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Analysis of Migration of the Oriental Fruit Moth, Grapholita molesta, in
Apple-Cultivating Areas Based on Population Monitoring Using Sex
Pheromone and RAPD Molecular Marker

Kim, Yonggyun®, Sungwoo Bae’, Yerim Son and Junga Park

Department of Bioresource Sciences, Andong National University, Andong 760-749
"Department of Industrial Entomology, National Institute of Agricultural Science, Rural Development Administration, Suwon 441-440, Korea

ABSTRACT : Local and seasonal populations of the oriental fruit moth, Grapholita molesta, were monitored
with sex pheromone trapping and RAPD (random amplified polymorphic DNA) molecular marker to
analyze their movement in apple orchards. To detect their movements among farms, pheromone traps
were placed at regions between apple farms (‘outside-farms’) as well as within-farms (‘inside-farms”).
Four seasonal adult peaks were evident in apple-cultivating fields from April to October in both trappings
of inside- or outside-farms. After overwintering generation, populations of inside-farms were significantly
reduced with frequent insecticide applications, compared to populations of outside-farms. Within apple
farms, G. molesta tended to be unevenly distributed because of significant sublocal preference. Active
movements of local and seasonal populations of G. molesta were supported by gene flow analysis using
RAPD marker. Monitoring data using sex pheromone and seasonal reduction in initial genetic differentiation
detected in the overwintering populations suggest that there must be significant movement of G. molesta
among different orchards in apple-cultivating areas.
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Fg. 1. A year-round monttoring of Grapholita molesta in and
near Andong apple orchards using sex pheromone traps. The
monitoring traps include five ‘outside-farms’ (‘T1°-‘T5’) installed
respectively at regions between neighboring four orchards (‘inside-
farms’: ‘AD1’, ‘AD2’°, ‘AD3’, and ‘KA’), which is described in
materials and methods and depicted in Park et al. (2008). (A)
Adult phenology of G. molesta in 2008 monitored in both traps
of inside-farms and outside-farms. (B) Trap data of inside-farms.
(C) Trap data of outside-farms. Monitoring data of overwintering
populations (Apr-May) used those of Park er al. (2008).
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Fig. 2. Monitoring Grapholita molesta at different places of each
apple orchard. Installation of 12 monitoring sex pheromone traps
in each of ADI and AD3 orchards is described in materials and
methods and depicted in Park et al. (2008). AD1 orchard is close
to neighboring orchard, while AD3 is isolated from other orchards.
Main wind direction (arrows) is denoted in each orchard. Trap
catches of 12 monitoring traps in each of AD1 (A) and AD3
(B) orchards from May 1 to October 3. Data of Apr-May used
those reported in Park et al. (2008). Error bars indicate standard
deviation of four replications. Twelve traps are divided into three
subgroups for analysis depending on trap locations at periphery,
middle, and center of orchards.
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Fig. 3. Genetic differentiation of local (A) and seasonal (B) populations of Grapholita molesta analyzed by PCR-RAPD. Males were
collected at four periods (April, July, August, and September) using sex pheromone traps installed in five different localities of AD1

AD2, AD3, KA, and YC (see materials and methods). RAPD frequencies of each local and time population (n> 30) were estimated
at 10 polymorphic loci by the method of Son and Kim (2008).
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Fig. 4. Clustering analysis of three Andong local (‘AD1’, ‘AD?2’, and ‘AD3%), Kilan (‘KA’), and Youngchon (‘YC’) populations of
Grapholita molesta in different seasons in terms of gene frequencies using N-8061 (Bioneer) PCR-RAPD marker.

(=]
]

Bgpoteutgol et AmmE wolmels) Aelrle
o 7h5stets Aol ofe] ofe] 2§ A7s Fa) uw
il Stk BEEFYE Y 9=7)3E 0] Isomate-M 100
o mEA] Al A oF vBe fEsigen] o)
Shgof Aot Ak Bpotitdol e o b
Al BIE B FlthKovanci er al., 2005). <U]of A
= BsokethiY] Al disia = 74x] Fele)
8 A APAE Aejgle] 1A wElE £ cHJung
et al., 2006). = Ezofiibdo] Ao 2t AL A)
7HA] /dE{(cis-8-dodecenyl acetate (Z12Ac), trans-8-
dodecenyl acetate (E12Ac), cis-8-dodecenol (Z120H))
of Z}7} 95:5:1 24 9rE 2| 9kBoo, 1998), U] AR
%3l Q)= Isomate A& 88.5:5.7: 12 AT o] &
QoA W HRE weltk= Mol o] cis ey
o] ol dAE e 7lEo) ALEY AL o] o) &3}

218 A1E #e = AUrKKim et al., 2006). wh
2hA S Bpoliupy AW 2R 24T SabekA =

Ao AHESHETL 9 SplatT™ A|%2 Eobal )
w2 A EAtHlung ef al., 2007). 1Lk
Ul Aol mulaetA o] Aelis Aqpro]r] Wi
of le] mAE AoA o]FEste] 2= mu] Q)
FYoR WA ANE A WEE 5 S oo
StHJung and Kim, 2008). o5 R&3517] Qs A&
Tl o] BBEE Aok Mol MR 55
of v oA AAE MR wolaetA] s o
del BaH Yoz a0 2 HE 45-50m Hol
A 7Rl Al e A S A sto] Fo2 3t
9l dlmelo] #2 Tat AFeE A B -
ol WAl G820l A HIItKIl'Ichey et al,
2004). Aol A Hpoliipe] Ho| = o5
of ol BT Ul S HAsto], A o)A
S 9Pl A7) Fle R ol AL whE 4
T AN SHITHKim er al., 2007). “Leju} o}
spolepie] ol WS Tjotelx] £t 43

alvlwgbAle] 2] #e) ol wolEgie] MY &g
< Aol ofHge] Stk

1

FI =)

o O M 0 K

ol



218 Korean J. Appl. Entomol. 48(2), June 2009
2 Aol Bpokete olF dFS AR fE H3lE doyji= ZloR FE 4 qlrh Aol ofA|
At T B o Afolof] HAJH AdH2E Efio] F7] A7) vland 2] o= JiER] o] & 5~64
A HUE g oR A6tk SuEAIE Albelat He olgfgl A Ak Haprt Alk Bokathd el
oA Q= AR EfoME @2 Egoliibis AFE S Ao]aL, o= 79 FelA HE Het E8
S = QUL o 59 Fol Ak Wil A vERt = AEAAFTE a9l Zg3E Aoleh ofAZT
© HEHET FARBIICE & ARHolA WA Hpot Ty 253 Baolketpte] o5 AEd Y
o] FHC R ol FHE TS HolE Aot 52 §AAZ R AT oA otk FAdAH
Hookete] Blad w2 715 HQ)(Abn ef al, 1985) Sofl o3t FH% 3k wobFA EtkLynch and

£ sl & o o|5 Al EiR] oA 2EH Bpol
wbbo] Abbelof| A 2 AIA] oy S ]SEol A
S AR = 2 A dapte g e 4= ¢lth
I RAPD BAAEE ol 83k IS Aole] 24
ORI §0) 2 W5t Tefslo] 2 of o} Al
4ro] BpoleLHhe: Q1 AR el SeE A
2 g,

PCR-RAPD= ¢9]9] Zeto|w(107] & e Efo|=
AEE 7Hte R oA DNA ZE 2o Yehits
7HAE DNA S3hg Aabg9] s 7%= gt
(Williams et al., 1990). 53] i AAQ] A7 |NES
UA] Hol= AdeoA] Q1o Zeto|HF o]gate] 3413
B0} 7RssbA| St o] RAPD 7|49 A7oltt
(Haymer, 1994). 32 7|52 o] ¢19] ZetojwE 7]xs}t
of ulg] AYEUcHSon and Kim, 2008). o] 7}24
N-8061 Zefoluls} Aol BE Tl ek
Wl o) AEEGOm, o}F ofgele] Hpohrhie] 4
5 A% Alhe) f44 2AE HLE 4 AckPark
et al, 2008). 2Eolek= 1 WEA o Hpoleyy
W) Aeizk HE1E o g S ok B Aol 42
HeAolA E4E Heo] A9t 5178 2/oflA
gt Zpol7h &3-S vehlch 1elu e Rt Aol A

= Botethie] o]gAS 25

o

[¢]
o5 ek olefat A&zt 1 )
RAPD x4 fof ¢f3t 4 AEolth. BE of 7|0l
E T2 fAH TA| WES el agle] glck Sau
o] L Agjge] §AANEoR A WA lol i
Qo] fAA 2L WEAYE AL 1EE 4 o
(Hartl and Clark, 1988). 2t} AHA 94# 24 HE

q
aflo R Aglgle Aor AT Aol AdEA o
off T FAA Al 97t sshkser o

Of= & 7ol AR AR Qo] BRI W
U FpojollA o 4= Qlrk o]H7h FoF Al

Ao WFdE Ad 34 s 2o Z(Falconer,
1981) I Wz #2] Al7] 2 "pdo)] e} ohA] AR

Gabriel, 1990).

2 Qs E3 AR YiRolixe Beokettel =
T BEE Ho|al glrke AL AAlshL Sk olE2)
AR W B PR T ol Aol FiR 99
& Azabil gloke Zolvk Zreiu e ARplME
A1717F 2ol wheh At FYOR olEdhe Ae
B o 9lo] dot AsAoR afahel el A Hpof
wLpe vy olFEle] EalErhs A& & 4tk
ol gt AP AlHl YHof muEAE M of
7Rk ol vlaA WsiA] Heshe 2ol TabAolet
= A7 ATHKnight, 20043 FLAsIFE zpRolch
olite] Ak S AFme] WAISH: Hgobiuby

o5 7Ns S MR HE A2} RAPD 27
A3 ARE o) ANl Uk EabA ol Xe)
AE 7] Slsiais Aahel Bk ok 21 2]
71 Bk SN A ollx] AAJEojof gl 2 G
£ AR 2y 2 dpvhe g olE Hgolke it
o] o5 A7} ol Amo|uf ofof wet ol Ao
FHY oA wrluAE Aeslor sk Al AA
aloiA] ZFck ofF ARsl] felide 55 2ot g
AHg gger & A7t AgE dart ok

b

1o

A A}

Bl 20 a 9 2008 FTA thg7]47)

dhApg] o 2 e E QiU 2 Ate] QlLels AEH
o 1 Ak

Literature Cited

Ahn, S.B., HW. Koh and Y.I. Lee. 1985. Study on apple pests
and natural enemy. Res. Rept. RDA. Crop Protection: 417-428.
Boo, K.S. 1998. Variation in sex pheromone composition of a few
selected lepidopteran species. J. Asia-Pacific Entomol. 1: 17-23.
Cardé, AM., T.C. Baker and R.T. Cardé. 1979. Identification of
a four-component sex pheromone of the female oriental fruit



Kim et al.: Sex pheromone and RAPD monitoring of oriental fruit moth 219

moth, Grapholita molesta Busck (Lepidoptera: Tortricidae). J.
Chem. Ecol. 5: 423-427.

Charlton, R.E. and R.T. Cardé. 1981. Comparing the effectiveness
of sexual communication disruption in the Oriental fruit moth
(Grapholita molesta) using different combinations and dosages
of its pheromone blend. J. Chem. Ecol. 7: 501-508.

Choi, K.H., SSW. Lee, D.H. Lee, D.A. Kim and S.K. Kim. 2008.
Recent occurrence status of two major fruit moths, oriental fruit
moth and peach moth in apple orchards. Kor. J. Appl. Entomol.
47: 17-22.

Falconer, D.S. 1981. Introduction to quantitative genetics. 2nd. Ed.
Longman Scientific & Technical, John Wiley & Sons, New
York.

George, J.A. 1965. Sex pheromone of the oriental fruit moth
Grapholita molesta Busck (Lepidoptera: Tortricidae). Can.
Entomol. 97: 1002-1007.

Hartl, D.L. and A.G. Clark. 1988. Principles of population genetics.
2nd ed. Sinauer, Sunderland, MA.

Haymer, D.S. 1994. Random amplified polymorphic DNAs and
microsatellites: what are they, and can they tell us anything we
don’t already know? Ann. Entomol. Soc. Am. 87: 717-722.

Iichev, A.L., D.G. Williams and A.D. Milner. 2004. Mating
disruption barriers in pome fruit for improving control of
oriental fruit moth Grapholita molesta Busck (Lep., Tortricidae)
in stone fruit under mating disruption. J. Appl. Entomol. 128:
126-132.

Jung, S. and Y. Kim. 2008. Comparative analysis to damage
reduction of host plant by applying a mating disruptor of the
oriental fruit moth, Grapholita molesta, in two different cultivation
environments of apple orchard. Kor. J. Appl. Entomol. 47: 51-57.

Jung, S., M. Park, S. Lee, K. Choi, Y. Hong, S. Bae and Y. Kim.
2008. Development of wax-typed pheromone dispenser for
mating discruption of the oriental fruit moth, Grapholita molesta,
and its application technique. Kor. J. Appl. Entomol. 47:
255-263.

Jung, S., C. Park, M. Park, S. Lee, K. Choi, Y. Hong and Y.
Kim. 2006. Efficacy of commercial mating disruptors on field
overwintering populations of Oriental fruit moth, Grapholita
molesta (Busck). Kor. J. Appl. Entomol. 45: 235-240.

Jung, S., C. Park, M. Park and Y. Kim. 2007. Field assessment
of two commercial sex pheromone mating disruptors on male
orientation of oriental fruit moth, Grapholita molesta (Busck).
Kor. J. Pestic. Sci. 11: 46-51.

Kanga, LH.B., D.J. Pree, F.W. Plapp, Jr. and J.L. van Lier. 2001.
Sex-linked altered acetylcholinesterase resistance to carbamate
insecticides in adults of the oriental fruit moth, Grapholita
molesta (Lepidoptera; Tortricidae). Pestic. Biochem. Physiol. 71:
29-39.

Kim, Y., S. Bae, S. Bae, HM. Yoon and Y.P. Hong. 2006.
Chemical synthesis and orientation disruption bioassay of sex
pheromone of the oriental fruit moth, Grapholita molesta
(Busck). Kor. J. Appl. Entomol. 45: 309-316.

Kim, Y., S. Bae, K.H. Choi, D.H. Lee and S.W. Lee. 2007.
Efficacy test of mating disruptors using food trap of oriental
fruit moth, Grapholita molesta (Busck). Kor. J. Appl. Entomol.
46: 269-274.

Knight, A.L. and T.E. Earsen. 2004. Improved deposition and
performance of a microencapsulated sex pheromone formulation
for codling moth (Lepidoptera: Tortricidae) with a low volume
application. J. Entomol. Soc. Br. Columbia 101: 79-86.

Kovanci, O.B., C. Schal, I.F. Walgenbach and G.G. Kennedy.
2005. Comparison of mating disruption with pesticides for
management of oriental fruit moth (Lepidoptera: Tortricidae) in
North Carolina apple orchards. J. Econ. Entomol. 98:
1248-1258.

Lynch, M. and W. Garbriel. 1990. Mutation load and the survival
of small populations. Evolution 44: 1725-1737.

Park, J., Y. Son, S. Bae and Y. Kim. 2008. Genetic differentiation
of overwintering populations of oriental fruit moth, Grapholita
molesta, and their movement. Kor. J. Appl. Entomol. 47:
201-208.

Pree, D.J., KJ. Whitty, L. van Driel, GM. Walker and L. Van
Dricl. 1998. Resistance to insecticides in oriental fruit moth
populations (Grapholita molesta) from the Niagara Peninsula of
Ontario. Can. Entomol. 130: 245-256.

Rothschild, G.H.L. 1975. Control of oriental fruit moth (Cydia
molesta  (Busck) (Lepidoptera, Tortricidae)) with synthetic
female pheromone. Bull. Entomol. Res. 65: 473-490.

Rothschild, G.H.L. 1979. A comparison of methods of dispensing
synthetic sex pheromone for the control of oriental fruit moth,
Cydia molesta (Busck) (Lepidoptera: Tortricidae), in Australia.
Bull. Entomol. Res. 69: 115-127.

Sambrook, J.E., F. Fritsh and T. Maniatis. 1989. Molecular
cloning. A laboratory manual, 2nd ed. Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY.

Sanders, C.J. and G.S. Lucuik. 1996. Disruption of male oriental
fruit moth to calling females in a wind tunnel by different
concentrations of synthetic pheromone. J. Chem. Ecol. 22:
1971-1986.

SAS Institute, 1989. SAS/STAT user’s guide, Release 6.03, Ed.
Cary, N.C.

Son, Y. and Y. Kim. 2008. Gene flow of oriental fruit moth,
Grapholita molesta, populations analyzed by RAPD molecular
markers. Kor. J. Appl. Entomol. 47: 37-44.

Usmani, K.A. and P.W. Shearer. 2001. Topical pheromone trap
assays for monitoring susceptibility of male oriental fruit moth
(Lepidoptera: Tortricidae) populations to azinphosmethyl in
New Jersey. J. Econ. Entomol. 94: 233-239.

Valeur, P.G. and C. Lofstedt. 1996. Behviour of male oriental fruit
moth, Grapholita molesta, in overlapping sex pheromone plumes
in a wind tunnel. Entomol. Exp. Appl. 79: 51-59.

Wahlund, S. 1928. Zuzammennsetzung von Populationen und
Korrelationserscheinungen von standpunkt der vererbungslehre
aus betrachtet. Hededitas 11: 65-106.

Williams, J.GXK., A.R. Kubelik, K.J. Livak, J.A. Rafalski and S.V.
Tingey. 1990. DNA polymorphisms amplified by arbitrary
primers are useful as genetic markers. Nucl. Acids Res. 18:
6531-6535.

(Received for publication February 11 2009;
revised March 19 2009; accepted March 20 2009)



