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Integrated pest management (IPM) can be defined as 

the utilization of all available tactics for managing pests 

such that economic loss is avoided and environmental 

impact minimized. The cornerstone of IPM is knowledge 

of the pests attacking a crop and an understanding of the 

relationship of density of those pests to crop damage. 

Therefore, every IPM program is dependent upon 

periodic scouting to ascertain pest density and upon 

establishment of densities when treatment is warranted, 

i.e., thresholds. Although thresholds based upon the 

economics of the crop and upon the cost of treatment 

have been developed for some pests of vegetables, 

these "economic" thresholds generally have not been 

used because of the variability and unpredictability of the 

ultimate market value of fresh market vegetables. 

Therefore, action thresholds have been utilized. Action 

thresholds can be defined as those levels of pest density 

or damage that result in consistently (statistically) 

measurable losses in yield quantity or quality. What 

follows is a description of the rationale of scouting 

methodology, action thresholds, and pesticide selection 

criteria for tomatoes. 

Many pests attack tomato in Florida (University of Florida 

2006). The whitefly attacking tomato in Florida is the 

silverleaf or sweetpotato whitefly, Bemisia tabaci biotype 

B (Figure 1). Silverleaf whitefly transmits Tomato yellow 

leaf curl virus, and nymphal feeding causes irregular 

ripening of fruit. Thrips attacking tomato include western 

flower thrips, Frankliniella occidentalis (Figure 2), and 

the melon thrips, Thrips palmi. Thrips transmitted viruses 

affecting tomato include Tomato spotted wilt virus 

(TSWV), Ground nut ring spot virus, and Tomato 

chlorotic wilt virus. Aphids attacking tomato include the 

green peach aphid (Myzus persicae) and the potato 

aphid (Macrosiphum euphorbiae). Tomatoes are fed on 

by several types of caterpillars, including armyworms, 

loopers, and the tomato pinworm (Keiferia 

lycopersicella). Liriomyza trifolii is the most common 

leafminer attacking tomato in Florida; L. sativae is also 

present. The twospotted spider mite (Tetranychus 

urticae) (Figure 3) and tomato russet mite (Aculops 

lycopersici) (Figure 4) are also pests of Florida tomato. 

 
Figure 1.  Silverleaf whitefly adult. 

Credit: Lyle Buss, UF/IFAS 

  

Figure 2.  Western flower thrips adult. 

Credit: Lyle Buss, UF/IFAS 
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Figure 3.  Twospotted spider mite. Whitish spheres are 

eggs. 

Credit: Lyle Buss, UF/IFAS 

  

Figure 4.  Tomato russet mite (greatly magnified). 

Credit: Lyle Buss, UF/IFAS  

Scouting Methodology 
Scouting methods should not only take into account the 

relative density and distribution of pests but also the 

stage of growth of the plant. In tomato, the area of each 

field is measured, and two-acre grids are established. A 

sample is taken from 6 contiguous plants in each grid to 

ensure that every area of the field is sampled. For 

whiteflies, 10 contiguous plants are sampled because 

whitefly populations tend to be more clumped than other 

pests. The numbers of whiteflies, aphids, lepidopterous 

eggs, and living and dead leafminer larvae (Figure 5) are 

counted either on the whole plant or on the terminal 

leaflet(s) of the 3rd or 7th leaf from the top of the main 

stem or lateral branches, depending upon crop 

phenology (Table 1). This procedure takes into account 

that the distribution of leafminer larvae and whitefly 

nymphs (Figure 6) on leaves moves up the plant as it 

grows, and that most larvae and nymphs occur on 

leaves 6 to 10, counting from the top. Counting from the 

top ensures that the leaf selected for sampling is 

consistently of the same age, regardless of plant age or 

stem status (i.e., main, lateral or even sub-lateral stems), 

and consistently in the region of the plant where most 

larvae or nymphs occur. 

 
Figure 5.  Leafminer on tomato leaf. 

Credit: Hugh Smith, UF/IFAS  

 
Figure 6.  Whitefly nymphs. 

Credit: Lyle Buss, UF/IFAS 

To determine whether leafminer larvae are dead or alive, 

leaflets are removed from the plant, held up to the sun, 

and examined with a hand lens. Living larvae are a pale 

yellow and flush with the end of the mine. The back and 

forth feeding movements of the mouth hooks are readily 

visible, although movement may cease momentarily 
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when larvae are disturbed or may cease for an extended 

time when larvae are molting. Dead larvae do not show 

mouth hook movement and are usually discolored and 

removed from the ends of mines. Determining whether 

whitefly nymphs are alive or dead is more difficult and 

subjective. Living nymphs are usually clear and contain 

paired yellow mycetomes, whereas dead nymphs are 

usually discolored and contain orange mycetomes. They 

may appear collapsed, especially if fed upon by 

predators. 

Yellow sticky traps can be used for estimating relative 

densities of leafminer and whitefly adults but are most 

useful in determining changes in adult densities over 

time. Whitefly adults may be sampled by carefully turning 

over the 3rd leaf from the top and counting the whiteflies 

present. Morning sampling is best because whitefly 

adults become more easily disturbed and, hence, put to 

flight as the temperature increases during the day. 

Leafminer adults occur on the upper leaf surfaces and 

are most abundant on the upper third of the plant. They 

can be readily observed without disturbing the plant. 

Whole plants are examined for noctuid larvae and true 

bugs, with the focus of the former being recently 

damaged foliage (Figure 7). After fruit set, 10 fruit per 

site are examined for damage. Tomato pinworm larvae 

are counted either on the foliage of whole plants or on 

one leaf selected from the lower canopy of each plant. 

To sample thrips, 15 flowers are selected and the 

numbers of thrips escaping after exhaling on the flowers 

and tapping them on the palm or a piece of paper are 

counted. 

 
Figure 7.  Southern armyworm damage to tomato fruit 

and foliage. 

Credit: Hugh Smith, UF/IFAS 

Action Thresholds 
The action thresholds for tomato also take into account 

crop phenology (Table 1). The thresholds for aphids, 

whiteflies, and thrips are applied to inhibit population 

buildup or fruit damage or to maintain fruit quality, but 

not to avoid virus transmission. Prior to the appearance 

of the western flower thrips and the virus it transmits, 

Tomato spotted wilt virus, the primary concern was 

bloom abscission. The threshold for "halo spotting" of 

fruit, caused by oviposition of the western flower thrips, 

is one-third of the flowers infested. The threshold of 5 

nymphs/10 leaflets for the silverleaf whitefly was 

developed to time applications of the insect growth 

regulators buprofezin (Courier, IRAC Mode of Action 

Group 16) and pyriproxyfen (Knack, IRAC Mode of 

Action Group 7A) in order to avoid the irregular ripening 

fruit disorder caused by feeding of nymphs. 

Spirotetramat (Movento) and spiromesifen (Oberon) are 

both IRAC Mode of Action Group 23 insecticides that 

can be used to suppress whitefly nymphs on tomato. In 

general, applications of insecticides to control aphids or 

thrips have not been successful in reducing incidence of 

the viruses these insects transmit. However, insecticide 

applications have reduced the in-field spread of insect-

transmitted viruses, especially those vectored by 

whiteflies. 

Conservation of Natural Enemies 
At least 14 species of hymenopterous (wasp) parasitoids 

attack Liriomyza spp. leafminers on nonsprayed 

tomatoes in Florida; however, four parasite species 

predominate: Diglyphus intermedius (Girault), D. begini 

(Ashmead), Neochrysocharis (=Chrysonotomyia) 

punctiventris (Crawford), and Opius dissitus Muesebeck. 

Up to 90% parasitism in nonsprayed tomatoes has been 

observed in Florida. In commercial tomatoes using 

selective insecticides to kill leafminers and conserve 

parasites, parasitism can reach 100%. The tomato 

pinworm is attacked by a number of parasites in Florida 

including Apanteles dignus Muesebeck, A. scutellaris 

Muesebeck, Temelucha spp., Sympiesis stigmatipennis 

Girault, and Trichogramma pretiosum Riley. Parasitism 

in commercial fields can range from 40-60%, with the 

higher rates occurring later in the crop. Egg parasitism 

ranges as high as 60-90%, with the higher rates 

occurring at lower egg densities. The silverleaf whitefly is 

attacked by at least 15 species of parasites and 19 

species of predators in Florida. A relatively small number 

of parasites predominate, with Encarsia pergandiella 

Howard, Eretmocerus sp., and Encarsia nigricephala 

Dozier being the most abundant. The minute pirate bug, 

Orius insidiosus (Say), and the lacewing, Ceraeochrysa 

cubana (Hagen), were among the most numerous 

predators. Parasitism of the whitefly on vegetables 

grown on a southwest Florida organic farm has reached 

up to 80% while combined parasitism and predation in 

nonsprayed weeds has resulted in up to 100% mortality. 

The relative toxicity of selected pesticides to parasites of 

leafminers and the tomato pinworm and to parasites and 

predators of the silverleaf whitefly are shown in Tables 2 

and 3. Some pesticides, like methomyl, are highly toxic 

to all lifestages of all natural enemies evaluated while 

others, like methamidophos, are highly toxic to some life 
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stages of natural enemies but not all. Some insecticides 

like azadirachtin were moderately toxic to some life 

stages and relatively non-toxic to most others while 

others, like Bacillus thuringiensis and cyromazine, were 

relatively non-toxic to all life stages of all natural enemies 

evaluated. Therefore, it is important that the scouting 

program include not only an assessment of the pests 

present but also the natural enemies, including the 

specific life stage(s). If these guidelines are followed, 

conservation of natural enemies through the use of timed 

applications of selective insecticides for the above pests 

can not only be feasible but can be a reality. 
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Tables 

Table 1. Sampling methods and action thresholds for management of arthropod pests of tomatoes in Florida. 

Arthropod pests Crop 
phenology 

Sampling method* Threshold 

Aphids 0-2 true leaves 

>2 true leaves 

Whole plant inspection 

Terminal 3 leaflets of 3rd or 7th leaf from top 

3-4/plant 

Armyworms, 
fruitworms 

Pre-bloom 

Post-bloom 

Whole plant inspection 

Whole plant inspection 

Inspection of 10 fruit 

Terminal 3 leaflets of 3rd or 7th leaf from the top 

1 larva/6 plants 

1 egg or larva/sample 

Leafminers 0-2 true leaves 

>2 true leaves 

Whole plant inspection 

Terminal 3 leaflets of 3rd or 7th leaf from top 

1 live larva/plant 

1 live larva/3 terminal 
leaflets 

Loopers Season-long 

Post-bloom 

Whole plant inspection 

Inspection of 10 fruit 

1 larva/6 plants 

Spider mites Season-long Terminal 3 leaflets of 1 leaf from lower canopy 10 mites/leaflet 

Thrips, Western 
flower 

Bloom Exhaling on 15 flowers >0.33 of flowers infested 

Thrips, other Bloom Exhaling on 15 flowers >5/flower 

Tomato pinworm 0-7 true leaves 

>7 true leaves 

Whole plant inspection 

One leaf from lower canopy 

0.7 larva/plant 

0.7 larva/plant 

True bugs Post-bloom Whole plant inspection 

Inspection of 10 fruit 

1 nymph or adult/plant 

Whiteflies 0-3 true leaves 

>3 true leaves 

Whole plant inspection 

Terminal leaflet of 3rd (adults) or 7th (nymphs or 
pupae) leaf from the top 

1 adult/plant** 

1 adult/leaflet** 

5 nymphs/10 leaflets 

* The method was applied to one six-plant sample per two acres. 

**If the source of whiteflies is tomato, especially tomato infected with TYLCV, the thresholds would be lower. 

Sources: Pohronezny and Waddill (1978); Schuster et al. (1980); Pohronezny et al. (1980); Pohronezny et al. (1986); Schuster 
and Pohronezny (1989); Pernezny et al. (1996). 

Table 2. Toxicity of field rates of insecticides utilized in Florida tomato production to parasites of the tomato pinworm, 

Keiferia lycopersicella, and Liriomyza spp. leafminers.* 

Insecticide common 
name (Trade name) 

Tomato 
pinworm  

parasite 

Leafminer parasites 

Apanteles sp. Diglyphus 

intermedius 

Neochrysocharis 
punctiventris 

Opius 
bruneipes 

Abamectin (Agri-Mek) ---- ++(adults, pupae) 

+++(larvae) 

+(adults), ++(pupae) 

+++(larvae) 

---- 

Bacillus thuringiensis ---- + + ---- 

Cyromazine (Trigard) ---- + + ---- 

Fenvalerate (Pydrin) + ++(pupae) 

+++(adults, larvae) 

++(larvae, pupae) 

+++(adults) 

---- 

Methomyl (Lannate) ++++ ++++ ++++ ++++ 

Permethrin (Ambush, Pounce) ++++ ++++ ++++ ++ 
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*Relative toxicity ranges + = <25%; ++ = 25 to <50%; +++ = 50 to <75%; and ++++ >75%. Only adults evaluated for Apanteles 
and Opius. A dashed line indicates the parasitoid was not evaluated. Sources: Waddill (1978); Schuster, (1994). 

Table 3. Toxicity of field rates of selected insecticides to natural enemies of Bemisia tabaci in the laboratory.* 

Insecticide 

(Trade Name) 

Ceraeochrysa 
cubana 

(Chrysopidae) 

Chrysoperia 
rufilabris 

(Chrysopidae) 

Nepaspis oculatus 
(Coccinellidae) 

Encarsia 
pergandiella 
(Aphelinidae) 

Bifenthrin 
(Brigade) 

++(eggs) 

++++(adults) 

+(larvae) 

+(eggs) 

++++(adults, larvae) 

+++(pupae) 

++++(adults, larvae) 

++++ 

Oil (Sunspray 
Ultrafine oil) 

+(adults, larvae) 

++++(eggs) 

+(adults, larvae) 

++++(eggs) 

+(adults, pupae) 

++(eggs, larvae) 

+(adults), +++(larvae) 

++++(eggs) 

Soap (M-Pede) + + +(adults, pupae) 

+++(eggs) 

+(adults) 

++(larvae, pupae) 

+++ (eggs) 

Azadirachtin 
(Azatin) 

+ + --- +(adults) 

++(eggs, larvae, pupae) 

*Relative toxicity ranges + = <25%; ++ = 25 to <50%; +++ = 50 to 75%; and ++++ > 75%. Sources: Liu and Stansly 1996; 
Stansly and Lie 1996; Schuster and Stansly 2000. 
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