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Yellow sticky card offers composite attractiveness
to western flower thrips and greenhouse whitefly
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Park, Hang Won Kang, Bishwo Prasad Mainali
Abstract
Studies have reported differential attractiveness of yellow, white or blue sticky cards to Frankliniella
occidentalis (Pergande) and Trialeurodes vaporariorum Westwood. This study was conducted to
determine whether yellow or blue sticky card is better in attracting these greenhouse pests. Laboratory
study that included choice and no-choice tests followed by a glasshouse study to compare composite
attractiveness of color sticky cards to the greenhouse pests was conducted. F. occidentalis showed higher
preference to blue and yellow sticky cards in laboratory, and blue captured the greatest number of F.
occidentalis in glasshouse test. However, while the blue sticky card captured few T. vaporariorum, the
yellow sticky card captured the greatest number of T. vaporariorum in both laboratory and glasshouse
tests. Since yellow sticky card received composite affinity of both pests, placement of yellow sticky card,
rather than blue or yellow targeted to individual species, is recommended for monitoring greenhouse
pests.
Keywords: Frankliniella occidentalis, Trialeurodes vaporariorum, visual attraction; monitoring, mass
trapping, sticky cards.

1. Introduction
The sympatric greenhouse pests, western flower thrips Frankliniella occidentalis (Pergande)
(Thysanoptera: Thripidae) and greenhouse whitefly Trialeurodes vaporariorum Westwood
(Homoptera: Aleyrodidae), are cosmopolitan, polyphagous insects that are known to inflict
losses of several protected as well as outdoor crops [1, 2, 3, 4, 5], and are vectors of plant
pathogens [6, 7, 8, 9, 10, 11].
Effective population monitoring of the pests is the first and crucial step in determining proper
timing for control applications [12, 13]. Significant numbers of studies have been conducted to
develop effective monitoring programs against F. occidentalis and T. vaporariorum by
exploiting the visual cues [14, 15, 16, 17, 18, 19, 20, 21]. Color sticky cards are mainly used for
monitoring population [22] and possibly for control [23, 24, 25]. Most of the studies opined and
recommended that blue colored sticky traps captured more thrips [26, 27, 28], whereas yellow
sticky cards are known to capture higher number of greenhouse whiteflies [14, 16, 18]. Although
the preferential orientation of western flower thrips has been reported towards blue, but white
or yellow colors also have been reported to attract more number of the western flower thrips in
different studies [26, 27, 29]. In addition, Blumthal et al. [30] suggested that the yellow sticky cards
could be more appropriate in sampling F. occidentalis than the blue sticky cards. In the study
herein, we aim to observe the response of greenhouse pests, especially F. occidentalis and T.
vaporariorum, to sticky cards with different colors in order to determine the color that offers
composite attraction to both the pests.
2. Materials and methods
2.1. Laboratory evaluation
A multiple choice experiment was carried out for both F. occidentalis and T. vaporariorum. A
white and a green colored papers were cut (25 × 10 cm; Samwon Paper Ltd., Seoul) and each
paper was then laminated using a transparent film (100 MIC, Lami Ace Co., Kimpo, Korea). A
thin layer of Tanglefoot (The Tangle foot Co., Grand Rapids, MI, USA) was applied on both
sides of the laminated colored papers [20]. Commercial both sided yellow and blue sticky cards
(25 × 10 cm; Koppert biological systems, Germany), and the laboratory made white and blue
sticky cards were hung inside black boxes. Four cards were placed at four corners of each
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Box: each card at a corner; sticky cards were illuminated by an
overhead light source (20 W).Temperature of the black box
ranged from 25 to 28 ⁰C. One hundred newly emerged adult
female F. occidentalis were collected from the lab colony and
released inside a black box. In a similar fashion, a day old 100
T. vaporariorum adults were released inside another black
box. The insects were allowed to make preferences for 48
hours. After 48 hours all the cards were taken out and captured
numbers of both insects were counted visually by using an
achromatic hand lens (20X).
No-choice tests were also conducted for both F. occidentalis
and T. vaporariorum using the laboratory made and
commercial sticky cards following the same procedure and
conditions as mentioned for choice tests. Both choice and nochoice tests for each species were replicated for five times.

3.2. Greenhouse evaluation
In the glasshouse, blue sticky card captured 1.1 times higher
number of female adult F. occidentalis than yellow sticky card
(t =7.99, df = 2, P = 0.015). On the other hand, the yellow
sticky card captured 5.5 times more number of T.
vaporariorum than the blue sticky card (t = 28.92, df =2, P =
0.001). However, no difference between the blue and the
yellow sticky card in attracting the male adult F. occidentalis
was detected (t = 0.58, df =2, P = 0.622). When comparison
was made for the attraction of total pests that included
unidentified species of aphids and leafminer other than the
thrips and whiteflies, yellow sticky card captured 1.3 times
more number of the pests than the blue (t = 19.99, df =2, P =
0.002).

2.2. Greenhouse evaluation
Attractiveness of the yellow and blue color sticky cards to F.
occidentalis and T. vaporariorum was evaluated in a
glasshouse located at NICS, RDA, Korea, where potted
soybeans (Glycine max [L.] Merr.) were grown on a table (3.7
× 1.6 m). Potted soybean plants were placed 25 × 15 cm apart.
Each table contained at least 140 soybean plants at flowering
stage.
Natural populations of F. occidentalis and T. vaporariorum
had infested the potted soybean plants in the glasshouse. Prior
to experimental set up, both F. occidentalis and T.
vaporariorum were randomly sampled and species were
confirmed under a stereomicroscope.
Commercial yellow and blue sticky cards were alternatively
placed 50 × 50 cm apart facing each other in randomly chosen
direction. Each table received at least nine yellow and nine
blue sticky cards. Temperature of the glasshouse ranged from
20 to 30 ⁰C. The cards were all collected after 10 d and
brought into the laboratory and the number of insect pests
captured was counted using an achromatic hand lens (20 X).
Experiments were replicated thrice. The study was conducted
from 10 November 2014 to 20 December 2014.

Fig. 1. Mean number ( SD) of female F. occidentalis and T.
vaporariorum captured on colored sticky cards in multiple choice
tests. Values with different letters are significantly different (P <
0.05). Five replications were made for testing each species.

2.3. Statistical analyses
Data for choice tests and no-choice tests in the laboratory were
analyzed using a Chi-square test of a contingency table and a
post-hoc multiple comparison test analogous to the Tukey's
test [31]. In glasshouse evaluation, number of insects captured
in each table for yellow or blue cards was pooled and
comparison was made using a pair-wise t-test.
3. Results
3.1. Laboratory evaluation
Blue sticky card (Choice: 25.8 ± 4.55 SD; No-choice: 31.4 ±
6.80 SD) followed by yellow sticky card (Choice: 20.4 ± 3.78
SD; No-choice: 27.6 ± 5.32 SD) captured higher number of
female F. occidentalis in both multiple choice (χ2 = 83.35, df
= 5, P < 0.0001) and no-choice (χ2 = 493.21, df = 3, P <
0.0001) than green (Choice: 8.0 ± 2.55 SD; No-choice: 10.8 ±
3.27 SD) or white (Choice: 9.4 ± 3.44 SD; No-choice: 13.8 ±
2.59 SD) sticky cards (Fig. 1). However, yellow sticky card
(Choice: 51.0 ± 4.95 SD; No-choice: 60.8 ± 4.76 SD) captured
significantly the highest number of T. vaporariorum in both
multiple choice (χ2 = 93.02, df = 5, P < 0.0001) and no-choice
tests (χ2 = 444.91, df = 3, P < 0.0001) than that captured by
blue (Choice: 6.6 ± 2.07 SD; No-choice: 11.4 ± 3.58 SD),
green (Choice: 2.4 ± 1.14 SD; No-choice: 11.0 ± 6.00 SD) or
white sticky cards (Choice: 13.6 ± 3.51 SD; No-choice: 19.2 ±
2.59 SD) (Fig. 2).

Fig. 2. Mean number ( SD) of female F. occidentalis and T.
vaporariorum captured on colored sticky cards in no- choice tests.
Values with different letters are significantly different (P < 0.05).
Five replications were made for testing each species.

Fig. 3. Number ( SE) of male and female adult F. occidentalis, and
T. vaporariorum, and all greenhouse pests captured on yellow or blue
sticky cards in a glasshouse where potted soybean plants were grown
on tables. Number of the insects captured either by yellow or blue
sticky card in each table was pooled. ns = non-significant;
*0.01<P0.05, from a paired t-test. Three replications were made.
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4. Discussion
Greenhouse crops are often high-valued and perishable, and
minor feeding injuries or oviposition spots may decrease the
aesthetic value of the crops resulting into economic losses.
Since F. occidentalis and T. vaporariorum not only causes
such losses but also vectors several viral, fungal or bacterial
diseases, effective monitoring for timely application of control
mechanisms is crucial to minimize the losses, and for that
exploitation of visual cues has been suggested as that have
been reported as one of the dominant clues used by
herbivorous insects for host finding [32]. Polyphagous species
such as flower thrips and whiteflies have a generalized
response to low UV white, yellow and blue [33]. However,
color choice of F. occidentalis is still disputed [1, 34], and
differential response of greenhouse whitefly to different UV
regions has been reported [35, 36].
In our laboratory study, we found that blue and yellow colored
cards had greater pest attraction compared to the other colors.
Hence we investigated blue and yellow in semi-field condition.
Blue has been often recommended for flower thrips attraction
and yellow for whitefly. However, we did not find any
difference on attractiveness of yellow or blue to F.
occidentalis in both choice and no-choice laboratory
experiments. Glasshouse study, on the other hand, revealed
blue having better attractiveness to the female adult western
flower thrips than the yellow. Dissimilar to our finding, Yudin
et al. [1] found F. occidentalis most attracted to white in a field
whereas in line with our finding Vernon and Gillespie [37]
found preferential landing of F. occidentalis on blue. The
differential attractiveness of the yellow and blue colored sticky
cards between our laboratory study and glasshouse study could
be attributed to the difference in availability of food source,
pest population, environmental conditions and experiment
period. While the ratio of attraction of F. occidentalis by blue
was marginally (1.1 times) higher than the yellow, the yellow
on the other hand captured 3.2 to 5.6 times more number of T.
vaporariorum than the blue in laboratory and glasshouse
experiments.
Furthermore, the yellow card was found to capture higher
number of greenhouse pests that included winged aphids and
leaf miners. So, in line with the suggestion made by Blumthal
et al. [30] we suggest using yellow colored sticky card for
optimal monitoring of important greenhouse pests that help
minimize pest management cost and save time.
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