


Botanical Pesticides: Sustainable Solutions for Eco-Friendly Pest Management


ABSTRACT
Rice is of vital importance in India, serving as both a staple food and a key contributor to the nation's economy. This study evaluates the pesticidal efficacy of Syzygium cumini and Enicostemma hyssopifolium powders in controlling Sitophilus oryzae infestations in post-harvest rice. It focuses on their effectiveness in reducing pest populations, minimizing grain damage, and preserving rice quality, while promoting sustainable pest management practices in post-harvest storage. The great efficacy of both plants Syzygium cumini and Enicostemma hyssopifolium in controlling Sitophilus oryzae infestations in stored rice. They showed significantly reduced grain loss, with the 15 g dose being the most effective. For Syzygium cumini, the 5 g, 10 g, and 15 g doses resulted in 20.91%, 16.34%, and 9.63% losses, respectively, while Enicostemma hyssopifolium showed 21.96%, 18.98%, and 9.84% losses for the same doses. The control group, with no treatment, experienced a 23.07% loss. These results highlight the potential of both plants as eco-friendly alternatives to chemical pesticides, reducing pest damage while avoiding the environmental harm, health risks, and pesticide resistance associated with synthetic chemicals. By supporting sustainable pest management, these botanical pesticides contribute to preserving rice quality, food security, and environmental health.  As such, the study demonstrates that botanical pesticides are not only a viable and effective solution but also the best method for eco-friendly pest control in rice storage.
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1. INTRODUCTION
Rice holds immense importance in India, both as a staple food and as a contributor to the nation's economy. It feeds over 70% of the population, particularly in southern, eastern, and northeastern regions, serving as the primary source of carbohydrates and energy. Nutritionally, rice also provides protein, essential micronutrients, and fortified varieties help combat malnutrition. It is integral to Indian cuisine, with dishes like biryani, idli, dosa, and pulao showcasing its versatility. Economically, rice is a key pillar of India’s GDP, as the country is the second-largest producer and exporter globally. Its cultivation sustains millions of farmers and laborers, while government initiatives like the Public Distribution System (PDS) ensure food security for the poor. Thus, rice is indispensable not only for its nutritional value but also for its role in sustaining livelihoods and bolstering the Indian economy. Rice stored in warehouses or granaries is highly susceptible to damage by pests, leading to significant losses in quality and quantity. Common pests like the Sitophilus oryzae (rice weevil), Tribolium castaneum (red flour beetle), and Rhyzopertha dominica (lesser grain borer) infest stored grains, feeding on the kernels and reducing their nutritional value. These pests lay eggs inside the grains, with larvae consuming the endosperm, causing hollow grains, weight loss, and contamination. Infestation also leads to heat and moisture buildup, promoting fungal growth and mycotoxin production, which further deteriorates rice quality. Poor storage practices, such as inadequate sealing, high humidity, and fluctuating temperatures, exacerbate pest proliferation, emphasizing the need for proper storage conditions and pest management to protect rice stocks. Sitophilus oryzae, or the rice weevil, is a small beetle and a major pest of stored grains like rice, wheat, and maize. Females lay eggs inside grains, where larvae feed and develop, causing internal damage, weight loss, and contamination. Thriving in warm, humid conditions, these pests reproduce rapidly, making infestations a serious issue in poorly managed storage. Proper control methods like fumigation, airtight storage, and monitoring are vital to prevent losses. To control the pest hemical pesticides can harm health, causing poisoning and long-term illnesses, while contaminating soil and water. They disrupt ecosystems by killing beneficial organisms and promoting pest resistance, making them less effective over time. Sustainable alternatives like integrated pest management are safer options. Botanical pesticides are eco-friendly, derived from natural plant sources, making them biodegradable and less toxic to non-target organisms like humans, animals, and beneficial insects. They do not persist in the environment, reducing soil and water contamination. Additionally, botanical pesticides often target specific pests, minimizing harm to ecosystems and biodiversity. They are less likely to cause pest resistance compared to synthetic chemicals, supporting sustainable and integrated pest management practices. Syzygium cumini and Enicostemma hyssopifolium are two plants known for their pesticidal properties. Extracts from the seeds, leaves, and bark of Syzygium cumini possess insecticidal, antifungal, and antimicrobial effects, helping control pests such as mosquitoes, flies, and termites. The plant's active compounds, including tannins, flavonoids, and alkaloids, contribute to its effectiveness. Similarly, Enicostemma hyssopifolium, with its bioactive components like alkaloids and saponins, shows insect-repellent and toxic effects, particularly against pests like aphids, weevils, and caterpillars. Both plants offer eco-friendly, sustainable alternatives to chemical pesticides, reducing environmental harm while controlling pest populations. In this study controlling Sitophilus oryzae infestations in stored rice, powders from Syzygium cumini and Enicostemma hyssopifolium are evaluated for their pesticidal efficacy. The study focused on assessing the effectiveness of these botanical pesticides in reducing pest populations, minimizing grain damage, and preserving the quality of stored rice, while also exploring their potential for promoting sustainable pest management practices in post-harvest storage.


2. MATERIAL AND METHOD
The study was carried out in the Department of Zoology, A.N.D.N.N.M. MAHAVIDYALAYA, KANPUR [UP, INDIA]. Kanpur is situated in central plains of Ganga-Yamuna at the latitude 26º27 ״ 29 ׳ North and longitude 80º20 ״ 00 ׳ East. 
2.1. Protectants collection and preparation
Syzygium cumini seeds and Enicostemma hyssopifolium leaves were collected and then identified. After the identification, the roots and seeds were properly washed and dried in air under the room temperature. After it, the dried roots and leaves were ground and the powder was made ready to use.
Table 1 :  Plant-based grain protectants and their application doses
	S.N. 
	Protectant 
	Common name 
	Parts used
	Sources from 
	Dose 
	Process of use 

	1 
	Synzygium cuminii 

	Jamun 
	Root 
	Jamun plant
	5g/100g
	Thoroughly mixed with grains.

	
	
	
	
	
	10g/100g
	

	
	
	
	
	
	15g/100g
	

	2 
	Enicostemma hyssopifolium 

	Chota Chirayta 
	Seeds
	Chota  Chirayta plant
	5g/100g
	Thoroughly mixed with grains.

	
	
	
	
	
	10g/100g
	

	
	
	
	
	
	15g/100g
	




2.2. Rice grains collection and preparation

Variety taken- Oryza sativa var. Sona Masoori
Whole and un-infested rice grains were collected from the cereal market, Kanpur.  After the collection the grains were heat sterilized to kill any hidden infesting stage and disinfected seeds were weighed using digital balance and then stored in cool and dried place for further work.
2.3. Assessment of physical characters of Oryza sativa var. Sona Masoori
Before being stored in airtight jars, the grains were sun-dried to prevent mold growth caused by environmental moisture or humidity. For the experiment, only fully intact and uninfected grains were chosen.

2.4. Grain moisture content and its removal 
The Silva method was employed to measure the grain's moisture content. The grains were placed in pre-weighed crucibles and then dried in a hot air oven at 105°C until a constant weight was achieved. The moisture content was determined by calculating the difference between the initial weight and the dried weight.

2.5.  Grain weight
Initially, 100 grams of fresh grains were weigh measured and recorded. This measurement was repeated every 7 days over the period of experiment.

2.6. Removal of hidden infestation
Infestation by fungi, insects, and other organisms was eliminated by heat sterilizing the grain at 60-70°C for 15-20 minutes. 
2.7. Insect Rearing
Mass rearing was conducted under controlled laboratory conditions with a temperature of 30±2°C and relative humidity of 65±5%. For the experiment, 250 grams of sterilized, healthy rice grains were placed in a 500 ml glass container. 50 adult pairs (male to female ratio 1:1) were introduced. The container was covered with muslin cloth secured with a rubber band to ensure proper aeration. The culture was periodically examined with care throughout the study. Newly emerged insects were considered the new generation for further research.

2.8. Evaluation of Weight Loss and Grain Damage
To assess the impact of Sitophilus oryzae infestation, five pairs of freshly emerged male and female adults were introduced into jars containing 100 grams of each rice variety. The experiment was conducted under controlled conditions with three replicates. After 90 days, the grains were separated from dust, insects, and their developmental stages. The difference between the initial and final grain weights was calculated to determine weight loss. Furthermore, the percentage of grains damaged during the infestation was also recorded.
Weight loss (%) = (weight loss of grains / total weight of grains) × 100



2.9. Statistical analysis
Data collected from the laboratory experiments were statistically analyzed. Statistical design was Complete Randomized Design (CRD). Tabulated data was transformed into percentages (%) and analyzed. Final tables and graph were prepared using Microsoft Office Excel.


3. EXPERIMENTAL FINDING
	S.N.
	Treatment
	Parts used
	Doses
	WEIGHT OF GRAINS BEFORE INFESTATION [in gm.]
	WEIGHT OF GRAINS AFTER INFESTATION
	% AGE LOSS OF WEIGHT IN GRAINS

	T1
	Synzygium cuminii 

	Seed 
	5 gm.
	100
	79.09
	20.91

	
	
	
	10 gm.
	100
	83.66
	16.34

	
	
	
	15 gm.
	100
	90.37
	9.63

	T2
	Enicostemma hyssopifolium 

	Leaf 
	5 gm.
	100
	78.04
	21.96

	
	
	
	10 gm.
	100
	81.02
	18.98

	
	
	
	15 gm.
	100
	90.16
	9.84

	--
	CONTROL
	--
	00
	100
	76.93
	23.07



Table 2 : Effect of plant protectants on grain weight loss due to infestation

Table 3 : Bioefficacy of plant extracts against pest life stages
	S.N.
	Parameters
	Dose
	Synzygium cuminii 

	Enicostemma hyssopifolium 


	1
	Ovicidal activity
	5 gm.
	25 %
	20 %

	
	
	10 gm.
	35 %
	30 %

	
	
	15 gm.
	75 %
	55 %

	2
	Larvicidal activity
	5 gm.
	20 %
	25 %

	
	
	10 gm.
	45 %
	30 %

	
	
	15 gm.
	90 %
	65 %

	3
	Contact toxicity
	5 gm.
	20 %
	10 %

	
	
	10 gm.
	45 %
	20 %

	
	
	15 gm.
	75 %
	35 %

	4
	Repellency
	5 gm.
	05 %
	10 %

	
	
	10 gm.
	10 %
	25 %

	
	
	15 gm.
	40%
	35 %






4. RESULTS AND DISCUSSION
The results of the study on the efficacy of Syzygium cumini and Enicostemma hyssopifolium in controlling Sitophilus oryzae infestations in stored rice showed varying levels of effectiveness. For Syzygium cumini, the 5 g dose resulted in a 20.91% loss, the 10 g dose caused a 16.34% loss, and the 15 g dose led to a 9.63% loss. Similarly, Enicostemma hyssopifolium at a 5 g dose showed a 21.96% loss, the 10 g dose resulted in an 18.98% loss, and the 15 g dose caused a 9.84% loss. The control experiment, which did not use any botanical treatment, showed a 23.07% loss. The 15 g dose of both plants was found to be the most effective, resulting in the lowest percentage of loss, highlighting their potential as natural, eco-friendly alternatives to chemical pesticides in pest management. The results of the study strongly support the use of Syzygium cumini and Enicostemma hyssopifolium as eco-friendly alternatives to chemical pesticides for controlling Sitophilus oryzae infestations in stored rice. Both plants demonstrated significant efficacy in reducing the damage caused by rice weevils, with the 15 g dose proving to be the most effective in minimizing losses. The findings highlight the environmental benefits of using these natural alternatives. Unlike chemical pesticides, which can lead to soil and water contamination, pesticide resistance, and harm to beneficial organisms, botanical pesticides are biodegradable and target specific pests, thereby minimizing ecological disruption. Furthermore, using Syzygium cumini and Enicostemma hyssopifolium reduces the need for synthetic chemicals that pose health risks to humans and animals, making them safer for both farmers and consumers. This approach also promotes sustainability in agriculture, aligning with the growing need for sustainable pest management practices. By effectively controlling pest populations without the adverse environmental impact of chemical pesticides, these plant-based solutions offer a promising method for preserving rice quality, supporting food security, and safeguarding the environment. The results of the study on the efficacy of Syzygium cumini and Enicostemma hyssopifolium in controlling Sitophilus oryzae infestations in stored rice showed varying levels of effectiveness. For Syzygium cumini, the 5 g dose resulted in a 20.91% loss, the 10 g dose caused a 16.34% loss, and the 15 g dose led to a 9.63% loss. Similarly, Enicostemma hyssopifolium at a 5 g dose showed a 21.96% loss, the 10 g dose resulted in an 18.98% loss, and the 15 g dose caused a 9.84% loss. The control experiment, which did not use any botanical treatment, showed a 23.07% loss. The bioefficacy of Syzygium cuminii and Enicostemma hyssopifolium was assessed against different parameters at varying doses of 5 g, 10 g, and 15 g. In terms of ovicidal activity, Syzygium cuminii showed a progressive increase from 25% at 5 g to 75% at 15 g, while Enicostemma hyssopifolium exhibited comparatively lower activity, ranging from 20% to 55%. A similar trend was observed in larvicidal activity, where Syzygium cuminii displayed 20% mortality at 5 g and reached up to 90% at 15 g, whereas Enicostemma hyssopifolium ranged between 25% and 65%. For contact toxicity, Syzygium cuminii again proved more effective, increasing from 20% at 5 g to 75% at 15 g, while Enicostemma hyssopifolium showed only 10% to 35% activity across the same doses. In contrast, repellency results indicated that Enicostemma hyssopifolium exhibited relatively higher effectiveness at lower doses (10% at 5 g and 25% at 10 g) compared to Syzygium cuminii (5% and 10%, respectively). However, at 15 g, Syzygium cuminii showed slightly higher repellency (40%) than Enicostemma hyssopifolium (35%). Overall, the findings suggest that Syzygium cuminii demonstrated stronger ovicidal, larvicidal, and contact toxicity effects, whereas Enicostemma hyssopifolium exhibited comparatively better repellency at lower concentrations.  The 15 g dose of both plants was found to be the most effective, resulting in the lowest percentage of loss, highlighting their potential as natural, eco-friendly alternatives to chemical pesticides in pest management. The results of the study strongly support the use of Syzygium cumini and Enicostemma hyssopifolium as eco-friendly alternatives to chemical pesticides for controlling Sitophilus oryzae infestations in stored rice. Both plants demonstrated significant efficacy in reducing the damage caused by rice weevils, with the 15 g dose proving to be the most effective in minimizing losses. The findings highlight the environmental benefits of using these natural alternatives. Unlike chemical pesticides, which can lead to soil and water contamination, pesticide resistance, and harm to beneficial organisms, botanical pesticides are biodegradable and target specific pests, thereby minimizing ecological disruption. Furthermore, using Syzygium cumini and Enicostemma hyssopifolium reduces the need for synthetic chemicals that pose health risks to humans and animals, making them safer for both farmers and consumers. This approach also promotes sustainability in agriculture, aligning with the growing need for sustainable pest management practices. By effectively controlling pest populations without the adverse environmental impact of chemical pesticides, these plant-based solutions offer a promising method for preserving rice quality, supporting food security, and safeguarding the environment. The present research holds significant importance in the field of sustainable agriculture and post-harvest management. Stored grain pests such as Sitophilus oryzae are among the most destructive agents responsible for considerable quantitative and qualitative losses in rice, one of the world’s staple food crops. Conventional control methods largely rely on synthetic pesticides; however, their long-term use poses critical challenges, including the development of insecticide resistance, residual toxicity in food grains, contamination of soil and water, and harmful effects on human and animal health. In this context, exploring eco-friendly, biodegradable, and effective alternatives is both urgent and essential. The study highlights the potential of Syzygium cumini and Enicostemma hyssopifolium as plant-based bio-pesticides with significant ovicidal, larvicidal, contact toxicity, and repellency effects. Their ability to reduce grain losses at varying doses, with maximum effectiveness at 15 g, indicates their practical applicability in stored grain protection. Unlike synthetic chemicals, these botanicals are renewable, biodegradable, and pose minimal ecological risks, making them a safe alternative for farmers, consumers, and the environment. Furthermore, this research contributes to food security by identifying natural strategies to reduce post-harvest losses, which is crucial in countries where rice is a dietary staple. Adoption of such plant-based pest control methods can reduce dependency on chemical pesticides, promote sustainable farming practices, and support global initiatives to achieve environmentally responsible agricultural production. In essence, the importance of this research lies in its dual contribution: offering an effective method for managing Sitophilus oryzae infestations while simultaneously addressing environmental and health concerns associated with chemical pesticides. The findings pave the way for integrating botanical pesticides into Integrated Pest Management (IPM) programs, ensuring safer storage, healthier food systems, and long-term agricultural sustainability.
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Fig1: Ovicidal, Larvicidal activity, contact toxicity and repellency of protectants in Sona Masoori rice

Synzygium cuminii 	Ovicidal activity	Larvicidal activity	Contact toxicity	Repellency	0.75	0.9	0.75	0.4	Enicostemma hyssopifolium 

	Ovicidal activity	Larvicidal activity	Contact toxicity	Repellency	0.55000000000000004	0.65	0.35	0.35	



Fig 2:. Effect of plant protectants on weight loss due to damage caused by Sitophilus oryzae in Sona Masoori rice in 90 days.

WEIGHT OF GRAINS BEFORE INFESTATION 	Syzygium cumini 	Enicostemma hyssopifolium 	CONTROL	150	150	150	WEIGHT OF GRAINS AFTER INFESTATION	Syzygium cumini 	Enicostemma hyssopifolium 	CONTROL	90.37	90.16	76.930000000000007	% AGE LOSS OF WEIGHT IN GRAINS	Syzygium cumini 	Enicostemma hyssopifolium 	CONTROL	9.6300000000000008	9.84	23.07	






