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countries supply 94% of the tomatoes used for processing 
(Eurostat, 2018). In Croatia, tomato was grown on 370 ha 
with a total yield of 24,571 tons of tomatoes (66.4 t ha-1) (Sta-
tistical Yearbook, 2017).

Successful crop production requires that crop pests and 
diseases are managed so that their effects on the plants are 
minimized. Managing pest problems is directed at prevent-
ing pest populations from becoming too large and uncontrol-
lable (Portree, 1996). The presence of pests is a fact of crop 
production, and growers must use all available options and 
strategies to avoid serious pest problems (Rubatzky and Ya-
maguchi, 1997).

The most important pests of greenhouse tomatoes 
globally are whiteflies, thrips, mites and sometimes aphids. 
Whiteflies (Trialeurodes vaporariorum (Westwood, 1856)) 
are the most common insect pests of greenhouse tomatoes. 
Whiteflies damage the plant by sucking the sap from the 
leaves. Large infestations can cause leaf yellowing and a gen-
eral decline in the plant (Hussey et al., 1958). Very common 
pests of greenhouse tomatoes are thrips, which feed by open-
ing wounds on the plant surface and sucking out the contents 
of the plant cells. The feeding results in small whitish streaks 
on the leaves and fruit, and it can cause distortions (Shorey 
and Hall, 1963) in the young developing fruit (Davidson and 
Peairs, 1966; Howard et al., 1994; Portree, 1996). There are 
two species of thrips that are common pests of tomato, the 
western flower thrips (Frankliniella occidentalis (Pergande, 
1895)), and the onion thrips (Thrips tabaci Lindeman, 1889) 
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 Summary
Control of tomato pests in greenhouses is con-

nected with the difficulties that are related to resis-
tance development, the limited number of available 
active ingredients, and the accumulation of unwanted 
and illegal residues in fruits. The increased market 
demand for tomatoes produced in accordance with 
integrated pest management principles requires 
new methods in pest control. One of the alternative 
methods is mass trapping using colored sticky cards. 
In a study conducted during 2004 and 2005, a set of 
blue and yellow sticky cards were placed in an exper-
imental greenhouse area. The goal of the study was to 
investigate the impact of sticky cards on the popula-
tion abundance of the most important tomato pests 
(whiteflies, thrips and aphids) through the entire to-
mato growing period, in order to determine whether 
these cards are an effective control tool for key pests 
in greenhouse production. The method of mass trap-
ping using one yellow and one blue sticky card per 
4–5 m2 resulted in high catches and a low abundance 
of pests on plants, and it had the same efficiency as 
chemical pest control in preventing damages. Setting 
up a large number of visual colored cards can be used 
to control pests and prevent damages in greenhouse 
tomato production.
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Significance of this study
What is already known on this subject?
• Whiteflies and western flower thrips are the most 

common pests of greenhouse tomatoes. Excessive 
implication of insecticides for tomato pest control has 
led to development of resistance, limiting number of 
permitted active ingredients on market and residues 
in the fruits. In organic tomato production, chemical 
control could be effectively replaced by using visual 
cards as non-pesticidal means of pest control.

What are the new findings?
• Blue and yellow visual cards used for both whiteflies 

and western flower thrips mass trapping had the 
same efficiency as chemical pest control in preventing 
damages on greenhouse tomatoes.

What is the expected impact on horticulture?
• Visual cards can be recommended as an effective 

non-pesticidal pest management tool in ecological 
greenhouse tomato production.

Introduction
The fruit of tomato (Solanum lycopersicum Mill.) plant is 

one of the most common edible commodities in the world to-
day, and it occupies the world’s largest category of vegetables, 
at around 17%. The plant species is native to South America 
(Mexico) and Central America, but it is commonly planted 
globally, especially in temperate climates and in greenhous-
es. The world’s largest tomato-producing countries in 2017 
were China, with 56.8 million tons of tomatoes, followed by 
India (18.7 million tons), USA (14.5 million tons), and Turkey 
(11.9 million tons) (FAO, 2017). The EU produced around 18 
million tons of tomatoes in the 2016/2017 campaign, 40% of 
which were sold on the fresh market. The remaining volume 
is processed by the industry. Together, Spain, Italy, the Neth-
erlands, Poland, and France account for 75% of the tomato 
production for fresh consumption. This distribution is differ-
ent for the processing industry, with the Spanish, Italian, and 
Portuguese productions being the most predominant. These 
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(Howard et al., 1994; Portree, 1996). The two-spotted spider 
mite (Tetranychus urticae Koch, 1836) is a common pest of a 
number of greenhouse crops (Howard et al., 1994; Portree, 
1996). Typical symptoms of two-spotted spider mite infes-
tations include speckling of leaves and fine webbing on the 
underside of affected leaves (Malais and Ravensberg, 2003). 
Aphids do not occur in greenhouse tomatoes production ev-
ery season or might be less present than other pests, what is 
a seasonally dependable. When infestations occur, they are 
usually located on plants, close to the veins. The green peach 
aphid (Myzus persicae Sulzer, 1776) is the most common 
aphid pest of greenhouse vegetable crops, but there are oth-
er aphid species that can become a problem in greenhouse 
tomatoes. These other aphid species include the melon 
aphid (Aphis gossypii Glover, 1877), the potato aphid (Macro-
siphum euphorbiae (Thomas, 1878)), and the foxglove aphid 
(Aulacorthum solani Kaltenbach, 1843). In Croatia, more re-
cently, the South American tomato pinworm (Tuta absoluta 
(Meyrick, 1917)) appears as a serious tomato pest as well  
(Gotlin Čuljak et al., 2010). Very often, many of those pests 
are controlled with repeated treatments of insecticides. 
Over-usage of insecticides leads to the development of resis-
tance in pests, and human and environmental health hazards 
(Lahiri and Orr, 2017).

Integrated pest management (IPM) is a term that is used 
to describe an evolving process where cultural, biological, 
and chemical controls are included in a holistic approach of 
pest and disease control (Howard et al., 1994; Igrc-Barčić 
and Maceljski, 2001). Key components of effective pest and 
disease control programs include crop monitoring (Howard 
et al., 1994; Portree, 1996). Crop monitoring is continual on-
going surveillance to detect the presence of a pest or disease 
at the very early stages of development of the disease or pest 
population, before economic damage occurs (Howard et al., 
1994). Blue and yellow sticky cards, placed throughout the 
crop, are a useful monitoring tool to help to trap and detect 
pest problems before they become a problem (Howard et 
al., 1994). Yellow sticky cards are a commonly used method 
for the population monitoring of many pests (Šimala, 1994). 
In recent decades, studies of these cards have mainly been 
focused on how to use them to monitor populations of pest 
species such as whiteflies, leafminers and aphids (Berlinger, 
1980; Byrne et al., 1990; Shen and Ren, 2003; Zhou et al., 
2003; Qiu and Ren, 2006; Gu et al., 2008; Moreau and Isman, 
2011; Premalatha and Rajangam, 2011). In recent years, 
yellow sticky cards have also been used as a method for the 
control of some pests, especially for the control of whiteflies 
(Lim et al., 2009; Pizzol et al., 2010). Blue sticky cards have 
often been recommended for the attraction of flower thrips 
(Matteson and Terry, 1992; Brødsgaard, 1993; Antignus, 
2000).

Sticky cards are an important part of the IPM program for 
greenhouse growers. They are a useful tool to alert growers to 
the presence of certain insect pests (Lim et al., 2009). Sticky 
cards can often help to detect early pest infestations more ef-
fectively than intensive plant sampling. By using sticky cards, 
it is possible to keep track of insect population trends, and 
make more informed and timely pest management decisions 
(Lu et al., 2012). The sticky cards, if they are cost-effective, 
are economically reasonable as well as environmentally safe. 
The present study was carried out to investigate the effect of 
sticky cards on the population abundance of most important 
tomato pests throughout the entire tomato growth period, 
in order to determine whether these cards were an effective 
control tool for key pests in greenhouse production.

Materials and methods

Research site
The investigation was conducted in 2004 and 2005 in an 

experimental greenhouse and a control greenhouse located 
in the town of Križevci (46°1’20.525”N, 16°32’46.651”E) in 
northern Croatia (Koprivnica-Križevci County). Venlo-type 
greenhouses of 150 m2 area size were used for tomato pro-
duction in soil. Gutter height was 4–6 m to accommodate 
high wire planting systems, thermal screens and supplemen-
tary lighting. Greenhouses covering was with polyethylene 
plastic film.

Host plants
In the experimental greenhouse, the tomato cultivar 

Belle F1 was planted in five rows, in both 2004 and 2005. 
Each row was 30 m in length. The distance between the rows 
was 90 cm, and the distance between the plants in a row was 
47 cm. In total, 318 (in 2004) and 331 (in 2005) tomato seed-
lings were planted in the experimental greenhouse, and no 
chemical treatments were applied there. As a control, tomato 
Belle F1 seedlings were planted in a separate control green-
house, in two rows in both years, with the same distances 
between rows and plants as in the experimental greenhouse. 
The total surface of the control area was 4.23 m2. In the con-
trol greenhouse, classical chemical treatments with insecti-
cides were used. Planting for both the experimental and con-
trol greenhouses was done on 5 May 2004 and 16 May 2005.

Monitoring using sticky cards
Sticky cards were set up in both greenhouses just after 

tomato planting (7 May 2004; 17 May 2005). In the exper-
imental greenhouse, in both years, seven sticky cards were 
set at just above plant height in each of the five rows. In 
the first, third, and fifth rows, yellow cards were set (rep-
resenting three replicates with 7 subsamples each), while 
in the second and fourth rows, blue cards were used (rep-
resenting two replicates with 7 subsamples each). In total, 
21 yellow and 14 blue cards were set in the experimental 
greenhouse (on average one card per 4.3 m2). In the control 
greenhouse, in each row, one blue and one yellow card were 
set up (in total, two blue and two yellow cards; on average 
one card per m2), also just above plant height. Each row in 
the control greenhouse represents one replicate. The cards 
were inspected every seven days until 17 September 2004 
and 7 September 2005. The sticky cards were changed each 
week, and the heights of the cards were adjusted according 
to plant growth. All cards were inspected using a microscopic 
loupe, and insects were identified using a determination key 
(Schmidt, 1970) to species level when possible.

Control greenhouse treatments
In the control greenhouse, regular chemical control was 

performed. Details on the chemical treatments are presented 
in Table 1.

Table 1.  Chemical control treatments in the tomato control 
greenhouse.

Year Date of application Insecticide
2004 26 June

27 July
20 August

Beta-cyfluthrin
Thiacloprid
Beta-cyfluthrin

2005 3 July
6 August

Beta-cyfluthrin
Beta-cyfluthrin
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Visual plant inspection
Visual inspections of plants were performed three times 

per week during the entire investigation period in both 
greenhouses, as described by the Manual of the Reporting 
and Forecasting Service (Čamprag, 1983) which are similar 
with those described in EPPO Guidelines (EPPO, 2009). Ten 
places (representing ten replicates) were randomly selected 
in the experimental greenhouse, and on each site, 10 plants 
were inspected (a total of 100 plants). Depending on the 
plant growth, the pests present on leaves, flowers, and fruits 
were detected. In the control greenhouse, four plants in each 
row (four replicates) were inspected. The number and pest 
species detected visually were recorded.

Data analyses
Data on the average catches of specific species, orders, or 

superfamilies on both types of sticky cards were compared 
within the experimental and control greenhouses, and be-
tween the experimental and control greenhouses, by anal-
ysis of variance (ANOVA) (ARM 9® GDM software, Revision 
9.2014.7) (Gylling Data Management Inc., 2015). The mean 
separation was estimated by using the least significant dif-
ference (LSD) test in order to determine whether sticky cards 
can provide the same efficiency in pest population reduction 
as the chemical control. The number of pests that were de-
tected by visual plant inspections in both greenhouses was 
used to determine the pest population dynamics.

Results
In 2004, the average number of captures per card was 

between 2,230 and 3,581 specimens. In 2005, the average 
captures were between 313 and 1,751 specimens per card. 
These high numbers of captured insects on colored cards 
indicate the high potential of sticky cards for attracting and 
catching different pest species. In experimental and control 
greenhouses in both years, aphids (superfamily Aphididae) 
were the dominant pests caught on the sticky cards, and 
comprised 65–87% of the total population density. Western 
flower thrips (Frankliniella occidentalis) followed, with a 
share of 8–22% of the total catches. Other specimens of the 
genus Thrips, which could not be determined to species lev-
el, and comprised 5–12% of the population density. The spe-
cies T. vaporariorum, the greenhouse whitefly, was recorded 
as having the lowest proportion of the total pest population 
density, with a share of 0.15–0.34%. All capture details (total 
number, percentage) in both greenhouses in both vegetation 
periods have been presented in Figures 1–4.

The greenhouse whitefly population was low in all in-
vestigation periods. The average catches on the yellow and 
blue sticky cards in the experimental and control greenhous-
es in both investigation years are shown in Table 2. Average 
catches were very low and they ranged from 0.50 to 10.94 
specimens per card. There were no significant differences 
in catches on the same card type between the experimental 
and control greenhouses in 2004, and the only significant-
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FIGURE	1. Total insect captures in experimental greenhouse in 2004. 
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FIGURE	2. Total insect captures in control greenhouse in 2004. 
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FIGURE	3. Total insect captures in experimental greenhouse in 2005. 
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FIGURE	4.	Total insect captures in experimental greenhouse in 2005. 
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Figure 4.  Total insect captures in control greenhouse in 
2005.

Figure 1.  Total insect captures in experimental greenhouse 
in 2004.

Figure 2.  Total insect captures in control greenhouse in 
2004.

Figure 3.  Total insect captures in experimental greenhouse 
in 2005.
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ly lower catches were recorded on yellow sticky cards in 
control versus experimental greenhouses in 2005. Gener-
ally, in both years, significantly more greenhouse whiteflies 
were caught on yellow sticky cards (LSD(2004)0.05 = 4,527; 
LSD(2005)0.05 = 2,960).

The average numbers of western flower thrips on the 
yellow and blue sticky cards in the experimental and control 
greenhouses in both investigation years were much high-
er than the greenhouse whitefly numbers, and they ranged 
from 39 to 939 specimens per card. In both years, the highest 
catches were recorded on the blue sticky cards. Significantly 
higher catches on both card types were recorded in the con-
trol greenhouse in 2004, while in 2005, the highest catch was 
in the experimental greenhouse (on blue cards).

Similarly to the western flower thrips, in 2004, the pop-
ulation density of other species from the order Thysanop-
tera was significantly higher on both sticky card types in 
the control than in the experimental greenhouse. In 2005, 
there were more specimens determined in the experimental 
than in the control greenhouse (significantly higher on blue 
cards). In both greenhouses, in both years, more Thrips spp. 
were determined on blue than on yellow sticky cards (Ta-
ble 2).

The superfamily Aphididae was the most abundant 
group of tomato pests that were determined in this investiga-
tion (both greenhouses, both years). The average catches per 
sticky cards ranged from 213 to 2,603. There were no signif-
icant differences in catches on yellow sticky cards between 

the experimental and control greenhouses in 2004, while in 
the same year, significantly more aphids were caught on blue 
sticky cards in the control greenhouse. In 2005, a significant-
ly higher population density was observed in the experimen-
tal greenhouse on both card types (Table 2).

Figure 5 presents the results of a weekly visual inspec-
tion of tomato plants in 2004, in both greenhouses. During 
the whole investigation period, only pests from the order 
Thysanoptera were recorded on the tomato plant organs. 
The only species determined was the western flower thrips, 
while the rest of the catch was recorded as Thrips spp. (Fig-
ure 5). All of the recorded pests were at very low population 
numbers in both of the greenhouses throughout the whole 
tomato growing season. In the experimental greenhouse in 
the last decade of August, an increasing number of western 
flower thrips was observed (a maximum of nine individuals 
per 100 plants). Three chemical treatments did not have any 
influence on the pest population abundance, as detected by 
visual inspection on tomato plant organs.

Figure 6 presents results of a weekly visual inspection of 
the tomato plants in 2005, in both greenhouses. As in 2004, 
only pests from the order Thysanoptera were observed, with 
only western flower thrips being determined to the species 
level (undetermined specimens were marked as Thrips spp.). 
Similarly to 2004, pests were caught in very high numbers 
in both greenhouses throughout the whole tomato growing 
season. The maximum number of Thrips spp. was five indi-
viduals per 100 plants, and this was observed in the experi-

Table 2.  The average number of insect species (± SD) caught on different sticky card types in experimental and control 
greenhouses (2004–2005), and the corresponding ANOVA results.

Sticky card type Greenhouse type
Year

2004 2005
Greenhouse whiteflies Trialeurodes vaporariorum (Westwood)

Yellow Experimental 10.94 ± 5.01 a* 5.62 ± 3.06 a
Control 8.00 ± 1.41 a 3.50 ± 0.51 b

Blue Experimental 2.64 ± 1.25 b 0.86 ± 0.56 c
Control 3.00 ± 0.00 b 0.50 ± 0.71 c

LSD p=0.05**         4.53         2.96
Western flower thrips Frankliniella occidentalis (Pergande)

Yellow Experimental 154.9 ± 71.26 c* 167.10 ± 47.76 b
Control 519.5 ± 81.32 b 39.00 ± 8.49 b

Blue Experimental 208.43 ± 160.65 c 748.50 ± 368.91 a
Control 939.5 ± 132.23 a 58.00 ± 7.07 b

LSD p=0.05** 160.14 328.60
Thrips spp.

Yellow Experimental 60.56 ± 24.18 c* 61.92 ± 16.94 b
Control 196.00 ± 42.43 b 13.00 ± 7.07 b

Blue Experimental 197.21 ± 118.54 b 452.57 ± 163.66 a
Control 541.00 ± 59.40 a 65.00 ± 4.24 b

LSD p=0.05**         113.70     147.70
Superfamily Aphididae

Yellow Experimental 2,373.38 ± 550.01 a* 1,110.85 ± 230.99 a
Control 2,351.50 ± 354.26 a 213.50 ± 14.85 b

Blue Experimental 1,266.93 ± 527.78 b 1,157.14 ± 300.17 a
Control 2,603.50 ± 564.98 a 234.50 ± 21.92 b

LSD p=0.05**             672.90          293.80
* Values followed by the same lowercase letters are not significantly different (p>0.05; LSD test).
** LSD was established by comparisons of catches on all sticky cards in experimental and control greenhouses are represented for each pest 
separately.
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mental greenhouse in the first 10 days of July. In the control 
greenhouse, the number of pest individuals did not exceed 
three. Two chemical treatments did not have any influence 
on the pest population abundance, as determined by visual 
inspections on the tomato plant organs.

Discussion
While colored sticky cards are a common method for 

monitoring many pests in greenhouses, it has not been 
shown whether they could be used as a control method. In 
this study, the impact of yellow and blue sticky cards on the 
population abundance of observed tomato pests was deter-
mined to establish the effectiveness of colored cards in com-
parison with classical chemical pest control methods.

Insect identification and captures
The total capture rate of insects on the colored sticky 

cards was high. Among the observed pest groups, the aphids 
(superfamily Aphididae) were the dominant pests in both 
greenhouses. However, aphids were not found on the plant 
organs, which agrees with some authors that aphids are not 
common pests of greenhouse tomatoes (Howard et al., 1994; 
Portree, 1996). When infestations occur, they are usually on 
plants, close to the veins. Our study glasshouses were quite 
narrow, and during vegetation growth, the glasshouse vents 
were open; thus, aphids were probably attracted from the 
outdoor vegetation. Western flower thrips (Frankliniella oc-
cidentalis) occurred in lower abundance, followed by uniden-
tified species from the order Thysanoptera, and greenhouse 
whitefly (Trialeurodes vaporariorum). While some authors 
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FIGURE 5.  Pest population dynamics as established by visual inspection of tomato plants in 2004 in different 
greenhouses (     chemical treatment in control greenhouse; C: control greenhouse; E: experimental greenhouse). 
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FIGURE 6. Pest population dynamics as established by visual inspection of tomato plants in 2005, in different 
greenhouses (    chemical treatment in control greenhouse; C: control greenhouse; E: experimental greenhouse). 
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Figure 5.  Pest population dynamics as established by visual inspection of tomato plants in 2004, in different greenhouses  
(• chemical treatment in control greenhouse; C: control greenhouse; E: experimental greenhouse).

Figure 6. Pest population dynamics as established by visual inspection of tomato plants in 2005, in different greenhouses  
(• chemical treatment in control greenhouse; C: control greenhouse; E: experimental greenhouse).
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did not find differences in captures on cards that were set to 
different levels (Atakan and Canhil, 2004), others observed 
that pest catches on cards can depend on card height (Igrc 
Barčić and Maceljski, 2001; Maceljski, 2002). Accordingly, 
in this research, cards were set at above plant height, and 
they were placed higher up as the tomatoes grew. The ob-
served species in the present study, Trialeurodes vaporari-
orum, Frankliniella occidentalis, Thrips spp., and Aphididae 
are among the most economically important pests in tomato 
production (Rice Mahr et al., 2001).

The influence of card color on attractiveness to pests
There are numerous studies showing the greater attrac-

tiveness of yellow colors for greenhouse whitefly (Allsopp, 
2010; Igrc Barčić and Maceljski, 2001; Kim et al., 2001; 
Maceljski, 2002; Chen et al., 2004a, b). In this study, it was 
confirmed that significantly more whiteflies were captured 
on yellow than on blue sticky cards (Table 2). Nevertheless, 
in general, the population of whiteflies was very low.

The capture of western flower thrips in 2004 was high-
er in the control, compared to the experimental greenhouse, 
indicating that insecticide treatments did not successfully 
reduce the population of this pest. In 2005, the situation was 
the opposite; more pests were recorded in the experimen-
tal compared with the control glasshouse, indicating that 
insecticide treatments (two treatments with pyrethroids) 
resulted in successful control. Many researchers have stated 
that the blue cards are better for thrips attraction (includ-
ing western flower thrips) (Šimala, 1994; Maceljski, 2002; 
Maceljski et al., 2004; Chen et al., 2004a, b; Allsopp, 2010). 
However, some authors have stated that males are more at-
tracted to yellow colors and females to blue (Gillespie and 
Vernon, 1990). Considering that the thrips mostly reproduce 
parthenogenetically (Anon., 1988), males are very rare in 
the population, and according to data, the sexual index is 
♀♀15 : ♂♂1 (Arzone et al., 1989). Thus, the population most-
ly consists of females, which react better to the blue color 
(Gillespie and Vernon, 1990). This fact is confirmed by our 
results from 2005, but in 2004 no differences were recorded 
between the yellow and blue cards in the experimental glass-
house, while in the control glasshouse, blue cards caught 
significantly more western flower thrips. Other species from 
the order Thysanoptera were also captured in higher abun-
dance on the blue cards.

The aphid population was high in both glasshouses 
in 2004. In 2005, the aphid population in the experimen-
tal glasshouse was significantly higher than in the control 
glasshouse. The aphids were more attracted to the yellow 
color (Igrc Barčić and Maceljski, 2001; Maceljski, 2002). In 
contrast, some researchers showed that the aphids do not 
have a clear preference for colors (Yudin et al., 1987). In this 
study, the capture rate of the aphids was very high, although 
aphids are not particularly common or important tomato 
pests in greenhouses. In this research, we did not show that 
significantly more aphids were attracted to yellow than to 
blue cards. In 2004, yellow traps in the experimental glass-
house caught more aphids compared to blue cards, while in 
the control glasshouse, there were no differences in capture 
between the two trap types. In 2005, no significant differenc-
es were observed between the glasshouses for captures on 
yellow or blue sticky cards. However, the aphid capture rate 
was significantly higher in the experimental compared to the 
control glasshouse.

Visual inspections of tomato plants
On the colored cards, the population of winged adult 

pests was monitored. Damage to the plants could have been 
made by larvae or by the wingless stages of pests. These de-
velopment stages cannot be observed on the colored cards, 
and their presence has to be determined by visual inspec-
tion of the plants (Čamprag, 1983; Maceljski, 2002). Visual 
inspection was performed to establish the level of plant in-
festation in the experimental and control greenhouses. By 
visual inspection, only pests from the order Thysanoptera 
(including western flower thrips) have been recorded. The 
abundance of these pests was very low in both greenhouses 
and in both research years (Figures 1 and 2). In both years, 
in the experimental greenhouse, a slightly higher number 
of pests were observed in the visual inspections, compared 
to the control greenhouse. In all cases, there was no visible 
damage to the plants. The absence of damage in both green-
houses can be explained by the good effect of the treatments, 
both the classical chemical insecticides and the mass trap-
ping by the colored cards. It is obvious that both treatments 
successfully reduced the population of tomato pests.

Colored cards versus chemical treatments
In the experimental greenhouse, only mass trapping of 

the pests with colored sticky cards was performed, while 
in the control greenhouse, chemical pest control was used 
along with the sticky cards. The hypothesis of this research 
was that mass trapping of pests in the experimental glass-
house would result in a higher number of pests being caught 
on the cards compared to the control glasshouse (due to the 
fact that in the control glasshouse, the insect population has 
been reduced by insecticide application), and with the same 
level of insect infestation.

The greenhouse whitefly, the most important tomato 
pest (Maceljski, 2002), showed low densities in both years, 
and there were no differences in captures between the ex-
perimental and control greenhouses. The only exception to 
this was the slightly lower density of whiteflies in the control 
greenhouse in 2005 on the yellow sticky cards. The chemical 
treatments did not have a significant influence on the green-
house whitefly density, because the captures on the sticky 
cards in both greenhouses were similar or the same through-
out the whole investigation period. In the control greenhouse 
in 2004, a higher density of western flower thrips and other 
Thrips spp. was observed, while in 2005, the opposite situ-
ation occurred. Three chemical treatments in 2004 did not 
have any better effectiveness on the thrips population in the 
control greenhouse, than with massive catches with colored 
cards. In 2005, only two chemical treatments provided better 
control against thrips in tomato production. However, visual 
inspections did not confirm a better effect from the chemical 
control when comparing only with sticky card catches. The 
most abundant pests in both years and both greenhouses 
were aphids, and their densities did not significantly differ 
between greenhouses in 2004. In 2005, more aphids were 
observed in the experimental greenhouse, suggesting a high-
er effectiveness of chemical control.

The results showed the absence of pests on plants (as 
established by visual inspections), and also indicated that 
both methods provided good results. In the case of a control 
greenhouse, the sticky card catches amended the effective-
ness of the chemical treatments. The results showed that a 
large number of colored cards (one card per 4–5 m2) in a 
greenhouse can successfully decrease the number of pests. 
The use of a combination of yellow and blue cards appears 
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to be the best option because it expands the “spectrum” of 
insect catching.

The cost of such a measure is higher compared to the cost 
of insecticide application. The price of the cards on the mar-
ket in Croatia is approximately 1 € (for one yellow and one 
blue card). This means that for the protection of 1,000 m2 of 
tomato plants, a farmer should invest 200.00 € per card set-
ting. Taking into account that the cards should be replaced 
regularly, it is obvious that the price would be much higher 
compared to insecticide application, which is approximately 
10 € per treatment. Even though the findings of this research 
suggest that yellow and blue sticky cards can be used as an 
effective method for the control of tomato pests, this method 
would probably be more likely considered by organic tomato 
producers, due to the fact that the prices for organically pro-
duced products are higher.

Conclusions
Setting up a large number of visual colored sticky cards 

in a greenhouse tomato production has resulted in a high 
catch of pests, and pest population reduction. Both types of 
colored cards proved to be attractive to the most important 
tomato pests: greenhouse whitefly, western flower thrips 
and Thrips spp., and aphids. The method of mass trapping 
using one yellow and one blue sticky card per 4–5 m2 had the 
same efficiency as chemical pest control in preventing dam-
ages. Setting up a large number of visual colored cards can 
be used to control pests and prevent damages in greenhouse 
tomato production. Due to the high prices of the sticky cards, 
and due to the need for the regular replacement of the cards, 
the price of this control method would be high. Therefore, 
it can be recommended as an effective non-pesticidal method 
in ecological greenhouse tomato production.
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