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Abstract

L. Parra, A. Mutis, F. Ortega, and A. Quiroz. 2013. Field response of Hylastinus obscurus
Marsham (Coleoptera: Curculionidae) to E-2-hexenal and limonene, two host-derived
semiochemicals. Cien. Inv. Agr. 40(3): 637-642. Red clover (Trifolium pratense L.), a valuable
legume in Chile, is important mainly for seed production and as forage for animal production.
Although it is considered a perennial, the productivity of this legume declines during the
second year of growth primarily because of infestation by the red clover root borer, Hylastinus
obscurus (Coleoptera: Curculionidae). Currently, there is no efficient method for controlling
this insect, although the use of semiochemicals may provide a new alternative to reduce the
damage caused by this curculionid. In this context, £-2-hexenal and limonene, which were
previously determined to be an attractant and a repellent, respectively, for H. obscurus, were
released from dispensers established in two cultivars (Quifiequeli INIA and Superqueli INIA)
and one experimental line (Syn II Pre III) of red clover at the Centro Regional de Investigacion
Carillanca (INIA-Carillanca) (Vilcin, Chile). H. obscurus was found in significantly higher
numbers on plants from areas treated with £-2-hexenal than from areas treated with limonene
or in areas that were left untreated as control areas. However, this attractiveness was influenced
by the red clover source such that the effect of £-2-hexenal was observed in Superqueli INIA
and Syn II Pre III but not in Quifiequeli INIA. Unlike previous studies, limonene had no effect
on H. obscurus. Our results provide the first evidence under field conditions for the potential
use of £-2-hexenal as an attractant for the red clover root borer H. obscurus.

Key words: E-2-hexenal, Hylastinus obscurus, limonene, semiochemicals, Trifolium pratense.

Introduction

Red clover (Trifolium pratense L.) is a valuable
forage legume in temperate regions of the world.
This species is characterized by its adaptation to
a wide range of soil types, pH levels, and envi-
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ronmental and management conditions (Steiner
and Alderman, 2003). In Chile, this legume is an
important resource for the seed industry as well
as for animal production and is used primarily
in short-rotation pastures and as hay, silage and
soiling (Ortega et al., 2012). Although it is con-
sidered a perennial plant, several authors have
reported that 7. pratense yields decline dramati-
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cally after two years because of high mortality
(Steiner and Alderman, 2003). The principal factor
contributing to this yield reduction is infestation
by the red clover root borer, Hylastinus obscurus
(Marsham) (Coleoptera: Curculionidae) (Steiner
and Alderman, 2003). This curculionid causes a
significant reduction in the production levels and
the persistence of red clover fields because both
the larvae and adults bore and feed within the
roots (Aguilera et al., 1996). Pesticides have not
successfully controlled H. obscurus infestations
(Aguilera et al., 1996); therefore, alternative strate-
gies for controlling this insect are necessary. In
this regard, the role of semiochemicals (volatile
compounds) released from the red clover plants
in eliciting behavioral responses from adult H.
obscurus has been investigated. In a previous
study, Kamm and Buttery (1984) determined the
preference of root borers for extracts obtained
from roots of diseased red clover plants and for
volatile compounds identified in these extracts,
such as methyl salicylate. Tapia et al. (2005)
reported that H. obscurus does not discriminate
between volatiles released from an ethanolic
extract obtained from healthy red clover roots
and those from roots infected with Fusarium
oxysporum Schlecht. Quiroz et al. (2005) re-
ported that volatiles from the aboveground parts
of red clover elicited changes in the behavior of
H. obscurus according to plant age. The insects
preferred extracts from young (1.5-yr-old) plants
over extracts from 2.5-yr-old plants. In another
study performed with root extracts from 1.5- and
2.5-yr-old plants, Tapia et al. (2007) determined
that the curculionid is attracted to root volatiles
of 1.5- but not 2.5-yr-old plants. In both root
extracts, 11 compounds were identified, but only
E-2-hexenal and methyl benzoate attracted H.
obscurus in olfactometric bioassays. By contrast,
limonene repelled the insects, and an increase in
the limonene content along with a decrease in the
E-2-hexenal content was associated with a loss of
attractiveness of the 2.5-yr-old clover roots (Tapia
etal.,2007). Alarcon et al. (2010) determined that
the Quifiequeli INIA cultivar was susceptible to H.
obscurus, whereas the Superqueli INIA cultivar
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and the experimental Syn II Pre III line showed
a lower H. obscurus abundance and a higher red
clover forage yield.

There are many benefits to suggest that semio-
chemicals (used for behavioral control) are ideal
components for use in integrated pest management
(IPM) programs, including the following: 1) a
low risk to human health and the environment
compared with insecticides, 2) long-distance
effectiveness because of their high volatility,
and 3) usage generally at the same concentra-
tions as those found in nature. For these reasons,
studies are needed to provide a more complete
understanding of the use of semiochemicals
under field conditions for developing behavioral
methods to control H. obscurus. Therefore, the
objectives of this study were to evaluate the ef-
fects of E-2-hexenal and limonene on the density
of H. obscurus under field conditions and to
investigate the behavioral response of this insect
toward two cultivars and one experimental line
of T. pratense.

Materials and methods
Location of the research and experimental design

The red clover experimental plots were estab-
lished in the spring of 2011 at the Instituto de
Investigaciones Agropecuarias (INIA) Centro
Regional de Investigacion Carillanca (38°411[]
south latitude, 72°2501 west longitude and 200
m.a.s.l.), located in the region of La Araucania
(Vilcun, Chile). The Quifiequeli INIA and
Superqueli INIA cultivars and the Syn II Pre
IIT experimental line were sown in previously
prepared soil (Andisol, belonging to the series
Vilcun, Temuco family) on September 28 using
a Planet Junior manual seeder (Cole Planter
Company, model B91-92B, Albany, GA, USA)
at a seeding rate of 15 kg ha''. The separation
between rows was 20 cm. The cultivars and
experimental line were arranged in a random-
ized complete block spatial layout with three
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replicates and a plot size of 7 x 9 m each.
Fertilization consisted of 150 kg of P,O, ha
and 100 kg of K, O ha™ and was based on P,O,,
K,0, B, S and Mg. No herbicides were applied
because weed control was performed manually.

Chemicals

The following pure synthetic compounds used in
the field experiments were purchased from Sigma
Aldrich: £-2-hexenal (> 95%, SAFC Sigma-Aldrich,
St. Louis, Mo, USA) and limonene (mixture of
isomers, 96%, Sigma Aldrich Chemie Gmbh,
Steinheim, Germany).

Field test dispenser

The field experiments were conducted between
January 2012 and February 2013 at the INIA
Carillanca. A split plot design with three rep-
licates was used. The main plot (7 x 9 m) was
the semiochemical treatment, and the subplot
(7 x 3 m) was the red clover variety (average of
97 plants m?). To avoid interaction among the
semiochemical treatments, a distance of 10 m
between the main plots was used. There were
nine main plots: dispensers were deployed in all
of these plots, but the dispensers released the at-
tractant (E-2-hexenal), the repellent (limonene)
or no semiochemical (as the control), with each
treatment placed in three plots. The dispensers
consisted of red rubber septa (10 mm) (Sigma-
Aldrich, Steinheim, Germany), which were
placed 20 cm above the ground on iron stakes
A-44 (1.20 m long x 8 mm diameter) (Compaiiia
de Acero del Pacifico S.A., Chile). Fifteen dis-
pensers were placed in each main plot, with five
in each subplot, for a total of 135 dispensers in
the entire experiment. Before use, the dispensers
were washed with solvent (dichloromethane) for
24 h and then dried under an extractor for 48 h.
The septa were loaded with 50 pL of pure semio-
chemical and were recharged every seven days.
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Evaluation of H. obscurus infestation

The evaluation of the red clover root borer
population density was performed monthly from
September 2012 to February 2013. Five plants
of Quifiequeli INIA, Superqueli INIA and Syn
II Pre III were randomly collected from each
subplot in the field. The subterranean and aerial
parts of each plant were separated, isolated in
paper bags and transported to the laboratory. The
different curculionid stages were gently removed
from the roots using tweezers and transferred to
Eppendorf tubes.

Data analysis

H. obscurus numbers by red clover variety and
semiochemical treatment were analyzed with the
Friedman test followed by the Conover-Inman
test using StatsDirect statistical software v. 2.7.8
(StatsDirect Ltd., UK).

Results

Figure 1 presents the number of H. obscurus counted
in each red clover variety. Although Superqueli
INIA and Syn II Pre I1I showed higher numbers
(100 and 87, respectively) than that shown by
Quifiequeli INTA (30), this difference was not
statistically significant (P = 0.90). There were,
however, more root borers in Superqueli INITA
plots (P =0.004) and Syn II Pre I1I plots (P = 0.03)
baited with E-2-hexenal than in the respective
plots treated with limonene or no semiochemical
(Figure 1). The red clover root borer showed no
preference for any semiochemical treatment in
the Quidiequeli INTA cultivar (P = 0.84).

During the evaluation period (January 2012 to
February 2013), we captured a total of 217 red
clover root borer individuals. Regardless of the
cultivar or experimental line, the plots treated with
E-2-hexenal attracted significantly (P = 0.002)
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Figure 1. Numbers of H. obscurus in different cultivars
and an experimental line of red clover subjected to
different  semiochemical treatments  (E-2-hexenal,
limonene and control) in INIA Carillanca (Vilcun,
Chile) from September 2012 to February 2013. Different
letters indicate a significant difference among treatments
and control based on the Friedman test followed by the
Conover-Inman test (P<0.05).

more borers than those baited with limonene
(Figure 2). There were no significant differences
between the control plots and those treated with
limonene (P = 0.69) (Figure 2).

Discussion

Our current field experiment and previous labora-
tory studies conducted by our group (Tapia et al.,
2007; Palma et al., 2012) indicated the effectiveness
of E-2-hexenal as an attractant for H. obscurus.

E-2-hexenal is a green leaf volatile that is present in
different types of trees and serves as an attractant
for bark beetles. For example, Vrko[lova et al.
(2000) reported the attraction of Scolytus intricatus
Ratzeburg towards E-2-hexenal, a volatile released
from its host oak (Quercus robur L.). Palma et
al. (2012) reported that in electroantennographic
bioassays, H. obscurus showed a strong response to
[E-2-hexenal, which was associated with significant
attraction in olfactometric bioassays.

More H. obscurus were observed on the E-
2-hexenal-treated plants of the Superqueli INIA
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Figure 2. Total numbers of H. obscurus in Trifolium
pratense subjected to different semiochemical treatments
(E-2-hexenal, limonene and control) applied in a slow-
release dispenser at INIA Carillanca (Vilcun, Chile)
from September 2012 to February 2013. Different letters
indicate significant differences based on the Friedman test
followed by the Conover-Inman test (P<0.05).

cultivar and the Syn II Pre III experimental line
(Figure 2). Our results do not agree with those
reported by Alarcon et al. (2010), who showed a
lower abundance of this curculionid and a higher
red clover forage yield for Superqueli INIA and
Syn II Pre III. One possible explanation is that the
authors of this previous study evaluated the popula-
tion dynamics of H. obscurus and their potential
influence on the selection of new cultivars through
agronomic parameters, such as dry matter, plants
m~and root crown, but did not evaluate the effects
of semiochemicals on the curculionid.

Although significantly fewer H. obscurus adults
were attracted by £-2-hexenal than by limonene
in the present study, the response to limonene did
not differ significantly from that to the control
(Figure 1 and 2). This behavior disagrees with
that reported by Tapia et al. (2007), who detected
a repellent effect of limonene on H. obscurus
under laboratory conditions. A possible explana-
tion for our field observations is that the volatile
concentration applied was insufficient to modify
the behavioral response of H. obscurus, which is
consistent with the results of Bhasin ez al. (2000)
for other insects.
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Integrated pest management (IPM) and integrated
crop management (ICM), the main concepts in
managing pests, are related to the development
of an environmentally friendly agriculture. Under
IPM, semiochemicals are used to monitor pest
populations as well as for mass trapping and mat-
ing disruption (Campion et al., 1985). Examples of
semiochemicals for pest control have been reported
by various authors, including the development of
semiochemical-based tools to protect trees from
bark beetle infestations using mainly antiaggregation
and aggregation pheromones (Fettig et al., 2012).
Gillette ez al. (2009) indicated that the objective is
to attract, retain and later destroy the pest. More-
over, the use of antiaggregation pheromones can
reduce host finding by the pest and thus prevent
successful colonization of the host.

In summary, our study provides the first evidence
supporting the use of E-2-hexenal in the IPM of
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H. obscurus and indicates the potential of using
dispensers with E-2-hexenal under field condi-
tions for trapping or monitoring applications.
Several studies of traps baited with attractant
semiochemicals to control curculionid pests have
produced satisfactory results, especially with the
curculionids Rhynchophorus palmarum L. and
Scyphophorus acupunctatus Gyllenhal (Valdés
et al., 2005). However, future research is required
to study the feasibility of using E-2-hexenal to
reduce H. obscurus populations below the eco-
nomic threshold and as a part of an IPM program
in red clover in Chile.
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Resumen

L. Parra, A. Mutis, F. Ortega y A. Quiroz. 2013. Respuesta de Hylastinus obscurus
Marsham (Coleoptera: Curculionidae) a E-2-hexenal y limoneno, dos semioquimicos
derivados de su hospedero, en condiciones de campo. Cien. Inv. Agr. 40(3): 637-642. El
trébol rosado es una valiosa leguminosa, cuya importancia en Chile radica principalmente en

la produccién de semillas y su uso como alimento forrajero. A pesar de ser una planta perenne,
su produccion declina durante el segundo afio de establecida, debido principalmente a la
infestacion del barrenador de la raiz del trébol Hylastinus obscurus (Coleoptera: Curculionidae).

Actualmente no existe un método de control eficiente contra este insecto, por lo tanto, el uso

de semioquimicos surge como una nueva alternativa para disminuir los dafios ocasionados

por este curculionido. En este contexto, £-2-hexenal y limoneno, determinados previamente

como atrayente y repelente a H. obscurus, fueron dispuestos en dispensadores de liberacion
lenta establecidas en dos cultivares y una linea experimental de trébol rosado en Centro de
Investigacion INIA Carillanca (Vilcun, Chile). Las evaluaciones indican que H. obscurus fue
significativamente encontrado en mayor proporcion en plantas sometidas al tratamiento con

E-2-hexenal, comparadas con limoneno y el control. Sin embargo, este efecto atrayente fue

influenciado por los cultivares y linea experimental de trébol rosado, de tal manera que el
efecto de £-2-hexenal fue observado en Superqueli INIA y Syn II Pre I, pero no en Quifiequeli
INIA. En contraste a previos estudios, limoneno no tuvo efecto sobre H. obscurus. Nuestros

resultados permiten establecer la primera evidencia bajo condiciones de campo del potencial

uso, especialmente £-2-hexenal, como un atrayente para H. obscurus.

Palabras clave: E-2-hexenal, Hylastinus obscurus, limoneno, semioquimicos, Trifolium

pratense.
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