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ABSTRACT

In 3 successive years (1990-1992) polyethylene tube dispensers. each containing
50.5 mg synthetic sex pheromone of the apple clearwing moth, Synanthedon
(Aegeria) myopaeformis Borkh.. were placed at a density of 680 per ha. once a year,
in two adjacent commercial apple orchards each 1 ha in size, The degree of confu-
sion reached almost 100% by releasing about 6 mg/ha/h, whereas the number of
mated females decreased by 72.86%, compared with the untreated orchard. In
1993, after 3 years of experiments. a reduction of up to 91% of empty pupal skins
per tree was attained. The encouraging results, especially when taking into account
the relatively small size of the orchards. opens opportunities for the integrated con-
trol of this apple insect pest under the conditions of Northern Greece.

Introduction

The apple clearwing moth (ACM), Synanthedon
(Aegeria) myopaeformis Borkh. (Lepidoptera:
Sesiidae). is one of the key pests in apple or-
chards of Northern Greece (Kyparissoudas
1990). Conventional control of this pest is
achieved by repeated applications usually during
the flight period of the moths (Castellari 1986,
Tremblay 1986). but controlling the larvae is ex-
tremely difficult, since they live between the bark
and the wood of the apple trees. An alternative
method of controlling the ACM is to apply mat-
ing disruption by using pheromones or the «sexu-
al confusion» method (Voerman et al. 1983).
Recently, studies have indicated that under spe-
cific circumstances mating disruption of apple
clearwing moth is a feasible control method in
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commercial apple production (Stiiber and
Dickler 1987, 1988, Blommers and Freriks 1988,
Codina et al. 1990).

This study collates and analyses the results of
the experiments using synthetic sex pheromone
dispensers, for control of the apple clearwing
moth by the mating disruption method in com-
mercial apple orchards of Central Macedonia
(Northern Greece).

Materials and Methods

Lay-out of experiments (Fig. 1). The experiments
were carried out in two adjacent (plots A and B)
commercial apple orchards (ev. Starking Delicious.
15 years old), in total 1 ha in size. in the area of
Arnissa about 100 km north-west of Thessaloniki.
Orchard A, 0.7 ha in size, was surrounded at the
north side by an apple orchard (15 years old) and
wild vegetation, on the south side by experimental
orchard B, on the east side by an apple orchard (1
year old), while on west side by peaches (1 year old).
Orchard B, 0.3 ha in size, was surrounded on the
south and west sides by wild vegetation, on the cast
side by an apple orchard (10 vears old). while on the
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north side by peaches (1 year old), orchard A and ap-
ple orchard (1 year old).
Pheromone treatment. Both orchards (A and B)
were treated with pheromone dispensers (Shin-Etsu
Chemical Co, Ltd, Tokyo, Japan). These twisted-tie
dispensers consist of a semi-permeable hollow poly-
ethylene tube 1 mm in diameter, 20 ¢m long, and
sealed at both ends. Embedded into one side of the
tube is a thin aluminium wire to facilitate tying the
dispensers into tree limbs or twigs. Dispensers, each
containing 50.5 mg of pheromone (Z, Z-3, 15-18 :
Ac), were placed at a rate of 680 units (approximate-
ly 3 per tree) per ha which is equivalent with 34.34 ¢
pheromone per ha; sufficient to last for the entire
summer season. In 1990 dispensers were installed in
the orchards on May 11 and in 1991 and 1992 on
May 25, prior to the first moth captures in the pher-
omone traps (Kyparissoudas 1991). They were tied
at a height of about 1.70 m (Voerman et al. 1983,
Blommers and Freriks 1988). Additionally, in or-
chard A four dispensers were placed from May 11 to
August 24, 1990 (105 days) and May 25 - September
2, 1991 (100 days) to estimate the pheromone release
rates by measuring weekly weight loss. The average
release rates was expressed as mg/ha/h,

A zone of approximately 70 m (van Deventer and
Blommers, unpublished data) of some adjacent (D)
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apple orchards, 1.5 ha (Fig. 1) were treated similarly
to reduce the chance of insect moths migrating into
the experimental orchards A and B,

The untreated (C) control apple orchard (0.5 ha,
cv. Starking Delicious, 10 years old) was situated ap-
proximately 70 m from the south of the experimental
orchard B.

In both experimental and untreated apple or-
chards growers were not taking any special measures
against ACM. All orchards were sprayed with IGRs
(diflubenzuron, fenoxycarb or triflumuron) on the
upper part of the tree trunk against codling moth
and leafminers.

Assessment of the effects of treatment. The effect of
the pheromone treatment was measured by means of
pheromone and juice traps and counds of empty pu-
pal skins:

a. Pheromone traps. In each experimental orchard
four Pherocon IC traps (Zoecon Palo Alto,
California, USA) were placed about 1.6 m high in
the north-east side of the trees, on May 11 1990 and
in 1991 and 1992 on 25 May. Each trap contained an
attractive cap (Shin-Etsu, Chemical Co, Japan).
Traps were checked weekly and the attractive caps
were replaced every 4 weeks. The same number of
traps were placed in the untreated orchard (C).

b. Juice traps. On June 2, 1992 two juice traps (yel-

FIG. 1. Schematic plan of the test orchards.
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low plastic pot, upper diameter 11 cm, depth 16 cm)
were placed at a height of about 1.6 m in each pher-
omone-treated (A) and untreated orchard (C). Each
juice trap contained a mixture of (pure) apple juice,
molasse and apple vinegar at a ratio of 80:15:5, re-
spectively. Traps were checked and refreshed once a
week. Females from juice traps were transferred to
the lab to be dissected for the presence of spermato-
phores. This method was evaluated only during 1992,
because in 1990 and 1991 we tested the trap contain-
ing mixtures (Frankenhuyzen and Wijnen 1979,
Blommers and Freriks 1988) and the colour of the
plastic pots (Trematerra and Faccioli 1990) used.

c. Empty pupal skins. The number of empty pupal
skins was counted and removed from the trunks
(between 0-1,20 m high) of 20 selected trees four
times a year (mid-June to mid-September) in both
pheromone-treated and untreated orchards.

Results and Discussion

Pheromone trap catches. The flight curve of
male moths, in the untreated orchards, as deter-
mined by means of the four pheromone traps, is
shown in Fig. 2. In 1990 the first male was caught
on May 12, whereas in 1991 and 1992 the first
catches took place on June 2, that is respectively
one and seven days after placement of the phero-
mone dispensers in the experimental apple or-
chard. The flight activity of ACM males contin-
ued until late August in all three years.
Comparisons between the total male catches in
pheromone-treated and untreated orchards indi-
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FIG. 2. Weekly captures of Synanthedon myopaeformis
males in four pheromone traps in the untreated apple
orchard (C). Arnissa in 1990-1992,

TABLE 1. Captures of S. myepaeformis males in
pheromone-treated (A and B) and untreated (C)
orchards, Arnissa 1990-1992,

Catches in 4 pheromone traps % reduction

Untreated  Pheromone  in male catch
Year C A B A B
1990 828 3 0 995 1000
1991 882 4 1 996  99.9
1992 593 0 0 1000 1000

cated that there was almost 100% male disrup-
tion, in the treated orchards (Table 1).

The evaporation rates in 1990 and 1991 were
6.06 mg/ha/h (mean temperature 21°C) and 6.15
mg/'ha/h for periods of 105 and 100 days, respec-
tively (Fig. 3).

This information showed that the captures of
ACM males in pheromone traps were almost to-
tally inhibited, by a release of pheromone from
the twisted-tie dispensers at a rate of approxi-
mately 6 mg/ha/h. This result was obtained with a
lower quantity of pheromone (34.34 g/ha) com-
pared with the experimental results given by
Stiiber and Dickler (1987), Blommers a Freriks
(1988) and Codina et al. (1990).

Juice traps and unmated females. Table 2 sum-
marizes the number of captured moths in juice
traps as well as the dissections of females in the
pheromone-treated (A) and the untreated or-
chard. In 1992 72.86% of the females were found
to be unmated in orchard A, compared to
23.28% in the untreated orchard. The high num-
ber of unmated females caught in the juice traps
in the pheromone-treated orchard provide more
supporting evidence of the success of mating dis-
ruption of 8. myepaeformis as was reported earli-
er by Stiiber and Dickler (1988).

Empty pupal skins. In table 3 the results of the
empty pupal skin counts are summarized. In both
experimental orchards (A and B) a considerable
reduction of the mean number of empty pupal
skins per tree was found. In detail, the reduction
in orchard A ranged from 343 to 11.5in 1991, 3.9
in 1992 and 2.9 in 1993, while it ranged in orchard
B from 13.1 to 3.4, 0.7 and 0.5 in the same years,
respectively. In 1992, after 2 years of applying
pheromone dispensers, in both experimental or-
chards decrease of infestation was satisfactory,
because up to 88% reduction of empty pupal
skins per tree was attained in the pheromone-
treated orchard. This reduction reached 88.6%
and 94.4% per tree in the experimental orchards
A and B, respectively. However, there was a sta-
tistically significant difference in the reduction of
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TABLE 2. Number of 8. myopaeformis (males and females) captured in juice traps and the percentage of unmated
females in pheromone-treated (A) and untreated (C) orchards, Arnissa 1992,

Juice Capture Captures Female % Unmated
Treatment traps total males females mated unmated females
Pheromone 2 435 155 280 76 204 72.86
Unireated 2 484 222 262 201 6l 23.28

TABLE 3. Number of empty pupal skins of 8. myopaeformis (collected from tree trunks between 0-1.20 m high) in
pheromone-treated (A and B) and untreated (C) orchards, Arnissa 1990-1993.

Empty pupal skins per tree!

% reduction

Untreated Pheromone in pheromone
Year C A B A B
1990 27.0 343 13.1 - —
1991 32.6a 11.5b 34c 66.5 74.0
1992 32.8a 3.9b 0.7¢ 88.6 04.4
1993 - 2.9 0.5 91.9 96.3

1. Figures not followed by same letter across the table are significantly different (P < 0,05, Student’s t-test).

empty pupal skins between both experimental or-
chards. We could show that the mating disrup-
tion method gave more satisfactory and faster re-
sults when the initial infestation level of ACM
moths was low (orchard B) as has also been de-
scribed by Charmillot and Vickers (1991). In
1993, after 3 years of tests, damage reduction was
91,9% and 96,3% per tree in the experimental or-
chards A and B, respectively.

The results (high level of disruption, signifi-
cantly lower number of mated females and em-
pty pupal skins in pheromone-treated than in the
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FIG. 3. Weight loss of pheromone from polyethylene
twisted-tie dispensers (containing 50.5 mg of pheromone)
in Arnissa 1990 and 1991,

untreated orchard) indicate that mating disrup-
tion of ACM is a technically feasible control
method in small size apple orchards in the area
of Arnissa (Northern Greece).

This method could also be used in larger plan-
tations. However, more experiments are required
to confirm this opportunity which are in progress.
Concerving the cost of this method, it could be
said that it is commercially acceptable taking into
account that it is a) very effective against the tar-
get insect, b) environmentally safer ¢) the only ef-
fective method compared to the other available
methods used.
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Avuiperomon tov Eveépov Synanthedon myopaeformis (Borkh) pe
Luvbetinn ®egopovn Pvlov oe Onwgaves s Boperog EALGdag

KYTIAPIZZOYAAZ, A3 naw A. TZOYPTTANNH

Hepupepeiano Kévroo loootaoias Purav & Howtixot EAéyyov Ocooalovixne
1.0 14516, 546 26 Ocaoalovixn
Mumevdxeto Pvronaboloyixé voritoito
145 61 Kngioid, Abjva

IHEPIAHWH

Tnv mepiodo 1990-1993 drevepyripray doxripgg oe d0 dpopovs ihedveg Extaons 10 otpeppdroy
omv mepLoy} Apviooag - N. ITEALaC yuoemy avupetaimion tov evidpov Synanthedon myopaeformis,
Borkh. (Lepidoptera: Sessiidae) pe ) pgfodo «apepunodion me mw&ivmo‘n; ®at oUlevEng tov
dvo pukhmv (mating distuption 1j confusion)». Xpnowomonibnuray eSatuonioec (dispensers) and
owhjves mohvatbuheviov, mg etapeiag Shin-Etsu Tammvio, xat)swxg TV omotwyv meptelye 50.5

mg ouvbeting gepopdvn Z, 7-3, 15-18 Ac. Me pia epappoyn 68 eEatpuomiomy avd otofupa o
YOOVO raw entl 3 cuveyj yoovia (1990, 1991, 1992) mowv v €vapEn ™ Tmjong Tov eviduou, em-
Tevyhrav oTovg OTWEMVES TWV ORIV, CUYROITIKA [E TO NAETUOA, To. ArGAOUOH CmOTEAEON-
TCL: @) 1) TUEEPTAOLON TV GUAMPEDY TOV AOOEVIRGOV OTOUWY U (PEQONOVIXES Tayideg, te otade-
00 pUBPG amodEopEvong ™G gepoudvns mepimor 6 mg/h/ha, ¥rav Tov emmédov 99.5-100% B) 1o
TOOOOTO TOV AYOVILOTOMTWY Bnhurdy atépmy, and cvhhijpels o Toogomayides, égpbaoe to
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72.86% ) n neimon me meooforis (aotBuog voupuroy exdupdtmy tov eviopor avd 0évtpo), Toia
YOOVLO META TV TTRWTY EQOOUOYY TS pepondvns (1993), vupdvinre and 91.9-96.3%. Ta evBap-
QUVTIRG QT ATOTEAEOPATA, VIO OPLOPEVES TROUTOBETELS, UVOLYOUV VEES TTOOOMTILES YILCL TV
AMOTEAEOUATIXNG] CVILLETWITLON TOU emlipton avtot £x0pot ™g pnhude, pe ovvleTinéc geEQoIaveS
qikov, ouig cuvbhireg e Bopewag Erbddac.
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