Deciphering host preference and host plant resistance of basmati rice against Sitophilus oryzae (L.) (Coleoptera: Curculionidae) 
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Abstract 
Sitophilus oryzaeis a significant and devastating pest of stored cereal grains such as rice, wheat, barley and maize, causes damage to about 10-80 % under prolonged suitable conditions. The research investigation on host preferences of Sitophilus oryzae in unhusked rice, husked rice, wheat, maize, and eight basmati rice varieties. Parameters such as adult emergence (AE), median development period (MDP), growth index (GI), susceptibility index (SI), grain weight loss (%), and grain damage (%) were evaluated. Based on experimental data revealed that the rate of adult emergence was higher in unhusked rice (75.33 numbers) signifying the suitability of the host over maize (54.33), barley (44.33), wheat (25.67), and husked rice (9.33). Among all basmati rice varieties tested PB-1509 (SI=4.81) showed moderate resistance compared to other hosts. Positive significant correlations were observed among SI and adult emergence (r = 0.967), growth index (r = 0.968), grain weight loss (r = 0.945), and grain damage (r=0.841) but it showed a negative significant correlation with median developmental time (r = − 0.696) indicating that resistance mechanisms can prolong developmental periods, reduce pest generations, and limit damage. These findings highlight the critical role of integrating resistance traits into breeding programs to strengthen grain storage resilience, particularly in key Basmati rice-growing areas, ensuring sustainable production and reduced post-harvest losses.
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Introduction
Cereal grains are cultivated on over 73% of the world’s harvested area and contribute more than 60% of global food production, providing essential dietary fiber, proteins, energy, minerals, and vitamins (Das et al., 2012). Among cereals, rice, wheat, barley, and maize account for approximately 85% of total global production (Sofi et al., 2009). India holds a prominent position in global agriculture, particularly in cereal production and export. The country's diverse agro-climatic conditions and adoption of advanced agricultural practices have enabled it to achieve remarkable milestones in this sector, with a total cereal production of 304.36 million tonnes from 103.30 million hectares (APEDA, 2024). Among the cereal grains, basmati rice, known for its aromatic quality and superior grain characteristics, holds significant economic and cultural importance, particularly in export markets (Rani et al., 2006). Basmati rice is endemic to the Indian subcontinent and has been cultivated for over 250 years (Singh and Singh, 2009). In India basmati rice was cultivated over 1,514 thousand hectares, producing 5,024 thousand tonnes in 2018-19. It is primarily grown in states like Haryana, Punjab, Delhi, Jammu & Kashmir, Himachal Pradesh, and Western Uttar Pradesh (APEDA, 2018). Cereal grains are typically stored for extended periods, making them vulnerable to insect pests, which cause significant quantitative and qualitative losses. In India, post-harvest losses are estimated at 3.89-5.92 % with the majority attributed to damage from insect pests (NABCONS, 2022). Rice weevil, Sitophilus oryzaeis a significant and devastating pest of stored cereal grains such as rice, wheat, barley, sorghum, millet, and maize causing losses in grain weight, nutritional value, and marketability, often compounded by secondary fungal and mite infestations (Souza et al.,2012). S. oryzae causes 10–65% damage under moderate storage conditions, escalating to 80% during prolonged storage conditions. Females lay their eggs inside cereal grains (Ungsunantwiwat and Mills, 1985;Athanassiou et al., 2007) where a hole in the grain hull facilitates the progeny development. The grubs, feeding on the endosperm, pass through four molting stages before pupation (Campbell, 2002). Both grubs and adults cause substantial damage and weight loss by feeding both inside and on the surface of grains (Park et al., 2003). Managing S. oryzae is particularly challenging due to its ability to feed internally within intact seeds (Trematerra et al., 1999). Current management of S. oryzae relies heavily on chemical fumigants like phosphine, but resistance to these chemicals is increasingly reported, limiting their efficacy (Kumar et al., 2022). The use of resistant crop varieties offers a sustainable alternative, with resistance mechanisms such as antibiosis and antixenosis reducing S. oryzae damage and supporting environmentally friendly pest management strategies (Smith, 2005; Kalsa et al., 2019). This study investigated the host preferences of S. oryzae across unhusked rice, husked rice, maize, wheat, and barley and evaluated basmati rice varieties for resistance. The findings aim to provide insights into host preference, identify resistant varieties, to minimize storage losses in Basmati rice.
Materials and methods
The experiment was conducted in the Department of Entomology at Sardar Vallabhbhai Patel University of Agriculture & Technology, Meerut, (29.0850311°N 77.6974459°E), located in the Western part of Uttar Pradesh, India, during2020-21. A total number of five host grains were procured from the local market of Daurala, Meerut (29.113°N 77.703°E), and 8 basmati rice varieties were obtained based on popularity and availability from APEDA-Basmati Export Development Foundation (BEDF), 250110, Meerut (Table 1). One kilogram of each host and basmati rice varieties were taken, thoroughly cleaned and disinfected by putting them in a 55°C oven for four hours, killing the juvenile stages of insects without compromising their viability. The host and basmati rice varieties were maintained in desiccators with KOH solution (51g of KOH per 100 ml of water) for 21 days after killing or removing immature stages of weevils to bring moisture percentage to nearly 10-12%. Healthy basmati rice grains were hulled and milled in a grain mill (Mini Rice Mill 3 hp, Micro active6N40). Sound and healthy grains were selected for the experimenting without any prior treatment.
Test insect and rearing
The test insect species (S. oryzae) were collected from the Indian Grain Storage Management and Research Institute (IGMRI), Hapur, Uttar Pradesh, India, and insect culture was maintained in a Biological Oxygen Demand (B.O.D) incubator at 26 ± 2 °C, 70 ± 5% RH and 8 Hours of light in the Department of Entomology so that same aged weevils were obtained for the experiment. About 500 g of rice grains from a local variety were placed in each of three 1 kg capacity plastic jars and covered with a muslin cloth to avoid the escape of the weevils and for proper ventilation (Stevens and Mills, 1973). Initially, 20 pairs of weevils were placed in a plastic jar containing rice grains. The jars were kept for 7 days to allow mating and oviposition, after which weevils were removed. The remaining content of each jar (rice grains and freshly laid eggs) was kept for further multiplication. The subsequent progenies of weevils were used for experimenting. Grains and insects were removed and sieved periodically. Removed insects were again placed in the same containers along with fresh grains. Adult weevils were identified sexually based on the rostrum type by observing under a Binocular Microscope (Nikon EI) (Reddy, 1951).
Characterization of Biological Parameters of S. oryzae
Adult emergence (AE)
In no-choice tests, 300 g of each host grain and basmati rice varieties were divided into three replicates of 100 g each; they were kept in 300 ml capacity of plastic jars and closed with muslin cloth. Treatments were arranged in a Completely Randomized Design (CRD). Five pairs of freshly emerged weevils of the same age were placed on test host grains and varieties of basmati rice and kept. After 1 week, the weevils were removed from the grain, and plastic jars were kept undisturbed and monitored regularly until the emergence of the first adult from the grains. Inspection of the progenies was made every day and they were counted and removed during each observation. The observations were continued until no adults emerged for ten consecutive days (Nwana and Akibo-Betts, 1982)
Median development period (MDP)
It is the time taken for 50% of adults to emerge. It was calculated using the formula (Howe, 1971)
                    D1A1 + D2A2 + D3A3 +…………………….Dn An 
MDP =            
                                  The total number of adults emerged

Where, D1-day at which the adults started emerging (First day) (Siwale et al., 2009), A1-number of adults emerged on D1st day.
Susceptibility index (SI) 
The index of susceptibility is an important characteristic that indirectly determines the development of weevils. It was calculated using the method of Dobie (1974). This involves data obtained from adult emergence and mean developmental period. For each replication, the SI, was determined as below:

           Log e F
I =                           x 100
        D
Where, F = Total number of adults emerged, D = Mean developmental period, I = Index of susceptibility.
The test varieties were classified into five categories based on the index of susceptibility suggested by Mensah (1986),where 0–2.5 (resistant), 2.6–5 (moderately resistant), 5.1–7.5 (Moderately susceptible), 7.6-10.0 (Susceptible) and > 10.0 (highly susceptible)
Growth index (GI)
GI, a key factor in determining host suitability was calculated as adult emergence (%)/mean development period (days). The growth index of S. oryzae in each replication was worked out by the following formula given by Howe (1971)
Log (Adult emergence)
Growth Index =  		
                       Mean development period
Grain weight loss (%)
After completing the experiment, all insect stages and frass were removed, and the final weight of each replicate was measured using an analytical weighing balance. The percentage of weight loss was calculated using the formula:
       Initial weight loss- final weight loss
Percent weight loss =                                                              × 100          
			                Initial weight loss
Grain damage (%)
The number of damaged grains by the weevil in each replication of the treatments was counted at the end of the experiment and converted into percent damaged grains.
Number of damaged grains
Percent grain damage =                                                       × 100          
                                             Total number of grains
Statistical analysis
The data on adult emergence (AE), median development period (MDP), susceptibility index (SI), growth index, grain weight loss, and grain damage were computed by one-way ANOVA in a Completely Randomized Design and relation among the parameters was quantified using correlation analysis, with computations performed in XLSTAT software (Lumivero) at a 5%% probability level and principal component analysis analyzed by using PAST 2.0 software.
Result and Discussion
Adult emergence
Adult weevil emergence varied widely among the host grains, ranging from 9.33 in husked rice to 75.33 in unhusked rice presented in Table 2. The higher weevil emergence in unhusked rice indicates its high preference as a host, due to its nutritional composition or physical attributes. A significant positive correlation was observed between adult emergence and the growth index (r = 0.999), grain weight loss (r = 0.969), and grain damage (r = 0.962). Conversely, AE showed a significant negative correlation with MDP (r = -0.570), suggesting faster development in highly susceptible hosts (Table 3, Fig.1&2 ). Considerable variation was observed with respect to weevil emergence in basmati rice varieties ranging from 6.67 to 82.45 (Table 4). There positively and significant correlation was noticed between weevil emergence and growth index (r = 0.991), weight loss (r = 0.956), and grain damage (r=0.897). Median development period (r = − 0.634) had a significant and negative correlation (Table 5; Fig. 3 & 4).
Median development period (MDP)
The MDP ranged from 35.30 days (maize) to 39.60 days (wheat) (Table 2). A shorter MDP in maize indicates its favorable conditions for weevil development. Negative correlations were observed between MDP and adult emergence (r= -0.570), susceptibility index (r = -0.552), growth index (r = -0.603), grain weight loss (r = -0.526), and grain damage (r = -0.518). These correlations suggest that faster development is associated with higher susceptibility (Table 3, Fig.1 &2). The MDP of S. oryzae ranged from 34.00 to 43.196 days in basmati rice varieties (Table 4). The negative association was observed among MDP and weevil emergence (r = − 0.634), index of susceptibility (r = − 0.696), growth index (r = − 0.721) weight loss (r = − 0.788), and grain damage (r=-0.421) (Table 5; Fig. 3 & 4).
Growth index (GI)
The growth index values varied significantly, with the highest recorded in unhusked rice (2.099) and the lowest in husked rice (0.253) (Table 2). GI positively correlated with adult emergence (r = 0.999), susceptibility index (r = 0.972), grain weight loss (r = 0.970), and grain damage (r = 0.963) (Table 3, Fig.1 & 2). Differences among the basmati rice varieties as per their susceptibility/ resistance to S. oryzae on the basis of GI were observed. It ranged from 0.169 for variety PB-1509 to 2.42 for PB-1(Table 4). Growth index was positively and significantly correlated with weevil emergence (r = 0.991), index of susceptibility (r = 0.968), grain weight loss (r = 0.976), and grain damage (r=0.845). But it had a negative correlation with median development period (r = − 0.721) (Table 5; Fig. 3 &4). 
Susceptibility index (SI)
The susceptibility index ranged from 6.06 in husked rice to 12.04 in unhusked rice (Table 2). Unhusked rice was the most susceptible host, while husked rice exhibited moderate resistance. SI showed a positive significant relationship with AE (r = 0.973), GI (r = 0.972), grain weight loss (r = 0.911), and grain damage (r = 0.889). In contrast, SI was negatively correlated with MDP (r = -0.552), reaffirming that faster development aligns with higher susceptibility (Table 3, Fig.1 & 2). The index of susceptibility ranged from 4.81 for variety PB-1509 and 12.98 for variety PB-1 (Table 4). Out of the 8 basmati rice varieties, only PB-1509 was found to be moderately resistant as per Dobie (1974) rating scale. SI was significantly and negatively correlated with median developmental time (r = − 0.696). However, factors such as weevil emergence (r = 0.967), growth index (r = 0.968), grain weight loss (r = 0.945) and, grain damage (r=0.841) showed a positive significant relationship with the susceptibility index (Table 5; Fig  3&4).
Grain weight loss (%)
Grain weight loss was highest in unhusked rice (31.4%) and lowest in husked rice (1.49%) (Table 2). The positive correlation of grain weight loss with AE (r = 0.970), GI (r = 0.970), SI (r= 0.911), and grain damage (r = 0.997) indicates a strong link between infestation intensity and physical loss. It had a negative correlation with MDP (r=-0.525) (Table 3, Fig.1&2). The highest percentage of weight loss was found in genotype PB-1(24.00), while PB-370 (6.57) was reported to have a minimum (Table 4). Weight loss was having a significant positive relation with the weevil emergence (r = 0.956), growth index (r=0.976), susceptible index (r=0.945) and, grain damage (r=0.841). Negative correlation was observed with median development period (r = − 0.788) (Table 5; Fig 3&4)
Grain damage (%)
Grain damage followed a similar trend, with unhusked rice suffering the most damage (38.91%) and husked rice the least (1.97%)(Table 2). Damage was significantly and positively related to AE (r = 0.963), GI (r = 0.963), SI (r= 0.889) and, grain weight loss (r = 0.997), while it showed a negative correlation with MDP (r = -0.518) (Table3, Fig.1&2). The highest per cent of grain damage was found in genotype PB-1(18.4), while PB-370 (9.6) reported least (Table 4). Grain damage had significant positive relation with the weevil emergence (r = 0.897), growth index (r=0.847), susceptible index (r=0.841) and, grain weight loss (r=0.841). Negative correlation was observed with the median development period (r = − 0.421) (Table 5; Fig. 2 &3).
The results revealed that the host of cereal grains, husked rice, unhusked rice, wheat, maize, and barley exhibited variations in their susceptibility to Sitophilus oryzae. Significant differences were observed in adult emergence (AE), median development period (MDP), susceptibility index (SI), growth index, grain weight loss, and grain damage among the different cereal grains. However, weevil emergence from grains positively correlated with grain weight loss and grain damage.Present results were in coincides with Keba, & Gobena, (2013) where they revealed that weevil progenies emergence is significantly and positively associated with seed damage and weight loss but inversely with median development time. It also aligns with Singh et al. (1984), who reported that the number of emerging adults determines the extent of damage; grains that allowed faster and higher levels of adult emergence suffered significantly more damage. Similarly, Mohammad et al. (1988) and Gowda et al. (2019) emphasized that grain weight loss is closely tied to the number of adults emerging and the extent of grain damage. The current findings suggest that resistant grain varieties prolong the developmental period of the weevil (indicated by a negative correlation between SI and MDP) and result in greater larval mortality within the grains. This is consistent with Dobie (1984), who observed that resistant maize cultivars extended the development period of S. zeamais, thereby reducing the number of generations and subsequent damage.  Tripathi et al. (2017) study indicated that GI had a significant positive relation with length × width (r = +0.573) and test weight. Varieties with a higher susceptibility index allow for decreased development time of weevils (Abebe et al., 2009). These results corroborate with Horber (1988), who reported that the susceptibility index depends on adult emergence rates and development duration; grains that permit rapid and increased adult emergence are more susceptible. Grain weight loss has also been correlated with the susceptibility and resistance of host grains (Garcia-Lara et al., 2004; Derera et al., 2014).  Suleiman et al. (2015) reported a significant positive correlation between the number of live Sitophilus zeamais individuals and key damage parameters, including seed damage, percentage seed weight loss, and the weight of powder produced, highlighting the direct impact of pest population density on postharvest losses. However highlighted that the extent of storage damage is determined by the number of adults emerging in each generation and the generation duration; grains facilitating faster and higher adult emergence experience heavier damage (Tadese, 1991; Tefera et al., 2011). To date, breeding programs in India have focused primarily on field insect pests, with limited efforts directed toward developing S. oryzae-resistant lines. The outcomes of this study can serve as a valuable resource for breeding programs aimed at developing resistant basmati rice cultivars. Such efforts could provide a sustainable, cost-effective, and eco-friendly solution for managing this devastating storage insect pests.
Conclusion 
Variation in host grain susceptibility significantly influenced the biological performance and damage potential of Sitophilus oryzae. Grains that permitted rapid development and higher adult emergence suffered greater weight loss and damage, while resistant grains restricted progeny production and extended the developmental period of the insect. The strong association between adult emergence, susceptibility index, and damage parameters confirms that pest population dynamics are central to storage loss severity. These findings align with earlier studies demonstrating that host resistance operates through delayed development and reduced reproductive success. Given the limited focus on storage pest resistance in Indian breeding programs, the present results offer valuable insights for the development of resistant basmati rice cultivars and improved postharvest pest management strategies.
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	Sr. No.
	Category
	Varieties/Grains
	Characteristics

	1.
	Host grains
(Local variety)
	Husked Rice
	Susceptible to Sitophilus oryzae

	2.
	
	Unhusked rice
	-

	3.
	
	Whaet
	-

	4
	
	Maize
	-

	5.
	
	Barley
	-

	6.
	Basmati rice varieties
	PB-1121
	About 120 cm tall, extra-long slender grains, good cooking quality, photoperiod insensitive, high yield, and better-quality characters.

	7.
	
	PB-1
	Semi-dwarf plant, grain elongation, rich fragrance, presence of awns, globally demanded. Known as "todal" rice.

	8.
	
	PB-6
	Semi-dwarf plant type, tolerant to lodging, less than 4% chalky grains, uniform cooking shape, strong aroma, and an improvement over Pusa 1121 in yield, agronomy, and cooking quality.

	9.
	
	PB-1637
	Blast-resistant variety and an improved form of Pusa Basmati-1.

	10.
	
	PB-1718
	Long slender grains (8.1 mm), occasional grain chalkiness, excellent kernel length after cooking (17.0 mm), intermediate amylose content (22.2%), and strong aroma.

	11.
	
	PB-1509
	Early maturing basmati rice variety

	12.
	
	PB-370
	Tall photoperiod-sensitive variety with long slender grains, highly aromatic, and almost doubles upon cooking.

	13.
	
	PB-1728
	Extra-long slender grains, occasional chalkiness, excellent kernel length after cooking, and very strong aroma.


Table 1 Characteristics of host cereals grains and basmati rice varieties

Table 2. Adult emergence and host suitability parameters of Sitophilus oryzae on different cereals grains
	Sr. No.
	Host grains
	AE
	MDP
	SI
	GI
	WT (%)
	GD (%)

	1
	Husked Rice
	9.33
	36.84
	6.062601
	0.253333
	1.49
	1.97

	2.
	Unhusked rice 
	75.33
	35.89
	12.04286
	2.099133
	31.4
	38.91

	3.
	Wheat
	25.67
	39.60
	8.194126
	0.648084
	9.27
	10.46

	4.
	Maize
	54.33
	35.30
	11.31624
	1.538993
	20.95
	23.54

	5.
	Barley 
	44.33
	36.75
	10.3179
	1.206379
	10.93
	12.46

	S.EM=
	
	3.392
	1.231
	0.450
	0.066
	0.907
	1.085

	SE.d=
	
	4.797
	1.741
	0.637
	0.094
	1.283
	1.535

	CV=
	
	14.055
	5.782
	8.134
	9.984
	10.608
	10.761

	CD (0.05)=
	
	11.062
	4.015
	1.468
	0.216
	2.958
	3.539



AE Adult emergence, MDP Mean Development Period, SI Susceptible Index, GI Growth Index, WT Grain Weight Loss, GD Grain Damage 
Table 3 Correlation(r) coefficient matrix of adult emergence with host suitability parameters in different cereals grains due to Sitophilus oryzae infestation  
	Variables
	AE
	MDP
	SI
	GI
	WT (%)
	GD (%)

	AE
	1
	
	
	
	
	

	MDP
	-0.570
	1
	
	
	
	

	SI
	0.973
	-0.552
	1
	
	
	

	GI
	0.999
	-0.603
	0.972
	1
	
	

	WT (%)
	0.970
	-0.526
	0.911
	0.970
	1
	

	WD (%)
	0.963
	-0.518
	0.889
	0.963
	0.997
	1


AE Adult emergence, MDP Mean Development Period, SI Susceptible Index, GI Growth Index, WT Grain Weight Loss, GD Grain Damage

Table 4 Adult emergence and susceptibility parameters of Sitophilus oryzaeon different basmati rice varieties
	Sr. No.
	Basmati rice varieties
	AE
	MDP
	GI
	SI
	WT (%)
	GD (%)
	Category

	1
	PB-1121
	27.67
	39.8
	0.695
	8.3502
	11.43
	14.1
	S

	2.
	PB-1
	82.45
	34
	2.425
	12.9862
	24.04
	18.4
	HS

	3.
	PB-6
	43.67
	38.336
	1.139
	9.8658
	12.67
	16.1
	S

	4.
	PB-1637
	58.67
	35.835
	1.637
	11.3938
	19.98
	17.8
	HS

	5.
	PB-1718
	22
	40.103
	0.549
	7.7101
	7.25
	9.8
	S

	6.
	PB-1509
	6.67
	39.444
	0.169
	4.8120
	6.66
	10.1
	MR

	7.
	PB-370
	16.33
	42.62
	0.383
	6.5583
	6.57
	9.6
	MS

	8.
	PB-1728
	52.67
	43.196
	1.219
	9.1906
	13.05
	19
	S

	S.EM=
	
	1.583
	1.259
	0.042
	0.2349
	0.497
	0.523
	

	SE.d=
	
	2.239
	1.781
	0.060
	0.3322
	0.703
	0.739
	

	CV=
	
	7.075
	5.568
	7.118
	4.5932
	6.773
	6.304
	

	CD(5%)=
	
	4.803
	3.819
	0.128
	0.713
	1.507
	1.586
	


AE Adult emergence, MDP Mean Development Period, SI Susceptible Index, GI Growth Index, WT Grain Weight Loss, GD Grain Damage
Table 5 Correlation(r) coefficient matrix of adult emergence with susceptibility parameters in different basmati rice varieties due to Sitophilus oryzae infestation  
	Variables
	AE
	GI
	MDP
	SI
	WT (%)
	GD (%)

	AE
	1
	
	
	
	
	

	GI
	0.991
	1
	
	
	
	

	MDP
	-0.634
	-0.721
	1
	
	
	

	SI
	0.967
	0.968
	-0.697
	1
	
	

	WT (%)
	0.956
	0.976
	-0.788
	0.945
	1
	

	GD (%)
	0.897
	0.848
	-0.421
	0.842
	0.842
	1



AE Adult emergence, MDP Mean Development Period, SI Susceptible Index, GI Growth Index, WT Grain Weight Loss, GD Grain Damage 
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Fig 1. Correlation(r) coefficient map of adult emergence with host suitability parameters in different cereal grains due to Sitophilusoryzae infestation
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Fig 2: Multivariate models of principal component analysis (PCA) of Adult emergence and host suitability parameters of Sitophilusoryzae on different cereal grains
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Fig 3. Correlation(r) coefficient map of adult emergence with susceptibility parameters in different basmati rice varieties due to Sitophilusoryzae infestation  
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Fig 4. Multivariate models of principal component analysis (PCA) of dult emergence with susceptibility parameters in different basmati rice varieties due to Sitophilusoryzae infestation.
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