


Original Research Article
Host susceptibility and infestation potential of Sitophilus oryzae L. on indigenous rice varieties of Assam

ABSTRACT
Sitophilus oryzae L., commonly known as the rice weevil, is a primary post-harvest pest of rice that causes significant quantitative and qualitative losses in stored rice each year. This study evaluated the host susceptibility and infestation potential of the insect on five indigenous rice varieties of Assam, namely Black Rice, Brown Rice, Joha Rice, Bora Rice, and Aijung Rice. These indigenous rice varieties differ in grain morphology, texture, and pigmentation. Damage progression was monitored continuously for 180 days following the initial infestation, with assessments conducted at regular intervals to capture the effects of overlapping insect generations. Kaplan–Meier survival analysis was used to estimate the time taken by each variety to reach a defined damage threshold, while the Kruskal–Wallis test was used to evaluate differences in damage progression among the selected rice varieties. The results showed statistically significant differences in resistance among the varieties (H = 11.73, df = 4, P = 0.0194). Black Rice and Brown Rice exhibited the greatest resistance, followed by Aijung Rice, which was moderately resistant; Joha Rice was susceptible, and Bora Rice was the most susceptible. The findings suggest that grain hardness, pericarp density, and biochemical composition may contribute to differential susceptibility. These findings may facilitate the selection of resistant indigenous varieties and enhance the effectiveness and sustainability of integrated stored-grain pest management strategies.
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1. INTRODUCTION
Rice (Oryza sativa L.) serves as a dietary staple for more than half of the global population and provides the single largest source of dietary energy for billions of people across Asia, Sub-Saharan Africa, and Latin America. In Asia alone, rice contributes between 50 and 80% of the total daily calorie intake of rural communities (Muthayya et al., 2014). Rice cultivation constitutes a significant component of rural livelihoods and agricultural economies. The National Food Security Act (NFSA) of India allocates rice as a primary component of subsidised food for the country’s most economically vulnerable citizens, thereby cementing its role not only as a dietary staple but also as part of the nation’s social safety net.
Northeast India, comprising Assam, Manipur, Meghalaya, Nagaland, Tripura, Mizoram, Sikkim, and Arunachal Pradesh, is home to a diverse range of indigenous rice varieties. Many of these rice varieties are cultivated through traditional farming practices that are deeply woven into the cultural, ritual, and dietary fabric of local communities (Choudhury et al., 2013). Aromatic varieties such as Joha rice, glutinous varieties such as Bora rice, and nutritionally rich pigmented varieties such as Black Rice are unique to the region. The conservation and sustainable management of these indigenous varieties are therefore matters of both cultural heritage and agricultural science.
Despite the high agricultural productivity of rice, a substantial proportion of harvested rice never reaches consumers. These losses occur because of insect infestations and other natural factors. Insects infest rice under both pre- and post-harvest conditions. Post-harvest losses represent one of the most significant and preventable causes of food insecurity globally. Grain storage losses have been estimated to account for up to 50% of the total harvest in some regions, resulting in annual global losses of several billion dollars (Suleiman & Rosentrater, 2022). Globally, insect-related post-harvest losses account for up to 30% of the total harvested grain, with losses tending towards the higher end of this range in tropical and subtropical regions, where warm and humid conditions favour rapid pest development (Doherty et al., 2023). In India, post-harvest losses of food grains have been estimated at approximately 14 million tonnes per year, valued at Rs. 7,000 crore, with insect pests alone responsible for annual losses worth Rs. 1,300 crore (Tamil Nadu Agricultural University, n.d.). The quantity of food wasted has been estimated to be sufficient to feed at least 50 million people (Kumar & Kalita, 2017).
The losses caused by pest infestations are not merely quantitative. Insect infestation of stored grain causes both direct and indirect damage. Direct damage occurs when adults feed on rice grains. The biology of Sitophilus oryzae also contributes to grain damage. During oviposition, adult females bore holes in the grains and lay eggs inside them. The holes are then sealed with chemical secretions. The larvae emerge and develop within the grains. As each larva grows, it feeds on the grain and subsequently emerges as an adult. Adult and larval feeding reduces grain weight, lowers nutritional value, destroys germination potential, and decreases the market value of the product. Indirect damage arises from the contamination of grain with insect frass, cast skins, metabolic heat, and moisture. These conditions create a microenvironment that is highly favourable for the development of secondary fungal infections, thereby further degrading grain quality and often rendering entire harvests unmarketable (Hagstrum & Athanassiou, 2019; Dhaliwal et al., 2010).
Studies have shown that rice varieties possess diverse physical and chemical characteristics. These differences significantly influence the extent to which rice varieties support the growth, reproduction, and damaging activity of stored-grain insects. Grain hardness, pericarp thickness, amylose-to-amylopectin ratio, moisture content, protein composition, and the presence of various secondary metabolites and pigments may influence the ease with which an adult female can bore into a grain for oviposition, the rate at which larvae develop within the grain, and the rate of population build-up over time (Abedi et al., 2024; Doherty et al., 2023; Juliano, 1981).
Several studies have documented differences in the susceptibility of rice varieties to S. oryzae (Subedi et al., 2009). Chekol (2025), working with Ethiopian varieties, demonstrated that polished rice was consistently the most susceptible form across all the varieties tested, supporting the highest levels of progeny production and grain damage, whereas brown and paddy forms showed markedly lower susceptibility. Marsadi and Yuliadhi (2025) reported that red and black rice attracted greater numbers of S. oryzae adults and sustained higher population growth rates than white rice, suggesting a role for pigmentation-associated phytochemicals in modulating pest performance.
Recent life-table evidence confirms that rice cultivars and breeding lines can differ markedly in immature survival, developmental time, fecundity, grain loss, and population growth of S. oryzae (Majd-Marani et al., 2023). Cultivar-dependent population responses have also been associated with differences in the insect's digestive and detoxification enzyme activities (Zhang et al., 2023). Adult S. oryzae additionally shows differential olfactory responses to volatiles from distinct rice cultivars, indicating that varietal effects can influence host selection before feeding and oviposition (Cao et al., 2024). Studies of botanical compounds and formulations have reported insecticidal and repellent activity against S. oryzae, suggesting that such measures may complement, rather than replace, varietal resistance within integrated stored-grain pest management (Mohammed & Nasr, 2020; Afo et al., 2022).
The northeastern region of India is particularly rich in rice diversity. Varieties such as Joha rice (an aromatic short-grain rice characteristic of Assam), Bora rice (a glutinous variety high in amylopectin), Aijung rice (a local variety with high amylose content and a firm texture), Black Rice (a pigmented variety rich in anthocyanins), and Brown Rice (an unmilled variety that retains the bran layer) possess distinct physical and nutritional profiles that may influence their susceptibility to Sitophilus oryzae infestation (Deka & Sit, 2025). Despite the cultural and agricultural importance of these varieties, rice is routinely stored in traditional and often rudimentary facilities in the region. However, comparative evidence on the long-term infestation trajectories of these five indigenous Assamese rice varieties under uniform storage conditions remains limited, particularly across multiple overlapping generations of S. oryzae. This study therefore aimed to systematically compare their susceptibility to Sitophilus oryzae over an extended storage period to support the development of more integrated stored-grain pest management strategies.

2. METHODOLOGY
2.1. Insect Rearing
The insect species used in the study was Sitophilus oryzae, commonly known as the rice weevil. It is one of the most economically significant primary storage pests of rice. The rearing of S. oryzae was carried out in accordance with the protocols established by Okram and Hath (2019) and Kundu et al. (2018), with minor adaptations to suit local laboratory conditions.
Adult insects were maintained in rectangular plastic containers, each measuring 19 cm × 12.5 cm. The containers were selected for their smooth interior walls, which minimised the risk of insect injury and facilitated monitoring. Each container was filled with 300 g of rice, into which 30 adult insects were released for rearing. Each container was securely covered with a double layer of muslin cloth, which served the dual purpose of preventing insect escape while allowing sufficient airflow into the rearing unit. The muslin covers were firmly fastened around the rims of the containers with rubber bands to prevent displacement during routine handling.
All rearing containers were maintained under ambient laboratory conditions, with temperatures fluctuating between 32°C and 38°C and relative humidity ranging from 60% to 85%. No artificial lighting cycle was imposed, and the insects were maintained under natural ambient light conditions. Before the commencement of the experiment, a uniform age cohort of adult insects was established to minimise developmental variation. Freshly emerged adults were collected to initiate the experimental colonies (Lu et al., 2024).
2.2 Experimental rice varieties
Five locally cultivated rice varieties, namely Black Rice (V1), Brown Rice (V2), Joha Rice (V3), Bora Rice (V4), and Aijung Rice (V5), were selected as host substrates to assess the influence of varietal characteristics on the life-cycle parameters and population growth of S. oryzae. The selection of the varieties was guided by their agricultural significance and cultural importance in the region. Differences in grain morphology, texture, and pigmentation may influence host suitability for stored-grain insects.
2.3. Infestation and damage assessments
A fixed number of 30 freshly emerged adult S. oryzae were introduced into each container holding a weighed quantity of each rice variety. Separate containers were used for each variety to prevent cross-contamination, and each treatment was replicated to account for biological variability. The experiment was conducted simultaneously across all five varieties to ensure uniform environmental exposure. The insects were allowed to feed, mate, and oviposit freely within the containers throughout the observation period.
Post-infestation grain damage was evaluated using the combined methodology described by Utono (2013) and Harris and Lindblad (1978). Damage assessments were conducted at regular, predetermined intervals over a continuous 180-day observation period, beginning on the date of the initial infestation. This extended monitoring period was selected to capture the complete trajectory of damage progression, including the cumulative effects of multiple overlapping generations of S. oryzae.
At each assessment point, the extent of grain damage was quantified using a standardised damage rating scale ranging from 0 to 5 (Table 1). Damaged grains were identified by the characteristic emergence holes bored by developing larvae, the partial or complete hollowing of the endosperm, and the presence of frass. These ratings provided a consistent, reproducible, and comparable measure of damage severity across all five varieties over time.
Table 1: Standardized rating scale for assessment of damage.
	Sl. No.
	Damage Observed
	Score

	1
	No visible damage; grains intact
	0

	2
	Very slight damage; less than 5% of grains visibly affected
	1

	3
	Light damage; 5–25% of grains showing signs of feeding or boring. Insect holes observed
	2

	4
	Moderate damage; 26–50% of grains damaged. Insect holes, frass, moth webs noted.
	3

	5
	Heavy damage; 51–75% of grains visibly deteriorated. Insect holes, frass, moth webs present. Change in colour.
	4

	6
	Severe damage; more than 75% of grains damaged or destroyed. Change in color and distinct odour observed.
	5



2.4. Statistical Analysis
All damage-rating data collected over the 180-day observation period were subjected to two complementary statistical procedures to evaluate differences in damage progression and grain survival among the five rice varieties.
Kaplan–Meier survival analysis was applied to model the probability of grains remaining undamaged, or below a defined damage threshold, over time for each variety. Survival curves were constructed for each variety and compared to assess differences in the time at which the damage threshold was exceeded, thereby providing a time-to-event perspective on varietal susceptibility.
The Kruskal–Wallis test, a non-parametric equivalent of one-way analysis of variance, was used to test for statistically significant differences in damage progression among the five rice varieties over the observation period. This test was selected because of the ordinal nature of the damage rating scale and the anticipated non-normal distribution of the data. Where significant differences were detected, pairwise post hoc comparisons were performed to identify the specific varieties that differed from one another. All statistical analyses were carried out using appropriate software, with the significance level set at P < 0.05.
3. RESULTS AND DISCUSSION
The insect species used in the study was Sitophilus oryzae, commonly known as the rice weevil. The insects were reared in plastic containers containing five rice varieties: Black Rice (V1), Brown Rice (V2), Joha Rice (V3), Bora Rice (V4), and Aijung Rice (V5). Damage was assessed at regular, predetermined intervals over 180 days. The damage-rating data collected during the observation period were subjected to two complementary statistical procedures to evaluate differences in damage progression and grain survival among the five rice varieties. Kaplan–Meier survival analysis was performed to determine the probability of grains remaining undamaged, or below a defined damage threshold, over time for each variety. Survival probability was defined as the proportion of grains that had not yet reached a damage score of 5. The median survival times are shown in Table 2.
Table 2. Median Survival Time as Estimated by the Kaplan-Meier Method
	Variety
	Median Survival (days)
	95% CI

	V1
	180
	174–180

	V2
	180
	174–180

	V3
	168
	162–168

	V4
	156
	150–156

	V5
	174
	168–174


##CI: Confidence Interval

The median survival time for each variety, defined as the time point at which the estimated survival probability declined to 0.5, was determined from the respective Kaplan–Meier curves and is presented in Figure 1. Varieties with longer median survival times were interpreted as possessing relatively greater resistance to Sitophilus oryzae infestation because they took longer for most grains to reach the damage threshold, whereas varieties with shorter median survival times were considered comparatively more susceptible.
The log-rank test was used to statistically compare the survival distributions of the different rice varieties. This test evaluated whether the observed differences among the survival curves were greater than would be expected by chance.
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Figure 1. Kaplan–Meier survival curves showing time to complete damage (score 5) among rice varieties. Median survival times (days) are indicated adjacent to each curve. 
Varieties V1 and V2 exhibited identical survival patterns and are represented by a single curve. Significant differences among the varieties were observed (log-rank test: χ² = 12.84, P = 0.0121), with the resistance ranking V1 = V2 > V5 > V3 > V4. Higher survival rates indicate greater varietal resistance.
Kaplan–Meier survival analysis revealed significant variation among the rice varieties in the time required to reach complete damage (score 5). The median survival time ranged from 156 days for V4 to 180 days for V1 and V2. The log-rank comparison demonstrated statistically significant differences among the survival curves (χ² = 12.84, df = 4, P = 0.0121).
Varieties V1 and V2 exhibited the longest survival durations, indicating greater tolerance to Sitophilus infestation. In contrast, V4 deteriorated significantly earlier, with a median survival time of 156 days, indicating greater susceptibility.


The log-rank test was used to compare the survival curves of the five rice varieties.
Log-rank χ² = 12.84
df = 4
P = 0.0121
The results showed a significant difference in survival time among the varieties (χ² = 12.84, df = 4, P = 0.0121). As P < 0.05, the time taken to reach complete damage differed significantly among the rice varieties.
The Kruskal–Wallis test was used to assess statistically significant differences in damage progression among the five rice varieties over the observation period. It is a non-parametric equivalent of one-way analysis of variance. This test was selected because of the ordinal nature of the damage rating scale and the anticipated non-normal distribution of the data.
Kruskal–Wallis Test:
H statistic = 11.73
df = 4
p = 0.0194
The Kruskal–Wallis test was used to compare the median time taken by the rice varieties to reach a damage score of 5. The results showed a significant difference in resistance among the varieties (H = 11.73, df = 4, P = 0.0194). As P < 0.05, the median time to damage differed significantly among the rice varieties. The Kruskal–Wallis test confirmed significant differences in damage progression among the varieties (H = 11.73, P = 0.0194). These results demonstrate that varietal characteristics significantly influence resistance to post-harvest insect damage. Biologically, delayed progression to severe damage may be associated with grain hardness, biochemical defence compounds, or husk characteristics. The resistance ranking presented in Table 3 can therefore be expressed as follows:
V1 ≈ V2 > V5 > V3 > V4

Table 3: Ranking of resistance of the rice varieties from calculated data
	Sl. No.
	Ranking of Resistance
	Rice variety

	1
	Most Resistant
	Black Rice and Brown Rice

	2
	Moderately Resistant
	Aijung Rice

	3
	Susceptible
	Joha Rice

	4
	Most Susceptible
	Bora Rice



The median survival time for each variety, derived from the Kaplan–Meier curves, is presented in Figure 1 and represents the time point at which the survival probability declined to 0.5. Varieties with longer median survival times were interpreted as more resistant because they took longer to reach the damage threshold, whereas shorter survival times indicated greater susceptibility. The Kruskal–Wallis test compared the median time to a damage score of 5 among the varieties and confirmed significant variation (log-rank test: χ² = 12.84, P = 0.0121; Kruskal–Wallis test: H = 11.73, df = 4, P = 0.0194). As P < 0.05, the median damage time differed significantly among the varieties. The resistance ranking is shown in Table 3.
The median survival time ranged from 156 days for Bora Rice to 180 days for Black Rice and Brown Rice, with the log-rank comparison confirming significant differences among the survival curves (χ² = 12.84, df = 4, P = 0.0121). Black Rice and Brown Rice showed the highest resistance, whereas Bora Rice deteriorated significantly earlier, indicating greater susceptibility.

The susceptibility of each rice variety to S. oryzae infestation observed in the current study may be explained by the physiological characteristics of the grain. Sharma et al. (2024) and Arya et al. (2025) demonstrated that grain hardness, pericarp thickness, and nutrient composition strongly influence resistance, with harder grains and thicker pericarps providing greater protection against oviposition and larval penetration. Marri and Mondal (2025), in a comparison of wheat and rice, showed that the physical and nutritional properties of grains critically influence weevil development, with wheat sustaining greater damage despite lower adult emergence. Das et al. (2024) found that Kon Joha was the least damaged variety (11.67%) under husked conditions and that grains with high starch and protein contents but low crude fat content were more prone to infestation. Similar host-dependent variation has been reported in other cereals, such as maize, indicating that resistance mechanisms are species-specific (Soujanya et al., 2015; Chen & Li, 2024). Both adults and larvae cause damage to rice; adults feed on the endosperm beneath the husk, whereas larvae consume the germ and inner tissues, thereby underscoring the value of resistant varieties for post-harvest protection (Gvozdenac et al., 2020). Grain hardness is negatively correlated with weight loss and population survival, making it an important trait for resistance breeding (Hassan et al., 2023).
The resistance of Black Rice is likely linked to its anthocyanin-rich pericarp; these polyphenolic flavonoids, together with proanthocyanidins, are known to interfere with insect digestion and act as feeding deterrents (Kalita et al., 2020). Joha Rice, particularly the Kola Joha variety, showed moderate-to-high susceptibility. Its aroma compound, 2-acetyl-1-pyrroline (2-AP), appears to be agronomically important but to have little relevance to pest resistance, while its relatively low phenolic content and thinner bran layer are likely to contribute to susceptibility. Similarly, the protective husk and bran layers form a barrier against oviposition and larval entry in paddy and brown rice (Balakrishnan et al., 2024). Aijung Rice showed intermediate susceptibility, consistent with its moderate grain hardness and phenolic content (Gowda et al., 2019), thereby providing partial but incomplete protection compared with Black Rice and Brown Rice. Bora Rice showed the greatest susceptibility and the shortest median survival time of 156 days, which may be attributable to its soft endosperm and glutinous structure, as these characteristics offer minimal resistance to oviposition and facilitate larval penetration. This finding is consistent with that of Bamisile et al. (2014), who noted that the soft, starchy composition of glutinous rice accelerates larval development by facilitating feeding and increasing the availability of digestible carbohydrates. Overall, grain hardness, bran retention, and phytochemical composition emerged as important determinants of host suitability, suggesting that farmers and storage operators in Assam should prioritise resistant varieties such as Black Rice and Brown Rice or adopt minimal-milling practices that retain protective bran layers to reduce infestation losses.
Conclusion
The study showed that the susceptibility of indigenous rice varieties of Assam to Sitophilus oryzae differed significantly under laboratory storage conditions. Black Rice and Brown Rice recorded the longest median survival time of 180 days, indicating relatively greater resistance to infestation. Aijung Rice showed intermediate resistance, with a median survival time of 174 days, whereas Joha Rice showed greater susceptibility, with a median survival time of 168 days. Bora Rice was the most susceptible variety and reached the defined damage threshold earliest, with a median survival time of 156 days. Statistical analyses confirmed significant variation among the varieties, with the log-rank comparison showing χ² = 12.84, df = 4, P = 0.0121, and the Kruskal–Wallis analysis showing H = 11.73, df = 4, P = 0.0194. These results suggest that varietal choice may influence the risk of stored-rice damage caused by S. oryzae. Resistant varieties such as Black Rice and Brown Rice may therefore be useful components of integrated stored-grain pest management.
Limitations
This study was conducted under controlled laboratory conditions; therefore, the results may not fully reflect varietal responses under real-world storage conditions. Practical outcomes depend on numerous variables, including temperature, humidity, and storage conditions. Further studies should include a larger number of replicates, physicochemical grain analyses, and validation under traditional storage conditions. In addition, field-based investigations are required to validate and extend these findings.
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