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Integrated insights on host plant resistance and indigenous knowledge in chickpea for Helicoverpa management
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[bookmark: _Hlk206355805]ABSTRACT

	[bookmark: _Hlk206355831][bookmark: _Hlk206355842]Chickpea (Cicer arietinum L.), known as the “King of Pulses”, is a vital crop for food security, soil fertility enhancement, and nutritional security in India, which contributes over 66 per cent to global chickpea production. However, the productivity of chickpea is significantly hindered by the gram pod borer, Helicoverpa armigera (Hubner), which inflicts severe damage, with losses reaching up to 80-90 per cent under conducive conditions. Conventional reliance on pesticides poses environmental and soil health concerns, necessitating eco-friendly alternatives. This review synthesizes information on the pest biology, feeding habits, and morphological and biochemical traits of chickpea linked to resistance against H. armigera. It highlights the role of host plant resistance through traits such as trichome density and specific biochemical compounds including phenolics and flavonoids, which exhibit antifeedant and antibiotic activities against the pest. Additionally, the review explores Indigenous Technical Knowledge (ITK) practices, including the use of neem-based formulations and fermented botanical preparations, offering sustainable and community-driven pest management strategies. Integrating these approaches within an IPM framework holds promise for effective and environmentally sustainable management of H. armigera in chickpea cultivation.



[bookmark: _Hlk206355860]Keywords: Chickpea, gram pod borer, host plant resistance, indigenous technical knowledge, eco-friendly pest management

1. NTRODUCTION 

The chickpea, scientifically designated as (Cicer arietinum L.), is the prominent pulse crop of the Fabaceae family and is usually known as "chana" [1]. Also called the “King of Pulses”. In numerous regions of the country, it is referred to as “kadala” (Specifically in southern parts), Chickpeas are affectionately called "poor man's meat" in the area since they are a cheaper and healthier alternative to meat [2]. It is found to improve the soil fertility by fixing atmospheric nitrogen via a symbiotic association with rhizobia bacteria in its root nodules. This technique, known as biological nitrogen fixation, decreases the use of synthetic nitrogen fertilizers, making chickpea agriculture more sustainable. Chickpeas can fix 60-80% of their nitrogen needs, resulting in 60-176 kg N per ha [3]. With respect to the nutrient content, the chickpea contains 18-22% Protein, 61-62% and fat 4.5%. India stands first in the global chickpea production [4]. Over the last several years, India has been the top producer of chickpeas, worldwide. 
According to the third advance estimate in 2025 the total chickpea production in India is estimated to be 113.37 Lakh tons [5]. Chickpea solely contributes nearly 50 % of the Indian pulse production [6]. At the state level, Maharashtra is the top contributor to chickpea production in India, accounting for 30.60 lakh tonne, Madhya Pradesh 24.58 lakh tonne, Rajasthan 19.75 lakh tonne [7]. Chickpea is a major pulse crop in India, known for its high production potential and nutritional value. However, the area under chickpea cultivation has seen a significant decline over the decades, reflecting changing agricultural trends and challenges in pulse production systems [8]. This reduction is predominantly induced by insect infestations, particularly pod borers [9]. Insect pests constitute limitations that hinder the productivity of chickpea cultivation. 
The pod borer, Helicoverpa armigera (Lepidoptera: Noctuidae), stands as the most significant insect responsible for substantial economic losses to this crop. This pest exhibits a high degree of polyphagy, inflicting damage on over 182 plant species [10]. Helicoverpa armigera is responsible for causing an average of 30-40% damage to chickpea pods. In conducive environments (in summers), this damage can escalate to as high as 80-90% [11]. Indian farmers have relied heavily on chemical pesticides to control the damage inflicted by insect pests on their crops. Although this has been successful to a large extent, abuse and overuse have resulted in grave situations due to soil degradation, emergence of pesticide-resistant pests, environmental pollution, adverse effects on non-target organisms, and it has become incumbent to have a milieu change from conventional to sustainable pest management technologies. These avenues should be explored to improve the ecological environment and economic conditions, by judicious use of pesticides for betterment of mankind and nature [11,12]. 
A promising control tactic is Host Plant Resistance (HPR), a genetic-based approach that takes advantage of the plant’s natural capacity either to prevent rugose spiraling whitefly from feeding or cause poor insect performance through mechanisms such as antixenosis (non-preference) and antibiosis (adverse effects on pest biology) [13,14]. HPR is a pillar of IPM that aims to minimize the use of chemicals and to complement biological, mechanical, and botanical control tactics. Importantly, the application of Indigenous Technical Knowledge (ITK) in pest and crop management offers an innovative and context-specific layer of sustainability. Farmers in various agro-ecological zones have long utilized local landraces and ethnobotanical practices—such as the use of neem extracts or ash dusting—for managing pests. These practices often unknowingly exploit forms of host resistance and biological deterrence, reflecting an untapped resource of location-specific wisdom [15,16,17].

2. PEST BIOLOGY AND DAMAGE CAUSED BY Helicoverpa armigera
Helicoverpa armigera has a complete metamorphosis, scientifically known as holometabolous development. This pest has a very high reproductive potential; the females have been found to lay eggs ranging from 1000 to 1500 eggs. The eggs are laid singly on the above parts of the ground on the adaxial part of the leaves. The eggs are creamy, pale whitish color [18]. The egg laying, followed by hatching, proceeds for 5-7 days. The first instar larva then hatches from the egg on day 7. The larva further develops up to the five instars. This takes about 16 to 25 days for a fully developed larva. [19]. The pupal period lasts about 21.2, 24.3, and 13.7 days, respectively. The late spring pupal stage endures around 14-21 days; diapausing pupae (or larvae) take a lot longer to develop nearly 15-20 days approximately [19,20]. And the adult emerges in 7 to 10 days. H. armigera finishes its life cycle (egg to grown-up) between 55-61 days in the winter season and 42-50 days in the summer season [20].
 
3. MORPHOLOGICAL FEATURES

3.1. Egg Morphology
Eggs are dome-shaped with a ribbed surface and typically have four micropylar openings, arranged in a rosett bunch pattern [21,22].

3.2. Larval Characteristics
[bookmark: _GoBack]Larvae possess coriaceous skin, biordinal crochets, and 11 primary setae on the prothoracic segment. They undergo six instars, with varying durations 2 long parallel yellow lines run through the body of the larva and the larva turns blackish brown in the later instar stages [21,23]. Chaetotaxy differs between instars, with specific setae patterns aiding in identification [22].

3.3. Pupal and Adult features  
Pupae are obtect, the appendages are not visible, featuring prominent spiracles [22]. Adults display sexual dimorphism, with males generally smaller than females. The forewings have 7-8 black spots and a distinctive reniform marking. The adult moth is brownish in color with pale white hindwings [21,23].

4. FEEDING HABITS AND DAMAGE CAUSED BY Helicoverpa
First, second, and third instar larvae primarily feed on the foliage of chickpeas and selected legumes, predominantly targeting the flowers and flower buds of chickpeas and pigeon peas. As larval instars evolve, larvae transition from foliar feeding to the consumption of developing seeds and fruits. The larvae feed on the pods by only thrusting its head inside the pods and the remaining body stays out later instar larvae bore into pods and eat the maturing seeds. From seedling to maturity, the pod borer damages all plant parts including leaves, flowers, and pods [24]. Over 182 plant species are attacked by this highly polyphagous insect, including commercially significant crops like cotton, maize, tobacco, pigeon peas, chickpeas, tomatoes, and more [25]. Despite the use of extensive pesticide inputs, H. armigera alone causes losses in India of about INR 35,000 million in grams each year due to its high reproduction and migratory behavior and high adaptation to various climatic conditions [26].

5. MORPHOLOGICAL TRAITS OF CHICKPEA RELATED TO RESISTANCE
A number of morphological characteristics of chickpeas affect their resistance to pests, including Helicoverpa armigera (Hubner), the gram pod borer. Trichomes, which resemble hairs on the surface of plant stems leaves and branches, are an important component of these; their length and density are vital [27]. There is a negative association between infestation levels and trichome density, indicating that genotypes with more trichomes are generally less infected. On the other hand, trichome length and pod infection are positively correlated, indicating that longer trichomes may increase vulnerability. Another significant morphological factor is plant height, which has a positive link with a number of infection indicators, suggesting that taller plants may sustain greater harm from pests. Though its significance is greater for stem borers than defoliators, stem thickness shows a negative connection with infestation, indicating that thicker stems may contribute to resistance. In a nutshell, trichome characteristics, especially density and length, are primary determinants of chickpea's morphological resistance to H. armigera [28,29].

6. BIOCHEMICAL TRAITS OF CHICKPEA ASSOCIATED WITH RESISTANCE
Golla et al. (2020) studied the biochemical traits of chickpea wild relatives governing resistance to Helicoverpa armigera and found notable differences that contribute to pest tolerance. High concentrations of proteins and phenolic compounds in wild Cicer species have a negative impact on the survival and development of the larvae. Important flavonoids with toxic and antifeedant qualities, including genistein, quercetin, and chlorogenic acid, decrease the larval weight, pupation rate, adult emergence, and fecundity. The flavonoids exhibit antifeedant and antibiotic activity towards the larvae of H. armigera [30,31,32].

7. INDIGENOUS TECHNICAL KNOWLEDGE FOR THE MANAGEMENT OF CHICKPEA POD BORER
Indigenous Technical Knowledge (ITK) refers to traditional, community-based agricultural practices that are locally accessible, cost-effective, and environmentally sustainable [33]. Passed down through generations, ITK forms the backbone of pest management in many resource-limited and organic farming systems, particularly in chickpea cultivation. These practices focus on the use of natural, farm-available materials, offering eco-friendly alternatives to synthetic pesticides for managing key pests such as Helicoverpa armigera (chickpea pod borer), aphids, and cutworms [33,34].
Among the most commonly adopted ITK strategies is the use of botanical extracts, especially neem-based formulations like Neem Seed Kernel Extract (NSKE 5%) and Neem oil (3%), which serve dual roles as antifeedants and insect growth regulators. These substances interfere with the hormonal systems of pests, thereby reducing feeding and disrupting their life cycle. Additionally, Neemastra—a traditional foliar spray prepared by fermenting neem leaves, cow urine, and cow dung—is frequently applied for its broad-spectrum insect-repellent properties [35,36,37]. These low-cost formulations are not only safe for silkworms and pollinators but also enrich soil microbial activity.
Several indigenous products have shown significant efficacy in field trials for managing chickpea pod borer while simultaneously improving crop yield and profitability [11]. Pongamia leaf extract, for instance, when combined with NSKE and cow urine, achieved a 56.11% reduction in larval population and increased pod yield to 9.42 quintals per hectare. Its effectiveness stems from the natural insecticidal compounds in Pongamia and the synergistic action of the other organic components [38]. Another widely used formulation is a mixture of garlic and red pepper extract combined with cow buttermilk. This combination has been shown to perform on par with chemical insecticides, offering strong pest deterrence while also ensuring a high incremental cost-benefit ratio [39]. Its popularity among organic farmers is due to its accessibility, safety, and the absence of harmful residues. Furthermore, neem-based insecticides, when used as part of broader Integrated Pest Management (IPM) strategies, have been shown to reduce Helicoverpa infestation and pod damage effectively, while also ensuring minimal toxicity to beneficial insects and maintaining environmental safety [40].
Beyond the use of individual botanical formulations, integrated indigenous pest management practices are gaining recognition for their synergistic and sustainable benefits. Traditional tools like pheromone traps, bird perches, and intercropping—especially with plants such as mustard or coriander—are widely adopted as non-chemical measures to disrupt pest life cycles. These practices not only reduce the reproductive success of pests but also attract natural predators, thereby enhancing biological control. Field trials have shown that such modules can reduce larval incidence by up to 55%, while simultaneously improving crop yield and promoting ecological balance [41,42].
In addition to physical interventions, sustainable IPM practices rooted in indigenous knowledge emphasize minimizing chemical input, preserving soil health, and supporting agro-biodiversity. For example, farmers rely on strategic sowing and harvesting schedules based on traditional weather cues, or deploy physical barriers such as ash or sand lines to prevent larvae from climbing onto chickpea plants. These practices reflect a deep understanding of local agroecosystems and demonstrate how indigenous knowledge can contribute meaningfully to pest management [43,44].
In essence, ITK offers practical, effective, and environmentally sound solutions to chickpea pod borer management. While modern synthetic pesticides offer quick results, indigenous approaches ensure long-term agroecosystem stability, reduce production costs, and build resilience among farming communities [27]. With appropriate scientific validation, proper documentation, and widespread farmer education, these traditional methods can be further integrated into mainstream IPM frameworks, especially in smallholder farming systems where resource efficiency and sustainability are paramount [45].
8. CONCLUSION AND FUTURE PROSPECTS
Chickpea cultivation, essential for smallholder livelihoods and soil health, faces substantial yield challenges from Helicoverpa armigera infestations, with potential damage reaching up to 80–90% under favorable conditions. Overreliance on chemical pesticides has led to environmental concerns and pest resistance, emphasizing the need for sustainable management approaches. Host plant resistance, leveraging morphological traits like high trichome density and biochemical defenses such as elevated phenolics and flavonoids, offers promising eco-friendly pest management strategies. Additionally, Indigenous Technical Knowledge, including the use of neem-based extracts and fermented botanical preparations, provides low-cost, locally available solutions that align with sustainable agricultural practices.
Future efforts should prioritize breeding chickpea varieties with stable resistance traits, deciphering their molecular mechanisms to aid marker-assisted selection, and standardizing ITK practices across agro-climatic zones for wider adoption. Integrating these approaches with biological control strategies within comprehensive IPM frameworks can reduce pesticide dependence, enhance chickpea productivity, and support climate-resilient, environmentally sustainable farming systems. Economic assessments of these eco-friendly practices will further facilitate farmer adoption, ensuring long-term productivity and ecological balance in chickpea cultivation.
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