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Biological Activity of Female Sex Pheromone of the Oriental Tobacco
Budworm, Helicoverpa assulta (Guenee) (Lepidoptera: Noctuidae):

Electroantennography, Wind Tunnel Observation
and Field Trapping
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ABSTRACT Electroantennography, wind tunnel observation, and field trapping experiments were caried out to

b
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investigate the biological activity of synthetic sex pheromone in the onental tobacco budworm, Heli-
coverpa assulta. Two major sex pheromone components of H. assulta, Z3-16° Ald and Z11-16: Ald.
elcited a big EAG response in male, but not in female Their mxture ratios did not give much
influence on EAG size Female H agssulta showed a great EAG response only to its host plant
extract. EAG size also increased with the amount of mixture from 001 to 10 g but rather decreased
when the amount was 100 pg H. assufta always revealed a seres of stereotyped behavior in a
wind tunnel. The behavioral response was different when the males were stimulated with the sex
pheromone containing some mmor components, 16: Ald and Z9-16: Ac, or being different in mix-
ing ratios of the two major components, The best ratic of the sex pheromone components for
attracting H assulte male adults was 20-25:1 between Z9-16:Ald and Z11-16: Ald in net house
and red pepper field experiments in Korea When the lure contaned Z9-16:0OH, attracting power
rapidly decreased. The synthetic sex pheromone showed a strong attraction when compared to
virgin fernales
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The oriental tobaceo budworm, Helicoverpa assu-
fta {Guenee). is the major insect pest to tobacco
leaves and especially to red pepper fruits in Korea.
It 1s difficult to control H. assulta larvee with chemi-
cal insecticides in fields mainly due to their feeding
habit within red pepper fruits. Use of physiologically
active substances like sex pheromones may be a
proper mean for controling H. assulta. The sex
pheromone of H. assulta is a blend of Z9-16: Ald,
Z11-16: Ald, 79-16:Ac, and Z11-16"Ac (Cork et
al. 1992). However, the best ratioc of two major
components, Z9-16: Ald and Z11-16: Ald, for attra-
cting male H. assulta and the role of mnor com-
ponents were reported to be different in Korea,
China, and Thailand (Cork ef al. 1992). In order
to enhance the potential ufilization of pheromones
for pest management, a thorough understanding of
the processes involved in odor detection is needed.
Many integrated pest management systems, designed
to maximize cost-efficiency and to minimize the side
effects of pesticides, currently include pheromones
(Grant & O'Connell 1986). In practice, sex phero-
mane is used as a monitoring agent of the popula-
tion and/or a direct control mean, and the success
of these applications depends on the compeietive
attractancy of synthetic lures against alive females.
Therefore, the biological activity of synthetic phero-
mones should be elucidated for practical application.
This stucly was carried out to investigate the biologi-
cal activity of synthetic sex pheromone of H. assulta.
This included electroantennography(EAG), wind-tun-
nel observation, and trapping experiments in a net
house and fields

MATERIALS AND METHODS

Insects

The oriental tobacco budworm, Helicoverpa assu-
lta, larvae were reared on an artificial diet (Park
1991). Larvae were maintained in a controlled envi-
ronmental room, at a temperature of 25+ 1T, 60+
10% relative humidity under a 16 hr light/10 hr dark
regime, Pupae were collected daily, sexed, and pla-
ced in separate helding cages provided with an 8%
solution of sugar. Adult moths were harvested daily
and used for study.
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Pheromone Synthesis

Monounsaturated acetates, alcohols, and aldehy-
des were obtained by standard Withg and acetylenic
coupling reactions (Henrick 1977) or purchased
from Shin Etsu Chemical Co. (Tokyo, Japan). Com-
pounds used for field testing were further purified
by argentation chromatography (Houx et al 1974)
to give material at least 99.9% isomerically and che-
mically pure by GC analysis.

Pheromone dispensers were white rubber septa
(Aldrich, catalog No. Z10, 072-2) impregnated with
0.1 m! of hexane solution contaning the synthetic
pheromone blend and an equivalent weight of 2,6-
di-tert-butyi-4-methyiphenol as antioxidant.

Electroantennography

A conventional recording method was used (Sch-
neider 1957, Pouzat & lbeas 1989), except for the
following details. The antenna was not separated
from the head. and the whole insect was fixed on
a slide glass with a sticky tape A tungsten wire was
introduced into dorsal abdomen and acted as an
indifferent electrode. This avoided leakage of hae-
molymph. The antenna was stuck on a tape in a
positon A few flagellar subsegment were cut from
the distal tip of the antenna and a recording elect-
rode (2 micropipette 100 pm in diameter filled with
01M KCl) was immediately positioned to contact
the tip of the antenna. A chlorinated silver wire was
used to connect the pipette to the input probe of
the preamplifier (Kenwood CS-8100 input resistance
10'20)) and the remainder of the recording appara-
tus was conventional. EAGs were displayed on a
screen of a digital sterage oscilloscope (Nihon-Ko-
den) and recorded.

A from air compressor was passed through ac-
tivated charcoal, over distilled water. The air (180
tl/min) was then sent to the inlet of the glass st
mulator. The diameter of the output tube of the
stimulator was 5 mm. Serial dilutions were made in
liquid paraffin or n-hexane for all of the compounds
tested One p! of the appropriate dilution was app-
lied with a disposable pipette to a piece of filter
paper (b mm diameter) held in a glass syringe. All
the insects used in these experiments were 2- or
3-day-old, virgin, sexually active adults. In each ex-
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Table 1. Relative EAG response of both sexes of Helicoverpa assulta to
individual sex pheromone component and host plant extract

Relative tatic of EAG n ezach treatment

Sex AR Pamaffin ol 70-16.Ald  Z11-16.Ald  Z11-16Ac  Z11-14:Ac Hot pepper oil
Male 090c lc 1.64a 145ab 1.08¢ 107c 1.18bc
Female 1.0Z2c 1c 1.04c 1.05c 124p 1.12c 1.76a

*Figures followed by different letters are significantly different by Duncan’s multiple range test (p=001); *5

replication.

periment, results given are averages for at least five
different antennae recordings. All experiments were
performed at room temperature.

Wind-tunnel Observation

The wind tunnel used in these experiments was
a 2m long eylindrical transparent polystyrene tunnel,
60cm in diameter. Air speed was fixed at 30cm
/sec. Air was blown inte an end of the wind funnel
by an electrical fan (diameter 40 cm) through a laver
of thin plastic tubes. Air from the tunnel was vented
to the outside through an aluminum tube {diamater
15 em). The pheromane sources were mounted in
the center of the tunnel at the upwind end on a
metal wire. Virgin female moths were housed in
small screen cages. Synthetfic pheromone was incor-
porated mio white rubber septa.

All the tests were conducted with males in hours
2 and 4 of their second or third scotophase; males
were used only once in an assay. Environmental
conditions of the assays were as follows: tempera-
ture, 25+ 1T, 40~60% RH; 10 W red light. Beha-
vioral categories reported by Cho & Boo (1988)
were used to evaluate male responses to stimuli in
the flight tunnel. The experimental design for the
flight tunnel assay was a yandomized complete block
with 5 replicates. Analysis of behavioral response
was followed the criteria for mating behavior of H
assulta (Cho & Boo 1988).

Net House and Field Test

Field tests were conducted in red pepper fields
in Suwon, Korea. Cone traps or universal traps were
used for field test in a net house or red pepper
field. Test compounds in n-hexane were impregna-
ted into white rubber septa. Cone traps were fixed

approximately 1.5m above ground level. Rubber se-
pta dispensers impregnated with sex pheromone
component{s) were used as lures and one or two
virgin female(s) were used as a control. Control traps
were bated with the female H. ossulta held in a
wire cage (5 cm high by 4 cm in diameter) that was
centered inside the cone traps. Virgin female was
replaced at two-day intervals, and supplied with 8%
sucrose solution. Traps were at least 7 m from other
traps. The lure positions were amranged by a rando-
mized complete block design and rotated clockwise
daily. Five to twenty virgin males, one or two days
old, were daily released in the net house, Traps were
checked daily, the number of H. assulta males trap-
ped was recorded. and the moths were removed.
Trap catch data were submitted to analysis of varia-
nce by the Duncan’s multiple range test.

RESULTS AND DISCUSSION

H. assulta male and female antennal sensitivity
to their cwn female sex pheromone or red pepper
oil was investigated electrophysiclogically. The EAG
configuration evoked by Z9- and Z11-16:Ald was
charicterized by a relatively fast initial fall followed
by a slow plateau during the time of stimulation,
and then the EAG response gradually retums to
the initial level with a half-decay time of 1~2 sec.
There was a variability in EAG response amplitudes
between preparations. The mean responses of H.
assulta antennae to the air puffing or paraffin oil
stimulation were not significantly different between
males and females (Table 1). However. there was
a great difference in EAG response to sex phero-
mone component or host plant extract between
male and female H. assufta. Only Z9-16:Ald and
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Table 2, EAG response of male H. assulte to diffe-
rent amount of Z9-16:Ald or Z11-16: Ald

Treatment Peak value Treatrment Peak value
(pe) (—mV) (ug) (—mV)
Air 0 Hexane 0.1+ 005
Z9-16:Ald Z11-16.Ald
100 122004 100 06+0.05
10 14+ 009 10 1.0£0.03
1 09+ 008 1 0.6+009
01 05+003 01 03005
0.01 04+ 005 0.01 0.2+ 0.00

t 4 replication; ~* Mean + SD.

Z11-16: Ald, the two major sex pheromone compa-
nents (Cork et al. 1992), elicited significantly greater
EAG responses from male H. assulta than any other
treatment (Table 1), But, the female was insensitive
to the pheromone components and her antenna
seemed to be specialized for plant volatile reception
(Table 1). Males showed a much smaller response
to host plant exiract than females. The existance
of receptors for two major sex pheromone ‘compo-
nents, Z9-16: Ald and Z11-16: Ald, was not shown
in the antennae of females by these EAGs.

These sexual dimorphism in responding to sex
pheromone and plant odour might be useful to H.
assulta, by increasing the power carmmying out its rep-
roductive role in each sex Scanning electron micro-
scopic examination of antennae of H. assulta also
revealed morphological differences between both se-
xes (Park & Boo, unpublished observation)

The pheromone-sensitive neurones are specialists
fesponding to a particular component in the phero-
mone mixture (Kaissling et al. 1989). However, H.
virescens and H. zea were repotted to have no spe-
cific neuron responding to Z9-16: Ald, a mayor com-
ponent in thelr sex pheromone (Almaas & Mustapa-
rna 1990) Z11-16:Ac was reported as a minot
component of sex pheromone in H. assuita (Cork
et ol 1992). But, in EAG screenings, Z11-16: Ac
gave no difference in response size to male H. assu-
fta from control (Table 1), This suggested a passibi-
lity that Z11-16:Ac¢ might not have a behavioral
role in sex pheromonal communication in H. assulta.

EAG size increased with the amount of mixture
from 0.01 to 10 pg but rather decreased when the

Korean J. Appl. Entomol, 29

Table 3. EAG peak value(mV) in male H. assulta
responding to different blends (total amount, 100 ng)
of Z9-16:Ald and Z11-16:Ald (The antennal
tip was excised)

Ratic

Z9-16:Ald . .

Z11-16: Ald & B
100:0 21+025 12+004
100:2 18+0.15 1.3+0.28
100:10 19+017 13+014
106100 14+008 1.2+ 007
10:100 1.8+ 019 12+0405
0100 15010 0.6+ 0.05

“Fach pheromone blend was applied at the right angle
to the ar flow {A) or through the air flow (B) T4
replication; ~* Meant S.D.

amount was 100 ug (Table 2). It is not clear why,
but could be related to the fact, reported in other
insects, that insect behavior may be suppressed at
the high concentration of pheromone (Baker &
Roelofs 1581).

The mixture ratios of Z9-16: Ald and Z11-16: Ald
did not give much influence on EAG size in male
H assulta (Table 3} But, in all cases, the mixture
containing Z9-16: Ald elicited greater EAQG response
than Z11-16:Ald alone regardless of the mixing ra-
tios (Table 3). £9-16:Ald is the major sex phero-
mone of H. assulta (Cork et ol 1992) and it was
likely that there were much more receptor neurones
responding to Z9-16:Ald than to any other sex
pheromone components in H. assulta males,

Male H. assuita maintained a resting position wi-
thout any locomotive activity during photophase,
and showed no response to any physical or chemi-
cal stimuh such as vibration, light, touch, and chemi-
cal odorants, However, during scotophase, it lasted
the position of wing-spread and antennal stretch,
s0 became sensitive to various physical or chemical
stimulation. Most behavioral response of H. assulta
to its sex pheromone was shown within 6 hrs after
onset of dark period. H. assulta showed some beha-
vioral patterns of wing fanning, anemotaxis, and up-
wind flight without chemical stimulant. Therefore,
these behaviors were excluded from the criteria for
discriminating behavioral effect of synthetic sex phe-
romone to H. assulta. After upwind flight, male H.
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Table 4. Behavioral response of male H. assulta to different blends of Z9-16:Ald and Z11-16:Ald in a
wind tunnel. Positive(+) or no{—) behavioral response

Lure{Z9-16:; Ald Wing Antennal Wing Start of Upwind Aroval at,  Ahbdominal

:Z11-16: Ald) spread spread vibration flying flying the source  expansion
0:0 + + + + - —~ -
50:1 + + + + - - —~
251 + + + + + + —
10:1 + + + + + — -
51 + + + + - - —
16:18 + + + + + + +

"It was considered a positive response when the moth was staying within 3cm range from the rubber septum
for more than 3 seconds; *This lure contains two additional components, 16.Ald and 29-16:Ac. '3 replica-

tion

assulfa showed no characteristic behavioral pattern
without applying sex pheromone. But, synthetic sex
pheromone lure resulted in a series of behavioral
responses, approaching, abdominal extrusion, lan-
ding, and copulation tral (Table 4). So, these teha-
viors were used as criteria for behavioral response
to sex pheromone.

Behavioral response of male H. assulta to synthe-
tic lure was varied with the ratio of Z9-16: Ald and
Z11-16:Ald (Table 4). Especially, when the ratio
of two chemicals is 25:1 male H. assulta approa-
ched and hovered around the lure within 3 cm ra-
nge for 20-30 seconds, though no copulational trial
was observed. But, it showed copulational behavior
such as Janding on and haipencil expansion to the
lure containing some minor components, 16:Ald
and Z9-16:Ac (Table 4). These behavioral respon-
ses suggested that the ratio of two major compone-
nts, 79-16: Ald and Z11-16:Ald, has a role of a
long-distance attraction, and minor component(s), 16
:Ald and/or Z9-16: Ac, a copulational excitant

Insect behavior responding to sex pheromone has
been an interest to many scientists from the early
days in pheromone research. Typical insect behavio-
ral responses to pheromone stimulation are manifes-
ted in the form of taxis, flight, hovering, landing,
mating attemt, etc. However, insect behavior is inf-
luenced by, besides the pheromone components,
many biclogical and environmental factors, such as
age, mating, sensory adaptation, circadian rhythm,
photoperiod, temperature, etc. Some investigators

claim that each component or partial composition
may elicit different aspest of insect sex behavior,
when a multicomponent sex pheromone is used.
For example, in Spodoptera eridania, a sex phero-
mone component is claimed to play as a lang-dista-
nce aftractant and the other as a sexual exitant {Ja-
cobson et al. 1970). Roelofs et al. {1975) called
them as the primary and secondary components.

When a sex pheromone is composed of multi-
components, species specificity is possible due to
their specific composition ratio. This kind of situa-
tion can be observed in physiologically close species
such as 7 Heliothis (and Helicoverpa) species. The
best ratio of the two major components, Z9-16: Ald
and Z11-16:Ald, for attracting H. assufta male adu-
Its was 20—~25:1 (Table 5). When the lure contai-
ned Z9-16:0H, atiracting power rapidly decreased
(Table 8). And, the synthetic sex pheromone showed
a very strong aitraction when compared to virgin
females (Table 6, 7, B). The practical application of
synthetic sex pheromone is based on the relatve
attractancy of synthetic sex pheromone to virgin fe-
malefs). Therefore. it will be possible that the synthe-
tic sex pheromone be used for practical monitoring
and/or control in H assulta.

There was a minor peak of atiraction at the mix-
ture ratio of 5-75:1 {Table 7). This is interesting
since field trapping experments showed that the
best ratic was 7.5:1 in Thailand but that there were
no significant differences in attraction between 75:1
and 25:1 in China {Cork et al. 1992). In some
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Table 5. Caiches of male H. assulta moths in cone

traps baited with four different blends of two major

sex pheromone components, Z9-16:Ald an Z11-16:
Ald, in a net house

Set  Rafio 79-7Z11-16:Ald" No. males/trap/mght®

1 51 0.3b
11 0.2b
15:1 1.0b
20:1 2.8a

i 5:1 25b
10:1 23b
251 9.8a
50:1 40b

1l im1 0.2c
2011 3.2a
25.1 1.6b
50:1. 0.8bc

°Total amount of components loaded in each rubber
septum is 1 mg all; *Figures followed by different letters
are signficantly different by Duncan’s multiple range
test (p=0.01); YExpermental date:set [ July 16-22,
1990, set I August 29-September 4, 1990; set I
July 23-31, 1990,

insect species sex pheromone compositon is diffe-
rent depending on their distibution area Such ex-
amples were found in Ostrinia nubialis in USA
(Kochansky et ai. 1975), O. furnacails in Japan, Tai-
wan and China {Ando et o/ 1980, Klun et al. 1980,
Cheng et al. 1981, Kou et al. 1990), and Adoxoph-
ves sp. in Japan and Taiwan {Tamaki et al. 1980).
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Table 6. Catches of male H. assulta in cone traps
baited with different blends of Z9-16:Ald and Z11-
16:Ald and 2 virgin females in a net house

Ratio 79-:711-16" All®

No males/trap/rught®

51 4.3ah
151 6.3a
2h1 10.0a

2 females 0.3b

“Total amount of components loaded in each rubber
septurn 15 1 mg all; *Fgures followed by same lefters
are not significantly different by Duncan’s multiple ra-
nge test (p=0.01), *Expermental date : September 5-
15, 1990

Table 7. Catches of male H. assuita in universal
traps baited with different blends of Z29-16: Ald and
Z11-16:Ald or 2 virgin females
in a red pepper field

Ratio Z9-.Z211-16: Ald°

No males/trap/night®

1:1 Oc
51 04bc
751 0.8ab
101 (04be
25:1 1.4a
50:1 (1.2bc
2 females Oc

=Total amount of components loaded in each rubber
septum is 1 mg all.

*Figures followed by same lefters are not significanily
different by Duncan’s multiple range test (p=0.01)
tExperimental date’ September 13 - October 11, 1988.

Table 8. Caiches of male H. assulta in cone traps baited with the two major components, Z9- and
Z11-16: Ald, and some other minor components in a red pepper field

Ratio No. males
Aldehyde Acetate Alcohal .
Sat. 79- Z11 St 79 711- Sat 79- trap/nignt
14 65 4 — 15 - - 1 Oc
14 65 4 — 0 — - 1 Dc
14 ob 4 - 15 - — ] 16a
Q 65 4 — 15 - - 1 0.1be
2 females (0 9ab
1 female Oc

°Total amount of components loaded in each rubber septum is 1mg all. The raho of Z9- and Z11-16:Ald is
20:1; bFigures followed by different leiters are significantly different by Duncan’s multiple range fest (p=001};
YExperimental date: September 19-28 and October 10-14, 1987 with 3 replication
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All three species above use two components at dif-
ferent ratios as their sex pheromone. If such vara-
tions are widespread m insect warld, we must mare
carefully loock at the species specificity of the sex
pheromone and this may appear as another hindra-
nce to the application of sex pheromone in insect
pest control.
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