
Field evaluation of (E)-2-hexenal efficacy for behavioral
manipulation of egg parasitoids in soybean

Cecı́lia Rodrigues Vieira • Maria Carolina Blassioli -Moraes • Miguel Borges •

Carmen Silvia Soares Pires • Edison Ryoiti Sujii • Raúl Alberto Laumann
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Abstract We studied the influence of synthetic (E)-

2-hexenal on the abundance of Telenominae aiming to

attract parasitoids and enhance stink bug egg parasit-

ism in treated areas. We conducted experiments in

2006, 2007 and 2008 soybean seasons with two short-

term (one week) and one long-term (seven weeks)

experiment, respectively. We evaluated the abundance

of parasitoids with yellow sticky traps and estimated

the incidence and intensity of parasitism with sentinel

eggs of Euschistus heros Fabricius (Hemiptera: Pent-

atomidae) or with tulle bags, enclosing laboratory

pregnant E. heros as an egg source. In short-term

experiments, there was increased abundance of

Trissolcus spp. (Hymenoptera: Platygastridae: Tele-

nominae) in treated areas, associated with greater

intensity of parasitism. In long-term experiments,

treatment with (E)-2-hexenal did not influence the

abundance of Telenominae or parasitism levels, but

increased egg predation. Applications of (E)-2-hexe-

nal can be used to increase recruitment of Trissolcus

spp. in the early flowering stages of soybean and also

to attract other natural enemies, but do not increase

egg parasitism.

Keywords Pentatomidae � Telenominae �Green leaf

volatile � Herbivore-induced plant volatile � Natural

enemy

Introduction

Volatiles produced by hosts and plants, especially

herbivore-induced plant volatiles (HIPVs), play an

important role in the foraging behavior of parasitoids

and may influence their search for hosts (Price et al.

1980; Vet and Dicke 1992; Borges and Aldrich 1994).

The use of these cues to manipulate the distribution

and abundance of natural enemies offers important

prospects for biological control and integrated pest

management (Hare 2011; Vinson et al. 1998). Vola-

tiles have the potential to attract or retain parasitoids in

a particular area, thereby increasing host mortality

rates and altering the relationships between hosts and

natural enemies (Vet and Dicke 1992).
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Soybean is attacked by several herbivores and stink

bugs (Hemiptera: Pentatomidae) are some of the most

damaging (Panizzi 1997). In Brazil, the cosmopolitan

egg parasitoids Trissolcus spp. and Telenomus spp.

(Hymenoptera: Platygastridae: Telenominae) occur

naturally, and their high fecundity and density-

dependent parasitism (Corrêa-Ferreira and Moscardi

1996; Laumann et al. 2008, Meats and Pando 2002)

make them key regulators of stink bug populations

(Corrêa-Ferreira and Moscardi 1995; Medeiros et al.

1998). Therefore, biological control services of par-

asitoids are a valuable tool to reduce the use of

pesticides in agriculture and contribute to the preser-

vation of natural resources (Corrêa-Ferreira and

Moscardi 1996; Straub et al. 2008).

Borges et al. (1999) reported the attraction of

Telenomus podisi (Ashmead) in field conditions by

traps baited with sex pheromone of the brown stink

bug, Euschistus heros Fabricius (Hemiptera: Pent-

atomidae). The attraction of T. podisi by the sex

pheromone of E. heros, as well as the use of this

pheromone in host recognition, was confirmed after-

ward in laboratory experiments (Borges et al. 1999;

Silva et al. 2006). Laboratory studies also showed that

females of Trissolcus basalis (Wollaston) are attracted

to volatiles of the stink bug Nezara viridula (Linnaeus)

(Hemiptera: Pentatomidae) that are produced by

virgin males and females in a pre-oviposition situa-

tion, and also to plant synomones induced by feeding

and oviposition of this stink bug species (Colazza et al.

1999, 2004). Similar results were obtained for Tris-

solcus brochymenae Ashmead, when stimulated by

volatiles from males, females and nymphs of the stink

bug Murgantia histrionica Hahn (Hemiptera: Pent-

atomidae) (Conti et al. 2003). (E)-2-hexenal, one of

the major components of metathoracic glands secre-

tions of stink bugs (Aldrich 1988; Aldrich et al. 1995;

Baker et al. 1987; Pareja et al. 2007) and also a volatile

produced by stink bug host plants (e.g. soybean, bean

and maize, Michereff et al. 2011; Moraes et al. 2008b),

attracted T. podisi and T. basalis in laboratory

experiments (Laumann et al. 2009; Pires et al. 2001).

In short (seven days) field studies, (E)-2-hexenal was

efficient in attracting released adults of Trissolcus spp.

and in increasing parasitism on stink bug eggs during

the flowering stage of soybean (Peres 2004).

Herein, we tested the influence of (E)-2-hexenal on

the abundance of free-range Telenomus spp. and

Trissolcus spp. on soybean crops. We evaluate whether

application of (E)-2-hexenal in the field increases the

attraction and retention of natural enemies in treated

areas. We expected an increase in the abundance of

parasitoids in treated areas and, consequently, higher

occurrence and intensity of parasitism in stink bug

eggs, which would provide evidence of the compound

effectiveness. In addition, we compared different

methods of assessing the effects of semiochemicals

on natural enemies in field experiments. We found that

(E)-2-hexenal works as a long-distance cue to attract

Trissolcus spp. during the early reproductive stage of

soybean. Further, we discovered that (E)-2-hexenal

apparently attracts other natural enemies of stink bugs,

as evidenced by increased egg predation. Finally, we

found that parasitism is seemingly more influenced by

egg density or maybe other cues than by the application

of (E)-2-hexenal.

Materials and methods

Study areas

We conducted experiments during three consecutive

growing seasons in two areas in the Distrito Federal,

central Brazil. In the first (2006) and second (2007)

seasons, the experimental area was located on a private

farm at Colônia Agrı́cola Lamarão (15�5809400S,

47�3001600W). The soybean monoculture field (cv

MSOY 6101) had a total cultivated area of *55 ha,

surrounded by riparian vegetation and an intercrop area

(sorghum). In the first and second seasons sampling

took place during one week (short-term experiment),

always in the flowering stage of soybean plants (R2,

Ritchie et al. 1988). To account for the temporal

variation in the influence of (E)-2-hexenal on the

abundance of parasitoids, we conducted a long-term

experiment in the third season (2008) and sampling

took place during seven weeks at Embrapa Recursos

Genéticos e Biotecnologia experimental station, Brazil

(15�4305000S, 47�5305900W), throughout the entire

reproductive cycle of soybean. A riparian forest and

other small crops of papaya, castor oil plant, sunflower

and cotton surrounded the soybean area.

Insects

We obtained all the eggs and adults of the brown stink

bug, E. heros, used in field experiments from a
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laboratory colony maintained at Embrapa Recursos

Genéticos e Biotecnologia. We followed the rearing

procedures described by several authors (Silva et al.

2006; Costa et al. 1998; Laumann et al. 2011).

Impregnation of rubber septa with (E)-2-hexenal

We impregnated red rubber septa with (E)-2-hexenal

the day before they were placed in the field. Initially,

we diluted pure (E)-2-hexenal (Sigma-Aldrich, United

States) in 97 % n-pentane (Sigma-Aldrich, Germany)

to achieve concentrations of 5 mg per septa (H1). We

treated rubber septa referring to H1 applying an

aliquot of 250 ll from 20 mg ml-1 stock solution of

(E)-2-hexenal. For control plots, we applied 250 ll of

pure n-pentane in each septum. The selection of

dosage used in the field was in accordance with

previous works (Peres 2004) and with experiments to

evaluate the releasing rate of the compound conducted

in the laboratory (Vieira et al., unpublished data). We

stored groups of septa dependent on treatment in

aluminum foil and placed them at -20 �C separately

packed in plastic freezer bags to be used the next day.

The septa were transported to the field in polystyrene

foam boxes and kept on temperature below 10 �C with

ice packs.

Short-term experiments

Parasitoid attraction

We evaluated the effect of synthetic (E)-2-hexenal on

the attraction of adult parasitoids using yellow sticky

traps (Biotrap�, BioControle Métodos de Controle de

Pragas Ltda.) and rubber septa baited with the

compound. For the first season (2006), we marked

two 900 m transects, separated 150 m apart from each

other, in the soybean field. Along each transect, we

distributed six equidistant stakes (every 150 m),

which served as support to rubber septa attached by

wires, treated with n-pentane (control) or (E)-2-

hexenal 5 mg (H1 treatment). We randomly assigned

treatments to each stake and also placed in each one,

below the rubber septa, a 24.0 cm 9 30.0 cm yellow

sticky trap to capture adult parasitoids (Fig. 1a). For

the second season (2007), we used the same design,

also with control and H1 treatment, except that both

900 m transects had ten stakes each and were 100 m

apart from each other (Fig. 1c). In both seasons, we

kept traps and treatments in the field for seven days,

along the flowering stage of soybean plants (R2, Ritchie

et al. 1988). For all seasons, we placed rubber septa

approximately 1.20 m above ground. We wrapped all

traps in plastic film and stored them in refrigerator so

that the insects could be identified at a later date.

Egg parasitism rates

To investigate the effect of (E)-2-hexenal on parasit-

ism, we assessed the incidence (presence or absence)

and intensity (proportion of parasitized eggs) of

parasitism by the distribution of E. heros sentinel

eggs or enclosed pregnant females around treated

rubber septa. The sentinel eggs consisted of

3.0 cm 9 3.0 cm cardboard strips containing eggs

glued with Arabic gum.

In the first season, we established two 900 m

transects in a neighbor soybean crop, adjacent to the

lines traced for the experiment with sticky traps.

Along each transect, we distributed ten equidistant

(every 100 m) stakes, which served as a support to

rubber septa filled with n-pentane (control) or (E)-2-

hexenal 5 mg (H1) and attached by wires. We

assigned treatments randomly to each stake. Then,

we sorted four soybean plants, one in each cardinal

direction and 1 m far from each stake (Fig. 1b), and

attached one cardboard with sentinel eggs

(N = 50 eggs per card) to each plant, with color tape.

Previously, we covered all sentinel egg cardboards

with *2 mm thick tulle, which allowed free passage

of parasitoids and avoided predator’s access to the

eggs (e.g. other stink bugs and beetles). We exposed

eggs in the field for five days.

During the second season, we worked in two

50 m 9 50 m plots, each with four rubber septa at the

vertices, treated with n-pentane (control) and (E)-2-

hexenal 5 mg (H1). Plots were adjacent to the soybean

field where adult parasitoids were sampled in that

season. To simulate a natural infestation and detect

parasitism rates, we enclosed nine plants with silk-net

bags (*2 mm mesh) along both plot diagonals spaced

10–15 m from each other and infested each bag with

fifteen pregnant females of E. heros (N = 15 females

per bag) as an egg source (Fig. 1d). The silk-net bag

worked like a cage and was capable to hold the stink

bugs inside and to allow free movement of parasitoids.

We closed the bags on both extremities with cotton

strings and kept them in the field for five days.
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Afterward, we removed the bags with plants from the

field and transported them to the laboratory where we

individualized egg masses deposited by stink bugs on

plants.

We placed all eggs in separated plastic containers

with lids and maintained them in a room with controlled

environmental conditions (LD 14:10 h, 26.0 ± 18 C

and 65 ± 10 % RH). We verified parasitism by the
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Fig. 1 Experimental design for assessing effects of (E)-2-

hexenal upon the abundance of adult parasitoid and parasitism

rates on Euschistus heros eggs. Short-term experiments: 2006

and 2007; long-term experiment: 2008. a Adult parasitoids

sampling with yellow sticky traps; b estimation of egg

parasitism rates with sentinel eggs in cardboards; c estimation

of parasitism rates upon egg masses laid by E. heros females

inside tulle bags; d adult parasitoids sampling with yellow sticky

traps; e adult parasitoids sampling with yellow sticky traps and

estimation of egg parasitism rates with sentinel eggs in

cardboards within cages
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emergence of parasitoids or by dissecting eggs and

recording the presence of pupae and immature stages,

when parasitoids did not complete their development.

To count adult parasitoids and parasitized eggs, and to

identify emerged parasitoids, we used a Zeiss SV6

stereomicroscope. We identified and quantified parasit-

oids (Telenominae) to the lowest possible taxonomic

level following the dichotomous key developed by Dr.

Marta Loiácono (Museo de La Plata, Argentina). We

also recorded the number of inviable eggs while

observing egg masses recovered from the field in the

first season. We recognized eggs attacked by sucking

predators as being empty or dry, with the exterior

surface intact, and by feeding holes made by predators;

eggs attacked by chewing predators had a shredded

exterior surface still attached to the cardboard, without

the top cap of the egg (Tillman 2010). Some eggs were

lost to the action of rain: they were quantified as missing

and were not considered in the analysis.

Long-term experiment

Parasitoid attraction

In the third season (2008), we conducted a long-term

experiment to test the effects of (E)-2-hexenal applica-

tions on parasitoid population dynamics, and also to

check the effects of long-term application on parasitoids

recruitment and parasitism levels. We randomly dis-

tributed six cages of about 5.2 m3 (W: 2.4 m, H: 1.8 m,

D: 1.2 m), apart from each other at least 20 m on a

0.5 ha soybean area (cvMSOY 6101) at the beginning of

the reproductive stage of plants. Cages were kept in the

field until the soybean physiological maturity (from

flowering to physiological maturity, R1-R7, Ritchie

et al. 1988). We infested each cage with fifteen E. heros

stink bugs to achieve the density of two stink bugs per

meter (control action level, Embrapa 2010). We covered

cages with *4 mm mesh durable polyester to keep

stink bugs inside and to allow free movement of

parasitoids. We randomly assigned treatments to three

cages with (E)-2-hexenal (H1) and three control cages

(n-pentane). Along one diagonal of each cage we placed

three evenly spaced iron stakes. To assess parasitoid

abundance, we attached by wire one 12.0 cm 9

15.0 cm yellow sticky trap to each stake and a rubber

septum to the central stake (Fig. 1e). We exposed the

adhesive surface of sticky traps during three days for

each week of the soybean reproductive cycle, for a total

of seven weeks, removing traps after the third day. We

replaced traps and rubber septa weekly, four days after

trap removal, until the end of the soybean cycle

(physiological maturity of plants).

Egg parasitism rates

To estimate parasitism indices, we placed three card-

board strips with sentinel eggs out weekly (N =

50 eggs per card, Fig. 1e) around the central septum

in each cage. We conducted the experiment during the

same period as the adult parasitoid sampling in this

season. We exposed sentinel eggs in the field for

three days and replaced them four days after removal,

coinciding with the replacement of rubber septa.

Subsequently, after exposure in the field, we collected

the sentinel eggs and verified parasitism and predation

as previously described for the short-term experiments.

Statistical analyses

Parasitoid attraction

To assess the effects of (E)-2-hexenal on the abun-

dance of parasitoids sampled with sticky traps in

transects, during the first and second seasons, we used

a logistic regression (Quinn and Keough 2002). In this

analysis, the grouping variable was the presence or

absence of (E)-2-hexenal, whereas the abundance of

Telenomus spp., Trissolcus spp. and all other parasit-

oids were used as predictors. Used in this fashion,

logistic regression is equivalent to discriminant ana-

lysis (DA), where a combination of predictors is used

to predict group membership. However, because our

predictor variables are discrete, not continuous vari-

ables, the logistic regression is by far superior, being

more flexible then the DA; predictors are not assumed

to be normally distributed, linearly related, or with

homoscedasticity (Tabachnick and Fidell 2013). To

check the adequacy of the full model, we compared it

to an intercept-only (null) model with the Pearson v2

statistic and we used a manual forward selection

approach to determine predictor importance by adding

variables to the null model and assessing model

improvement with a significance v2 test of the

reduction in scaled deviance (Crawley 2012).

For the third sampling season, we used a general-

ized linear mixed model (GLMM) with a Poisson error

distribution and a log link function (Demidenko 2013;
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Galecki and Burzykowski 2013) implemented with the

package lme4 (Bates et al. 2013) to assess differences

between treatment with (E)-2-hexenal and control

cages in the total abundance of Telenominae sampled

with sticky traps, throughout the soybean reproductive

cycle. We pooled the abundance of all Telenominae,

since Telenomus spp. were captured three times as

often, whereas Trissolcus spp. were rare. In this model,

we used two fixed-effect parameters, treatment with

(E)-2-hexenal (with levels control vs. (E)-2-hexenal)

and weeks (1–7), and cage as a random effect (Zuur

et al. 2009). We assessed the significance of the fixed

factors and their interaction by comparing the full

model with simpler models, sequentially dropping

terms and using significance tests (v2) of the reduction

in scaled deviance (Crawley 2012).

Egg parasitism rates

We assessed the effect of (E)-2-hexenal upon the

incidence (presence or absence) of parasitized eggs in

cardboards using a generalized linear model (GLM)

specifying errors with binomial distribution and logit

link function (Crawley 2012). To assess the effect of

(E)-2-hexenal upon the intensity (proportion) of egg

parasitism, we used a GLMM with a binomial error

distribution and logit link function (Demidenko 2013;

Galecki and Burzykowski 2013), implemented with

the package lme4 (Bates et al. 2013). Because

predation was prominent on sentinel eggs, we also

tested the effect of (E)-2-hexenal upon the intensity of

egg predation. The model incorporated a fixed-effect

parameter (with levels control vs. (E)-2-hexenal) and

random effects specifying the nested effect of card-

boards within stake in the first season, within bag in

the second season and within cage by week in the third

season (Zuur et al. 2009). We performed all statistical

analysis in R 3.0.2 (R Development Core Team 2013)

and used the significance level of 5 % for hypothesis

tests.

Results

Parasitoid attraction

From the total adult parasitoids recorded with sticky

traps by season (N2006 = 397, N2007 = 316,

N2008 = 204), Telenominae represented 29.47, 44.62

and 33.82 %, respectively. The main Telenominae

species were T. podisi and T. basalis. The logistic

regression analysis showed a significant effect of (E)-

2-hexenal on the abundance of parasitoids

(v2 = 11.25, df = 3, P = 0.01) during the short-term

experiments, with higher abundance on treated areas

(2006: control 1.83 ± 0.75, treatment 4.50 ± 2.35;

2007: control 3.60 ± 1.90, treatment 4.30 ± 2.26;

values correspond to mean ± SE abundance of par-

asitoids per sticky trap). The model selection indicated

higher abundance of Trissolcus spp. in traps from (E)-

2-hexenal treated areas in both seasons (v2 = 10.33,

df = 1, P \ 0.01, Fig. 2 a–b), while the abundance of

Telenomus spp. (v2 = 0.11, df = 1, P = 0.74, Fig. 2

c–d) and the remaindered parasitoids (v2 = 0.78,

df = 1, P = 0.38, Fig. 2 e–f) were not affected by

treatment. The effect of (E)-2-hexenal on the abun-

dance of Trissolcus spp. was independent of season,

i.e., there was no interaction between treatment and

year (v2 = 0.03, df = 1, P = 0.87).

For the long-term experiment (third season, 2008),

the GLMM analysis indicated no significant effect of

the interaction between treatment with (E)-2-hexenal

and week (v2 = 0.21, df = 1, P = 0.65) or of the

treatment with (E)-2-hexenal (v2 = 0.01, df = 1,

P = 0.90) on the abundance of Telenominae parasit-

oids captured with sticky traps in cages (Fig. 3a).

Nevertheless, the variation of the abundance of

Telenominae along the soybean reproductive stage

(weeks) was significant (v2 = 9.19, df = 1,

P \ 0.002), with an overall increase in the abundance

through time (Fig. 3a).

Egg parasitism rates

In the first short-term experiment (2006), of the 4,000

eggs (80 sentinel eggs cardboards) placed in the field,

35.03 % were eaten and 19.80 % were lost. Telenom-

inae parasitized 7.30 % of the remaining 1,807 eggs

(3.30 % of the total placed in the field). The GLM

indicated no significant effect of treatment with (E)-2-

hexenal on the incidence of parasitism in sentinel eggs

(z = 1.55, P = 0.12). However, the GLMM indicated

a significant effect of treatment with (E)-2-hexenal on

the intensity of parasitized eggs (z = -4.10,

P \ 0.01; control: 1.26 ± 3.34, treatment: 2.44 ±

2.97; mean parasitized eggs by treatment) and on the

intensity of egg predation (z = 2.80, P = 0.05,
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control: 20.57 ± 24.41, treatment: 18.92 ± 23.75;

mean preyed eggs by treatment).

During the second short-term experiment (2007),

from the total amount of egg masses deposited on

soybean plants enclosed by bags (Negg masses = 130,

Neggs = 1,254), 40.2 % were in the control plot and

59.8 % in the H1 plot. Overall, 4.44 % of the 1,148

eggs that were not eaten (8.45 %) were parasitized.

The GLM indicated no significant effect of (E)-2-

hexenal on the incidence of parasitism (z = 1.83,

P = 0.07), while the GLMM indicated a significant

effect of (E)-2-hexenal on the intensity of parasitism

(z = -2.27, P = 0.02; control: 0.25 ± 1.61, treat-

ment: 0.50 ± 1.57; mean parasitized eggs by treat-

ment) and no significant effect on the intensity of egg

predation (z = 0.22, P = 0.82).

Of the 6,300 stink bug eggs distributed in the field

during the long-term experiment, 33.63 % hatched out

when returned from the field, 18.17 % were parasit-

ized by Telenominae, 18.84 % were preyed, 16.51 %

did not hatch, and 12.84 % were lost due to the action

of rain. The most common and potential predators

observed were lady beetles, grasshoppers, crickets and

other stink bugs, e.g., Geocoris spp. (Hemiptera:
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Geocoridae). Sentinel eggs were parasitized mainly by

T. podisi and sporadically by Trissolcus teretis (John-

son). The GLM showed no effect of treatment with

(E)-2-hexenal on the incidence of parasitism in

sentinel eggs (z = -1.86, P = 0.06). The GLMM

analyses indicated no significant effect of (E)-2-

hexenal on the intensity of parasitism (z = -0.09,

P = 0.93). Both the effects of week (z = -12.25,

P \ 0.001) and the interaction week by treatment

(z = 5.98, P \ 0.001) were significant (Fig. 3b). On

the other hand, the same analyses indicated a signif-

icant effect of (E)-2-hexenal on the intensity of

predation (z = -3.74, P \ 0.001), with higher values

of predation in treated plots (control: 0.08 ± 0.23,

treatment: 0.35 ± 0.45; mean preyed eggs by treat-

ment). Both the effects of week (z = -11.35,

P \ 0.001) and the interaction week by treatment

(z = 6.62, P \ 0.001) were significant (Fig. 3c).

Discussion

Our results suggest that (E)-2-hexenal is attractive

only to Trissolcus spp. when applied during the R2

soybean stage in the field (Fig. 2 a–b). In experiments

along the entire soybean reproductive cycle, the

applications of (E)-2-hexenal did not affect the

abundance of free-ranging adult Telenominae parasit-

oids in the field (Fig. 3a). Considering all experiments,

treatment with (E)-2-hexenal was associated with

greater intensity of parasitism only in short-term

experiments. The treatment with the chemical com-

pound also played an important role on egg predation

by natural enemies, which was significantly higher in

treated areas in the first short-term and in the long-term

experiment, showing an increment through time

(Fig. 3c).

Previous laboratory studies demonstrated that (E)-

2-hexenal was able to modify the search pattern of T.

podisi, but the same compound had no significant

attraction effect on T. basalis (Laumann et al. 2009).

However, another laboratory study demonstrated that

this compound induced a prolonged antennation time

on the latter (Mattiacci et al. 1993). In our study, T.

basalis, but not T. podisi, was attracted to (E)-2-

hexenal in short-term field experiments. Laboratory

two-choice behavioral assays with single compounds

or simplified mixtures of semiochemicals can provide

evidence of volatiles attractant to parasitoids, but they

are not necessarily equivalent to field experiment

responses due to entangled and stochastic natural

processes. The complexity of volatiles in the latter

situation might lead insects to use background odor as

a contrast to obtain information from specific chem-

icals. Therefore, a specific odor coding can be reached

considering the quantity and quality of chemical

mixtures that the parasitoid perceived (Hilker and

McNeil 2008).
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Fig. 3 Influence of treatment with (E)-2-hexenal on weekly

variation of (a) mean abundance (±SE) of parasitoids (Tele-

nominae) captured with yellow sticky traps, (b) mean proportion

of parasitism (±SE) and (c) mean proportion of predation (±SE)

on stink bug sentinel eggs glued on cardboards, by reproductive

stage of soybean (R1-R7), in cages during long-term experi-

ments in 2008
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The divergent responses observed between parasit-

oid species could be related to their favorite host

(Corrêa-Ferreira 2002; Peres 2004). Although both

species are generalist egg parasitoids, they showed

differential host preferences, with T. podisi preferring

E. heros and T. basalis preferring N. viridula as hosts

(Peres 2004; Sujii et al. 2002). This suggests that each

parasitoid has a different behavior in response to (E)-

2-hexenal, and a possible reason could be related to

quantitative differences in the composition and pro-

portion of secretion of metathoracic gland volatiles

observed between preferred stink bugs species (Pareja

et al. 2007). (E)-2-hexenal is the main component of

metathoracic glands secretions of N. viridula (McPh-

erson and McPherson 2000; Moraes et al. 2008a), a

favorite host of T. basalis (Sujii et al. 2002). Euschi-

stus heros is the dominant species of the soybean stink

bug guild in central Brazil, whereas T. podisi is the

dominant egg parasitoid species (Medeiros et al. 1997;

1998). This pattern was confirmed in this study, given

the prevalence of T. podisi in the samples.

Previous field experiments in areas where T. basalis

and its favorite host are dominant (southern Brazil)

showed that parasitism in eggs of different stink bugs

species was increased with (E)-2-hexenal (5 mg per

septum) alone and with a mixture of (E)-2-hexenal and

n-tridecane, another major component of metathoracic

glands of different stink bug species (Baker et al.

1987; Pareja et al. 2007), in a dosage of 2.5 mg per

septum of each compound, when applied during the

reproductive stage of soybean plants (Peres 2004). A

similar response was observed when lacewings were

monitored with a combination of methyl salicylate and

the male aggregation pheromone iridodial (Jones et al.

2011). The results of our short-term experiments

seemingly imply a convergent attraction effect of (E)-

2-hexenal on T. basalis. They suggest that the

composition of the parasitoid guild and their specific

responses to semiochemicals need to be considered for

the efficient behavior manipulation of these parasit-

oids. In addition, a combination of plant volatiles and

other compounds can increase the efficiency of

semiochemicals in the field.

(E)-2-hexenal has been reported as stink bug’s

defensive compound (Aldrich 1988), alarm phero-

mone (Ishiwatari 1974; Lockwood and Story 1985;

1987) and nymph aggregation pheromone (Ishiwatari

1976; Lockwood and Story 1985), it is also a common

green leaf volatile produced by soybean when

subjected to stink bugs injuries (Michereff et al.

2011; Moraes et al. 2008a). As such, this compound

can act as a long-range cue that allows parasitoids and

also other natural enemies to find their host habitat,

rather than a cue directly associated to their hosts in

the field (Moraes et al. 2008a).

The observed influence of (E)-2-hexenal applica-

tions on egg predation is in agreement with other

studies that found significant increment on the abun-

dance of insect predators in areas treated with

synthetic plant volatiles (James 2003, 2005; Simpson

et al. 2011a). Future studies are necessary to investi-

gate this matter in soybean thoroughly.

Our experiments indicated that the field application

of (E)-2-hexenal had no effect on parasitism rates. In

addition, parasitism rates were lower than those

commonly found in soybean fields in southern (Cor-

rêa-Ferreira and Moscardi 1995) and central-western

Brazil (Medeiros et al. 1997; 1998). These results may

stem from parasitoids species-specific responses to

(E)-2-hexenal, from parasitoids host preferences and

their density in the field, as previously stated.

The inverse relation between predation and para-

sitism observed in the first and third experiment (i.e. in

areas where predation was high the parasitism tended

to be low and vice versa) can be indicative of local

density-dependent interactions and might have

affected the results of egg parasitism, independently

of treatment. Detailed exploration aiming to detect

density-dependent interactions should be carefully

studied in the future, because in certain host-parasitoid

interactions the level of parasitism is dependent on

host’s density for a given spatial scale (Cronin and

Strong 1990; Hassell 1985; Hassell and Waage 1984;

Stiling 1987).

The absence of other stimuli used by parasitoids in

their sequential behavior during host searching (Fa-

touros et al. 2008) can also contribute to the neutral

effect of (E)-2-hexenal application on parasitism rates.

When searching for hosts, Telenominae use different

stimuli at long and short distances, such as synomones

from plants (Colazza et al. 2014; Moraes et al. 2008b),

chemicals left by stink bug foot prints (Borges et al.

2003), host vibratory signals (Laumann et al. 2011)

and visual cues (de Aquino et al. 2012). The use of a

single stimulus to attract parasitoids may not be

effective for promoting both the recruitment of

parasitoids and the increasing of parasitism in treated

areas (Vieira et al. 2013). Further, parasitoid
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recruitment may not be directly linked to higher

parasitism rates because their performance can be

influenced by other ecological factors, such as pre-

sence of additional resources, food or even shelter

(Moraes et al. 2013). Strategies as ‘‘attract-and-

reward’’ (Khan et al. 2008; Simpson et al. 2011b) or

‘‘push–pull’’ systems (Cook et al. 2007; Khan et al.

2011), which combine semiochemicals with vegeta-

tion diversity, could improve the action of natural

enemies.

The lack of influence of (E)-2-hexenal upon

parasitoid abundance during the long-term experiment

was not expected, but the short distance between

treated and control cages combined with the high

spread action of this volatile compound might have

invalidate the response of parasitoids. It is possible

that the distance among cages (20 m) was not enough

to show a clear effect of the compound during the

long-term experiment and to avoid the inducible

emission of volatiles from neighbor plants, as shown

for some green leaf volatiles (Dudareva et al. 2006).

The effective action distance for HIPVs and other

semiochemicals to attract parasitoids or predators is

largely unknown (Kaplan 2012). Some studies reports

that effective distance to attract predators and parasit-

oids could vary between 1 m (Simpson et al. 2011a) to

10 m (Lee 2010). Additionally, time, dosage, release

form (dispensers, sprays, plants emitting semiochem-

icals) and frequency of applications must also be

considered (Kaplan 2012; Moraes et al. 2013). Also,

the lack of effect of (E)-2-hexenal observed in our

long-term experiment could be related to plant phe-

nology or climatic seasonal variations. Simpson et al.

(2011a) sprayed different HIPVs in vineyards, but

only observed significant attraction of natural enemies

in the early season application. Similarly, Vieira et al.

(2013) found significant attraction in soybean plots

sprayed with cis-jasmone only in the first four weeks

after one application and no influence of the applica-

tions on parasitism levels.

Our results indicate the potential of (E)-2-hexenal

to management of the egg parasitoid T. basalis and

perhaps other natural enemies. Nevertheless, for an

efficient use in the field, i.e. increased parasitism due

to increased density of adult parasitoids, some open

questions remain to be addressed, such as effective

dosage, timing of application, and the combined use

with other semiochemicals or with key plants to an

‘‘attract-and-reward’’ strategy. In addition, the effects

of field applications of (E)-2-hexenal on stink bugs

behavior also needs to be addressed, because this

compound is usually found in their defensive gland

secretion (Moraes et al. 2008a; Pareja et al. 2007),

suggesting a biological function that is not yet

described. To understand the effects of this compound

on parasitoids populations in field conditions is

important because these natural enemies drive the

mortality of stink bugs in the early stage of develop-

ment (eggs), contributing to the reduction of popula-

tion levels of relevant pests in plants of agricultural

importance.
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