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A REVIEW STUDY ON BIO POWDER FOR EFFECTIVE CONTROL AGAINST STORAGE PEST IN RICE (Oryza sativa)


  ABSTRACT:
Rice feeds nearly half of the global population as a staple food crop worldwide. However, rice is susceptible to various forms of deterioration during storage. Parboiled rice is relatively more resistant to spoilage, whereas non-parboiled rice deteriorates easily due to the presence of fat and its susceptibility to oxidative rancidity. One of the major challenges associated with rice is storage. Every year, about 30–50% of the total paddy production is stored by farmers, during which losses caused by storage pests pose a serious threat to rice quality and food security. To address this issue, organic methods using different plant extracts can effectively help control storage pests. Bio-powder is a plant-based formulation prepared from neem leaves (Azadirachta indica), tulsi (Ocimum sanctum), notchi (Vitex negundo), garlic bulbs (Allium sativum), and chilli fruits (Capsicum annuum). These botanicals were selected for their well-known insecticidal, repellent, and antifeedant properties. Although many studies are available on individual biorepellents derived from these plants, research on their combined use is still limited. Therefore, this review aims to create awareness among the scientific and farming communities about controlling storage pests in rice using naturally occurring plant products in the form of bio-powder.
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INTRODUCTION:
Rice (Oryza sativa L.) is one of the most important cereal crops in the world and serves as the primary staple food for nearly half of the global population. It plays a vital role in ensuring food security, supporting rural livelihoods, and contributing significantly to agricultural economies, particularly in Asia. According to the USDA (2026), the global rice cultivation area for 2024/25 is projected at about 165–167 million hectares, with an average yield of roughly 4.7 metric tons per hectare, resulting in a total production of approximately 527 million metric tons.India is one of the largest rice producer and it produces in 512.67 lakh hectares with the production of 1501.84 lakh tonnes, with average productivity of 2929 kg ha-1. However around 12-16 million tones of rice was affected by storage pests (kumara et al., 2023). Further, stored rice is highly susceptible to damage from insect pests like rice weevils and grain borers, resulting in significant quantitative and qualitative losses. To minimize these losses chemicals are used in modern days but the excessive use of synthetic chemical pesticides has raised concerns about food safety, environmental pollution, pest resistance, and human health risks. In response, botanical biorepellents offer a safe, eco-friendly, and sustainable alternative for stored grain protection (Kedia et al., 2015; Adimas et al., 2024). This article explores the potential uses of natural plant-based powders derived from neem, tulsi, notchi, garlic, and chilli as effective biorepellents against stored rice pests and their insect-repellent, antifeedant, and antimicrobial properties.
Notchicontains bioactive compounds like flavonoids, terpenoids, and phenolic acids, which contribute to its insecticidal and repellent properties (Kumar et al., 2018).Studies have shown that Notchi extracts and powders can effectively repel storage pests like rice weevils and grain borers (Senthil Nathan et al., 2008). Reduce pest infestation and damage to stored grains (Raja et al., 2015). It also protects grains from fungal growth and mycotoxin contamination..Rajeswari and srinivasan, 2019 reported that Leaf powder of notchi (Vitexnegundo) caused about 90% mortality of rice weevil (Sitophilus oryzae) and arrested further multiplication, improving seed storability. At higher concentrations, acetone leaf extract of V. negundo produced up to 65% mortality after 10 days, confirming its insecticidal potential against stored-grain pests (Deshmukhand Shinde, 2023).
Neem contains bioactive compounds like azadirachtin, nimbin, and nimbidin, which contribute to its insecticidal and repellent properties (Kumar et al., 2018).Studies have shown that neem extracts and powders can effectively interfere with insect growth and development.Neem’s bioactive compounds can disrupt insect development and reproduction, leading to population decline (Mordue & Blackwell, 1993) and disrupt insect feeding behavior. Neem’s compounds can alter insect feeding behavior, reducing damage to crops and grains (Isman, 2006).Hasan et al., 2024 concluded that neem leaf powder @ 5% reduces the grain weight loss from 20% (untreated) to 0.14% and also this treatment showed the highest adult mortality with lowest emergence. Leaf powder of A. indica achieved 100% mortality at concentrations ≥25 mg within 14 days, indicating strong entomocidal activity against Sitophilus oryzae (Dukare and Darvekar, 2025).
Tulsi, also known as Holy Basil , it contains Eugenol: a phenolic compound with insecticidal and antimicrobial properties (Kumar et al., 2010). It also contains Linalool: a monoterpene and Ursolic acid: a triterpenoid with antimicrobial and insecticidal properties (Prakash et al., 2012; Senthil Nathan et al., 2005). These combinations are highly suppress the storage pest even at lower concentrations. Several studies also reported that Tulsi (Ocimum sanctum) and ethyl acetate leaf extract at 5% caused about 83.33% mortality within 72 hours and nearly 90% mortality after 15 days against rice weevil, indicating strong insecticidal activity. The study also identified eugenol (59.72%) as the major bioactive compound responsible for the pesticidal effect of tulsi leaf extract (Anandhabhairaviet al., 2023).
Chilli fruits contain several bioactive phytochemicals such as Capsaicin, Dihydrocapsaicin, Carotenoids (capsanthin, capsorubin), Flavonoids & Phenolics. Among these Capsaicin is mainly responsible for the insecticidal property (Ahmed and Khan, 2023). Several earlier workers also reported that increasing the dose of capsicum significantly reduced the lifespan of storage insects, confirming a clear dose-dependent toxic effect (Bah et al., 2024). Ibrahima Bahet al., (2024) concluded that capsicum chinense powder applied at doses of 5, 10, 15, and 20 g per 100 kg of maize caused mortality rates of 75%, 80%, 90%, and 100%, respectively, against Sitophilus zeamais after two weeks, demonstrating strong insecticidal activity. 
Garlic contains sulfur compounds like allicin, which have insecticidal properties that can help control rice weevil populations.These insecticidal properties was evidencly proved by Khanal ., (2021) and recorded about 73.34% rice weevil mortality when applied at 20 g/kg of garlic in rice. Overall, results confirm that garlic possesses significant contact, fumigant, and repellent activity and can be integrated into eco-friendly management strategies for stored-grain insects (Kanimozhiet al., 2023).
Considering the proven insecticidal and antimicrobial properties of plant-based bio powders (Notchi, Neem, Tulasi, chili and garlic) their use has gained attention as a sustainable alternative to synthetic pesticides. The combined application of different bio powders may enhance effectiveness through synergistic action, thereby reducing rice infestation by storage pests and minimizing post-harvest losses. Botanical protectants are biodegradable, safer to handle, and less likely to cause resistance in insects, making them suitable for long-term grain storage. In addition, these plant extracts help maintain grain quality while lowering environmental and health risks associated with chemical fumigants. This review aims to provide valuable insights for researchers and the farming community on the potential of naturally occurring plant extracts for effective and eco-friendly management of storage pests in rice.
NOTCHI INSECTICIDAL AND ANTIMICROBIAL PROPERTIES
Vitex negundo is widely distributed throughout tropical and subtropical regions of Asia, particularly in India, Sri Lanka, Pakistan, Bangladesh, and Southeast Asia. It commonly grows in wastelands, riverbanks, forest margins, and open grasslands up to about 1500 m altitude (Kirtikar and Basu, 1999). The plant prefers well-drained soils and warm climates, making it abundant in rural landscapes across the Indian subcontinent .
The leaves and essential oil of Vitex negundo contain several bioactive compounds such as sabinene, viridiflorol, β-caryophyllene, and 1,8-cineole, which contribute to its medicinal and pesticidal properties. Flavonoids, alkaloids, tannins, and phenolic compounds are also present and are known for antioxidant and antimicrobial activities (Sahareet and Padalia 2008).
Table1. Major phytochemical constituents of Vitexnegundo leaves
	Sl. No
	Phytochemical compound
	Content (%)
	References

	1. 
	Sabinene
	2.8–40.8%
	Padaliaet al., 2008

	2. 
	Viridiflorol
	10.7–23.8%
	Padaliaet al., 2008

	3. 
	β-caryophyllene
	5.3–21.4%
	Padaliaet al., 2008

	4. 
	1,8-cineole
	4–8%
	Padaliaet al., 2008

	5. 
	Caryophyllene oxide
	1–3%
	Sahare K.N. et al., 2008

	6. 
	Flavonoids, tannins, phenolics
	Present in significant amounts
	Sahareet al., 2008



Several studies proved their beneficial contents with their insecticidal property. A hexane extract study reported 92.3% mortality in bean weevil (Callosobruchus maculatus) and 74.6% mortality in maize weevil (Sitophilus zeamais) at a concentration of 10 g/100 ml, indicating strong bioactivity against storage pests (Radha, 2016). Further, methanol leaf extract at 0.125 g/ml significantly reduced the lengths of the germarium, vitellarium, and ovariole in rice weevil, leading to decreased fecundity and suppressed pest population growth (Nithiyagowry and Thulashi, 2023). Chowdhury et al., (2011) isolated two compounds from the leaves showed toxicity and achieved 100% repellency against three strains of Tribolium castaneum, which indicated the strong repellent capability. In larvicidal bioassays, V. negundo leaf extract caused 86.36% mortality at 400 ppm with LC50 and LC90 values of 217.06 ppm and 404.32 ppm, respectively, demonstrating concentration-dependent activity (Maheshwariet al., 2023).
NEEM INSECTICIDAL AND ANTIMICROBIAL PROPERTIES
Azadirachta indica is a sacred tree widely grown across most regions of Tamil Nadu. Due to its significant medicinal properties, our ancestors revered the neem tree as divine and cultivated it in various soil types without intensive management practices. In addition to its well-known therapeutic benefits, neem also possesses strong pesticidal properties, making it highly valuable for controlling the storage pests. Neem (Azadirachta indica) is native to the Indian subcontinent and is widely distributed across India, Pakistan, Bangladesh, and Myanmar, thriving in tropical and semi-arid climates up to about 700 m altitude (Kirtikar and Basu, 1999). It grows well in well-drained sandy to clay soils and is extensively cultivated in states such as Tamil Nadu, Karnataka, Uttar Pradesh, and Rajasthan due to its adaptability and drought tolerance (Chopra 1956) Agbo1, A. I. Nta and M. O. Ajaba)
Table 2-Major phytochemical constituents of neem leaves
	Sl. No
	Phytochemical compound
	Contents
	References

	1. 
	Azadirachtin
	0.2–0.6% in seed kernels; principal insecticidal compound
	Schmutterer H., 1990

	2. 
	Nimbin
	Major bitter principle with antimicrobial activity
	Schmutterer, 1990

	3. 
	Salannin
	Strong insect repellent
	Schmutterer, 1990

	4. 
	Quercetin
	Antioxidant and antimicrobial flavonoid
	Biswas K. et al., 2002

	5. 
	Tannins and phenolics
	Contribute to antifungal and protective properties
	Biswas et al., 2002


Supriya and Alpana (2024) demonstrated the strong dose-dependent toxicity of neem leaf extract, reporting that mortality of rice weevil (Sitophilus oryzae) increased from 35% at 25 mg/mL to 82.1% at 100 mg/mL. Similarly, Rakibul . (2024) concluded that the application of neem leaf powder at 5% reduced grain weight loss from 20% in untreated samples to 0.14%, indicating excellent protection of stored grains. Furthermore, neem treatments produced about 90% mortality of rice weevils and effectively prevented their further multiplication during storage (Rajeswari and Srinivasan, 2019). Hence, neem leaf extract is a potential biopesticide against storage pests and helps protect food grains during storage. These findings are in conformity with earlier studies of Jubilate and Idrissiet  (2024) they also reported contrasting results, showing that botanical mixtures containing neem leaf powder resulted in lower mortality of Sitophilus zeamais compared to the mortality recorded in untreated grains.
TULSI INSECTICIDAL AND ANTIMICROBIAL PROPERTIES
Tulsi is one of the most commonly grown plants around temples and households due to its well-known medicinal value. It is usually cultivated without intensive management practices in homes and religious places. Although the planting density is generally low, the crop can grow in a wide range of soils and adapts well to diverse environmental conditions. People primarily recognize tulsi for its ability to relieve cough and respiratory ailments; however, it also possesses notable pesticidal properties. This pesticidal activity is mainly attributed to its high eugenol content, which exhibits strong antimicrobial and insecticidal effects.  Tulsi (Ocimum tenuiflorum syn. Ocimum sanctum) is native to the Indian subcontinent and is widely cultivated across tropical and subtropical regions of India, commonly found in household gardens and temple surroundings due to its medicinal and cultural importance (Moura L M, de Oliveira J L, Barbosa F G O, 2021).The plant thrives in well-drained soils under warm climatic conditions and is extensively distributed in states such as Uttar Pradesh, Bihar, West Bengal, Karnataka, and Tamil Nadu (Kirtikarand Basu., 1999).
Table 3-Major phytochemical constituents of tulasi leaves
	Sl. No
	Phytochemical compound
	Contents
	References

	1. 
	Eugenol
	40–70%; major insecticidal and antimicrobial compound
	Prakash P. and Gupta N., 2005

	2. 
	Methyl eugenol
	Strong attractant and bioactive phenylpropanoid
	Prakash and Gupta, 2005

	3. 
	Linalool
	Repellent and antifungal activity
	Prakash and Gupta, 2005

	4. 
	Ursolic acid
	Anti-inflammatory and antimicrobial
	Pattanayak P. et al., 2010

	5. 
	Rosmarinic acid
	Antioxidant and protective phenolic compound
	Pattanayaket al., 2010


Earlier research by Anandhabhairaviet al. (2023) reported that eugenol (59.72%) is the dominant compound in tulsi responsible for toxicity and repellency against storage pestsKhalil A., Rahman U., Khan M., Sahar A., Mehmood T., and Khana M.2017. The study concluded that ethyl acetate tulasi leaf extract at 5% caused 83.33% mortality within 72 hours and nearly 90% mortality after 15 days against rice weevil, indicating strong insecticidal activity. Tulsi oil also possesses antimicrobial and pesticidal properties, spraying it at 0.1% in stored rice effectively repelled Tribolium castaneum. Further, fumigation with tulsi essential oil significantly reduced adult emergence and feeding damage, confirming its usefulness in post-harvest pest management .
CHILLI INSECTICIDAL AND ANTIMICROBIAL PROPERTIES
Chilli (Capsicum annuum L.) is an important spice crop believed to have originated in Central and South America and later introduced to India by Portuguese traders during the 16th century. It is now widely cultivated across tropical and subtropical regions, with major production in states such as Andhra Pradesh, Telangana, Karnataka, Maharashtra, and Tamil Nadu due to favorable warm climatic conditions (Boslandand Votava, 2012). Chilli is one of the major cultivated crops in India because of its significance as a condiment in daily diets, primarily valued for imparting pungency and flavor to food. Beyond its culinary importance, chilli possesses notable pesticidal properties as it is rich in bioactive compounds such as capsaicin, dihydrocapsaicin, and flavonoids, which contribute to antimicrobial and insecticidal activities (Pruthi, 2003). In traditional agriculture, chilli was widely used as a key ingredient in organic pesticides. However, its role gradually declined with the increased adoption of synthetic chemicals. Consequently, the pesticidal potential of chilli has largely been overlooked by both scientific and farming communities. The excessive reliance on inorganic pesticides has led to several environmental and health concerns, thereby prompting renewed interest in plant-based alternatives.
Table 4-Major phytochemical constituents of chilli
	Sl. No
	Phytochemical compound
	Contents
	References

	1. 
	Capsaicin
	0.1–1.0%; principal compound responsible for pungency and insecticidal activity
	Pruthi, 2003

	2. 
	Dihydrocapsaicin
	30–40% of total capsaicinoids; contributes to toxicity against insects
	Pruthi, 2003

	3. 
	Capsaicinoids (total)
	About 0.3–1.5%; associated with antimicrobial and pesticidal effects
	Govindarajan, 1986

	4. 
	Flavonoids
	Present in significant amounts; provide antioxidant and protective functions
	Govindarajan, 1986

	5. 
	Carotenoids (capsanthin, capsorubin)
	0.1–0.5%; natural pigments with antioxidant activity
	Govindarajan, 1986

	6. 
	Essential oils
	Trace amounts; contribute to antimicrobial properties
	Pruthi, 2003


Earlier research by Ibrahima. (2024) reported that chilli powder (Capsicum chinense) applied at doses of 5, 10, 15, and 20 g per 100 kg of grain caused mortality rates of 75%, 80%, 90%, and 100%, respectively, against Sitophilus zeamais, indicating strong dose-dependent insecticidal activity. Another study by Rakesh et al. (2024) found that 5% chilli powder as a powder application showed significant repellency against rice weevils within 24 hours. These findings suggest that chilli can serve as an effective botanical protectant for stored grains by reducing infestation and limiting pest multiplication.
GARLIC INSECTICIDAL AND ANTIMICROBIAL PROPERTIES
Garlic (Allium sativum L.) is one of the most important condiments used in Indian foods for its distinct flavor and pungency. Traditionally, garlic has been widely utilized in agriculture as a natural pesticide due to its strong antimicrobial and insecticidal properties. However, its usage declined with the intensification of chemical based farming practices. In recent years, concerns over the adverse effects of inorganic pesticides on human health and soil quality have renewed interest in botanical alternatives such as garlic. Garlic is believed to have originated in Central Asia and is now extensively cultivated in India, particularly in Madhya Pradesh, Gujarat, Uttar Pradesh, Rajasthan, and Tamil Nadu under cool and dry climatic conditions (Brewster, 2008). The pesticidal activity of garlic is mainly attributed to sulfur-containing compounds such as allicin, diallyl disulfide, and diallyltrisulfide, along with flavonoids and phenolic compounds that exhibit strong antimicrobial and insect-repellent effects (Block, 2010).
Table 5-Major phytochemical constituents of garlic
	Sl. No
	Phytochemical compound
	Contents
	References

	1. 
	Allicin
	65–80% 
	Block, 2010

	2. 
	Diallyl disulfide
	20–25%
	Block, 2010

	3. 
	Diallyltrisulfide
	10–15% 
	Block, 2010

	4. 
	Ajoene
	0.1–0.4%
	Block, 2010

	5. 
	Total organosulfur compounds
	1–3% 
	Lawson, 1996

	6. 
	Flavonoids
	0.2–0.5%
	Lawson, 1996

	7. 
	Saponins
	0.1–0.3%
	Lawson, 1996




Nadia Z. Dimetry, S.S.Ibrahim, Hala M. Metwally and H.El-Behery(2017) reported that application of garlic essential oil to cowpea through fumigation under laboratory condition produces the toxicity to cowpea beetle (Callosobruchus maculatus) and results show that 100% mortality within 72 hours, highlighting its rapid insecticidal action. Another study by Gawadet (2020) found that garlic oil was the most toxic among several essential oils tested against the granary weevil (Sitophilus granarius), showing a clear dose mortality relationship and high toxicity even at lower concentrations. Additionally, Park et al. (2017) demonstrated that garlic essential oil caused up to 90% mortality in different life stages of the mealworm beetle
 (Tenebrio molitor) within 48 hours, again confirming its broad spectrum effectiveness against stored-product insects.
CONCLUSION:
Several earlier studies have demonstrated the individual effectiveness of these bio-extracts. However their combined effects remain largely unexplored, and research in this area is still limited. In conclusion, this study suggests that a botanical formulation consisting of neem, notchi, tulsi, garlic, and chilli powders can provide comprehensive protection against rice storage pests through a synergistic combination of repellent and insecticidal actions. Future research is needed to evaluate the combination effect of these extracts, particularly when mixed and formulated as sachets, which may prove more effective than individual applications. Moreover, these bio-powders offer a superior alternative to synthetic pesticides, as they are eco-friendly, cost-effective, and leave the final product free from hazardous chemical residues. Consequently, this sustainable biopesticide strategy represents a practical and scalable solution for post-harvest management, addressing the critical need for safe and environmentally responsible food storage practices in modern agriculture. 
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