Original Research Article
Comparative Biological Studies of the seed beetle, Bruchus affinis Frolich (Coleoptera: Chrysomelidae) on Various Field Pea Genotypes under the Temperate Conditions of Kashmir

Abstract
Pulses, containing 20–25% protein, are crucial for dietary security, with India contributing about 25% of global pulse production. Field pea (Pisum sativum L.), known as “matar” in India, is an important cool-season pulse valued for its high protein, starch, fibre, minerals, and vitamins, and it contributes about 3% of the total pulse area and nearly 5% of pulse production in the country. A laboratory study was conducted during 2023-2024 at the Division of Entomology, Sher-e-Kashmir University of Agricultural Sciences and Technology of Kashmir, to investigate the biology of the seed beetle Bruchus affinis on 26 field pea genotypes under ambient conditions. Significant variation was observed among genotypes for all biological parameters. Genotype IPFD-10-12 generally prolonged insect development, showing the longest mating duration, pre-oviposition, oviposition, incubation, larval and pupal periods, and the longest total developmental time, along with the lowest fecundity, egg hatchability, adult emergence, and adult longevity. In contrast, Pant-21-55 supported faster development, with shorter biological durations, higher fecundity, egg hatchability, adult emergence, and longer adult longevity. These results indicate marked genotype-dependent effects on the biology of B. affinis, suggesting the potential use of less susceptible genotypes in integrated pest management strategies for field pea.
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Introduction
Pulses, containing 20–25% protein about twice that of wheat and three times that of rice are a crucial protein source, especially for vegetarian and vegan diets. India produces nearly 25% of the world’s pulses and accounts for about 37% of the global pulse area and 29% of total production. Major pulse crops include chickpea, pigeon pea, mungbean, urdbean, and lentil, grown widely in states such as Madhya Pradesh, Maharashtra, Rajasthan, and Uttar Pradesh. To meet the projected demand of 38 million tonnes by 2030, pulse production must increase by about 2.2% annually. However, competition from wheat, rice, and other rabi crops has reduced per capita availability. Beyond their nutritional importance, pulses improve soil biodiversity, support sustainable agriculture, and are increasingly recognized as low-carbon foods. Challenges such as limited skills, poor infrastructure, and unorganized markets particularly in rainfed and resource-poor regions are being addressed through government initiatives to strengthen pulse production (DPD, 2024; Directorate of Pulses Development, Government of India). Pea ranks as the third most important pulse crop globally after dry bean and chickpea and is also the third major rabi pulse and vegetable in India, following chickpea and lentil. 
Field pea (Pisum sativum L.) is a nutritious, cool-season legume grown worldwide for food, feed, and fodder, playing an important role in nutritional security, particularly in developing countries. Known as dry pea or “matar” in India, it is easy to cultivate and widely consumed as dhal, boiled seeds, green pods, or as an ingredient blended with wheat flour. Field pea is a highly nutritious pulse, containing about 20–25% protein, 40–50% starch, 10–20% fibre, and 1.8% fat, along with abundant carbohydrates, essential minerals, and vitamins. It is a good source of calcium, iron, potassium, phosphorus, and vitamins such as A, C, riboflavin, thiamine, and niacin, and provides 5.9–12.7% digestible dietary fibre that supports heart and digestive health. In India, field pea occupies about 3% of the total pulse area and contributes nearly 5% to overall pulse production. ( Rubio et al., 2014). In India, field pea contributes about 3% of the total pulse area and 5–7% of pulse production and records the highest productivity among pulses. It is cultivated on approximately 6–7.5 lakh ha, producing around 8.8–9.1 lakh tonnes with an average productivity of about 1220 kg/ha (FAOSTAT, 2021). Major producing states include Uttar Pradesh, Madhya Pradesh, Jharkhand, Assam, West Bengal, Bihar, Odisha, and Manipur, with Uttar Pradesh leading in both area and production (Anonymous, 2021). Due to its flexible sowing and harvesting window, farmers increasingly prefer field pea over chickpea and other legumes (Saha et al., 2020). Despite its importance, field pea productivity is limited by several biotic and abiotic constraints, particularly insect pests. From seedling to harvest, multiple pests attack the crop, with studies reporting 5–24 insect species at different growth stages. Major pests include pea stem fly, leaf miner, pea aphid, pod borers (Helicoverpa armigera, Lampides boeticus, Etiella zinckenella), and thrips, which together cause substantial yield losses and significantly affect pulse production in India (Yadav et al., 2019).
The seed beetle Bruchus affinis Frolich, 1799 is a univoltine species distributed throughout the western Palaearctic region (Anton, 2010). Seed beetles belonging to the subfamily Bruchinae are among the most destructive pests of grain legumes worldwide, causing serious losses in yield and seed quality (Southgate, 1979; Singh & van Emden, 1979). Bruchus affinis (Froelich) is an important seed beetle primarily associated with field pea (Pisum sativum L.), and infestation generally begins in the field and is carried over into storage (Kingsolver, 2004). Adult beetles lay eggs on green or maturing pods, and the larvae, after hatching, bore directly into developing seeds where they complete most of their life cycle in a concealed manner (Southgate, 1979). This hidden larval feeding enables field-to-storage carryover of infestation and makes early detection and management difficult (Rees, 2004). Damage caused by B. affinis results in reduced seed weight, poor germination, and deterioration of nutritional and market quality of field pea seeds (Keneni et al., 2011). The pest is widely distributed in Europe, the Mediterranean region, West and Central Asia, and parts of South Asia, including India (Kingsolver, 2004). An understanding of the biology, damage potential, and seasonal incidence of B. affinis is therefore essential for developing effective and sustainable management strategies in pulse production systems (Singh & van Emden, 1979).
Materials and Methods
3.1. To study the relative growth and development of Bruchus affinis on various field pea genotypes
	Twenty-six field pea genotypes were used in the study. Seeds of these genotypes were obtained from various Agricultural Universities and ICAR institutes. The biology of Bruchus affinis was investigated in the laboratory of the Division of Entomology, Sher-e-Kashmir University of Agricultural Sciences and Technology of Kashmir, where experiments were conducted during 2023-24  under ambient temperature and relative humidity conditions.
3.1.1. Mating, pre-oviposition and oviposition period Bruchus affinis
To study the mating, pre-oviposition, and oviposition periods of Bruchus affinis, five pairs of newly emerged (24-hour-old) adults from a pure culture were released into specimen tubes (10 × 4 cm) containing 25 g of seeds from each field pea genotype. The experiment was replicated three times in a completely randomized design (CRD) and maintained under ambient laboratory temperature and relative humidity. Seeds containing eggs were separated and replaced daily with fresh ones, and observations on mating, pre-oviposition, and oviposition periods were recorded for each genotype.
3.2 Fecundity of Bruchus affinis
Observations on the total number of eggs laid by each female during the fecundity period were recorded from each tube. Eggs were counted daily using a magnifying lens until the completion of the oviposition period.
3.3   Hatching percentage, incubation, larval and pupal period
To study the larval period, five pairs of freshly emerged seed beetles were released into specimen jars containing 200 seeds of each genotype, covered with muslin cloth, and maintained under laboratory conditions to obtain a sufficient number of egg-laden seeds within 24 hours. The duration of the egg stage was determined by observing the transparency of the eggshell, with shrivelled eggs considered dead. One to two days before hatching, the appearance of a black spot indicated imminent larval emergence. The larvae bored into the seeds, remaining inside until a capped exit hole appeared, signifying the onset of the pupal stage. Adults emerged a few days later, and their emergence dates were recorded to determine the pupal period. Pupation percentage was calculated for each genotype, and the mean incubation, hatching, larval, and pupal periods were determined using weighted means.



3.4 Adult Emergence 
In the F₁ population experiment, emerging seed beetles were counted daily for each genotype until emergence ceased. Adults were removed daily to prevent further oviposition, and the total number of males and females was recorded to calculate percent emergence.	
3.5 Developmental Period
The average duration of complete development for each treatment was calculated by averaging the time taken for the egg, larval, and pupal stages.
3.6 Longevity of adults
To determine adult longevity, the emergence and death of males and females were recorded separately for each genotype, and the mean longevity was calculated.
3.7 Sex ratio
Bruchus affinis adults were separated by sex based on external morphological features for each genotype, and the sex ratio was calculated by dividing the number of females by the number of males.
3.8 Generation
The number of possible generations per year was also recorded. For this experiment, one pair of male and female seed beetles was released into separate specimen tubes (10 × 4 cm) for each genotype, each containing 25 g of seeds, to determine the number of generations under laboratory conditions. The eggs laid by females were examined daily, and the total duration from egg laying to adult emergence was recorded. From the first generation, one pair of newly emerged adults was again isolated and transferred to fresh seeds to continue the observation.
3.9 Preparation of main culture
After obtaining healthy field pea seeds from certified sources, the seeds were cleaned and sun-dried to ensure they were free from infestation at the time of procurement. Infested seeds of field peas were used to establish and maintain the insect pest population. A quantity of 1000 g of the released variety Shalimar Matar-1 was placed in clean, sun-dried plastic jars for the experiment.
3.10 Preparation of experimental sets
Fifty grams of clean, sun-dried seeds were placed in separate plastic jars, which were then covered with thin cloth secured by rubber bands. Newly emerged one-day-old adult male and female pests were introduced into each experimental set.
Results and Discussion 
Mating period (minutes), Pre-oviposition period (hours), Oviposition period (days)
	The duration of mating exhibited significant variation among the tested genotypes, ranging from 1.99 to 5.04 minutes (Table 1). The longest mating duration was recorded on the genotype IPFD-10-12 (5.04 min), closely followed by Rachna (5.01 min), whereas the shortest duration occurred on Pant-21-55 (1.99 min). The pre-oviposition period also showed notable differences, varying between 2.09 and 4.49 hours across the evaluated genotypes. The maximum pre-oviposition duration was observed on IPFD-10-12 (4.49 h), while the minimum was recorded on Pant-21-55 (2.09 h). Similarly, the oviposition period ranged from 2.0 to 4.29 days, with the longest oviposition phase found on IPFD-10-12 (4.29 days) and the shortest on Pant-21-55 (2.0 days).
	Our results align with Arpitha and Sagar (2011), who evaluated nine pea genotypes for susceptibility to Callosobruchus chinensis and C. maculatus. Prakash, Green Local, and Yellow Local were least preferred for bruchid infestation, while IPFD 6-5, Pant P-5, and Adarsh were more susceptible. The latter were categorized as moderately susceptible genotypes. Singh and Swami (2024) examined the cowpea beetle’s morphology and development at 27 ± 1 °C, 65 ± 5% RH, and a 12:12 h photoperiod. Mating began 40-60 minutes after emergence, lasting 30-40 seconds.
Fecundity, incubation period and hatching percentage
	Table 1, presents the data on fecundity, incubation period, and egg hatching percentage of the seed beetle across different pea genotypes. The fecundity showed considerable variation, ranging from 29.83 to 76.07 eggs per female. The highest number of eggs laid was recorded on Pant-21-55 (76.07), whereas the lowest fecundity occurred on IPFD 10-12 (29.83). The incubation period also varied among genotypes, spanning 4.0 to 4.58 days. The longest incubation duration was observed on IPFD 10-12 (4.58 days), followed by Prakash (4.53 days), while the shortest period was noted on Pant-21-55 (4.0 days). The egg hatching percentage differed markedly, with the maximum hatching success on Pant-21-55 (81.69%) and the minimum on IPFD 10-12 (36.20%).
Our results are in agreement with Patel et al. (2005), who reported that the biology of Callosobruchus chinensis varied among pulse grains, with green gram and cowpea being the most suitable hosts due to shorter developmental periods, while pea had the longest life cycle. Shivanna et al. (2011) similarly found CP-17 to be the least preferred cowpea variety for C. maculatus and C. analis, whereas C-152 and the local variety were more susceptible due to larger seed size and smooth texture. The present findings on the incubation period of C. chinensis also align with those of Varma and Anandhi (2010), Singh et al. (2017), Sharma et al. (2016), Patel et al. (2005), Solanki and Mittal (2018) and Kumari et al. (2020), all reporting average periods of about 3–5 days. Senthil raja and Patel (2024) reported that Callosobruchus maculatus laid the fewest eggs on rough-textured seeds of GC 3 (35.33 eggs) and the most on smooth seeds of GC 1612 (117.33 eggs). The beetle preferred smooth seed surfaces for oviposition, as seen in GC 1702, where eggs were mainly deposited on the smooth brown hilum area. Tiwari et al. (2025) examined the seasonal biology of Callosobruchus maculatus on Desi and Kabuli chickpea cultivars under laboratory conditions. Fecundity was highest in the rainy season, with 70.56 eggs per female in Kabuli and 60.88 in Desi.
Larval period and Pupation period
	The data on the larval and pupal durations of the seed beetle reared on various pea genotypes are presented in Table 1. The larval period exhibited noticeable variation, ranging from 19.87 to 28.20 days. The longest larval duration was recorded on IPFD-10-12 (28.20 days), whereas the shortest was observed on Pant-21-55 (19.87 days). Similarly, the pupal period varied among genotypes, with the maximum duration found on IPFD-10-12 (7.05 days), followed by IPFD-16-15, while the minimum pupal duration was recorded on Pant-21-55 (4.02 days).
	The present findings on Callosobruchus chinensis are consistent with Verma and Anandhi (2010), who described its larvae as C-shaped, apodous, short, and creamy white with a brown head. Reported larval durations ranged from 12 to 26 days under varying conditions 12–20 days on different pulses (Hosamani et al., 2018) and 21–26 days in other studies (Sharma et al., 2016; Solanki & Mittal, 2018). Sekender et al. (2020) found the larval and pupal periods longest in gram (12.6 ± 0.25 and 5.5 ± 0.32 days) and shortest in mung (11.3 ± 0.28 and 4.2 ± 0.19 days), identifying mung as the most susceptible host and pea as the most resistant. The present pupal period results also agree with Hosamani et al. (2018), Solanki and Mittal (2018), and Jatav et al. (2022), who reported pupal durations ranging between 5 and 10 days. Singh and Swami (2024) examined the cowpea beetle’s morphology and development at 27 ± 1 °C, 65 ± 5% RH, and a 12:12 h photoperiod. Larval development lasted 4–5 days in Vigna radiata and 5–6 days in Vigna mungo, with a longer breeding period in the latter.
Adult emergence, Longevity of adult and sex ratio
	Adult emergence percentage, adult longevity, and sex ratio are presented in Table 1. The highest adult emergence was recorded on Pant-21-55 (88.32%), while the lowest occurred on IPFD- 10-12 (38.14%). The male longevity ranged from 11.27 to 20.60 days, with the maximum observed on Pant-21-55 and the minimum on IPFD- 10-12. Similarly, female longevity varied between 18.63 and 30.98 days, being highest on Pant-21-55 and lowest on IPFD- 10-12. The sex ratio ranged from 1.09 to 1.79, with the maximum recorded in Pant-21-55 and the minimum in IPFD- 10-12.
The present observations are in line with those of Varma and Anandhi (2010), who reported male and female longevity of 9–14 and 9–12 days, respectively, on stored mungbean. Similarly, Limma et al. (2022) found that males survived for 6–9 days and females for 7–11 days. Tiwari et al. (2025) examined the seasonal biology of Callosobruchus maculatus on Desi and Kabuli chickpea cultivars under laboratory conditions. Females lived longer than males across all seasons. 
Developmental period
	Data on the developmental period, growth index, and number of generations of the seed beetle across different pea genotypes are presented in Table 1. The developmental period varied among genotypes, with the longest duration recorded on IPFD- 10-12 (32.42 days) and the shortest on Pant 21-55 (26.79 days).
	The present study recorded a total life cycle of Callosobruchus chinensis similar to Kumari et al. (2020) and Patel et al. (2005), who reported 28–42 days on mungbean, while Tabu et al. (2012) observed a shorter duration of 25.3 days. The sex ratio (1:1.26) indicated slightly more males, consistent with Kumari et al. (2020), and earlier findings by Porkhar and Mehta (2011), Chakraborty and Mondal (2015), and Verma and Anandhi (2010). Tiwari et al. (2025) examined the seasonal biology of Callosobruchus maculatus on Desi and Kabuli chickpea cultivars under laboratory conditions. The life cycle lasted 64.12, 36.32, and 38.93 days in Desi, and 58.54, 33.56, and 33.52 days in Kabuli during winter, summer, and rainy seasons, respectively, showing faster development in warmer periods.
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Table-1: Biological parameters of seed beetle (Bruchus affinis) on different field pea genotypes under laboratory conditions at 24±1° C and 66%RH
	Genotypes
	Copulation period (minutes)
	Pre-oviposition (hour)
	Oviposition period
(days)
	Fecundity 
	Incubation period (Day)
	Hatching (%)
	Larval Period (days)
	Pupal Period (days)
	Adult emergence (%)
	Male Longevity (days)
	Female Longevity (days)
	Sex ratio
	Development period (days)

	IPFD-10-12
	5.04*
	4.49
	4.29
	29.83
	4.58
	36.20 (36.96)**
	28.20
	7.05
	38.14 (37.92)
	11.27
	30.98
	1.09
	32.42

	RIHF-2
	3.01
	2.54
	2.10
	47.97
	4.02
	61.18 (51.60)
	22.74
	4.04
	71.19 (57.70)
	13.37
	23.80
	1.42
	28.33

	AAU-P-1
	3.06
	2.52
	2.30
	33.54
	4.34
	47.04 (43.36)
	21.10
	5.35
	41.82 (40.09)
	15.12
	24.86
	1.19
	29.80

	SP-1
	3.98
	3.58
	3.21
	36.06
	4.38
	52.08 (46.18)
	24.17
	5.05
	61.60 (51.80)
	13.68
	23.84
	1.51
	31.27

	Pant-2165
	3.02
	2.40
	2.38
	65.03
	4.32
	64.02 (52.99)
	27.13
	6.01
	72.46 (58.08)
	13.09
	22.43
	1.10
	27.16

	Prakash
	2.02
	2.54
	2.91
	64.19
	4.53
	62.43 (51.98)
	26.15
	5.03
	70.99 (57.29)
	15.13
	25.75
	1.09
	27.55

	IPF-14-13
	4.00
	2.49
	3.01
	67.27
	4.11
	73.22 (58.52)
	22.41
	6.03
	74.80 (59.64)
	16.31
	27.52
	1.39
	27.58

	Rachna
	5.01
	4.29
	3.41
	69.88
	4.38
	78.87 (62.76)
	24.86
	5.06
	82.53 (64.37)
	17.18
	28.08
	1.59
	28.10

	Pant-21-55
	1.99
	2.09
	2.00
	76.07
	4.00
	81.69 (64.71)
	19.87
	4.02
	88.32 (69.72)
	20.60
	18.63
	1.79
	26.79

	HFP-529
	3.99
	3.51
	3.61
	36.02
	4.20
	45.51 (42.49)
	25.25
	6.02
	41.14 (39.92)
	15.06
	25.40
	1.10
	28.27

	IPF-14-16
	2.01
	2.19
	3.09
	66.50
	4.04
	74.80 (59.76)
	22.91
	5.00
	76.29 (61.28)
	16.86
	26.31
	1.42
	30.61

	KPMR-910
	3.99
	3.52
	4.18
	34.32
	4.12
	40.19 (39.31)
	25.35
	5.00
	45.09 (42.05)
	18.88
	29.30
	1.11
	27.38

	IPFD-14-2
	3.01
	3.19
	3.09
	71.55
	4.03
	77.60 (61.79)
	22.74
	4.03
	88.03 (66.53)
	20.22
	30.42
	1.40
	28.16

	Pant-243
	4.04
	3.50
	3.18
	67.57
	4.22
	74.46 (59.55)
	26.99
	6.08
	77.80 (60.86)
	16.91
	26.52
	1.14
	27.83

	IIPR-P-2
	4.02
	3.50
	4.10
	37.14
	4.02
	47.46 (43.32)
	21.11
	4.05
	49.56 (44.73)
	19.04
	28.32
	1.31
	30.78

	Pant-21-S2
	2.03
	2.53
	2.90
	67.53
	4.11
	72.68 (58.46)
	24.73
	6.10
	74.88 (59.94)
	12.67
	24.31
	1.11
	29.22

	IPFD-16-15
	3.05
	2.52
	2.82
	67.73
	4.03
	69.45 (56.19)
	20.86
	7.04
	69.38 (56.75)
	13.31
	24.19
	1.42
	27.33

	RFP-20092
	4.00
	3.48
	3.40
	67.67
	4.31
	74.35 (59.74)
	23.38
	5.03
	77.13 (61.02)
	16.37
	25.36
	1.09
	27.16

	SKAU-P-17
	3.04
	2.21
	3.20
	35.43
	4.34
	44.22 (41.66)
	25.37
	5.03
	54.73 (47.66)
	16.71
	27.04
	1.60
	29.30

	IPFD-16-13
	3.06
	3.22
	3.10
	65.63
	4.12
	78.32 (62.14)
	26.86
	5.06
	82.41 (65.34)
	15.31
	25.48
	1.11
	28.50

	Pant-21-70
	2.95
	2.51
	2.81
	71.52
	4.38
	79.07 (62.61)
	28.14
	7.01
	75.69 (60.11)
	20.31
	30.21
	1.14
	27.66

	Matar-47
	3.96
	3.50
	3.79
	73.23
	4.07
	80.04 (63.43)
	22.38
	6.02
	83.39 (65.77)
	12.65
	23.33
	1.40
	29.11

	BPMR-145
	3.04
	3.20
	3.31
	63.37
	4.34
	69.93 (56.73)
	20.48
	4.03
	70.26 (56.96)
	17.62
	27.06
	1.30
	30.29

	IPFD-1
	4.05
	3.48
	3.60
	68.65
	4.50
	71.63 (57.74)
	26.30
	5.09
	76.14 (60.16)
	19.45
	29.31
	1.31
	27.81

	Gurez local
	2.98
	3.16
	2.80
	60.78
	4.42
	65.17 (53.95)
	28.01
	5.04
	73.07 (58.76)
	16.68
	25.74
	1.58
	29.05

	Shalimar matar-1
	4.78
	4.09
	3.38
	74.76
	4.31
	68.18 (55.66)
	20.66
	6.02
	79.02 (63.14)
	13.13
	24.44
	1.41
	27.64

	CD (0.05) 

	0.179
	0.127
	0.110
	2.836
	0.033
	2.391
	0.717
	0.173
	2.228
	1.611
	1.663
	0.060
	1.320


*Mean of three replications   ** values in parenthesis are angular values
