



Dose-Dependent Biopesticidal Activity of Annona squamosa Against Sitophilus oryzae in Stored Sorghum Grain


	
Abstract 
This study aimed to evaluate the dose-dependent biopesticidal activity of Annona squamosa seed extract against Sitophilus oryzae (rice weevil) in stored Sorghum grains under laboratory conditions. The experiment was conducted for a total duration of 45 days, during which the efficacy of three concentrations (5 g, 10 g, and 15 g per kg of grains) was assessed. Insect mortality was recorded at regular intervals throughout the 45-day experimental period. Results showed a clear dose and time-dependent response: The highest dose (15 g) achieved 100% mortality by day 10, the intermediate dose (10 g) by day 15, and the lowest dose (5 g) by day 15. There was no mortality seen in the untreated control. The results demonstrate that the extracts used are highly effective against insects and can serve as an eco-friendly alternative to synthetic pesticides. The replacement of synthetic chemical pesticides with plant-based alternatives is significant in reducing toxic residues, minimizing environmental contamination and promoting safer and sustainable grain storage practices. Annona squamosa extract was found to be significantly effective against the rice weevil and the study supports the integration of Annona squamosa into storage pest management strategies, contributing to reduced chemical residues, enhanced grain safety, and greater agricultural sustainability.
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Introduction 
Millets are widely cultivated in tropical and semi-arid regions worldwide due to their ability to grow under low rainfall and poor soil conditions, high temperature, and poor soil fertility (Kumar et al., 2018). Among millets, Sorghum (Sorghum bicolor L. Moench) is one of the most important and extensively cultivated cereals worldwide (Taylor & Emmambux, 2020). Sorghum is a staple food for over 500 million people in approximately 30 countries across Africa and Asia (FAO, 2021). In these regions, more than 90% of Sorghum production is used for human consumption, while in the United States, it is mainly used for animal feed and ethanol production (Awika, 2017). The sorghum grain is edible, very nutritious and it can be consumed by humans in many ways, such as raw when young and milky, boiled or ground into fine flour when it has matured. Sorghum grain contains many different types of nutritious components, such as approx 72% of carbohydrates and including 7% of dietary fibre, 11% protein, 3% fat, and 12% water. In a reference amount of 100 grams of sorghum grain supplies energy content of 79 calories and is rich in B vitamins and several dietary minerals (New York: Skyhorse Publishing, 2009). 
India is the world's second-largest producer of Sorghum (Directorate of Economics and Statistics, 2022). It is primarily grown in states such as Rajasthan, Maharashtra, Madhya Pradesh, Andhra Pradesh, Uttar Pradesh, and Karnataka. Sorghum grains are used as food, while the stems and leaves are utilized as animal fodder and also used to produce beverages and biofuel, making it an important food crop in rural areas (Rao et al., 2019). It is a nutritionally rich cereal crop containing substantial amounts of carbohydrates, proteins, fats, and calcium, along with smaller quantities of iron and vitamins. It possesses comparatively high levels of iron, zinc, phosphorus, and B-complex vitamins, contributing to its nutritional importance (Devi et al., 2014). Sorghum is also an excellent source of dietary fibre, approximately 6-10 % (Kostik et.al. 2013, Joshi et.al. 2023), which supports digestive health. In particular, red-grained Sorghum varieties contain tannins with strong antioxidant properties that help protect cells from oxidative damage, a major factor associated with aging and various diseases (Taylor et al., 2014). Due to its low glycaemic index and nutritional benefits, Sorghum is commonly recommended for individuals suffering from diabetes and hypertension. Furthermore, Sorghum is a drought-tolerant, high-energy crop with wide adaptability and multiple uses, making it one of the most essential crops for sustainable agriculture and human survival. Sorghum grain damage during storage is a serious problem, primarily caused by insect pests such as Sitophilus oryzae and Rhyzopertha dominica, which are recognized as major primary storage insects. These pests inflict considerable quantitative losses by feeding within whole grains, resulting in a marked decrease in grain weight and volume. Their infestation also leads to qualitative degradation by reducing nutritional quality, seed viability, and overall market value (Tripathi et al., 2001). 
Stored grain pests are generally controlled using synthetic chemical pesticides because they act quickly and kill insects effectively. However, the continuous and improper use of these chemicals has created many serious problems. Chemical pesticides leave harmful residues in stored grains, which can be dangerous for human health when consumed. Over time, insects also develop resistance to these chemicals, making pest control less effective (Pimentel, 2005; Isman, 2020). In addition, chemical pesticides harm beneficial and non-target organisms and cause pollution of soil and water.
Another major problem is that chemical pesticides are expensive and not easily available to small and marginal farmers. They also require careful handling and proper storage to avoid health risks. Due to growing awareness of environmental safety and strict regulations on pesticide use, reliance on chemical control methods is decreasing. Therefore, there is an increasing need for safe, affordable, and environmentally friendly alternatives, such as natural biopesticides, for the effective and sustainable protection of stored grains.
Natural biopesticides derived from plants provide an effective and eco-friendly option for pest management. Annona squamosa is a well-known indigenous plant whose seeds contain bioactive compounds, especially acetogenins, which possess strong insecticidal properties. These compounds interfere with the feeding, growth, and survival of stored grain insects, thereby reducing infestation (Champagne et al., 1992).
The use of Annona squamosa as a biopesticide offers several advantages. It is biodegradable and does not leave harmful chemical residues in stored grains, making it safe for human consumption. It is environmentally friendly and causes minimal harm to non-target organisms, including beneficial insects. Annona squamosa is easily available and cost-effective, making it suitable for small and marginal farmers. Additionally, it can be integrated with other pest management practices, helping to reduce dependence on synthetic pesticides and promoting sustainable and safe grain storage systems.

MATERIALS AND METHODS
Collection of Plant Material
Healthy, mature, and undamaged seeds of Annona squamosa were collected from the campus of Chandra Shekhar Azad University of Agriculture and Technology (CSA), Kanpur, Uttar Pradesh. 
Preparation of Seed Powder
The collected seeds were meticulously washed with normal tap water and then followed by distilled water for the removal of adhered dust particles or scums. After that these seeds were shade-dried at room temperature for 7–10 days until they were totally. The dried seeds were then pulverized into a fine powder form with the help of an electric grinder. The powder was stored in air-tight containers to protect it from moisture, at room temperature, for further experimental use.
Test Insect
Freshly emerged adults of Sitophilus oryzae (rice weevil) were used as test insects for the bioassay experiment. 
Experimental Procedure
Clean and uninfested Sorghum grains were selected and examined carefully to ensure the absence of any prior infestation. Sorghum grains were weighed using an electronic balance, and exactly 100g of them were placed separately in properly labelled plastic containers.
The grains were treated with Annona squamosa seed powder at three different concentrations, namely 5 g, 10 g, and 15 g per 100 g of grain. The required quantity of seed powder was added to the grains and mixed thoroughly by gentle shaking. An untreated Sorghum grain control was maintained under the same experimental conditions for comparison.
After treatment, the grains were allowed to equilibrate for 24 hours. Subsequently, fifteen pairs (15 males and 15 females) of freshly emerged adult Sitophilus oryzae were introduced into each experimental and control container. The containers were covered with fine muslin cloth and secured with rubber bands to allow proper aeration.
All experimental setups were maintained under laboratory conditions throughout the experimental period.
Observation
Observations on adult insect mortality after integration of different concentrations of the Annona squamosa (custard apple) seed extract were recorded at regular intervals of 5 days up to a total duration of 45 days. The experiment was maintained under controlled laboratory conditions of temperature and relative humidity. Dead insects were counted and removed from the containers at each observation to prevent secondary effects. Percentage mortality was calculated for each treatment to assess the dose-dependent biopesticidal activity of Annona squamosa seed powder.
Result and Discussion
In this experiment, Annona squamosa (custard apple) seed powder exhibited significant dose-dependent pesticidal activity against Sitophilus oryzae infesting stored Sorghum grain. At the lowest dose 5gm per 100 g of grains, insect mortality was recorded 6.66 % on the 5th day, 16.67% on the 10th day, and 53.33% on the 15th day. Mortality increased progressively with exposure time; however, no further increase was observed beyond the 15th day. The untreated control showed no mortality throughout the experimental period, confirming that insect death was solely due to the treatment. At the lowest concentration (5 g per 100 g of grain), the LD₅₀ value of Annona squamosa was achieved on the 14th day (Table 1, Fig. 1). At the intermediate concentration (10 g per 100 g of grain), insect mortality was recorded as 13.33% on the 5th day, 26.67% on the 10th day, and 60% on the 15th day. No further increase in mortality was observed after the 15th day. The LD₅₀ value at this dose was reached on the 13th day (Table 1.1(A), Fig. 2). At the highest concentration (15 g per 100 g of grain), mortality reached 40% on the 5th day and 56.66% on the 10th day. Similar to the other treatments, no additional mortality was observed with prolonged exposure. The LD₅₀ value at this concentration was achieved earlier, on the 8th day (Table 1.1 (B), Fig. 3). These results clearly indicate that increasing the concentration of Annona squamosa seed powder reduced the time required to achieve 50% mortality, demonstrating a strong dose-dependent toxic effect.
Table1: Effect of botanical extracts of Annona squamosa (custard apple) on the mortality percent of Sitophilus oryzae (rice weevil).
	   Days

Dose
	5
	10
	15
	20
	25
	30
	35
	40
	45

	5gm
	2
	5
	16
	00
	00
	00
	00
	00
	00

	10gm
	4
	8
	18
	00
	00
	00
	00
	00
	00

	15gm
	12
	16
	00
	00
	00
	00
	00
	00
	00

	Control 
	00
	00
	00
	00
	00
	00
	00
	00
	00


Figures in parentheses are transformed values

[bookmark: _GoBack]Table 1.1 (A): Mortality percentage of Sitophilus oryzae (rice weevil) after treatment with 5 g of Annona squamosa.
	Days

	5
	10
	15
	20
	25
	30
	35
	40
	45

	Mortality 
	2
	5
	16
	00
	00
	00
	00
	00
	00

	Mortality %
	6.66%
	16.67%
	53.33%
	00
	00
	00
	00
	00
	00

	Control 
	00
	00
	00
	00
	00
	00
	00
	00
	00


Figures in parentheses are transformed values

Fig 1: Mortality percentage after treatment with 5 g of Annona squamosa
Table 1.1 (B): Mortality percentage of Sitophilus oryzae (rice weevil) after treatment with 10 g of Annona squamosa
	Days

	5
	10
	15
	20
	25
	30
	35
	40
	45

	Mortality 
	4
	8
	18
	00
	00
	00
	00
	00
	00

	Mortality %
	13.33%
	26.67%
	60 %
	00
	00
	00
	00
	00
	00

	Control 
	00
	00
	00
	00
	00
	00
	00
	00
	00


Figures in parentheses are transformed values
Fig 2: Mortality percentage after treatment with 10 gm of Annona squamosa
Table 1.1 (C): Mortality percentage of Sitophilus oryzae after treatment with 15 g of Annona squamosa.
	Days

	5
	10
	15
	20
	25
	30
	35
	40
	45

	Mortality 
	12
	17
	00
	00
	00
	00
	00
	00
	00

	Mortality %
	40.0%
	56.66%
	00
	00
	00
	00
	00
	00
	00

	Control 
	00
	00
	00
	00
	00
	00
	00
	00
	00


Figures in parentheses are transformed value

Fig 3: Mortality percentage after treatment with 15 gm of Annona squamosa

These findings suggest that Annona squamosa is an eco-friendly botanical pesticide and possesses significant potential in the management of harmful stored grain pests. The results of this study indicate clearly that the pesticidal activity of Annona squamosa seed powder against Sitophilus oryzae (rice weevil) is both dose-dependent and time-dependent. The progressive increase in mortality with increasing exposure period may be attributed to the gradual toxic action of bioactive compounds such as acetogenins, which are known to interfere with the nervous system of the insect pest, its feeding behaviour, and the functioning of their metabolic processes. The reduction in LD₅₀ time with increasing dose suggests that higher concentrations enhance the rate of toxicity, resulting in faster mortality.
The stabilization of mortality after a certain period, with no further increase despite prolonged exposure, may be due to the elimination of susceptible individuals in the population, leaving behind more tolerant or resistant insects. This pattern is commonly observed in botanical pesticides, which exhibit a slower but sustained mode of action compared to synthetic chemicals. The absence of mortality in the control confirms that insect death was exclusively due to the treatment and not influenced by environmental conditions.
Compared to conventional chemical pesticides, Annona squamosa seed powder offers several advantages, including biodegradability, reduced risk of toxic residues, and lower environmental impact. Therefore, the present findings support the potential use of Annona squamosa as an eco-friendly botanical pesticide for the sustainable management of stored grain pests. The present findings align with recent studies showing that plant-based biopesticides are effective alternatives for managing stored grain pests (Rajashekar et al 2025). Laboratory evaluations of botanicals, including Annona squamosa, Azadirachta indica and other plant powders, have demonstrated significant toxicity against Sitophilus oryzae, though the rate of mortality differs with concentration and exposure period (Harisudan et al., 2025). Neem leaf powder and other botanical powders have also shown considerable effectiveness in reducing rice weevil infestation and grain damage (Hasan et al., 2024).
Conclusion: 
[bookmark: _Hlk198031404]The present study concludes that Annona squamosa (custard apple) seed powder exhibits significant dose- and time-dependent pesticidal activity against Sitophilus oryzae (rice weevil) infesting stored Sorghum grains. Insect mortality increased with increasing concentration and exposure period, with a clear reduction in LD₅₀ time at higher doses. The lowest dose (5 g/100 g grain) achieved LD₅₀ on the 14th day, whereas the intermediate (10 g/100 g) and highest dose (15 g/100 g) reached LD₅₀ on the 13th and 8th days, respectively, indicating enhanced toxicity at higher concentrations. The absence of mortality in the control confirms that the observed effects were solely due to the treatment. These findings suggest that Annona squamosa seed powder has strong potential as an effective, eco-friendly, and sustainable botanical alternative to synthetic pesticides for the management of stored grain pests. Annona squamosa (custard apple) seed extract was found to be significantly effective against the rice weevil and the study supports the integration of Annona squamosa into storage pest management strategies to control the pest population and prevent the grain from damage, contributing to reduced chemical residues, enhanced grain safety, and greater agricultural sustainability.
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Dose  Response against  5 gm 


Morality %	[VALUE]
[VALUE]
[VALUE]


5	10	15	20	25	30	35	40	45	6.6600000000000006E-2	0.16669999999999999	0.5333	Days


Mortality %




Dose Response against 10 gm 

Mortality	[VALUE]
[VALUE]
[VALUE]

5	10	15	20	25	30	35	40	45	0.1333	0.26669999999999999	0.6	Days


Mortality %




Dose  Response against  15 gm 


Mortality%	[VALUE]

[VALUE]

5	10	15	20	25	30	35	40	45	0.4	0.56659999999999999	Days


Mortality%







