


Population Dynamics and Eco-Friendly Management of Major Insect-Pests on Tomato Under Open Field and Polyhouse Conditions: A Review
ABSTRACT 
Tomato is cultivated globally under both open-field and protected environments, with its productivity profoundly influenced by a range of abiotic and biotic factors. Among the biotic stresses, insect pests—particularly fruit borer, whiteflies, and leaf miners—are among the most significant contributors to yield losses worldwide. Understanding the population dynamics of these pests in relation to abiotic factors, especially weather conditions, is essential for devising effective management strategies. However, the widespread and often indiscriminate use of chemical pesticides has resulted in substantial environmental damage and health concerns. This highlights the urgent need to integrate eco-friendly alternatives into sustainable Integrated Pest Management (IPM) systems. This review examines the impact of weather parameters on pest populations and explores environmentally sustainable approaches for managing major insect pests in tomato production.
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1. Introduction 
Tomato (Solanum lycopersicum) is a short-duration, warm-season crop that thrives under moderate climatic conditions. Optimal growth and yield are achieved within a temperature range of 21–24°C. Temperatures below 10°C or above 30°C can adversely affect plant tissues, thereby hindering development and reducing productivity. Tomatoes originated in Peru as an exotic species, while cultivated varieties were domesticated in Mexico (Luckwill, 1943). The crop was introduced to other parts of the world in the 16th century, with the Portuguese explorer Vasco da Gama credited for its introduction to India. Today, tomatoes are grown globally in both open fields and protected environments. Major tomato-producing countries include India, China, the United States, Italy, Turkey, Mexico, and Japan. In India, key tomato-producing states are Andhra Pradesh, Madhya Pradesh, Odisha, West Bengal, Karnataka, Bihar, Gujarat, Tamil Nadu, Uttar Pradesh, Haryana, and Rajasthan. The total area under tomato cultivation in India is approximately 0.84 million hectares, with an annual production of about 20.7 million tonnes (Agricultural Statistics at a Glance, 2023). In Haryana, tomatoes are cultivated on 1,538 hectares under open conditions and 18 hectares under protected cultivation, producing 21,200 MT and 557 MT, respectively (Statistical Abstract of Haryana, 2023–24). Despite its wide cultivation, tomato production is frequently challenged by insect pest infestations. Key pests include the fruit borer (Helicoverpa armigera, also known as the gram pod borer or American bollworm), tomato leafminer (Tuta absoluta), whitefly (Bemisia tabaci), leafhopper (Amrasca devastans), thrips (Scirtothrips dorsalis), and serpentine leaf miner (Liriomyza trifolii) (IRAC, 2011; Lal et al., 2008).
To mitigate pest pressures and environmental stresses, protected cultivation techniques—such as polyhouses—are increasingly being adopted. These controlled environments help minimize pest infestations, improve fruit quality, and enhance productivity per unit area. However, limited research has been conducted on pest dynamics and management strategies under polyhouse conditions (Sri et al., 2017).Although chemical pesticides remain the primary method for managing insect pests, their repeated and indiscriminate use has led to several critical issues: pesticide residues in food, environmental pollution, harm to non-target organisms, and the development of pest resistance. These challenges highlight the urgent need for safer and more sustainable pest control strategies. Emphasis should be placed on the development and adoption of biodegradable insecticides and eco-friendly, non-chemical alternatives to ensure sustainable and environmentally responsible tomato production.This review explores the population dynamics of major insect pests of tomato under both open and polyhouse conditions, along with their eco-friendly management strategies. Nevertheless, further research is necessary to develop effective and comprehensive pest management approaches.

2. Abiotic Factors and Varietal Influence on the Population Dynamics of Major Tomato Insect Pests
Abiotic factors and varietal characteristics play a crucial role in regulating pest populations in tomato crops. Chaudhuri and Senapati (2001) investigated the population dynamics of whitefly (Bemisia tabaci Genn.) on tomato in the Terai region of West Bengal during 1997 and 1998. The whitefly population peaked (1.68 individuals/plant) from mid-February to mid-March, coinciding with environmental conditions of 17.07–22.13°C temperature, 65.29–72.78% relative humidity, 7.79–8.98 hours of sunshine per day, and 5 mm of rainfall.
Kamble et al. (2005) examined the correlation between abiotic factors and the population dynamics of Helicoverpa armigera on tomato cultivars Pusa Ruby and Pusa Rohini in Latur, Maharashtra. The initial larval infestation was recorded during the 35th meteorological week, with the population peaking in the 37th week and declining thereafter until the 44th week. Peak infestation coincided with the flowering and fruiting stages. No significant correlation was found between larval population and temperature (minimum and maximum), rainfall, or relative humidity. In a separate field experiment conducted during the rabi season, Kakati et al. (2005) reported an increasing trend in H. armigera population from the first week of November, with a peak in the first week of December. A significant negative correlation was observed with low temperatures, while high temperatures showed a non-significant correlation. Relative humidity, total rainfall, and sunshine hours had a non-significant positive effect on the incidence of tomato fruit borer and fruit infestation. Kharpuse and Bajpai (2006) conducted a field study during the rabi season of 2004–05 at the Vegetable Research Farm, JNKVV, Jabalpur, to monitor the seasonal incidence of key tomato insect pests. Leaf miner (Liriomyza trifolii Burgess), whitefly (Bemisia tabaci Genn.), and fruit borer (H. armigera Hub.) were observed infesting the crop. The leaf miner emerged in the last week of December 2004, while whitefly and fruit borer appeared in the second week of January and third week of February 2005, respectively. Peak activity of leaf miner and whitefly was noted in the second week of March, whereas fruit borer peaked in the last week of March. Singh (2006) assessed larval populations and damage by H. armigera in villages near Ghazipur characterized by either intensive vegetable or paddy-wheat cropping systems during 2000 and 2001. Populations of 3 and 2 larvae per plant and fruit damage of 15.74% and 2.4%, respectively, were recorded. The presence of early-sown pigeonpea in the paddy-wheat region contributed to reduced tomato infestation, as pigeonpea served as an oviposition site for fruit borer moths, forming the initial inoculum for subsequent tomato infestation.
Kurl et al. (2008) investigated the effect of different tomato-based cropping systems—tomato-sugarcane, tomato-maize-potato, and tomato-vegetables—on H. armigera infestation in Meerut, Uttar Pradesh, during 2004–06. The highest larval population and fruit damage occurred in the tomato-vegetable cropping system, followed by tomato-maize-potato, while the tomato-sugarcane system recorded the lowest incidence. Sarangdevot et al. (2010) studied the population dynamics of whitefly (B. tabaci) during 2000–01 and 2001–02. Whitefly infestation commenced in the third week of September and peaked in the third week of October (2.8 individuals/plant) before declining. The whitefly population showed a positive correlation with mean temperature and a negative correlation with mean relative humidity.
Kaushik et al. (2011) evaluated the impact of sowing dates (44th, 46th, 48th, and 50th standard meteorological weeks) on H. armigera incidence in Uttar Dinapur, West Bengal, during 2007–09. Fruit borer infestation was highest under very late sowing (17%) and lowest under early sowing (7.65%). Fruit damage ranged between 2.01–18.45% depending on sowing time. Except for early sowing, maximum and minimum temperatures and temperature gradient significantly correlated with larval incidence. Maximum relative humidity had a negative correlation in early and moderately early sowing but a positive correlation in late sowing. Sunshine hours, rainfall, and number of rainy days generally exhibited a negative correlation with pest incidence, except under late sowing. Sharma et al. (2013) conducted a replicated field trial using the Pusa Ruby variety at the University Research Farm, Chatha, Jammu, during 2010. The initial infestation of H. armigera was recorded in the 14th standard week (2.50 larvae/plant), peaking at 13.70 larvae/plant in the 21st week. A significant positive correlation was observed with both maximum and minimum temperatures, whereas sunshine hours showed a non-significant positive correlation.
Chula et al. (2017) studied H. armigera infestation on the Selection-22 tomato cultivar at the Central Research Farm, SHIATS, Naini, Allahabad from September to March 2015. Infestation began in the 8th standard week (2.04%) and peaked at 48.14% in the 13th week. Maximum and minimum temperatures were positively correlated with infestation levels, while relative humidity and rainfall exhibited significant negative correlations. Wind velocity and sunshine hours showed significant positive correlations with fruit borer populations. Sri et al. (2017) studied tomato pest dynamics on the Moula F1 hybrid at the Central Research Farm, BCKV, during 2016–17. Whitefly, aphid, leaf miner, and fruit borer were the major pests between November and March. Peak infestations were recorded during the 8th and 9th standard weeks. A significant positive correlation was observed between H. armigera population and temperature (maximum, minimum, and average), while minimum relative humidity showed a significant negative correlation.
Dhaliwal and Jindal (2018) assessed the performance of cherry tomato varieties—Punjab Red Cherry, Punjab Sona Cherry, Punjab Kesar Cherry, and Sheeja (check)—under naturally ventilated poly-net conditions at Punjab Agricultural University, Ludhiana. Slightly higher fruit damage percentages were recorded in Punjab Sona Cherry and Punjab Kesar Cherry compared to the check variety. Bisht et al. (2018) evaluated 22 tomato varieties at the Vegetable Research Farm, IAS, BHU, Varanasi during 2017–18. Morphological traits including number of branches per plant, number of calyxes per fruit, and trichome density on calyx and leaf surface, as well as pericarp thickness, were measured. A significant positive correlation was found between fruit borer damage and the number of branches and calyxes, whereas trichome density (on both calyx and leaf surface) and pericarp thickness showed significant negative associations with H. armigera damage.

3. Population Dynamics and Economic Impact of Key Tomato Insect Pests in Protected and Open Field Cultivation
	Tomato (Lycopersicon esculentum Mill.) is cultivated both under plastic-covered greenhouses and in open field conditions. Regardless of the cultivation method, tomato plants serve as hosts for numerous insect pests, including whiteflies, aphids, cabbage loopers, tomato pinworms, mealybugs, and flea beetles (Abd El-Ghany, 2011; Ibrahim et al., 2015). Yield losses resulting from direct and indirect damage caused by whiteflies have been reported to range from 20% to 100% (Papisarda and Garzia, 2002). Substantial economic losses due to Helicoverpa armigera have also been reported by several researchers, with damage ranging between 50% and 80% (Tiwari and Krishnamoorthy, 1984). Furthermore, tomato leaf miner infestations can cause up to 90% crop loss under both greenhouse and open field conditions.
In a study on insect pests of tomato and their relationship with weather parameters under protected cultivation, Sri et al. (2017) investigated the Moula F1 hybrid variety at the Central Research Farm, BCKV. They found that between November and March, the leaf miner and whitefly were the most significant pests in polyhouse conditions, with peak populations occurring during the 8th and 9th standard meteorological weeks (SMWs). Sapkal et al. (2018) studied the seasonal incidence of Helicoverpa armigera (Hübner) on tomato under protected cultivation at the Research Farm of the Department of Horticulture, VNMKV, Parbhani. Their observations indicated that fruit borer infestation began in the 35th SMW (0.5 larvae/plant), rising to 2.8 larvae/plant by the 47th SMW. The highest infestation was recorded during the fruiting stage, with a maximum of 4.2 larvae per plant. The average fruit damage due to H. armigera was 41.44% across six harvesting rounds.
Among the major insect pests, whitefly (Trialeurodes vaporariorum), leaf miner (Liriomyza trifolii), and tomato pinworm (Tuta absoluta) are recognized as highly destructive and widely distributed pests. These insects infest several economically important crops, including vegetables, tuber crops, fiber crops, and ornamentals, across tropical, subtropical, and temperate climates in both open-field and protected environments (Anu et al., 2020).
Kachave et al. (2020) investigated the population dynamics of key insect pests of tomato at the Research Farm of Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani. They reported peak incidences of sucking pests—aphids (Aphis gossypii Glover), whiteflies (Bemisia tabaci Gennadius), and thrips (Frankliniella schultzei Trybom)—with population densities of 8.0, 10.2, and 6.7 insects per three leaves, observed during the 41st, 42nd, and 44th SMWs, respectively. Peak activity of the tomato fruit borer (Helicoverpa armigera) was observed during the 41st SMW, with 3.7 larvae per plant. At the time of the sixth picking on 20th December, H. armigera and T. absoluta were responsible for 44.48% and 10.58% fruit damage, respectively.
3. Effect of different eco-friendly insecticides on major insect pests on tomato under open field conditions:
	Ravi et al. (2008) reported that sequential application of microbial agents—including Helicoverpa armigera nucleopolyhedrovirus (HaNPV) at 1.5 × 10¹² OB/ha, Bacillus thuringiensis Berliner (Delfin 25 WG at 1 kg/ha), Spinosad 45 SC at 75 g a.i./ha, and neem-based formulation (Neemazol 1.2 EC at 1000 ml/ha)—was more effective in reducing H. armigera larval population and fruit damage compared to the sequential use of synthetic insecticides such as endosulfan 35 EC (350 g a.i./ha), quinalphos 25 EC (250 g a.i./ha), and indoxacarb 14.5 SC (75 g a.i./ha). Additionally, higher populations of predatory arthropods, particularly mirid bugs (Macrolophus spp.) and spiders (Argiope spp. and Thomisus spp.), were observed in plots treated with microbial and neem-based products compared to chemically treated plots. These findings suggest that microbials and neem-based products offer a more sustainable approach for managing H. armigera on tomato with minimal adverse effects on beneficial arthropods. Khidra et al. (2013) assessed the efficacy of various integrated pest management treatments in Baltiem District, Egypt, during the spring and summer seasons of 2012. Larval reduction percentages were recorded at intervals of 2, 5, 7, and 10 days after application. The descending order of efficacy based on larval reduction was: B. thuringiensis + neem > B. thuringiensis + Trichogramma evanescens + mass trapping > B. thuringiensis + Trichoderma harzianum > T. harzianum + neem > T. harzianum + mass trapping > T. evanescens + mass trapping. During summer, the reduction percentages were 91.88%, 90.18%, 87.89%, 85.69%, 80.75%, and 84.82%, respectively, and in spring, 88.49%, 86.03%, 84.78%, 83.01%, 79.88%, and 82.82%.
Meena and Raju (2014) evaluated the efficacy of six insecticides against tomato fruit borer (H. armigera), including Spinosad 45% SC, Fipronil 5% SC, Profenofos 50% EC, Indoxacarb 14.5% SC, NSKE 5% w/w, and NPV. Two sprays were applied, and the descending order of effectiveness was: Spinosad (45.44) > Fipronil (43.07) > Profenofos (31.51) > Indoxacarb (29.56) > NSKE (28.59) > NPV (25.82). All treatments showed statistically significant differences. Spinosad was found to be the most effective, followed by Fipronil, Profenofos, and Indoxacarb. Singh and Sachan (2015) tested the efficacy of various biopesticides and synthetic insecticides against Leucinodes orbonalis (brinjal shoot and fruit borer) at the Crop Research Centre, SVPUAT, Meerut, during Kharif 2014. Spinosad 45 SC at 200 ml/ha was the most effective in reducing infestation, followed by Chlorpyrifos 20 EC at 1 L/ha and Neemarin at 3 L/ha.
Faqiri and Kumar (2016) monitored H. armigera infestation and evaluated control strategies during the Rabi season of 2015–16 at SHUATS, Allahabad. The pest incidence began in early October with 2.81% fruit damage, peaking at 39.54% by the 42nd week (March). Treatments including Profenofos 50% EC (4.35%), Spinosad 45% SC (5.37%), Deltamethrin 2.8% EC (5.90%), NSKE (5.90%), Chlorantraniliprole 18.5% SC (6.55%), and Neem oil (6.65%) significantly reduced infestation. Neem oil yielded the highest production (15.0 q/ha), followed by NSKE (13.0 q/ha).
Kalita et al. (2017) investigated the extent of fruit borer infestation and evaluated biopesticide efficacy under polyhouse and open-field conditions at ICAR Research Complex, Sikkim Centre. Infestation and yield loss were higher under polyhouse (20.50–26.26% and 25.17–28.46%) than in open fields (14.54–20.76% and 17.22–20.50%). Among the bio-rational treatments, Spinosad 45% SC at 0.4 ml/L reduced fruit borer larval populations by 75.62%, lowered fruit damage to 5.46%, and increased yield to 28.42 t/ha. Mahla et al. (2017) evaluated the bioefficacy of Tetraniliprole SC 200 w/v at 200, 250, and 300 ml/ha (equivalent to 40, 50, and 60 g a.i./ha), Chlorantraniliprole 20% SC at 150 ml/ha (30 g a.i./ha), and Novaluron 10% EC at 750 ml/ha (75 g a.i./ha) against tomato fruit borer and leaf miner during Kharif 2013 and 2014 at MPUAT, Udaipur. The highest reduction in pest population and lowest damage were achieved with Tetraniliprole SC 200 at 300 ml/ha. This treatment also yielded the highest marketable tomato yield (238.49 and 232.50 q/ha).
Shiberu and Getu (2017) tested insecticidal efficacy against Tuta absoluta under laboratory and greenhouse conditions at Addis Ababa University. Mortality was assessed at 24, 48, and 72 hours in the lab, and at 3 and 5 days in the greenhouse. Coragen 200 SC (Chlorantraniliprole) provided the highest efficacy with 95.55% mortality at 72 hours (P < 0.01). Ajaykumara and Tiwari (2018) explored eco-friendly management of H. armigera using 5% aqueous extracts of various plants and weeds (e.g., Parthenium hysterophorus, Lantana camara, Calotropis gigantea) and indoxacarb 14.5 SC (75 ml a.i./ha) in chickpea during Rabi 2016–17 and 2017–18 at NBCRC, Pantnagar. Plant extracts significantly reduced larval populations (5.11 to 8.03 larvae/10 plants) compared to untreated control (11.78 larvae). Corresponding fruit damage was 5.19 to 15.04% compared to 35% in untreated plots. Yields in treated plots ranged from 35.0 to 55.6 q/ha, versus 6.6 q/ha in the control.
Bhavana and Nagar (2019) tested weed extracts against H. armigera in tomato during Rabi at SHUATS, Prayagraj. The lowest infestation (5.19%) was observed in plots treated with Calotropis gigantea, while Achyranthes aspera showed the highest (15.04%). Cost-benefit ratios were highest (1:2.38) for Calotropis and lowest (1:1.51) for Achyranthes. Palekar (2014) introduced the Zero Budget Natural Farming (ZBNF) approach emphasizing minimal external chemical inputs and soil health improvement through natural microbial propagation. ZBNF's pest management includes formulations such as Neemastra, Agniastra, Brahmastra, and Dashparni Ark. Saini et al. (2020) emphasized the use of Desi cow dung and urine, green manuring, mulching, crop rotation, and in-situ crop residue management as sustainable farming techniques under this philosophy. Abhijit et al. (2018) recorded an 83.94% reduction in whitefly (Bemisia tabaci) populations with Spiromesifen 240 SC. Similarly, Mahalakshmi et al. (2015) reported 80.47% reduction with Spiromesifen at 0.4 ml/L, and Sujay et al. (2013) found the lowest whitefly populations with Spiromesifen 240 SC at 150 g a.i./ha. The efficacy of Spiromesifen may be attributed to its inhibition of lipid biosynthesis in both nymphs and adults, along with ovicidal properties. Tong (2004) and Nauen et al. (2002) reported strong transovarial effects of Spiromesifen, affecting egg hatch and fecundity.
Noonari et al. (2016) and Solangi et al. (2019) demonstrated the efficacy of neem oil, with reductions of 59.78% and 67.99% in whitefly populations in cotton and tomato ecosystems, respectively. Neem formulations act via antifeedant, growth-regulating, and mating disruption mechanisms. Abdelgaleil et al. (2015) noted Imidacloprid's limited efficacy (9.3% reduction) against Tuta absoluta, while Sapkal et al. (2018) confirmed the superior performance of Chlorantraniliprole 18.5% SC against the same pest.
5. Effect of different eco-friendly insecticides on major insect pests on tomato under polyhouse onditions:
	Yin et al. (2011) evaluated the efficacy of eight insecticides against Bemisia tabaci and found that spinosad and fipronil were the most effective options for controlling adult whiteflies. Several studies have also examined the performance of azadirachtin-based products against B. tabaci. Lynn et al. (2010) assessed the impact of azadirachtin and neem-based formulations and reported a 78.2% reduction in B. tabaci populations. Similarly, Islam et al. (2011) observed significant effects of both Beauveria bassiana and azadirachtin on B. tabaci, noting no statistically significant differences in mortality between the middle and sub-lethal doses. Zhu and Kim (2011) documented varying pathogenic effects of different entomopathogenic fungi on B. tabaci, identifying B. bassiana as particularly virulent and among the most effective fungal biocontrol agents against this pest. In another study, Abdel-Razek et al. (2017) reported the high efficacy of spinosad under greenhouse conditions, with B. tabaci infestations reduced by 50.0% to 94.61% following applications of eco-friendly biopesticides.
Jat et al. (2020) evaluated the efficacy of various insecticidal treatments—including acephate 75 SP, acetamiprid 20 SP, diafenthiuron 30 WP, spiromesifen 22.9 SC, Beauveria bassiana, and neem oil (1%)—against whiteflies and mealybugs infesting tomato (Solanum lycopersicum L.) under protected cultivation at the Department of Horticulture, Rajasthan College of Agriculture, MPUAT, Udaipur. Among the tested treatments, acetamiprid 20 SP was the most effective, resulting in population reductions of 66.65% and 67.20% for whiteflies and mealybugs, respectively. Tarate et al. (2016) investigated the efficacy of novel insecticidal molecules against leaf miner (Liriomyza trifolii) in tomato. Insecticides applied at 25, 45, and 65 days after transplanting revealed that emamectin benzoate 5 SG at 9.5 g a.i./ha was the most effective, followed by spinosad 45% SC at 75 g a.i./ha and lambda-cyhalothrin 5 EC at 50 g a.i./ha. The highest tomato yield (220.41 q/ha) was recorded with spinosad 45% SC, which was significantly superior to other treatments. Kotak et al. (2020) evaluated strategies for managing leaf miner and whitefly infestations in tomato at the Instructional Farm, College of Agriculture, Junagadh. The combination treatment of profenofos and cypermethrin 44 EC (0.044%) was most effective against L. trifolii, while dimethoate 30 EC (0.03%) provided effective control of B. tabaci.
Conclusions 
In conclusion, sustainable tomato cultivation necessitates a comprehensive understanding of the influence of abiotic factors on the population dynamics of key insect pests. Identifying and quantifying these relationships enables growers to make data-driven decisions that enhance the efficacy of integrated pest management (IPM) strategies. Transitioning from conventional chemical pesticides to environmentally benign alternatives within an IPM framework is critical for safeguarding ecological integrity, protecting human health, and promoting long-term agricultural resilience. Ongoing research and the practical adoption of such holistic approaches will be instrumental in improving tomato yields while minimizing environmental impact.
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