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Abstract
The a Agricultural sector, especially crop production  and forests often face challenges due to significant outbreaks of Bagworm pests, for instance, in oil palm plantations and arborvitae landscapes. Various studies have reported that the indiscriminate use of organochlorine insecticides has disrupted the populations of natural enemies, inadvertently worsening  pests’ infestations. Integrated Pest Management (IPM) strategies have been developed, thatwhich involve biological, cultural, and chemical control methods have been developed to handle this ugly situation. Biological controls, such as Bacillus thuringiensis and entomopathogenic nematodes have demonstrated efficacy, particularly when supported by beneficial plants that sustain natural enemies. Chemical controls, including selective insecticides and drone-based spraying equally offer rapid and efficient larval population reduction. Innovations such as pheromone traps and microbial agent’s has shown great further aid in suppression the development and manifestation of pest on plants. Understanding the biology and lifecycle of bagworms is crucial for optimizing control measures. However, challenges remain in awareness, implementation, and environmental sustainability. This review consolidates decades of research, highlighting adaptive IPM strategies for sustainable pest management and ecosystem health with reflections from Malaysia and Indonesia..
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Introduction
Bagworms (Lepidoptera: Psychidae) are notorious defoliators with significant impacts on agricultural and forestry ecosystems globally. Their outbreaks, such as those documented in Malaysian oil palm plantations and Indonesian forest ecosystems, highlight the critical challenges posed by this pest to sustainable agriculture and forestry management (Wood & Kamarudin, 2019; Lelana et al., 2022). Historical data, such as the unprecedented infestations in Malaysia during the 1950s and 1960s, reveal the detrimental effects of chemical misuse, which disrupted natural predator-prey dynamics, leading to severe pest outbreaks (Wood & Kamarudin, 2019). The re-emergence of bagworm infestations in the 1990s further underscores the complexity of pest management and the pressing need for integrated solutions. Bagworm infestations, particularly of Metisa plana and Pteroma pendula, continue to plague Malaysian oil palm plantations, contributing to yield losses of up to 43% without timely interventions (Sulaiman & Talip, 2021). Advances in Integrated Pest Management (IPM), including biological controls, selective chemical applications, and cultural practices, have demonstrated potential for sustainable control. Beneficial plants that support natural predators have reduced bagworm populations, while innovative approaches like drone spraying have proven efficient for large-scale pest management (Rashid et al., 2022; Sulaiman & Talip, 2021). Beyond agriculture, bagworms threaten forestry ecosystems, particularly in Indonesia, where outbreaks of Pteroma plagiophleps have been reported on a diverse range of host plants since the 1920s (Lelana et al., 2022). The biology, lifecycle, and dispersal mechanisms of bagworms—such as ballooning in M. plana and localized crawling in P. pendula—pose unique challenges for effective control (Loong & Chong, 2012). While chemical treatments remain pivotal, improper use can exacerbate infestations, necessitating precise timing and post-treatment monitoring (Loong & Chong, 2012; Rhainds & Sadof, 2009).The global diversity of bagworms and their complex behaviour have also attracted attention in urban and ornamental landscapes. Species like Thyridopteryx ephemeraeformis are significant pests in the United States, where they attack conifers and deciduous trees, leading to unsightly damage and plant mortality (Shetlar, 2010). Effective management strategies include handpicking, the application of Bacillus thuringiensis (Bt) against larvae, and the use of systemic insecticides (Gill & Raupp, 1994; Shetlar, 2010).Despite numerous advances, the recurring nature of bagworm outbreaks across diverse ecosystems calls for a deeper understanding of their biology, ecology, and control strategies. This review aims to synthesize the latest findings on bagworm management, focusing on sustainable practices and innovative approaches, while addressing the challenges in implementing these strategies on a large scale.
Historical Outbreaks in Malaysia and Indonesia and Their Causes
Bagworms (Lepidoptera: Psychidae), including species like Metisa plana, Pteroma pendula, and Mahasena corbetti, have been documented as significant pests in oil palm plantations and forested areas, especially in Malaysia and Indonesia. These pests are notorious for causing severe defoliation, which significantly reduces photosynthetic capacity and leads to substantial economic losses in agriculture and forestry (Ahmad et al., 2016; Tan et al., 2018). The outbreaks of bagworms are often linked to ecological imbalances, such as the widespread adoption of monoculture farming, favourable climatic conditions, and the depletion of natural predators due to excessive insecticide use (Chen et al., 2020; Lee et al., 2021). For instance, M. plana has been identified as a major pest in oil palm plantations, while Thyridopteryx ephemeraeformis damages ornamental trees, including arborvitae, in urban landscapes (Johnson & Brown, 2012; Smith et al., 2015). Integrated Pest Management (IPM) approaches, which incorporate biological control methods, cultural practices, and the selective application of chemical insecticides, have proven effective in managing bagworm outbreaks (Nguyen & Ho, 2019). These strategies not only mitigate the immediate effects of infestations but also emphasize maintaining ecological balance to reduce the likelihood of future outbreaks (Lee et al., 2021).
Biology and Behaviour of Bagworms
Bagworms (Lepidoptera: Psychidae) exhibit unique biological and behavioral traits that make them challenging to manage. Females remain larval-like and stationary within their spindle-shaped silk bags, laying hundreds to thousands of eggs that are protected until hatching, while males metamorphose into winged adults resembling small bees to seek mates (Kulman, 1965; Loong & Chong, 2012). The life cycles vary by species, with Pteroma pendula completing its cycle in 48–50 days, Metisa plana in 92–97 days, and Mahasena corbetti in 110–140 days, depending on environmental conditions (Loong & Chong, 2012). Dispersal mechanisms also differ; M. plana larvae use "ballooning," floating on silk threads carried by the wind, whereas P. pendula relies on crawling for movement, making early detection and control difficult (Kulman, 1965; Loong & Chong, 2012). Understanding these behaviours is essential for tailoring effective pest management strategies.
Impact and Damage
Bagworm infestations cause significant damage to both coniferous and deciduous plants, manifesting as defoliation, branch dieback, and, in severe cases, plant death. Conifers like arborvitae and juniper are particularly vulnerable, often experiencing irreversible damage due to girdling caused by the silk bands of mature larvae (Shetlar, 2010). In agricultural contexts, such as oil palm plantations, infestations by species like Metisa plana can lead to yield losses of up to 43%, posing a severe threat to industry sustainability (Sulaiman & Talip, 2021). Although bagworms are less prevalent in forested areas due to natural predators and ecological diversity, their outbreaks can still impact tree health and reduce overall yield. Effective management is critical, as untreated infestations can escalate quickly, causing long-term ecological and economic consequences (Sulaiman & Talip, 2021; Shetlar, 2010).
Control Measures
Effective management of bagworm populations requires a multi-faceted approach combining cultural, biological, chemical, and pheromone-based strategies within an Integrated Pest Management (IPM) framework.
Cultural Control: Practices such as introducing beneficial ground vegetation support natural enemies by providing nectar and shelter, thereby enhancing ecological balance (Wood & Kamarudin, 2019). While mechanical removal of bags is effective for small-scale infestations, widespread adoption of such practices is limited due to labor intensity and scalability challenges.
Biological Control: Natural enemies, including parasitoids (Itoplectis conquisitor) and predators like Sycanus dichotomus, are crucial in suppressing bagworm populations. Microbial agents, such as Bacillus thuringiensis (Bt) and entomopathogenic nematodes, have shown efficacy against larval stages in field and laboratory settings, though challenges in mass-rearing and application remain (Gill & Raupp, 1994; Kulman, 1965).
Chemical Control: Systemic insecticides such as chlorantraniliprole, indoxacarb, and dinotefuran are effective against larvae, particularly when applied during early infestations. Recent innovations, including drone-assisted spraying, have improved precision and efficiency in large-scale plantations, as demonstrated in Malaysian oil palm estates in 2022 (Rashid et al., 2022). However, reliance on chemical control risks resistance development and environmental impacts.
Pheromone Trapping: Pheromone traps targeting male moths have shown promise in reducing mating success, thereby limiting population growth. This method offers a complementary tool to biological and chemical interventions (Wood & Kamarudin, 2019).
Integrated Pest Management (IPM): IPM emphasizes the integration of cultural, biological, and chemical controls for sustainable pest management. Census-based interventions and post-treatment monitoring enhance the timing and efficacy of these measures. Successful IPM systems, such as those implemented by the Malaysian Palm Oil Board (MPOB), demonstrate the effectiveness of coordinated, ecological approaches to managing bagworm outbreaks, and despite adoption challenges (Ali et al., 2013).
Advances in Technology
The introduction of drones has revolutionized pest control in oil palm plantations. A 2022 study demonstrated that drones equipped with fan nozzles effectively sprayed flubendiamide insecticide, reducing Metisa plana populations to zero within 30 days post-spray. This method is faster, more cost-effective, and ensures uniform coverage compared to traditional techniques (Rashid et al., 2022).
Conclusion
Bagworms present a formidable challenge to sustainable agriculture and forestry. Advances in biological research, coupled with innovative control measures, offer hope for effective management. The integration of biological, cultural, and chemical methods, underpinned by education and policy support, is essential to mitigate the economic and ecological impacts of bagworm infestations
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