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Insecticidal efficacy of Catharanthus roseus leaf extract against Sitophilus oryzae in stored rice grain

Abstract
The present study evaluated the insecticidal efficacy of Catharanthus roseus leaf powder extract against Sitophilus oryzae and its effect on reducing rice grain weight loss. Mortality and grain damage were assessed at different extract concentrations (1%, 1.5%, 2%, and 2.5%) over various exposure periods. The mortality rate increased progressively with higher concentrations and longer exposure durations. On the first day, mortality ranged from 4.16% at 1% to 22.91% at 2.5% concentration with a significant rise by the 14th day (33.33% at 2.5% Conc.) and reaching the maximum (43.75%) on the 21st day at 2.5% concentration. Similarly, a notable reduction in grain weight loss was observed in all treatments after 21 days of infestation. The highest weight loss was recorded in the control (25.54 ± 1.198%), while the lowest occurred at 2.5% concentration (11.583 ± 0.27%). Treatments with 1%, 1.5%, and 2% extracts showed intermediate reductions (15.836 ± 0.15%, 13.52 ± 0.26%, and 12.666 ± 0.27%, respectively). Overall, the findings indicate that C. roseus powder extract exhibits potent insecticidal activity and effectively minimizes grain loss, suggesting a promising candidate for eco-friendly pest management strategies especially in stored grain protection.	Comment by DR Ahmed Ezzat: 1,1.5,2 and 2.5%	Comment by DR Ahmed Ezzat: 4.16 to 22.91 % mortality at 1 and 2.5% conc.  	Comment by DR Ahmed Ezzat: 1.1.5 and 2%
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Introduction
Rice (Oryza sativa L.), commonly known as paddy rice, is one of the most important staple crops worldwide, serving as a primary dietary component for a large proportion of the global population. It is cultivated in both upland and lowland ecosystems, excluding American wild rice (Zizania palustris L.) (Smithand Dilday, 2002). Particularly in developing countries, rice constitutes a vital component of the daily diet, contributing approximately 20% of the total protein intake and about 27% of the overall energy requirement (Majd-Marani et al., 2023). Its nutritional value is further enriched by the presence of proteins, starch, and essential vitamins such as B1, B3, B6, and E. Additionally, it contains important minerals including phosphorus, potassium, iron, and magnesium, while remaining low in fat and cholesterol (Ertürk et al., 2017). Rice is a rich source of carbohydrates, contributing up to 80% of its composition, and serves as an important source of energy. It is also light on the stomach and easily digestible, making it a staple food for a large section of the population (Ogban et al., 2022). The quality of rice depends on various factors such as milling, appearance, cooking characteristics, and nutritional value. However, consumers are generally more concerned with its visual appeal and cooking performance (He et al., 1999). To maintain the quality and edibility of rice, it must be properly dried and stored under suitable conditions, like other grains. Additionally, careful protection from pest infestation is essential (Ertürk et al., 2017).Rice is yielded in over 95 countries globally, with India produces about 26% of it (19). Rice is an edible starchy grain derived from a grass plant belonging to the Poaceae family. The ideal storage temperature for preserving grains like rice is 40°F or below, which helps maintain their quality and prevents contamination. Rice is also regarded as one of the major sources of livelihood and income for rural populations (Ogban et al., 2022). Stored product insects are responsible for significant post-harvest losses, estimated at around 9% in developed countries and over 20% in developing countries. In India, these losses amount to approximately 12–16 million metric tons of food grains annually (Mehta and Kumar, 2020).
Among stored grain pests, the rice weevil, Sitophilus oryzae (L.) (Coleoptera: Curculionidae), is recognized as the most predominant and destructive pest (Radhakrishnan et al., 2025). It causes substantial quantitative and qualitative losses in stored rice and represents a serious economic threat to food security in India (Cao et al., 2024; Choudhury and Chakraborty, 2014; Mehta and Kumar, 2020). Under normal storage conditions, Sitophilus oryzae can cause grain losses ranging from 10% to 65%, and if the grains are stored for prolonged periods without proper monitoring, the losses may increase to as high as 80% (Gupta and Gupta, 2024). Infestations of S. oryzae elevate the temperature and moisture content of stored grains, thereby creating favourable conditions for the development of secondary insect pests and pathogenic microorganisms. This chain reaction exacerbates the extent of damage and, in the absence of timely and effective management strategies, may ultimately result in complete spoilage of stored grains (Hardman, 1977; Longstaff, 1981; Okram & Hath, 2019). 
Plant-derived products hold considerable potential in addressing the challenges posed by storage insect pests. Botanical pesticides are increasingly being recognized as promising alternatives to synthetic chemicals and as integral components of integrated pest management (IPM) programs due to their proven insecticidal efficacy, biodegradability, and photo stability. A wide range of botanicals have demonstrated effectiveness against various pests, particularly insects, (Chayengia et al., 2010) and among them, Catharanthus roseus has been well documented for its bioactive properties. Analysis of C. Roseus leaf extract through biochemical tests and UV TLC Profiling showed the presence of bioactive compounds (Gupta and Gupta, 2025). Thus, the following study was carried out to test the insecticidal efficacy of C. Roseus leaf extract against S. oryzae in stored rice.
Materials and methods
The present study was conducted under laboratory conditions in the Department of Zoology, R.B.S. College, Dr. Bhimrao Rao Ambedkar University, Agra.
Preparation of Powder Extract: Fresh leaves of Catharanthus roseus were collected and rinsed with running water 2-3 times and then with distilled water, shade-dried for 7–10 days and powdered using an electric grinder. The powder was sieved and stored in airtight containers.
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Figure 1-: a. Catharanthus roseus dry leaf, b. Powder of dry leaf of C. roseus
Rearing of test Insect: For maintaining the laboratory culture, adult Sitophilus oryzae were collected from infested rice grains and transferred into plastic jars half-filled with rice. The mouths of the jars were covered with muslin cloth to allow aeration while preventing insect escape.
Bioassay
Effects of Catharanthus roseus leaf powder on the mortality of Sitophilus oryzae and weight loss in rice grain were studied.
30 gm rice grain was mixed with four concentrations of plant powder 1%, 1.5%, 2%, and 2.5% (w/w = weight of powder/weight of rice) in the jar and mixed thoroughly by manual agitation to ensure a homogeneous distribution. Control treatments were carried out without powder extract. After treatments, 8 pairs of adult S. oryzae were introduced into both treated and untreated rice grains, kept in glass jars covered with muslin cloth, and maintained at controlled temperature and relative humidity. The treatments were replicated three times and the experimental design for mortality test and weight loss was completely randomized design. The number of dead adults was recorded at 1-, 3-, 7-, 14-, and 21-days post-exposure.	Comment by DR Ahmed Ezzat: 1,1.5,2 and 2.5%	Comment by DR Ahmed Ezzat: 1,3,7,14 and 21 days

Data on the percentage of adult weevil will be corrected using Abbott’s (1925) formula. 

At the end of the 21 days, weight loss was calculated as the difference between the final and initial weights of treated or untreated rice grain, corrected for changes in moisture content, and expressed as a percentage of the initial weight of rice grains. The following equation was used: (Devi et al., 2014). 

Statistical analysis
The data obtained were subjected to statistical analysis and the result was committed as mean ± standard deviation (SD). The data were subjected to statistical analysis applying one way ANOVA at value p<0.05 followed by Tukey’s Post Hoc test with p≤0.05 was used.
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Figure 2-: Showing bioassay experiments with different concentration of powder extract of C. roseus leaf
Results 
Effect of powder extract on the mortality of S. oryzae
The effect of powder extract of Catharanthus roseus on the mortality of Sitophilus oryzae is presented in Table 1. The mortality rate indicated a gradual increase in response to both extended exposure duration and higher concentrations of the extract. On the first day, mortality ranged from 4.166% at 1% concentration to 22.916% at 2.5% concentration. On the 3rd and 7th day, mortality values were slightly higher ranged from 14.583 to 25% and from 16.666 to 27.083%, respectively. By the 14th day, a significant increase in mortality was recorded, with the highest value (33.33%) observed at 2.5% concentration. On the 21st day, the maximum mortality (43.75%) was observed at 2.5% concentration, followed by 41.666% at 2% concentration, while the lowest mortality (25%) was recorded at 1% concentration. 
Weight loss of rice grains mixed with powder extract by S. oryzae
The effect of Catharanthus roseus powder extract on the weight loss of rice grains caused by Sitophilus oryzae after 21 days is presented in Table 2. A notable reduction in grain weight loss was observed in all treatments compared to the control. The highest weight loss was recorded in the untreated control (25.54 ± 1.198%); while the lowest was observed in rice treated with 2.5% extract (11.583 ± 0.27%). Among the treatments, 1% extract caused 15.836 ± 0.15% weight loss, followed by 13.52 ± 0.26% at 1.5% concentration and 12.666 ± 0.27% at 2% concentration. The above results confirmed that increasing concentrations of the extract effectively minimised grain weight loss.



Table – 1 :  Effect of powder extract of Catharanthus roseus on the mortality of Sitophilus oryzae on rice	Comment by DR Ahmed Ezzat: (1):
	S. no.
	Days after exposure
	Mean % mortality of powder extract (w/w)	Comment by DR Ahmed Ezzat: Mean % mortality at concentrations (%)

	F value
	P value

	
	
	1
	1.5
	2
	2.5
	
	

	1
	1
	4.166±3.608a
	12.5±6.25 ab
	10.416±3.608a
	22.916±3.608b
	9.333
	0.005

	2
	3
	14.583±3.608 a
	16.666±3.608 a
	20.833±3.608a
	25±6.25 a
	3.277
	0.079

	3
	7
	16.666±3.608 a
	20.833±3.608 a
	22.916±3.608a
	27.083±7.216a
	2.476
	0.135

	4
	14
	20.833±3.608 a
	22.916±3.608 a
	29.166±3.60ab
	33.333±3.608b
	7.583
	0.01

	5	Comment by DR Ahmed Ezzat: Delete the column
	21
	25±6.25 a
	27.083±3.608 a
	41.666±3.608b
	43.75±6.25b
	10.833
	0.003



Note: The values of % mortality after correction of control mortality represent the mean ± SD of triplet experiments. Statistical analysis through one way ANOVA at value p<0.05 followed by Tukey’s Post Hoc test with p≤0.05 was used. The means with different alphabets are significantly different with each other as indicated by Tukey’s Post Hoc test (row by row analysis) at alpha = 0.05. 




Figure – 3:  Effect of powder extract of Catharanthus roseus on the mortality of Sitophilus oryzae on rice

Table – 2:  Effect of powder extract of Catharanthus roseus on the weight loss in rice caused by Sitophilus oryzae after 21 days
	S. no.
	Mean % weight loss in control
	Mean % weight loss in rice at the concentrations (%)

	F value

	
	
	1
	1.5
	2
	2.5
	

	1	Comment by DR Ahmed Ezzat: Delete the column
	25.54±1.198a
	15.836±0.15b
	13.52±0.26c
	12.666±0.27cd
	11.583±0.27d
	285.467



Note: The values of % weight loss in rice represent the mean ± SD of triplet experiments. Statistical analysis through one way ANOVA at value p<0.05 followed by Tukey’s Post Hoc test with p≤0.05 was used. The means with different alphabets are significantly different with each other as indicated by Tukey’s Post Hoc test (row by row analysis) at alpha = 0.05. 
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Figure – 4 :  Effect of powder extract of Catharanthus roseus on the weight loss in rice caused by Sitophilus oryzae after 21 days
Discussion
The present study exhibited that the powder extract of Catharanthus roseus possesses notable insecticidal activity against Sitophilus oryzae. Mortality increased in a dose- and time-dependent manner, indicating the aggregated toxic effects of the plant’s bioactive compounds. The higher mortality recorded at 2.5% concentration suggests that secondary metabolites such as alkaloids, terpenoids, tannins and phenolic compounds may interfere with the insect’s development and metabolism, ultimately leading to death. Similar findings have been reported for other botanical extracts exhibiting strong insecticidal and repellent properties against stored grain pests (Mostafa et al., 2023 and Fabrick et al., 2020).
In addition, a significant decline in grain weight loss was observed across all treatments, supporting the protective efficacy of C. roseus extract in minimizing storage damage. This effect may be associated to the repellent actions of its phytochemicals, which limit feeding and reproduction of S. oryzae. 
Comparable outcomes have been documented for several botanicals. Pongamia pinnata leaf powder caused 13.33 percent mortality of rice weevil (Kuldipake et al., 2016). While Ageratum conyzoides achieved 96.7% mortality, 12.61% grain damage and only 1.75% weight loss (Mehta and Kumar, 2020). Similarly, Adhathoda vasica, Lantana camara, Vitex negundo and Catharanthus roseus extracts resulted In 53.83% mortality with reduced seed damage (Soujanya et al., 2016). Najafabadi et al. (2014), observed high mortality with Mentha, Datura and Neem extracts and Rani et al., (2019), reported 100% mortality using sweet flag rhizome extract. Moreover, Govindan and Nelson (2009), noted that V. negundo cost 99.1% mortality with a concurrent reduction in grain damage and weight loss.
The gradual increase in mortality and corresponding decline in weight loss imply a cumulative toxic and deterrent effect of the plant compounds. Such effects make C. roseus a promising candidate for eco-friendly pest management strategies, especially in stored grain protection, where the use of synthetic pesticides often leads to residue problems, resistance, and environmental contamination.
Conclusion
Overall, the results indicate that Catharanthus roseus powder extract exhibits both insecticidal and protective efficacy against Sitophilus oryzae. Mortality of the pest increased gradually with longer exposure time and progressive extract concentrations, while grain weight loss was notably reduced across all treatments compared to the control. The 2.5% extract concentration was found to be the most effective, causing the highest mortality and the least weight loss after 21 days. These results emphasize the potential of C. roseus as a natural, safe, and sustainable alternative to synthetic insecticides for the protection of stored rice grains against weevil infestation. Additional research on optimized extract formulations, the underlying mode of action, and field-level applications will be important to confirm its practical utility in integrated pest management (IPM) programs. 
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