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A B S T R A C T   

Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae), Tomato Leaf Miner (TLM) moth, is one of the 
notorious oligophagous pests of solanaceous crops that mines primarily on mesophyll of leaves as 
well bore tomato fruits. In Nepal, T. absoluta, the pest that has a potential to create loss up to 100%, 
was detected in 2016 in a commercial tomato farm at Kathmandu. So, the farmers and researchers 
must heed for effective management contrivance to improve the yield of tomato in Nepal. The 
devastating nature of T. absoluta causes its unusual proliferation so that it needs dire study of its 
host range, potential damage and sustainable management strategies. We discussed the data and 
information on T. absoluta available in several research papers comprehensively and provided 
succinct information on occurrence of T. absoluta in the world, its biology, life cycle, host plants, 
yield loss due to T. absoluta and several novel control tactics which helps farmers, researchers, 
policy makers to sustainably rise the tomato production in Nepal as well as in global context to 
attain food security. Sustainable pest management strategies such as Integrated Pests Manage-
ment (IPM) approaches incorporating and prioritizing biological control methods with usage of 
chemical pesticides with less toxic active ingredient can be encouraged to the farmers for con-
trolling the pests sustainably.   

1. Introduction 

Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae), Tomato Leaf Miner (TLM) is one of the devastating pest of tomato which is of 
great concern around the globe. T. absoluta is recognized by its other names as South American tomato moth, South American tomato 
pinworm in South America, tomato borer, Phthorimaea absoluta in Peru, Gnori-moschema absoluta, Scrobipalpula absoluta, and Scro-
bipalpuloides absoluta around the globe [1,2]. It has a wide range of hosts from various crop families like Fabaceae, Amaranthaceae, 
Convolvulaceae, and Malvaceae [3]. Tomato (Lycopersicon esculentum L.) appear to be the major host of T. absoluta among a variety of 
Solanaceous species. Tomato production is hampered by a number of biotic and abiotic constraints [4] and T. absoluta is the major 
biotic constraint in the production of tomato both in green house and open field condition [5]. According to Desneux et al. [6], 
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T. absoluta has spread and increased its range mostly through agricultural trade of tomato fruits. 
It is a holometabolous insect with a lifecycle of 26–75 days [6,7]. The complete development of the insect takes 500◦ days (measure 

of heat accumulation based on the daily highest and lowest temperatures). They become active after dusk, and adults usually hide in 
throughout the day, while they extraordinarily move in early morning [2]. The adult of T. absoluta, which is greyish in color, measures 
about 5–7 mm in length. It has a wingspan of 8–10 mm, with dark patches in the forewings. Due to its vigorous reproductive potential, 
it produces 10–12 generations per year [8]. The pest is mostly nocturnal, and adults normally stay hidden throughout the day. Adults 
exhibit more morning-crepuscular activity, distributing among crops by flying [6]. Its larvae create inter-laminar mines causing leaf 
necrosis and early defoliation, which lead to reduced photosynthetic production. The irregular mines gradually unite and create 
galleries as a result of the larvae’s continuous feeding [9]. These mines are full of larvae and deposits of excreta near the external 
opening [10]. The leaves appear to be burnt after strong infestations. Puncture marks, irregular shape, exit holes, rot due to secondary 
infective agents, and frass are all common signs and symptoms of T. absoluta damage. All portions of the plant are edible to mature 
larvae (third to fourth instar) [4]. Indirect damage occurs when fungi and bacteria enter pre-infested leaves, buds, stems, and fruits. 

This pest was reported for the first time in Nepal in 2016 at Kavresthali, Kathmandu with causing a yield loss of 80%–100% [11]. 
The use of plastic tunnel houses with pest exclusion nets is gradually gaining popularity. Management of T. absoluta relies on a variety 
of tactics that include both preventive and curative approaches. Strict phytosanitary inspections of propagation material, the instal-
lation of infrastructure that provides mechanical protection, and close monitoring of pest status through crop surveys and/or pher-
omone traps are all examples of preventive methods [12–14]. However, rigorous studies regarding the natural enemies and other 
cultural methods are still lacking. This paper aims to provide insights on the biology and the possible management strategies of 
T. absoluta to guide farmer and researcher adopt appropriate techniques for effective and sustainable management of tomato leaf 
miner. 

2. Methodology 

A systematic approach was exercised to collect the information on T. absoluta. The use of electronic sources such as Google Scholar, 
PubMed, Scopus (Elsevier), Web of Science, Semantic scholar, Academia and other relevant websites were used to search for available 
literatures. For the grey literatures, we retrieved information from Nepal Agricultural Research Council (NARC) and other related 
websites. We mainly incorporated the management strategies of deleterious pest, T. absoluta. 

3. Occurrence of Tuta absoluta 

3.1. Occurrence in the world 

It has been a key pest of tomato in South America for more than 50 years [7]. T. absoluta was first discovered in Huancayo, Peru in 
1917 [15]. It is believed to have been introduced accidently to eastern Spain in 2006, from where it spread rapidly into several 
Mediterranean and European countries [16]. T. absoluta can easily adapt in varied agro-ecological condition which favors for the rapid 
multiplication of pest [8]. As per reports of [17,18], it is invading the African region at an alarming rate. Since its first report in 
Morocco and Algeria in 2008, T. absoluta has spread throughout Africa [19]. T. absoluta is reported in many African countries causing 

Fig. 1. Current worldwide Tuta absoluta distribution map (as of October 2022). Source [26].  
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catastrophic damage in Ethiopia, Kenya and Sudan showing alarm alert of heavy loss [20,21]. Asia has also experienced a rapid spread 
since its first detection in Turkey (2009) [22]. It reached western and eastern India in 2014 and 2017 respectively [23]. It has been 
detected in many Asian countries like Iran, Bangladesh, Iraq, Israel, Japan, Jordan, Kyrgyzstan, Lebanon, Nepal, Qatar, Saudi Arabia, 
Syria, Tajikistan, Turkey, United Arab Emirates, Uzbekistan and Yemen where it has been officially reported [24]. Fig. 1 shows current 
worldwide distribution of T. absoluta. This pest is not known to occur in the United States currently [25]. 

3.2. Occurrence in Nepal 

T. absoluta is suspected to have been introduced in Nepal through India [27]. Tomato imports from India are the most potential 
mode of entry for this pest. Pest identification was done by studying its external morphology and male genitalia in Entomology Di-
vision, Nepal Agricultural Research Council (NARC). It was later verified by the Division of Entomology, Indian Agricultural Research 
Institute (IARI), New Delhi, India. A survey carried out by NARC from May 16, 2016 to June 10, 2016 identified and confirmed the 
presence of the pest in 14 locations of the five districts of Nepal [11]. Fig. 2 shows the districts of Nepal where T. absoluta was detected 
in 2018. The survey study showed more than 50% infestation in tomato by T. absoluta in Tarakeshwor-9 of Kathmandu district and 
Kamalbinayak-4 of Bhaktapur District [11]. Ugrachandi Nala-2 and Panchakhal of Kavrepalanchowk district were among the first 
places to face high damage to tomato crop due to this pest [11]. The loss of tomato crop during the first incidence and damage in 2016 
was approximated to be 57.51% in the Kavrepalanchowk district alone [28]. 

4. Biology of Tuta absoluta 

4.1. Egg 

Female adults lay 250 to 300 eggs on the underside of leaves of the host plants singly or less frequently grouped [18,30–32]. It is 
rare for T. absoluta to lay eggs in fruits [33]. The egg stage lasts for about 7 days; however, time may elongate with lower temperature. 
The eggs are oval-cylindrical and are approximately 0.35 mm long. Egg color varies from oyster white to yellow. The eggs darken at the 
embryonic phase and become black near the hatching stage [34]. 

4.2. Larva 

The larvae are green in colour. When larvae shed their skin, their body color changes to whitish for a few hours [35]. The stage lasts 
for about 11 days under optimum environmental conditions. Transitioning between instars, they mine vigorously to grow (0.9 mm-first 
instar, to 7.5 mm-fourth instar). Until the food is available the larvae are unlikely to enter diapause. The mature larvae fall and 
penetrate the soil where they produce a thin, silky cocoon that turns into pre-pupae and then pupae [7]. 

4.3. Pupa 

Pre-pupa is a transition stage between larva and pupa, which is lighter than the larva. They develop a distinguishing pink coloration 

Fig. 2. Districts of Nepal showing distribution and detection of T. absoluta as of 2018. Source: Map prepared from data available at [27,29].  
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on the dorsal surface. The larvae build silk cocoons on leaflets or in the soil according to the habitat after leaving the mines. Pre-pupae 
do not form cocoons when pupation occurs in mines [34]. 

Pupation mostly happens in the soil whereas occasionally in stems, dried leaves, or often within mines [31]. In the soil, pupae are 
protected from chemicals and high temperatures with strong sunshine on days [18,32]. Fourth instars form a silken cocoon inside 
which pupae (brown in color and around 6 mm long) are formed. At the initial stage of pupation, pupae are greenish in color and turn 
into chestnut brown which eventually changes its color to dark brown. The pupal stage lasts for five days. 

4.4. Adult 

Adults are 5–7 mm in length. They have silverish-grey scales, filiform antennae, alternating light or dark segments, and recurved 
labial palps which are well developed [34]. Adults are nocturnal and hide between leaves during the daytime and have intense activity 
in the morning. Black spots are found on anterior wings and females are bigger than male [6]. Females live for 10–15 days whereas 
males live for 6–7 days. 

4.5. Total lifecycle of T. absoluta 

T. absoluta is the holometabolous insect with egg, larva, pupa and adult stage during their life [20]. The life cycle completes within 
30–35 days. It develops 10–12 generations/year in greenhouse conditions [6]. The climatic conditions have a significant impact on the 
growth, development, and invasion of this pest. These pests remain viable during the winter season, and during the hot season, they 
move to open areas [36]. Fig. 3 shows life cycle of T. absoluta. Mating and egg laying occurs at night time. T. absoluta needs a tem-
perature of 30 ◦C for optimum growth, while the upper and lower thresholds of development are 34.6 ◦C and 14 ◦C, respectively [37]. 

5. Host plants of T. absoluta 

Information on the biology of T. absoluta suggest its primary host is tomato. While T. absoluta mainly prefers species belonging to 
Solanaceae family, some other plants Phaseolus vulgaris L. and Peruviana L. also manifest T. absoluta infestation [39]. The main host, 
wild hosts and minor hosts of T. absoluta are listed in Table 1. Its wide host range allow the insect to continue its life cycle even on the 
seasons when tomatoes are not cultivated [40]. Studies conducted by Smith et al. [41] showed that weeds such as Datura stramonium L. 
and Solanum. nigrum L. have shown suitability on thriving the T. absoluta, which suggests that weed management can be a viable option 
in controlling the devastating pest. Suitability of the insect on these plants mainly depends on the preference exhibited by the insect to 
oviposit, and the nutritional requirement supplied by the leaves fed during the larval stage [39]. 

5.1. Entry and pathways of T. absoluta 

Natural dispersal such as wind also spread this invasive pest. They spread through the infested tomatoes imported from other 

Fig. 3. Life cycle of T. absoluta, Modified from [38].  
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countries [51]. They might also enter while importing planting materials, boxes, crates, and pallets transported from the countries 
where pests are prevalent [17]. The pathways of T. absoluta spread are discussed below: 

Seedlings: The probability of pest survival is high during the transportation or storage of seedlings since the plants are transported 
alive with leaves. 

Tomato fruits: The probability of survival of larvae in fresh tomato fruits transport is high. Fruits intended to be traded should have 
no signs of insect damage. 

Production facilities: If the pests arrive in the late larval stage or as pupa, they can develop into a moth at the production facilities. 
So, the production facilities like packing and distribution centers are at high risk of pest spread. 

Farm equipment’s and vehicles: Farm equipment’s from infested areas and transport vehicles should be kept clean. Importing 
countries should ensure that the crates used in transportation have been sanitized. Packaging in contact with infested fruits should be 
disposed of properly. 

Table 1 
Host plants of T. absoluta.  

Host plants of T. absoluta References 

Main host: 

Tomato (Lycopersicon esculentum L.) [6] 
Tobacco (Nicotiana tabacum L.) [42] 
Wild hosts: 
Alfalfa (Medicogo sativa L) [43] 
Amaranthus spinosus L. [44] 
Blitum bonus-henricus (L.) Rchb. 
Solanum coagulans Forssk. 
Datura ferox L. [42] 
Datura stramonium L [42] 
Datura ferox L. [20,45–47] 
Datura quercifolia Kunth 
Lycium chilense Bertero [42] 
Lycopersicon hirsutum Humb. & Bonpl. [48] 
Oxybasis rubra (L.) S. Fuentes, Uotila & Borsch [44] 
Physalis angulate L. [48] 
Solanum aethiopicum L. 
S. americanum Mill. 
S. elaeagnifolium Cav. [49] 
S. lyratum Thumberg [42] 
S. macrocarpon L. 
S. nigrum L. 
S. puberulum Nuttal ex Seemann 
S. scabrum Mill. 
S. sarrachoides (Sendtner) [50] 
S. villosum Mill. [20,45–47] 
S. bonariense L 
S. habrochaites S. Knapp 
S. sisymbriifolium L. 
Tree tobacco (Nicotiana glauca Graham) 
Xanthium strumarium L. [50] 
Minor Host 
Potato (S. tuberosum L.) [2,20,45] 
Sweet pepper (S. muricatum L.) 
Eggplant (S. melongena L.) 
Tobacco (Nicotiana tabacum L.) 
Cape gooseberry (Physalis peruviana L.) 
Pepinodulce (S. muricatum Aiton) 
Peppers (Capsicum annuum L.)  

Table 2 
Yield losses of tomato due to T. absoluta in different parts of the world.  

Country Losses References 

Ethiopia 60.08%–82.31% [53] 
Tunisia 11%–43%, [54] 
Egypt Up to 100% [9] 
Sudan 80%–100% [55] 
Angola 84%–100% [56] 
Zambia 90% [57] 
Tanzania 90% and 100% [58]  
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6. Yield losses due to Tuta absoluta 

Tomato Leaf Miner is one of the most devastating pests of tomato in greenhouse, glasshouse and field conditions. Its feeding habit 
makes it difficult to detect it in the early infestation period. Infestation causes significant yield and quality loss of tomatoes and other 
crops. Yield loss affects the farmers directly due to reduction in the marketable yield and indirectly through high production costs after 
pest intervention. Variable yield losses (Table 2) can be seen from 11% that can reach as high as 100%, so its appropriate management 
is must. Damages caused by T. absoluta is due to direct feeding on plant parts like leaves, flowers (calyx and corolla), stems and fruits 
(immature and ripened) accompanied by secondary infection due to entry of pathogens from the wound created by T. absoluta [52] 

7. Management strategies of T. absoluta 

T. absoluta has emerged as threatening agricultural pest in the modern agriculture system. It results in huge damage to tomato 
fields. In these times, when the sustainability of any activity is being reconsidered, pest management must follow sustainability 
policies. Unsustainable and over-use of chemical pest control methods could develop pesticide resistance among the pest population. 
Farmers respond with a greater dose of pesticides when they find the use of the same pesticides ineffective. The heavy use of hazardous 
chemicals has been causing serious health issues in humans, environment, and non-targeted animals. 

To act against this disastrous situation, farming needs to be incorporated with Integrated Pest Management (IPM). IPM incorporates 
the policy of pest management instead of the traditional practices towards pest management. It approves methods like soil solarization, 
use of resistant varieties, insect trapping, introducing natural enemies, and using botanicals and bio-control agents [59]. Not all of 
these methods are perfectly efficacious, but their integrated adoption is a much safer way of agricultural production. 

7.1. Cultural measures 

It is the approach that accounts for manipulating the environmental condition that favor for survival, growth and multiplication of 
T. absoluta like intercropping, crop rotation, planting trap crops, manipulation of planting time of tomato, boundary cropping, mixed 
cropping, and so on. Tomatoes can benefit from being interplanted with coriander (Coriadrum sativum L.) and gallant soldier (Galinsoga 
parviflora L.) since it lowers insect densities and strengthens natural enemies [60]. The farmland should be free from the crop residue 
and debris of last season. Such residues can be either buried beneath the earth or destroyed by burning. In hot regions, soil solarization 
can be done to destroy the pupating insects in soil [61]. Mono cropping of the tomato should be avoided and crop rotation with the 
non-host crops such as the crucifers should be practiced [62]. Fine screening nets can be used to surround the fields. The greenhouse is 
an appropriate setting to maintain the bio-dynamics of the confined agro-ecology. Moreover, ‘Push and Pull’ strategies can be utilized 
to maintain the delicate balance between the populations of natural predators and the pest. Other good agricultural practices such as 
proper tillage, timely irrigation, and judicial application of fertilizers can ensure minimum pest attack by T. absoluta [62]. 

7.2. Physical measures 

This approach of pest management is concerned with preventing or decreasing the attack of pest to the plant. Megido et al. [42] 
suggested that the use of virgin females as lures is more convenient and economical as compared to light trapping. Delta traps with 
appropriate lure and a sticky portion inside the trap is used to trap the pest. Instead of a sticky portion, these delta traps may also have a 
detachable lining [63]. The trap height should be set around the height of the plant with a relatively higher infestation [42]. According 
to Kadel et al. [64], T. absoluta can recognize different colors and respond accordingly. He also concluded that white colored delta trap 
was found to capture maximum mean number of T. absoluta moth (22) while green, yellow and orange trap was able to capture 16, 13 
and 10 T. absoluta respectively. A maximum of 4–5 traps per ha is sufficient for monitoring whereas 10–20 traps per ha for monitoring 
cum mass trapping. Two more traps can be added on all four sides to deduce the direction of insect entry [42]. Water trap is also an easy 
control method that attracts the insect into the pan containing water and lure [63]. The vents in the roof and sides of the greenhouse or 
net house need to be properly screened and sealed. Double entry doors should be used carefully to prevent pests from entering the 
greenhouse. 

Table 3 
Natural enemies of T. absoluta.  

Natural enemies Category Stage of insect References 

Trichogramma pretiosum (Riley) Parasitoids Egg [70] 
Macrolophus pygmaeus Rambu Predator Eggs and all larval instars [73] 
Nesidiocoris tenuis Reuter Predator Eggs [74] 
Pseudapanteles dignus and Dineulophus phthorimaeae Parasitoids Larva [75] 
Trichogramma exiguum Pinto & Platner Parasitoids Egg [76] 
Spilochalcis sps Parasite Pupal [76] 
Macrolophus basicornis (Stal), Engytatus varians (Distant) and Campyloneuropsis infumatus (Carvalho) Predators Egg [77]  
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7.3. Bio-control agents 

Bio-control agents should be prioritized into the management techniques to avoid excessive use of chemical pesticides. The agents 
include parasites, parasitoids, and natural enemies of the pest. Bio-control agents are preferred over chemical control methods as 
chemicals have low effect over T. absoluta due to the leaf-mining nature of the insect [65]. Studies on the interactions between the 
bio-control agents and the pest are required to explore suitable environment friendly solution against T. absoluta [66]. 

7.3.1. Predators and parasitoids 
Different predators and parasitoids are used as biological control agents to reduce the population of T. absoluta below the economic 

threshold levels. Conservation and augmentative biological control programs have been developed after its invasion. Table 3 shows the 
natural enemies of T. absoluta along with the stages it feeds upon it. Hemipteran predators, notably anthocorids, geocorids, mirids, 
nabids, and pentatomids, have been identified as T. absoluta bio-control agents in both native and invaded areas. Natural predators of 
T. absoluta are Macrolophus pygmaeus Rambur and Nesidiocoris tenuis Reuter [67]. Other effective natural enemies are Chrysoperla 
carnea (Stephens) and Dicyphus errans (Wolff), that could be successfully integrated in pest management strategy if their habitat 
conservation is followed [68,69]. Trichogramma pretiosum (Riley) and T. brassicae Bezdenko are popular egg parasitoids of TLM [70]. 
They report that the egg parasitoid T. pretiosum when applied together with predatory bug Nesidiocoris tenuis Reuter in a TLM field 
affects the performance of the predator. Similarly, the effective natural enemies for parasitizing the T. absoluta’s larvae include 
Dineulophus phthorimaeae (de Santis) and Pseudapanteles dingus (Muesebeck) [71]. In particular, P. dignus is effective inside the 
greenhouse condition [72]. Some other common predators include ants, mites, spiders, and thrips, but their biological role in con-
trolling T. absoluta haven’t been studied yet [7]. Simultaneous application of both the predator and parasitoid affects the predation 
since the palatability of the pest decreases due to the presence of the parasitoid inside the prey. 

Entomopathogenic microbes: Phthorimaea operculella granulovirus (PhopGV) has also proven effective against T. absoluta. Better 
results can be achieved if B. thuringiensis Berliner (Bt) is applied along with conserving the Miridae predators that feed on Tuta eggs 
[63]. However, Bt is not recommended for use in combination with chemical pesticides [78]. B. thuringiensis var kursataki is effective 
against the larva of T. absoluta under open as well as greenhouse conditions [79]. Carrera et al. [31] reported the successful larval 
parasitism of nematodes namely Steinernema carpocapsae (Weiser), Steinernema feltiae Filipjev, and Heterorhabditis sp. for T. absoluta. 
These Entomopathogenic Nematodes (EPNs) can be either applied in soil to kill the pupating larva or in the leaves to kill the mining 
larvae. Metarhizium anisopliae (Metsch.) is effective against tomato leaf miner’s pupa [80]. Inanli et al. [81] reported that both 
Beauveria bassiana (Bals.) and M. anisopliae (Metsch.) can be used to control T. absoluta (Table 4). 

7.3.2. Botanical pesticides 
Chinaberry (Melia azedarach L.), Geranium (Geranium nepalense), Onion (Allium cepa L.), and garlic (Allium sativum L.) prove 

effective against TLM. An extract from Jojoba seeds Simmondsia chinensis (Link) C. K. Schneid is also effective against the second instar 
larva of T. absoluta (Table 5) [46]. Table 5 shows the plants having pesticidal property and the stage of life cycle of insect in which it is 
proved to be lethal. The effectiveness of the botanicals decreases in the sequence of Chinaberry, Geranium, Onion, and Garlic 
respectively. Azadirachtin, also a botanical, is an alkaloid obtained from Neem tree (Azadirachta indica A. Juss) having an anti-feedant, 
repellent, and sterility induction effect over the instars of T. absoluta. It interferes with vital life processes of the pest like ovi-position, 
molting, and feeding resulting in growth disorders of the insect. Application of azadirachtin is relatively more effective in the early two 
instars of the larva than during the later stages [87]. 

8. Insecticide resistance and side effects on biological control 

Insecticide resistance against T. absoluta has been detected from various parts of the world [93]. Resistance to pyrethroids, cartap, 
and organophosphates was observed in South America [94]. Widespread pyrethroid resistance and moderate indoxacarb, spinosyn, 
and spinosad resistance were detected in Europe [95]. In Brazil and Europe, resistance to diamide is rising and altered target site 
sensitivity to chlorantraniliprole and spinosad has been recently reported [13]. Insecticide resistance can lead to failure in the control 
of pest population and it is crucial to pay attention to this problem. The use of Geographic information system (GIS) and spatial surveys 
can be used to identify the areas of high risk to resistance. Such efforts allow recognition of concerning regions at risk for further 
intervention [96]. 

Insecticides have pernicious effects on beneficial arthropods either directly by acute toxicity or by sub-lethal effects [97]. The 
excessive use of chemical insecticide can cause disruption of IPM programs. According to Martinou et al. [98], Chlorantraniliprole 

Table 4 
Microbial agents used against T. absoluta.  

Microbial agent Stage of insect References 

Metarhizium anisopliae (Metsch.) Larva and Pupa [82] 
Bacillus thuringiensis Berliner Second instar larvae [83] 
Beauveria bassiana (Bals.) Just hatched to the 4th instar [84] 
Bacillus thuringiensis var. kurstaki Newly hatched, 2nd and 3rd instar larvae [85] 
Beauveria bassiana Bals.-Criv. Metarhizium anisopliae (Metchnikoff) Sorok̄ın 3rd Instar larvae [86]  
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residues lead to a reduction of bio-control activity of B. nigricans when the temperature is 35◦ C [99]. However, laboratory studies show 
that chlorantraniliprole has no effects on the survival and reproduction of generalist predators [100]. The insecticides that are 
registered for organic production may also threaten the effectiveness of natural enemies of T. absoluta. The recommended dose of 
spinosad in Brazil caused high mortality in predatory wasps, and the impact lasted for quite a month in absence of rainfall [101]. 
Exposure to residues is found to reduce the fecundity of flower bugs and the mobility of stink bugs and earwigs [13]. However, the 
lower negative effects have been reported from the use of botanical insecticide Azadirachtin [100]. 

9. Use of chemical pesticides for management of T. absoluta 

Chemical insecticides like Spinosad, Emamectin benzoate, Triflumuron, and Diafenthiuron are effective against T. absoluta. Spi-
nosad, Chlorantraniliprole, and Novaluron are among the chemicals that are advised in Nepal for the control of this pest, but studies 
have shown that these chemicals are ineffective due to the pest’s wide host range, rapid reproductive ability, and development of 
pesticide resistance [102]. Synthetic chemical pesticides that are used in management of T. absoluta is given in Table 6. Bastola et al. 
[20] concluded from his research conducted in Palpa, Nepal that spinosad, followed by chlorantraniliprole, emamectin benzoate, and 
spinosad, had the lowest proportion of leaves damaged, whereas chlorantraniliprole had the lowest percentage of fruit damage. Also, 
spinosad, emamectin benzoate, and chlorantraniliprole were shown to have the lowest larvae populations in both leaves and fruits. 
Likewise, Simkhada et al. [103] found that chlorantraniliprole was the most efficacious and resulted in lower number of mines per leaf 
in the research conducted at Kavresthali, Kathmandu. An increased efficacy can be observed when these chemicals are used along with 
plant extracts [104]. Continuous use of such chemicals may cause the development of insect resistance against insecticide [105]. This 
is a serious problem in the present context because stable production of agricultural crops is impossible without pest control. Study 
suggested a failure of Indoxacarb at controlling T. absoluta as higher instances of resistance development were observed with insect 
group treated under it as compared to chlorantraniliprole, emamectin benzoate, and spinosad [106]. Hence, a single chemical shall not 
be relied upon for controlling the pest, either the chemicals should be changed on a regular basis or alternative methods must be used. 

10. Tomato resistance and breeding programs 

Cultivated tomatoes are highly vulnerable to T. absoluta, and most promising genetic sources of resistance are wild tomatoes [108]. 
Tomato resistance to T. absoluta has been the focus of attention in breeding programs relying on resistance related to allelochemicals 
and trichome density. Trichomes containing 2-tridecanone, zingiberene and acyl sugars, possess high deterrent activity on T. absoluta. 
These compounds impair egg laying and larval feeding, leading to antixenosis and larval toxicity leading to antibiosis. Chewing of 
plants by T. absoluta triggers the volatile organic compounds that enhances plant defense against various pests and attracts natural 
enemies [7]. However, manipulating resistance to T. absoluta may perturb micro and macro organism communities of tomato that may 
lead to various unanticipated consequences to yield. 

11. Sex pheromone and hormonal based control measures 

Hormones are chemicals with multitude functions, of which one is it influence the behavior of the opposite sex, such as triggering 
sexual interest and excitement. Hormones do not leave any persistent residue and donot have any hazardous effect on human health. 
Pheromones are recommended to be used in combination with other techniques, as it is an environmentally safe management method. 

Table 5 
Botanical insecticides used against T. absoluta.  

Common name Botanical name Stage of insect References 

Neem Azadirachta indica A. Juss Egg and Larva [88] 
Jatropa Jatropa curcas L. Larva [88,89] 
Jojoba seeds Simmondsia chinensis. 2nd Instar larva [46] 
Garlic Allium sativum L. 2nd Instar larva [90] 
Chinaberry Melia azedarach L. 2nd Instar larva [90] 
Onion Allium cepa L. 2nd Instar larva [90] 
Pepper Piper amalago var. medium Larva and pupa [91] 
Toothache Plant Acmella oleracea (L.) R.K. Jansen All [89] 
Southern Blue Gum Eucalyptus globulus Labill. Larva [92]  

Table 6 
Synthetic chemical insecticides used against T. absoluta.  

Technical name Dose Remarks Waiting period Hazardous level Source 

Chlorantraniliprole 18.5% SC 1 ml per 3 ml water Spray in interval of 10–15 days 7 days Unlikely to present acute hazard [107] 
Spinosad 45% SC 1 ml per 3 L water Spray in interval of 10–15 days 7 days Slightly hazardous [107] 
Emamectin benzoate 5%WG 5 gm per 16 L water Spray in interval of 10–15 days 10 days Moderately hazardous [4] 
Flubendiamide 39.35% SC 1 ml/3–5 L water Spray in interval of 10–15 days 7 days Moderately hazardous [4]  
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Recently introduced, insect hormones seem to have no residual side effects. It has been successfully applied in controlling leaf miners in 
both greenhouses and open fields in many places like South America, Europe, Asia, and North Africa. The same can be adapted in Nepal 
too. Pheromone acts as a natural sexual attractant. Chemical signals released by an organism to attract an individual of the same 
species of the opposite sex are known as sex pheromones. T. absoluta pheromone lure has been identified as 3,8,11-tetradecatrienyl 
acetate as major and tetradecadien-1-yl acetate minor component [109]. The use of pheromone is more recommended to be used in 
combination with other techniques, as it is an environmentally safe management method. Pyriproxyfen, a juvenile hormone mimic, 
causing mortality of half the population of early larva underexposure, has been successfully applied in controlling leaf miners on both 
greenhouses and open fields in many places like South America, Europe, Asia, and North Africa [110]. In Egypt, a study conducted by 
El-Aassar [111], where sex-pheromone was combined with other pesticides in controlling leafminer infestation on tomatoes showed a 
promising result. 

11.1. Interaction between multiple pest control factors 

Before applying different pest control methods, the compatibility between the control measures needs to be checked carefully. For 
instance, simultaneous use of the chemical insecticide and Bt is not recommended for T. absoluta control as an appropriate time interval 
should be taken into consideration accordingly [78]. According to a study conducted by Amizadeh [78], when Bt was applied 
immediately after the application of chemical insecticides and Azadiractin an antagonistic effect was observed. Azadirachtin initially 
may have decreased larval feeding and as a result, less amount of Bt was consumed by the larvae. Single management practice is not 
enough for the control of Tuta. Therefore, different control measures i.e., biological, mechanical, and chemical methods must be 
applied to observe its combined effect. 

The study conducted by Faria et al. [112] reported that plant structure was not associated with the efficiency of T. pretiosum (Riley), 
however, pest-infested plant apexes had a healthy pest population and were highest in the upper portion of the plant stem; the pest 
infestation decreased with plant height from the ground level. It is smart not to be using T. pretiosum in combination with such 
antagonistic insecticides. The use of insecticides like cartap, phenthoate, lambda-cyhalothrin, emamectin benzoate, tebufenozide, and 
teflubenzuron to control T. absoluta affects the natural enemy T. pretiosum with slight to large negative effects [113]. 

The farmers apply highly toxic insecticides to their fields for immediate knockdown effects without knowing the consequences. 
This brings further pest problems. Preventing such consequences requires sustainable measures that are not as potent in the short term 
but show much better results in the long term. Eco-friendly and effective, IPM practices are the best-known pest control methods in the 
present times. Different IPM practices are followed to control T. absoluta in Nepal. Chemical pesticides were found to be successful 
initially. However, research on the negative effects of synthetic chemicals on the environment made the scientific community look for 
sustainable and eco-friendly alternatives. The use of natural enemies, hormones, botanical pesticides, and physio-mechanical traps are 
among the most effective alternatives in the current scenario. Scientists working in this field are carrying studies to evaluate and 
determine the optimum pest management. 

Hormonal action to monitor the population level of T. absoluta combined with biological management approaches could be adopted 
in Nepal for the eco-friendly management of tomato leaf miners. One major problem is the reluctance of farmers to accept such 
measures. This can only be solved if the government can build model farms using IPM practices all over the country. It is the only way 
to make the farmers put faith in these modern control measures. 

12. Conclusion 

T. absoluta is a noxious invasive pest for global and Nepalese agriculture. It can infest and damage wide areas of cultivated fields of 
tomato production as well as other solanaceous crop plants, for example, potatoes, eggplant, and chili peppers. Several studies revealed 
that this pest can infest both protected as well as open fields, and can spread rapidly resulting in a significant reduction in the yield and 
quality of the crop. This devastating pest is likely to disseminate rapidly and has the potential to cause huge damage. But controlling 
this damage demands an effective way apart from the use of toxic compounds. An ecofriendly and efficient pest control measure like 
IPM is the rational way of tackling the problems due to infestation of T. absoluta. The government needs to change the modality of 
extension. Government and concerned authority should go for biological control of T. absoluta in combination with other packages for 
sustainable way for the management of T. absoluta. 
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[67] J. Arnó, R. Gabarra, Side effects of selected insecticides on the Tuta absoluta (Lepidoptera: Gelechiidae) predators Macrolophus pygmaeus and Nesidiocoris tenuis 

(Hemiptera: Miridae), J. Pest. Sci. 84 (2011) 513–520, https://doi.org/10.1007/s10340-011-0384-z. 
[68] B.L. Ingegno, C. Ferracini, D. Gallinotti, A. Alma, L. Tavella, Evaluation of the effectiveness of Dicyphus errans (wolff) as predator of Tuta absoluta (Meyrick), 

Biol. Control 67 (2013) 246–252, https://doi.org/10.1016/j.biocontrol.2013.08.002. 
[69] K. Ismoilov, M. Wang, A. Jalilov, X. Zhang, Z. Lu, A. Saidov, X. Sun, P. Han, First report using a native lacewing species to control Tuta absoluta: from 

laboratory trials to field assessment, Insects 11 (2020) 1–12, https://doi.org/10.3390/insects11050286. 
[70] M.A. Mirhosseini, Y. Fathipour, N. Holst, M. Soufbaf, J.P. Michaud, An egg parasitoid interferes with biological control of tomato leafminer by augmentation of 

Nesidiocoris tenuis (Hemiptera: Miridae), Biol. Control 133 (2019) 34–40, https://doi.org/10.1016/j.biocontrol.2019.02.009. 
[71] M.G. Luna, P.C. Pereyra, C.E. Coviella, E. Nieves, V. Savino, N.G.S. Gervassio, E. Luft, E. Virla, N.E. Sánchez, Potential of Biological Control Agents against Tuta 

absoluta (Lepidoptera: Gelechiidae): Current Knowledge in Argentina, Florida Entomologist, 2015, https://doi.org/10.1653/024.098.0215. 
[72] M.G. Luna, N.E. Sánchez, P.C. Pereyra, Parasitism of Tuta absoluta (Lepidoptera, Gelechiidae) by Pseudapanteles dignus (hymenoptera, braconidae) under 

laboratory conditions, Environ. Entomol. 36 (2007) 887–893. 
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on the parasitoid bracon nigricans, PLoS One 10 (2015) 1–14, https://doi.org/10.1371/journal.pone.0138411. 
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