


Review Article

Pod Bug Complex in Legume Crops: Biology, Host Interactions, and Modern Management Approaches 


Abstract:
Pulse crops, such as Vigna radiata (green gram), Vigna mungo (black gram), Vigna unguiculata (cowpea), and Lablab purpureus (lablab), play an important role in the human diet as major sources of plant protein and also contribute significantly to sustainable agriculture through biological nitrogen fixation from the atmosphere into the soil. However, crop productivity is constrained by attacks from various insect pests at different crop stages. Among the several pest species affecting these pulse crops, the pod bugs Riptortus pedestris, belonging to the family Alydidae, and Clavigralla gibbosa, belonging to the family Coreidae, both within the order Hemiptera, are categorised as primary yield-reducing pests, particularly during the reproductive stage, from post-flowering and pod set to harvest. These insect pests cause serious damage to developing pods and seeds through their piercing-sucking mouthparts, leading to shrivelled grains, reduced seed quality, and a substantial reduction in market value. Infestation often intensifies during dry seasons or under warm climatic conditions that favour rapid multiplication and overlapping generations. Pod bug damage is identified by discoloured pods, malformed seeds, lower pod or seed weight, and reduced seed germination capacity. This review provides comprehensive information on the taxonomy, host range, origin, distribution, morphology, life cycle, phenology, symptoms, and integrated pest management strategies for pod bugs within pulse crop ecosystems. Effective management requires the integration of cultural, biological, and chemical approaches in a compatible manner to support sustainable pulse production.
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Introduction:
Pulse crops hold a significant position in the global agricultural market because they play a vital role in day-to-day food intake, especially in India. They are rich sources of plant protein in the diet, enhance soil fertility through atmospheric nitrogen fixation, and show broad adaptability across diverse agro-climatic conditions. Within the pulse group, green gram, black gram, cowpea, and lablab are cultivated extensively across tropical and subtropical regions, with particular dominance in India, which is a leading global producer and consumer. These pulse crops are integral components of cropping systems, especially in rainfed zones, because they are short-duration crops with low water requirements and can tolerate a moderate level of abiotic stresses, such as drought and salinity, as well as marginal land conditions, thereby contributing to both nutritional security and sustainable agricultural practices in the country (Makhlouf et al., 2024; Maradi et al., 2024).
Despite their inherent importance, these pulse crops face substantial yield limitations due to a wide range of insect pest infestations, particularly during flowering, post-flowering, and pod formation stages. Among these pests, pod bugs belonging to the families Coreidae and Alydidae within the order Hemiptera have emerged as economically significant pests because they directly damage pods and developing seeds, making seeds unsuitable for consumption and regeneration. The principal species, Riptortus pedestris and Clavigralla gibbosa, have a widespread distribution and polyphagous feeding behaviour, feeding on several plant species and surviving on multiple host plants throughout the year. Their feeding activity results in considerable qualitative and quantitative crop losses, which often remain unnoticed until harvest (Makhlouf et al., 2024; Maradi et al., 2024).
The increasing incidence of these pod bugs is associated with shifts in cropping patterns, climatic variability, and the diminished efficacy of natural enemies, such as predators and parasitoids, often linked to the indiscriminate application of a wide range of pesticides. Because these pests mainly target the reproductive stage of the crop, even relatively low population densities can precipitate substantial yield reductions. Consequently, a comprehensive understanding of their biology, ecology, phenology, and management is indispensable for the development of effective and integrated pest control strategies. This review endeavours to present a detailed account of pod bug infestation in pulse crops and proposes integrated management practices for their sustainable control (Makhlouf et al., 2024; Maradi et al., 2024). Recent field and mechanistic studies also indicate that pod bug and related legume sucking-pest incidence should be interpreted with attention to seasonal weather patterns, host-insect interactions, and emerging ecologically compatible management tools (Ansar et al., 2024; Nowsheen et al., 2025; Kpongbe et al., 2024; Li et al., 2024; Jin et al., 2022; Li et al., 2021; Park et al., 2023).
Research gap: Although the available literature addresses individual pest species, crop stages, and management options, a consolidated account linking pod bug biology, host interactions, crop-stage symptoms, and integrated management for pulse crops remains necessary.
Objective:
This review aims to synthesise current information on the biology, host interactions, damage symptoms, and integrated management of pod bugs in pulse crop ecosystems.
Table 1-Pest Identity and Taxonomy
	Riptortus pedestris 
(Pod bug - broad-headed bugs)
	Clavigralla gibbosa 
(Pod bug - leaf-footed bugs or tip wilters)

	· Kingdom: Animalia 
· Phylum: Arthropoda 
· Subphylum: Hexapoda 
· Class: Insecta 
· Subclass: Pterygota 
· Infraclass: Neoptera 
· Order: Hemiptera 
· Suborder: Heteroptera 
· Infraorder: Pentatomomorpha 
· Family: Alydidae 
· Genus: Riptortus 
· Species: Riptortus pedestris 
	· Kingdom: Animalia 
· Phylum: Arthropoda 
· Subphylum: Hexapoda 
· Class: Insecta 
· Subclass: Pterygota 
· Infraclass: Neoptera 
· Order: Hemiptera 
· Suborder: Heteroptera 
· Infraorder: Pentatomomorpha 
· Family: Coreidae 
· Genus: Clavigralla 
· Species: Clavigralla gibbosa



Origin:
The origin of pod bugs is generally considered to be associated with the Indo-African region. These regions have a significant diversity of leguminous plant species and environmental conditions that may have supported their evolution, particularly favourable tropical climatic conditions that support their diversification. Over time, these insect pests have demonstrated efficient adaptation to cultivated pulse ecosystems (Shen et al., 2023).
Distribution:
Currently, pod bugs are widespread across tropical and subtropical regions globally and are commonly found in South and Southeast Asian countries and Africa, especially in India, Sri Lanka, Bangladesh, Myanmar, and numerous African countries. Within India, the incidence of these pests is particularly observed in major pulse-producing states, such as Madhya Pradesh, Uttar Pradesh, Maharashtra, Karnataka, Andhra Pradesh, and Tamil Nadu. Their geographical distribution patterns are significantly influenced by prevailing climatic conditions, the intensity of cropping practices, and the availability of host plants. Higher infestation rates are typically associated with warm, humid environments where continuous pulse cultivation is practised (Shen et al., 2023).
Host Range:
These pod bugs have principal host species among legume crops, especially cowpea, green gram, black gram, lablab, and red gram, where their feeding is directed mainly at developing pods and seeds. In addition to cultivated pulses, these insects can infest wild legumes and specific weed hosts found along field margins, which serve as reservoirs for their populations. This broad adaptability in host selection facilitates the continuous survival and carryover of the pest between cropping seasons, thereby contributing to an increased risk of recurrent infestations within pulse-based cropping systems (Shen et al., 2023; Rahman & Lim, 2017; Song et al., 2022; Togola et al., 2017).
Morphology:
These pod bugs are medium-sized, typically 12–20 mm, and are characterised by an elongated, narrow body. Their body colour generally ranges from brown to reddish-brown, often exhibiting a mottled, X-shaped, or diamond pattern with black spots. The body structure is distinctly segmented into three regions: the head, thorax, and abdomen.
The head is elongated and features a discernible neck region, with a prognathous orientation and a well-developed compound eye. The mouthparts are of the piercing-sucking type and form a prominent, elongated rostrum. The antennae are filiform and thread-like; each antenna is four-segmented, and its primary function is host sensing. The thorax is robust and muscular and primarily supports locomotion. The forewings are hemelytra, which are partly leathery and partly membranous, whereas the hindwings are entirely membranous; both sets of wings are adapted for active flight. The legs are long, slender, cursorial, and muscular, with well-developed coxa, femur, and tibia, together with segmented tarsi and a pair of claws, indicating suitability for walking, climbing, and running. The abdomen is segmented and elongated and houses the reproductive organs (Cunha et al., 2024).
Life Cycle:
Pod bugs undergo hemimetabolous metamorphosis, which refers to a developmental process comprising egg, nymphal, and adult stages.
Egg Stage (4–7 days) - Eggs are typically 1–1.5 mm in size and oval or barrel-shaped. Their colour changes from creamy white to yellow and then to brown before hatching. The eggs are deposited either singly or gregariously on pods, leaves, or stems and are firmly attached to plant material. The chorion is smooth, with a distinct micropylar region.
Nymphal Stage (8–20 days) - This pest stage consists of five instars, which are very active feeders. Early instars are small, soft-bodied, and typically light green or yellow. Later instars become darker, often greenish-brown or reddish, and exhibit greater segmentation. Wing pads begin to emerge from the third instar onwards, and the leg parts also begin to strengthen.
Adult Stage (2–3 weeks) - Adults possess fully developed wings, strong long legs, and well-developed reproductive organs. They are highly mobile and capable of strong flight. Feeding is intensive and primarily targets pods and seeds (Cunha et al., 2024).
Seasonal incidence:
The population of pod bugs is found to be high during flowering, and higher density is recorded during pod formation and grain-filling stages. Warm temperatures in the range of 25–32°C, together with favourable moderate humidity or dry conditions, favour reproduction and overlapping generations. The continuous presence of host plants and flowering are important factors contributing to seasonal abundance (Cunha et al., 2024).
Favourable Conditions for Pest Outbreak
Factors that favour outbreaks include a long growing season, monoculture, excessive use of nitrogen fertilisers, delayed sowing, crop overcrowding, and dry conditions. Their unrestricted multiplication is also influenced by the lack of predatory organisms due to incorrect pesticide use (Saritha & Visalakshi, 2024).
Characteristics of damage:
Both adult pests feed using piercing-sucking mouthparts, causing the loss of plant sap. The secreted toxic saliva harms reproductive parts and disrupts nutrient translocation processes, leading to grain-filling and physiological problems in the seeds (Mahore et al., 2022).
Symptoms - crop stage-wise:
Seedling Stage (0–15 DAS)
Invasion by pod bugs may not be extensive during the early developmental period of plants because reproductive parts are absent at this stage. However, immature and adult stages of the insects can feed on soft tissues, such as stems, young leaves, and cotyledons, using stylets. Injured plant parts show small holes, leaf yellowing, curling, and localised dead tissue around the feeding area. Under dry conditions and heavy infestation, the plants may appear unhealthy and underdeveloped due to sap extraction (Mahore et al., 2022).
This situation is often confused with nutrient deficiency in plants rather than insect feeding on plant sap. Sap sucking affects the ability of seedlings to perform photosynthesis, causing poor plant development. As a result, vegetative growth is slowed, and flowering is delayed or prevented. Even if major yield loss is not recorded during the seedling stage, this stage can act as a pest source for later crop stages (Saritha & Visalakshi, 2024).
Vegetative Stage (15–35 DAS)
At the vegetative stage, insect pest populations colonise the upper part of the plant and attack soft shoots, petioles, and young branches. Owing to the damage caused, the movement of sap within shoots is restricted, resulting in yellowing and curling of young developing leaves. Stunting and bushiness may result from crop infestation in the field because of shortened internodes and poor development. Secondary infections may develop at feeding sites in cases of severe infestation (Cunha et al., 2024).
The pests' continuous damage during the vegetative phase causes poor growth rates and poor biomass development, making the plant less capable of forming canopies. Low levels of photosynthesis occur due to reduced chlorophyll pigment content. This implies that assimilation rates are lower than the rates required for reproduction and growth (Makhlouf et al., 2024).
Flowering Phase (35–50 DAS)
The first critical period during which pod bugs cause harm begins when the insects cluster around flower buds and opened flowers. Pricking and feeding by nymphs and adult bugs lead to wilting and drying of flowers, causing them to drop easily. Plants facing such problems produce fewer blooms, making pollination more difficult. Feeding activity interferes with fertilisation and, as a result, reduces pod-set percentages (Mahore et al., 2022).
Prolonged infestation during this phase leads to severe stress in the reproductive metabolism of plants. Asynchronous flowering, low pod-setting ability, and reduced reproductive capacity are experienced by plants as a result. Leguminous plants are more vulnerable to infestation at this phase, leading to flower losses of more than 25–30%. Because the number of flowers determines the number of pods produced per hectare, this directly affects total production levels. Flowers attract pests, and infestation therefore leads to an increase in their populations (Maradi et al., 2024).
Pod Initiation Phase (50–65 DAS)
The most vulnerable period in the pod life cycle occurs during pod initiation. During this stage, bugs feed directly on pods as well as on developing seeds. Wounds are observed on the outer pod layer, and internal feeding results in the death of endosperm cells. Such pods are characterised by shrinkage, twisting, and deformation. Young seeds that have been attacked may abort completely without any grain filling (Cunha et al., 2024).
The biochemical composition of developing seeds is altered due to continuous drainage of sap from the plant body. An imbalance occurs in protein and carbohydrate metabolism, leading to the production of poor-quality seeds. Such damaged pods dry up quickly, with dark feeding marks evident on them. Heavy infestation can result in about 30–40% fewer pods being formed, thereby reducing the sink capacity of the crop. Yield losses at this stage occur because fewer seeds are produced per pod (Mahore et al., 2022).
Pod Development and Grain Filling (65–85 DAS)
At this stage, as grains fill, pod bugs become highly destructive because the pods contain developing seeds rich in nutrients. Nymphs and adults make deep punctures in the pods and suck nutrients directly from the developing grains. Pods at this stage may contain shrivelled, undersized, brown, and partially filled seeds. Necrotic spots caused by brown punctures become evident on the pod surface. Sustained feeding causes toxin deposition in the seeds, thereby hampering their growth (Chethan et al., 2024).
Infestation during this stage causes a reduction in seed size, seed cooking quality, seed germination percentage, and overall grain yield. Infestation also causes low thousand-grain weight. Grain physiological maturity becomes irregular because of poor nutrient movement through the plant. At times, the pods may fail to develop properly because the seeds present are underdeveloped. Grain yield losses at this stage of infestation occur at an estimated rate of 30% to 70% (Chaudhari et al., 2024).
Harvesting Period (from 85 DAS to Harvest)
At this stage of development, pod bugs feed on drying pods together with mature grains. Although physiological growth may no longer be taking place, feeding greatly affects seed quality. These seeds become shrivelled, brittle, and discoloured, with obvious punctures. Feeding leads to moisture imbalance within the seed, resulting in premature dehydration and pod cracking. Feeding damage to pods and seeds can also lead to secondary infections (Shen et al., 2023).
Feeding up to harvest is highly damaging in terms of post-harvest quality. Grain quality becomes poor in both appearance and consumer value. Germination and seedling vigour are greatly reduced, making such grain unsuitable for planting purposes. In addition, grain storage quality becomes poor because such grain readily attracts fungi and other storage pests. Hence, late infestation leads to poor commercialisation and seed quality in pulse crop production (Mahore et al., 2022).
Economic Damage Caused by Pod Bugs and Economic Threshold Levels (ETL)
Pest Population and Effects on Plant Yields
The extent of economic damage caused by pod bugs depends on factors such as growth stage, duration of infestation, and pest population density. Researchers found that 1–2 bugs per plant at the flowering stage cause 8–12% yield losses, while 3–5 bugs per plant at the pod development stage lead to 20–35% losses in crop yield. Severe infestation rates exceeding 8–10 bugs per plant during grain filling can cause total crop failure of up to 60–70% in pulse species under rainfed systems (Mahore et al., 2022).
For pod bugs, the economic threshold level (ETL) that should be maintained for pulse crops is 1 bug per metre of row length or 2–3 bugs in 10 plants at the flowering and pod-setting stages. When the population exceeds the ETL, prompt control action should be taken to prevent population explosion and reproductive problems. Any delay beyond the economic threshold will result in increased infestation levels because pod bugs are highly mobile and their populations overlap (Chaudhari et al., 2024).
Quantitative Losses
The quantitative effect of pod bugs on plant losses is associated with flower abortion, pod drop, inadequate grain filling, and seed shrinkage. Pod bugs can cause up to 15–45% pod loss and up to 20–50% loss in seed weight, according to research on cowpea and green gram. In extremely intensive infestations, overall grain yield loss can exceed 70% when severe infestations occur during the pod formation and grain-filling stages (Maradi et al., 2024).
Loss in test weight can be listed among the other quantitative losses caused by infestations. Seeds affected by such infestations do not have sufficient dry matter content because nutrient translocation is interrupted. In pulse crops grown for seed production, the decrease in viable seeds results in seed yield loss per hectare. If such infestations continue during cropping seasons, crop productivity is negatively affected due to the continuous presence of pests in the cropping system (Chethan et al., 2024).
Qualitative Losses
Another negative effect arising from pod bug attack is a decrease in grain quality. This includes the development of deformed and malformed grains with reduced protein content and cooking quality. Changes in the grains occur due to toxins released by the pests, along with loss of nutrients. Grain quality often does not allow the produce to meet export requirements (Mahore et al., 2022).
In addition, low viability, poor germination, and stunted root growth occur due to pod bug infestation. This causes major problems for certification and replacement value during the preparation of grains for seed cultivation programmes. Finally, the presence of feeding marks increases the susceptibility of grains to fungal infection after harvest (Cunha et al., 2024).
Economic Losses
Aside from reduced harvests, additional costs are incurred due to pesticide use, labour required for monitoring and inspection, and the sorting of affected pulses after harvest. Pod bugs can cause considerable economic losses among farmers by lowering the market price of their harvest. When crops are grown in areas focused on pulse cultivation, severe pod bug infestations typically lead to economic instability in local pulse markets (Makhlouf et al., 2024).
Indirect economic losses also occur due to ecological and environmental degradation brought about by the unselective use of pesticides to eliminate pod bugs. Heavy chemical use increases the cost of production, leads to insecticide resistance in pests, and harms beneficial arthropods that support pulse farmers. Chemical control can be economically impractical when it results in increases in both pest pressure and pesticide costs (Saritha & Visalakshi, 2024).
Integrated pest management:
Cultural Management
Cultural management primarily serves as a preventive measure and is ideally implemented from the seedling stage through early crop development up to 30 DAS. Timely sowing can enable the crop to avoid periods of peak pest infestation, particularly during flowering and pod formation stages. The systematic removal and destruction of weeds and alternative host plants contribute to a reduction in pest carryover between seasons. Integrating crop rotation with non-leguminous species or intercropping with cereals or millets, such as sorghum, maize, and pearl millet, can disrupt the pest life cycle. Excessive nitrogen fertilisation should be avoided, as it has been observed to increase pest attraction through greater vegetative flush. Collectively, these measures are useful in delaying the onset of infestation and mitigating the initial accumulation of pest populations (Saritha & Visalakshi, 2024).


Mechanical Control
Mechanical control is typically effective during the early stages of infestation, often between 30 and 40 DAS. Consistent field observation facilitates the early detection of pest eggs and nascent nymphal stages. Manual collection and elimination of egg masses and nymphs help reduce pest populations. Insects may also be dislodged from plants by gently shaking them, particularly in the morning. Light traps (5–12/ha), sex pheromone traps (2–4/ha), and light traps (2/ha), operated in the late evening for 2 hours, can be utilised for monitoring adult pest activity. These methods are most advantageous before a significant escalation in the pest population (Saritha & Visalakshi, 2024).
Biological Control
Biological control measures become more important as infestations progress from early to moderate stages, typically within 30–50 DAS. This methodology does not leave residual effects or adversely affect the ecosystem; rather, it systematically controls pest populations and offers advantages in terms of safety and sustainable pest management. The activity of natural enemies, including egg parasitoids, such as Gryon spp., and generalist predators, such as spiders and ladybird beetles, contributes to the reduction of pest populations. Entomopathogenic fungi, specifically Beauveria bassiana, are used at a concentration of 2 × 10⁸ spores/ml. Botanical formulations, including neem seed oil and neem seed kernel extract containing azadirachtin at 1500 ppm and a rate of 2–3 ml/L, function as environmentally compatible biopesticides (Kamel et al., 2024; Ekesi, 1999; Kpongbe et al., 2019; Romeis et al., 2000).
Chemical Control
Chemical control is typically initiated when pest populations reach the economic threshold level (ETL), generally during moderate to severe infestation phases (40–60 DAS). Commonly recommended insecticides are Imidacloprid 17.8 SL @ 0.3 ml/L, Thiamethoxam 25 WG @ 0.25 g/L, or Lambda-cyhalothrin 5 EC @ 0.5 ml/L. Application is most judicious during the pod formation and seed-filling stages, particularly when observable damage is substantial. To mitigate the development of pest resistance, the sequential and repeated application of the same chemical agent should be avoided. Chemical interventions are generally considered a final recourse to be employed after the application of other available control methodologies (Chaudhari et al., 2024; Chethan et al., 2024; Maradi et al., 2024).

Current Trends in Pod Bug Management
Recent trends in pod bug management include the application of integrated pest management techniques that combine cultural, biological, and need-based chemical measures. This approach is important because of the emergence of resistant pests, pollution caused by pesticide use, and side effects of pesticides on non-target species. The development of environmentally friendly IPM programmes capable of ensuring adequate pod bug control has recently gained attention (Makhlouf et al., 2024).
The application of botanical pesticides and microbial biocontrol products is another trend in the management of these pests. These include neem seed kernel extracts with azadirachtin, entomopathogens such as B. bassiana and M. anisopliae, and parasitoids such as Gryon spp. in integrated pest management for pulse crops. This approach helps reduce pesticide residues while ensuring the survival of natural enemies in agroecosystems (Kamel et al., 2024; Taggar et al., 2022).
Another trend in the management of these pests relates to the use of precision agriculture for predicting and monitoring pest outbreaks through remote sensing technologies, pheromone monitoring systems, GIS maps, and climatic prediction models. This aids timely pest management and minimises unnecessary pesticide applications (Maradi et al., 2024).
Future works:
The development of pulse crops that are resistant to pod bugs through conventional plant breeding methods and genetic modification is an important area for future study. The use of genes and other barriers found in pulses can contribute to sustainable strategies for managing the problem. Genetic engineering and genomic selection could assist in developing high-yielding and yield-stable pulse crop varieties (Shen et al., 2023).
Further research will be necessary to investigate the effect of climate change on the population dynamics of pod bugs. Climate change effects, including rising temperatures, modified rainfall patterns, and changes in agricultural practices, may enhance the population and geographical distribution of pod bugs in the future. Ecological prediction models will play a critical role in forecasting pod bug outbreaks in different regions (Makhlouf et al., 2024).
Potential fields for the development of future techniques include biotechnology and semiochemistry. Pheromone traps, RNAi, biotechnological techniques, and research into the use of natural enemies may offer opportunities for the development of future control techniques. The ecological regulation of pod bugs should be supported by multidisciplinary approaches involving entomology and molecular biology (Kamel et al., 2024).
Conclusion:
Pod bugs are important insect pests of pulse crops because they feed directly on reproductive plant parts and reduce both yield and seed quality. Their damage is most severe during flowering, pod initiation, pod development, and grain filling, when feeding can affect pod set, seed development, seed weight, germination, and market value. The review indicates that effective management depends on early detection, regular field monitoring, and timely intervention before pest populations exceed economic threshold levels. Cultural practices such as timely sowing, weed removal, crop rotation, and intercropping can reduce early pest build-up. Mechanical measures and field sanitation may support pest suppression during the early stages of infestation. Biological control agents and botanical formulations offer environmentally compatible options, while chemical insecticides should be applied only when necessary and according to threshold-based decisions. A balanced integrated pest management approach is therefore essential for reducing crop losses, conserving natural enemies, limiting unnecessary pesticide use, and supporting sustainable pulse production systems.
Limitations:
This review is limited to information available in the manuscript and cited literature. It does not include new experimental data, meta-analysis, or location-specific field validation. Some pest incidence, damage, and management responses may vary with crop species, cultivar, season, region, and local agronomic practices. Further field-based studies are required to validate threshold levels and management combinations under different pulse-growing conditions.
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