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ABSTRACT
Aim: The study assessed qualitative losses due to infestation by pulse beetle (Callosobruchus chinensis L.) in nine soybean genotypes under storage kept for 90 days.
Study design: The experiment was conducted by using Completely Randomized Design (CRD) 
Place and Duration of Study: The study was carried out  under laboratory conditions at College of Agriculture, Central Agricultural University, Imphal during 2024. 
Methodology: Protein and oil content were analyzed using the Kjeldahl method and Soxhlet ethanol extraction, respectively. 
Results: Results revealed significant variations in decrease of protein and oil loss among genotypes due to beetle infestation. Maximum protein loss (7.90%) and oil loss (7.3%) occurred in JS-335, indicating high susceptibility. In contrast, CAU MS-1 and CAU MS-2 showed the lowest protein losses (1.69% and 1.90%) and oil losses (3.5% and 1.6%), respectively. 
Conclusion: The results confirmed genotype-dependent variation in resistance, with CAU MS-1 and CAU MS-2 showing highest resistance. These losses critically affect the nutritional quality and storage viability of soybean seeds. The study emphasizes the importance of resistant genotypes for minimizing post-harvest damage by pulse beetles.
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1. INTRODUCTION
	Soybean crop (Glycine max (L.) Merill) is considered to be the main source of oil and is commercially an important oilseed crop (Singh et al., 2019).  Oils in soybean is polyunsaturated containing important omega -6 and omega – 3 fats. As a part of a balanced diet, these may be good for the heart and helps lower chances of diseases. Soybean unlike most plant protein, has all 9 amino acids needed for healthy muscles and bones. Soy protein has several benefits, such as lowering liver or blood triglycerides and increasing HDL cholesterol (Xiao, 2008). Soybean thus provides a rich source of supplementary protein of daily diets of vegetarian population. Due to its high protein and oil content, this crop is mostly used in food and is a vital component in the fight against malnutrition in rural areas. 
Seed quality is a crucial factor in the commercialization and production of the seed, and it can impact the end product and its value (Kandil et al., 2019). Soybean in storage suffers enormous losses due to insect infestation affecting the quality, including germination, oil content and protein content, in addition to seed yield. It, therefore, becomes essential to protect the seed from insect pests during storage. Callosobruchus chinensis (L.) (Bruchidae: Coleoptera) commonly known as bruchid is an economically significant insect pest, cosmopolitan in distribution and a serious interior feeder of seeds in many legume species due to their generalized legume diets, known to be prolific and rapid in breeding. The damage due to this pest can swiftly affect the germinating ability too (Sharma, 1984). Bruchids cause overall seed weight loss, loss of seed viability and altered nutritional quality due to the presence of insect frass, excrement and dead insects in and on the seed (Tuda et al., 2005). In India, Gujar and Yadav (1978) recorded 32.2 to 55.7 per cent loss in seed weight and 17.0 to 53.5 per cent loss in protein content. Even though pulse beetles are known to attack a wide variety of legume species, research suggests that little is known about the harm that this pest does to soybean. One of the most promising ways to reduce dependence on pesticides in agriculture is to plant insect resistant cultivars, which is one of the most effective, feasible, economical and environmentally safe pest management tactics (Pedigo, 1996). Resistant varieties, therefore, would provide a sustainable environment friendly method to reduce soybean post-harvest losses due to C. chinensis and assist farmers in storing their soybean for long periods.
2. MATERIALS AND METHODS 
The initial stock culture of C. chinensis was established using adult beetles collected from infested soybean grains from untreated godowns and grocery shops. These adult beetles were reared on insect susceptible soybean JS-335 in the laboratory conditions of Department of Entomology, College of Agriculture, Central Agricultural University, Imphal at ideal temperature and relative humidity of 32°C±20°C and 70±5%, respectively. 500 g of soybean var. JS 335 were cleaned, washed, dried and sterilized at temperature of 30ºC for 30 minutes to eliminate any hidden infestation. The seeds were then removed & placed in a glass jar (25 cm x 15 cm x 10 cm) with a covered with muslin cloth for 24 hours to allow it to regain normal grain moisture without additional infestation. 5 pairs of male and female adults collected from infested godowns were released for oviposition in the glass jar containing the sample soybean seeds. The jar was covered with muslin fabric and tightly fastened with rubber bands to prevent the adults from escaping. The culture was maintained under laboratory conditions without any disturbance for mating and oviposition. After allowing the beetles to lay eggs, seeds with egg from stock culture were segregated and transferred to another jar containing fresh soybean seeds. The pure culture of F1 generation pulse beetle is thus established (Babu et al. 2021). This newly emerged beetles were used throughout the period of experimental study. 
2.1 Estimation of qualitative losses by pulse beetle (Callosobruchus chinensis (L.) on soybean seeds
Soybean being a rich source of protein and oil, the losses by pulse beetle would largely impact the nutritive value of the two. Fresh, insect free and genetically pure and healthy breeder seeds of nine high yielding soybean genotypes suited for cultivation in Manipur conditions free from any insect infestation were obtained from AICRP (Soybean), COA, CAU, Imphal. Soybean genotypes used for the study were T1 - MACS 1460, T2 - JS 20-116, T3 - JS 335, T4 - NRC 142, T5 - MACS 1407, T6 - CAU MS-1, T7 - CAU MS-2, T8 - IC 0574366 and T9 - DSb 32. Moisture content for all tested genotypes was kept similar before the experiment at around 12%. 
Protein and oil losses from the stored soybean seeds kept for 90 days were determined to know the differences among the genotypes. Fresh soybean seed 50g of each soybean genotype was initially weighed in separate glass jars in three replications and were first determined for protein and oil content before infestation by pulse beetle. Two pairs of newly emerged F1 generation of pulse beetle reared from stock culture were released into each jar and covered with muslin cloth. After 90 days of release of adults for infestation, the jars were opened and seeds from each jar were determined again for protein and oil content.
2.1.1 Determination of crude protein from soybean seeds
Crude protein content of soybean was chemically determined according to the Kjeldahl method (AOAC, 1995 and Lynch et al., 1998). Protein content was calculated as percent of dry weight of sample by multiplying the total nitrogen content by a conversion factor of 6.25. This value of 6.25 represents the average nitrogen content of a of a typical protein sample. The percent of protein was calculated using the following formula according to (Onsaard et al., 2010):
% Nitrogen = Titrate volume x 0.0014 x Volume made x 100
                               Aliquot taken x Weight of sample 
% protein = % Nitrogen x 6.25
2.1.2 Determination of crude oil from soybean seeds
Soxhlet ethanol extraction was used to chemically determine oil content of soybean (Luque de Castro and García-Ayuso,1998) Percent oil content obtained by the extraction methods was calculated using formula below: 
% Oil yield = weight of extracted oil (g) / weight of soybean seeds observed (g) × 100 
The difference recorded between initial and final content of each genotype (% protein loss and % oil loss) determined the most susceptible variety i.e., most preferred by pulse beetle, C. chinensis. The genotype with the least difference of protein and oil loss after infestation by the test was considered the most resistant type among the genotypes tested. 
3. RESULTS AND DISCUSSION
3.1 Extent of protein loss by pulse beetle, C. chinensis (L.) in soybean seeds
	The data on mean per cent protein loss presented in table 1. revealed that protein losses due to infestation by pulse beetle after 90 days of storage in different genotypes ranged between 1.50 to 7.90 per cent. Least protein loss of 1.50 % was observed in CAU MS-1 followed by CAU MS-2 (1.90%), IC 0574336 (2.13%), NRC 142 (2.44%) and MACS 1407 (3.60%) which are statistically at par among each other. The maximum net protein loss was observed in variety JS-335 with a protein loss of 7.90 % which was highly infested by the pest during storage.
	The result on percent protein loss of soybean genotypes due to pulse beetle inflicted after 90 days of insect infestation can be summarized in the order from least infestation as CAU MS-1 (1.50 %), CAU MS-2 (1.90%), IC 0574336 (2.13%), NRC 142 (2.44%), MACS 1407 (3.60%), MACS 1460 (4.05%), JS 20-116 (4.38%), DSb 32 (4.52%) and JS 335 (7.90%). 
	Therefore, among nine soybean genotypes evaluated, genotypes JS 335 followed closely by DSb 32 and JS 20-116 were the most preferred ones by pulse beetle showing more susceptibility than other genotypes with respect to per cent protein loss. This result corroborates with the findings of Dudu et al. (1996) who reported the decrease in protein content from 24.5- 23.4% in seeds of groundnut when infested by Oryzaephilus mercator as storage pest of pulses and also is close proximily with the report of Dadlani et al. (1995) who observed decrease in protein content of pulses after storage for months. However, contradictory reports by many scientists profounded the observations that protein content increased significantly in infested pulses than healthy ones as stated by Doharcy et al., (1983) who indicated that protein content in green gram increased from 22.15 to 47.14% after infestation by Callosobruchus chinensis for 120 days during storage. Similar results were also stated by Neog and Singh (2011) who reported that increase protein increased significantly in infested green gram seeds when attacked by Callosobruchus chinensis for 60-90 days of storage. 
	Thus, it can be stated that the extent of losses due to Callosobruchus chinensis on stored soybean seeds varied from host to host varying on the genotypes which depends upon the suitability of oviposition and development (Singh, 1962). This ultimately reflects not only on the quantitative losses but qualitative aspects as well. 
3.2 Extent of oil loss by pulse beetle (C. chinensis (L.) in soybean seeds
		Oil content decreased significantly in all the soybean genotypes after 90 days of exposure to the Callosobruchus chinensis infestation as compared to oil content in seeds before infestation. The percent oil loss due to pulse beetle on tested soybean genotypes presented showed that loss in different genotypes ranged in between 1.60 to 7.30 percent. Least reduction in oil content on seeds was observed in CAU MS-2 with only 1.60% loss followed by CAU MS-2 with 2.90 % loss. The maximum oil loss was observed in variety JS-335 with 7.3 %.
	The result on percent oil loss in soybean genotypes due to pulse beetle inflicted after 90 days of insect infestation can be summarized in the order from least infestation as CAU MS-2- (1.6%), CAU MS-1 - (2.90%), IC-0574336– (3.10%), MACS- 1407- (3.50%), NRC-142 – (3.90%), DSB-32- (4.10%), MACS-1460- (4.90%), JS-20-116- (5.00%), and JS-335- (7.30%). 
	The current results are consistent with those of Baimayi et al. (2006) who determined that percentage oil content of cowpea grains decreased with infestation with oil content decreased up to 1.24% in some varieties of the crop. Similarly, Neog and Singh (2011) also found that fat content decreased in pulses viz., green gram, black gram, lentil, chickpea (deshi), chickpea (kabuli), french bean, pea, pigeon pea, cow pea, soybean and rice bean due to infestation by Callosobruchus chinensis (L.) after 60-90 days of storage. This indicated that 
qualitative changes in seeds are directly related to the level of insect infestation. The decrease in oil content in seeds after infestation by the beetle might be due to consumption of cotyledon of pulse seeds by bruchids which contain relatively more amount of oil than testa or embryo Ndheni and Rawat (1985) Contrary to present result, Gupta et al. (1981) had observed increase in fat percentage from 4.4- 4.7% in Bengal gram due to attack of Callosobruchus maculatus during storage for 6 months. 
Therefore, it can be inferred that JS 335 is the most susceptible variety to the pest in terms of oil loss to soybean stored seeds among the genotypes evaluated.
Table 1: Screening of different soybean genotypes percent protein loss and oil loss after 90 days of storage 
	Treatment
	Soybean genotypes
	% protein loss after 90 days of storage **
	% oil loss after 90 days of storage**

	T1
	MACS 1460
	4.05 (0.60) cd
	4.90 (0.68) cd

	T2
	JS 20-116
	4.38 (0.64) d
	5.00 (0.69) cd

	T3
	JS 335
	7.90 (0.90) e
	7.30 (0.86) d

	T4
	NRC 142
	2.44 (0.36) abc
	3.90 (0.57) bc

	T5
	MACS 1407
	3.60 (0.46) bcd
	3.50 (0.55) bc

	T6
	CAU MS-1
	1.50 (0.13) a
	2.90 (0.47) b

	T7
	CAU MS-2
	1.90 (0.27) ab
	1.60 (0.15) a

	T8
	IC 0574336
	2.13 (0.29) ab
	3.10 (0.49) bc

	T9
	DSb 32
	4.52 (0.65) d
	4.10 (0.60) bc

	SEm
	0.09
	0.07

	CD at 5%
	0.25
	0.20



Figure in parentheses are log10 transformed values**
Data represented are mean of three replications
Means followed by different letters are significant at 5% level
4. CONCLUSION
The study revealed significant genotype-based variation in qualitative losses of soybean seeds due to infestation Callosobruchus chinensis. Genotype JS-335 recorded the highest protein loss (7.90%) and oil loss (7.3%), indicating maximum susceptibility to C. chinensis in storage conditions. In contrast, genotypes CAU MS-1 and CAU MS-2 showed minimal qualitative losses, suggesting strong resistance. These findings highlight the importance of selecting resistant soybean genotypes to pulse beetle to preserve seed quality during storage. This research can also support the integration of resistant genotypes with ITK-based management practices as a sustainable and safe approach to mitigate post-harvest losses in soybean due to pulse beetle infestation.		
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