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Abstract:
The present investigation entitled “Biology of pulse beetle (Callosobruchus chinensis L.) on Bengal gram Cicer arietinum L.” 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.). The study recorded that the incubation period of eggs ranged from 4 to 6 days with an average of 5.33 ± 0.33 days. The combined larval and pupal period lasted between 21 to 24 days, with a mean of 22.0 ± 0.57 days. The adult lifespan varied between sexes, with males surviving for 7 to 9 days (average 8.0 ± 0.57 days) and females for 8 to 12 days (average 10.33 ± 0.88 days). The total life cycle duration ranged from 28 to 30 days, averaging 28.66 ± 0.88 days. Reproductive parameters revealed a pre-oviposition period of 0 to 1 day (average 0.66 ± 0.33 days) and an oviposition period of 6 to 10 days (average 9.0 ± 0.57 days). The average fecundity per female was recorded at 78.4 eggs, with a hatchability rate of 86% and a sex ratio of 1 male to 0.82 female. 
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Introduction
Pulses play a pivotal role in human nutrition and sustainable agriculture, acting as vital sources of proteins, essential amino acids, vitamins and minerals (Singh et al., 2015). Among the pulses, chickpea (Cicer arietinum L.), also known as Bengal gram, holds significant economic and nutritional importance. It contributes substantially to India’s pulse production, covering 112 lakh hectares and yielding 116.2 lakh tonnes, thus establishing India as the largest global producer (FAO STAT, 2019; agricoop.nic.in, 2021). Chickpea is widely cultivated due to its adaptability to various climatic and soil conditions, as well as its rich nutritional profile—containing 18–22% protein, 52–70% carbohydrates and a wide array of minerals and vitamins (Ali and Prasad, 2002; Ercan et al., 1995). However, postharvest losses in chickpea remain a major challenge due to infestation by storage pests, with C. chinensis L., commonly known as the pulse beetle, being the most destructive. It is considered a primary pest of stored pulses, with the larval stage causing maximum damage. The larvae bore into the seed and consume the internal contents, rendering the grain unfit for consumption and propagation (Rathore and Sharma, 2002). This result in losses ranging between 40% to 50% in storage (Mathur and Upadhyay, 1997) further was aggravating the issue of food security. The biology of C. chinensis plays a critical role in understanding its behaviour, lifecycle and patterns of infestation. The adult beetle is short-lived and non-damaging, but its high reproductive potential and short developmental cycle contribute to rapid population build-up in stored conditions. Peak infestation often occurs between July and October, affecting seed quality, particularly by damaging the embryo and endosperm. Given the significance of minimizing postharvest losses, a thorough understanding of the biology of C. chinensis is essential. It aids in formulating effective and sustainable management practices, including storage protocols, resistant varieties and eco-friendly pest control methods. This study focuses on elucidating the detailed biology of C. chinensis on Bengal gram, providing the foundation for subsequent screening and pest management strategies.
Materials and Methods
The present investigation entitled “Biology of pulse beetle Callosobruchus chinensis L. on Bengal gram Cicer arietinum L.” 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.). The biology of pulse beetle C. chinensis L. was carried out under laboratory condition on prevalent variety of chickpea i.e. RBG-203 during July to October 2021. Insect culture of pulse beetle, C. chinensis L. (Plate 1) was obtained from the Indian Institute of Pulse Research, Kanpur and then maintained on 100 g disinfected chickpea seeds kept in 500 ml transparent plastic jar (20 x 15 cm) placed in BOD incubator at 27 + 2 ºC temperature and 65 ± 5 per cent relative humidity. Such stock culture again multiplied on 100 g disinfected chickpea seeds kept in 500 ml transparent plastic jar (20 x 15 cm). Five pairs of 1 day old adults C. chinensis were released for egg laying in the jar containing 100 g disinfected chickpea seeds and maintained at 27 + 2 ºC temperature and 65 ± 5 per cent relative humidity in BOD incubator. The seeds containing eggs were collected during morning hours. 
Table 1: Biological parameters of Callosobruchus chinensis L.
	
Parameters
	Duration (days)

	
	Range
	Mean ± SE

	Egg period
	4-6
	5.33 ± 0.33

	Larval + Pupal Period
	21-24
	22.0 ± 0.57

	Total (Egg to Adult)
	25-30
	28.66 ± 0.88

	Adult male period
	7-9
	8.0 ± 0.57

	Adult female period
	8-12
	10.33 ± 0.88

	Pre – Oviposition period
	0-1
	0.66 ± 0.33

	Oviposition period
	6-10
	9.0 ± 0.57



Observation procedure
The phase-wise observations on different biological parameters were recorded. The eggs were observed under microscope daily in the morning and evening hours till hatching. The incubation period was calculated from the date of egg laying to the date of hatching. Hatching percentage was calculated from the date of number of eggs hatched out of total number of eggs observed. The total larval + pupal period was calculated from the date of egg hatching to the date of emergence of adult from pupa. The adults were differentiated into males and females as per the morphological differences (Butani et al., 2001). Five pairs of male and female were released in the oviposition cage individually. Twenty five seeds were provided to the individual pair of adult as food source. Pre-oviposition period was calculated from the date of emergence of female adult to the date of commencement of egg laying. Oviposition period was calculated from the date of commencement of egg laying till the termination of egg laying. Longevity of adult female was calculated from the date of emergence to the date of death of adult. The egg laying capacity was also worked out by counting the number of eggs laid by individual female during its life span. The sex ratio (male : female) was also worked out by sexing the emerged adults.
Results and Discussion
The present investigation on the biology of Callosobruchus chinensis L. on Bengal gram (Cicer arietinum L.) was conducted under controlled laboratory conditions of 27 ± 2°C temperature and 65 ± 5% relative humidity. Adults of C. chinensis were collected from the Indian Institute of Pulses Research, Kanpur and cultured on disinfected chickpea seeds sterilized at 60 ± 5°C for 8 hours to eliminate hidden infestations. The species, belonging to the order Coleoptera and family Bruchidae, was identified based on morphological characters, notably the heart-shaped spot on the thorax and a posterior dorsal spot at the junction of the head and thorax. Sexual dimorphism was evident, with females being slightly larger and possessing serrate antennae, while males had pectinate antennae, which is consistent with the observations of Fei et al. (2009). Interestingly, during the culturing of C. chinensis, a parasitoid Anisopteromalus calandrae (Hymenoptera: Pteromalidae) was also observed, which parasitizes stored-product pests, particularly of the families Bruchidae and Curculionidae. This observation aligns with Fatima et al. (2016), who reported A. calandrae as a larval parasitoid of C. maculatus and emphasized its global distribution. In the biological study of C. chinensis, the duration of different developmental stages was carefully recorded and presented in the table 2-3 and fig. number 1-4.  The egg (incubation) period lasted between 4–6 days with a mean of 5.33 ± 0.33 days. Post-hatching, larvae penetrated the seed coat and developed internally through the larval and pupal stages, completing this combined stage in 21–24 days with an average of 22.0 ± 0.57 days. The total developmental period from egg to adult emergence was found to be 25–35 days, averaging 28.66 ± 0.88 days. These findings are in conformity with previous reports by Borikar and Pawar (1996), Mandal and Konar (2006) and Mishra et al. (2015), who noted a total developmental duration of approximately 28 to 30 days under similar conditions. Singh and Kumari (2000) also reported an egg period of 4–5 days, with larval and pupal development concluding within 18.2 days. Augustine and Balikai (2019) reported that the incubation period of the eggs under laboratory conditions ranged from 4 to 6 days with a mean of 4.6±0.70 days. Similarly, Varma and Anandhi (2010) reported durations of 4.0 ± 1.0 days for egg, 16.4 ± 2.07 days for larval and pupal stages and 25.2 ± 2.59 days for the total life cycle. Hosamani et al. (2018) supported these results, observing similar patterns of developmental time. Regarding adult longevity, male C. chinensis lived for 7–9 days (mean 8.0 ± 0.57 days), whereas females survived for 8–12 days (mean 10.33 ± 0.88 days), which is slightly higher than the findings of Mishra et al. (2015) who recorded adult longevity around 7.23 days. Varma and Anandhi (2010) reported male and female longevity as 11.0 ± 1.87 and 9.6 ± 1.14 days, respectively, which closely resemble the current findings. The pre-oviposition period was very short (0–1 day; mean 0.66 ± 0.33 days), while oviposition lasted 6–10 days (mean 9.0 ± 0.57 days). This observation matches closely with reports by Varma and Anandhi (2010) and Prabha and Sehgal (1990), who recorded pre-oviposition periods of 0.4 days and oviposition periods of 7.8–8.0 days. Mandal and Konar (2006) and Chakraborty et al. (2015) also found similar adult longevity and oviposition durations. Fecundity results revealed that a single female laid an average of 78.4 eggs during her lifespan, with a total of 392 eggs recorded from five females. This is well-aligned with the observations of Varma and Anandhi (2010), who reported an average fecundity of 85.6 eggs per female and Raina (1990), who documented 78 eggs per female. Egg hatchability in the present study was 86%, which is higher than the 75.5% hatchability reported by Chakraborty et al. (2015). Regarding sex ratio, from 100 hatched eggs, 54 males and 46 females emerged, establishing a male-biased sex ratio of 1:0.82. Similar trends were reported by Chakraborty et al. (2015) and Mandal and Konar (2006), who also found male-biased populations, although Varma and Anandhi (2010) recorded a reverse trend with a sex ratio of 1:1.50. Qazi (2007) similarly reported nearly balanced sex ratios with a slight male dominance.
Table 2: Fecundity of Callosobruchus chinensis L. 
	Total number of females observed
	Total number of eggs laid
	Eggs laid per female

	5
	392
	78.4



Table 3: Hatchability and sex ratio of Callosobruchus chinensis L.
	Parameters
	Number observed
	Total number emerged
	Per centage

	Hatchability
	100 eggs
	86
	86

	Sex ratio 
(Male: Female)
	100 adults
	Male 54
Female 46
	1: 0.82



Conclusion
The present study on the biology of Callosobruchus chinensis on Bengal gram (Cicer arietinum L.) under laboratory conditions provided critical insights into its developmental parameters. The beetle completed its life cycle in approximately 28.66 ± 0.88 days, with an egg incubation period of 5.33 ± 0.33 days and a combined larval and pupal duration of 22.0 ± 0.57 days. Adult longevity was found to be slightly higher in females (10.33 ± 0.88 days) than in males (8.0 ± 0.57 days) and the oviposition potential averaged 78.4 eggs per female, with a hatchability of 86%. The observed sex ratio was slightly male-biased (1:0.82). The study also documented the natural occurrence of a parasitoid, Anisopteromalus calandrae, suggesting its potential in biological control. These findings contribute essential biological data for devising effective and sustainable management strategies against C. chinensis in stored chickpea, promoting integrated pest management in pulse storage systems.
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Figure-1: Developmental period (egg to adult) of C. chinensis
	

Figure-2: Longevity, pre-oviposition and oviposition period of C. chinensis


Figure-3: Fecundity and hatchability of C. chinensis



Figure-4: Sex ratio (Male: Female) of C. chinensis
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