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Summary. Host plant volatiles may be involved in the
sexual communication of insects in several ways. In the
pheromone-producing sex, these volatiles may affect
pheromone production or release and, in the receptive
sex, plant volatiles may have a synergistic effect on the
attraction to sex pheromone. We conducted three types
of experiments to determine if and how plant volatiles
are involved in the sexual communication of Lygocoris
pabulinus (L.) (Heteroptera: Miridae), the females of
which attract males. In a one-choice cylinder bioassay,
females were offered to males on two different plants,
belonging to different plant families, i.e. potato leaves
and goosefoot leaves, to determine if specific plant
volatiles were involved in the attraction of males towards
females. Females on potato leaves were as attractive as
females on goosefoot leaves, but significantly more
attractive than females without plant material. The latter
result suggests an interaction between females and
potato leaves. However, in two-choice flying and walk-
ing bioassays, using delta traps in a wind tunnel and a
vertical Y-track olfactometer, males were attracted to
females irrespective of the presence of potato leaves. This
difference in result is probably due to the fact that in the
latter assays females were confined with pollen as an
alternative food source, while females in the one-choice
assay had access to water only, so that they may have
suffered from malnutrition. Males in the one-choice
assay were also attracted to potato leaves from which
females had been removed, indicating that attractive
components from females are deposited and adsorbed to
the substrate. Plants are probably only indirectly in-
volved in sexual communication, their surface merely
functioning as a substrate from which pheromone is
released. Males may subsequently be attracted to such
plants or substrates. Clean plant material was not
attractive to L. pabulinus males, hence plant volatiles
alone do not seem to be used by these males as possible
mate location cues.
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Introduction

Host plant volatiles may be involved in the production,
the release, or the perception of sex pheromones by
insects (reviewed by McNeil & Delisle 1989; Landolt &
Philips 1997). Direct use of plant compounds as precur-
sors for the biosynthesis of sex pheromone compounds
has been found mainly in male insects (Wood 1982;
Eisner & Meinwald 1987; Vanderwel & Oehlschlager
1987; Baker 1989; Landolt et al. 1992a). When females
produce sex pheromone, plant volatiles have been
found to initiate pheromone production in a more
indirect way: females start producing pheromone when
in the odor of a host plant (McNeil 1991; Raina et al.
1989, 1992; Raina et al. 1997). Not only pheromone
production, but also pheromone release may be af-
fected by plant odors (Hendrikse & Vos-Biinnemeyer
1987; McNeil & Delisle 1989; Landolt et al. 1994). The
ability of females to stop pheromone production or
release until a suitable host is located, coordinates their
reproductive behavior with the availability of food for
the offspring (Raina et al. 1992). At the receiver side,
the attracted sex may be more attracted to a combina-
tion of pheromone and plant volatiles than to
pheromone alone (Landolt ez al. 1992b; Dickens et al.
1990; Dickens et al. 1993; Light et al. 1993; Hardie et
al. 1994).

Distinction between the role of host plants in sex
pheromone production and pheromone release can be
made when the sex pheromone has been identified, and
when a pheromone gland has been recognized. The
content of this gland can then be analysed under spe-
cified conditions. Pheromone release can be observed in
insects that exhibit a specific calling behavior (e.g. King
1973; Cardé & Taschenberg 1984). A synergistic effect
of pheromone with plant compounds in the receiving
insect can be determined by differences in trap catches
between pheromone traps with or without the addition
of plant compounds (Dickens et al. 1990, 1993; Light et
al. 1993; Hardie et al. 1994; Lilley & Hardie 1996).

The insect of our present interest is the green capsid
bug, Lygocoris pabulinus (L.) (Heteroptera, Miridae), a
pest in Northern European fruit orchards. In this spe-
cies, as in mirids in general, males are attracted by
females, which has been confirmed in the field and in
the laboratory (Blommers et al. 1988; Groot et al.



162 A. T. Groot and J. H. Visser

1996). Chemical identification of the sex pheromone
has not been successful so far. Overall, of only three
mirids the sex pheromone has been identified (Smith ez
al. 1991; Millar et al. 1997; Millar & Rice 1998; re-
viewed by McBrien & Millar 1999). Plant volatiles may
be involved in the sexual attraction of L. pabulinus, as
virgin females that attracted males were confined with
plant material as a feeding source. Also, L. pabulinus is
a host alternating species, migrating from fruit trees to
herbaceous plants in the summer, where a summer
generation develops. The summer hosts on which L.
pabulinus may develop, are potentially numerous, as L.
pabulinus is a highly polyphagous species (Petherbridge
& Thorpe 1928; Kullenberg 1946; Blommers et al.
1997). To locate females after their migration, males
may use plant volatiles that are released when females
are feeding on plants, in addition to sex pheromone.
In this study, we determined if and how host plants
may be involved in the sexual communication of L.
pabulinus. When plant compounds are directly involved
in sex pheromone production, a difference in attraction
is expected when virgin females are confined with dif-
ferent host plants or with no host plant at all. A
possible distinction of indirect involvement of plant
volatiles  between pheromone production and
pheromone release will be hampered in this species,
since a sex pheromone gland has not been recognized in
Miridae so far, and a specific calling behavior in L.
pabulinus females has not been observed (Groot et al.
1998). Whether host plants are involved at either the
producer or the receiver side, i.e. L. pabulinus females
or males respectively, is determined by placing females
either upwind or downwind from the host plant. At-
traction may be different when flying or walking to-
wards an odor source (Hardie et al. 1992), therefore
both flight and walking bioassays were conducted.

Material and methods
Insects

Lygocoris pabulinus was reared on potted potato plants, cultivar
Bintje, in wooden cages in a greenhouse at 22 +2°C, 65 + 5% R.H.,
L18:D6, following the procedure of Blommers er al. (1997). Every
2-3 days newly emerged adults were collected from the rearing cages,
after which the sexes were placed in separate rearing cages. In this
way, virgin males and females (see Groot ef al. 1998) of known age
were continuously available for the experiments.

One-choice bioassay

To determine whether males are attracted to females with or without
plant material, and whether this attraction differs between females on
two potential summer hosts, one-choice bioassays were conducted
using glass cylinders (length 50 cm, diam. 11 cm, see Groot et al.
1996). The cylinders were placed horizontally on the floor in a wind
tunnel of 3.0 (I) x 1.3 (w) x 0.8 (h) m with adjustable wind speed,
light, temperature and R.H. (see Griepink (1997) for further details
on the wind tunnel). At the downwind side of each cylinder we placed
a plastic dish with gauze bottom and screen cone, containing 8—15
males of 5-8 days old. Against the upwind side a plastic dish with
gauze lid and bottom was placed, in which an odor source was
offered. In this way, each cylinder was a closed system, so that males
from the downwind dish could only walk or fly towards the upwind
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dish that was offered in the specific cylinder. Two-three h before a
test, the downwind dishes were filled with males, the upwind dishes
with odor sources, and all dishes were placed in the wind tunnel.

Leaves of two different plants were used to determine possible
attraction differences between females on two potential summer
hosts: potato leaves and goosefoot leaves (Chenopodium quinoa L.).
Potato leaves were chosen, because L. pabulinus is reared on potato.
Goosefoot leaves were arbitrarily chosen as the alternative, as this
plant belongs to a different family (Chenopodiaceae) and hence is
likely to differ in composition or release of plant volatiles. Chenopo-
diaceae have been recorded as summer hosts of L. pabulinus (Pether-
bridge & Thorpe 1928). Eight different odor sources were tested: (1)
empty dish, (2) five females on a fresh potato leaf, (3) five females
with a small glass tube containing water, closed with oasis, (4) a
potato leaf that had been in a dish with five females for 2—3 h prior
to the experiment (females removed during the experiment), (5) a
clean potato leaf, (6) five females on a fresh goosefoot leaf, (7) a
goosefoot leaf that had been in a dish with five females for 2-3 h
prior to the experiment (females removed during the experiment), and
(8) a clean goosefoot leaf. The wind speed through the cylinders was
set at 0.20 m/s. After one hour the number of males sitting or walking
on the upwind lid were counted as positive responders. All odor
sources were tested 5—20 times. Differences in responses between the
sources were compared with a Generalized Linear Model (GLM) for
binomial data, using the the logit-link function in computer pro-
gramme Genstat 5 (release 4.1, PC/Windows NT, 1997). In the
model, the variance was assumed to be proportional to binomial
variance. Overall effect of treatments was determined by performing
an F-test for the ratio of the mean deviance for treatment and the
mean deviance of the rest. If the overall test was significant (P <
0.05), pairwise comparisons between treatment means on the logit
scale were conducted, using the t-test.

Two-choice flight bioassay

To determine if females attract males when on a plant or in the odor
of a plant, PVC-cages with two compartments were constructed. The
compartments, each 7.5 cm long and 7 cm diam., were divided by
gauze and closed at both sides with gauze lids (Fig. 1). The cages
were hung in delta traps (30 (1) x 20 (w) x 20 (h) cm) with replacable
bottoms treated with Tangle Trap®, and placed in the wind tunnel,
hanging from metal clamps 10-15 cm above the wind tunnel floor.
Five different combinations were tested: (A) three females with wet
oasis and pollen, and a small potato sprout in the downwind com-
partment, leaving the upwind compartment empty, (B) a small potato
sprout in the upwind compartment, and three females with wet oasis
and pollen in the downwind compartment, (C) three females with wet
oasis and pollen in the upwind compartment, and a small potato
sprout in the downwind compartment, (D) three females with wet
oasis and pollen in the downwind compartment, leaving the upwind
compartment empty, and (E) three males with wet oasis and pollen,
and a small potato sprout in the downwind compartment, leaving the
upwind compartment empty. The pollen was a mixture of different
plant species, bought at a commercial bee-station (Bijenhuis, Wa-
geningen, the Netherlands). To offer males a choice, a control trap
was placed about 90 cm next to each test cage (so that both cages
were about 20 cm from the sides of the wind tunnel), consisting of a
similar cage with the two compartments containing the same as the
test cage, only without bugs. Both traps were placed in the upwind
part of the wind tunnel, about 1 m downwind from which 8-10
potato plants were placed. After arranging the cages and the plants in
the wind tunnel, 35-40 virgin males of 5-8 days old were introduced
at the downwind side of the wind tunnel. After 3—4 days the males
caught in the Tangle Trap® in both traps were counted, and all males
were recaptured. Percentage of the males trapped was calculated from
the number of males recaptured.

Two-choice walking bioassay

To determine the influence of host plants on sexual attraction when
males would walk towards an odor source, vertical Y-track olfac-
tometer assays were conducted as described by Visser & Piron (1998).
To suppress flight intention of males, the Y-track was placed in a
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Fig. 1 Cage with two compartments, each 7.5 cm long, diam. 7 cm.
Bugs were always confined with wet oasis (1) and pollen (2). A small
potato sprout (3; roots wrapped in wet cotton and aluminium foil to
avoid dessication) was: (A) added to three females, (B) placed upwind
from females, (C) placed downwind from females, (D) not added, (E)
added to three males. See text for further explanation

black box under a halogen lamp (4-12 V DC, 10 VA), which was
placed in a black socket sealed with a red filter, so that the light
intensity at the base of the Y-track was 6.3—-6.5 lux only. Two 250 ml
glass bottles (h. 14 cm, diam. 6.5 cm) were placed outside the black
box, one on each side, under a desk-lamp with a 25 W light bulb. One
bottle contained the odor source to be tested, the other was the
control bottle. Three odor sources were tested: (a) five L. pabulinus
females with two small potato sprouts in wet oasis and pollen, (b) five
females with two strips of green paper, wet oasis and pollen, (c) five
males with two small potato sprouts in wet oasis and pollen. In all
tests the control bottles contained wet oasis and pollen. The bottles
were filled and placed in the setup 1 h before each test. All experi-
ments were conducted in three replicates. One replicate consisted of
20 males walking towards one of the sources. After every 5 males the
bottles, glass tubes and connecting tubes were exchanged to correct
for unforeseen asymmetry in the setup.

Results
One-choice bioassay

In total 1 out of 171 males responded to the empty
control dish. Significantly more males responded to
females on potato leaves than to clean potato or goose-
foot leaves, goosefoot leaves from which females were
removed, or to females with water only (Fig. 2). Fe-
males on goosefoot leaves were similarly attractive as
females on potato leaves, but also as attractive as all
other odor sources tested, except for clean goosefoot
leaves. Potato leaves from which females had been
removed, i.e. leaves on which females had walked for
2-3 h prior to the experiment, elicited a similar re-
sponse as females on potato leaves and females on
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Fig. 2 Mean fraction (+s.e.) of males responding in cylinder
bioassay. Numbers in bars: number of replicates. Each replicate
consisted of 8§8—15 males. Letters above the bars indicate significant
differences at the 5% level on the logit scale, using GLM. See text for
further explanation

goosefoot leaves. Females without plant material elic-
ited a response in only 0.18 +0.05 (mean =+ s.e.) of the
males tested.

Two-choice flight bioassay

When females were confined with a potato sprout
(combination A), the first time 9 males were trapped in
the Tangle Trap® versus one male in the control trap,
and the second time 11 males were trapped versus one
male in the control trap (Fig. 3). Females compartmen-
talized downwind (B) or upwind (C) from a potato
sprout, caught similar amounts of males, and signifi-
cantly more than the control traps. Traps without plant
material and only females in the downwind compart-
ment (D), caught slightly lower amounts of males, but
in total 23 males versus 2 males in the control traps
were caught. In the traps with males and potato
sprouts, in total only three males were caught versus
two males in the control traps.

Two-choice walking bioassay

In total 72% of the 60 males tested walked towards
females on potato leaves, versus 28% (17 males) walk-
ing towards the control (Fig. 4, I). 70% Of a total of 57
males walked towards females without plant material,
while 30% (17 males) walked towards the control (II).
When the test bottle contained males with potato leaves
(III), 54% of all tested males walked towards the test
bottle versus 46% (27 males) walking towards the con-
trol.

Discussion

Since attraction towards females on potato leaves was
not significantly different from attraction towards fe-
males on goosefoot leaves, specific plant compounds do
not seem to be involved in sex pheromone production
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Fig. 3 Numbers of males caught in traps. Per replicate 35—-40 males
had been released. Bugs were always confined with pollen grains and
wet oasis. Significant differences were determined per test, using the
two-sided binomial test. *P < 0.05, n.s.: P> 0.05

in L. pabulinus females. However, the fact that fe-
males on potato leaves were significantly more attrac-
tive than females without plant material, does suggest
an interaction between females and potato leaves. On
the other hand, the results of both two-choice assays
do not confirm such interaction, because females with-
out plant material attracted similar amounts of males
as females with potato sprout, containing potato
leaves. The significant difference in the one-choice as-
say is probably due to malnutrition of the females
without plant material, as they were confined with
water only. In the two-choice assays pollen was added
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Fig. 4 Y-track olfactometer tests with (I) 5 females on two potato
leaves, (II) 5 females on green paper, (III) 5 males on two potato
leaves. All bottles contained wet oasis and pollen grains. Significant
differences between test source and control were determined using the
two-sided binomial test after summation of male responses in the
three experiments per test source. ***P < 0.001, n.s.: P> 0.05

as a food source. We frequently observed L. pabulinus
actively feeding on the pollen. Pollen is a highly nutri-
tious food source, which is verified in L. pabulinus by
a higher production of eggs by females reared with
pollen than by females reared without it (Groot et al.
1998). Malnutrition is likely to stop pheromone pro-
duction or release, as energy is needed for somatic
maintenance.

Summarizing all results, we conclude that plant
volatiles are not directly involved in pheromone pro-
duction in L. pabulinus females. Female bugs do not
need plant volatiles to attract males, as evidenced by
females upwind from a potato sprout attracting simi-
lar numbers of males as did females downwind from
a potato sprout. As a consequence, L. pabulinus fe-
males do not seem to coordinate their reproductive
behavior with the availability of food for offspring.
For L. pabulinus males, all females with pollen were
attractive in the flight and walking bioassays, irrespec-
tive of the presence of plant material. Hence, the per-
ception of sex pheromone in L. pabulinus males does
not seem to be influenced by plant volatiles either.

Our findings may not apply to field bugs, as labo-
ratory-reared insects may respond differently to host
odors in relation to sex pheromone than field insects,
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which has been demonstrated for Heliothis virescens
(Raina et al. 1997). However, H. virescens was reared
continuously on an artificial diet. When plant material
is lacking completely for a number of generations, it
is likely that life-history aspects, such as reproduction,
are not associated with plant volatiles anymore. Lygo-
coris pabulinus has been reared continuously on
potato plants, which reduces the chance that possible
associations with plant volatiles have disappeared.

There are more examples that plant volatiles do
not affect sex pheromone production, release or per-
ception (Cardé & Taschenberg 1984; Guldemont et al.
1993; Den Otter et al. 1996). Cardé & Taschenberg
(1984) suggest that such kairomonal interactions are
less likely to occur in polyphagous species. L. pabuli-
nus is polyphagous and host-alternating, laying over-
wintering eggs in woody plants, such as fruit trees,
while the summer generation feeds on herbaceous
plants (Petherbridge & Thorpe 1928; Kullenberg 1946;
Southwood & Leston 1959). Also, plant volatiles
probably do not influence sexual communication
when eggs are not deposited near the site where fe-
males call. Such spatial discontinuity between calling
activity and oviposition has been described for some
insects (Showers er al. 1976; Noldus et al. 1991), and
should be studied more closely in L. pabulinus.

One result of the one-choice assay needs further
attention, ie. the fact that L. pabulinus males were
similarly attracted towards females on potato leaves
as towards potato leaves, from which females had
been removed. This is probably due to deposition of
attractive components from females on the substrate
on which they walked (Groot ef al. 2000). Most likely
these components are female-specific cuticular hydro-
carbons. In a similar assay used for Mamestra brassi-
cae, males were attracted to leaves on which female
sex pheromone was adsorbed as well (Noldus et al.
1991). In our assay wind was blown over the potato
leaves for 1 h, which may enhance evaporation of
low-volatile compounds. Adsorption of pheromone to
a substrate increases the surface area from which
pheromone evaporates, thereby increasing both the
rate of volatilization and the possible communication
distance (Colwell et al. 1978).

In conclusion, plants seem to be involved only
indirectly in sexual communication, their surface
merely functioning as a substrate from which
pheromone is released. Males may subsequently be
attracted to such plants or substrates. Since clean
plant material is not attractive to L. pabulinus males,
plant volatiles alone do not seem to be used by these
males as possible mate location cues.
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