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Abstract The Western flower thrips, Frankliniella occi-

dentalis (Thysanoptera: Thripidae), is one of the most

destructive sucking pests of flowering plants. We examined

behavioral responses of F. occidentalis adults to the floral

volatiles of Rosa chinensis, Gardenia jasminoides, and

Tagetes erecta in a Y-tube olfactometer with background

visual cues (green, red, white, yellow, and blue back-

grounds). The results show that F. occidentalis adults had

similar responses under all the different background colors,

but the responses by sex varied significantly when offered

floral volatile or clean air. In pairings of floral volatiles,

female F. occidentalis adults presented significant prefer-

ences (R. chinensis[G. jasminoides[ T. erecta) in each

treatment, while male F. occidentalis adults had no sig-

nificant preference. Furthermore, the responses of female

F. occidentalis adults to the three different floral volatiles

compared with each other were greater under green and

blue backgrounds than red, white, or yellow backgrounds.

However, the responses of male F. occidentalis adults to

floral volatiles were similar to all five backgrounds. These

results indicate that female thrips could discriminate dif-

ferent floral volatiles, while male thrips could not. Both

male and female thrips performed steady preferences of

floral volatiles under all the five visual backgrounds, and

the behavioral responses of female thrips to the floral

volatiles could be enhanced under the green and blue

backgrounds. These findings could hopefully aid in the

development of effective trapping and monitoring strate-

gies for this pest.

Keywords Western flower thrips � Olfactory response �
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Introduction

The Western flower thrips, Frankliniella occidentalis

(Pergande), is a major agricultural and horticultural pest of

various plant species (Kirk and Terry 2003; Reitz 2009).

Since first being described in California in 1895, this

invasive species has spread throughout much of the world,

becoming dominant in most areas where it has been

introduced (Kirk and Terry 2003; Morse and Hoddle 2006).

F. occidentalis has a wide host plant range, and can cause

damage and spoilage to various economic crops through

feeding, oviposition, and transmitting several plant dis-

eases (Morse and Hoddle 2006). Heavy reliance on tradi-

tional broad-spectrum insecticides to control F.

occidentalis has resulted in resistance (Bielza et al.

2007, 2008; Gao et al. 2012; Wang et al. 2016). This
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problem is expected to increase because many pesticides

have been withdrawn from use in the EU (Directive

2009/128/EC), highlighting the need to develop alternative

control methods for this pest (Abdullah et al. 2015).

Monitoring pest populations is an essential component

of integrated pest management. An ecologically accept-

able strategy for the monitoring and control of thrips is

based on visual and olfactory cues at the host location

(Brødsgaard 1989; Teulon et al. 1993; Vernon and Gille-

spie 1995; Teulon et al. 1999; Blumthal et al. 2005).

Indeed, F. occidentalis shows a significant response to the

volatiles and colors of host plants (Mainali and Lim

2010, 2011; Cao et al. 2014). Thus, the right combination

of olfactory and visual cues might elicit even stronger

behavioral responses in F. occidentalis. Generally, visual

cues are effective over short distances and not affected by

air movement (Miller and Strickler, 1984; Prokopy 1986),

while olfactory cues can drift over long distances via the

wind (Elkinton et al. 1984; Cardé and Willis 2008).

However, visual cues can enhance insect response to

volatiles from host plants, as reported in Lygus hesperus

(Blackmer and Caňas 2005), Diaphorina citri (Wenninger

et al. 2009), and Empoasca vitis (Cai et al. 2015). Pre-

sently, little is known about how background visual cues

affect the olfactory response of F. occidentalis to host plant

volatiles. Naturally, the olfactory response of F. occiden-

talis to host plant location in flower fields should occur

against a green background, i.e., the green color of plant

leaves. F. occidentalis are attracted, to a variable extent, to

the color of a plant species (Teulon et al. 1993, 1999;

Blumthal et al. 2005), indicating that the olfactory behavior

of F. occidentalis may change when background visual

cues are varied. Understanding this effect should prove

helpful in developing and enhancing lures based on plant

volatiles.

F. occidentalis prefers to live and feed on plant flowers

(Mound and Kibby 1998; Pearsall 2000; Reitz 2002;

Mound 2005), largely because both flower color and odor

are attractive to thrips (Teulon et al. 1999; Blumthal et al.

2005; Mainali and Lim 2011). This may partially explain

why F. occidentalis has different preferences for various

flowers (Pearsall 2000; Blumthal et al. 2005). Little

attention has been paid to plant flower preference of F.

occidentalis based on the combination of color and odor

cues (Mainali and Lim 2011). In our previous investiga-

tion, in Guizhou Province, China, F. occidentalis caused

differing damage levels to flowers of Rosa chinensis Jac-

ques, Gardenia jasminoides Ellis, and Tagetes erecta

Linnaeus (Huang et al. 2009; Yuan et al. 2010), all of

which are economically important horticultural plant

flowers usually planted in the same greenhouse/flower

base. These plants shared the same nutritional conditions in

the greenhouse/flower base. Insecticides and agricultural

measures were used for pest control in these areas. Fur-

thermore, these plants reach the flowering stage at the same

time, sharing most of their blooming periods. Thus, F.

occidentalis has equal access to these three host plants but

is usually found on their flowers in different quantities,

causing different levels of damage. These differing damage

levels on the flower species (R. chinensis[G. jasmi-

noides > T. erecta) indicate the host preference of F.

occidentalis (Huang et al. 2009; Yuan et al. 2010). To

explore the host preference of F. occidentalis for different

flowers, as related to their color and odor, the effects of

different combinations of olfactory (floral volatiles) and

visual (backgrounds) cues on the behavioral responses of

female and male F. occidentalis adults were assessed using

a Y-tube olfactometer in the laboratory.

Materials and methods

Insects

Frankliniella occidentalis were collected from flowers of

different plants in the Guiyang area of Guizhou Province,

China, and used to establish a laboratory colony. The

colony had been continuously reared, for over five gener-

ations, on green bean pods (Phaseolus vulgaris L.) in

plastic containers (L: 20 cm 9 W: 14 cm 9 H: 9 cm) with

snap-on lids (Cao et al. 2014). They were kept in a climate-

controlled room at 25 ± 1 �C, with 70 ± 5% relative

humidity and a 14-h light:10-h dark photoperiod.

Plants

Rosa chinensis, G. jasminoides, and T. erecta flowers were

used in this study. Plants were grown in greenhouses under

controlled conditions (26 ± 2 �C, 70–80% relative

humidity (RH), 12-h light:12-h dark photoperiod) at the

nursery of the Department of Biology and Environmental

Engineering, Guiyang University, China. Greenhouses

were kept free from insect pests by covering vent openings

with insect-proof nets (80 mesh). Plants were cultivated

without pesticides. When the flowers were in full bloom,

they were collected for the experiments. All the flowers

used in the experiment were cleaned by 95% ethanol before

testing.

Y-tube tests and background treatment of visual

cues

The olfactory responses of F. occidentalis were tested in a

Y-tube olfactometer using the method described in Cao

et al. (2014, 2015). In brief, the main glass tube was 9 cm

long and 1.5 cm in diameter, and the arms were 8 cm long
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and 1.5 cm in diameter. The flow rate was 300 ml/min. All

bio-assays were conducted between 8:00 am and 6:00 pm

in a room under 26 �C, 65% RH, and 1000 lux illumination

conditions. The position of the arms was reversed to avoid

position bias after five individuals had been tested, and the

Y-tube olfactometer was replaced after 10 individuals had

been tested. The tested thrips were 2–3 day—old adults

after emergence and starved for 4 h before bio-assay. All of

the thrips used in the experiment were of the same gener-

ation reared on green bean pods. Two types of two-way

comparisons were made: (1) flower versus clean air and (2)

all possible flower pairings. For each comparison, 60

individuals of each sex were tested, and the flower mate-

rials (20 g) were replaced after ten individuals were tested.

To test whether visual cues influenced the responses to

volatiles, the whole Y-tube olfactometer was placed on

green (RGB: 34, 139, 34), red (RGB: 188, 143, 143), white

(RGB: 255, 250, 240), yellow (RGB: 255, 255, 0), or blue

(RGB: 0, 0, 255) paper (L: 30 cm 9 W: 21 cm 9 H:

0.1 cm) to randomly create different visually stimulating

backgrounds (Cai et al. 2015) using the RGB color mode of

Byers (2006). The green paper was similar in color to plant

leaves, and thus similar to the natural living environment of

the pests. The red, white, and yellow papers used were

similar in color to R. chinensis, G. jasminoides, and T.

erecta flowers, respectively. Because blue is also an

attractive color to F. occidentalis (Brødsgaard 1989; Ver-

non and Gillespie 1990; Matteson and Terry 1992; Chu

et al. 2005), blue paper was also used as a visual

background.

Statistical analyses

The null hypothesis that F. occidentalis adults showed no

preference for either Y-tube olfactometer arm (a response

equal to 50:50) was analyzed using a Chi square goodness-

of-fit test. All the statistical analyses were performed using

SPSS 18.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results

Olfactory responses of thrips adults to volatiles

from different flowers on the green background

Significantly higher numbers of F. occidentalis were found

to preferR. chinensis (male: v2 = 4.247, df = 1,P = 0.039;

female: v2 = 11.710, df = 1, P = 0.001), G. jasminoides

(male: v2 = 5.188, df = 1, P = 0.023; female:

v2 = 10.000, df = 1, P = 0.002), and T. erecta (male:

v2 = 5.000, df = 1, P = 0.025; female: v2 = 7.511,

df = 1, P = 0.006) as compared to clean air on the green

background (Fig. 1). Female F. occidentalis adults also had

significant preferences in the pairings of the three flowers, R.

chinensis was more attractive to thrips than G. jasminoides

(v2 = 7.022, df = 1, P = 0.008) and T. erecta (v2 = 8.522,

df = 1, P = 0.004), andG. jasminoideswas more attractive

to thrips than T. erecta (v2 = 7.353, df = 1, P = 0.007)

(Fig. 1a). However, male F. occidentalis adults showed

different responses from female adults in the pairings of the

three flowers, preferring R. chinensis floral volatiles to T.

erecta (v2 = 4.651, df = 1,P = 0.031), whereas there were

no significant differences in the pairings of R. chinensis and

G. jasminoides (v2 = 1.190, df = 1, P = 0.275) or G. jas-

minoides and T. erecta (v2 = 2.778, df = 1, P = 0.096)

(Fig. 1b).

Olfactory responses of thrips adults to volatiles

from different flowers on the red background

On the red background, F. occidentalis adults preferred R.

chinensis (male: v2 = 6.080, df = 1, P = 0.014; female:

v2 = 11.636, df = 1, P = 0.001), G. jasminoides (male:

v2 = 6.373, df = 1, P = 0.012; female: v2 = 10.465,

df = 1, P = 0.001), and T. erecta (male: v2 = 5.000,

df = 1, P = 0.025; female: v2 = 9.561, df = 1,

P = 0.002) floral volatiles in comparison with clean air

(Fig. 2). When volatiles of the three flowers were compared

with each other, female thrips had similar responses but

differed significantly from those observed on the green

background: R. chinensis versus G. jasminoides

(v2 = 3.951, df = 1, P = 0.047); R. chinensis versus T.

erecta (v2 = 6.400, df = 1,P = 0.011); andG. jasminoides

versus T. erecta (v2 = 4.247, df = 1, P = 0.039) (Fig. 2a).

There were no significant preferences of male thrips for

floral volatiles in the different pairings of the three plants (R.

chinensis vs. G. jasminoides, v2 = 0.590, df = 1,

P = 0.442; R. chinensis vs. T. erecta, v2 = 1.424, df = 1,

P = 0.233; and G. jasminoides vs. T. erecta, v2 = 0.563,

df = 1, P = 0.453) (Fig. 2b).

Olfactory responses of thrips adults to volatiles

from different flowers on the white background

The responses of both female and male F. occidentalis

adults to all the treatments on a white background were

similar to those observed on a red background (Fig. 3a, b).

In the treatments of floral volatiles versus clean air, thrips

had significant preferences for R. chinensis (male:

v2 = 5.500, df = 1, P = 0.019; female: v2 = 15.696,

df = 1, P\ 0.001), G. jasminoides (male: v2 = 4.762,

df = 1, P = 0.029; female: v2 = 8.909, df = 1,

P = 0.003), and T. erecta (male: v2 = 4.154, df = 1,

P = 0.042; female: v2 = 7.511, df = 1, P = 0.006). When

floral volatiles were compared with each other, female

thrips significantly preferred R. chinensis to G. jasminoides
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Fig. 1 Olfactory responses of female (a) and male (b). F. occidentalis adults to volatiles from different flowers on the green background. CA

clean air, *P\ 0.05, **P\ 0.01, and ‘‘ns’’ represents no significant difference (P[ 0.05)

Fig. 2 Olfactory responses of female (a) and male (b). F. occidentalis adults to volatiles from different flowers, on the red background. CA clean

air, *P\ 0.05, **P\ 0.01, and ‘‘ns’’ represents no significant difference (P[ 0.05)
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(v2 = 5.500, df = 1, P = 0.019), R. chinensis to T. erecta

(v2 = 5.261, df = 1, P = 0.022), and G. jasminoides to T.

erecta (v2 = 5.188, df = 1, P = 0.023) (Fig. 3a). How-

ever, male thrips showed no significant preferences among

the floral volatiles in the treatments of R. chinensis versus

G. jasminoides (v2 = 0.294, df = 1, P = 0.588), R. chi-

nensis versus T. erecta (v2 = 0.450, df = 1, P = 0.502), or

G. jasminoides versus T. erecta (v2 = 0.108, df = 1,

P = 0.742) (Fig. 3b).

Olfactory responses of thrips adults to volatiles

from different flowers on the yellow background

The preferred floral volatiles of the F. occidentalis adults

on the yellow background were similar to those observed

on the green backgrounds (Fig. 4). Thrips preferred R.

chinensis (male: v2 = 6.080, df = 1, P = 0.014; female:

v2 = 8.379, df = 1, P = 0.004), G. jasminoides (male:

v2 = 4.651, df = 1, P = 0.031; female: v2 = 7.511,

df = 1, P = 0.006), and T. erecta floral volatiles (male:

v2 = 6.205, df = 1, P = 0.013; female: v2 = 7.353,

df = 1, P = 0.007) in comparison with clean air. Female

thrips had significant preferences in the pairings of the

floral volatiles (R. chinensis vs. G. jasminoides,

v2 = 5.688, df = 1, P = 0.017; R. chinensis vs. T. erecta,

v2 = 4.762, df = 1, P = 0.029; and G. jasminoides vs. T.

erecta, v2 = 4.651, df = 1, P = 0.031) (Fig. 4a).

Although male thrips preferred R. chinensis floral volatiles

to those of T. erecta (v2 = 4.444, df = 1, P = 0.035),

there were no significant differences in the other pairings of

floral volatiles (R. chinensis versus G. jasminoides,

v2 = 1.250, df = 1, P = 0.264; and G. jasminoides vs. T.

erecta, v2 = 1.756, df = 1, P = 0.185) (Fig. 4b).

Olfactory responses of thrips adults to volatiles

from different flowers on the blue background

When presented with different floral volatiles and clean air

on the blue background, F. occidentalis showed significant

preferences for R. chinensis (male: v2 = 5.902, df = 1,

P = 0.015; female: v2 = 11.710, df = 1, P = 0.001), G.

jasminoides (male: v2 = 5.188, df = 1, P = 0.023;

female: v2 = 8.522, df = 1, P = 0.004), and T. erecta

(male: v2 = 4.247, df = 1, P = 0.039; female:

v2 = 7.022, df = 1, P = 0.008) (Fig. 5). Furthermore,

female thrips had very significant preferences when R.

chinensis, G. jasminoides, and T. erecta floral volatiles

were paired with each other (R. chinensis vs. G. jasmi-

noides, v2 = 10.116, df = 1, P = 0.001; R. chinensis vs.

T. erecta, v2 = 14.720, df = 1, P\ 0.001; and G. jasmi-

noides vs. T. erecta, v2 = 10.000, df = 1, P = 0.002)

(Fig. 5a). However, there were no significant differences

among the comparisons of paired floral volatiles in male

thrips (R. chinensis vs. G. jasminoides, v2 = 0.281, df = 1,

Fig. 3 Olfactory responses of female (a) and male (b). F. occidentalis adults to volatiles from different flowers on the white background. CA

clean air, *P\ 0.05, **P\ 0.01, and ‘‘ns’’ represents no significant difference (P[ 0.05)
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Fig. 4 Olfactory responses of female (a) and male (b). F. occidentalis adults to volatiles from different flowers on the yellow background. CA

clean air, *P\ 0.05, **P\ 0.01, and ‘‘ns’’ represents no significant difference (P[ 0.05)

Fig. 5 Olfactory responses of female (a) and male (b). F. occidentalis adults to volatiles from different flowers on the blue background. CA

clean air, *P\ 0.05, **P\ 0.01, and ‘‘ns’’ represents no significant difference (P[ 0.05)
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P = 0.596; R. chinensis vs. T. erecta, v2 = 0.309, df = 1,

P = 0.576; and G. jasminoides vs. T. erecta, v2 = 1.424,

df = 1, P = 0.233) (Fig. 5b).

Discussion

There are three key findings arising from these studies.

First, no matter the visual background, thrips clearly

respond to floral volatiles in comparison with clean air;

however, male and female thrips exhibit different levels of

response. Second, female thrips show strong preferences

among the floral volatiles presented, whereas male thrips

do not. Finally, the behavioral responses of female thrips to

the floral volatiles used in this study could be enhanced

under green and blue backgrounds; similar phenomena

could not be observed under all the five visual backgrounds

by male thrips.

Plant volatiles play an important role in locating host

plants, which guides insects to food sources and oviposi-

tion sites (Bruce et al. 2005; Knolhoff and Heckel 2014). In

this study, both female and male F. occidentalis adults

showed significant preferences for R. chinensis, G. jasmi-

noides, and T. erecta floral volatiles, and a strong prefer-

ence for living and feeding on plant flowers (Pearsall 2000;

Reitz 2002). Similar responses of F. occidentalis to these

volatiles have been reported in other plants, regardless of

plant flower or leaf (Teulon et al. 1999; Cao et al.

2014, 2015).

Female F. occidentalis adults made a clear choice in

each pairing of floral volatiles, exhibiting a strong prefer-

ence for R. chinensis. Furthermore, the steady host pref-

erence (R. chinensis[G. jasminoides[ T. erecta)

through the selection of floral volatiles by female thrips is

likely caused by the distinct volatile compounds associated

with each flower species. In addition, the different prefer-

ence for floral volatiles may have some relationship to the

damage levels caused by F. occidentalis to different

flowers. In our previous survey, the degree of damage was

measured by the method of Hamilton et al. (1999), and the

order of damage levels were R. chinensis (IV)[G. jas-

minoides (II)[ T. erecta (I) (Huang et al. 2009; Yuan et al.

2010). Thus, the more preferred the flower, the more

serious the damage, but the reason should be investigated

further. Naturally, different plants emit different volatiles,

both quantitatively and qualitatively, allowing herbivores

to distinguish suitable hosts (Dudareva et al. 2006; Beyaert

and Hilker 2014). For F. occidentalis, once the more

suitable flower host plant was confirmed through its distinct

floral volatiles, more and more thrips may gather, resulting

in more serious damage, and the different damage levels

were in accordance with the preference ranking for the

floral volatiles of the three flowers mentioned in this study.

Therefore, the precise composition of volatiles from

flowers needs to be analyzed to further explore the host

preferences and damage mechanisms of thrips.

Compared with the responses of the female thrips, male

F. occidentalis did not have a preference for volatiles

among the comparisons of the three flowers. Thus, female

thrips were better able to recognize a more suitable flower

host by olfactory means. Similar findings have been

reported for vegetable hosts (Cao et al. 2014) and in other

insects, such as Lygus hesperus (Blackmer and Canas

2005) and Aegorhinus superciliosus (Parra et al. 2009). The

olfactory physiology of chemoreceptors in insects may be

sex dependent, leading to different behavioral responses to

plant volatiles (Raguso et al. 1996). For F. occidentalis,

antennal sensilla differ in type and length between male

and female thrips, and the stronger olfactory responses of

female F. occidentalis to plant floral volatiles may be due

to their unique sensilla (Ding et al. 2010).

Host color is also considered an important cue to thrips

when locating hosts. However, unlike for the olfactory

response, F. occidentalis adults have similar responses to

different colors regardless of sex (Brødsgaard 1989; Mat-

teson and Terry 1992; Chu et al. 2005). Therefore, there

may be differences in host-finding mechanisms between

the olfactory and visual responses. It is reported that

varying color combinations could be more attractive to

thrips. For example, a yellow trap on a black, violet, or blue

background may catch greater numbers of F. occidentalis,

but this is also influenced by the size and shape of the traps

(Vernon and Gillespie 1995; Mainali and Lim 2010).

Furthermore, a greater attractiveness to insects is also

found when plant volatiles are combined with different

color backgrounds (Wenninger et al. 2009; Cai et al. 2015;

Pan et al. 2015). In this study, the responses of female

thrips to volatiles from different flowers were enhanced on

green and blue backgrounds in comparison with on red,

white, or yellow backgrounds. Blue was a preferred color

for thrips (Brødsgaard 1989; Matteson and Terry 1992;

Chu et al. 2005), and therefore, the olfactory responses of

thrips to floral volatiles were reasonably enhanced on blue

background. However, green was not the preferred color of

F. occidentalis when compared with blue (Brødsgaard

1989; Matteson and Terry 1992; Chu et al. 2005). This may

be because the color simulates the natural background

conditions or has just a suitable color intensity, thereby

also eliciting a stronger behavioral response from F.

occidentalis (Yang et al. 2015). Thus, not all the colored

backgrounds could enhance the responses of the thrips, and

similar results were reported in E. vitis (Cai et al. 2015) and

Apolygus lucorum (Pan et al. 2015). Because different

colors vary in intensity and wave length, the question of

how olfactory cues act synergistically with more visual

cues (a broad array of colors) during host location by thrips
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and other herbivorous insects requires further study (Ra-

guso and Willis 2002; Pinero et al. 2006; Wenninger et al.

2009).

In summary, the data presented in this study clearly

indicate that visual cues do not influence the flower pref-

erence associated with volatiles by male thrips, while the

combination of olfaction with some visual cues (green and

blue backgrounds) could enhance the behavioral responses

of female F. occidentalis adults during host locating. These

findings may help improve the design of traps for moni-

toring and managing this pest.
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