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Screening of some promising genotypes of Bengal gram (Cicer arietinum L.) against Callosobruchus chinensis L.

Abstract: 
The objective of the study is to evaluate the relative susceptibility of various chickpea genotypes to infestation by C. chinensis, a major storage pest of pulses. The present investigation was carried out during the Kharif season (July to October) of 2021 in the laboratory of the Department of Entomology, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur (U.P.), India. A total of 22 genotypes of chickpea were evaluated for screening against C. chinensis.  The results revealed significant variation among genotypes in terms of oviposition, adult emergence, developmental period, growth index and seed weight loss. The minimum number of eggs (56.36 ± 0.37) was recorded on genotype CL 21, while the maximum (176.33 ± 0.66) occurred on genotype CL 7. Correspondingly, adult emergence was highest in CL 7 (45.32 ± 1.30) and lowest in CL 13 (10.6 ± 0.55), with the adult emergence percentage ranging from a minimum of 11.74 ± 0.40% in CL 8 to a maximum of 26.89 ± 0.62% in CL 16. The total developmental period of C. chinensis varied significantly across genotypes, with the longest duration (29.35 ± 1.01 days) observed in insects reared on CL 8 and the shortest (21.33 ± 0.86 days) on CL 9. The growth index, a key indicator of pest fitness, was highest on genotype CL 4 (0.74 ± 0.001) and lowest on CL 18 (0.031 ± 0.001). In terms of seed damage, the genotype CL 4 suffered the highest weight loss (48.333 ± 0.83%), whereas CL 18 exhibited the least (5.667 ± 0.14%) at 30 and 50 days after insect release (DAIR). These findings underline the importance of selecting resistant genotypes as part of an integrated pest management approach, minimizing the reliance on chemical control methods.
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Introduction 
Chickpea (Cicer arietinum L.), commonly known as Bengal gram, serves as an essential legume crop cultivated for its protein-rich seeds and adaptability to diverse agro-climatic conditions. As the cornerstone of Indian pulse production, chickpea is cultivated on a vast scale and contributes significantly to the nutritional and economic security of the country (FAO STAT, 2019). India  is  the  world’s  largest  producer  and consumer  of  chickpea  where  it  is  cultivated  in 10.91 m. ha. area yielding production of 13.75 m. tons with productivity of 1260 kg/ha during 2021-22 (Kumar  et al., 2023; Verma et al., 2023). Despite its importance, chickpea faces major threats from storage pests, particularly the pulse beetle, Callosobruchus chinensis L., which is a primary pest of stored pulses (Rathore and Sharma, 2002). Callosobruchus chinensis is responsible for considerable postharvest losses, with estimates ranging from 40% to 50% in stored pulses (Mathur and Upadhyay, 1997). The insect causes severe grain damage during storage by feeding on internal seed contents, thereby reducing viability, nutritional value and marketability. These infestations are especially problematic in tropical regions where temperature and humidity conditions favour rapid pest development and multiplication. While chemical insecticides have been commonly used to manage stored grain pests, their associated problems such as resistance development, toxic residues and environmental hazards have led to a renewed interest in alternative pest management strategies (Garriga and Cabllero, 2011). One of the most promising strategies is the development and deployment of pest-tolerant genotypes. Varietal resistance offers a sustainable, eco-friendly and economically viable solution to reduce losses caused by storage pests. Several earlier studies have identified genotypic variability in chickpea resistance against C. chinensis (Ahad et al., 2016; Soundararajan et al., 2012). However, the availability of resistant genotypes remains limited, making it essential to screen and identify promising lines that exhibit tolerance or resistance to bruchid infestation. The ability of chickpeas to accept genetic traits from related Cicer species opens up possibilities for the development of resistant cultivars through conventional or molecular breeding methods. This study aims to evaluate a set of promising chickpea genotypes for resistance against C. chinensis. The outcome of this research will contribute to the development of pest-tolerant varieties, thereby reducing postharvest losses, improving seed storage and supporting food security efforts.
Materials and Methods 
The present investigation entitled “Screening of some promising genotypes of Bengal gram (Cicer arietinum L.) against Callosobruchus chinensis L.” The experiment was carried out during the Kharif season (July to October) of 2021 in the laboratory of the Department of Entomology, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur (U.P.). 
A total of 22 genotypes of chickpea were evaluated for screening against C. chinensis (Table 1). All the genotypes were procured from the Department of Genetics and Plant Breeding, CSAU&T, Kanpur. The collected samples of chickpeas were cleaned and examined to make sure that grains are were not damaged and insect eggs had not been laid. The adults of bruchids were sexed by using key characters (Butani et al., 2001) and five pairs of freshly emerged adults were allowed to oviposit on healthy seeds for 24 h to get insects of uniform age for further studies. The chickpea genotypes were screened by force force-feeding method to document the tolerance and susceptibility differences against C. chinensis based on the number of eggs laid, number of adults that emerged, per cent adult emergence, mean development period, growth index and seed weight loss.
A total of 22 genotypes of chickpeas were subjected to infestation by Callosobruchus chinensis under force force-feeding method in a completely randomized design (CRD) with three replications for the confirmation of tolerance/resistance. 100 seeds from testing genotypes were taken and the seeds were kept in plastic viles vials. Five pairs of adult insects of C. chinensis (1–2 days old) were transferred into the viles that guaranteed access to only one genotype. The experimental setup was kept for incubation for 24 h and later released insects were removed from the vials viles and kept under observation until the adult emergence. 
The genotypes were examined on a daily basis to record the number of eggs laid, number of adults who emerged, per cent adult emergence, mean development period (MDP) and per cent seed weight loss at 30 and 50 days after insect release (DAIR). The tubes were kept in a BOD incubator at 27 ± 2°C temperature and 65 ± 5% relative humidity (RH) until adult emergence (Gibson and Raina, 1972). Based on the above above-mentioned observations susceptibility index or growth index (GI) was calculated as follows:
Percent Adult Emergence
	Percent adult emergence was calculated by using following formula (Howe, 1971):

Mean Development Period
	Mean development period is the time taken for 50% of adults to emerge. It was estimated by using the following formulae (Howe, 1971):

Where,
	 D1 is the day at which adults started emerging (first day), 
	A1 is the number of adults emerged on D1th day.
Adult Mortality:
	The mortality counts were made on the basis of dead insects, which could be easily distinguished from the living once ones upon examination with the naked eye or binocular microscope. The number of survived and dead insects was collected, counted and recorded after 6 days of release of insects. Moribund insects were taken as dead. Per cent, mortality of C. chinensis L. was calculated with the help of the following formula.
×100
Growth Index:
	Growth index was calculated by using the following formula (Howe, 1971):

Where,
	 S is the per cent adult emergence, 
	T is the mean development time (days)
Percent Seed Weight Loss:
	The per cent seed weight loss was recorded at 30, 60 and 90 days after insect release by using the following formula:


Based on the growth index, the genotypes were categorized as highly tolerant (0.00), tolerant (0-0.050), moderately tolerant (0.051–0.060), moderately susceptible (0.061–0.070), susceptible (0.071–0.080) and highly susceptible (>.081) as per standard procedure with a minor modifications as suggested by Howe, 1971 and Sulehrie et al., 2003.



Table 1: List to genotypes of chickpea
	Sl. No.
	Genotypes
	Sl. No.
	Genotypes

	G1
	CL-1
	G12
	CL-12

	G2
	CL-2
	G13
	CL-13

	G3
	CL-3
	G14
	CL-14

	G4
	CL-4
	G15
	CL-15

	G5
	CL-5
	G16
	CL-16

	G6
	CL-6
	G 17
	CL-17

	G7
	CL-7
	G 18
	CL-18

	G8
	CL-8
	G 19
	CL-19

	G9
	CL-9
	G 20
	CL-20

	G10
	CL-10
	G 21
	CL-21

	G11
	CL-11
	G 22
	CL-22



Results and Discussion
The present investigation aimed at identifying tolerant chickpea genotypes against Callosobruchus chinensis by assessing multiple biological and damage-related parameters under laboratory conditions. The genotypes displayed considerable variation in ovipositional preference, adult emergence, mean development period, growth index and seed weight loss.
The number of eggs laid by C. chinensis varied significantly across genotypes, ranging from 56.36 on CL 21 to 176.33 on CL 7 (Table 2, Fig. 1). CL 21, CL 13 and CL 6 showed the least oviposition, indicating their lesser preference by the pest, whereas CL 7, CL 5, CL 14 and CL 15 were most preferred. These findings are consistent with Divija et al. (2020), who reported egg laying ranged from 57.33 to 177.67, thus confirming genotype-dependent variability in ovipositional behaviour. Adult emergence also followed a similar trend, with CL 7 recording the highest number (45.32) and CL 13 the lowest (10.6), suggesting that certain genotypes such as CL 13, CL 21 and CL 8 are comparatively more resistant, possibly due to physical or biochemical traits unfavourable for larval development. Divija et al. (2020) also observed adult emergence ranging between 11 to 41, aligning with the current results. Regarding adult emergence percentage, the maximum was noted in CL 16 (26.89%), CL 7 (25.42%) and CL 11 (25.23%), while the minimum was in CL 8 (11.74%) and CL 13 (12.84%). These genotypes with lower emergence percentages exhibit potential resistance mechanisms affecting larval survival, as previously documented by Divija et al. (2020), who reported emergence percentages from 11.33% to 37.00%. The development period of C. chinensis larvae also varied significantly among the genotypes. CL 8 exhibited the longest development time (29.35 days), whereas CL 9 showed the shortest (21.33 days). The longer developmental period may reflect reduced pest adaptability or increased biochemical defenses defences in the host seeds, similar to findings by Divija et al. (2020), who noted developmental periods ranging from 21 to 35 days. Growth index, a crucial parameter indicating overall suitability of the host, was highest in CL 4 (0.074) and CL 15 (0.072), while the lowest values were observed in CL 18 (0.031), CL 13 (0.039) and CL 6 (0.043). A lower growth index signifies reduced host suitability, indicating these genotypes possess resistance traits (Table 3). Comparable results were reported by Divija et al. (2020) and further supported by Sharvale and Borikar (1995), Singh and Pandey (2001) and Jha (2002), who also reported significant variation in growth indices due to genotypic differences. Seed weight loss, a direct measure of economic damage, was highest in CL 4 (48.33% at 30 DAIR and 68.66% at 50 DAIR) (Table 4) and lowest in resistant lines like CL 21 and CL 13. These results strongly correlate with other infestation parameters and reinforce the differential susceptibility of chickpea genotypes.
The analysis of variance (ANOVA) confirmed statistically significant differences among all the parameters evaluated, suggesting inherent genetic variability in the response of genotypes to C. chinensis. This aligns with the view that resistance can be effectively incorporated into breeding programs through a selection of tolerant genotypes (Divija et al., 2020).
Conclusion
The screening of promising Bengal gram (Cicer arietinum L.) genotypes against Callosobruchus chinensis L. demonstrated significant genotypic variation in resistance to pulse beetle infestation. Genotypes exhibiting lower adult emergence, reduced seed damage and minimal weight loss were identified as resistant, suggesting the presence of inherent defensive traits such as hard seed coats or biochemical factors that deter beetle infestation. In contrast, susceptible genotypes showed higher emergence rates, increased seed damage and greater weight loss, indicating a lack of effective resistance. The resistant genotypes hold potential for incorporation into breeding programs aimed at developing pulse beetle-resistant cultivars, which could significantly reduce post-harvest losses in chickpea storage. These findings underline the importance of selecting resistant genotypes as part of an integrated pest management approach, minimizing the reliance on chemical control methods. Further molecular and biochemical studies are recommended to confirm the mechanisms of resistance and enhance the understanding of genotype-environment interactions.
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Result and Discussion





Table 2: Screening studies of different genotypes of chickpea on various parameters
	

Sl. No.
	

Genotype
	Number of eggs laid
	No. adults emerged
	Adult emergence (%)
	Mean Development Period (days)
	Growth Index
	Seed Weight loss (%)
(30 DAIR)
	Seed Weight loss (%)
(50 DAIR)

	
	
	Mean ± S.E.
	Mean ± S.E.
	Mean ± S.E.
	Mean ± S.E.
	Mean ± S.E.
	Mean ± S.E.
	Mean ± S.E.

	G 1
	CL-1
	150.267±0.464
	30.9±0.892
	20.34±0.587
	24.13±0.697
	0.051±0.001
	36±1.039
	63.333±1.828

	G 2
	CL-2
	94.7±0.873
	18.64±0.43
	19.16±0.442
	24.96±0.576
	0.049±0.001
	38.333±0.895
	60.667±1.401

	G 3
	CL-3
	130.133±0.607
	28.21±0.977
	21.36±0.74
	23.57±0.816
	0.054±0.002
	16.7±0.577
	46.667±1.617

	G 4
	CL-4
	131.933±0.639
	28.62±0.991
	21.83±0.63
	23.95±0.691
	0.74±0.001
	48.333±0.837
	75±2.165

	G 5
	CL-5
	163.333±0.464
	37.48±0.649
	22.67±0.393
	23.86±0.413
	0.057±0.002
	36±0.635
	57.667±0.999

	G 6
	CL-6
	81.543±0.818
	12.2±0.282
	15.1±0.349
	28.89±0.667
	0.043±0.001
	16.867±0.376
	39.45±0.911

	G 7
	CL-7
	176.633±0.663
	45.32±1.308
	25.42±0.734
	22.1±0.638
	0.053±0.002
	40.333±1.184
	64±1.847

	G 8
	CL-8
	95.343±0.664
	11.21±0.388
	11.74±0.407
	29.35±1.017
	0.052±0.001
	44±1.501
	64.667±2.24

	G 9
	CL-9
	148.367±0.467
	33.67±1.361
	22.55±0.911
	21.33±0.862
	0.064±0.003
	38±1.559
	58.333±2.358

	G 10
	CL-10
	138.333±0.593
	23.1±1.067
	16.24±0.75
	23.56±1.088
	0.058±0.003
	36.3±1.674
	55.667±2.571

	G 11
	CL-11
	136.691±2.062
	34.67±0.801
	25.23±0.583
	25.78±0.595
	0.056±0.001
	38.667±0.895
	71±1.64

	G 12
	CL-12
	134.467±0.732
	33.84±1.563
	25.01±1.155
	26.01±1.201
	0.065±0.002
	43.333±1.992
	64.333±1.817

	G 13
	CL-13
	76.683±0.399
	10.6±0.551
	12.84±0.667
	24.56±1.276
	0.039±0.002
	13.667±0.772
	35.45±1.842

	G 14
	CL-14
	156.533±0.347
	39.24±1.133
	23.98±0.831
	21.34±0.739
	0.054±0.002
	44.667±1.53
	68.667±1.224

	G 15
	CL-15
	150.6±0.61
	37.62±0.869
	24.67±0.712
	22.72±0.656
	0.072±0.003
	32.333±0.953
	51.333±1.482

	G 16
	CL-16
	137.267±0.56
	36.63±1.269
	26.89±0.621
	27.02±0.624
	0.051±0.002
	44±1.501
	65±1.876

	G 17
	CL-17
	122.367±0.763
	26.65±1.231
	21.83±0.756
	22.11±0.766
	0.056±0.002
	44.333±1.299
	71±1.64

	G 18
	CL-18
	83.4±0.493
	19.64±0.34
	23.62±1.091
	28.54±1.318
	0.031±0.001
	5.667±0.145
	26±0.901

	G 19
	CL-19
	132.96±0.905
	28.83±0.666
	21.94±0.38
	23.86±0.413
	0.057±0.002
	37.667±1.299
	63.667±0.941

	G 20
	CL-20
	141.867±0.863
	25±0.722
	17.93±0.414
	25.02±0.578
	0.05±0.002
	32±1.501
	52±0.901

	G 21
	CL-21
	56.367±0.371
	11.12±0.514
	19.67±0.909
	25.99±1.2
	0.047±0.002
	31.3±1.443
	63.667±1.209

	G 22
	CL-22
	122.333±0.617
	26.73±1.08
	21.34±0.739
	22.21±0.769
	0.052±0.001
	47.3±1.097
	68.667±0.431

	Grand mean
	
	125.551
	27.269
	20.970
	24.584
	0.0534
	34.809
	58.465

	C.D.
	
	2.177
	2.681
	2.023
	2.408
	0.005
	3.453
	4.962

	SE( m)
	
	0.761
	0.937
	0.707
	0.842
	0.002
	1.207
	1.735

	SE(d)
	
	1.077
	1.326
	1.0
	1.191
	0.003
	1.708
	2.454



Figure 1: Screening studies of different genotypes of chickpea on various parameters





Table-3: Response of different chickpea genotypes against Callosobruchus chinensis L.
	S. No.
	Category
	Susceptible index
	Name of genotypes

	1.
	Resistant
	<0.05
	CL-2, CL-4, CL-6, CL-8, CL-13 , CL-21

	2.
	Moderately resistant
	0.051-0.055
	CL-1,  CL-3, CL-7, CL-14, CL-16, , CL-20, CL-22

	3.
	Moderately susceptible
	0.55-0.060
	CL-5, CL-10, CL-11, CL-17, CL-19

	4.
	Susceptible
	0.061-0.070
	CL-9, CL-12,

	5.
	Highly susceptible
	>0.071
	CL 15, CL-18



Table 4: Statistical observations of different parameters
	Parameters
	Range
	Grand Mean
	SE(m)
	SE(d)
	C.V.
	C.D.

	Number of eggs
	56 – 176
	125.55
	0.76
	1.07
	1.05
	2.17

	Number of adults emerged 
	10 – 45
	27.26
	0.93
	1.32
	5.95
	2.68

	Adult emergence (%)
	11 –26
	20.97
	.070
	1.0
	5.84
	2.02

	Mean Development Period (Days)
	21 – 29
	24.58
	0.84
	1.19
	5.93
	2.40

	Growth Index
	0.031-0.074
	0.053
	0.002
	0.003
	5.82
	0.005

	Seed weight loss at 30 DAIR (%)
	5.66– 48.33
	34.80
	1.20
	1.70
	6.0
	3.45

	Seed weight loss at 50 DAIR (%)
	26.0- 75.0
	58.46
	1.73
	2.45
	5.14
	4.96
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