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Seasonal Population Dynamics and Integrated Management of Gram Pod Borer Helicoverpa armigera (Hübner): A Comprehensive Review
                                                                 ABSTRACT: 
Helicoverpa armigera also called the legumes pod borer (Lepidoptera: Noctuidae ) because of its wide host range, dispersion, and destructiveness, the gram pod borer, also called , It is a major pest of grain legumes throughout the tropics and subtropics. Its destructiveness at crucial periods of crop growth, such as flowering and pod development, particularly to economically valuable plant parts like flower buds, flowers, and pods, makes it a major obstacle to achieving the highest possible output from grain legumes. The goal of the current experiment was to determine how the gram pod borer population fluctuates and how new insecticides, such as bio-pesticide, can be used to regulate it effectively based on the various studies conducted previously. The study continuously emphasises how certain pesticides, such as Indoxicarb, Spinosad, and others can greatly lessen the effects of pod borer infestations, offering farmers looking for environmentally friendly pest management techniques important information.
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INTRODUCTION: Pests are responsible for significant crop losses annually, and conventional pest control methods, such as chemical pesticides, have led to a range of issues, including environmental pollution, health risks, and the development of pest resistance (More et al., 2024). Chickpeas provide 50% of the total yield of pulses produced and occupy approximately 38% of cultivable area used for pulse crops. In addition to being consumed by humans, it is also fed to cattle, which are referred to as the "king of pulses". These days, a number of obstacles, including weeds, pests, and illnesses, have disrupted India's successful chickpea farming. The invasion of Helicoverpa armigera (Hub), one of the gram pod borer, is a major problem that results in decreased crop productivity (Shrivastava and Shrivastava, 1990). Because of its high fecundity, excellent adaptability to a variety of agro-climatic conditions, migratory behaviour, and development of resistance capabilities against many insecticides, it is regarded as a harmful pest and has become a national pest.
	Up to 27.9% of losses in India's North West Plain Zone, 13.2% in the North East Plain Zone, 24.3% in the Centre Plain Zone, and 36.4% in the South Plain Zone are attributed to H. armigera (Lateef and Reed, 1983). Although the use of chemical insecticides was the primary focus in the fight against this infamous pest, understanding the seasonal variations of the gram pod borer may help in the development of insect pest management plans. Microbial pesticides such as nuclear polyhedrosis virus (HaNPV), entomopathogenic nematodes (Steinernematidae and Heterorhabditidae), entomopathogenic fungi (Hirsutella, Metarhizium, Nomuraea, and Beauveria), and plant products like neem, custard apple, and Pongamia kernel extracts have demonstrated promising results against H. armigera (Sharma, 2001).
	The gram pod borer, H. armigera, is a remarkable and widespread agricultural pest that has attracted international notice due to its detrimental effects on a variety of crops within an agro-ecosystem. This insect species is a member of the Noctuidae family and is distinguished by its polyphagous nature, which allows it to feed on a wide variety of hosts. H. armigera attacks 182 different types of crop plants (Pawar et al., 1986). According to some reports, the same insect attacks 47 different varieties of host plants (Singh and Balan, 1986).
	Because of this flexibility, traditional pest management techniques are seriously threatened, and agricultural practices must constantly change to keep up with the insect's capacity to evade chemical defences.   In addition to decreasing the effectiveness of chemical pesticides, resistance highlights the value of integrated pest management (IPM) solutions, which use a range of tactics to lessen the effects of this hardy insect. It was discovered that the gram pod borer, H. armigera population began to appear at the crops pod-formation stage with a population density of 0.34 larvae per plant (Shelke et al., 2024b).
For any effective pest management, applying strategies at a particular stage is very important. In order to undertake timely treatments, the integration of these approaches necessitates a precise understanding of the life cycle and behaviour of the pest.  Frequent observation and monitoring are crucial elements that enable early infestation detection and timely control action implementation.
MATERIALS AND METHODS:  The present study involves all the reviews collected from various scientific publications based on the topic. The effective practices from each case study was identified and mentioned in this article.
Pest identification:-  Fresh eggs are bright, yellowish, and laid individually on every portion of the plant.  The larva is long, hairy, and undergoes colour changes.  On their backs, the larvae have three streaks.  The baby grubs initially eat green leaves, but later they start eating flower buds and pods. The mature moth is a robust, light-pale brownish-yellow creature with brown and grey wings. The young consume leaves and burrow into the pods between December and February.  A large number of larvae in March have a tendency to defoliate the entire plant, seriously harming it.
Recording observations:- For recording the exact pest population, the following methods should be followed: The observations were recorded on randomly selected five plants in each replication marked with tags. The data on the number of larval population on five plants were noted before spray and 1, 3, 7, 10 days after spray. Spraying was done twice in a season. At harvest, the yield of chickpea was noted separately in each treatment and yield data was cumulated for statistical analysis. The pest population was recorded on the basis of per cent pod damage. The total number of pods and the pods damaged by pod borers were recorded at the maturity stage, in pods harvested from the randomly selected five plants. Pod borers damage to pods was quantified by expressing the number of pod borer damaged pods as a percentage of the total number of pods. Per cent pod damage was worked out and statistical analysis was done after the suitable transformation of values (Shelke et al., 2024a). .

RESULTS AND DISCUSSION: In its lifetime, a single H. armigera larva can harm 25–30 gram pods. Gram pod borer is traditionally controlled by farmers using a variety of synthetic chemical insecticides. However, the careless and unwarranted use of synthetic pesticides leads to a number of issues in the agro-ecosystem, including direct harm to humans and beneficial insects. The frequent application of systemic pesticides alone has caused the insect pest to become resistant and disrupted the agro-ecosystem by impacting non-target organisms. Since the chemical approach produces results quickly, farmers tend to use it. The typical situation is high-frequency application.
Population fluctuation of Helicoverpa armigera in Chickpea:- According to Chatar et al. (2010), pests were noted throughout crop maturity by decreasing as the crop approached maturity. The gram pod borer first arrived in the first two weeks of December and peaked at 3.12 larvae/ml in the first two weeks of January. It is evident from the study conducted by Bala (2020) that the H. armigera larval population started its appearance in chickpea from the 5th standard meteorological week and maintained the same trend of population up to the 7th SMW (standard meteorological week). However, it reached its peak in the 11th SMW with a population of 18 larvae/ 10 plants. Then the population gradually dwindled onwards 13th SMW when the crop reached near senescence stage and this population was found below the economic injury level. Also, Borah and Dutta (2004), reported that the larval population first appeared in the end of January and reached its peak during end of March and thereafter population was declined.
	Additionally, Shinde et al., (2013) observed two peak phases in the Helicoverpa armigera larval population.  In both years of their study, the first peak was seen between the 47th and 50th meteorological week, while the second peak was seen between the 10th and 14th meteorological week.  In their investigation of the larval incidence of H. armigera on chickpea, Bajya et al., (2010) discovered that the gram pod borer is active on the crop from November to March. They also noted two peaks: the first peak occurred between the 46th and 49th meteorological week, and the second peak occurred between the 5th and 13th meteorological week.
According to studies done by Sunganthy et al. (2023) on the incidence and population of Helicoverpa armigera, the gram pod borer peaks in the second and third weeks of January and February, which corresponds to the crop's peak pod growth stage. 
 Impact of different spray combinations on gram pod borer management:- To evaluate the effectiveness of particular insecticides and offer suggestions for the efficient management of the gram pod borer, H. armigera, a number of researchers have carried out extensive studies.  The effects of several pesticides against gram pod borer, including Spinosad, Profenofos, Indoxicarb, Endosulfan, and Chlorpyrifos, as well as an untreated control. Rashid et al. (2003) found that the Spinosad (Tracer) and Indoxacarb (Steward) were the most effective against Helicoverpa armigera, while Endosulfan was the least effective. In a similar vein, they examined the effects of five insecticides: chlorpyriphos (2500 ml/ha), Endosulfan (2500 ml/ha), Indoxocarb (425 ml/ha), Profenophos (2500 ml/ha), and spinosad (200 ml/ha) along with an untreated control.
A study was conducted at the Central agriculture field, Sam Higginbottom University of Agriculture, Technology and Sciences, Allahabad, Uttar Pradesh, India involving eight treatments Chlorpyrifos, Cypermethrin, Spinosad, Novaluron, Neem oil, NSKE and Beauveria bassiana including control reduced the infestation as compared to the untreated plot of control. According to the findings of this study of  Lakshmikanth and Kumar (2018), on the chemical control of the pigeon pea-infesting gram pod borer, Helicoverpa armigera (Hubner), Indoxacarb 0.0075% provided the highest percentage of pest mortality among the various insecticides tested, followed by Spinosad 0.009%, Profenophos + Cypermethrin 0.044%, and Endosulfan 0.07%. The minimum per cent of infestation was observed in Spinosad 45% SC (1.036%) followed by Cypermethrin 10% EC (1.053%), Novaluron 10% EC (1.074%), Chlorpyrifos 20% EC (1.080%), Neem oil 5% (1.092%), Beauveria bassiana (1.105%) and NSKE 5% (1.130%) are least among all the treatments. 
According to Babariya et al. (2010), the highest grain yield (1486 kg/ha) was achieved at 0.0075% indoxacarb. However, the therapy of Endosulfan 0.07% yielded the highest cost-benefit ratio of 1: 18.94. Indoxacarb (8.14 q/ha), Quinalphos (7.10 q/ha), Chlorpyriphos (7.23 q/ha), Spinosad (6.93 q/ha), Flubendiamide 480 SC @ 36 g a.i. /ha (9.07 q/ha), and Endosulfan (6.86 q/ha).
According to Bala (2020), chemical management proved to be more successful than biopesticide in controlling the gram pod borer in chickpeas. Nevertheless, it was discovered that the novel compounds Cyclaniliprole 10% DC @ 350 ml/ha and Cyclaniliprole 10% DC @ 300 ml/ha were similarly successful in minimising pod infection, maximising grain yield, and managing the H. armigera larval population. He discovered that the plots treated with Beauveria bassiana 1.50% LF @1500 ml/ha had the lowest H. armigera death rate (42.07%). Earlier, Bala and Sarkar (2017) demonstrated the significant efficacy of Beauveria bassiana 1.50% LF @1500 ml/ha, Novaluron 10 EC, and Chlorantraniliprole 18.5 SC against gram pod borer.
Management through bio-pesticides:- Emamectin benzoate (220g/ha) + Indoxacarb (30g/ha) was the most effective treatment of all the treatments in controlling the Helicoverpa armigera pest population, followed by Indoxacarb (60g/ha), NSKE (25kg/ha) + Indoxacarb (30g/ha), Neem oil (5ml) + Indoxacarb (30g/ha), Beauveria bassiana (400g/ha) + Indoxacarb (30gm/ha), and Bacillus thuringiensis (750-1000gm/ha) + Indoxacarb (30gm/ha). This doesn't lead to various issues like soil and water pollution, pesticide residue in food, pest resurgence, impact on non-target pests, and ecosystem contamination. Thus, combining biopesticides could help create an effective integrated pest management plan to combat Helicoverpa armigera.
	It is clear from the aforementioned results that every treatment was successful in lowering the Helicoverpa armigera pest population.  According to Chaukikar et al. (2017), the most successful treatment for lowering the Helicoverpa armigera pest population was Emamectin benzoate (5% SG) + Indoxacarb (14.5% SC) after each spray as suggested by Kambrekar and colleagues (2012). Indoxacarb (14.5% SC), as reported by Gautam et al. (2018), Kumar and colleagues, (2017) , Pal and colleagues, (2018).  Bhushan et al., 2011, Choudhary et al., (2017), Reddy et al., (2010) noted that the NSKE + Indoxacarb (14.5% SC) had a low pest population. 
	According to reports by Faqiri and Kumar (2016) and Gautam et al. (2018), neem oil was the most successful in lowering the number of Helicoverpa armigera pests.  Bacillus thuringiensis + Indoxacarb and Beauveria bassiana + Indoxacarb came next, both of which were backed by Choudhary et al. (2017), Harshita et al., (2018), Regmi and Poudel (2018) and Singh et al. (2017).
Modern technology of pest management:- Pests represent a major threat to grain production. Due to recent changes in farming system practices consisting of grain cropping with standing stubble and minimum tillage, these pests are being increasingly encountered. To implement optimal site-specific treatments and reduce control costs, new methods in biosecurity and pest surveillance must be investigated (Mahamuni et al., 2024). 
	Modern entomologists suggest collective approach for effective pest management along with maintaining ecological balance. Agronomic elements are manipulated as part of cultural practices to make the environment unfavourable for the pest.  Crop rotation, choosing appropriate planting dates, and intercropping pest-resistant cultivars are all part of this.  In order to reduce H. armigera populations, biological control techniques like the release of parasitoids and natural predators are essential (Mahmudunnabi et al., 2014).
Several researchers have emphasised the use of integrated pest management strategies to minimise the pest populations, which include the use of biological and chemical control measures, the adoption of recommended cultural practices, and the use of resistant cultivars (Ujjan et al., 2019). Using cultivars resistant to pod borer ensures a crop free of pests and costs chickpea farmers virtually nothing more (Rajesh et al., 2017).  Deciphering the complexity of H. armigera's widespread presence in agriculture requires an understanding of its biology, ecology, and genetics.  Investigating the mechanisms behind its adaptation, resistance development, and reproductive tactics is a critical function of scientific inquiry.  Researchers can find weaknesses that could be used for efficient pest control by exploring the complexities of its life cycle, mating habits, and genetic composition.
Commonly recommended management practices:- Based on the various studies and recommendations from specialists, the following management practices are recommended.
1. Every week, do visual observations (scouting). 
2. Use 5% neem seed extract with 1% soap solution; set up light traps at a rate of one light trap per five acres. 
3. Finish deep summer ploughing and steer clear of late sowing. 
4. Use intercropping with linseed or wheat 2:1. 
5. Avoid close planting and use resistant varieties, like Chaffa. 
6. Use biological control, like Trichogramma chilonis. 
7. Avoid using chemicals to control predatory stink bugs, green lacewing, etc. 
8. If needed, apply Profenophos 50 EC @ 1500 ml/ha, Deltamethrin 2.8 EC @ 250 ml/Acre, or Chlorpyriphos 20EC (75 ml) + Acephate 35 ml/Acre.
CONCLUSION: In order to achieve sustainability in farming against gram pod borer, an integrated pod borer control plan that incorporates the cooperative use of many strategies and procedures is required.  This all-encompassing strategy involves creating and growing pod-borer-resistant chickpea cultivars, implementing good agronomic practices, modifying habitat, and using biological control techniques. Integrated approaches that incorporate chemical, biological, and cultural control methods are necessary for the effective management of gram pod borer. For sustainable and environmentally responsible pest management, IPM, biotechnological interventions, and climate-smart techniques must be implemented. Integrated Pest Management (IPM), which emphasises pest management over total eradication, is the recommended strategy for efficient management.  Combining IPM options, growing resistant cultivars, following best agronomic practices, using biological control agents, using chemical control sparingly when needed, and using behavioural strategies all help to lessen the negative effects of insecticides on natural enemies in the ecological niche.  This all-encompassing approach protects the environment and ecology from possible toxicological risks.
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