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Developmental and reproductive biology of Brinjal Shoot and fruit borer (Leucinodes orbonalis, Guenee) in Brinjal (Solanum melongena L ) under the lab conditions

Abstract
The developmental and reproductive biology of the brinjal shoot and fruit borer, Leucinodes orbonalis Guenée (Lepidoptera: Crambidae), was investigated under laboratory conditions using insects cultured from infested brinjal fruits of the Pusa Purple Round variety. Eggs from the subsequent laboratory generation were used to record incubation, hatchability, successive larval instars, pre-pupal and pupal durations, adult longevity, reproductive periods, fecundity and sex ratio. Observations were summarised as means ± standard deviations and observed ranges. Incubation lasted 3–5 days (3.91 ± 0.64 days), and egg hatchability ranged from 65% to 76% (68.96 ± 3.85%). Five larval instars were identified, with a combined larval duration of 12.40–17.00 days (14.09 ± 1.20 days). Mean pre-pupal and pupal durations were 1.70 ± 0.34 and 9.58 ± 0.98 days, respectively. Development from egg to adult emergence required 25.60–33.40 days (29.28 ± 1.98 days). Adult males survived for 4.00 ± 0.76 days, compared with 5.40 ± 1.08 days for females. Pre-oviposition, oviposition and post-oviposition periods averaged 1.65 ± 0.32, 3.69 ± 0.33 and 1.74 ± 0.31 days, respectively. Female fecundity averaged 178.28 ± 11.61 eggs, and the male-to-female sex ratio was 1:2. These findings describe stage-specific development and reproduction under the conditions examined and provide a laboratory baseline for subsequent studies of this pest.
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Introduction:
Brinjal (Solanum melongena L.), a member of the family Solanaceae, is an important vegetable crop cultivated worldwide. It is commonly known as aubergine in Europe, eggplant in North America and baingan in India. The crop is predominantly cultivated in the hot and humid climatic regions of Southeast Asia (Thapa, 2010). Owing to its versatility and adaptability to diverse culinary uses, brinjal is extensively cultivated throughout India (Shukla & Naik, 1993). India ranks as the second-largest producer of brinjal globally (Abirami et al., 2026). According to the Department of Agriculture and Farmers Welfare (n.d.), the crop occupies approximately 691 thousand hectares in India, with an annual production of around 13.25 million tonnes and an average productivity of 19.17 tonnes per hectare. Brinjal fruits are nutritionally valuable, containing carbohydrates, proteins and dietary fibre, in addition to serving as a source of essential vitamins and minerals. However, like other agricultural crops, brinjal is susceptible to a range of biotic and abiotic stresses that can adversely affect plant growth and overall productivity. Several insect pests belonging to different taxonomic orders and families attack brinjal at various stages of crop development. The major insect pests associated with brinjal include the brinjal shoot and fruit borer (Leucinodes orbonalis), hadda beetle (Henosepilachna vigintioctopunctata), leafhopper (Amrasca devastans), stem borer (Euzophera perticella), lace bug (Urentius echinus), aphid (Aphis gossypii) and whitefly (Bemisia tabaci) (Borkakati et al., 2019; Sharma et al., 2017; Singh & Singh, 2001; Tripura et al., 2017).

Among these pests, the brinjal shoot and fruit borer, Leucinodes orbonalis Guenée (Lepidoptera: Crambidae), is a major constraint on brinjal (Solanum melongena L.) production. Depending on the geographical location and prevailing ecological conditions, infestation by this pest can result in yield losses ranging from 70 to 92% (Dhandapani et al., 2003; Saravanan et al., 2026). During the flowering and fruiting stages, the larvae infest flower buds and fruits, frequently entering beneath the calyx without exhibiting conspicuous external symptoms during the initial stages of infestation (Dhaliwal, 2019). Larval feeding on the growing points can cause shoots to wilt and desiccate, with severe infestations resulting in substantial shoot damage. Infested flower buds may abscise prematurely, whereas damaged fruits develop characteristic exit holes, thereby diminishing their marketability and compromising both the quality and quantity of the yield.

The adult brinjal shoot and fruit borer is a medium-sized, white moth characterised by distinctive brown and black markings on its wings (Bhoya & Patel, 2018). Following mating, female moths lay numerous creamy-white eggs individually on tender shoots, flower buds and the surfaces of young fruits. Newly emerged larvae are creamy white in colour, gradually turning light pink as they develop. During the early larval stages, the larvae feed on leaves and flower buds before boring into petioles, leaf midribs and tender shoots. After entering the plant tissues, they seal the entry holes with frass and continue feeding internally, thereby causing concealed damage to the affected plant parts (Kunjwal & Srivastava, 2018; Saraswathi et al., 2024).
Seasonal field observations have documented changes in shoot and fruit infestation during the cropping period, indicating the importance of considering pest development in relation to crop growth stages (Roy et al., 2025). Recent investigations have also examined vitellogenin associated with reproduction in Leucinodes orbonalis (Ashok et al., 2025) and generated genomic resources for further study of this pest (Despabiladeras et al., 2025). However, direct documentation of stage-specific developmental duration, egg hatchability, adult longevity and fecundity remains necessary for describing the pest under the laboratory conditions used in the present study.
The present study focuses on the developmental and reproductive biology of the brinjal shoot and fruit borer (Leucinodes orbonalis Guenée) on brinjal (Solanum melongena L.) under laboratory conditions.  
2. Materials and methods
A laboratory culture of the brinjal shoot and fruit borer, Leucinodes orbonalis Guenée (Lepidoptera: Crambidae), was established in the Department of Entomology, Chandra Shekhar Azad University of Agriculture and Technology, Kanpur, using infested fruits of the Pusa Purple Round variety collected from the field. The larvae and pupae were maintained individually in glass Petri dishes (10 × 10 cm) under room-temperature conditions. Newly emerged adults were paired and kept in glass chimneys lined with black paper strips for oviposition. Adults were provided with a 10% sugar solution absorbed in cotton as food. Eggs obtained from the culture were reared for one generation, and eggs from the subsequent generation were used for the biological studies. For the experiment, five eggs were maintained per Petri dish, with five replications. Four to five newly hatched larvae were transferred to glass Petri dishes with fresh brinjal fruit slices and tender leaves, which were replaced regularly to maintain hygienic conditions and prevent fungal growth. 
	Observations were recorded for the incubation period, duration of each larval instar, total larval and pupal periods, adult longevity, pre-oviposition, oviposition and post-oviposition periods, fecundity, sex ratio and total developmental period. Larval instars were identified based on moulting, exuviae, and changes in larval morphology. The total developmental period was calculated from egg to adult emergence. Data were expressed as the mean ± standard deviation (SD), together with the minimum–maximum range. The sex ratio was calculated from the numbers of males and females after the laboratory observations had been compiled in a Microsoft Excel spreadsheet.
Results and discussion:
Incubation Period and Egg Hatching: The incubation period of L. orbonalis ranged from 3 to 5 days, with a mean duration of 3.91 ± 0.64 days (Table 1), while egg hatchability ranged from 65 to 76%, with a mean of 68.96 ± 3.85%. Freshly laid eggs were creamy white, elongated and oval, turning orange with a prominent black spot before hatching. The observed incubation period was comparable to the periods reported by Iesa (2021), Ponnusamy et al. (2021), and Laichattiwar et al. (2017). Similarly, egg hatchability was comparable to the values reported by Wali et al. (2022) and Sahana et al. (2026). Variations among studies may be attributed to differences in laboratory conditions and egg viability.
Larval Period: The total larval period ranged from 12.40 to 17.00 days, with a mean duration of 14.09 ± 1.20 days (Table 1).  Newly hatched larvae were dirty white and gradually changed to pink and pinkish brown during later instars, with a brown to chestnut-brown head capsule. Similar larval colour characteristics were reported by Bindu et al. (2015). Larval development comprised five distinct instars, with mean durations of 1.46 ± 0.38, 2.58 ± 0.36, 2.79 ± 0.67, 3.51 ± 0.44 and 3.75 ± 0.30 days for the first, second, third, fourth and fifth instars, respectively. These observations were comparable to the developmental durations reported by Kumar et al. (2025), Patel et al. (2024), Yadav et al. (2015) and Yadav et al. (2025).
Pre-pupal and Pupal Periods: Fifth-instar larvae ceased feeding and became sluggish before pupation. The pre-pupal period ranged from 1 to 2 days, with a mean duration of 1.70 ± 0.34 days, whereas the pupal period ranged from 8 to 11 days, with a mean of 9.58 ± 0.98 days (Table 1). The pupae were dark brown in colour. The pre-pupal duration was comparable to that reported by Patel et al. (2024), whereas the pupal duration was slightly longer than the 8.45 days reported by Wali et al. (2022) but comparable to the 9.00 ± 2.00 days reported by Kamal et al. (2026).
Total Developmental Period: The total developmental period from egg to adult emergence ranged from 25.60 to 33.40 days, with a mean of 29.28 ± 1.98 days (Table 1). The observed duration was comparable to the 27.43 ± 1.75 days reported by Laichattiwar et al. (2017) and 31.3 days reported by Iesa (2021), but shorter than the 34.9 ± 2.19 days reported by Chiranjiv et al. (2023) (Plate 1).
	Developmental Stages
	Range (Days)
	Mean ± S.D.

	Incubation period
	3-5
	3.91 ± 0.64

	Hatching percentage (%)
	65-76%
	68.96± 3.85%

	Larval period
	
	

	I instar
	1-2
	1.46 ± 0.38

	II instar
	2-3
	2.58 ± 0.36

	III instar
	2-4
	2.79 ± 0.67

	IV instar
	3-4
	3.51 ± 0.44

	V instar
	3-4
	3.75 ± 0.30

	Total larval period
	12.40 -17.00
	14.09 ± 1.20

	Pre-pupal period
	1-2
	1.70 ± 0.34

	Pupal Period
	8-11
	9.58 ± 0.98

	Total Developmental Period
	25.60–33.40
	29.28 ± 1.98

	Adult longevity
	
	

	Male
	3-5
	4.0 ± 0.76

	Female
	4-7
	5.4 ± 1.08

	Pre-oviposition period
	1-2
	1.65 ± 0.32

	Oviposition period
	3-4
	3.69 ± 0.33

	Post-oviposition period
	1-2
	1.74 ± 0.31

	Fecundity (eggs/female)
	170–205
	178.28 ±11.61

	Sex ratio (Male : Female)
	1:2
	















Table. 1.: Biology of Brinjal Fruit and Shoot Borer (Leucinodes orbonalis.Guenee)
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Adult Characteristics and Longevity: Adults were generally inactive during the day and active at night. The moths had white bodies, blackish-brown heads and thoraxes and pinkish-brown marks on the forewings. The hindwings were dirty white with black spots. Females were generally larger than males and differed in abdominal structure. Male longevity ranged from 3 to 5 days, with a mean of 4.00 ± 0.76 days, whereas female longevity ranged from 4 to 7 days, with a mean of 5.40 ± 1.08 days (Table 1). The adult characteristics were similar to those reported by Bhoya and Patel (2018). The longer longevity of females was also comparable to the findings of Laichattiwar et al. (2017) and Iesa (2021).
Reproductive Parameters: The pre-oviposition, oviposition, and post-oviposition periods averaged 1.65 ± 0.32, 3.69 ± 0.33, and 1.74 ± 0.31 days, respectively. The oviposition period was the longest of the three reproductive phases. The pre-oviposition period was comparable to the 1.51 days reported by Ponnusamy et al. (2021), while the oviposition period was close to the 3.3 days reported by Wali et al. (2022). However, Iesa (2021) reported a longer oviposition period of 4.50 days. The observed variation may be associated with differences in laboratory conditions and other experimental factors.
Fecundity and Sex Ratio: Fecundity ranged from 170 to 205 eggs per female, with a mean of 178.28 ± 11.61 eggs. This was comparable to the approximately 170 eggs per female reported by Singh et al. (2022), but lower than the 197.3 and 217 eggs per female reported by Wali et al. (2022) and Iesa (2021), respectively. The observed sex ratio was 1:2 (male:female), indicating a female-biased population. A similar sex ratio was reported by Chiranjiv et al. (2023), whereas Rohokale et al. (2018) reported a 1.94:1 female-to-male ratio.
Conclusion
This laboratory investigation characterised the developmental and reproductive biology of the brinjal shoot and fruit borer, Leucinodes orbonalis Guenée, reared on brinjal. Five larval instars were observed, and the mean total larval period was 14.09 ± 1.20 days. The mean durations of the pre-pupal and pupal stages were 1.70 ± 0.34 and 9.58 ± 0.98 days, respectively, while development from egg to adult emergence required an average of 29.28 ± 1.98 days. Egg hatchability averaged 68.96 ± 3.85%, and female fecundity averaged 178.28 ± 11.61 eggs. Female adults survived longer than males, with mean longevities of 5.40 ± 1.08 and 4.00 ± 0.76 days, respectively. The recorded sex ratio of 1:2 (male) indicated a higher proportion of females in the observed population. Together, these measurements describe the biological characteristics of this laboratory-reared population and provide a basis for comparison with subsequent studies. The findings should be interpreted within the laboratory conditions and host material examined rather than extrapolated directly to field populations or pest-management outcomes.
Limitations
The observations were obtained from a laboratory culture established using infested fruits of the Pusa Purple Round brinjal variety and therefore represent the conditions and host material used in this study. Developmental durations and reproductive measurements may differ under other environmental or host conditions. The study reports descriptive ranges, means and standard deviations rather than comparative tests across environmental treatments. Consequently, the reported values should be interpreted as laboratory-specific biological parameters and not as direct estimates of field development, infestation severity or management effectiveness.
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