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Comparative biology, growth and development of Helicoverpa armigera (Hubner) on chickpea v. artificial diet

Abstract:
The present investigation was conducted to study the biology of Helicoverpa armigera, during 2024 and 2025 in the laboratory conditions, Division of Crop Protection, ICAR-Indian Institute of Pulses Research, Kanpur (U.P.). A total of 100 larvae were reared on chickpea plants and on artificial diet under controlled laboratory conditions. The results revealed that the larval period was significantly longer on chickpea (19.33 ± 0.88 days) compared to the artificial diet (16.33 ± 0.67 days), with higher larval mortality (25.91 ± 1.89%) on chickpea. Pupation was greater on the artificial diet (86.96 ± 2.00%), with lower pupal mortality (9.01 ± 2.93%) compared to chickpea (29.37 ± 3.36%). Female pupae attained a slightly higher mean weight on the artificial diet (0.266 ± 0.004 g) than on chickpea (0.257 ± 0.013 g). Adult emergence was higher on the artificial diet (90.99 ± 2.93%) with a sex ratio of 1:0.52 (♀), while chickpea recorded 70.63 ± 3.36% adult emergence with a sex ratio of 1:0.54 (♀). The total fecundity per female was significantly higher on the artificial diet (505.33 ± 16.15 eggs) compared to chickpea (383.33 ± 10.98 eggs) and hatchability was also superior (66.01 ± 2.62%). Growth index values indicated better fitness (0.84) and immature survival (3.37) on the artificial diet. Overall, artificial diet supported faster development, higher survival and better reproductive potential of H. armigera compared to chickpea.
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Introduction
Chickpea (Cicer arietinum L.), belonging to the family Fabaceae, is widely regarded as the “King of Pulses” and commonly known as Bengal gram or ‘Chana’. It is one of the earliest domesticated legumes, with origins tracing back to the Levant and ancient Egypt (Davidson, 1999). Traditionally termed “poor man’s meat,” chickpea plays a pivotal role in human nutrition by providing an affordable and rich source of dietary protein (17–24%), essential amino acids such as lysine, carbohydrates, minerals, and vitamins (Jukanti et al., 2012). Beyond its nutritional contribution, chickpea is a critical component of sustainable agriculture, enriching soil fertility through biological nitrogen fixation and contributing up to 140 kg N ha⁻¹ annually.____________________________
Globally, chickpea is cultivated on more than 14 million hectares with an annual production exceeding 14.5 million metric tons (FAOSTAT, 2023). India remains the largest producer, contributing nearly 65–70% of global output, followed by Australia, Pakistan, and Turkey (ICRISAT, 2022). Its resilience to semi-arid conditions, nutritional density, and role as a cash crop make chickpea vital for combating malnutrition, improving soil health, and ensuring food and livelihood security in smallholder farming systems (Varshney et al., 2019).__________________
However, chickpea production is severely constrained by biotic stresses, particularly insect pests, which cause yield losses ranging from 30% to 70% annually (Sharma et al., 2005; Pareek et al., 2013). Among these, the pod borer, Helicoverpa armigera (Hübner), is recognized as the most destructive pest of chickpea worldwide. Belonging to the order Lepidoptera and family Noctuidae, H. armigera is a highly polyphagous and cosmopolitan pest infesting over 180 plant species, including major field crops such as cotton, pigeonpea, maize, sorghum, groundnut, sunflower, and tomato (Fitt, 1989; Fand et al., 2019; Sujayanand et al., 2025). The larval stage is particularly devastating, feeding voraciously on leaves, flowers, and pods, often boring characteristic holes into developing pods and consuming seeds. A single larva can damage multiple pods, resulting in direct yield losses, reduced grain quality, and increased susceptibility to secondary infections (Ganguly et al., 2004)._________
The high fecundity (500–1500 eggs/female), multivoltine nature (3–5 generations per season), and ability to develop resistance to several classes of insecticides make H. armigera one of the most challenging pests to manage (Sharma and Pampapathy, 2006; Tay et al., 2010). In India alone, losses due to H. armigera infestations are estimated to run into hundreds of millions of dollars annually (ICRISAT, 2018). Understanding its biology on different substrates is, therefore, crucial for developing effective integrated pest management (IPM) strategies, screening for host plant resistance, and mass-rearing for biocontrol research.
Materials and Methods 
Maintenance of H. armigera culture:
The present investigation on the biology of H. armigera was carried out in the laboratory of the Division of Crop Protection, ICAR-Indian Institute of Pulses Research, Kanpur, (ICAR-IIPR) under controlled environmental conditions (Biogen® BOD incubator, set at temperature 25±2°C, 75±5% relative humidity, and a 16:8 hour light-to-dark photoperiod). Larvae of the pod borer H. armigera at various instar stages were collected from the unsprayed chickpea field of main farm of ICAR-IIPR and reared individually in 25 ml containers containing the artificial diet until they pupated. The resulting pupae were then transferred to breeding dishes to allow adult emergence. Four pairs of newly emerged adults were placed in a mating jar (20 cm high and 16 cm in diameter) lined with black muslin cloth. Adults were fed with a 10% honey solution soaked in absorbent cotton, which was replaced daily. The jar was sealed with black muslin cloth fastened by a rubber band, and a 1:1 male-to-female ratio was maintained to facilitate oviposition. 	Comment by user: already mentioned in abstract 
Two food sources were provided for comparative rearing, namely chickpea (Cicer arietinum L.) and a semi-synthetic artificial diet. Fresh tender leaves and pods of chickpea were collected daily from unsprayed plants, cleaned with running tap water, dried, and supplied to larvae reared individually in plastic tubes to avoid cannibalism.
Artificial Diet Preparation of Pod Borer, H. armigera Hübner
The artificial diet for H. armigera larvae was prepared with slight modifications from the method described by Kranthi et al. (2002). 
Preparation of Part A: Chickpea seeds (100 g) were rinsed twice with tap water and soaked in 200 ml of distilled water for 12 hours. The soaked seeds were then boiled in 390 ml of double-distilled water until thoroughly cooked. The boiled chickpeas, along with the remaining water, were transferred to a grinder. To this, 2 g of methyl parahydroxybenzoate, 1 g of sorbic acid, and 10 g of yeast were added. The ingredients were blended until a uniform paste was obtained.
Preparation of Part B:
In a separate container, 390 ml of double-distilled water was brought to a boil. Agar-agar (12.75 g) was added gradually with constant stirring until completely dissolved. This solution was then combined with the mixture from Part A and blended thoroughly to ensure uniform consistency.
Preparation of Part C:
To the blended mixture, 3.23 g of ascorbic acid and two drops of multivitamin solution (Zincovit) were added, followed by 0.25 g of streptomycin sulphate. The mixture was blended again to ensure even distribution of all components.
Final Incorporation of Part D:
Finally, 5 ml of 10% formalin (formaldehyde solution) was added to the blend and mixed thoroughly. The prepared diet was then poured into sterile rearing containers appropriate for feeding H. armigera larvae. The complete composition of the artificial diet is provided in Table 1.
Table 1. Composition of the artificial diet used for rearing of H. armigera
	S. No
	Composition
	Quantity
	Particulars
	Methodology

	1. 
	Chickpea seeds
	100g
	Part A
	Mixed in 390 ml of distilled water.

	2. 
	Methyl para hydroxybenzoate
	2 g
	
	

	3. 
	Sorbic acid
	1 g
	
	

	4. 
	Yeast
	10 g
	
	

	5. 
	Agar-agar
	12.75 g
	Part B
	Mixed in 390 ml of distilled water and boiled. Then added part A and blended.

	6. 
	Ascorbic acid
	3.25
	Part C
	After completing the above 2 steps added part C and blended. Added part D and pour into the diet box.

	7. 
	Multivitamin (Zincovit)
	2 drops
	
	

	8. 
	Streptomycin sulphate
	0.25g
	
	

	9. 
	10% formalin
	5 ml
	Part D
	


Observations Recorded
The eggs were laid on these black cloths. These cloths, with singly laid eggs, were placed inside the breeding jar and it was kept in the BOD incubator. Newly hatched larvae (less than 24 hrs. old) were individually transferred into rearing tubes containing either chickpea leaves/pods or artificial diet. Food was replaced daily in the case of chickpea, while diet was renewed every 3–5 days or earlier if contaminated. Larvae were observed daily for moulting, confirmed by the presence of exuviae and increased larval size. The total larval period was calculated from egg hatching to pre-pupal formation. Pre-pupae were recognized by their darkened, wrinkled, and sluggish appearance, and their duration was recorded. Pupae were observed for morphological characters, colour, size, and sex determination based on genital slit position. Pupal duration was recorded from pupation to adult emergence. Adults emerging from pupae were separated by sex and paired in rearing cages containing potted chickpea plants or oviposition substrates, along with cotton swabs dipped in 10% honey solution as food. The pre-oviposition period, fecundity, egg hatchability, and adult longevity were recorded. All developmental parameters such as larval instar duration, pre-pupal period, pupal duration, adult emergence, survival, and reproductive traits were carefully noted. The experimental design consisted of sufficient replicates (100 larvae per treatment) with random allocation to treatments to enable statistical comparison. 
Growth index: 
The larval and pupal growth index, immature growth index, standardize growth index and fitness index of H. armigera were calculated using the following equations (Pretorius, 1976; Itoyama et al., 1999).






Results and Discussion
Larval and Pupal Development
The larval period of Helicoverpa armigera was significantly longer on chickpea plants (19.33 ± 0.88 days) compared to the artificial diet (16.33 ± 0.67 days) (Table 1). Similar findings were reported by Lalbabu Kumar et al. (2018), who observed that artificial diets generally shortened larval duration while improving larval survival. In the present study, larval mortality was markedly lower on artificial diet (13.04 ± 2.00%) than on chickpea (25.91 ± 1.89%), resulting in a higher pupation rate (86.96 ± 2.00% vs. 74.09 ± 1.89%). These results align with Hamed and Nadeem (2008), who found that artificial diets enhanced survival and pupation percentages of H. armigera compared to natural hosts.
The pupal period was also shorter on artificial diet for both sexes (♀: 10.33 ± 0.33 days; ♂: 11.00 ± 0.58 days) compared to chickpea plants (♀: 12.00 ± 0.58 days; ♂: 12.67 ± 0.88 days). Pupal mortality was significantly lower on artificial diet (9.01 ± 2.93%) than on chickpea (29.37 ± 3.36%), corroborating findings by Amer and El-Sayed (2014), who reported lower pupal mortality on artificial diets and legumes compared to cereals.
Interestingly, pupal weight was slightly higher on artificial diet (♀: 0.266 ± 0.004 g, ♂: 0.259 ± 0.009 g) than on chickpea plants (♀: 0.257 ± 0.013 g, ♂: 0.248 ± 0.013 g), consistent with the observation of Kumar (2011) that artificial diets improve pupal biomass due to a balanced nutrient profile.
Adult Emergence and Reproductive Biology
Adult emergence was significantly higher on artificial diet (90.99 ± 2.93%) compared to chickpea (70.63 ± 3.36%) (Table 2). Similar trends were observed by Babu et al. (2014), who reported 85–91% adult emergence on chickpea flour diets. The sex ratio remained comparable between treatments, suggesting that the diet did not influence sexual differentiation, as also noted by Rabari et al. (2017).
Total fecundity was markedly higher on artificial diet (505.33 ± 16.15 eggs/female) compared to chickpea plants (383.33 ± 10.98 eggs/female). These findings are in agreement with  Chakravarty et al. (2018), who reported enhanced egg production on chickpea-based semi-synthetic diets due to better nutrient assimilation. The incubation period was slightly shorter on artificial diet (4.67 ± 0.88 days) than on chickpea (5.00 ± 0.58 days), which corroborates the findings of Hamed and Nadeem (2008). Hatchability was also higher on artificial diet (66.01 ± 2.62%) than chickpea (53.47 ± 3.63%), further supporting the role of artificial diets in enhancing reproductive fitness (Kumar, 2011).
Growth and Fitness Indices
Growth indices revealed that artificial diet supported faster larval growth (5.32) compared to chickpea (3.83), while pupal growth index remained similar across treatments (5.72 vs. 5.53) (Table 3). However, the immature growth index and overall fitness index were substantially higher on artificial diet (3.37 and 0.84, respectively) than on chickpea plants (2.23 and 0.58). This is in close agreement with Amer and El-Sayed (2014), who reported higher growth and fitness indices on legume-based hosts and artificial diets compared to cereals.
The results clearly indicate that artificial diet enhances survival, reduces developmental duration, and improves reproductive parameters of H. armigera. This is consistent with earlier findings that artificial diets provide balanced nutrition, resulting in higher pupal weight, greater adult emergence, and increased fecundity (Babu et al., 2014; Kumar, 2011 & Hemati et al., 2013). The higher fitness index on artificial diet also confirms its suitability for mass rearing programs under controlled laboratory conditions, which is essential for large-scale biological studies and bioassays (Lalbabu Kumar et al., 2018).
 Table 2. Larval and Pupal Growth Parameters of Helicoverpa armigera observed on chickpea and artificial diet
	Parameter
	Chickpea plant (Mean ± S.E.)
	Artificial diet (Mean ± S.E.)

	No. of Insects
	100 ± 0
	100 ± 0

	Larval period (days)
	19.33 ± 0.88
	16.33 ± 0.67

	Larval mortality (%)
	25.91 ± 1.89
	13.04 ± 2.00

	Pupation (%)
	74.09 ± 1.89
	86.96 ± 2.00

	Pupal period (♀, days)
	12.00 ± 0.58
	10.33 ± 0.33

	Pupal period (♂, days)
	12.67 ± 0.88
	11.00 ± 0.58

	Pupal weight (♀, g)
	0.257 ± 0.013
	0.266 ± 0.004

	Pupal weight (♂, g)
	0.248 ± 0.013
	0.259 ± 0.009

	Pupal mortality (%)
	29.37 ± 3.36
	9.01 ± 2.93

	C.D.
	4.498
	4.166

	SE(m)
	1.502
	1.391


Table 3. Adult and Reproductive Parameters of Helicoverpa armigera observed on chickpea and artificial diet
	Parameter
	Chickpea plant (Mean ± S.E.)
	Artificial diet (Mean ± S.E.)

	Adult emergence (%)
	70.63 ± 3.36
	90.99 ± 2.93

	Sex ratio (♀)
	54.33 ± 1.86
	52.33 ± 1.20

	Pre-oviposition (days)
	1.67 ± 0.33
	1.67 ± 0.33

	Oviposition (days)
	5.67 ± 0.33
	5.67 ± 0.33

	Post-oviposition (days)
	1.33 ± 0.33
	1.33 ± 0.33

	Male longevity (days)
	11.33 ± 0.67
	11.33 ± 0.67

	Total no. of eggs
	383.33 ± 10.98
	505.33 ± 16.15

	Incubation period (days)
	5.00 ± 0.58
	4.67 ± 0.88

	Hatchability (%)
	53.47 ± 3.63
	66.01 ± 2.62

	C.D.
	12.202
	16.677

	SE(m)
	4.075
	5.57



Table 4. Growth index of Helicoverpa armigera on chickpea plant and artificial diet
	S. No.
	Growth index
	Host

	
	
	Chickpea plant
	Artificial diet

	1
	Larval
	3.83
	5.32

	2
	Pupal
	5.72
	5.53

	3
	Immature
	2.23
	3.37

	4
	Standardize
	0.013
	0.016

	5
	Fitness
	0.58
	0.84



Conclusion
The study revealed that H. armigera performed better on artificial diet compared to chickpea host plant. Larval and pupal periods were shorter with reduced larval (13.04%) and pupal (9.01%) mortality on artificial diet, while pupation (86.96%) and adult emergence (90.99%) were higher than chickpea. Reproductive performance was also superior on artificial diet with greater fecundity (505.33 eggs) and hatchability (66.01%) compared to chickpea (383.33 eggs and 53.47%). Growth and fitness indices further confirmed better survival and development on artificial diet. Thus, artificial diet proved more suitable for mass rearing and biological studies of H. armigera under laboratory conditions.
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