Evaluation of the resistance response of Vigna radiata var. radiata genotypes against three major pulse beetle species  

Abstract
The present study was conducted at Plant protection labroratory, World Vegetable Center, ICRISAT campus, Hyderabad in the year 2024-2025, aimed to identify sources of resistance to Callosobruchus species in Vigna radiata var. radiata by screening selected genotypes for natural resistance. Four genotypes (NM94, V2709, AVMU1601, and AVMU1605) were evaluated for resistance against major bruchid species, including Callosobruchus analis (F.), C. chinensis (L.), and C. maculatus (F.), under no-choice artificial infestation conditions. Significant and varied differences were observed among the genotypes for parameters such as percent adult emergence, seed damage, and seed weight loss. The highest seed damage (96.66%) was recorded in NM94 and the highest seed weight loss (35.12%) in V2709 when infested with C. analis, while NM94 exhibited the highest adult emergence (69.34%) under C. chinensis infestation. Results indicated that genotypes resistant to C. chinensis and C. maculatus were generally susceptible to C. analis, with none of the genotypes showing full resistance to this species. These findings underscore the need for further investigation into the molecular and biochemical mechanisms underlying resistance, which could inform strategies for effective storage pest management.

Keywords: Bruchid, C. analis, C. chinensis, C. maculatus, resistance, screening, susceptible

1. Introduction
Storage losses are primarily caused by bruchids, Callosobruchus maculatus (F.) and                    C. chinensis (L.) (Coleoptera: Chrysomellidae). Pulse beetles, also known as seed beetles or bruchids, are major storage pests of mungbean as well as other pulses such as chickpea, cowpea, pigeon pea, and soybean (Babu et al., 2021; Rohit et al., 2022). These beetles are internal feeders and can cause significant storage losses ranging from 10% to 30%, depending on factors such as storage duration, type of storage facility, infestation level, climate, and the type of stored produce (Dongre et al., 1996; Akinkurolere et al., 2006; Sharma et al., 2011). The initial damages caused by bruchids in pulses have been estimated at 30–40%, and subsequently, it can reach up to 100% (Mahendran and Mohan, 2002). Thus, irrespective of the level of initial infestation, the insect has a devastating effect on stored grains, and infested grain lots are rendered unfit for consumption. To curtail this huge loss, the most effective strategy is to develop resistant cultivars that can minimize insect infestation. In legumes, a genotype is designated as resistant if it records a low per cent seed weight loss and as susceptible, if the seed weight loss is significantly high. Loss in seed weight is directly correlated with the feeding activity of the insect on the particular genotype, and it is in this context that the screening of germplasm for bruchid resistance has high significance. The damage caused by these beetles not only lowers seed quality and nutritional value but also reduces marketability, rendering seeds unsuitable for consumption, farming, or commercial purposes (Singh and Jackai, 1985). 
Pulse beetles belong to the family Chrysomelidae, subfamily Bruchinae (previously known as Bruchidae), with over 1700 species reported across 62 genera that infest various stored pulses worldwide. In India, 108 species belonging to 11 genera and 3 subfamilies have been documented (Bano et al., 2013). Among these, important Callosobruchus species reported in India include C. maculatus (F.), C. chinensis (L.), C. analis (F.), C. phaseoli (G.), and C. theobromae (L.) Notably, three species C. chinensis (L.), C. maculatus (F.), and C. analis (F.) are widespread and cosmopolitan, commonly infesting a variety of stored pulses (Raina, 1970; Sengupta et al., 1984; Ragul and Manivannan, 2021; Aidbhavi et al., 2022). Of these, C. maculatus and C. chinensis have been the subject of extensive global research but the studies on the virulence of C. analis on stored products is still relatively scarce. Initial infestation starts from the field with adults laying eggs on mature pods and secondary infestation continuing in storage conditions after the crops are harvested, which accounts for the huge grain loss sometimes reaching up to 99% within six months (Seck, 1993). Ovipositon occurs on the surface of seeds i.e. on seed coat and larva(e) burrows directly from egg(s) into the cotyledon through seed coat penetration after 5–6 days (incubation period) (Southgate, 1979; Tripathy, 2016). Under favourable environmental conditions of 25–300C temperature and 65–70% relative humidity, pupation takes place inside the seeds and emergence of reproductively matured adult beetle(s) occurs within 25–35 days depending on host seeds (CABI 2014a). The minimum developmental period for C. maculatus, C. chinensis and C. analis is about 21 days, 22–23 days and 28.5 days respectively on susceptible host seeds (CABI 2014a; CABI 2014b). Under these conditions, adults mature within 24 hours after emergence and have an average longevity of 12–14 days during which time mating and oviposition takes place. The entire life cycle can be successfully completed without the provision of any food source or water other than the dried beans for oviposition alone.
Adult sexes of Callosobruchus species can be distinguished by means of recognizable morphological differences that can be easily seen with the naked eye. Female C. maculatus have dark stripes on each side of the posterior dorsal abdomen that is not found in males. Females are generally bigger in size when compared to males. In the case of C. chinensis, males and females can be differentiated based on the antennal shape, which is described as pectinate type of antennae in males and serrate type of antennae in females. Whereas in case of C. analis freshly emerged adults can be sufficiently distinguished from C. maculatus and C. chinensis based on the colour patterns i.e., white scales on the body are conspicuous (Seram et al., 2022).
2. MATERIALS AND METHODS:
2.1 Seed materials:
For this study, Vigna genotypes exhibiting varying levels of resistance to Callosobruchus species were selected, primarily to validate resistance and assess the interaction between Callosobruchus spp. and host resistance. The Vigna radiata var. radiata genotypes included in the study were NM94, V2709, AVMU1601, and AVMU1605. NM94 is a high-yielding genotype resistant to Mungbean Yellow Mosaic Disease (MYMD) but susceptible to pulse beetles (Nair et al., 2019). It has smooth, shiny green seeds measuring 4.8 x 3.8 mm and was used as a continuous rearing host for Callosobruchus spp., as well as a highly susceptible check. NM94 lacks resistant genes or loci against Callosobruchus spp. (Nair et al., 2019), which allowed for high insect fecundity, synchronized insect stages, and healthy insects across all bioassays. Additionally, NM94 served as a baseline for comparison of insect fitness parameters in the other genotypes. V2709 is a pulse beetle-resistant genotype, reported to be resistant to C. maculatus and C. chinensis (Zhang et al., 2021). Its seeds are dull light green and measure 4.3 x 3.1 mm. Several studies (Fujii and Miyazaki, 1987; Schafleitner et al., 2016; Kaewwongwal et al., 2020; Zhang et al., 2021) have documented V2709's resistance to C. maculatus and C. chinensis, though its resistance to C. analis remains unknown. The AVMU1601 genotype seeds are shiny dark green measuring 4.82 x 3.63 mm, while AVMU1605 are shiny light green seeds measuring 4.89 x 3.3 mm (Nair et al., 2019). 
Seeds of NM94, V2709, AVMU1601, and AVMU1605 were sourced from the World Vegetable Center, Taiwan, and multiplied under controlled greenhouse conditions (28 ± 1°C, 70 ± 5% relative humidity) at the ICRISAT campus, Patancheru, Hyderabad, India. After harvesting, seeds were dried to 10% moisture content and stored at 4℃ in a cold storage facility to prevent infestation by pulse beetles.
2.2 Insect Colonies:
A nucleus culture of Callosobruchus spp. (C. maculatus, C. chinensis, C. analis) was obtained from the Division of Entomology, Indian Institute of Pulses Research, Kanpur. Each species was reared separately for six generations on the susceptible genotype NM94. Adults were identified using key taxonomic features (Arora, 1977), and 20 pairs of freshly emerged adults were allowed to oviposit on 100 healthy seeds for 48 hours to obtain uniform-aged insects for experiments. Cultures were maintained at 28 ± 1°C and 70 ± 5% RH in the Plant Protection Laboratory, World Vegetable Center, ICRISAT campus, Patancheru, Hyderabad, India, with regular subculturing to maintain a continuous supply of insects.
2.3 Resistance Validation of Selected Vigna genotypes against Callosobruchus spp.:
No-Choice Test:
For each genotype, fifty healthy, well-dried seeds (10% moisture content) were weighed and placed in separate glass containers equipped with perforated lids for proper aeration. Freshly emerged adults (1–2 days old) of each Callosobruchus species were released at a rate of 5 pairs per 50 seeds. The adults were allowed to oviposit for 72 hours before being removed, and the number of eggs laid was recorded. Around 25 days after infestation (DAI), as adult emergence began, developmental period and emergence rate were recorded every 24 hours until 45 DAI. After 45 DAI, seed weight loss and susceptibility index were calculated. All treatments, including the control, were replicated three times and arranged in a completely randomized design. Seed length and width were measured using digital Vernier calipers (in millimeters), and 100 uniform seeds were weighed on an analytical balance (in grams).
Based on the above observations, the following parameters were calculated as follows.
Percent adult emergence: Percent adult emergence was calculated using the following formulae (Howe and Currie, 1964).
Number of adults emerged
Per cent adult emergence =  -------------------------------------- ×100
Number of eggs laid
Mean Development Period: Mean development Period (MDP) is when 50 percent of adults emerge. It was estimated using the following formulae (Howe and Currie, 1964).
Mean Development Period     = D1A1+D2A2+D3A3+DnAn
                                                                      The total number of adults emerged
Where
D1-Day at which the adults started emerging (First day) A1-Number of adults emerged on D1th day
Percent weight loss: Percent weight loss was calculated using the following formula
Percent weight loss =
              Initial weight of seeds - Final weight of seeds
                 × 100
The initial weight of seeds

Percent seed damage: Percent seed damage was calculated using the following formula

Percent seed damage =        No. of damaged seeds 
	    	                     x 100
                                                Total No. of seeds
Susceptibility Index: Susceptibility Index (SI) was calculated using the following formula.
[bookmark: _Hlk205906675]Log F
           SI =	            x   10
DME
Where,
SI: Susceptibility index Log: Logarithm
F: Total number of first-generation progenies.
DME: Generation development time.( (Dobie, 1974)
List  1 : Susceptibility Index (SI)
	S.No
	Susceptibility Index (SI)
	Category

	1.
	0-4
	Resistant

	2.
	4.1-7
	Moderately Resistant

	3.
	7.1-10
	Susceptible

	4.
	≥ 10
	Highly Susceptible


                                                                                                      
                                                                                                         
                                                                                                                    
Data analysis:
Data from the resistance validation and virulence of Callosobruchus spp. were analyzed using a univariate Generalized Linear Model (GLM). The ANOVA model included genotype, Callosobruchus spp., and their interactions as independent variables. The resistance of Vigna genotypes was examined separately against each Callosobruchus spp. using univariate GLM. After following all parametric tests in both analysis, residuals were plotted to ensure normality and homogeneity. All the analyses were performed using SPSS 22.0 statistical software.
3. RESULTS 
Experimental data revealed considerable variation among genotypes, in their interaction with three Callosobruchus species (C. analis, C. chinensis and C. maculatus) under no choice artificial infestation conditions (Table 1). There were significant differences among genotypes (e.g., NM94, V2709, AVMU1601, AVMU1605) and among Callosobruchus species for all measured parameters, including the number of eggs laid, percent adult emergence, mean development period (MDP), Susceptibility Index (SI), percent seed damage, and percent seed weight loss. 
3.1 Callosobruchus analis on Vigna radiata var. radiata genotypes:
In the evaluated genotypes, C. analis (Table 1) laid between 117.66 eggs (NM94) and 161 eggs (V2709), with AVMU1601 receiving 142.66 eggs, reflecting high oviposition activity. Adult emergence ranged from 6.35% in NM94 to 22.36% in V2709, suggesting moderate developmental success. The mean development time (MDT) varied, being shortest in V2709 (34.01 days) and longest in NM94 (40.22 days). The extent of seed damage was considerable, with values ranging from 24.08% in NM94 to 35.12% in V2709 with susceptibility index (3.32–6.10%) indicating that the genotypes are susceptible to C. analis. Correspondingly, seed weight loss ranged between 1.37% and 2.40%. These findings indicated that C. analis is capable of causing substantial seed damage across all tested genotypes, with clear differences in susceptibility levels among them.
3.2. Callosobruchus chinensis on Vigna radiata var. radiata genotypes:
The reproductive performance of C. chinensis (Table 1) varied notably among the tested genotypes. Egg laying ranged from 33 in AVMU1601 to 93.66 in NM94, with AVMU1605 recording 55.5 eggs, generally lower than the levels observed for C. analis and C. maculatus. Adult emergence showed considerable variation, from 0% in AVMU1605 to 69.34% in NM94, highlighting strong genotype-specific effects on development. Mean development time (MDT) was 8.2 days in NM94 but could not be determined in AVMU1605 due to complete developmental failure. Similarly, seed damage was comparatively minor, ranging from 0% in resistant genotypes to 27.15% in NM94, and seed weight loss followed a similar pattern. These results revealed that C. chinensis exhibits lower reproductive success and causes less seed damage than C. analis, with several genotypes demonstrating substantial resistance to this pest.
3.3. Callosobruchus maculatus on Vigna radiata var. radiata genotypes:
The total number of eggs laid by C. maculatus was higher than that observed for C. analis and C. chinensis, ranging from 101.66 in NM94 to a maximum of 308.66 in AVMU1605, indicating strong reproductive activity on several genotypes. Adult emergence varied widely, from 12.91% in AVMU1605 to 57.73% in AVMU1601, reflecting differences in survival success across genotypes. Mean development time (MDT) was generally shorter than for the other species, with some genotypes, such as AVMU1605, showing developmental failure (0 days). In contrast, percent seed damage was highly variable, from 0% in AVMU1605 to 96.66% in NM94, demonstrating that the extent of damage is strongly genotype-dependent. Seed weight loss ranged from 0.78% (AVMU1605) to 1.87% (NM94), indicating moderate variation in feeding impact. Overall, these results revealed that C. maculatus exhibits high egg production but variable adult emergence, with seed damage severity largely influenced by the host genotype.
4. DISCUSSION 
Gene banks are essential for conserving genetic resources and supporting breeding programs (Tanksley and McCouch, 1997; Engels, 2002; FAO, 2010; Khoury et al., 2010; Díez et al., 2018; Mascher et al., 2019). However, their utilization is often constrained by limited characterization and evaluation of conserved accessions (Marshall, 1989; Hodgkin et al., 2003; Kell et al., 2017; Kehel et al., 2020). To bridge this gap, systematic evaluation of accessions for desirable traits is required (de Carvalho et al., 2013; Anglin et al., 2018; Byrne et al., 2018). In legumes, particularly mungbean, bruchid resistance represents a critical trait for crop improvement, and comprehensive germplasm screening remains an important step toward identifying novel sources of resistance (Somta et al., 2008; Upadhyaya et al., 2011; Carrillo-Perdomo et al., 2019). The current study was undertaken to validate mungbean genotypes for Callosobruchus species (C. analis, C. chinensis and C. maculatus). Out of thousands of Vigna accessions screened for bruchid resistance, V2709 and V2802 of mungbean were moderately resistant to bruchid and VM2011 of blackgram was resistant to bruchid infestation (Talekar and Lin, 1992; Tripathy, 2016). Similar results revealed in this study with regards to resistance of V2709 to C. chinensis and C. maculatus with lower seed damage and weight loss, indicating lower overall virulence.
Previous studies have similarly reported varied resistance responses among different Vigna genotypes to Callosobruchus species infestation. For example, (Tripathi et al., 2015) screened 52 cowpea accessions against the pulse beetle Callosobruchus chinensis and found significant differences across accessions in traits such as the number of eggs laid, development period, adult emergence, number of emergence holes, and seed weight loss. This indicates the presence of genetic variability affecting susceptibility to this pest species. Similarly, Kananji (2007) evaluated 42 bean genotypes for resistance to the Mexican bean weevil, Zabrotes subfasciatus, and documented significant differences in grain weight loss and the number of adults emerged, indicating genotype-dependent resistance levels in beans against another bruchid species. These findings align with the current results reported in the Table 1, confirming the existence of differential reactions among Vigna radiata var. radiata genotypes to various Callosobruchus species, which is critical for targeted breeding programmes for pest resistance.
Among the three Callosobruchus species, C. analis showed high egg laying, moderate adult emergence, and notably high seed damage percentages (up to 35.12%) and seed weight loss, indicating strong virulence across multiple genotypes. Considering reproductive success, adult emergence, and seed damage together, Callosobruchus analis stands out as the most damaging species overall, causing consistently higher seed damage and weight loss, whereas C. maculatus, despite laying more eggs, does not always result in severe seed damage. This is consistent with the findings of (Aidbhavi et al., 2021), who reported higher seed weight loss and damage by C. analis on wild and endemic Vigna genotypes. Interestingly, the cultivated Vigna genotype V2709, previously identified as resistant to C. chinensis and C. maculatus (Schafleitner et al., 2016), showed significantly higher adult emergence, seed damage, and weight loss upon infestation with C. analis (Table 1), indicating susceptibility. These results  demonstrated species-specific differences in Callosobruchus performance, with C. analis showing greater virulence on the tested Vigna genotypes.
5. CONCLUSION 
Callosobruchus analis shows high egg laying, moderate adult emergence, and notably high seed damage percentages (up to 35.12%) and seed weight loss, indicating strong virulence across multiple genotypes. Considering reproductive success, adult emergence, and seed damage together, Callosobruchus analis stands out as the most damaging species overall, causing consistently higher seed damage and weight loss, whereas C. maculatus, despite laying more eggs, does not always result in severe seed damage. These observations revealed that resistance in Vigna genotypes is not uniform but instead varies depending on the Callosobruchus species, highlighting the importance of species-specific host-pest interactions.








Table 1 Validating the resistance of selected Vigna genotypes against Callosobruchus spp. based on no-choice assay
	
	Total no. of eggs 
laid
	Percent adult emergence
	
MDT
	
SI
	
Percent seed damage
	Percent seed weight loss

	Callosobruchus analis

	NM94
	117.66 (6.35)bA
	40.22 (3.32)aB
	3.39 (0.18)bB
	4.91 (0.19)bB
	96.66 (2.4)bC
	24.08(0.17)cC

	V2709
	161.0 (22.36)bAB
	34.01 (6.1)aA
	4.44 (0.16)bAB
	3.86 (0.12)bA
	90.0 (2.3)bB
	35.12 (1.37)cB

	AVMU1601
	142.66 (12.16)bAB
	24.51 (2.15)aA
	4.45 (0.68)bA
	3.65 (0.71)bA
	64.66 (5.8)bA
	25.08 (2.18)cA

	AVMU1605
	142.33 (10.92)bB
	39.39 (3.84)aA
	5.31 (0.47)bA
	3.33 (0.33)bA
	92.0 (2.0)bB
	29.98 (1.13)cAB

	Callosobruchus chinensis
	

	NM94
	93.66 (13.93)aA
	69.34 (8.2)abB
	3.23 (0.59)aB
	5.94 (1.05)aB
	90.66 (4.66)aC
	27.15 (4.21)aC

	V2709
	34.66 (15.6)aAB
	34.01 (6.1)abA
	1.88 (1.2)aAB
	0.43 (0.43)aA
	3.33 (1.33)aB
	3.53 (0.86)aB

	AVMU1601
	33.0 (13.99)aAB
	1.69 (0.98)abA
	0.66 (0.33)aA
	0 (0)aA
	1.33 (0.66)aA
	0 (0)aA

	AVMU1605
	55.5 (9.71)aB
	0 (0)abA
	0 (0)aA
	0 (0)aA
	0 (0)aB
	0 (0)aAB

	Callosobruchus maculatus
	

	NM94
	101.66 (13.3)cA
	48.86 (7.6)bB
	3.34 (0.31)aB
	5.08 (0.55)aB
	96.66 (0.66)aC
	39.75 (1.87)bC

	V2709
	205.66 (38.26)cAB
	0.86 (0.37)bA
	1.88 (0.88)aAB
	0.43 (0.43)aA
	3.33(1.33)aB
	4.44 (0.92)bB

	AVMU1601
	271.66 (57.73)cAB
	0.26 (0.25)bA
	0.443 (0.442)aA
	1.193(1.19)aA
	2 (2)aA
	4.47 (1.26)bA

	AVMU1605
	308.66 (12.91)cB
	0 (0)bA
	0 (0)aA
	0 (0)aA
	0 (0)aB
	3.72 (0.78)bAB

	F*Genotype
	3.24*
	60.83***
	6.82***
	35.38***
	1.1NS
	2.99**

	F Species
	55.03***
	25.43***
	46.26***
	22.3***
	0.832NS
	1.005NS

	F Genotype*Species
	7.0***
	13.68***
	5.023***
	4.463***
	3.056**
	4.125NS

	error df
	24
	24
	24
	24
	24
	24


1: ns = non-significant, * = P ≤ 0.05, ** = P ≤ 0.01, *** = P ≤ 0.005; lowercase letters indicate homogenous groups within Callosobruchus spp. and uppercase letters indicate homogenous groups between Vigna genotypes. bold font indicates significantly lower damage than NM94
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