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Abstract – The objective of this work was to evaluate the field attractiveness of Thyanta perditor synthetic 
sex pheromone‑baited traps, its attractivity to other stink bug species, and the response of T. perditor to a 
geometric isomer of the sex pheromone. Two‑liter transparent plastic bottles traps were baited with rubber 
septa impregnated with the treatments: 1 mg of methyl‑(2E,4Z,6Z)‑decatrienoate [(2E,4Z,6Z)‑10:COOMe], the 
male sex pheromone of T. perditor; 1 mg of (2E,4Z,6Z)‑10:COOMe protected from sunlight in standard PVC 
plumbing pipe; 1 mg of its geometric isomer [(2E,4E,6Z)‑10:COOMe]; and traps with rubber septa impregnated 
with hexane (control). The experiment was carried out in field during the soybean reproductive stages. Traps 
were monitored weekly, and the captures were compared to the population density estimated by the sampling 
cloth and visual inspection monitoring techniques. Traps baited with the sex pheromone, protected or not, were 
more effective in capturing T. perditor than traps baited with the isomer or the hexane. Thyanta perditor sex 
pheromone showed cross‑attraction to other stink bug species, such as Euschistus heros, Edessa meditabunda, 
Piezodorus guildinii and Nezara viridula. Pheromone‑baited traps can be used in population monitoring and to 
identify the relative composition of stink bug guilds. 

Index terms: cross‑attraction, methyl‑(2E,4Z,6Z)‑decatrienoate, neotropical stink bugs, sex pheromone. 

Captura em campo de Thyanta perditor em armadilhas  
iscadas com feromônio

Resumo – O objetivo deste trabalho foi avaliar em campo a atratividade de armadilhas iscadas com o feromônio 
sexual sintético de Thyanta perditor, a possível atração de outras espécies de percevejos pelo feromônio 
sexual e a resposta de T. perditor ao isômero geométrico de seu feromônio sexual. Armadilhas construídas 
com garrafas plásticas de 2 L foram iscadas com septos de borracha impregnados com os tratamentos: 1 mg 
de (2E,4Z,6Z)‑decatrienoato de metila [(2E,4Z,6Z)‑10:COOMe], feromônio sexual de machos de T. perditor; 
1 mg de (2E,4Z,6Z)‑10:COOMe protegido da luz solar com um tubo de PVC; 1 mg do seu isômero geométrico 
[(2E,4E,6Z)‑10:COOMe]; e septos de borracha impregnados com hexano (controle). O  experimento foi 
conduzido em campo durante a fase reprodutiva da soja. As armadilhas foram monitoradas semanalmente, e 
as capturas comparadas com a densidade populacional estimada pelas técnicas de pano de batida e inspeção 
visual. As armadilhas iscadas com o feromônio sexual, protegido ou não, foram mais eficientes na captura 
de T. perditor que as armadilhas iscadas com o isômero ou com o hexano. Foi observada atração cruzada do 
feromônio sexual de T. perditor a outras espécies de percevejos, como Euschistus heros, Edessa meditabunda, 
Piezodorus guildinii e Nezara viridula. Armadilhas iscadas com o feromônio podem ser usadas no monitoramento 
populacional e na identificação da composição relativa de guildas de percevejos.

Termos para indexação: atração cruzada, (2E,4Z,6Z)‑decatrienoato de metila, percevejos neotropicais, 
feromônio sexual.

Introduction

Stink bugs are the most important soybean pest in 
Brazil and other countries of South America. These 
insects are found in guilds, and the species composition 
and abundance may vary between regions (Panizzi & 
Côrrea‑Ferreira, 1997). Thyanta perditor (Fabricius), 
which inhabits northern South America, Central 

America and some states of the United States, such 
as Florida, Texas and Arizona (Panizzi et  al., 2000), 
is a species of the soybean stink bug guild that may be 
found in other crops, such as wheat, rice, sorghum and 
sunflower, where it may feed on seeds (Malaguido & 
Panizzi, 1998; Panizzi et  al., 2000). In soybean, this 
species is as a secondary pest (Panizzi et  al., 2000), 
and may reach high population levels in the central 
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region of Brazil, especially in weed infested crop 
fields. Waldbauer (1977) also reports T. perditor as an 
important soybean pest in Colombia. 
Stink bug control is done mainly with the 

application of synthetic insecticides, in most cases 
without a precise estimation of population density and 
control thresholds. As a result, more than 4x106 L of 
insecticides are used annually in Brazil to control this 
soybean pest (Corrêa‑Ferreira & Moscardi, 1996), 
and the indiscriminate use of insecticides has negative 
impacts on the economy, environment and human 
health. 
The monitoring and control of stink bugs with 

semiochemicals has been proposed by several 
researchers as a more ecologically benign approach 
to their management (Borges et  al., 1998a, 1998b; 
Millar et  al., 2002; Cullen & Zalom, 2005; Aldrich 
et  al., 2007). In the last few years, technology using 
sex pheromone‑baited traps for monitoring neotropical 
stink bug populations has been intensively researched. 
Technology for monitoring the neotropical brown 
stink bug (Euschistus heros) was developed, and 
pheromone‑baited traps with its sex pheromone showed 
a positive relationship with field populations monitored 
with the shake cloth technique, which indicates it could 
be used to monitor seasonal fluctuations (Borges et al., 
1998b; Pires et al., 2006; Borges et al., 2011).
With the isolation and identification of the T. perditor 

sexual pheromone (Moraes et  al., 2005), a new tool 
for stink bug monitoring could become available. 
The T.  perditor male‑produced sex pheromone 
was identified as methyl‑(2E,4Z,6Z)‑decatrienoate 
[(2E,4Z,6Z)‑10:COOMe], the same compound 
identified in nearctic species of Thyanta; however, 
in the latter, the sexual pheromone is a blend that 
includes the decatrieonate and three sesquiterpenes 
[(+)‑α‑curcumene, (‑)‑zingiberene, and (‑)‑β-sesqui-
phellandrene)] (Millar, 1997; McBrien et  al., 
2002). Khrimian (2005) synthesized all the 
stereoisomers of methyl 2,4,6‑decatrienoate, including 
(2E,4Z,6Z)‑10:COOMe, making them available for 
field trials. The compound is photosensitive and can 
isomerize to produce a complex mixture (Khrimian 
et al., 2008); therefore, its stability in field conditions 
needs to be tested.

The geometric isomer of the T.  perditor sex 
pheromone [(2E,4E,6Z)‑10:COOMe] was identified 
(Sugie et  al., 1996) as an aggregation pheromone 

of the brown‑winged green bug, Plautia stali, 
which is native to Northeast Asia. It was found that 
(2E,4E,6Z)‑10:COOMe is attractive to at least two 
species of stink bugs that do not produce it. One is 
the brown marmorated stink bug, Halyomorpha halys, 
also native to Northeast Asia, which recently invaded 
the United States (Tada et al., 2001a, 2001b; Lee et al., 
2002; Aldrich et al., 2007). The other is the green stink 
bug Chinavia hilaris (syn. Acrosternum hilare) (Aldrich 
et al., 2007), a species native to North America. The use 
of the isomer of the T. perditor synthetic sex pheromone 
can be a more economical and convenient monitoring 
tool, because it is more stable and accessible than the 
synthetic pheromone itself.

The objective of this work was to evaluate the 
field attractiveness of Thyanta perditor synthetic sex 
pheromone‑baited traps, its attractivity to other stink 
bugs, and the response of T.  perditor to a geometric 
isomer of the sex pheromone.

Materials and Methods

The T.  perditor sex pheromone [(2E,4Z,6Z)‑ 
10:COOMe] and its isomer [(2E,4E,6Z)‑ 10:COOMe] 
were synthesized as described by Khrimian (2005). 
Both compounds were 95% stereoisomerically pure, 
which was determined by nuclear magnetic resonance 
(NMR). Gray rubber septa were purchased from West 
Company, Kearney, NE, USA, and were extracted with 
acetone:hexane (1:1), in a Soxhlet extractor, prior to 
impregnation with pheromone solutions, as described 
by Khrimian et  al. (2008). Septa were placed in a 
round‑bottom one‑neck Morton flask (Ace Glass, Inc., 
Vineland, NJ) and covered with a hexane solution 
(0.7 mL per septum), containing 1 mg per septum of 
the tested compound. The flask was rotated on a closed 
rotary evaporator, without applying vacuum, for 1.5–2 
h or until the liquid was completely absorbed into 
the septa. The septa were placed in a fume hood for 
1 h to evaporate most of the remaining hexane, and 
subsequently used for field test. 
In order to test the attraction of the synthetic 

pheromone (2E,4Z,6Z)‑10:COOMe and the efficiency 
of the traps to capture T. perditor adults, a field test was 
performed in a soybean field (15 ha) in Brasília, Distrito 
Federal, Brazil (15°47'S, 47°55'W). The experiment 
was carried out from 2/16/2007 to 3/30/2007, 
during the R3 and R8 soybean physiological stages  
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(Fehr et  al., 1971). The experimental field was 
surrounded by a county road to the south, a cornfield 
to the west, a left over sorghum crop (not harvested) to 
the east, and a natural riparian vegetation area to the 
north.
The traps used in the experiments were described 

in Borges et  al. (1998b) and assembled from 2 L 
transparent plastic soft drink bottles. The traps had 
four holes at the top, each with a wire‑mesh funnel 
to allow the entrance of insects and the dispersion of 
the pheromone plume. The septa with the synthetic 
pheromone were hung at the entrance opening level, 
inside the trap, with a wire. A plastic funnel was placed 
in the lower third of the bottle to retain the insects 
in the trap. The bottom of the bottle functioned as a 
collector of the insects which entered the trap (Borges 
et al., 1998b; Pires et al., 2006).
The treatments used in the experiment were: T1, 

traps baited with rubber septa impregnated with 1 mg 
of (2E,4Z,6Z)‑10:COOMe; T2, traps baited with rubber 
septa impregnated with 1 mg of (2E,4Z,6Z)‑10:COOMe, 
protected from direct sunlight exposure in standard 
PVC plumbing pipes of 65x17 mm (internal diameter); 
T3, traps baited with rubber septa impregnated 
with 1  mg of the synthetic pheromone isomer, 
(2E,4E,6Z)‑10:COOMe; and T4, control, rubber septa 
impregnated with hexane. The rubber septa with 1 mg 
of the different compounds were changed every week. 
The treatment protected from sunlight was tested, since 
the compound is photosensitive and can isomerize to 
produce a complex mixture, as observed by Khrimian 
et al. (2008).
The traps were randomly distributed in 400x400 m 

squares, 20 to 30 m from the field borders. A total of 
16  traps (four for each of the four  treatments) were 
randomly distributed equidistantly, with 100 m between 
them. Traps were monitored once a week during 
the experiment. During each survey, insect number, 
species and sex were recorded. At each sampling date, 
two survey techniques were performed to estimate the 
population density (insects per square meter) and the 
species richness and abundance of the stink bugs in the 
guild. The shake cloth sampling technique (Herbert & 
Harper, 1983) was used in 15  randomized complete 
sample units per week, distributed in the experimental 
area. The sample unit consisted of a 1 m long cloth 
placed under the plants. The plants were shaken and the 
number of insects that fell on the cloth was recorded. 

The other technique used was the visual inspection and 
registration of the insects found on all plants (soybean 
and weeds) within 1 linear m of the culture. In both 
cases, the number of insects surveyed was converted to 
insects per square meter to obtain an estimation of the 
population density. 
The total number of adults (females + males) and 

the number of male and female T. perditor captured in 
the traps with the different treatments throughout the 
experimental period were compared with generalized 
linear models (GLM) and analyses of deviance 
(Anodev), using Poisson errors and log, as a link 
function. To compare the stink bug guilds sampled with 
the shake cloth technique and the pheromone‑baited 
traps, insect richness and abundance were used to 
calculate the Shannon diversity index and the 95% 
confidence interval, using the Bootstrap procedure. 
The diversity indexes were tested with the Shannon 
diversity t test. The GLM and Anodev analyses were 
carried out using the R programming language (R 
Development Core Team, 2008), and the diversity 
analyses were performed using the Past software 
(Hammer et al., 2001).

Results and Discussion

The mean number of T.  perditor adults captured 
during the experiment were significantly different 
(p<0.01) between treatments. The mean number of 
males did not show significant difference (p>0.05). 
In the traps baited with (2E,4Z,6Z)‑10:COOMe, the 
female percentage was 96.67%, whereas in the traps 
baited with the isomer (2E,4E,6Z)‑10:COOMe it was 
81.25% (Figure  1). The mean number of females 
captured in traps baited with the sex pheromone 
(protected or not from direct exposure to sunlight, T1 
and T2) was higher than the mean number of females 
captured in traps baited with its isomer (T3) and in the 
control traps (T4) (p<0.05); T3 captured a significantly 
higher number of bugs than the control. 
Survey dates affected the number of T.  perditor 

females captured within treatments (p<0.01); however, 
there was no interaction between this factor and the 
pheromone use. The number of T.  perditor females 
captured in the traps throughout the experimental period 
is shown in Figure 2. The number of T. perditor females 
captured in the pheromone‑baited traps was higher 
than the number of insects caught by the shake cloth 
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or visual inspection techniques, which are commonly 
used to estimate population density. This difference 
remained during the entire experimental period, except 
for the last week (Figure  3), when soybean reached 
physiological maturation, and the pheromone‑baited 
traps showed a diminished efficiency. These results 
are consistent with those obtained by Borges et  al. 
(2011) for the neotropical brown stink bug, E. heros, in 
soybean fields, and Cullen & Zalom (2000; 2005) for 
the nearctic Euschistus conspersus in tomato fields.
The efficiency of the pheromone‑baited traps during 

soybean colonization by stink bugs (initial reproductive 
phenological stages) may be explained by the attracting 
migrating females theory (Aldrich, 1988; Borges et al., 
2011). In the same period, due to the low populations 
of stink bugs, the shake cloth sampling technique 
was less efficient (Borges et  al., 2011). Since the 
evaluations began in a more advanced soybean stage 
(R3) than the one surveyed by Borges et al. (2011), the 
effect on the migrating insects could not be checked. 
The performance of the pheromone‑baited traps in the 
middle stages of the soybean cycle  (R4  to R6) was 
very similar to the ones observed with E. heros (Borges 

Figure 1. Thyanta perditor adults captured by pheromone-
baited traps during the experimental period. Percentages 
are the proportion of females related to the total of insects 
captured by traps. Means±SD followed by the same letter 
do not differ by the analysis of deviance, at 1% probability. 
T1, traps baited with rubber septa impregnated with 1 mg 
of (2E, 4Z, 6Z)-10:COOMe. T2, traps baited with rubber 
septa impregnated with 1 mg of (2E, 4Z, 6Z)-10:COOMe, 
protected from direct sunlight. T3, traps baited with rubber 
septa impregnated with 1 mg of (2E, 4E, 6Z)-10:COOMe.  
T4, traps with rubber septa impregnated with hexane (control).

Figure 2. Thyanta perditor females captured per trap per 
week in the different treatments. T1, traps baited with rubber 
septa impregnated with 1 mg of (2E, 4Z, 6Z)-10:COOMe. 
T2, traps baited with rubber septa impregnated with 1 mg 
of (2E, 4Z, 6Z)-10:COOMe, protected from direct sunlight. 
T3, traps baited with rubber septa impregnated with 1 mg 
of (2E, 4E, 6Z)-10:COOMe. T4, traps with rubber septa 
impregnated with hexane (control). The soybean stages R3, 
R4, R5, R6, R7, and R8 occurred at the following dates: 
2/23, 3/2, 3/9, 3/16, 3/23, and 3/30, respectively.

et al., 2011) and E. conspersus (Cullen & Zalom, 2000; 
2005), captured with their respective pheromones. 
Although the traps became less effective in the R7 

and R8 stages, they had a higher or similar efficiency 
to the sampling cloth or visual inspection sampling 
techniques. Borges et al. (2011) and Cullen & Zalom 
(2005) showed that, in the final stages of crop growth, 
pheromone‑baited traps lost their efficiency in 
comparison to the sampling cloth technique; probably 
a consequence of the migration of adults from the crops 
and the higher proportion of nymphs in the population 
(Panizzi & Corrêa‑Ferreira, 1997). The maintenance 
of the pheromone traps efficiency versus the other 
sampling techniques may be caused by the very low 
population density in the experimental area – less than 
one female per square meter.
This is the first known field demonstration of 

the attractiveness of the T.  perditor sex pheromone 
(2E,4Z,6Z)‑10:COOMe to females of this species. 
The effectiveness of the traps baited with pheromone, 
protected or not from direct sunlight, indicates that, 
apparently, pheromone degradation during the one‑ 
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week period in which the treated septa were placed in 
the field did not harm field attractiveness. Isomerization 
products can be attractants themselves, which is 
supported by the fact that (2E,4E,6Z)‑10;COOMe was 
also attractive to T. perditor under these experimental 
conditions, since this compound can be formed by a 
photoinduced isomerization of (2E,4Z,6Z)‑10:COOMe 
(Khrimian et al., 2008). Further investigation is needed 
to confirm whether (2E,4E,6Z)‑10:COOMe has an 
intrinsic attractiveness to T. perditor or if it reversibly 
isomerizes to (2E,4Z,6Z)‑10:COOMe in sunlight. 
The pheromone‑baited traps also captured other 

species of stink bugs (Figure 4). The Shannon diversity 
index was 1.08 (0.31–1.30, 95% confidence interval – 
CI) for the guild survey using the sampling cloth, and 
0.65 (0.51–0.95, 95% CI) for the guild survey using 
pheromone traps. The guild composition estimated by 
the traps showed a higher dominance of T.  perditor, 
but the diversity indexes compared by the Shannon 
diversity t test did not show significant differences 
(p>0.05). The relative abundance of the others species 
was similar.

The sampling cloth technique is a reference method 
for stink bug monitoring and is considered a nonbiased 
method to estimate pest population (Kogan & Pitre 
Junior, 1980). The similar performance of pheromone 
traps and sampling cloth is indicative that the 
pheromone‑baited traps may be a tool for population 
density estimations and for identifying the relative 
composition of stink bug guilds, at least in guilds 
in which the baited traps use the pheromone of the 
dominant species. 

Pheromone traps were able to capture others stink 
bug species (E. heros, Edessa meditabunda, Piezodorus 
guildinii and Dichelops furcatus) in a relative 
abundance, similar to the sampling cloth technique, 
which agrees with Pires et al. (2006) and Borges et al. 
(2011), who observed the cross‑attraction of stink bugs 
to traps baited with the pheromone of E. heros. 
There is still a debate on the reason for cross‑attraction 

to sex pheromones of stink bugs. Endo et  al. (2006) 
speculated that Piezodorus hybneri (Gmelin) could use 
the Riptortus clavatus (Thunberg) sex pheromone as a 
kairomone to search for food plants; similar speculations 
have been made by Tada et al. (2001a, 2001b). Aldrich 
et al. (2007) offered an alternative hypothesis to explain 
this behaviour, suggesting that it could be related to a 
mechanism of passive defence in stink bug aggregations. 
Eavesdropping on other pheromones apparently is a 
larger theme than initially thought of. Regardless of the 
reasons for cross‑attraction, this phenomenon should 
be relevant to stink bug monitoring programs, since 
the use of a unique semiochemical to survey an entire 
stink bug guild has obvious economical and practical 
advantages.

Figure 3. Comparison between Thyanta perditor captures 
per week per trap by pheromone-baited traps (T1 and T2) 
and female densities (female per square meter) estimated 
by sampling cloth or visual inspection techniques. T1, 
traps baited with rubber septa impregnated with 1 mg of  
(2E, 4Z, 6Z)-10:COOMe. T2, traps baited with rubber septa 
impregnated with 1 mg of (2E, 4Z, 6Z)-10:COOMe, protected 
from direct sunlight. SC, T. perditor female density estimated 
by sampling cloth technique. VI, T. perditor female density 
estimated by visual inspection. 

Figure 4. Relative abundance (%) of the different 
species of stink bugs captured during the experi-
mental period (six weeks) in pheromone-baited 
traps and sampling cloth. Tp, Thyanta perditor.  
Eh, Euschistus heros. Em, Edessa meditabunda. Pg, 
Piezodorus guildinii. Nv, Nezara viridula. 
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Conclusions

1. The Thyanta perditor synthetic sex pheromone 
and its isomer are highly efficient female attractants, 
and can be used for population monitoring and to 
identify the relative composition of stink bug guilds in 
field conditions.

2. The T.  perditor sex pheromone shows 
cross‑attraction to other species of stink bugs.
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