
	2.03±0.011c
	0.77±0.008a
	1.38±0.023d
	5.40±0.011f

	ICC 86111
	23.36±0.26d
	2.10±0.012c
	0.83±0.010a
	1.47±0.009e
	5.12±0.008e

	IPC 2021-12
	22.28±0.15c
	2.43±0.051d
	0.80±0.009a
	1.51±0.004e
	3.87±0.002c

	IPC 2021-16
	25.14±0.30d
	2.18±0.052c
	0.98±0.008b
	1.28±0.028c
	3.22±0.020a

	IPC 2021-36
	23.46±0.27d
	1.90±0.009b
	0.91±0.008b
	1.23±0.007c
	3.99±0.048c

	JAKI 9218
	19.00±0.35a
	2.10±0.044c
	0.92±0.005b
	1.56±0.034e
	4.17±0.045d

	IPC 2021-30
	24.04±0.27d
	2.07±0.021c
	0.83±0.013a
	1.02±0.024a
	4.02±0.048c

	ICC 8397
	25.52±0.11d
	2.44±0.028d
	0.95±0.000b
	1.38±0.006d
	4.23±0.106d

	IPC 2021-15
	24.52±0.11d
	1.21±0.019a
	0.89±0.018b
	1.30±0.033c
	3.84±0.004c

	JSC 37
	20.93±0.10b
	2.01±0.037c
	0.99±0.015b
	1.21±0.025c
	4.36±0.034d

	T 39-1
	28.86±0.02e
	3.03±0.032e
	1.23±0.021c
	1.94±0.011f
	4.49±0.042d

	IPC 2020-51
	24.62±0.12d
	2.05±0.017c
	1.02±0.015b
	1.13±0.001b
	3.40±0.065b

	CD (5%)
	0.633
	0.092
	0.036
	0.06
	0.136

	SEm
	0.216
	0.031
	0.012
	0.021
	0.046



3.3 Correlation analysis between pod damage and morphological/biochemical traits
Pod damage exhibited a highly significant positive correlation with pod length (r = 0.903**) and pod width (r = 0.858**), indicating that larger pods are more susceptible (Table 3). Conversely, pod wall thickness showed a strong negative correlation (r = –0.747**), confirming its protective role. (Girija et al., 2008; Shabbir et al., 2014).
Both trichome density (r = –0.825**) and trichome length (r = –0.802**) showed strong negative correlations with pod damage, emphasizing their defensive role. These results are consistent with Chamoli et al. (2022) and Girija et al. (2008), who also reported similar associations.
Protein exhibited a weak positive correlation (r = 0.257NS) with pod damage, while phenols (r = –0.339NS), flavonoids (r = –0.280NS), and tannins (r = –0.128NS) showed negative trends, suggesting biochemical defense. Sugar content had a positive correlation (r = 0.414NS) with pod damage, indicating its phagostimulant role (Haralu, 2018).

Table 3 Correlation of morphological and biochemical parameters with pod damage by the pod borer
	Parameters
	Pod damage 
	Pod length 
	Pod width 
	Pod wall thickness 
	Trichome density 
	Trichome length 
	Protein 
	Phenol 
	Flavinoids 
	Tannins 
	Sugar 

	Pod damage 
	
	
	
	
	
	
	
	
	
	
	 

	Pod length 
	0.903**
	
	
	
	
	
	
	
	
	
	 

	Pod width 
	0.858**
	0.965**
	
	
	
	
	
	
	
	
	 

	Pod wall thickness 
	-0.747**
	-0.929**
	-0.947**
	
	
	
	
	
	
	
	 

	Trichome density 
	-0.825**
	-0.972**
	-0.977**
	0.981**
	
	
	
	
	
	
	 

	Trichome length 
	-0.802**
	-0.970**
	-0.949**
	0.959**
	0.977**
	
	
	
	
	
	 

	Protein 
	0.257NS
	0.134NS
	0.011NS
	0.079NS
	-0.024NS
	-0.043NS
	
	
	
	
	 

	Phenol 
	-0.339NS
	-0.265NS
	-0.376NS
	0.194NS
	0.282NS
	0.236NS
	0.401NS
	
	
	
	 

	Flavinoids 
	-0.280NS
	-0.213NS
	-0.295NS
	0.278NS
	0.249NS
	0.158NS
	0.510NS
	0.509NS
	
	
	 

	Tannins 
	-0.128NS
	-0.027NS
	0.026NS
	-0.137NS
	-0.048NS
	-0.048NS
	0.280NS
	0.635*
	0.439NS
	
	 

	Sugar
	0.414NS
	0.504NS
	0.482NS
	-0.576*
	-0.528NS
	-0.457NS
	-0.025NS
	0.145NS
	-0.270NS
	0.364NS
	 



The results clearly demonstrate that biophysical traits—particularly pod wall thickness, trichome density, and trichome lengthare reliable indicators of H. armigera resistance in chickpea. Meanwhile, biochemical factors such as phenols, flavonoids, and tannins contribute to defence through antifeedant and deterrent mechanisms, whereas high protein and sugar content enhance susceptibility. Thus, integrating morphological and biochemical markers is crucial for breeding chickpea genotypes with durable resistance to pod borer.
Conclusion: 
	The study demonstrated significant variations in plant morphological and biochemical attributes among twelve chickpea genotypes against H. armigera. Genotypes IPC 2021-16 and ICC 8397 exhibited superior resistance due to higher trichome density, longer trichomes, and thicker pod walls, offering mechanical defense. Elevated protein and phenolic contents, coupled with lower sugar levels in resistant genotypes, further contributed to reduced pod damage. The strong negative correlation of trichome traits with pod damage confirms their pivotal role in resistance mechanisms. These findings highlight IPC 2021-16 and ICC 8397 as potential sources of resistance for incorporation into chickpea breeding programs aimed at developing H. armigera-resistant varieties.
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