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			Abstract | Pulse beetle, Callosobruchus chinensis L., is one of the primary pests of stored grain commodities and causes considerable quantitative and qualitative losses. This study was conducted to assess the relative susceptibility of some desi (Punjab-2008 and Thal-2006) and Kabuli (Punjab-2009 and CM-2008) varieties of chickpea, Cicer arietinum L. Quantitative and qualitative losses incurred by the infestation of C. chinensis were determined under laboratory storage conditions. Maximum grain weight loss was recorded in Thal-2006 (9.07%) after 120 days of infestation followed by CM-2008 (8.37%), while relatively lower weight loss (6.95%) was recorded in case of Punjab-2009. After 90 days of infestation, mean weight loss values for Thal-2006, CM-2008, Punjab-2008 and Punjab-2009 were recorded as 8.21, 5.95, 5.36 and 5.13%, respectively. Relatively lower values of grain weight loss were recorded at 60 and 30 days post-infestation. Minimum grain loss value (0.75%) was recorded in case of control (with no pest infestation). Highest and lowest moisture contents were recorded for Thal-2006 (16.32%) and Punjab-2009 (14.25%), respectively. Similarly, C. chinensis infestation caused highest and lowest grain germination reduction values for Thal-2006 (23.67%) and Punjab-2009 (10.32%), respectively recorded at 120-day post-treatment. Results of qualitative losses revealed that protein and ash contents reduced maximally up to 12.46 and 1.11% in CM-2008 variety, respectively. While minimum protein and ash content reductions were noted in Punjab-2008 variety (i.e., 8.58 and 0.75%), respectively. Similarly, highest reduction in crude fat and carbohydrate contents (i.e., 1.18 and 13.21%) were noted for Thal-2006 and CM-2008 varieties, respectively. While, Punjab-2008 and Punjab-2009 exhibited minimum reductions (i.e., 0.91 and 7.8%) in crude fat and carbohydrate contents, respectively. From overall study results, it is concluded that C. chinensis can result in considerable damage to stored chickpea grains. Moreover, rough surface chickpea varieties were comparatively less preferred by C. chinensis than smooth surface varieties which are found more susceptible to pest infestation. 

			Novelty Statement | This study is novel as it demonstrates that pulse beetle Callosobruchus chinensis cause considerable qualitative and quantitaive damage to smooth surfaced chickpea varieties than rough surface chickpea varieties.
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			Introduction

			Chickpea (Cicer arietinum L.) is one of the important pulse crops being grown in Indo-Pak regions. It is grown in different rainfed areas of the world including Pakistan, India, Turkey, Mexico, Europe, Syria, Australia and Iran (Aslam et al., 2006). Chickpea grains are very nutritious having 24% protein content, 40% starch content, 6% crude fiber, 5% fat content, 3.5% ash and other minerals (calcium, phosphorous, iron) and vitamins (Righi-Assia et al., 2010; Hirdyani, 2014). It is helpful in controlling and even reducing blood sugar level. Chickpea consumption is a good remedy for lowering cholesterol level (Kumar et al., 2009). However, during storage, this commodity is liable to both quantitative and qualitative losses (Ahmed et al., 2003). Qualitative losses result in decreasing aesthetic and nutritional value of grains and quantitative damage results in decreasing germination percentage and weight of chickpea grains (Kim et al., 2003; Islam et al., 2013). 

			Chickpea grains are often infested by certain Bruchid beetles (Coleoptera: Bruchidae) which cause a considerable qualitative as well as quantitative losses to the grains (Eker et al., 2018). The Bruchids have long been recognized as destructive insect pests of stored chickpea grains (Srinivasan et al., 2008). Among these, two Callosobruchus species, specifically Callosobruchus chinensis L. and Callosobruchus maculatus F. have been most frequently observed in stored chickpeas world widely (Erler et al., 2009; Singh et al., 2012). Both species possess identical habitat and lifestyle and are difficult to distinguish from each other (Kyogoku and Nishida, 2013). The C. chinensis is relatively more damaging and frequently observed species in stored chickpea than C. maculatus (Purohit et al., 2013). It is commonly known as gram dhora or pulse beetle and causes substantial quantitative and qualitative losses (Aslam et al., 2006; Upadhyay et al., 2011). Its infestation results in reduced germination capacity, grain weight and seed value (Singh et al., 2016). It is a destructive pest of stored pulses in Africa and Asia (Kiradoo and Srivastava, 2010). Being cosmopolitan, it also damages other crop grains like mung bean, lentil, cowpea, maize and sorghum. Pulse beetle attacks in field by entering inside grains and making holes and feed on grains (Thakur and Pathania, 2013). Grubs and pupae of pulse beetle are internal feeders and both grubs and adult beetles cause damage to grains (Khalequzzaman and Goni, 2009). Damaged grains are not suitable for human consumption and the germination percentage of grains is also severely affected along with reduced market value (Herald et al., 2022).

			Management of the stored grain insect pests is primarily being done by the application of synthetic insecticides including pirmiphos-methyl, chlorpyriphos-methyl and deltamethrin (Daglish et al., 2018). At present, indiscriminate use of fumigants and synthetic insecticides to control insect pest has led to many problems such as pest resistance, resurgence and food poisoning (Stejskal et al., 2021). Fumigation with phosphine gas is the foremost tactic for protection of stored grain against insect pests (Collins, 2006). Currently, phosphine is the most widely used fumigant, but its use is limited due to its adverse effects on the environment and development of pest resistance against phosphine (Collins, 2006; Hossain et al., 2014; Jaiswal et al, 2019). 

			Therefore, in order to reduce over-reliance on the extensive use of synthetic chemicals against C. chinensis infestations, exploration for host plant resistance in leguminous crops has become a compelling alternative in the last few years (Shaheen et al., 2006). Improvement and utilization of resistant chickpea varieties provide an inexpensive and simple method for the management of pulse beetle infestation, and also increases the efficiency of other pest control methods such as biological and cultural control strategies (Ashok et al., 2020). Therefore, several studies were done from time to time to assess the relative susceptibility of different available legume varieties for resistance to different Bruchid beetles (Shaheen et al., 2006; Sarwar, 2012; Singh et al., 2012; Raghuwanshi et al., 2016).

			Keeping in view the above-mentioned information, an in-vitro effort was taken to determine the quantitative and qualitative losses incurred by the pulse beetle C. chinensis to grains of four major chickpea varieties during storage conditions.

			Materials and Methods

			Experimentation was performed in the Laboratory of Entomology, College of Agriculture, University of Sargodha, Sargodha, Punjab, Pakistan.

			Collection of chickpea grains

			Grains of two desi (Punjab-2008 and Thal-2006) and two Kabuli (Punjab-2009 and CM-2008) varieties of chickpea were acquired from the Pulses Research Institute, Ayyub Agricultural Research Institute (AARI), Faisalabad, Punjab, Pakistan. Twenty kilograms of collected grains were fumigated with aluminum phosphide tablets to nullify any antecedent pest infestation on the grains. These fumigated grains were further used for the experimentation.

			Collection and rearing of C. chinensis 

			Mixed age culture of pulse beetle was collected from the godowns and stores of Punjab Food Department, and was mass reared under controlled laboratory conditions. For each variety, 100 adult beetles (50 pairs) were released in 1.0 kg of fumigated chickpea grains in a plastic jars (15×20 cm) which were closed with fine mesh cloth tightened with rubber rings, and were placed at 32±2 °C temperature and 65±5% relative humidity. Adult beetles were left for 3 to 4 days for mating and oviposition. Chickpea grains with eggs were left over for 25 days in order to attain adult beetles. Pupae of same days were collected and introduced in a plastic jar on one kilogram of un-infested and clean chickpea grains to ensure homogenous population.

			Determination of quantitative and qualitative losses incurred by pulse beetle

			Experimental setup

			One kg of fumigated chickpea grains of collected varieties was taken in plastic jars (20 × 15 cm). Jars were closed with fine mesh cloth and rubber band and were exposed to room temperature (25°C) for seven days until grain moisture content was stabilized at approximately 13%, suitable for insect growth. These jars were then infested with 20 uniformly sized and aged adult pairs of C. chinensis. The jars were put in an environmental chamber set at 65 ± 5% relative humidity and 32 ± 2 °C temperature. Growth chamber was opened for 30 min daily to ensure proper aeration. Five independent replications were maintained for each treatment. After 30 days, the sample from each treatment was drawn for the analysis of quantitative and qualitative losses induced by the pulse beetle in chickpea varieties. Data was recorded after 30, 60, 90 and 120 days post-infestation. Quantitative and qualitative losses were determined before and after the infestation of C. chinensis in storage.

			Determination of quantitative parameters

			Grain weight loss

			About 50 g of grains were drawn from each treatment and were separated as damaged and undamaged grains. The grains were enumerated and weighed using an electronic balance. Percent weight loss was calculated using the formula given by Gwinner et al. (1996).
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			Where, Wu= Nu= Number of undamaged grains, Weight of undamaged grains, Nd= Number of damaged grains and Wd= Weight of damaged grains.

			Determination of grain moisture content

			For moisture determination, 20 g grains were drawn from each jar. The sample was grinded and mixed rapidly with a spoon and was transferred to Petri-dishes. Each sample was dried in an hot-air oven at 130 °C temperature for 60 min and Petri-dishes were weighed until a constant weight. Weight loss was calculated. Moisture content in each sample was determined by AACC (2000) Method 44-15a (Kalnina et al., 2015).
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			Where, A= grains moisture loss and B= original sample weight.

			Germination percentage

			Germination test was conducted after 30, 90, 60 and 120 days of infestation or storage. Ten grains from each replication were drawn and were washed with 5% sodium hypochlorite to remove any type of contamination. Selected grains were put on a moistened filter paper in Petri-plates for germination. Germination percentage was determined using following formula (Khanna et al., 2017).

			[image: ]

			Determination of qualitative parameters

			Determination of crude protein

			Total nitrogenous compounds that were present in analyzed product are expressed as the total crude protein content and was calculated from nitrogen concentration of grains. The sample was digested by heating in digestion glass in the presence of catalyst and oxidizing agent. After digestion, neutralization of solution was carried in receiving flask and titration was carried out of ammonium borate formed with hydrochloric acid to calculate nitrogen content. Thereafter, nitrogen content was determined by Kjeldhal’s method using conversion factor i.e., percent protein = F (6.25) (Mariotti et al., 2008).

			Determination of ash content

			Ash content was measured from 20 g of sample from each treatment. The collected sample was charred on burner at 600 °C temperature and the sample was burned inside a muffle furnace for two hours (Technical, 2009). Formula given in AACC (2000) Method No. 08-01 was used to calculate ash content.
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			Determination of fat content

			According to AACC Method No. 30-01 (Flores‐Silva et al., 2015), the crude fat content was determined by extracting dried sample through Soxhlet apparatus. About 10 g of the sample was dried in a vacuum oven at 95-100 °C temperature for about 5 h. Then sample was shifted to an extractor and was extracted using petroleum ether as extraction solvent for 4 h at a condensation rate 5-6 drops/sec. Ether was removed from the collection beaker at low temperature. Drying of the remaining was done in oven at 100 °C temperature and then sample was desiccated and cooled.

			Determination of carbohydrates

			The starch content of grains was determined after enzymatic decomposition with amyloglucosidase. In brief, sample was added in a glass centrifuge tube (16 × 120 mm; 17 ml capacity) and after addition of 5 ml of aqueous ethanol (80% v/v) it was stirred on vortex mixer as per procedure given in AACC Method No. 76-13.

			Statistical analysis

			Experimentation was done following completely randomized design (CRD). After correction by Abbott’s Formula (1925), data were subjected to factorial analysis of variance (ANOVA) using Statistix® (Version 8.1 V, Tallahassee, FL, USA) followed by Fischer’s least significant difference (LSD) post-hoc test (at α = 0.05) in order to differentiate between the treatment means.

			 

			Results and Discussion

			Grains weight loss

			Changes in weight loss of grains of different chickpea varieties infested by C. chinensis were determined at different post-infestation time intervals. Treatments, observation time periods and their interaction exerted a significant impact on the average grain weight loss (Table 1). Results showed that highest weight losses (9.07%) was recorded in Thal-2006 at 120 days of infestation, while relatively lower grain weight loss (6.95%) was recorded in case of Punjab-2009. Lowest grains loss value (0.75%) was recorded in untreated (control) treatment (Figure 1).

			Table 1: Analysis of variance table regarding mean percent weight loss of grains of chickpea varieties infested with C. chinensis (see Figure 1).

			
				
					
					
					
					
					
				
				
					
							
							Source

						
							
							DF

						
							
							SS

						
							
							MS

						
							
							F-value

						
					

					
							
							Time

						
							
							3

						
							
							272.01

						
							
							90.668

						
							
							11.31**

						
					

					
							
							Treatment

						
							
							3

						
							
							74.67

						
							
							24.889

						
							
							3.11*

						
					

					
							
							Time × Treatment

						
							
							9

						
							
							95.20

						
							
							10.578

						
							
							2.73 *

						
					

					
							
							Error

						
							
							80

						
							
							309.10

						
							
							3.863

						
							
					

					
							
							Total

						
							
							95

						
							
							750.98

						
							
							
					

				
			

			* p < 0.05 (significant), ** p < 0.001 (highly significant), ANOVA (analysis of variance) at α = 0.05. F, F-statistic; MS, Mean sum of squares; SS, Sum of squares; DF, Degree of freedom.
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			Figure 1: Mean weight loss (%) of grains of different chickpea varieties incurred by the infestation of C. chinensis determined at different days after treatment (DAT). Different letters at top of treatment columns indicate significant difference among them (LSD test at α = 0.05). Columns represent mean percent mortality ± SE (n = 5) (See Table 1).

			Moisture contents

			Results revealed fluctuation in mean moisture contents of C. chinensis infested grains of all chickpea varieties stored for different time periods. Treatments, observation time and their interaction exerted a significant impact on average grain moisture contents (F = 11.05, p < 0.001, F = 9.90, p < 0.001 and F = 2.06 p < 0.05, respectively; Table 2). The highest moisture contents (16.32%) was noted in Thal-2006 after exposure period of 120 days, while relatively lower moisture content (14.25%) was recorded in Punjab-2009. Varieties Thal-2006 and Punjab-2008 were statistically at par. Relatively lower values of moisture losses were recorded at 30 days of storage. Lowest value (9.51%) was recorded in control (uninfested grains) (Figure 2).

			Table 2: Analysis of variance table regarding mean percent moisture content of grains of chickpea varieties infested with C. chinensis (see Figure 2).

			
				
					
					
					
					
					
				
				
					
							
							Source

						
							
							DF

						
							
							SS

						
							
							MS

						
							
							F-value

						
					

					
							
							Time

						
							
							3

						
							
							82.964

						
							
							27.654

						
							
							9.90**

						
					

					
							
							Treatment

						
							
							3

						
							
							92.670

						
							
							30.890

						
							
							11.05**

						
					

					
							
							Time × Treatment

						
							
							9

						
							
							51.899

						
							
							5.567

						
							
							2.06 *

						
					

					
							
							Error

						
							
							80

						
							
							223.570

						
							
							2.795

						
							
					

					
							
							Total

						
							
							95

						
							
							451.103

						
							
							
					

				
			

			* p < 0.05 (significant), ** p < 0.001 (highly significant), ANOVA (analysis of variance) at α = 0.05. F, F-statistic; MS, Mean sum of squares; SS, Sum of squares; DF, Degree of freedom. 
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			Figure 2: Mean moisture contents (%) of grains of different chickpea varieties incurred by the infestation of C. chinensis recorded at different days after treatment (DAT). Different letters at top of treatment columns indicate significant difference among them (LSD test at α = 0.05). Columns represent mean percent mortality ± SE (n = 5) (See Table 2).

			Percent germination reduction

			Results revealed a differential germination of C. chinensis-infested grains of all chickpea varieties stored for different time periods. Treatments, observation time periods and their interaction exerted a significant impact on the percent germination reduction (F = 3.11, p < 0.05, F = 11.31, p < 0.001 and F = 2.12 p < 0.05, respectively; Table 3). The highest germination reduction (23.67%) was noted in Thal-2006 after 120 days of storage followed by CM-2008 (16.83%). While relatively low germination reduction (10.32%) was recorded in case of Punjab-2009. Lowest value of germination reduction (2.10%) was recorded in untreated (control) treatment (Figure 3).
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			Figure 3: Mean germination reduction (%) of grains of different chickpea varieties incurred by the infestation of C. chinensis recorded at different days after treatment (DAT). Different letters at top of treatment columns indicate significant difference among them (LSD test at α = 0.05). Columns represent mean percent mortality ± SE (n = 5) (see Table 3).

			Table 3: Analysis of variance table regarding mean percent germination reduction of grains of chickpea varieties infested with C. chinensis (see Figure 3).

			
				
					
					
					
					
					
				
				
					
							
							Source

						
							
							DF

						
							
							SS

						
							
							MS

						
							
							F-value

						
					

					
							
							Time

						
							
							3

						
							
							1081.95

						
							
							90.668

						
							
							11.31**

						
					

					
							
							Treatment

						
							
							3

						
							
							1578.28

						
							
							24.889

						
							
							3.11*

						
					

					
							
							Time × Treatment

						
							
							9

						
							
							544.93

						
							
							60.54

						
							
							2.12*

						
					

					
							
							Error

						
							
							80

						
							
							2290.10

						
							
							28.62

						
							
					

					
							
							Total

						
							
							95

						
							
							
							
					

				
			

			* p < 0.05 (significant), ** p < 0.001 (highly significant), ANOVA (analysis of variance) at α = 0.05. F, F-statistic; MS, Mean sum of squares; SS, Sum of squares; DF, Degree of freedom. 

			Protein content of grains

			The results showed variation in mean percent crude protein contents in C. chinensis infested chickpea varieties (Table 4). Protein contents reduced to 12.06% from 21.08% in Thal-2006 variety, 13.59% from 22.17% in Punjab-2008, while it was reduced to 10.56% from 23.02% in CM-2008 and to 12.71% from 22.86% in Punjab-2009 variety (Table 5).

			Table 4: Analysis of variance table regarding mean crude protein contents of grains of chickpea varieties infested with C. chinensis (see Table 5).

			
				
					
					
					
					
					
					
					
				
				
					
							
							Source

						
							
							DF

						
							
							SS

						
							
							MS

						
							
							F

						
							
							P-value

						
							
							F crit

						
					

					
							
							Treatment

						
							
							4

						
							
							237.781

						
							
							59.445

						
							
							56.159

						
							
							7.56E-09

						
							
							3.055

						
					

					
							
							Time

						
							
							15

						
							
							15.877

						
							
							1.058

						
							
							
							
					

					
							
							Total

						
							
							19

						
							
							253.658

						
							
							
							
							
					

				
			

			Ash content

			C. chinensis infestation caused a significant and differential impact on mean ash content of chickpea varieties (Table 6). Ash content reduction after 120 days of infestation was from 2.77% to 1.96% and from 2.88% to 2.13% in Thal-2006 and Punjab-2008 varieties of desi chickpea, respectively. In CM-2008 and Punjab-2009 varieties, these ash contents reduced from of the 2.78% to 1.67% and 1.98%, respectively (Table 7).

			Table 5: Mean crude protein content (%) of grains of different chickpea varieties incurred by the infestation of C. chinensis (see Table 4).

			
				
					
					
					
					
					
					
					
				
				
					
							
							Types of chickpea

						
							
							Varieties

						
							
							Before infestation

						
							
							After 30 

							days

						
							
							After 60 

							days

						
							
							After 90 

							days

						
							
							After 120 days

						
					

					
							
							Desi Chickpea

						
							
							Thal-2006

						
							
							21.08

						
							
							18.48**

						
							
							16.87**

						
							
							15.74**

						
							
							12.06**

						
					

					
							
							Punjab-2008

						
							
							22.17

						
							
							20.37*

						
							
							17.75*

						
							
							15.94*

						
							
							13.59*

						
					

					
							
							Kabuli Chickpea

						
							
							CM-2008

						
							
							23.02

						
							
							19.61*

						
							
							17.30**

						
							
							14.58**

						
							
							10.56**

						
					

					
							
							Punjab-2009

						
							
							22.86

						
							
							21.21*

						
							
							18.78**

						
							
							16.86**

						
							
							12.71**

						
					

				
			

			* Significant at p ≤ 0.05, ** Significant at p ≤ 0.01, NS, Non-significant.

			Table 6: Analysis of variance table regarding mean total ash contents of grains of chickpea varieties infested with C. chinensis (see Table 7).

			
				
					
					
					
					
					
					
					
				
				
					
							
							Source

						
							
							DF

						
							
							SS

						
							
							MS

						
							
							F

						
							
							P-value

						
							
							F crit

						
					

					
							
							Treatment

						
							
							1.816

						
							
							4

						
							
							0.454

						
							
							12.730

						
							
							0.0001

						
							
							3.055

						
					

					
							
							Time

						
							
							0.535

						
							
							15

						
							
							0.035

						
							
							
							
					

					
							
							Total

						
							
							2.352

						
							
							19

						
							
							
							
							
					

				
			

			Table 7: Mean total ash content (%) of grains of different chickpea varieties incurred by the infestation of C. chinensis (see Table 6).

			
				
					
					
					
					
					
					
					
				
				
					
							
							Types of chickpea

						
							
							Varieties

						
							
							Before infestation

						
							
							After 30 days

						
							
							After 60 days

						
							
							After 90 days

						
							
							After 120 days

						
					

					
							
							Desi Chickpea

						
							
							Thal-2006

						
							
							2.77

						
							
							2.59*

						
							
							2.42*

						
							
							2.14*

						
							
							1.96*

						
					

					
							
							Punjab-2008

						
							
							2.88

						
							
							2.78*

						
							
							2.67*

						
							
							2.52**

						
							
							2.13**

						
					

					
							
							Kabuli Chickpea

						
							
							CM-2008

						
							
							2.78

						
							
							2.37*

						
							
							2.17*

						
							
							1.92**

						
							
							1.67**

						
					

					
							
							Punjab-2009

						
							
							2.78

						
							
							2.57*

						
							
							2.58*

						
							
							2.20*

						
							
							1.98*

						
					

				
			

			* Significant at p ≤ 0.05, ** Significant at p ≤ 0.01, NS, Non-significant

			Table 8: Analysis of variance table regarding mean crude fat contents of grains of chickpea varieties infested with C. chinensis (see Table 9).

			
				
					
					
					
					
					
					
					
				
				
					
							
							Source

						
							
							DF

						
							
							SS

						
							
							MS

						
							
							F

						
							
							P-value

						
							
							F crit

						
					

					
							
							Treatment

						
							
							2.384

						
							
							4

						
							
							0.596

						
							
							16.907

						
							
							1.980

						
							
							3.055

						
					

					
							
							Time

						
							
							0.528

						
							
							15

						
							
							0.035

						
							
							
							
					

					
							
							Total

						
							
							2.913

						
							
							19

						
							
							
							
							
							 

						
					

				
			

			Fat content

			Results in Table 8 showed that in case of Thal-2006 and Punjab-2008 varieties, fat contents were reduced to 3.28 and 3.53 from 4.46 and 4.44%, respectively. While CM-2008 and Punjab-2009 varieties displayed reduction in fat contents to 3.23% from 4.39% and 3.50% from 4.42%, respectively (Table 9).

			Table 9: Mean crude fat content (%) of grains of different chickpea varieties incurred by the infestation of C. chinensis (see Table 8).

			
				
					
					
					
					
					
					
					
				
				
					
							
							Types of chickpea

						
							
							Varieties

						
							
							Before infestation

						
							
							After 30 days

						
							
							After 60 days

						
							
							After 90 days

						
							
							After 120 days

						
					

					
							
							Desi chickpea

						
							
							Thal-2006

						
							
							4.46

						
							
							4.14*

						
							
							3.98*

						
							
							3.72**

						
							
							3.28**

						
					

					
							
							Punjab-2008

						
							
							4.44

						
							
							4.32*

						
							
							4.20*

						
							
							3.94*

						
							
							3.53**

						
					

					
							
							Kabuli chickpea

						
							
							CM-2008

						
							
							4.39

						
							
							3.84*

						
							
							3.74*

						
							
							3.40**

						
							
							3.23*

						
					

					
							
							Punjab-2009

						
							
							4.26

						
							
							4.30*

						
							
							4.00*

						
							
							3.90*

						
							
							3.50*

						
					

				
			

			* Significant at p ≤ 0.05, ** Significant at p ≤ 0.01, NS, Non-significant.

			Carbohydrate contents

			Similarly, mean percent carbohydrate content were also considerable reduced by the infestation of C. chinensis in all chickpea varieties (Table 10). Carbohydrate contents reductions were statistically different in Punjab-2008, Thal-2006 and CM-2008. Among all the tested varieties, highest reduction in carbohydrates contents was for Thal-2006 (from 44.59% to 31.38%), whereas relatively lowest reduction was noted in Punjab-2008 variety (from 45.21% to 37.41%) (Table 11).

			Table 10: Analysis of variance table regarding mean carbohydrate contents of grains of chickpea varieties infested with C. chinensis (see Table 11).

			
				
					
					
					
					
					
					
					
				
				
					
							
							Source

						
							
							DF

						
							
							SS

						
							
							MS

						
							
							F

						
							
							P-value

						
							
							F crit

						
					

					
							
							Treatment

						
							
							249.685

						
							
							4

						
							
							62.421

						
							
							8.150

						
							
							0.001

						
							
							3.055

						
					

					
							
							Time

						
							
							114.8831

						
							
							15

						
							
							7.658

						
							
							
							
					

					
							
							Total

						
							
							364.569

						
							
							19

						
							
							
							
							
					

				
			

			Table 11: Mean carbohydrate content (%) of grains of different chickpea varieties incurred by the infestation of C. chinensis (see Table 10).

			
				
					
					
					
					
					
					
					
				
				
					
							
							Types of chickpea

						
							
							Varieties

						
							
							Before infestation

						
							
							After 30 days

						
							
							After 60 days

						
							
							After 90 days

						
							
							After 120 days

						
					

					
							
							Desi chickpea

						
							
							Thal-2006

						
							
							44.59

						
							
							42.16*

						
							
							40.11*

						
							
							37.86*

						
							
							31.38*

						
					

					
							
							Punjab-2008

						
							
							45.21

						
							
							44.14*

						
							
							42.24*

						
							
							39.68**

						
							
							37.41**

						
					

					
							
							Kabuli chickpea

						
							
							CM-2008

						
							
							46.24

						
							
							39.58*

						
							
							36.61*

						
							
							34.57**

						
							
							35.78*

						
					

					
							
							Punjab-2009

						
							
							47.54

						
							
							46.20*

						
							
							44.27*

						
							
							41.25*

						
							
							38.44*

						
					

				
			

			* Significant at p ≤ 0.05, ** Significant at p ≤ 0.01, NS, Non-significant.

			Discussion

			The current research work was executed to investigate the qualitative and quantitative losses of protein, carbohydrate, ash and moisture loss of grains of different chickpea varieties due to C. chinensis infestation.

			Weight loss

			The results of weight loss disclosed that highest weight loss (9.07%) was noted in Thal-2006 at 120 days post-infestation, while relatively lower (6.95%) was recorded in case of Punjab-2009. These findings are in agreement with Pradhan et al. (2020) who reported a 37 to 64% loss in chickpea grains weight after 6 month of infestation by C. chinensis. The findings match with results of Phadtare et al. (2023) who found weight loss of up to 14.77 % in chickpea seeds after 240 days of infestation of C. chinensis. Siddiqa et al. (2013) also reported a weight loss in range of 4 to 70% by C. chinensis attack. Moreover, our findings are also consistent with Pokharkar and Chauhan (2010) who appraised the weight losses in different varieties of desi and Kabuli chickpea and noted greater losses in Kabuli varieties as compared to the desi ones. Likewise, Soumia et al. (2017) assessed vulnerability of certain chickpea varieties to the C. chinensis infestation and noted highest infestation in Kabuli grams, whereas no infestation of C. chinensis was noted in kidney shaped beans and in desi chickpea varieties. Our results are in line with Eker et al. (2018) who assessed susceptibility of some varieties of desi and Kabuli and noted that highest seed damage was observed in Kabuli type species as we noted in our research work. However, our results are somewhat different from the findings of Raghuwanshi et al. (2016). The difference may be due to different chickpea varieties used in this study than those tested in this study. Increased moisture content was also noted in infested chickpea varieties in our study. These results are corroborating the conclusions of Shaheen et al. (2006); Adetumbi et al. (2009) and Bhandari et al. (2017).

			Moisture loss

			Findings regarding percent grain moisture changes displayed that highest moisture contents (16.32%) was noted in Thal-2006 at 120 days of incubation or pest infestation, while relatively lower (14.25%) was recorded in case of Punjab-2009. The moisture content of different varieties may be different during the storage period. According to Rolania et al. (2021), 10.90, 10.15 and 10.12% moisture loss was recorded in chickpea varieties. Our results are in line with Verma et al. (2011) who found a positive association between the infestation of C. chinensis and grains moisture content.

			Germination 

			The grains germination potential decreased significantly as the degree of infestation increased. Highest reduction in grain or seed germination was 23.67% in Thal-2006 at 120 days post-infestation followed by CM-2008 (16.83 %). These findings are according to Allali et al. (2020) who found germination reduction in chickpea by the infestation of C. chinensis. Previous work by Mukendi et al. (2018) revealed that germination potential is greatly reduced of infested grains. Our results corroborate the findings of Shaheen et al. (2006) and Dhakar et al. (2022) who demonstrated that pulse beetle infestation in stored chickpea grains minimized the seed germination.

			Protein content

			Results of qualitative parameters depicted that protein contents reduced from 10.56 to 23.02% in chickpea varieties. Deepika et al. (2020) noticed protein content from 15.33 from 22.70% in genotype JG 315 of chickpea. Saxena and Saxena (2011) depicted protein content losses from 18 to 21.22% incurred by C. chinensis infestation. The contents of crude protein and fat were significantly reduced after the infestation of C. chinensis for longer period during storage (Sarwar, 2012).

			Ash content

			Ash content reduction (2.77 to 1.96%) in Thal-2006 variety of desi chickpea. In Punjab-2008 (2.88 to 2.13), in CM-2008 and Punjab-2009 variety of the Kabuli chickpea (2.78 to 1.678% and 2.78 to 1.98%) was recorded. These results are in line with Saxena and Saxena (2011) who noticed significant reduction in ash content in different chickpea varieties. Values of ash content in this study are in line with those reported by Khandaitaray et al. (2023).

			Crude fat

			Crude fat percent in case of Thal-2006 and Punjab-2008 varieties, reduction was 3.28 from 4.46 % and 3.53 from 4.44%, respectively. While CM-2008 and Punjab-2009 varieties displayed reduction in fat contents, respectively from 3.32 to 4.42%. Saxena and Saxena (2011) demonstrated as well a reduction in crude fat from 4.8 to 5.40% after 6 months of infestation of C. chinensis. Siddiqa et al. (2013) studied different germplasms of chickpea and established that the fat content of different germplasms was significantly different in chickpea grains during the storage.

			Carbohydrates

			Highest reduction in carbohydrates contents (44.59 to 31.38%) was found in Thal-2006 variety, whereas relatively lowest reduction was noted in Punjab-2009 variety. Current findings are in agreement with Sharma et al. (2023) who found reduction in carbohydrates in chickpea grains after C chinensis infestation. Results of this study are similar to those of Deepika et al. (2020) who found carbohydrates loss from 37.67 to 48.65%. Current finding is partially consistent with the findings of Saxena and Saxena (2011) who stated 45 to 54% carbohydrate content reduction after 6 months of pest infestation. 

			Surface structure of the chickpea grains plays an important role in the selection of grams for insect pest infestation. Grains with smooth surface are more preferred by C. chinensis. Khana et al. (2017) assessed the susceptibility of desi and Kabuli chickpea varieties and noticed that desi chickpea showed resistance to damage than the Kabuli varieties. Due to wrinkled and rough shape, desi chickpea varieties experienced relatively less infestation compared to smooth shape of Kabuli varieties (Erler et al., 2009). Similar trend was observed in the current research work. Many researchers have worked on assessment of susceptibility and storage losses in different pulse varieties including chickpea by infestation of C. chinensis. Kabuli variety CM-2008 was found more susceptibly than the Punjab-2008 in the current study. Our results revealed that the germination of the attacked grains were reduced. A quantitative study was conducted by Jha (2002) and noticed that the variety BG-267 was highly preferred by the pulse beetle, while the variety BG-256 was not much preferred. Results of crude protein in our research revealed the reduction in nutritional contents. It has been found that the crude protein content is positively correlated with the grain moisture content and pest infestation (Akhtar et al., 2022). 

			Conclusions and Recommendations

			Based on overall findings of the study, it is concluded that the infestation by C. chinensis has differential qualitative and quantitative loss in different chickpea varieties. C. chinensis resulted in considerable damage to stored chickpea grains of all varieties. Moreover, rough surface chickpea varieties (Punjab-2008 and Punjab-2009) were comparatively less preferred by the pest than smooth surface varieties (Thal-2006 and CM-2008). The later ones were found more susceptible to C. chinensis attack than earlier ones. Furthermore, phenology factor was also crucial as smooth surface of grains was favored by insect pest attack.
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