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Chemical Synthesis and Orientation Disruption Bioassay of Sex
Pheromone of the Oriental Fruit Moth, Grapholita molesta (Busck)

Yonggyun Kim*, Sungwoo Bae, Sooil Bae, Hyang—mi Yoon' and Yong Pyo Hong1

School of Bioresource Sciences, Andong National University, Andong 760-749, Korea
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ABSTRACT : Three sex pheromone components (cis-8-dodecenyl acetate (Z12Ac), trans-8-dodecenyl
acetate (E12Ac), cis-8-dodecenol (Z120H)) of the Oriental fruit moth, Grapholita molesta, were chemically
synthesized. Especially to increase the composition of cis-stereoisomer, a triple bond intermediate was
hydrogenated at -20°C with catalytic Pd/BaSQ,. The resulting product consisted of the acetates with
a stereoisomer ratio in 92:8 (Z:E). The bioclogical activity of the synthesized pheromone compounds
was analyzed both in male responses and orientation disruption. The indoor pheromone effect was determined
by male flight behavior showing wing movement in response to lure. Different mixtures of the synthetic
pheromone components were prepared by mixing acetate and alcohol components in 100:0, 99:1, and
90:10 (g/g) and tested with a comparison of a standard commercial pheromone lure. The highest pheromone
effect was observed in only acetate mixture (100:0) and the effect was reduced with the addition of
the alcohol component. This indoor pheromone effect could be observed in field monitoring trial, in
which 100:0 mixture showed the highest trap catches. Orientation disruption assay was conducted indoor
by using a cage, in which the center had a commercial lure on sticky plate and the four candidates
were placed at 6 cm away from the central Iure on each of four directions. Test males were released
to the arena during overnight (12 h) and then the caught males on the sticky plate were counted. The
synthesized pheromone as well as the commercial pheromone showed 100% orientation disruption. However,
the orientation disruption effect was reduced with decrease in the number of the surrounding disrupting
pheromone baits. These results clearly suggest that the synthesized sex pheromone of G. molesta is biologically
active and can be used for field mating disruption.

KEY WORDS : Oriental fruit moth, Chemical synthesis, Pheromone, Mating disruption, Mating behavior,
Orientation
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Fig. 1. Chemical synthesis process of three pheromone components of the Oriental fruit moth, Grapholita molesta. 1. 1,7-heptanediol,
2: 7-bromoheptan-1-ol, 3: 7-bromoheptan-1-ol tetrahydropyranyl ether, 4: 8-dodecyn-1-ol tetrahydropyranyl ether, 5: cis-8-dodecen-1-ol
tetrahydropyranyl ether, 6: cis-8-dodecen-1-ol, 7: cis-8-dodecen-1-yl acetate. ‘PPTS’ and ‘THPO’ represent pyridinium para-toluene
sulfonate and tetrahydropranyloxy, respectively.
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Fig. 2. Gas chromatograms of three synthesized pheromone
compounds: (A) cis-8-dodecen-1-ol at 13.475 min of retention
time (B) trans-8-dodecen-1-yl acetate (1) at 13.000 min and
cis-8-dodecen-1-yl acetate (2) at 13.233 min.
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Fig. 3. Diel rhythm of male responses of the Oriental fruit
moth, Grapholita molesta, to a commercial sex pheromone. The
male response was determined by wing movement in response
to the lure within 10 min. Each measurement consisted of 10-15
males and was replicated three times. Different letters above the
error bar represent significant difference between means at Type
I error = 0.05 (LSD test).
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Fig. 4. Effect of pheromone composition on male response in
laboratory (bar) or on field male catch (black circle). Each
acetate or alcohol component contained a mixture of cis and
trans dodecenyl acetates or alcohols in 92:8 ratio. The male
response was determined by wing movement in response to the
lure within 10 min. Each measurement consisted of 10-15 males
and was replicated three times. Different letters above the error
bar represent significant difference between means at Type I
error = 0.05 (LSD test).
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Control Treatment
Array of candidates Efficacy (%) of o
. . X
Treatment # test males  # caught orientation (df = 1) P
N E w S disruption
Control X X X X 10 10 0.0 - -
o} 0 o O 13 0 100.0 23.00 <0.0001
) 0 O 0 X 12 2 833 15.28 <0.0001
Synthetic
(0} 0 X X 10 20.0 222 0.1360
0 X X X 10 10 0.0 0.00 1.000
Commercial (6] 0o (6] (6] 10 0 100.0 20.00 <0.0001

Fig. 5. Demonstration of orientation disruption in cage (23x18x13 cm). The center consists of a commercial lure (Green Agro Tech,
Inc., Kyungsan, Korea) on sticky plate (55 cm). The four candidates are placed at 6 cm away from the central standard lure on each
of four directions (N, E, W, S). Ten to thirteen males are released to the arena for 12 h (9 pm-9 am) at 25°C and then the caught
males on the sticky plate are counted. The table shows the bioassay result. Control used all hexane treatments (‘X’) in four directions.

Synthetic pheromone (‘synthetic’,

‘O’) used only acetate components (100:0, see Materials and Methods). A commercial lure

(‘commercial’, ‘O’) was used for a positive control. The chi-square test was performed by comparing the treatment effect with the

control effect.
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HF41-8(Babler and Coghlan, 1979; Aukrust et al., 1985)
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