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ABSTRACT
India’s forest ecosystems support a rich diversity of plant species traditionally used as biopesticides by indigenous and rural communities. A systematic ethnobotanical survey conducted in 2025 across Odisha, Jharkhand, Bihar and Manipur documented region-specific biopesticidal plants through interviews, participatory methods and guided field walks, with specimens authenticated using standard floras and digital herbarium resources. The study recorded 21 plant species including herbs, shrubs and trees such as Artemisia nilagirica, Azadirachta indica, Casearia elliptica, Curcuma longa, Cymbopogon citratus, Datura stramonium, Pongamia pinnata, Shorea robusta, Vitex negundo, etc. used in forms including decoctions, powders, smoke fumigation and plant-based barriers. These practices demonstrate ecologically sound pest management strategies grounded in traditional knowledge, offering biodegradable and low-toxicity alternatives to chemical pesticides. The findings revealed the potential of these forest plants as promising bioresources for developing effective, sustainable biopesticide formulations, understanding the need for further phytochemical, toxicological and formulation-based research to support their scientific validation and future commercialization. The study also reduces reliance on hazardous chemical pesticides and promotes biodiversity conservation. 
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INTRODUCTION
India is recognized as one of the world’s megadiverse countries, harbouring nearly 8 % of global biodiversity within just 2.4 % of the world’s land area (Bawa et al., 2021).  The forest ecosystem of India ranging from tropical evergreen and moist deciduous forests to dry deciduous and montane forests, support an extraordinary diversity of plant species with immense ecological, medicinal, and nutritional significance (Mansingh et al., 2025). Among these, many wild plant species possess bioactive compounds that have been traditionally exploited by indigenous and rural communities for pest management in agriculture and grain storage systems (Bhat et al., 2021; Diwan et al., 2024).  Such traditional practices represent an invaluable repository of ethnobotanical knowledge that has evolved through centuries of close interaction between humans and their surrounding ecosystems (Awoke et al., 2024). The widespread use of synthetic chemical pesticides since the Green Revolution has undoubtedly contributed to increased agricultural productivity; however, it has also resulted in serious environmental and health concerns (Aktar et al., 2009). Excessive and indiscriminate application of chemical pesticides has led to soil and water contamination, pesticide resistance in insect populations, bioaccumulation in food chains, decline of non-target organisms including pollinators, and adverse effects on human health. These challenges have prompted a global search for safer, eco-friendly, and sustainable alternatives to chemical pest control (Muñoz-Bautista et al., 2025). In this context, biopesticides derived from natural sources such as plants, microorganisms, and naturally occurring compounds have emerged as promising tools for sustainable agriculture. India’s forest-dependent communities, particularly tribal and indigenous groups, have long relied on locally available plant resources to protect crops and stored grains from insect pests, rodents, and fungal infestations (Ayilara et al., 2023). Leaves of plants, smoke from aromatic plants, plant-based fencing, decoctions of fruits and bark, and mixtures of plant powders with cow dung or ash are among the commonly employed traditional practices. A diverse range of Indian forest plants like Azadirachta indica, Calotropis procera, Vitex negundo, Annona squamosa, and various species of Senna and Clerodendrum have demonstrated insecticidal, fungicidal, antifeedant, repellent and larvicidal activities (Abdallah et al., 2017; Mining et al., 2014; Kumar 2025). These plant-based biopesticides are particularly attractive due to their biodegradability, low toxicity to non-target organisms, minimal environmental persistence, and compatibility with organic and integrated pest management systems (Tadesse et al., 2025). Unlike synthetic pesticides that often target a single physiological pathway, botanical biopesticides typically contain a complex mixture of bioactive compounds, reducing the likelihood of pest resistance development (Daraban et al., 2023). Numerous studies have demonstrated the insecticidal, antifeedant, repellent, larvicidal, ovicidal, and growth-regulating properties of plant secondary metabolites such as alkaloids, terpenoids, phenolics, flavonoids, glycosides, and essential oils (Baz et al., 2024). These attributes make plant-derived biopesticides particularly suitable for smallholder farming systems prevalent across rural India (Prabha et al., 2016; Bharti and Ibrahim, 2020). Despite this growing body of literature, much of the available ethnobotanical information remains scattered, region-specific, and inadequately linked to the concept of value addition. Value addition in the context of biopesticides refers to the transformation of raw plant materials or traditional formulations into standardized, stable, and commercially viable products through scientific validation, improved extraction techniques, formulation development, and quality control (Šunjka & Mechora, 2022). Advances in formulation technologies, including microencapsulation, nano-emulsions, synergistic plant combinations, and stabilizer-enhanced extracts, have significantly improved the efficacy, shelf-life, and field performance of botanical pesticides (Jíménez-Arias et al., 2022). Such innovations address traditional limitations such as rapid degradation, inconsistent potency, and variability in application methods. These plant-based agents have great potential to be developed into standardized and commercially viable biopesticide formulations (Vermelho et al., 2024). Recent advancements in biopesticide production and formulation technologies have further expanded the scope of value addition. Innovations such as nano-formulations, microencapsulation, stabilizer-enhanced extracts and synergistic plant-microbe combinations have improved the stability, efficacy and shelf-life of botanical pesticides (Sunjka and Mechora, 2022; Bharti and Ibrahim, 2020). In eastern and northeastern India, particularly in states such as Odisha, Jharkhand, Bihar, and Manipur, diverse tribal communities continue to practice traditional biopesticidal methods that remain poorly documented in scientific literature. These regions are characterized by rich forest cover, diverse agro-ecological conditions, and strong dependence on natural resources for subsistence agriculture (Ghosh-Jerath et al., 2021; Das et al., 2023; Arora et al., 2025; Mkondiwa et al., 2025).  Documenting region-specific biopesticidal plants and practices from these areas is therefore essential not only for preserving traditional knowledge but also for identifying novel plant resources with potential agricultural applications (Kumar et al., 2021). Therefore, the present study was undertaken to systematically document forest-based plant species traditionally used as biopesticides in selected regions of Odisha, Jharkhand, Bihar, and Manipur through ethnobotanical surveys. The objectives of the study were to identify and record plant species used for pest management, document the plant parts used, modes of preparation, and methods of application, and evaluate their potential for value addition and sustainable biopesticide development. 
METHODOLOGY
A systematic ethnobotanical survey was conducted in 2025 across selected regions of Central India (Odisha, Jharkhand and Bihar) and North-Eastern India (Manipur) to document plant species traditionally used as biopesticides. The study followed standard ethnobotanical protocols, including semi-structured interviews, participatory rural appraisal techniques, guided field walks and direct observation of traditional practices (Alemu et al., 2024). Local knowledge holders such as tribal communities, elder farmers, traditional healers and plant gatherers were consulted to obtain detailed information on plant identity, parts used, methods of preparation, modes of application and the specific pests targeted. The respective plant specimens were then identified using standard flora books, authenticated published literatures and flora websites and e-Herbarium specimens. This comprehensive approach enabled the documentation of region-specific biopesticidal plants and provided valuable findings into traditional ecological knowledge that supports environmentally sustainable pest management practices (Jain, 2021; Jena et al., 2025).
RESULTS AND DISCUSSION
The present ethnobotanical investigation documented 21 forest-derived plant species belonging to diverse families and growth forms that are traditionally used as biopesticides by indigenous and rural communities of Odisha, Jharkhand, Bihar, and Manipur. The recorded species include herbs, shrubs, and trees, reflecting the wide ecological distribution and availability of pesticidal plants within forest ecosystems. This diversity highlights the adaptive strategies developed by local communities to manage agricultural pests using readily accessible plant resources, thereby minimizing dependence on external chemical inputs.
Diversity and Habit-wise Distribution of Biopesticidal Plants: Among the documented species, trees constituted a major proportion, followed by shrubs and herbs. Tree species such as Azadirachta indica, Pongamia pinnata, Shorea robusta, Cassia fistula, and Strychnos potatorum play a significant role in traditional pest management due to their perennial nature and consistent availability of usable plant parts. Shrubs and herbs, including Vitex negundo, Datura spp., Ocimum gratissimum, and Cymbopogon citratus, are preferred for their rapid regeneration and ease of harvesting. From a commercialization perspective, perennial tree species offer advantages for long-term raw material supply, whereas fast-growing herbs and shrubs are suitable for large-scale cultivation and short production cycles, making them attractive candidates for sustainable biopesticide value chains.
Plant Parts Used and Sustainability Considerations: Analysis of plant part utilization revealed a dominance of leaves, followed by fruits, stems, bark, seeds, and resins. The frequent use of leaves is ecologically significant, as leaf harvesting is generally non-destructive and supports sustainable resource use. Leaves of Azadirachta indica, Vitex negundo, Ocimum gratissimum, and Nicotiana tabacum are commonly prepared as decoctions or powders for pest control. From a value-addition standpoint, leaf-based formulations are advantageous due to ease of drying, grinding, extraction, and storage. Moreover, sustainable harvesting practices enhance the long-term feasibility of commercial biopesticide production without exerting excessive pressure on forest biodiversity.
Modes of Preparation and Application: Scope for Standardization: Traditional preparation methods documented in this study include aqueous decoctions, overnight soaking, powders, smoke fumigation, slurry application with cow dung, and plant-based fencing. These methods demonstrate a strong empirical understanding of pest behavior and ecological interactions. However, for commercialization, these preparation techniques require scientific refinement and standardization. For example, aqueous extracts used by farmers can be optimized through controlled extraction processes to improve consistency, potency, and shelf-life. Similarly, smoke-based repellents derived from plants such as Goniothalamus sesquipedalis and Isodon ternifolius offer potential for development into controlled fumigation or vapor-based formulations suitable for storage facilities and warehouses.
Phytochemical Basis and Mode of Action: The pesticidal efficacy of the documented plants can be attributed to their rich phytochemical profiles. Alkaloid-containing plants such as Datura metel, Datura stramonium, and Nicotiana tabacum exhibit strong insecticidal and antifeedant properties. Terpenoids and limonoids present in Azadirachta indica and Pongamia pinnata are known to disrupt insect growth, reproduction, and feeding behavior. Essential oil–rich species such as Cymbopogon citratus, Ocimum gratissimum, and Artemisia nilagirica function primarily as repellents and fumigants. Understanding these modes of action is critical for developing targeted formulations and positioning products for specific pest groups in commercial markets.
Comparative Analysis with Earlier Studies: The findings of the present study are consistent with earlier ethnobotanical reports from different parts of India, confirming the widespread use of plants such as neem, vitex, turmeric, and lemongrass as biopesticides. However, the documentation of region-specific practices—such as placing Cleistanthus stem pieces in paddy fields or using Shorea robusta resin for fungal control—adds novel insights that are poorly represented in existing literature. These unique applications provide new opportunities for product differentiation and intellectual property development in the biopesticide sector.
Commercialization Potential and Value Addition: From a commercialization perspective, the documented plants offer multiple entry points for value addition. Raw plant materials can be transformed into standardized extracts, emulsifiable concentrates, granules, or dust formulations suitable for different cropping systems. The integration of modern formulation technologies, including microencapsulation and controlled-release systems, can enhance field efficacy and reduce application frequency. Furthermore, combining multiple plant extracts with complementary modes of action can result in synergistic formulations with broader pest control spectra.
Socio-economic and Market Implications: The commercialization of forest-derived biopesticides has significant socio-economic implications, particularly for forest-dependent and rural communities. Community-based cultivation, processing, and formulation units can generate employment and strengthen local economies. The increasing demand for organic and residue-free agricultural products further enhances the market potential of botanical biopesticides. With appropriate branding, certification, and quality assurance, forest-based biopesticides can successfully penetrate both domestic and international markets.
Regulatory and Policy Relevance: For successful market adoption, regulatory compliance and policy support are essential. Standardization of active ingredients, toxicity assessment, and efficacy validation will facilitate registration under existing agricultural input regulations. Alignment with government initiatives promoting organic farming, natural farming, and integrated pest management can further accelerate commercialization. Such policy-driven support is crucial for transitioning forest-based biopesticides from traditional practices to mainstream agricultural inputs.
Integration of Traditional Knowledge with Modern Science: The results of this study reinforce the importance of integrating traditional ethnobotanical knowledge with contemporary scientific research and commercialization strategies. Ethical documentation, benefit-sharing, and participatory involvement of indigenous communities are fundamental to sustainable bioprospecting. By bridging traditional wisdom with modern innovation, forest-derived biopesticides can contribute meaningfully to sustainable agriculture, biodiversity conservation, and rural development.
Ethnobotanical aspects: The present study demonstrates various herbs, shrubs and trees traditionally employed as natural biopesticides, demonstrating the wide ethnobotanical knowledge of local communities in eco-friendly pest management. Artemisia nilagirica is an aromatic herb whose leaf decoction is sprayed on crops to repel insect pests. Azadirachta indica is a well-known biopesticidal tree species, with its leaves, oil, and powder containing azadirachtin and related compounds that inhibit insect growth and feeding. Benkara malabarica is used for preparing protective fencing with stems and leaves around harvested crops to deter herbivores and insects. The fruits of Casearia elliptica and C. tomentosa are crushed and soaked overnight in water, and the filtrate is sprayed on crops as a natural pest repellent. Cassia fistula fruits, when soaked overnight, yield an extract used to control termites, while the bark decoction of Cinnamomum tamala acts as an insect deterrent owing to its aromatic compounds. Cleistanthus collinus and C. patulus are applied uniquely by placing stem pieces in paddy fields to deter pests, reflecting traditional aquatic pest management practices. Curcuma longa employs its rhizome paste or decoction as a pest repellent, whereas Cymbopogon citratus utilizes its stalk and leaf decoction or powder as an effective biopesticide. Datura metel and D. stramonium are used in dried fruit powder or decoction form for controlling insect pests due to their alkaloid content. In a smoke-based approach, dried leaves of Goniothalamus sesquipedalis and Isodon ternifolius are burned, and the smoke diffused into the air to repel pests. Nicotiana tabacum leaf decoction, rich in nicotine, is also sprayed on plants to control pests. Ocimum gratissimum whole plant decoction is used to repel pests, while Pongamia pinnata leaves and seeds, powdered and mixed with cow dung slurry, are applied in paddy fields as a natural pesticide. Shorea robusta resin powder is applied to prevent fungal infestation and Strychnos potatorum leaves are used for preserving grains. Vitex negundo leaves serve dual purposes: preserving paddy and preparing a natural biopesticide when mixed with cow dung slurry (Table 1 & Figure 1). Leaves are more frequently used followed by fruits, stems and so on (Figure 2). These plants represent ecologically sound alternatives to synthetic pesticides, offering biodegradable, non-toxic and cost-effective solutions that integrate traditional knowledge with sustainable agricultural practices.
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Figure 1: Some important plants of India that are used as biopesticides

Table 1: Important plants of India that are used as biopesticides
	Botanical Name
	Family
	Habit
	Plant part Used

	Artemisia nilagirica
	Asteraceae
	Herb
	Leaf decoction sprayed on crops to repel insect pests.

	Azadirachta indica
	Meliaceae
	Tree
	Leaves used as liquid extract, oil or powder for natural biopesticide formulation.

	Benkara malabarica
	Rubiaceae
	Shrub or small tree
	Stems with leaves used for preparing protective fencing around harvested crops to deter herbivores and insects.

	Casearia elliptica
	Salicaceae
	Tree
	Crushed fruits soaked overnight in water; the filtrate sprayed on crops to control pests.

	Casearia tomentosa
	Salicaceae
	Tree
	Crushed fruits soaked overnight in water; the filtrate sprayed on crops to control pests.

	Cassia fistula
	Fabaceae
	Tree
	Mature fruits soaked overnight in water; the extract used to control termites.

	Cinnamomum tamala
	Lauraceae
	Tree
	Bark decoction sprayed on plants to repel insect pests.

	Cleistanthus collinus
	Phyllanthaceae
	Tree
	Stem pieces placed in paddy fields to deter pests.

	Cleistanthus patulus
	Phyllanthaceae
	Tree
	Stem pieces placed in paddy fields to deter pests.

	Curcuma longa
	Zingiberaceae
	Herb
	Rhizome paste or decoction applied to repel pests.

	Cymbopogon citratus
	Poaceae
	Shrub
	Decoction or powder of stalks and leaves sprayed as biopesticide.

	Datura metel
	Solanaceae
	Shrub
	Dried fruit powder or fruit decoction sprayed on crops as biopesticide.

	Datura stramonium
	Solanaceae
	Shrub
	Dried fruit powder or fruit decoction sprayed on crops as biopesticide.

	Goniothalamus sesquipedalis
	Annonaceae
	Shrub or small tree
	Dried leaves burned; smoke diffused to repel pests.

	Isodon ternifolius
	Lamiaceae
	Shrub
	Dried leaves burned; smoke diffused to repel pests.

	Nicotiana tabacum
	Solanaceae
	Herb
	Leaf decoction sprayed on plants to control insect pests.

	Ocimum gratissimum
	Lamiaceae
	Shrub
	Whole plant decoction sprayed on crops to repel pests.

	Pongamia pinnata
	Fabaceae
	Tree
	Leaves and seeds powdered and mixed with cow dung slurry and applied in paddy fields to control pests.

	Shorea robusta
	Dipterocarpaceae
	Tree
	Resin powder applied to prevent fungal infestation.

	Strychnos potatorum
	Loganiaceae
	Tree
	Leaves used for grain preservation.

	Vitex negundo
	Lamiaceae
	Shrub
	Leaves used to preserve paddy; leaf powder mixed with cow dung slurry as natural biopesticide.




Figure 2: Frequency of plant parts used in the traditional way as biopesticides

Works of Other Researchers
Several researchers have comprehensively examined biopesticides as sustainable alternatives to synthetic pesticides, highlighting their ecological, agronomic, and socio-economic relevance. Ayilara et al. (2023) emphasized microbial pesticides, phytopesticides, and emerging nanobiopesticides as effective tools for pest management, noting their specificity, reduced non-target toxicity, and compatibility with sustainable agriculture. Similarly, Kumar et al. (2021) reviewed commonly used biopesticides and underscored their importance in plant protection, while also discussing challenges related to large-scale production, formulation stability, and commercial acceptance. Daraban et al. (2023) provided a comparative assessment of pesticides versus biopesticides, demonstrating that biopesticides generally pose lower risks to environmental and human health, making them preferable for integrated pest management systems. Recent advances highlighted by Tadesse Mawcha et al. (2025) focused on microbial biopesticides, detailing innovations in strain development, formulation technologies, and regulatory pathways that are accelerating their adoption. Souto et al. (2021) explored plant-derived pesticides, outlining their prospects and applications while also addressing challenges such as variability in bioactive compounds and standardization. From a broader environmental justice perspective, Mengistie et al. (2025) linked the adverse impacts of synthetic pesticide use on vulnerable communities, indirectly reinforcing the need for safer alternatives like biopesticides. In addition, Silvie et al. (2021) demonstrated the value of knowledge-based systems in identifying effective botanical extracts for plant health in Sub-Saharan Africa, while Chandler et al. (2011) discussed the development, regulation, and role of biopesticides within integrated pest management frameworks. Collectively, these studies provide strong evidence that biopesticides represent a viable, environmentally sound, and socially responsible approach to modern pest management.Top of FormBottom of Form
FUTURE ASPECTS
The present documentation of forest-derived biopesticidal plants highlights significant opportunities for value addition through scientific validation, technological innovation, and market-oriented development. Although these plants are traditionally used in crude forms such as decoctions, powders, smoke, or plant-based barriers, systematic research can transform these practices into standardized and scalable biopesticide products. Detailed phytochemical profiling and bioassay-guided studies are essential to identify active constituents responsible for pesticidal activity, elucidate their modes of action, and determine optimal concentrations for effective pest control. Such scientific validation will provide a strong foundation for the development of reliable and reproducible formulations suitable for wider agricultural application (Bhardwaj et al., 2021). Value addition in forest-based biopesticides can be achieved through improved extraction methods, formulation technologies, and stabilization processes that enhance efficacy and shelf-life. Advanced techniques such as microencapsulation, nano-emulsification, controlled-release formulations, and synergistic blending of multiple plant extracts can significantly improve the performance of botanical pesticides under field conditions. These innovations address key limitations associated with traditional plant-based pesticides, including rapid degradation, inconsistent potency, and sensitivity to environmental factors such as light, temperature, and rainfall. Formulation research also enables dose optimization, reduces the quantity of raw plant material required, and improves ease of application for farmers (Pattnaik et al., 2021). Commercialization of forest-derived biopesticides requires a multidisciplinary approach integrating ethnobotany, phytochemistry, agronomy, toxicology, and regulatory science. Toxicological evaluations are particularly important to ensure safety for non-target organisms, beneficial insects, livestock, and humans. Establishing standardized quality control parameters, including chemical markers and bioefficacy benchmarks, will be critical for meeting regulatory requirements and gaining market acceptance. In India, alignment with existing frameworks under organic farming initiatives, integrated pest management programs, and agricultural input regulations can facilitate the adoption of plant-based biopesticides at regional and national levels (Faria et al., 2025). The development of forest-based biopesticides also offers considerable scope for entrepreneurship and rural livelihood enhancement. Small-scale processing units, farmer producer organizations, self-help groups, and forest-based enterprises can play a pivotal role in cultivating, collecting, processing, and formulating biopesticidal plants. Such decentralized production models promote local employment, reduce dependency on imported agrochemicals, and strengthen rural economies. Furthermore, integrating biopesticide production with agroforestry systems and sustainable harvesting practices ensures resource conservation while maintaining a steady supply of raw materials (Zada et al., 2019). From a market perspective, the rising demand for organic food, residue-free agricultural produce, and environmentally safe pest management solutions creates favorable conditions for the commercialization of botanical biopesticides. Increasing consumer awareness, government support for natural farming, and global emphasis on sustainable agriculture further enhance market prospects. Forest-derived biopesticides, when supported by scientific evidence and consistent quality, can successfully compete with synthetic pesticides in niche as well as mainstream markets, particularly in organic and high-value crop sectors (Rezaee et al., 2025). Ethical considerations and benefit-sharing mechanisms must remain central to the commercialization process. Since the knowledge of these biopesticidal plants originates from indigenous and local communities, fair recognition, intellectual property protection, and equitable sharing of benefits are essential. Community-based participatory models that involve traditional knowledge holders in research, development, and commercialization not only ensure ethical bioprospecting but also foster long-term sustainability and social acceptance (Tone-Pah-Hote and Redvers et al., 2022). In conclusion, the future of forest-derived biopesticides lies in their transformation from traditional, localized practices into scientifically validated, commercially viable, and environmentally sustainable agricultural inputs. Strategic investment in research and development, supportive policy frameworks, and community-centered commercialization models can unlock the full potential of these bioresources. Such efforts will contribute significantly to sustainable agriculture, biodiversity conservation, and inclusive rural development while reducing reliance on hazardous chemical pesticides.
CONCLUSION
The present study documents a diverse range of forest-derived plant species traditionally used as biopesticides by indigenous and rural communities across selected regions of Odisha, Jharkhand, Bihar, and Manipur. The recorded ethnobotanical knowledge reflects a deep understanding of local ecosystems and demonstrates the effective use of herbs, shrubs, and trees for eco-friendly pest management through practices such as decoctions, powders, smoke fumigation, plant-based barriers, and grain preservation techniques. The predominance of leaf-based applications highlights the sustainability of these practices, as they allow pest control without causing significant harm to the parent plants or forest ecosystems. Beyond their traditional relevance, the documented plant species represent valuable bioresources with strong potential for scientific validation and value addition. Many of these plants are known to contain bioactive secondary metabolites, including alkaloids, terpenoids, phenolics, flavonoids, and essential oils, which underpin their insecticidal, repellent, and antifungal properties. The convergence of traditional knowledge with existing scientific evidence underscores the feasibility of developing standardized, effective, and safe biopesticide formulations from forest plants. Such plant-based alternatives offer a viable solution to the growing challenges associated with synthetic pesticide use, including environmental pollution, pest resistance, and health risks. The value-addition potential of forest-derived biopesticides extends beyond product development to encompass socio-economic and environmental benefits. Scientific processing, formulation improvement, and quality standardization can transform locally used plant materials into market-ready biopesticide products suitable for organic and integrated pest management systems. This transformation creates opportunities for rural entrepreneurship, forest-based livelihoods, and community-led enterprises, while simultaneously promoting biodiversity conservation and sustainable resource use. Ethical bioprospecting and equitable benefit-sharing mechanisms further ensure that indigenous knowledge holders are recognized and actively involved in the commercialization process. In the context of increasing demand for sustainable agricultural inputs, forest-based biopesticides offer significant scope for commercialization at both national and global levels. Supportive policy frameworks, research–industry collaborations, and farmer-centric extension programs can accelerate their adoption and integration into mainstream agriculture. By reducing dependence on hazardous chemical pesticides and promoting nature-based solutions, these biopesticides contribute to environmental resilience, food safety, and climate-smart agricultural practices. Overall, the systematic documentation and value-oriented interpretation presented in this study reinforce the importance of India’s forest biodiversity as a foundation for sustainable pest management innovations. Integrating ethnobotanical wisdom with modern scientific and commercial approaches can play a transformative role in developing eco-friendly, economically viable, and socially inclusive biopesticides. Such efforts are essential for advancing sustainable agriculture, conserving biodiversity, and ensuring long-term agricultural and environmental sustainability.
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