


POPULATION DYNAMICS AND ECO-FRIENDLY MANAGEMENT OF MAJOR INSECT-PESTS ON TOMATO UNDER OPEN FIELD AND POLYHOUSE CONDITIONS-A REVIEW
ABSTRACT 
Tomato is cultivated worldwide under both open-field and protected conditions. Its production is significantly influenced by various abiotic and biotic factors. Among the biotic stresses, insect pests such as Helicoverpa armigera, whiteflies, and leaf miners are major contributors to reduced yields across the globe. Understanding the relationship between the population dynamics of these pests and abiotic factors is crucial for their effective management. However, the widespread and indiscriminate use of chemical pesticides poses environmental and health risks. Therefore, there is an urgent need to integrate to replace harmful chemical insecticides with eco-friendly and sustainable insecticides into in sustainable Integrated Pest Management (IPM) strategies. This review focuses on the correlation between weather parameters and pest population trends, as well as environmentally sound approaches for managing key insect- pests of tomato.
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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 negatively impact plant tissue, thereby restricting development and reducing productivity. Tomato The tomato was 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 Vasco da Gama, the Portuguese explorer, credited for its introduction to India.
Currently, tomatoes are cultivated globally in both open fields and protected environments. Major producing countries include India, China, the United States, Italy, Turkey, Mexico, and Japan. In India, the primary tomato-growing 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 0.9 million hectares, yielding about 19.19 million tonnes annually, with an average productivity of 21.20 tonnes per hectare. In contrast, Spain leads globally in productivity, reaching 66.81 tonnes per hectare. Within India, Andhra Pradesh accounts for the highest production (3354.47 metric tonnes), while Karnataka achieves the highest productivity at 33.90 tonnes per hectare. Haryana also plays a significant role, with 29.40 thousand hectares under cultivation, producing 0.62 million tonnes at an average yield of 21.32 tonnes per hectare (Anonymous, 2014). Despite its extensive cultivation, tomato production is frequently constrained by infestations of  insect pests infestations. Among these, the fruit borer (Helicoverpa armigera), also known as the gram pod borer or American bollworm, is particularly a major pest causes destructive—causing losses of up to 40–50% (Pareek and Bhargava, 2003; Meena and Raju, 2014). Other important pests include whitefly (Bemisia tabaci), leafhopper (Amrasca devastans), thrips (Scirtothrips dorsalis), and serpentine leaf miner (Liriomyza trifolii) (Lal et al., 2008).	Comment by Jyotsna Dayma: The paragraph needs to be rewritten with polished language. Also, clarify the production of tomatoes under protected cultivation.	Comment by Jyotsna Dayma: Is the cultivation extensive in terms of area or total production……please clarify.
To address pest pressure and environmental stresses, protected cultivation techniques such as polyhouses are being increasingly adopted. These structures provide a controlled environment that minimizes pest infestation, improves fruit quality, and enhances productivity per unit area. However, limited research exists on pest dynamics and management strategies under polyhouse conditions (Sri et al., 2017). Although chemical pesticides remain the dominant approach for managing insect pests, their repeated and indiscriminate use has resulted in several critical issues—pesticide residues in food, environmental pollution, harm to non-target species, and the development of pest resistance. These challenges underscore the pressing need for safer, more sustainable pest control strategies. Emphasis must 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 covers the population dynamics of major insect-pests of tomato under open as well as polyhouse conditions and their ecofriendly management. Although further studies need to be carried out for  proper insect-pests management.To address pest pressure and environmental stresses, protected cultivation techniques, such as polyhouses, are increasingly being adopted. These structures provide a controlled environment that minimizes pest infestation, improves fruit quality, and enhances productivity per unit area. However, limited research exists on pest dynamics and management strategies under polyhouse conditions (Sri et al., 2017). Although chemical pesticides remain the dominant approach for managing insect pests, their repeated and indiscriminate use has resulted in several critical issues—pesticide residues in food, environmental pollution, harm to non-target species, and the development of pest resistance. These challenges underscore the pressing need for safer, more sustainable pest control strategies. Emphasis must be placed on developing and adopting biodegradable insecticides and eco-friendly, non-chemical alternatives to ensure sustainable and environmentally responsible tomato production. This review covers the population dynamics of major insect pests of tomato under both open and polyhouse conditions and their eco-friendly management. Although further studies need to be carried out for proper insect pest management.
2. Population dynamics of major insect-pestsinsect pests on different varieties of tomato:
Abiotic factors and varietal characteristics play an important role in the regulation of pest populations on the tomato crop. Chaudhuri and Senapati (2001) studied the population build-up of whitefly (Bemisia tabaci Genn.) on tomato in the Terai region of West Bengal during 1997 and 1998. The population reached the highest level (1.68 whitefly /plant) during middle Februarymid-February to mid Marchmid-March, when temperature, relative humidity, sunshine hr/day and rainfall ranged from 17.07-22.13oC, 65.29-72.78 per cent, 7.79-8.98 hr/day and 5 mm, respectively.
While studying the correlation of abiotic factors with population build-up of H. armigera, Kamble et al. (2005) observed the first incidence on tomato (cultivars Pusa Ruby and Pusa Rohini) in the 35th meteorological week in Latur, Maharashtra, India. The larval population peaked in the 37th meteorological week and then decreased until the 44th meteorological week, when the lowest larval population was recorded. The peak larval population coincided with the flowering and fruiting season. The larval population was not significantly correlated with minimum and maximum temperature, rainfall and minimum and maximum relative humidity. In another field experiment during rabi season, Kakati et al. (2005) found that the pest population started increasing from the first week of November and reached its peak during the first week of December. The population build-up of the pest revealed significant negative correlation with low temperature and non-significant correlation with high temperature. Non-significant positive impacts of relative humidity, total rainfall and bright sunshine hours were also recorded on tomato fruit borer incidence. The high temperature, evening relative humidity and bright sunshine hours had non-significant positive impacts on per cent tomato fruit infestation. The build-up of the pest population showed a significant negative correlation with low temperatures and a non-significant correlation with high temperatures. Relative humidity, total rainfall, and bright sunshine hours exhibited non-significant positive effects on the incidence of tomato fruit borer. Similarly, high temperatures, evening relative humidity, and bright sunshine hours had non-significant positive impacts on the percentage of tomato fruit infestation
Kharpuse and Bajpai (2006) conducted a field experiment during the rabi season 2004-05 at Vegetable Research Farm, JNKVV, Jabalpur to study the seasonal incidence of major insect-pests of tomato. Leaf miner (Liriomyza trifolii Burgess), whitefly (Bemisia tabaci Genn.) and fruit borer (Helicoverpa armigera Hub.) were observed to be infesting the tomato crop. Leaf miner appeared in the last week of December, 2004, whitefly and fruit borer appeared during second week of January and third week of February, 2005, respectively. The peak activity of leaf miner, whitefly and fruit borer was recorded during second and last week of March, 2005, respectively.
Singh (2006) conducted field studies to assess the larval population of Helicoverpa armigera and its damage on tomato in Ranipur, Pakhanpur, Maheshpur and Sherpur villages, located 20-30 km from Ghazipur and characterized by large scale vegetable cultivation on the bank of river Ganga and in Chakatalivi, Chawarhi, Noorpur and Ranipur villages, studied 7-10 km from Ghazipur and characterized by typical paddy-wheat cultivation in India in 2000 and 2001, indicated 3 and 2 larvae per plant and 15.74 and 2.4 per cent fruit damage, respectively. Analysis of differences in the two areas indicated the absence of early pigeonpea in first area unlike the second one where this crop was sparsely grown and was harvested in November-December. Early pigeonpea was known to attract female of fruit borer moths for ovi-position during October of each year which formed the initial inoculum for its winter populations on tomato and chickpea.	Comment by Jyotsna Dayma: Sentence is not clear
Kurl et al. (2008) conducted a study to determine the impact of tomato-based cropping systems (tomato-sugarcane, tomato-maize-potato and tomato-vegetables) on the population build-up of Helicoverpa armigera in Meerut (Uttar Pradesh), India during 2004-06. The larval population and per cent of fruit damage caused by H. armigera were significantly different in all the three cropping patterns and was highest in the tomato-vegetable cropping pattern. It was followed by the larval population and fruit damage percentage of the tomato-maize-potato pattern. Tomato-sugarcane recorded the lowest H. armigera incidence.
Sarangdevot et al. (2010) studied the population dynamics of whitefly (Bemisia tabaci Genn.) during 2000-01 and 2001-02. It was attacking the crop throughout the growth period from third week of September during both the years. The population gradually increased and touched the peak during third week of October (2.8 whitefly/plant) and declined during the year 2000-01. The whitefly population was positively correlated with mean temperature in both the seasons of study but negatively correlated with mean relative humidity.
Kaushik et al. (2011) evaluated the effects of sowing dates at the 44th, 46th, 48th and 50th standard meteorological week, corresponding to early, moderately early, late and very late sowing on the population density of H. armigera in Uttar Dinapur, West Bengal, India during 2007-09. The average pest incidence on tomato was highest under very late sowing (17%) and lowest under early sowing (7.65%) followed by moderately early and late sowing. Fruit damage induced by H. armigera reached (2.15-13.35, 3.14-18.45, 2.01-13.52) at 44th, 46th, 48th and 50th SMW, respectively. Except for early sowing the maximum temperature, minimum temperature and temperature gradient showed a significant positive effect on larval population for all sowing dates. The relationship of maximum relative humidity with larval incidence was negative under early and moderately early sowing and positive under late and very late sowing. Except for early sowing, the correlation of average relative humidity with larval incidence was positive for all sowing dates. Irrespective of late sowing date, the correlation of sunshine hours, rainfall and number of rainy days on pest incidence was negative.
In replicated field trial conducted by Sharma et al. (2013) using Pusa Ruby variety of tomato at University Research Farm, Chatha, Jammu during 2010, the fruit borer (Helicoverpa armigera Hubner) population was first recorded in the 14th standard week (2.50 borer/plant) with a population peak of 13.70 borers/plant during the 21st standard week. The borer H. armigera population exhibited significant positive correlation with the temperature (maximum, minimum) but non-significant positive correlation with sunshine hours.
Chula et al. (2017) studied the population of fruit borer Helicoverpa armigera (Hub.) on tomato cultivar i.e. selection-22, the research was conducted during September to March, 2015 at Central Research Farm, SHIATS, Naini, Allahabad. The occurrence of tomato fruit borer commenced from 8th standard week (February third week) with an average infestation of 2.04 per cent. The tomato fruit borer (Helicoverpa armigera Hub.) population increased and gradually reached its peak level of infestation (48.14%) at 13th standard week (March second week). Thereafter, declining trend was observed as temperature decreased gradually till the crop was matured in last week of April. The maximum and minimum temperatures showed significantly positive correlation whereas the relative humidity revealed negative significant correlation with fruit borer population, respectively. The rainfall showed significantly negative correlation with fruit borer population. The wind velocity and sunshine showed significantly positive correlation with fruit borer population on tomato.
Sri et al. (2017) conducted research study during 2016-17 at Central Research Farm, BCKV on tomato (Moula F1 hybrid) and reported that whitefly, aphid, leaf miner and tomato fruit borer were most important insects damaging tomato during November to March in this region under open conditions. The peak population of these pests was observed during 8 and 9 standard meteorological week. They also observed that maximum, minimum and average temperature exhibited significant positive correlation with Helicoverpa armigera population whereas minimum relative humidity was significant and negatively correlated on tomato crop.  
Dhaliwal and Jindal (2018) studied cherry tomato varieties viz. Punjab Red Cherry, Punjab Sona Cherry, Punjab Kesar Cherry and Sheeja (check hybrid) in view of their performance for quality, yield traits and reaction to insect pests and diseases, under naturally ventilated poly-net house at Punjab Agricultural University, Ludhiana. They observed that the score of per cent fruit damage of Punjab Sona Cherry and Punjab Kesar Cherry was slightly higher than the check.
Bisht et al. (2018) carried out the studies at Vegetable Research Farm, IAS, BHU, Varanasi during 2017-18, on the selected 22 tomato varieties, morphological characters viz. number of branches per plant, number of calyx per fruit, density of trichomes on the calyx, density of trichomes on leaf surface, pericarp thickness were measured and compared.
The results showed that the correlation of branches per plant and number of calyx per fruit were significantly positive while density of trichomes on the calyx, density of trichomes on leaf surface and fruit pericarp thickness exhibited significantly negative association with the damage by tomato fruit borer.
3. Population dynamics of major insect-pests on tomato under polyhouse conditions
	Tomato (Lycopersicon esculentum Mill) is grown both under plastic covered green houses and in open fields. Tomatoes whenever grown are hosts for many kinds of insect-pests; whiteflies, aphids, cabbage loopers, tomato pinworm, mealybugs and flea beetles (Adb El-Ghany, 2011; Ibrahim et al., 2015). Yield losses due to direct and indirect damage caused by whiteflies are reported to the extent of 20 to 100 per cent (Papisarta and Garzia, 2002). Considerable economic losses due to Helicoverpa armigera reported by many workers to the extent about 50-80 per cent (Tiwari and Krishnamoorthy, 1984) and tomato leaf miner can cause damage upto 90 per cent under greenhouse and field conditions.
	In another study on insect-pests of tomato and their weather relations under cover cultivation at Central Research Farm, BCKV on tomato var. Moula F1 hybrid, Sri et al. (2017) recorded that during November to March, leaf miner and whitefly were most important insects damaging tomato in polyhouse. The peak population of these pests was observed during 8 and 9 SMW.
	Sapkal et al. (2018) recorded the seasonal incidence of Helicoverpa armigera (Hubner) on tomato under protected cultivation on Research Farm, Department of Horticulture, VNMKV, Parbhani and observed that the population of fruit borer started from 35th SMW (0.5 larvae/plant) and thereafter reaches 2.8 larvae/plant in the 47th SMW and the highest population recorded during fruiting stage of the crop in the range of 4.2 larvae/plant whereas average percent damage of fruit 41.44 per cent due to H. armigera were found in total six pickings.
	Among the key insect pests, whitefly (Trialeurodes vaporariorum), leaf miner (Liriomyza trifolii)  and tomato pin worm (Tuta absoluta) are the most dangerous pests having a pandemic distribution and damaging many vital crops including vegetable tubers, fibre crops and ornamentals from tropics and sub-tropic to temperate climates in crop grown under open and protected environment (Anu et al., 2020).
	Kachave et al. (2020) carried out an investigation on population dynamics of major insect pests of tomato at Research Farm, Vasant Rao Naik Marathawad Krishi Vidyapeeth, Parbhani and found that peak incidence of sucking pests i.e. aphid (Aphis gossypii Glover), whitefly (Bemisia tabaci Gennadius) and thrips (Frankliniella schultzei Tryhom) of 8.0, 10.2 and 6.7 population/3 leaves of plant on 41st, 42nd and 44th standard meteorological week whereas peak activity of tomato fruit borer Helicoverpa armigera (Hubner) was recorded on 41st SMW (3.7 larvae/plant). Tomato fruit borer, H. armigera and tomato pin worm, T. absoluta caused 44.48 and 10.58 per cent fruit damage, respectively at the time of 6th picking on 20th December.
4. Efficacy of different eco-friendly insecticides against Helicoverpa armigera on tomato under open field conditions:
	Ravi et al. (2008) reported that different sequential application of microbials viz. nucleo-polyhedrosis virus of Helicoverpa armigera (Hubner) HaNPV @ 1.5 x 1012 OB/ha), Bacillus thuringiensis Berliner (Delfin 25 WG @ 1 kg/ha), Spinosad 45 SC @ 75 g a.i./ha and neem (neemazol 1.2 EC @ 1000 ml/ha) against H. armigera were effective in comparison to sequential application of synthetic chemical insecticide viz. 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 in reducing H. armigera larval population and fruit damage. Relatively higher number of predatory mirids (Macrolophus spp.) and spiders (Argiope spp. and Thomisus spp.) were recorded in microbials and neem applied plots compared to the chemical insecticides treated plot. Thus the microbials and neem could be the best alternative for sustainable management of H. armigera on tomato with less impact on naturally occurring predatory arthropods.
	Khidra et al. (2013) studied the efficacy of control method on the basis of reduction percentage in the larvae after period of 2, 5, 7, 10 days after each application, at Baltiem district (Egypt) both during spring and summer plantations, 2012. Based on reduction percentage in the number of larvae, the efficacy of the tested treatments could be descendingly arranged as follows Bacillus thuringiensis + Neem, B. thuringiensis + Trichogramma evanesces + mass trapping, B. thuringiensis + Trichoderma harzianum, T. harzianum + neem, T. harzianum+ mass trapping and T. evanesces + mass trapping. The corresponding reduction values were 91.88, 90.18, 87.89, 85.69, 80.75 and 84.82% for the above treatments during summer plantation and 88.49, 86.03, 84.78, 83.01, 79.88 and 82.82% during spring plantation.
	Meena and Raju (2014) studied the tomato fruit borer (Helicoverpa armigera Hubner) management with six newer insecticides viz., spinosad 45% SC, fipronil 5% SC, profenophos 5% EC, indoxacarb 14.5% SC, NSKE 5% w/w and NPV. The total two sprays were applied. The descending order of efficacy was as spinosad 45% SC (45.44) >fipronil 15% SC (43.07)>profenophos 50% EC (31.51) >indoxacarb 14.5% SC (29.56) > NSKE 5% w/w (28.59) > NPV (25.82). All the treatments differ significantly with each others. In this treatment/experiment, spinosad was most effective and fipronil, profenophos and indoxacarb was also found effective for fruit borer management.
	Singh and Sachan (2015) conducted a field experiment to determine the comparative efficacy of Bacillus thuringiensis, Beauveria bassiana, neemarin (neem oil), neemarin-Bt-Bb, Bt-Bb-Bt, spinosad 45% SC and chloropyriphos 20% EC against shoot and fruit borer, Leucinodes orbonalis in brinjal at Crop Research Centre, Sardar Vallabh Bhai Patel University of Agriculture and Technology, Meerut (UP), India during Kharif, 2014. All the treatments were found effective in reducing the infestation of shoot and fruit borer in comparison to control. Application of spinosad 45 SC @ 200 ml/ha was the most effective treatment in reducing the shoot and fruit borer damage at all observational intervals and it was followed by chloropyriphos  20 EC @ 1 lit/ ha and neemarin @ 3 l/ha.
	Faqiri and Kumar (2016) studied the management of tomato fruit borer (Helicoverpa armigera Hubner) by chemical insecticides and neem products during rabi season of 2015-16 at Central Research Farm, Sam Higginbottom Institute of Agriculture, Technology and Science, Allahabad. The seasonal incidence of fruit borer (Helicoverpa armigera) from 1st week of October with 2.81% damage gradually increased and reached to its peak level with 39.54% fruit damage at 42nd week of March. The lowest infestation of fruit borer were recorded in treatments, Profenophos 50% EC (4.350), Spinosad 45% SC (5.370), Deltamethrin 2.8% EC (5.90), NSKE (5.90), Chlorantraniliprole 18.5% SC (6.550), Neem oil (6.650). The maximum yield was recorded with neem oil (15.0 q/ha) followed by NSKE (13.0 q/ha).
	Kalita et al. (2017) conducted an experiment to determine the damage and yield losses caused by tomato fruit borer and its bio-rational management at ICAR Research Institute for NEH Region, Sikkim Centre, Tadong during 2012-13 and 2013-14. The infestation and yield loss of fruit borer was more in tomato cultivated inside polyhouse (20.50-26.265 and 25.17-28.46%) than open field conditions (14.54-20.76% and 17.22-20.50%). Among the bio-pesticides evaluated, spinosad 45% SC @ 0.4 ml/l was found to be the most effective in reducing fruit borer (75.62%) larval population over control after 14 days of second spraying with less fruit damage (5.46%) and higher yield (28.42 t/ha).
	Mahla et al. (2017) studied the bio-efficacy of Tetraniliprole SC 200 w/v at 200, 250 and 300 ml/ha (40, 50 and 60 g a.i./ha) along with 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 fruit borer and leaf miner was conducted in Randomized Block Design at Department of Entomology, Maharana Pratap University of Agriculture & Technology, Udaipur (Rajasthan) during Kharif, 2013 and 2014. The data revealed that the two sprays of tetraniliprole SC 200 (w/v) at 300 ml/ha at 15 days interval caused highest reduction in the population of fruit borer, lowest fruit and leaf miner damage and also recorded the higher marketable yield of tomato with a mean of 238.49 and 232.50 q/ha during Kharif, 2013 and 2014.
	After testing the efficacy of different insecticides at different concentrations against the larvae of Tuta absoluta on tomato under laboratory and glass-house conditions, Department of Zoological Research/Science Addis Ababa University, Ethiopia, Shiberu and Getu (2017) reported that the per cent mortality was recorded after 24, 48 and 72 hours of application in the laboratory and after 3 and 5 days in the glasshouse. The result showed that the tested insecticides were significantly (P < 0.01) different in relation to pest mortality than untreated checks while after 72 hours of treatment application per cent mortality were obtained by Coragen 200 SC proved most effective and resulted into 95.55% mortality.
	Ajaykumara and Tiwari (2018) conducted field studies on the eco-friendly management of H. armigera by incorporating 5% aqueous extract of weeds and plants viz. congress grass, lantana, ekka plant, sugar apple, glory bower, Nilgiri, Mexican prickly peppy and a chemical insecticide indoxacarb 14.5 SC @ 75 ml a.i./ha during rabi crop season viz. 2016-17 and 2017-18 in chickpea at NBCRC, Pantnagar, Uttarakhand. The plant extracts were found effective in reducing the larval population of target pest (5.11 to 8.03 larvae/10 plants) with the least (1.95) and highest (11.78) larval population was recorded in insecticide and untreated control plots, respectively. Reduced larval population of H. armigera, in plots treated with leaf extracts were reflected in their resultant parallel action of damage (5.19 to 15.04%) than untreated control (35%). Subsequently, the fruit yield of tomato (35.0 – 55.60 q/ha) was significantly higher in plots treated with leaf extracts than untreated control (6.6 q/ha).
	After conducting field studies on comparative bio-efficacy of weed extracts against tomato fruit borer Helicoverpa armigera on tomato Lycopersicon esculentum in SHUATS, Naini, Prayagraj (Uttar Pradesh) during rabi season, Bhavana and Nagar (2019) reported that the plant extracts were found effective in reducing the percentage infestation of target pest Helicoverpa armigera with the least infestation (5.19%) in Calotrophis gigantean and highest (15.04%) in Acyranthes aspera extracts. Apart from reducing the H. armigera’s percentage infestation, weed leaf extracts also resulted in higher cost-benefit ratio, being highest (1:2.38) in calotrophis leaves and lowest (1:1.51) in Acyranthes aspera. Reduced percentage infestation of H. armigera in plots treated with leaf extracts were reflected in their resultant parallel action of significantly lower fruit.
	A new approach of Zero Budget Natural Farming (ZBNF) and four pillars of insect-pest management i.e. Neemastra, Agniastra, Brahmastra and Dashparniark has been advocated and demonstrated by Palekar (2014). The essence of natural farming is to minimize the external chemical input to the farm land and nurture the soil fertility that enrich soil through propagation of beneficial soil microbes. These practices encourage the natural symbiosis of soil microflora and crop plants. After studying the low budget natural farming technique, Saini et al. (2020) concluded that cow-dung and urine was one of the basic ingredients for low budget natural farming besides using natural formulations prepared from the dung and urine of Desi cow, green manuring, in situ incorporation of crop residue, mulching, crop rotation are some of the practices which are to be followed in natural farming philosophy to produce healthy food and to keep the land healthy.
5. Efficacy of different eco-friendly insecticides against major insect-pests on tomato under polyhouse conditions:
	Yin et al. (2011) investigated the efficacy of eight insecticides on B. tabaci and their results showed that spinosad and fipronil might be the best choice for the control of B. tabaci adults. Many researchers have investigated the efficacy of azadirachtin product against B. tabaci. Lynn et al. (2010) studied the effect of azadirachtin and neem based formulations on B. tabaci. They found a 78.2% reduction in the B. tabaci population. Islam et al. (2011) also found the same significant effects of Beauveria bassiana and azadirachtin on B. tabaci. There were no significant differences in mortality rates between the middle and sub-lethal doses used. Zhu and Kim (2011) reported different pathogenic effects of different entomopathogenic fungi against B. tabaci. According to their results, B. bassiana is very virulent and is considered to be one of the most virulent entomopathogenic fungi on the whitefly B. tabaci. In another study, Abdel-Razek et al. (2017) reported the high efficacy of spinosad on the B. tabaci population under greenhouse conditions. B. tabaci infestation under all eco-friendly biopesticides application was reduced from 50.0 to 94.61 per cent.
	Jat et al. (2020) evaluated the efficacy of various insecticides with the treatment as acephate 75 SP, acetamiprid 20 SP, diafenthiuron 30 WP, spiromesifen 22.9 SC, Beauveria bassiana and neem oil (1%) against sucking insect-pests i.e. whitefly and mealybug infesting tomato (Solanum lycopersicum L.) under protected cultivation at Department of Horticulture, Rajasthan College of Agriculture, MPUAT, Udaipur. Among different treatments, acetamiprid 20 SP was proved most effective as it recorded the maximum population reduction with 66.65%, and 67.20% in whitefly and mealybug population, respectively.
	Tarate et al. (2016) studied the efficacy of new molecules of insecticides against leaf miner infesting tomato. The insecticides applied at 25, 45 and 65 days after transplanting showed the efficacy of emamectin benzoate 5 SG @ 9.5 g a.i./ha was most effective against leaf miner, Liriomyza trifolii Burgess, followed by spinosad 45% SC @ 75 a.i./ha and lambda cyhalothrin 5 EC @ 50 g a.i./ha. The highest yield was recorded in spinosad 45% SC @ 75 g a.i./ha (220.41 q/ha) which was found significantly superior over different treatments. Kotak et al. (2020) investigated the management of leaf miner and whitefly on tomato at Instructional Farm College of Agriculture, Junagarh. The treatment of profenophos and cypermethrin 44 EC (0.044%) was found to be more effective for the control of leaf miner (Liriomyza trifolii) and treatment of diamethoate 30 EC (0.03%) was found to be effective for control of whitefly (Bemisia tabaci) on tomato.
Conclusions 
In conclusion, effective and sustainable tomato cultivation requires a comprehensive understanding of how abiotic factors influence the population dynamics of major insect pests. By establishing these correlations, growers can make informed decisions to optimize pest management practices. Furthermore, the shift from reliance on conventional chemical pesticides to eco-friendly alternatives within an IPM framework is essential to ensure environmental safety, human health, and long-term agricultural sustainability. Continued research and implementation of such strategies will be key to enhancing tomato productivity while minimizing ecological impact.
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