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o] =7 7HAeF st A171e] &G 7HA 7L STbERel whek
shal Qlok 2014 2,835%-0] E3sld "HuyFo] vtw
201630l = FHulX| A 96,8744 0] A A= om M 7
2018\ ell= 7,751 0] A4 | Aom JA ATt 20199 AA
Ul HuR RS AR Ees 20149 FH 20189744 F
ez W A€ 7t $ 7 82 F7F AAEH o
, 2019). ol&ig S7tel wel HUFE Thsiete A ST
ot o] A A 7F oA TtRsR dolH ol 1 et F
Zhstal Aok wEba Huge] 2 sE T e okt vl
gk A 2 s 1elar A B ATE d@ste Wy digh o
T7F a5kt

el U (clearwing moth) .2 %A ¥+ f2 U 3H(Sesiidae) 2] & 5o}
FEluE Ao THe HES JHE FuE YEd T Arita (1994)0
ofaff Aol Mt FeEludre FE A E7 T SEobral v
FEfA Zol7b FREo] HalE il o] % Lee et al. (2004)°] Hs ol
2] Wi (Synanthedon bicingulata) (Lepidoptera:Sesiidae)®] ZEl® &)
A EFE S wul EsokrEud A ofF FH 2 A7
ST LAt mE F5o FuH S4S Hisklth Hardy (1982)+=
St Synanthedon tipuliformis® <t A% $3F Au]= 1119
7WbE Ao ® Btttk fFEudFe ofAlol frE 2 HH 5 WS
Aol FxaH dEAE F 39FH 4559 7IFAEC] B Hollth
(Arita, 1994). =] F8]va= Arita et al. (2004)¢] % 9% 255
Hasteoh Beolfaluwe] w2 Sesia bicingulata Staudinger
(188N = A5 WHHATHE ofF ZFuelA  Park (1983)e] <]
Synenthedon bicingulata® N3 ® ¥ Al AP Synanthedon
bicingulata (Arita et al. 2004)2 wWW Aot 7|57 HLAE U9
AU & (Prunus)?l ", & A, ol Qo= wjvy, A
o 22 FHg FoREA A dow FH olgddAe A HFof
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2 Badodu(sE &, 2019). 18y Agd 5
st

Bpohf e £3/18 £ Yol milt 034 HF0E 4
o 54 Ase AEE setats] of ' EMEER

E
tHPereyra and Sancgez, 2006). L&} &
o] H*Zﬂb 71 A ool oEskal gl shshA A
< A&EsHA 549 ] =5
Xﬂ%é A =4 3} S doAS E‘r(Lacey and
Shapira-Ilan, 2008). wa}A AFA] A}&o 2 At R8-S FHAsHA 7]
= Ao A& Thed e HHe :
Management, IPM)7id o] 5733}t
oA, TFA T #EE A
71 9 34 W5y Aol dF Aot

¥ Z & (pheromone) %2 TU JrAlAETS A 314 Ha B

oty HEE EfS 2T B AVIE As| feofste=d wg &

st #HE2F 7]Hre] A A7) 5
)

, EFY T, EF) A 3

ofN

gt =
fsttH(Arm et al. 1997). ©o]& Sl 2 AFolA= LA FRY 7
2o A EgobfElvhde I8 54 H AR ERS o] &e AogH
w7 A maAe AERs 24 ME cea Adeee 2
A A A AlFS S Th Lee et al. (2018)> Monochamus

alternatus (Coleoptera: Cerambycidae)S o2 7|52 &9 3utE=

2 AdzE 37 AYe W o FE fAEe deue AL B

WY, ol® BEEL 7)F Aol ofd Ao HWEAL 75

7] Wiel ol WAl A2 ol FoF AYE ALS T 5 Utk /]9
S

deFol 4] Push and Pull deF
S AA s=d AFE @ 4 Y Borden 1997; Zhang and Schlyter
2004; Cook et al. 2007). welA] AlYX|2=ES} 7|g&Edo A AgS
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Al 2 ATAL

of 50 %ol F = ATl 25 A ortaFel tig olsrt
o}#A]a1 9lt}. Butenandt et al. (1959)¢l] <]l “Fol oA HFo=
HE2Es &2 3 5 HEZZ 94, 35 98, 4 T A 50l
w1 9t (Benton et al. 2007; Dickson 2008; Clyne et al. 1999;
Vosshall et al. 1999; Witzgall et al. 2010). 28] & IPMel <] A3k
s wedol A3tHuA AAAASR HEEe ol8d EUE P
WA ez de] &85 drHRidgway et al. 1990b; Howse et al.
1998; Baker and Heath 2004; Hallett et al. 2009).

=N

™ oX

FeEluFe ez 29t 4L Tumlinson et al. (1974)° <]
sto] Synanthedon pictipes (Lepidoptera: Sesiidae) (Lesser peach tree
borer)¢}  Sanninoidea exitiosa (Lepidoptera: Sesiidae) (peach tree
borer)e] AuZo] Aoz FHEATE T = Kang and Park
(1988)°l  2J&le] Synanthedon bicingulata®l A =22 27| E&<l
(Z,7)-3,13-octadecadien-1-yl acetate®} (FE,Z)-3,13-octadecadien—-1-yl
acetate®] @AWHol JNLHIL o]F HFolfEvbl AHEEO dA
Z7HA <l (132)-octadecen-3-yn-1-ol< -85t
(3E,137)-3,13-octadecadienyl acetate [(3E,132)-SEld|7io] ol oAl H|
o]E]9} (37,132)-3,13-octadecadienyl acetate [(37,132)-=-E}ld]7}t] ol d
olA g o] EJ9] 7 AW el By ltH(Yamamoto et al. 1989).

Feluhdate] AelEs EfS o83 3] XA A= Sharp
et al. (1978)¢] Synanthedon pictipes®} Synanthedon exitiosa 2%&°| oY
gto] Fastrt. wull FE R sk AN S tenuiss WS
2 ARRZESE AHEE 4 EFS THA ATl E 3 AT
2003). Yang et al. (2011)2 =W HFolfudyt AHzREQ
(3E,137)-3,13-octadecadienyl acetate®} (37,137)-3,13-octadecadienyl
acetate®] H|&¥ of¢ fEES AL ol %, FFL(2012)F°] #
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Yaginuma and Kumakura (1976) fF3uyds A=<
(3E,132)-3,13-octadecadienyl acetate (o] 3} 3E,132)%}
(37,137)-3,13-octadecadienyl acetate (°]3} 37,132)2] =4 H] & tf3dt
Aoz 3E 1379 37,1375 Z+7F 0:10, 2:8, 46, 6:4, 82 123 10:0¢]
Hl &2 245t Fd8s AN A3, 463 649 Abo] Hl&olA -
sk felE S yepdta B askdth =3 (3E,137), (37,132) 0.1 mg,
0.3 mg, 1.0 mg, 3.0 mg, 100 mgo = Az st FAd=ES vwuwst 23
100 mg Ag AgZelA 7H e x£8¥s yepdvtal B skl
o] % Nielsen and Purrington (1980)= Synanthedon pictipesS Ao =2
3E13Z¢ 3Z13E°] =7 vl mah #d9S dgstler 3E,1379]
H&ol o5 X8Ho] S sivn Husidu. v& favhEdd
Synanthedon tipuliformis®] W3}l Voerman et al. (1984)¢] 3E,13Z7%}
3Z13EE 1000 ug:0 pg, 1000 xg:30 wpg, 900 ug:100 pg, 500 wg:500 ug,
100 1g:900 pg, 30 pg:1000 pg L3l 0 pgil000 pgel ¥&= APS 4
I 3E13Z9 Hl&o] m=aTE Folgo] sttt Hasiith g S
tipuliformis® F<¢18S =olx= (7,7)-2,13- octadecadien-1-ol acetate
(Z2213-18:Ac)®] x3 AFdA % 3EI13Z7 & HEYdTFE T2
s yetdta Bustin AE54 EUE e T3 WA 23E X
APeE Aol A = Matsumoto et al. (2007)°] S. bicingulata®l T3l
(B3E132), (37,137) 559 Hl &= 2 mgA st AH =& EFFS 19955
B 2005 7bA] AX g Ay 1999d-S mhA| et o ® JNA 7 EE A g%k
ol B 3kth Naka et al. (2008)2 S. bicingulataS W7o 2 W&
HofdEs A A3, (BE132)¢F (37,137) 559 vl&o] o T
3 omle

=
24 MlgRT $58 §URRt dvkn AYoh vl YARES T

fz



At 27 B2 9] AUA2ERA Z2213-18Ac, ZE2,13-18:AcE *
& AP AT AAE Ho] AUA EaUh gl Raskslt:
Tl AE Yang et al. (2011)¢] (3E,137), (37,137) 4:6°] w&= x4
&1 mgAE Fol7t B 2 FUEE Ul AoR Busgla

FUAS oM dAst s feuER 430l A A

2AAT (RG], 201290 % (3E132), (37,137) 4:69] H &S A&

o, ot
-

A 22 B0 Ago] 3k Ao Al Clare et al. (2000)9] <J3] ¥
=3} Cydia pomonella (Lepidoptera: Torticidae) (Codling moth)ES 2
o % kM, ek 22 gk gl wmabA 5 57EA] A Ake] HEE ol
EfS 7 Ag b7 Ak ol Ef O] AT ol wE i
2Z9 fa9 AAES Agrilus planipennis (Coleoptera: Buprestidae)
d ash borer)oll thate] 4zt Al A Ef Sl 2
= EWNS ALEste] mhebA wrA ) TSURERA Violet, Fuchsia, YAZ
A4 gga B 7EA 3 1.5 mo] Foloh 3 AlolQl 13 mol A
A3 A7 dtH(Francese et al. 2010). ©]%  Rhynchophours
ferrugineus (Coleoptera: Curculionidae) (Red palm weevil)S o=
AN, WIS kAl 5o BREHE WA EfE AL <
He A Aol HAA EF fQlgo] JHE ggsithal KBt
ATtH(Abuagla and Al-Deeb, 2011). Gadi and Reddy (2014)= Cylas
formicarius (Coleoptera: Brentidae) (sweetpotato weevil) S Ao =2 7

A, A B gk R Shebd) 2F A shebale] Ay b))
1=}
T

— W

EQe A3 FA NEah g2 =9 e 9, a7
a9 sheke] mAEe] Aol 27t 2FA, wehdl, shokdom Lhiol
o

Bt} Hylastes ater (Coleoptera: Scolytinae), Hylurgus ligniperda
(Coleoptera:  Scolytinae) 1@l3  Arhopalus ferus (Coleoptera:

Cerambycidae) & o= HAA, 254, WA, ek, sheks



g A% B Efol A it 35l s 7}"}
= A A37F Ak (Kerr et al. 2017). F-2 v
o] MAwl = A% Roubos and Liburd (2008)°] <]&l Vitacea
polistiformis (Lepidoptera: Sesiidae) (Grape root borer)E& Wi} o = I

gLt 20050 22 @A e gglal keSS JEA| A

Aggon olFs 200610 5%&*, T, 254 g, o
SO A rela ek WSk x2FA AA% agd shekd mAS

FThal W skl ©o]F Zhang et al

(2013)& Synanthedon scitula (Lepidoptera: Sesiidae)S thAto 2 Ald|

B¢ Folo AYH EN Y vl @ A vl A5 83

th o] AFoA AHHARE Fo]o AFHA septa®} vialsS B LEF L

2 o ‘“E} Eq g 5} A WA Ef 2540 ¥ EFPS
)
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Bokgeiple]  MASAHS  0sdEd  AE  wely  welw
1(37°27'29.80"N 126°57'22.91"E)ll A Z=Abst et 2AME e T &
A kA SFeEA A o 2 (Morning glory, Seoul, Korea) 3%7]3}H

AT Mg Bt FAF RS F 501 F AT A A9
& 1% 74 (diameter at breast height, DBH) ¥ ®3X &= Table 13 2t}
s g FAAAE, FoldE XA OH EFole AWHORRH
50 cm ©9IE U] 200 ecm 7HA 7‘/\}0}95\‘:} Ty gow g e
Hd 7] [Figure 2. (a)l, % A& 42 d2std FA[Figure 2. (b)],
4 f59 93 E[Figure 2. (¢ )] E] dFol §-ststa @& =y
ZHFigure 2. (d)]& HFotfralvuy Fsl&oz AT Z2AF YA &
Figure 13 2t A= =9 1€ 52 282 AAE 7t2592
H dEgE AgE 5 mllE i A8 AA EHol AATh

]
=

Figure 1. Investigation site for Synanthedon dicingulata's

damage wound



Table 1. The DBH of investigated cherry blossom trees

DBH(cm)
<20 20 ~ <40 40< ~ <60
AA(D2)
Ae Dokt 18 29 3
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Figure 2. Types of damage wound by Synanthedon dicingulata

at cherry blossom
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n-BulLi
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Figure 3. Synthetic scheme of (132)-octadecen-3-yn-1-ol 5
19-4)) 14-¥2 2 5 g E g b 7}-5- 21 (14-bromotetradeca-5-yne, 7)¢] A%

250 ml 2-7 EFgx=Fe  1-M21(BG81 g, 7073 mmolE
tetrahydrofuran (°©]3} THF) (150 ml)¢} hexamethylphosphoramide (©]
st HMPA) (20 mDoll &3iAF T &2 =E -10TolA 37 Ee8t==
ol n-BuLi (29.7 ml, 74.27 mmol, 25 M in hexane)E 7}3lo] ==
0C7HA &g, 3027 wykAI AT B2 %E A -20CE 32 F
A7l Zekaad 18-vH 2R &A1 6-dibromooctane) (250 g, 91.91
mmol)& A8 A7bstar, 2A17F WREAIZTE ojuf whE-o] RUE
Thin layer chromatography (¢]3d} TLC)= ##3}¢th whgo] ¢hx %
A7) Eebae] =& HAASE] Hrista, THEE WA #Ads/FE AAA
Ath o] % odolAEHI o] EE o] &3dte] FEslo], &vlE AdTFE Al
AART.  dojx EES AgrtA "y AEnEa Y
(EtOAc/hexane= 1/10)& AA sl 14-P2RHEZHI}-5-20 (178 g,
T& 92%)E Atk 'H-NMR (400 MHz, CDCly): § 3.55-3.35 (t, 2H),
2.15-2.09 (m, 4H), 1.85-1.80 (m, 2H), 1.52-1.28 (m, 14H), 0.95-0.86 (t,
3H)

B Jaik-4.



2ANG2)-14-2 22 Egd 7}-5-¢  [(52)-14-bromotetradeca—-5-ene,
6le] A=

g2 Hk-&-7](Parr reaction bottle) (500 ml) Wl w &< (MeOH, 250
ml), 37 19ANA 549 3FE(14-22 R Egu7-5-20) (150 g,
63.22 mmol), 5% Pd/BaS04(1.0 g)% #A=d(25 mg)S 2il, =543}
HE-S-7] (Parr hydrogenation apparatus)E ©|&£3}o] 4 ¥ 5 psi 3ol
A 2A1ZE FF b A ZI T WEgo] ¢hedl $ AdolEE FI HHsla
et stell A 3ld SV E oot I =4S AAANA (B2)-14-
BRBHEHH-5-9 (145 g, F& 83%)= AUtk 'H-NMR (400
MHz, CDCI3): 6§ 5.33-5.30 (m, 2H), 3.38 (t, 2H), 2.01-1.98 (m, 4H),
1.82-1.80 (m, 2H), 1.47-1.27 (m, 12H), 0.86 (t, 3H)

3eA) (132)-SepeAl-3-21-1-2  [(132)-octadecen-3-yn-1-ol, 5]<]

Az

-50C o3tz FAH 500 ml 2-7 Z&F2==ol] Fe(NO3); - 9H20 (176
mg, 044 mmo)E Y1, A7 ST dE Yol (150 mDE $FAFA
th RFE2EE -B0CE frAIstHA 307 wHkA AT 7] EebaAa
of gl =411 g, 157.3 mmol)S 3] 7Fstar 30 Fo 3-FHl-1
2(3.67 g, 52.31 mmol)S THF (10 mDeol| gA3sted HHd3s| Hrista, 1
AlZE Eok wuksldnl A7) Zelazo] A7) 2uAlolAN FEE FEgE
[(62)-14-B 2R HEZH 7F-5-4d] (120 g, 43.59 mmol)S THF (25 ml)
of s|AAIA A3 A7tk -50T el A 2A17F WRE F AF=(20TC)2
A F&E stEA 15 AlREERE WHEAA R U olrt ehd e S E
23k NHC (50 mDE A7bstal, THFE WA Zgsi=E AAAA
o] F oHolMEHo]EE o] &dte] FEste], §vlE AdTHE A
A AT dolxl EFES HAg71A A4 AZvtE 789 (EtOAc/hexane=
1/1002 AAs (132)-ZEFHAI-3-20-1-2 (855 g, & 74%)E AA
k. 'H-NMR (400 MHz, CDCly):6 533-531 (m, 2H), 3.70-3.63 (m,
2H), 2.40 (m, 2H), 2.14-2.11 (m, 2H), 2.05-1.96 (m, 4H), 1.53-1.25 (m,

ol

oo

- 12 - Fd Jﬂ _%, EH



14H), 0.87 (m, 3H)

2-2. (32132)-SetdlZit el d ofAH ol E (D)o T4

Pd/BaSO4
- MeOH
5
AcOAc
MC
3

ACO\/E/VV\/\/M/

1
Figure 4. Synthetic scheme of (37,137)-octadecadien-1-ol, 3

194 (32132)-%EtdlZly ¢l-1-2 [(37,137)-octadecadien-1-ol, 3]¢]
A %

250 ml ¥Hg-7]el W er-&(MeOH, 50 ml), A7) 3@AdA =58 35
E[(132) - e e 4l-3-¢1-1-2] (40 g, 15.13 mol), 5% Pd/BasSO, (0.25
g)¥ FA=A(25 me)e B, 425 4F 171 dtellA 243 ek kg
AATE WEgo]l stnd & Adulo|EE Fd ¥t 79f stelA A
U7 E ol gsle] A EAS AAAA (37,132)-ZErd 7y Ql-1-
< (363 g, F& 90%)<S dArt. 'H-NMR (400 MHZ, CDCly):6
557-549 (m, 1H), 5.36-5.29 (m, 3H), 3.60 (m, 2H), 2.31-2.01 (m, 2H),
1.99-1.92 (m, 6H), 1.56-1.21 (m, 12H), 0.87-0.83 (m, 3H)

29A) (32,132)-SrebdlZkteld oAl E|lo]E  [(3Z,13Z)-octadecadienyl
acetate, 1]¢] A=

250 ml 2-7 Eet=ad F ygEF22Y e (120 mD)H A7) 497
A 5 stgE [((3Z,132)-SEHd7iy el-1-2] (25 g, 9.38 mmol), ¥
2l (1.12 g, 1420 mmol), ¥4 Z2H1.45 g, 1420 mmo)E &3 %
Ax 971 8F A2oA 15A17F FF kAl HEgo] fR =W 0T
oA (100 mL)<S 7Feta F4H2 X 100 mL)o 2 FE3Ath F715



2 5% NaHCO;3; (100 mL)Z2 AM&Hsla F4 MgSO=2 =%, 43 & 7
4 slllA FHEAAT. FUIES A9 A2vE 89 (EtOAc/hexane=
/9= gAste] HE433E<Q (37,132)-5EHd|7hH ol d oAl Hl o] E(2.53
g, 87% yieldE FA AA= Adrk. 'H NMR (400 MHZ, CDCly):6
5.49-5.44 (m, 1H), 5.33-5.29 (m, 3H), 4.04-3.99 (t, 2H), 2.37-2.31 (m,
2H), 2.00 (s, 3H), 2.01-1.96 (m, 6H), 1.29-1.22 (m, 14H), 0.86 (t, 3H).
GC-MS (m/2): 308, 248, 233, 219, 205, 191, 177, 163, 149, 135, 121,
109, 95, 81, 67, 55, 43.

2-3. BEI132)-SEtd7hH ol d ofAlH ol E (2)¢] &4

HO e~
5 AcOAc
W\/
HO MC
4
S N N N N e NP
AcO
2

Figure 5. Synthetic scheme of Octadecadien—-1-ol, 4

194) BE,132)-SEtd| 7kt ol -1-2  [(3E,132)-Octadecadien-1-ol, 4]
o] Az
250 ml 2-7 Zgt2A9 g ELFuEIol=go]=(2,14 g. 56.47 mmol,
olsl LAH)¢F &ul yodzaag]Zyued e =120 ml, ©]3} diglyme)
5 9 unketeA A7) AAl 4 19 & ]301]/‘1 AzE (132)-=EHd)
A-3-¢1-1-2(40 g, 15.13 mmol)S 5 F (15 mDell gAAA HHd
3] A7bsld ek 3043 wWRE $ 724 sl 2 A AT wkrgo] 9hay]
£ A7tsta, dEolAlH o] EE o] &3]
T MgSO2 71z, o7

7retsteol A TEANAY. frES ZAd AZuE 19

e
off
o

o
S
=2
X
H
ot
Z,
=
@
o
>
=
il
2
N
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(EtOAc/Hexane= 1/9)2 “g#|ste] (3E,132)-%Ehd|7hH] ol -1-2(2.89 g,
FE %S FA 9A=2 A4tk 'H-NMR (400 MHZ, CDCly):6
556-5.50 (m, 1H), 5.36-5.29 (m, 3H), 3.60 (m, 2H), 2.25-2.22 (m, 2H),
2.05-1.95 (m, 6H), 1.49-1.25 (m, 12H), 0.88-0.86 (m, 3H)

294 (BE132)-5Etd| 7t d o} MHl o] E [(3E,13Z)-Octadecadienyl
acetate, 2]2] A=
250 ml 2-+ Zg=Fo F yEF229E (120 mD 7] 1549 A
F53 3= [(3E,132)- iE]‘Eﬂ?']—E] A-1-2] (25g, 9.38 mmol), ¥ &
(1.12 g, 14.20 mmol), ¥ %4H1.45 g, 1420 mmol)E 33t & A4
7] eF AolA 15412 <t WRkAF T wEg-o] R EH 0Tl A
(100 mL)E 7Fst 42 X 100 mL)o.&2 FE3At 77152 5%
NaHCO; (100 mL)& A #F3sta F4 MgSO,= AZ, o3 & 7h<tsho
Al FEEFAAT. f7lES 2 ARvEH9(EtOAc/Hexane= 1/9)%
AAste] HA3EEQ] (BE132)-SERuZIT ol d ofAlEHI 0] E(249 g,
86% yieldE A AAZ Ark 'H NMR (400 MHZ, CDCly):6
547-5.45 (m, 1H), 5.33-5.29 (m, 3H), 4.06-4.01 (t, 2H), 2.30-2.26 (m,
2H), 2.02 (s, 3H), 2.05-1.93 (m, 6H), 1.31-1.23 (m, 14H), 0.87 (t, 3H).
GC-MS (m/2): 308, 248, 233, 219, 205, 191, 177, 163, 149, 135, 121,
109, 95, 81, 67, 55, 43.

—_

I

3. ATZE £ &3
HAE Baolfihg 2744 AR AhsanslEaey)-A@Ea)
2 olgete] PASAT. BHxAL ey 2k AEE® 7171 Gas

cromatography 7890B (Santa Clara, CA, USA)-Mass spectrometer
(5977B GC/MSD, Agilent, CA, USA) (GC-MS) $ow A&t ZH2
HP-5MS <30 mmx250 mx0.1 m) AT o] == 70TA 13T
o2 3 180T7HA 19 10TH Asstda 220C7HA 189 5CH,
325C7HA 187 25CH A5 A AT Innet& %+ 250C, Aux2 %+ 28

- 15 - i A _%, Eﬂ



oCcReH ERrtazgs AF7FAE ARl on £== 1.0 mL/min©]

At

4. ok9l w98 AS A ¥

4-1. W2 W9 Seokreivhd AHzE ve =24 A9

Au e we We ug 24 wE f{9s vy 9§
BEI3Z)-SEHe7 el e ofAlH o] B2l (37,132)-SEtElZhH ol d obA
H o] E[0]3}(3E,132):(3Z,132)15 19, 46, 614, 9119 HE& FAHo=E 1
mg* %A 8o Ze A €] FAtskA

(2,6-Di-tert-butyl-4-methylphenol, 99.0%5, BHT) (Samchun
Chemicals® Pyeongkaek, Korea)?t &3atch &3 Au=z23 a¢
StAl = Ao 2l & wlo]a 2T IlS o] 83} septa (Sleeve stopper
septa) (Sigma-Aldrich, MO, USA)o| A gstict. A S A7l &
AzZol e septa= ARE AAA 2A2WEIL(VT-78, NIHON
FREEZER CO., Tokyo, Japen)ollA4 -40TC % p_ﬂa}wu} & A3 ol A
L Fd3 2HoE AUEES A 2 Basidn FH 3FA 9E
H(36°21'29.9"N 127°14'52.0"E)oll A 20173 49 28¥Y5-H 69 13¢7HA
xS 23 57 23S 53] vHEste] T 25709 EfE 7pA A A
At =54 WA EfS A& on olst RE Ay AMEE
E#L Fo]olo] ¥ (KIP, Daejeon, Korea)ol A A3ttt Ao =g F
ole] A= 30¢el FH wAser EHF A= 16 mE dto] o
aF 3 1ME AA AT v Z“ﬂﬂ‘EﬂJ AA= Az FA9=
vk A z)ste] 9o WE x 9 Ak AA Fole AW
o 4 180 cm ~ 200 cm *=°]& 7F AgE 50 mZ 33
otk Fole A A7), wEEZE Ag], AA ﬂﬁ‘%?@ﬁf%~ﬂ?ﬂﬁ

w



A EFy A3 A (Yaginuma et al. 1976; Yang et al. 2011)o A A&
3t Y FEY dEF EFS vlustdnh 254 WA Efy w2
B} EFS Ao B

mE EdL Fo]olo] ¥ (KIP, Daejeon, Korea)
ol A Asstan. Ad= F3HA A1 21(37°55'42.49"N
127°46'27.39"E)oll Al 2017d 8€ 9¥HH 9¢ 25d 714 2% EHE
zkzy 5urEA Z 10719 EfS AAste] xAbe A EFolfrEvh
AERE Fold AL A7 APy wdg Wyoer x

(3E,132):(32,132) 4:6°] v]& & 1 mg A ste] AFE3FATH

4-3. WAEY A o A
WA Ede] Age AWy g8 WA AAF wdAv 2% 0

Al oA S FFA REEW(36°21'29.9'N 127°14'52.0"'E)% A& 495
H

(¢

Wi
i)
()
~J

(e}
w
[u—y
1
=
0
=
Z,
—
[\
(@))

(e}
(@]]
al
—
=
DN
©
)
=2
X
[\
(@)
[y
(0]
rL
AN
o,
Do
(@)}
ne

FE 69 TATEA 270 Aol A 27 Mgl dis 22t 4ubE st & 16
A Ef]S 7ML AF st Beokeud ARl R Fold
Tdd o r Ao (3E,132):(3Z,132)
gJsto] AR-E-&F it

4-4. F2 1Y Bobfrevhl AHES vle 24 AlE

A2 Hg A 2 F& WHeelA Ay Y F=HA F
72 (37°58'45.2"N  127°51'56.7"E)9k A7 7FEa oW EA
(37°46'57.2'N 127°28'07.3"E)oll A, 2018 8¢9 314H-El 9¥ 28YU 714
S TFA HFEW(36°21'29.9"N 127°14'52.0"E)el A 2018 8¥ 2743
H o 99 289 7pA gl A IAFA FAFHEE5°11'587"N
128°10'21.4"E)ell A 2018 8€ 304+ 10¥€ 4d 714 571 =S o
Aoz zbzh 53] whEate] 47) A Aol F 100719 =T WA EFS
7HA e Ag s HEokrEvy AHEEe A ]
(3E132):(3Z,132) 1:9, 2:8, 3.7, 46 1283l 55 H&Z 1 mg¥ =A&t

718 veddd FdsA 24, Ba $ ARSI

s
o

o

T

2
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(37°46'57.2"N  127°28'07.3"E)¥  Z9 &5 A
127°14'52.0"E)ell A1 2018+ 8% 27458 9¢9 28¢
Aow 747t 35 wEalel % 3679 A4E WA =dE AL

o

44

abgith. 20199l 89 199 4-H 10¥ 069 74HA 2 4o+ AHd
(38°05’33.19”N 127°59'3253"E)ell A 543k 671 Mo EfE o=
43] RHEsto]l F 2471 MA Efle HA AL Aeduh Seokdly
T AdzE Fold 2L AV e zAsdeH

(3E\132):(32,132) 4:6°] v]& & 1 mg A ste] AFE3FAATH

4-6. A2 AP A

Borohfeby AN ZEY Al 49 AEe 37 A 4
T (37°26'35.74"N 127°00'56.76"E) ¥} F'd & FA ‘iiﬁ(36°21’299”N

127°14'52.0"E)ell Al 20191 4¥ 284 F-E 6

Hol 5 4819 MA EAE Asdol $AAAG, 4AZE ol =

AE A7) AEH sY HoR Zx]ﬁ}‘iﬂ w (3E,132):(3Z,137) 4:6

'o/] H]%i lmg,ng,Smgyzlmg:;l ]— ‘%;ﬁl—g ())3\1:}

oEim

=

4-7. AYA2E A ZA

FolfraEl v fladE vEde 48 Adstr] 98 #a &
??i ZAHCuevas et al. 2016; PINO et al. 2012; Aubert et al. 2007
Wang et al. 2009)& %3 HuUF(Prunus)%el JUEAS Auksiddar
Table 29 47 45 o= APt 47 7FEa olddxd
(37°46'57.2"N 127°28'07.3"E)ol A 2019 8€ 19¥HH 10¥ 6Y 714
A&l AUAAE Fo]= polyethylene A& 2] 712, A& 70x100
mm, 77 0.1 mme HAZE Akl ol A&t Z-3-Hexenyl

e BT



acetate® A &g 3F Y AUAZE Fol= 747 8 g A xdte] 13]
At o 7-3-Hexenyl acetater= 5 g® Al Z3te] 154nit}h 23] w A
sttt AulE Folvt vs A3 gixadd AuEs Fols 23S
AUAZE T8 B4 2335 57/ 23 7HA L 43] wkEste] & 2070
o] EfE AME3IYT. EE AUA2E Z#-2 Sigma-aldrich (MO,
USA)el A efatdet. 2 S49 3dsF A= A (25T)olA 24 A
A= 15 m Eole] YA 747he] =4

20199 8¢ 8UH-H 8¥ 11¥7+A 72

A=R = =7
= = N
AR Ed BEAS TASAY. dEEe AdEw AU FolE A

s

ofo
EL
3R
O
w
s>
—_
w
N
w
N
—
w
N
N
o))
1o
)
o
utl
—_
=
0
2
Ak
P‘L
2
>
ol
ofo
P‘L
Q
£

Table 2. Emission amount of compounds for field test of synergistic
effect

b Emission Emission
rit
Compounds 1(10/1) Y amount at 25°C  amount at field
(o]
(g/day) (g/day)
Benzaldehyde >99% 0.457 0.241
Phenylacetaldehyde >90% 0.277 0.020
y-Decalactone >98% 0.007 0.009
/-3-Hexenyl acetate >98% 0.637 0.305

5. $5a% 24
Byohfeihle Az WAL A AN FE TFA
(36°21'29.9'N  127°14'52.0"E), ¥ FA =4 (35°11'58.7"N
128°10'21.4"E), & &3 Al A5 5(37°55'42.49"N 127°46'27.39"E), A&
ol #eb=1(37°27'29.80"N 126°57'22.91"E)ell A 2017 4€
109 % A7 2tzte) gaolA 670e) A ES A w A
sgen & 24709 A EAL A

=
o M
1o

L

BN
o an
4o
)

o

A
ofFal 20180l ARt WA AFS A7) 98l 2018 49 2N
H 109 T7hA A& 39 25 5(37°30'13.37"N 127°08"13.09"E), A



S FAT FAE(37°33'04.38"N 127°06'30.64"E), Y A NES
(37°55'42.49"N  127°46'27.39'E), A ZFA S (35°11'58.7"'N
128°10'21.4"E), % &5 ¥FER(36°21'29.9'N 127°14'52.0"E)oll A 7t
g 6719 MA EFRS AMEste] F 3079 FRE AYPS FAsS
th ARg g BoolfEvhl AHEE Folo] AL AV A s
o e zAstg o (3E132):(32,132) 462 RHl& =2 1 mg¥ A g st
of ALgsth 20170l = 2= WAl ES ALEsgen 20189
= =34 WA ERS AMESIT Ade] RE EfE Aojolo]y

(KIP, Daejeon, Korea)oll A A|-&3} t}.

6. TA o= =2d
A (Python3.8.0, 2019)& 7|Hto.2 7| A|st59 GAE g

o] o
swcu @ wawze G183l AFAF FHA Rohh
1=

9
Au)
=
a
rlr °ﬁ
_Y‘i
=
4y
\)
a1
:\é
N
o
rlr
0
)
—t
S
o
fr
£
o
o
2
)
5
(o]
s
—t+
=
o

A, A4, ABAL oY B, S-S sl AR &
95t Outputdl A e Bolfeibysl 294 @ 479 88%
RE 99 8FNS FA gk velHE Agstarh. maYel A4S
SOl Elsh H2E dlolElE 20179 A7 WA 24 ARE PO

s Bd e dolHE Agstel AgsAHEIA 9, 2016 F

FE 9], 2012). d=g2 20189 XA A w T FEI AU 2AME =




A e o wzr Al Eol st
. & @4 5(Seoul, Korea)e] #2417]17] A}
A2 A (Color  Spectrophotometer)  (ColorMate,
SCINCO, Seoul, Korea)& Al-&3t5om FHEe} HAEE FH3A
Obsesvation System< d/8°, Abserver angle2 10°% 3} t}. Illuminant
+= D65, Color Scale CIE L'a™b'= A4 3t}

Eqo e A A} A A Y HE 24 AlY, 85E AE
o] Qo] SPSS (IBM SPSS Statistics 23.0, 2015)& AF83to] T4 4
S AAEgth e Eqly WA ERES AFES E S AW A
LTy 225G ALES Ef] A4 A Ao A= ttestE AFES)
of HlustAth W Aot F& HeY AuHEsE vE 244 Ag o
A7bA] AakE B Huk A4 Qu)xEAREA(ANOVA)S AL
3T Fo 5 p<0.059 Ax Ado]A Tukey HSD test® AFS
A stgTr. AAA B4 A= R studio (ver. 35.1, R development

Core Team, 2013)5 A}&3}o] 20183} 20193 A7) 719, 49 &5

a8 Y koA A EE E A} Mul A3 o] AntE kAl 3

sk ks A Apole} XA ZpolE ol R 7] flEl o] duj x| EAkE

(two way-ANOVA)S AAIstAa 289 /A4 L, a 183l be
2o

of el tzglFEYa JF AL

-

BNV b

e A eY



o=z o] FAMSE A= [Figure 6. (a)ldll
UeEb AT AA A 2ol giste] 0.5 molstel A 6.70+6.5370, 0.5 m
oA 1 m7FA 213+1.1670, 1 melA 1.5 m7FA] 1.94+1.177) Z28]3 15
moll Al 2.0 m7H#] 2.25¢1.387H2 e 05 m o]stell A FsE F71 7}
okt #3124 (DBHE dd 542 20 cmv] ¥ A 5.72+8.1371,
20 cmeold 40 cmu| A A 6.37+6.897H, 40 cmeolX 60 cmm7| el A
5£3.671=2 YelY a3zt 9s|& Fol= 2 Zol7t gl tHFigure 6.

(b)].

S - e k-4



Mean number of damage wound per tree by height

Mean number of damage wound per tree by DBH
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Figure 6.
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(b)

41~60 (cm)

Number of Synanthedon bicingulata’s damage wound at
different DBH (a) and height (b).
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2. Bgolfeiby Y ZEY £

Bgobfe by A=Y GC-MS B4 dvhs

o}, B A3 (3E,137)-octadecadienyl acetate®]

Figure

= T
5=

(37,137)-octadecadienyl acetate®] <E+ 828%% F

>80% olde] =2 £ s YEATH
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Figure 7. GC-MS chromatograms for Synanthedon bicingulata’s sex
phromone, (3E,137)-octadecadienyl acetate (a) and

(37,132)~-octadecadienyl acetate (b).
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3.8 & =4 439

20179 495 H 69714 =9 5 A
& A H¥ A= Figure 83 ok AAl Ad 73
MAGE= 11202 72 AgateA 285 A Fia B}
T3 A3 (3E132), (37,132) 19 H|&dA 85+2.38utg], 4:694
135+2.65vke]  28]a 6494 6+2.16vtEl7F 2 FHUY. (3E,132),
(37,132) 9:19] v & FAg ol AE 285 MA7 ik

>
i
>
ol
ar,
rlo

/é_]

18
16 |
14 1
121
10 1

Means number of insect caught per trap
o}

C C

o N OB o

1 4 6 9 _ (B.213-C180a0)
9 6 & 1 - (3,213-C18:0ac)

Figure 8 Number of male Synanthedon bicingulata adults caught at
different composition ratio of sex pheromone (Gongiju,
Chungcheongnam-do provence) (Tukey’s HSD, F415=38.567,p < 0.0001).

20183 8dFE 10€7bA A3 F2 W9 dH=z2 ve 24 2d

A3 Figure 99 YeERSITH BE X Holl A (3E,132), (37,137) 4:69]

H g 714 =& fA8S Bt 1 tgSo g2 55 379 AR
AeHE Blor] 199 28 v &2 53] W2 fAEs Bl
T FF Aune 7 wgdR GEI32), (37132 3794 A

N

5:433ve], 4604 18+3587ke], 55olA 1245w k. U A



(3E|132), (32132) 1:99 2:8¢ H|goME=MA7E FE A &gttt
[Figure 9. (a)]. 29 +#d9 A= 7zt v|&¥H=E (3E,137), (37,137) 46
A Wi 475+1.319kE], 559014 35+1.320tg] 2 uERWTh UH R
(BE137), (37Z,132) 1:9, 2:8 1g]a 374A= ¥ AA7E At
[Figure 9. (b)]. A W59 Ay 7F v g2 (3E,137), (37,132) 1:9
oA i 0.25x0.257k8], 2:8el4 1.25£0.75v}8], 3794 45+1.197}2,
4:600 A 235+54278], 5504 14515578 & et Figure 9. (¢ )]
71 7kge] Ave= zZF v E (3E|132), (32,132) 37914 H+ 11
ukg], 4604 875+327wke], 5504 7258wt = UERS T U A
(3E|132), (3Z,137) 1:93} 2:89] H| &M= EZ A &ShoHFigure 9.
(d].
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Figure 9. Number of male Synanthedon bicingulata adults caught at
different composition ratio of sex pheromone. [Gongju,
Chungcheongnam-do provence, (a), Tukey’'s HSD, F419=5.962, p = 0.004;
Chuncheon, Gangwon-do provence, (b), Tukey’'s HSD, F41=7.617,

p < 0.001; Jinju, Gyeongsangnam-do provence, (c), Tukey's HSD,
F410=14.656, p < 0.0001; Gapyeong, Gyeonggi-do provence,

(d), Tukey’s HSD, F419=4.787, p = 0.011]
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Figure 11. Number of male Synanthedon bicingulata adults caught at two
different color traps. [Gongju, Chungcheongnam-do provence, (a), t-test,
t=6.983, p<0.000;, Seoul (b); t-test, t=3.174, p=0.019]
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Figure 12. Number of male Synanthedon bicingulata’s caught at six

different color traps. [Gapyeong, Gyeonggi-do provence,

(a), 2018, Tukey’'s HSD, F517=4.66, p = 0.013; Gongju,
Chungcheongnam~-do provence, (b), 2018, Tukey’s HSD, Fs;7=3.659,
p = 0.03; Yang-Gu, Gangwon-do provence, (c), 2019; Tukey's HSD,

F520=4.548, p = 0.005]
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Figure 13. Reflectance rate of six color bucket traps.

Slo) WHALE ghol A AAA $AS ehe] et zizbe] A4 Table
3¢] L, a, bakg 7haek.

Table 3. Trap surface color values(L*a*b*) measured by chromameter

Name L* a* b*
Red 41.2577 46.7066 214851
Yellow 59.2927 6.8836 45.8015
Green 334178 -11.2822 0.4692
Blue 27.6058 3.8195 -16.7984
Black 26.0313 14991 -4.2059
White 94.8931 -1.092 -1.8659

2018 2019 A7) 7HE, 9 ¥ 283 FY =39 dHoHE

3% - 2 A=t



o] Auf 2| EAFHEA (two way-ANOVA)SH Z3= Figure 1491 e

I Eflo At 21.0+3.0vF], 3FEA Esje] 7.33+1.45vk8], =

A E o 6.66+2.33nF2], dtekAl Edie) 333+1.15vH8], G E

533+1.527k8] 1elar W7k Efle] 50+1.52vtE]2 UERgton Az

o3t L3 ol YERE O WH(Fs5=14.102, p < 0.0001), A H 7+ 2ol
YERLEA] A TH Fs50=2.766, p = 0.0722).
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Figure 14. Number of male Synanthedon bicingulata adults caught at six
difference color traps in Gapyeong, Gongju and Yang-Gu (a) and
distribution by boxplot (b) (Tukey’s HSD, F53,=7.889, p < 0.0001).
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$1e] A& npgpo g Zb7+e] 1, a bgkel 8 EH 3} ofwl ztolE YERY
A gotr 7] f& Labzkat MAIFE v AEA A yEH 1.84,
Multiple R-squared = 0519, Fs5 = 20.15, p < 0.00012 YElstom a9
bel FtellAl A2t xfolE H AT webA abgks thAl &A% A3 yd
#H 2.20, Multiple R-squared = 0.514, Fo5 = 30.15, p < 0.0001=2 Y-E}%E
o Ak zolE HATH olF L, a, b @ 27 AFIAEAS A
Algk A3 Figure 150 YEMAY L& S~ a= J~5 128/al b
v g~ HE VKt AT E L, a, b @3 AP 3| AEAE A
A AR 2ol Bl 35S bgto® UEhuth Lakate] A3 AR
A Ay 71€71E 0.030, yE3# 1.08, Multiple R-squared = 0.085, Fiss =
5437, p = 0.0232.2 el THFigure 15. (a)l. agtde] &4 A3} 7=
71 -0.010, y&¥H 257, Multiple R-squared = 0.005, Fi55 = 0.33, p =
0.567= el tHFigure 15. (b)]. b#ke] &4 23 71&7]+= 0.075, vA
#H 1.935, Multiple R-squared = 0.38, Fi55 = 37.05, p < 0.0001 & Y€}
W oHFigure 15. (o).
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Figure 15. Linear regression model of male capture of six difference
color trap for L (a), a (b), b (c).
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Bgolfe by Aue Fojo) A g

H s fQ08Ss vlugk A3
+ Figure 16°] Yerfidch 471 33 A FelA 1 mg, 2 mg, 3 mg, 4
mg A3 Hry FFEex= ZH7 3.25+1.037FE], 6.25+2.21wg,

8.5+45vhe], 5.75:2.56m 2] 2 UEbet o [Figure 16. ()] &9 &5

S wu o T X]O“l:]
oA AHe|H zZtzbe] A= 275+1.25vke], 85+3.61vtE], 6.25+2.83vE],
55+3.097Fe] 2 YESTHFigure 16. (b)]. 271 #de] 7

49 3 mgoﬂ/ﬂ
7 B ANAST7F 28HJT FFY AE 2 mgrt 7P B2 A

7h ZEHR o Aeze] Aol sk gigith
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Figure 16. Number of male Synanthedon bicingulata adults caught at

different amount of sex pheromone. Gwacheon, Gyeonggi—do

provence, (a) and Gongju, Chungcheongnam-do provence, (b)
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8. AlUA2E EF &
A7) kel A 715 FAELAE 2 dig Aux giE A
A3E Figure 173 2t #Hl=z29 g3t Efe Hd ITIF=
2510.867}2], HZE3 benzaldehyde X3S 4+2.34vld], HZE
phenylacetaldehyde %3-& 0.75+0.757}2], #HZ&3}  7-3-hexenyl
acetate oA 7.75+1.717ke] 12]al FEE3 y-decalactone Z gl
A 2+081vke] 7 EEE vl Z-3-hexenyl acetateE A 2|3k E 3ol A
7S B AT 28 EHAT phenylacetaldehyde% 2 g] st E @ o A
7+ 2o WA =7} X 5o Z-3-hexenyl acetate 9}
phenylacetaldehyde™ Hwobfrelvh Ao =2 digte] 2H2h A= 2
719 a3 e Aoz ddEd,

b
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ab ab
- :
-
Con BD PA HA DA

Figure 17. Number of male Synanthedon bicingulata adults caught at
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Means number of insect caught per trap
(o)}

o

pheromone trap combined with different host volatiles(Gapyeong,
Gyeonggi-do provence, Tukey’s HSD, F419=3.149, p = 0.046).
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vhE], g 47k, £ 14vkg] 1Ela A& #ekt 13wk Sl 7}%%
Hz dALe AgodA 89 1692 vehon, o B4 MAFE %
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201849 #H TAS 59 4 didel A dEEHJY A A e A5
497k, ol 34wke], &4 26mbE], A& 3 9vke] 2o F3k- 8
g o A Hx A 8¢9 119® diAolA FAEAE. Ao
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20180 HE HA7(5E 49 ~ 6¥ 159)9 Hit MAGFE 1677
g 7heE HA7|8Y 10¥ ~ 9¢ 179)9 A A Hit
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Figure 18. Seasonal occurrence of Synanthedon bicingulata male adult
in 2017(a) and 2018(b).
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10. 249 o5 23
201819 -3 AaH HALE nd E3lo] o =3 A3} Figure 1991
Yeb Ak =34 Aal zAbE AAISE 125vtE] dow mEol o
e 116vEl2 92.8%9 A xE 7HHTHFigure 19 (a)l. 59 A
AR A E 130vkEl 2 YERygtem REo] o F3he 130vhE 2
100%2] AT=E BATHFigure 19 (b).] @ A4 ALY A S+
4y on wde) o3z 134ntg R 912%¢ ZA3Es By
[Figure 19 (¢)].
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Fifure 19. Predict of Synanthedon bicingulata adult emerging scale to

using model Chuncheon, Gangwon-do provence, (a); Jinju,

Gyeongsangnam-do provence, (b); and Gongju, Chungcheongnam-do

provence, (c ). (Real capture : Gray, Predict : Black)
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7] A2 Yamamoto 5 ©] (1989) actst F7HAE 28351 34 A
o F EA EF 80% oA =& Hol 3% Mo I
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2% AHRES AMEste] $3AaTE AR AT ok 2 Ad
Me BFolfaEivd AHEzE 258 AH  dAskd (3E,132),
(32132) 4:62] w]& <o 1:9, 28, 3.7, 46, 55, 6:4, 82 18| 3L 9:17}A4]
theket 24 v golA Ads A& A3, (3E137), (37,132) 469 W]
Aol 7Hd 5ttt F A BH R 24 v &
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Astdtt. Boo and  Jung  (1998)2  Al¥=uH(Phyllonorycter

ringoniella)S Aoz ¢ el water ERS 7R x8E AFS

& A3 A 1P zolE HolA FUdvtil B st 123l Kim and

Park. (2013)& 3] %=t (Lepidoptera:  Pyralidae)  (Glophdoes

perspectalis)s Wdo= e, WA, 4 ERS 7HA 2 Hwg A3 Y

72l Effo] 8 Ho] fFaittal Bttt 2 AN E & HEE
E

o,

xS,

Az Ef o] fldel dFS v B2 Bt ik (Clare
et al. 2000; Roubos and Liburd, 2009; Francese et al. 2010; Abuagl
and Al-Deeb, 2011; Zhang et al. 2013; Gadi and Reddy, 2014; Kerr et
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Agrilus planipennis (Coleoptera: Buprestidae)E Ao 2 =g uZ
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3t o, 7-3-hexenyl acetateE #8]3F Edo] ] e MAE ¥d3}
Aok ¥ A+ A3 7-3-hexenyl acetater= ¥ 2 E3} o] A UL
uf Ay A7) RUHE deolEe A 52 23 &S =9 T UEs

Ao word gl

=3k Andersson et al. (2011)¢] AFtollA 715 3k Edo] ofd H] 7|5+

slak E-Z o] Spodoptera littoralis (Lepidoptera: Noctuidae)®] 7|3 &3}
s 7H+= Zi% Hudgth B oA phenylacetaldehydeo] ¥ 2
S At £ v v ¥ IFgS wol vy @X4S A= e

2 BAFth. Phenylacetaldehyde:= Asclepiass: (=, wFE7he]45) 9]
Asclepias speciosa®]l T2 3% AR o2 Eby (2006)9 A Synanthedon
myopaeformis Borkhausen (Lepidoptera: Sesiidae)®] 973 F=AHS #
Tl FEEAEA HIHJY. T3 phenylacetaldehyde®t S
-myrcene?} £ thE JAEAZ FAHAHE A {9 EHS AR w
Wake] Q1 a7 v ALE & Jdvh(Landolt and Alfaro 2001;
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from sklearn.ensemble import RandomForestRegressor
import numpy as np

import pdb

from sklearn.metrics import mean_squared_error

from pandas import DataFrame

roroLr

fp = open(’dataset’,’r")
x =[]
y =[]

while True:
line = fp.readline()
if line == "":
fp.close()

break

line = np.array(line.split(’,”))

line = line.astype(np.float32)

x.append(line[:~1])
y.append(line[-1])

X = np.array(x)

y = np.array(y)
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testset_ratio = int(len(x)*0.85)

train_x = x[:testset_ratio]

train_y = yl:testset_ratio]

test_x = x[testset_ratio:]

test_y = yltestset_ratio:]

regressor -

RandomForestRegressor(max_depth=10,random_state=0,n_estimators=25)

regressor.fit(train_x,train_y)
pred_train = regressor.predict(train_x)

pred_test = regressor.predict(test_x)

vy = regressor.predict(x)

df =
DataFrame({'Clsurveyl’:x[:,0],’Clsurvey2’:x[:,1],’Clsurvey3’:x[:,2],’Cls
urvey4':x[:,3],'MayTemp.high’:x[:4],’MayTemp.low’:x[:,5]," JuneTemp.hi
gh’:x[:,6]," JuneTemp.low’:x[:,7]," TreeNumber':x[:,8],'ProbabillityOfDama
ge’x[:,9],'PlZInputZero’:y, output’:yy})

mse = mean_squared_error(test_y,pred._test)

print(mse)

df.to_excel(’output.xlsx’,sheet_name='sheetl’ index=False)
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Abstract

Research on optimization of
control and monitoring method
for Synanthedon bicingulata
(Lepidoptera: Sesiidae)by using

sex pheromone trap

Kwon Jun Hyeong

Major in Forest Environmental Science
Department of Forest Science

The Graduate school

Seoul National Unicersity

I investigated the characteristics of damage and seasonal occurrence
of cherry tree borer (Sesiidae: Synanthedon bicingulata) using
pheromone trap, and developed the machine learning model to predict
the secondly occurred population size of cherry tree borer based on
the firstly occurred population size. Two sex pheromone compounds,
(3E,132)-3,13-octadecadienyl acetate (3E,132) and
(37,137)-3,13-octadecadieny acetate (37,137), were synthesized in the
laboratory to determine the optimal ratio and dose. Synergistic effect

of wvolatile compounds of host plant on sex pheromone was also
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investigated. To find out the effect of trap type and color on male
capture of cherry tree borer, I compared to efficacy of two different
trap types and six trap colors.

There was no relationship between the diameter of cherry blossom
tree and degree of damage. Most damage of cherry blossom tree by
cherry tree borer was found below 50 cm from the ground. Optimal
sex pheromone ratio of 3E,137 and 37,137 was 4:6. Optimal ratio of
3E137 and 37,137 was showed same result in Jinju, Gongju,
Chuncheon, and Gapyeong. When I compared the male capture of two
different pheromone traps, more males were attracted to bucket trap
than delta trap. There was a significant difference in trap capture
among trap colors. More males were attracted to yellow bucket trap
compared to green, white, blue, black and red bucket traps. When I
analyzed the relationship between trap capture and trap surface color
values (L*axb#*), there was a positive relationship between trap
capture and b value. To determine the optimal pheromone dose, 1
investigated male trap capture of different pheromone doses (1, 2, 3,
and 4 mg/septum). Although there was no significant difference in
male trap capture, 2 and 3 mg/septum attracted more males compared
with 1 and 4 mg pheromone doses. I selected four host wvolatile
compounds such as benzaldehyde, phenylacetaldehyde, ~Z-3-hexenyl
acetate, and y—decalactone to investigate the synergistic effect of host
volatile compounds on sex pheromone of cherry tree borer. Traps
treated with sex pheromone and Z-3-hexenyl acetate attracted more
males than treated pheromone alone. This results indicated the
synergistic effect of Z-3-hexenyl acetate on sex pheromone of cherry
tree borer.

When 1 investigated seasonal occurrence of cherry tree borer using
pheromone trap, this insect showed two peak times a year. The first
peak time was from early May to early July, and second peak time

was from early August to mid-October. Population size of secondly
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occurred cherry tree borer was 1.5 times the size of firstly occurred
cherry tree borer. Although there was two peak times in seasonal
occurrence of cherry tree borer, this insect might have one generation
per year. When I investigated the developmental stage of this insect
pest in autumn, I found several mixed developmental stages.

To know the population size of insect pest is very important for
planning a management strategy. Cherry tree borer occurred two
times a year in our study. I developed a machine learning model to
predict the secondly occurred population size of cherry tree borer
based on the firstly occurred population size. I investigated the
accuracy of this model at three different sites in 2018, and mean
accuracy rate of this model was 94.6%. Our results indicated that this
model could supply valuable information for planing a management
strategy against cherry tree borer.

In this study, optimal pheromone ratio, dose, trap type and trap color
was determined to use pheromone traps for monitoring and control of
cherry tree borer. Furthermore, I found out the synergistic effect of
host volatile compound, Z-3-hexenyl acetate, on sex pheromone. Our
result can supply valuable information to use pheromone traps for
monitoring and control of cherry tree borer. For future study, mating
disruption by using sex pheromone is necessary. In addition, research
on antenna sensilla structure and olfactory receptors could provide
more valuable information for cherry tree borer control using

pheromone and pheromone trap in field.

key word : Synanthedon bicingulata, Sex pheromone trap,
monitoring, Control method, Machine learing
Student number : 2018-27084
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7WhE Ao® HIustATh fFEUd R olAlel Y % 51 5 W
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bicingulata (Arita et al. 2004)2 wWW Aot 7|57 HLAE U9
AU & (Prunus)?l ", & A, ol Qo= wjvy, A
o 22 FHg FoREA A dow FH olgddAe A HFof

%
ag3 w A S 2 s Fu FR o]BA e AT wuTE

N

I
8=,
o _8,";
=
(e
rL
2

[
o
oX!



2 Badodu(sE &, 2019). 18y Agd 5
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Bpohf e £3/18 £ Yol milt 034 HF0E 4
o 54 Ase AEE setats] of ' EMEER

E
tHPereyra and Sancgez, 2006). L&} &
o] H*Zﬂb 71 A ool oEskal gl shshA A
< A&EsHA 549 ] =5
Xﬂ%é A =4 3} S doAS E‘r(Lacey and
Shapira-Ilan, 2008). wa}A AFA] A}&o 2 At R8-S FHAsHA 7]
= Ao A& Thed e HHe :
Management, IPM)7id o] 5733}t
oA, TFA T #EE A
71 9 34 W5y Aol dF Aot

¥ Z & (pheromone) %2 TU JrAlAETS A 314 Ha B

oty HEE EfS 2T B AVIE As| feofste=d wg &

st #HE2F 7]Hre] A A7) 5
)

, EFY T, EF) A 3

ofN

gt =
fsttH(Arm et al. 1997). ©o]& Sl 2 AFolA= LA FRY 7
2o A EgobfElvhde I8 54 H AR ERS o] &e AogH
w7 A maAe AERs 24 ME cea Adeee 2
A A A AlFS S Th Lee et al. (2018)> Monochamus

alternatus (Coleoptera: Cerambycidae)S o2 7|52 &9 3utE=

2 AdzE 37 AYe W o FE fAEe deue AL B

WY, ol® BEEL 7)F Aol ofd Ao HWEAL 75

7] Wiel ol WAl A2 ol FoF AYE ALS T 5 Utk /]9
S

deFol 4] Push and Pull deF
S AA s=d AFE @ 4 Y Borden 1997; Zhang and Schlyter
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Al 2 ATAL

oF 50 zte] FEE AFolA 25 A ATl ik ol st
o]x1 1 9t} Butenandt et al. (1959)°] ]3] Folluvpel s Hgoz

e F9 3 F HES g, dF g, A 5o AT 59l
w31 9t (Benton et al. 2007; Dickson 2008; Clyne et al. 1999;
Vosshall et al. 1999; Witzgall et al. 2010). 28] & IPMel <] A3k
AF HwEdoe] AsEHA dAAXN R HZES o] &3 RYEHI
WA o g de &85 1 9t (Ridgway et al. 1990b; Howse et al.
1998; Baker and Heath 2004; Hallett et al. 2009).

=N

™ oX

el AR 289 542 Tumlinson et al. (1974)¢] ¢
sto] Synanthedon pictipes (Lepidoptera: Sesiidae) (Lesser peach tree
borer)9} Sanninoidea exitiosa (Lepidoptera: Sesiidae) (peach tree
borer)] Ad#|Z+to] Ao 2 R EHAT. Ho = Kang and Park
(1988)ell  2Jsle]  Synanthedon bicingulata®l A3 =22 271 =2
(Z,7)-3,13-octadecadien-1-yl acetate®} (FE,Z)-3,13-octadecadien—-1-yl
acetate®] @AWHol JNLHIL o]F HFolfEvbl AHEEO dA
A (132)-octadecen-3-yn-1-ol< -85t
(3E,137)-3,13-octadecadienyl acetate [(3E,132)-SEld|7io] ol oAl H|
ol E]¢} (37,137)-3,13-octadecadienyl acetate [(37,132)-<-Efd]7}r]od
olA g o] EJ9] 7 AW el By ltH(Yamamoto et al. 1989).

Feluhdate] AelEs EfS o83 3] XA A= Sharp
et al. (1978)¢] Synanthedon pictipes®} Synanthedon exitiosa 2%&°| oY
gto] Fastrt. wull FE R sk AN S tenuiss WS
2 AHAEES AHES ¥ ERS 7ML AR Tl E 3 v AT
2003). Yang et al. (2011)2 =W HFolfudyt AHzREQ
(3E,137)-3,13-octadecadienyl acetate®} (37,137)-3,13-octadecadienyl

acetate®] W& oFe] {FAHS FAEAY. o] FAAA(2012)5 ]

3 o i
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Yaginuma and Kumakura (1976) fF3uyds A=<
(3E,132)-3,13-octadecadienyl acetate (o] 3} 3E,132)%}
(37,137)-3,13-octadecadienyl acetate (°]3} 37,132)2] =4 H] & tf3dt
Aoz 3E 1379 37,1375 Z+7F 0:10, 2:8, 46, 6:4, 82 123 10:0¢]
Hl &2 245t Fd8s AN A3, 463 649 Abo] Hl&olA -
sk felE S yepdta B askdth =3 (3E,137), (37,132) 0.1 mg,
0.3 mg, 1.0 mg, 3.0 mg, 100 mgo = Az st FAd=ES vwuwst 23
100 mg Ag AgZelA 7H e x£8¥s yepdvtal B skl
o] % Nielsen and Purrington (1980)= Synanthedon pictipesS Ao =2
3E13Z¢ 3Z13E°] =7 vl mah #d9S dgstler 3E,1379]
H&ol o5 X8Ho] S sivn Husidu. v& favhEdd
Synanthedon tipuliformis®] W3}l Voerman et al. (1984)¢] 3E,13Z7%}
3Z13EE 1000 ug:0 pg, 1000 xg:30 wpg, 900 ug:100 pg, 500 wg:500 ug,
100 1g:900 pg, 30 pg:1000 pg L3l 0 pgil000 pgel ¥&= APS 4
I 3E13Z9 Hl&o] m=aTE Folgo] sttt Hasiith g S
tipuliformis® F<¢18S =olx= (7,7)-2,13- octadecadien-1-ol acetate
(Z2213-18:Ac)®] x3 AFdA % 3EI13Z7 & HEYdTFE T2
s yetdta Bustin AE54 EUE e T3 WA 23E X
APeE Aol A = Matsumoto et al. (2007)°] S. bicingulata®l T3l
(B3E132), (37,137) 559 Hl &= 2 mgA st AH =& EFFS 19955
B 2005 7bA] AX g Ay 1999d-S mhA| et o ® JNA 7 EE A g%k
ol B 3kth Naka et al. (2008)2 S. bicingulataS W7o 2 W&
HofdEs A A3, (BE132)¢F (37,137) 559 vl&o] o T
3 omle
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v‘s}L 27 &4 NUAAERAN Z7213-18:Ac, ZE2,13-18:AcE %
FAPAE TUg ARE Bl AUA ZUt Y5 Bt
ol A= Yang et al. (2011)°] (3E,132), (37,132) 462 W& =2 =4
3 1 mgAg Fol7l 7 2L FAd¥HS YeyE Aow ®usiga
T FAAY BedolA BAstE FYUEF 4% dig A5 LA
2AT(FFE 9], 2012)91 % (3E132), (3Z,132) 469 H&S A&

T
w

A 22 B0 Ago] 3k Ao Al Clare et al. (2000)9] <J3] ¥
=3} Cydia pomonella (Lepidoptera: Torticidae) (Codling moth)ES w4}
o % kM, ek 22 gk gl wmabA 5 57EA] A Ake] HEE ol
EfS 7 Ag b7 Ak ol Ef O] AT ol wE i
2Z9 fa9 AAES Agrilus planipennis (Coleoptera: Buprestidae)
(Emerald ash borer)oll tjate] Azt o] Az del e Fejol Zg
= EWNS ALEste] mhebA wrA ) TSURERA Violet, Fuchsia, YAZ
A4 gga B 7EA 3 1.5 mo] Foloh 3 AlolQl 13 mol A
A3 A7 dtH(Francese et al. 2010). ©]%  Rhynchophours
ferrugineus (Coleoptera: Curculionidae) (Red palm weevil)S o=

A, WA, SO, A B BERE WA EFL AAn

o
S A

ar
g AEE AFelA AR EF {fol¥o] b sttt ®ars)
ATtH(Abuagla and Al-Deeb, 2011). Gadi and Reddy (2014)= Cylas

formicarius (Coleoptera: Brentidae) (sweetpotato weevi)ES Ao =2 7

7(4}\11 71—}\_111’ §]}\_],J’ L—_%}‘—H, HH _, ]_01:}\_111’ zi_} ‘J:I‘a—}\“vJ H/\]—Bﬂ ];ﬂ?)ll

EHE A SAHE ARG, dEne] B A4 9, 9a

D9 el EHEY Age] 2hzh 2B A weha) Sk o ol
o

}\}\T;]'. Hylastes ater (Coleoptera: Scolytinae), Hylurgus ligniperda
(Coleoptera:  Scolytinae) 1@l3  Arhopalus ferus (Coleoptera:

Cerambycidae) & W= HAM, =54 w3 wgbd sheka #Hdl



g A% B Efol A it 35l s 7}”
= A A37F Ak (Kerr et al. 2017). F-2 v
o] MAwl = A% Roubos and Liburd (2008)°] <]&l Vitacea
polistiformis (Lepidoptera: Sesiidae) (Grape root borer)E& Wi} o = I

gLt 20050 22 @A e gglal keSS JEA| A

Aggon olFs 200610 5%&*, T, 254 g, o
SO A rela ek WSk x2FA AA% agd shekd mAS

FThal W skl ©o]F Zhang et al

(2013)& Synanthedon scitula (Lepidoptera: Sesiidae)S thAto 2 Ald|

B¢ Folo AYH EN Y vl @ A vl A5 83

th o] AFoA AHHARE Fo]o AFHA septa®} vialsS B LEF L
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Figure 1. Investigation site for Synanthedon dicingulata's

damage wound
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Table 1. The DBH of investigated cherry blossom trees

DBH(cm)
<20 20 ~ <40 40< ~ <60
Ha(22)
Ae Dokt 18 29 3

B



L4

N ®
Figure 2. Types of

damage wound by Synanthedon dicingulata
at cherry blossom
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Figure 3. Synthetic scheme of (132)-octadecen-3-yn-1-ol 5
19-4)) 14-¥2 2 5 g E g b 7}-5- 21 (14-bromotetradeca-5-yne, 7)¢] A%

250 ml 2-7 EFgx=Fe  1-M21(BG81 g, 7073 mmolE
tetrahydrofuran (°©]3} THF) (150 ml)¢} hexamethylphosphoramide (©]
st HMPA) (20 mDoll &3iAF T &2 =E -10TolA 37 Ee8t==
ol n-BuLi (29.7 ml, 74.27 mmol, 25 M in hexane)E 7}3lo] ==
0C7HA &g, 3027 wykAI AT B2 %E A -20CE 32 F
A7l Zekaad 18-vH 2R &A1 6-dibromooctane) (250 g, 91.91
mmol)& A8 A7bstar, 2A17F WREAIZTE ojuf whE-o] RUE
Thin layer chromatography (¢]3d} TLC)= ##3}¢th whgo] ¢hx %
A7) Eebae] =& HAASE] Hrista, THEE WA #Ads/FE AAA
Ath o] % odolAEHI o] EE o] &3dte] FEslo], &vlE AdTFE Al
AART.  dojx EES AgrtA "y AEnEa Y
(EtOAc/hexane= 1/10)& AA sl 14-P2RHEZHI}-5-20 (178 g,
T& 92%)E Atk 'H-NMR (400 MHz, CDCly): § 3.55-3.35 (t, 2H),
2.15-2.09 (m, 4H), 1.85-1.80 (m, 2H), 1.52-1.28 (m, 14H), 0.95-0.86 (t,
3H)

- 11 - “E -‘”:i- 'I_]l



2ANG2)-14-2 22 Egd 7}-5-¢  [(52)-14-bromotetradeca—-5-ene,
6le] A=

g2 Hk-&-7](Parr reaction bottle) (500 ml) Wl w &< (MeOH, 250
ml), 37 19ANA 549 3FE(14-22 R Egu7-5-20) (150 g,
63.22 mmol), 5% Pd/BaS04(1.0 g)% #A=d(25 mg)S 2il, =543}
Hk-8-7] (Parr hydrogenation apparatus)S ©] &3t 4 4= 5 psi s}l
A 2A1ZE FF b A ZI T WEgo] ¢hedl $ AdolEE FI HHsla
et stell A 3ld SV E oot I =4S AAANA (B2)-14-
BRBHEHH-5-9 (145 g, F& 83%)= AUtk 'H-NMR (400
MHz, CDCI3): 6§ 5.33-5.30 (m, 2H), 3.38 (t, 2H), 2.01-1.98 (m, 4H),
1.82-1.80 (m, 2H), 1.47-1.27 (m, 12H), 0.86 (t, 3H)

3eA) (132)-SepeAl-3-21-1-2  [(132)-octadecen-3-yn-1-ol, 5]<]

Az

-50C o3tz FAH 500 ml 2-7 Z&F2==ol] Fe(NO3); - 9H20 (176
mg, 044 mmo)E Y1, A7 ST dE Yol (150 mDE $FAFA
th RFE2EE -B0CE frAIstHA 307 wHkA AT 7] EebaAa
of gl =411 g, 157.3 mmol)S 3] 7Fstar 30 Fo 3-FHl-1
2(3.67 g, 52.31 mmol)S THF (10 mDeol| gA3sted HHd3s| Hrista, 1
AlZE Eok wuksldnl A7) Zelazo] A7) 2uAlolAN FEE FEgE
[(62)-14-B 2R HEZH 7F-5-4d] (120 g, 43.59 mmol)S THF (25 ml)
of s|AAIA A3 A7tk -50T el A 2A17F WRE F AF=(20TC)2
A F&E stEA 15 AlREERE WHEAA R U olrt ehd e S E
23k NHC (50 mDE A7bstal, THFE WA Zgsi=E AAAA
o] F oHolMEHo]EE o] &dte] FEste], §vlE AdTHE A
A AT dolxl EFES HAg71A A4 AZvtE 789 (EtOAc/hexane=
1/1002 AAs (132)-ZEFHAI-3-20-1-2 (855 g, & 74%)E AA
k. 'H-NMR (400 MHz, CDCly):6 533-531 (m, 2H), 3.70-3.63 (m,
2H), 2.40 (m, 2H), 2.14-2.11 (m, 2H), 2.05-1.96 (m, 4H), 1.53-1.25 (m,

ol

oo

- 12 - "':r“‘E _k:i_ -I_-]i



14H), 0.87 (m, 3H)

2-2. (32132)-SetdlZit el d ofAH ol E (D)o T4

Pd/BaSO4
- MeOH
5
AcOAc
MC
3

ACO\/E/VV\/\/M/

1
Figure 4. Synthetic scheme of (37,137)-octadecadien-1-ol, 3

194 (32,132)-Setdl 7k dl-1-2 [(37,137)-octadecadien-1-ol, 3]19]
A %

250 ml ¥H$-7lel W e (MeOH, 50 ml), A7) 39AdA =548 33
E[(132) - e e 4l-3-¢1-1-2] (40 g, 15.13 mol), 5% Pd/BasSO, (0.25
g)¥ FA=A(25 me)e B, 425 4F 171 dtellA 243 ek kg
A AT wkgol ghgd F AgolEE S dE st 7t sholA A
U7 E ol gsle] A EAS AAAA (37,132)-ZErd 7y Ql-1-
< (363 g, F& 90%)<S dArt. 'H-NMR (400 MHZ, CDCly):6
557-549 (m, 1H), 5.36-5.29 (m, 3H), 3.60 (m, 2H), 2.31-2.01 (m, 2H),
1.99-1.92 (m, 6H), 1.56-1.21 (m, 12H), 0.87-0.83 (m, 3H)

29A) (32,132)-SrebdlZkteld oAl E|lo]E  [(3Z,13Z)-octadecadienyl
acetate, 1]¢] A=

250 ml 2-7 Eet=ad F ygEF22Y e (120 mD)H A7) 497
A 5 stgE [((3Z,132)-SEHd7iy el-1-2] (25 g, 9.38 mmol), ¥
2l (1.12 g, 1420 mmol), ¥4 Z2H1.45 g, 1420 mmo)E &3 %
Ax 971 8F A2oA 15A17F FF kAl HEgo] fR =W 0T
oA (100 mL)<S 7Feta F4H2 X 100 mL)o 2 FE3Ath F715



& 5% NaHCO; (100 mL)&2 A &3t 4= MgSO.2 A%, o3 & 7t
e SHAA FEFAIAY. F71ES Y A 2vE 283 (EtOAc/hexane=
/9= AAse] B235829 (37,132)-%Etu| 7t el d obAl B o] E(253
g, 87% vyield)s 4 dAA=2 4k 'H NMR (400 MHZ, CDCly):6
5.49-544 (m, 1H), 5.33-5.29 (m, 3H), 4.04-399 (t, 2H), 2.37-2.31 (m,
2H), 2.00 (s, 3H), 2.01-1.96 (m, 6H), 1.29-1.22 (m, 14H), 0.86 (t, 3H).
GC-MS (m/2): 308, 248, 233, 219, 205, 191, 177, 163, 149, 135, 121,
109, 95, 81, 67, 55, 43

2-3. BEI132)-SEtd7hH ol d ofAlH ol E (2)¢] &4

HO e~
5 AcOAc
WW
HO MC
4
0 Ve e e Ve e
AcO
2

Figure 5. Synthetic scheme of Octadecadien—-1-ol, 4

194) BE,132)-SEtd| 7kt ol -1-2  [(3E,132)-Octadecadien-1-ol, 4]
o] Az

250 ml 2-7 Zgt2A9 g ELFuEIol=go]=(2,14 g. 56.47 mmol,
olsl LAH)¢F &ul yodzaag]Zyued e =120 ml, ©]3} diglyme)
5 9 unketeA A7) AAl 4 19 & ]301]/‘1 AzE (132)-=EHd)
A-3-91-1-2(40 g, 15.13 mmol) = FF F (15 mDel 3|AAA
3] A7bskdh 303wk & 72A1%F %OJ S Al Z T Whgo] s
H 0TelA 23 NH,Cl (50 mDE A 7bstar, deolAlH o] EE o] &3l
FEot, FUlFe &, AvEE AFHeE L, 5 MgSOE dx, o3
%

73k stoll A FEAAY. S E Ay AZvE T

rlo '

(e3

- 14 - ___:rx | _k:i_ -I_-]i



(EtOAc/Hexane= 1/9)2 “g#|ste] (3E,132)-%Ehd|7hH] ol -1-2(2.89 g,
FE %S FA 9A=2 A4tk 'H-NMR (400 MHZ, CDCly):6
556-5.50 (m, 1H), 5.36-5.29 (m, 3H), 3.60 (m, 2H), 2.25-2.22 (m, 2H),
2.05-1.95 (m, 6H), 1.49-1.25 (m, 12H), 0.88-0.86 (m, 3H)

294 (BE132)-5Etd| 7t d o} MHl o] E [(3E,13Z)-Octadecadienyl
acetate, 2]2] A=
250 ml 2-+ Zg=Fo F yEF229E (120 mD 7] 1549 A
F53 3= [(3E,132)- iE]’Eﬂ?']—E] A-1-2] (25g, 9.38 mmol), ¥ &
(1.12 g, 14.20 mmol), ¥ %4H1.45 g, 1420 mmol)E 33t & A4
7] eF AolA 15412 <t WRkAF T wEg-o] R EH 0Tl A
(100 mL)E 7Fst 42 X 100 mL)o.&2 FE3At 77152 5%
NaHCO; (100 mL)& A #F3sta F4 MgSO,= AZ, o3 & 7h<tsho
Al FEEFAAT. f7lES 2 ARvEH9(EtOAc/Hexane= 1/9)%
AAste] HA3EEQ] (BE132)-SERuZIT ol d ofAlEHI 0] E(249 g,
86% yieldE A AAZ Ark 'H NMR (400 MHZ, CDCly):6
547-5.45 (m, 1H), 5.33-5.29 (m, 3H), 4.06-4.01 (t, 2H), 2.30-2.26 (m,
2H), 2.02 (s, 3H), 2.05-1.93 (m, 6H), 1.31-1.23 (m, 14H), 0.87 (t, 3H).
GC-MS (m/2): 308, 248, 233, 219, 205, 191, 177, 163, 149, 135, 121,
109, 95, 81, 67, 55, 43.

—_

I

3. ATZE £ &3
HAE Baolfihg 2744 AR AhsanslEaey)-A@Ea)
2 olgete] PASAT. BHxAL ey 2k AEE® 7171 Gas

cromatography 7890B (Santa Clara, CA, USA)-Mass spectrometer
(5977B GC/MSD, Agilent, CA, USA) (GC-MS) $ow A&t ZH2
HP-5MS <30 mmx250 mx0.1 m) AT o] == 70TA 13T
HEE F 180T7HA 18% 10TH s 220C7H4 1393 5TH,
325C7HA 187 25CH A5 A AT Innet& %+ 250C, Aux2 %+ 28

y 2y
- 15 - -"H_E'l'.l.l



oCcReH ERrtazgs AF7FAE ARl on £== 1.0 mL/min©]

At

4. ok9l w98 AS A ¥

4-1. W2 W9 Seokreivhd AHzE ve =24 A9

Au e we We ug 24 wE f{9s vy 9§
BEI3Z)-SEHe7 el e ofAlH o] B2l (37,132)-SEtElZhH ol d obA
H o] E[0]3}(3E,132):(3Z,132)15 19, 46, 614, 9119 HE& FAHo=E 1
mg* %A 8o Ze A €] FAtskA

(2,6-Di-tert-butyl-4-methylphenol, 99.0%5, BHT) (Samchun
Chemicals® Pyeongkaek, Korea)?t &3atch &3 Au=z23 a¢
StAl = Ao 2l & wlo]a 2T IlS o] 83} septa (Sleeve stopper
septa) (Sigma-Aldrich, MO, USA)o| A gstict. A S A7l &
AzZol e septa= ARE AAA 2A2WEIL(VT-78, NIHON
FREEZER CO., Tokyo, Japen)ollA4 -40TC % p_aﬂrfs}oﬂu} & A3 ol A
L Fd3 2HoE AUEES A 2 Basidn FH 3FA 9E
H(36°21'29.9"N 127°14'52.0"E)oll A 20173 49 28¥Y5-H 69 13¢7HA
xS 23 57 23S 53] vHEste] T 25709 EfE 7pA A A
At =54 WA EfS A& on olst RE Ay AMEE
E#L Fo]olo] ¥ (KIP, Daejeon, Korea)ol A A3ttt Ao =g F
ole] A= 30¢el FH wAser EHF A= 16 mE dto] o
aF 3 1ME AA AT v Z“ﬂﬂ‘EﬂJ AA= Az FA9=
vk A z)ste] 9o WE x 9 Ak AA Fole AW
ol 180 cm ~ 200 cm ¥o|= A 7F AgE 50 mZ 33
otk Fole A A7), wEEZE Ag], AA ﬂ@?l%ﬂ%%%ﬂ?ﬂﬁ

w

J./
E
fd
)
Az



A EFy A3 A (Yaginuma et al. 1976; Yang et al. 2011)o A A&
3t Y FEY dEF EFS vlustdnh 254 WA Efy w2
B} EFS Ao B

mE EdL Fo]olo] ¥ (KIP, Daejeon, Korea)
ol A Asstan. Ad= F3HA A1 21(37°55'42.49"N
127°46'27.39"E)oll Al 2017d 8€ 9¥HH 9¢ 25d 714 2% EHE
zkzy 5urEA Z 10719 EfS AAste] xAbe A EFolfrEvh
AERE Fold AL A7 APy wdg Wyoer x

(3E,132):(32,132) 4:6°] v]& & 1 mg A ste] AFE3FATH

4-3. WAEY A o A
WA Ede] Age AWy g8 WA AAF wdAv 2% 0

Al oA S FFA REEW(36°21'29.9'N 127°14'52.0"'E)% A& 495
H

(¢

Wi
i)
()
~J

(e}
w
[u—y
1
=
0
=
Z,
—
[\
(@))

(e}
(@]]
al
—
=
DN
©
)
=2
X
[\
(@)
[y
(0]
rL
AN
o,
Do
(@)}
ne

FE 69 TATEA 270 Aol A 27 Mgl dis 22t 4ubE st & 16
A Ef]S 7ML AF st Beokeud ARl R Fold
Tdd o r Ao (3E,132):(3Z,132)
gJsto] AR-E-&F it

4-4. F2 1Y Bobfrevhl AHES vle 24 AlE

A2 Hg A 2 F& WHeelA Ay Y F=HA F
72 (37°58'45.2"N  127°51'56.7"E)9k A7 7FEa oW EA
(37°46'57.2'N 127°28'07.3"E)oll A, 2018 8¢9 314H-El 9¥ 28YU 714
S TFA HFEW(36°21'29.9"N 127°14'52.0"E)el A 2018 8¥ 2743
H o 99 289 7pA gl A IAFA FAFHEE5°11'587"N
128°10'21.4"E)ell A 2018 8€ 304+ 10¥€ 4d 714 571 =S o
Aoz zbzh 53] whEate] 47) A Aol F 100719 =T WA EFS
7HA e Ag s HEokrEvy AHEEe A ]
(3E132):(3Z,132) 1:9, 2:8, 3.7, 46 1283l 55 H&Z 1 mg¥ =A&t

718 veddd FdsA 24, Ba $ ARSI

s
o

o

T

2
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(37°46'57.2"N  127°28'07.3"E)*%  Zd T FA
127°14'52.0"E)ell A 2018w 8% 2795 99 284
Aom 27 33 wEslel & 36709 Aad WA ERL AT

o

44

abgith. 20199l 89 199 4-H 10¥ 069 74HA 2 4o+ AHd
(38°05’33.19”N 127°59'3253"E)ell A 543k 671 Mo EfE o=
43] RHEsto]l F 2471 MA Efle HA AL Aeduh Seokdly
T AdzE Fold 2L AV e zAsdeH

(3E\132):(32,132) 4:6°] v]& & 1 mg A ste] AFE3FAATH

4-6. A2 AP A

Borohfeby AN ZEY Al 49 AEe 37 A 4
T (37°26'35.74"N 127°00'56.76"E) ¥} F'd & FA ‘iiﬁ(36°21’299”N

127°14'52.0"E)ell Al 20191 4¥ 284 F-E 6

Hol 5 4819 MA EAE Asdol $AAAG, 4AZE ol =

AE A7) AEH sY HoR Zx]ﬁ}‘iﬂ w (3E,132):(3Z,137) 4:6

'o/] H]%i lmg,ng,Smgyzlmg:;l ]— ‘%;ﬁl—g ())3\1:}

oEim

=

4-7. AYA2E A ZA

FolfraEl v fladE vEde 48 Adstr] 98 #a &
??i ZAHCuevas et al. 2016; PINO et al. 2012; Aubert et al. 2007
Wang et al. 2009)& %3 HuUF(Prunus)%el JUEAS Auksiddar
Table 29 47 45 o= APt 47 7FEa olddxd
(37°46'57.2"N 127°28'07.3"E)ol A 2019 8€ 19¥HH 10¥ 6Y 714
A&l AUAAE Fo]= polyethylene A& 2] 712, A& 70x100
mm, 77 0.1 mme HAZE Akl ol A&t Z-3-Hexenyl

- 18 - Hi-i-]'-']i.:



acetate® A &g 3F Y AUAZE Fol= 747 8 g A xdte] 13]
At o 7-3-Hexenyl acetater= 5 g® Al Z3te] 154nit}h 23] w A
sttt AulE Folvt vs A3 gixadd AuEs Fols 23S
AUAZE T8 B4 2335 57/ 23 7HA L 43] wkEste] & 2070
o] EfE AME3IYT. EE AUA2E Z#-2 Sigma-aldrich (MO,
USA)el A efatdet. 2 S49 3dsF A= A (25T)olA 24 A
A= 15 m Eole] YA 747he] =4

20199 8¢ 8UH-H 8¥ 11¥7+A 72

A=R = =7
= = N
A7 B BEFS 2ASGAY. U2 e AWz A2 FolE A

s

ofo
EL
3R
O
w
s>
—_
w
N
w
N
—
w
N
N
o))
1o
)
o
utl
—_
=
0
2
Ak
P‘L
2
>
ol
ofo
P‘L
Q
£

Table 2. Emission amount of compounds for field test of synergistic
effect

b Emission Emission
rit
Compounds 1(10/1) Y amount at 25°C  amount at field
(o]
(g/day) (g/day)
Benzaldehyde >99% 0.457 0.241
Phenylacetaldehyde >90% 0.277 0.020
y-Decalactone >98% 0.007 0.009
/-3-Hexenyl acetate >98% 0.637 0.305

5. $5a% 24
Byohfeihle Az WAL A AN FE TFA
(36°21'29.9'N  127°14'52.0"E), ¥ FA =4 (35°11'58.7"N
128°10'21.4"E), & &3 Al A5 5(37°55'42.49"N 127°46'27.39"E), A&
ol #eb=1(37°27'29.80"N 126°57'22.91"E)ell A 2017 4€
109 % A7 2tzte) gaolA 670e) A ES A w A
sgen & 24709 A EAL A

=
o M
1o

L

BN
o an
4o
)

o

A
ofFal 20180l ARt WA AFS A7) 98l 2018 49 2N
H 109 T7hA A& 39 25 5(37°30'13.37"N 127°08"13.09"E), A



S FAT FAE(37°33'04.38"N 127°06'30.64"E), Y A NES
(37°55'42.49'N  127°46'27.39'E), A% ZFAl  aS2FH(BE5°11'58.7'N
128°10'21.4"E), % &5 ¥FER(36°21'29.9'N 127°14'52.0"E)oll A 7t
g 6719 MA EFRS AMEste] F 3079 FRE AYPS FAsS
o ARE S Esobfreubl AR Folo] e Y] A wdg
o e zAstg o (3E132):(32,132) 462 RHl& =2 1 mg¥ A g st
52 WA ERS ARGt on 20181

A wA EdS ALYl Age mE =A@l Fo]olo]y

(KIP, Daejeon, Korea)oll A A|-&3} t}.

6. TA o= =2d
A (Python3.8.0, 2019)& 7|Hto.2 7| A|st59 GAE g

o] o
swcu @ wawze G183l AFAF FHA Rohh
1=

9
Au)
=
a
rlr Oﬁ
_Y‘i
=
4y
\)
a1
:\é
N
o
rlr
0
)
—t
S
o
fr
£
o
o
2
)
5
(o]
s
—t+
g
o

A, A4, ABAL oY B, S-S sl AR &
95t Ouputdl A3 ¢ Bolielbgel 2wa 28 A7) 89x
RE 99 8FNS FA gk velHE Agstarh. maYel A4S
SOl Elsh H2E dlolElE 20179 A7 WA 24 ARE PO

s Bd e dolHE Agstel AgsAHEIA 9, 2016 F

FE 9], 2012). d=g2 20189 XA A w T FEI AU 2AME =




A e o wzr Al Eol st
: 2 B2 F(Seoul, Korea)?] #417]7] A}
ATk A A (Color  Spectrophotometer) (ColorMate,
SCINCO, Seoul, Korea)E& AF&3l o F3=of WAIEE SA39 1
Obsesvation System< d/8°, Abserver angle2 10°% 3} t}. Illuminant
+= D65, Color Scale CIE L'a™b'= A4 3t}

e
-
=2
o)
it
>

ot
ol

Q

Eao] g A Ad Ay A A9, e 24 A9, S AF
of Qo] SPSS (IBM SPSS Statistics 23.0, 2015)& AF&3to] A 4]
AN de Qs WA ERS 4SS 29 Fe A A9
Gt 22 AL AEE B AR AW APNNE (testE A3

= R

g Eq A Aol A dAuiAEAHEA (ANOVA)= AHE
= p<0.059] Ao oA Tukey HSD test® AFSE 7

A skdh. AMxA A AxE R studio (ver. 35.1, R development

Core Team, 2013)5 A}&3}o] 20183} 20193 A7) 719, 49 &5

a8 Y koA A EE E A} Mul A3 o] AntE kAl 3

g TS AV Aolsh Ao ZpolE dolr Y] | o] AHf | EAE

g MAF L, a 1813 b
o

-

mlm _l

AT

(two way-ANOVA)S AAsE L E
of ths] tF3ATH Y A3 A4

21 - SEasie



Al 47 A3

}\é_q 51\]-

rob

S54= Ad= o
= 2o mElEs EolH=E o] xAMSE A= [Figure 6. (a)loll
et A AA 2AF E00 ko] 0.5 meolstell A 6.70+6.537H, 0.5 m
oA 1 m7FA 213+1.1670, 1 melA 1.5 m7FA] 1.94+1.177) Z28]3 15
mOH/H 2.0 m7F#] 2.25+£1.3871 = YELH 05 m ©o]glell A Il 71 7}

B2kt 34 (OBH)YE ] 542 20 cmu|Rhel A 572481371,
20 cmol’d 40 cmmu]Rkel Al 6.37+6.897], 40 cme]’d 60 cmmP| R A
5367 = UElY 447 98]E Fodl= 2 zol7F flHHFigure 6.
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Figure 6. Number of Synanthedon bicingulatd’s damage wound at

different DBH (a) and height (b).

_23_

- L



2. 5<%

B2
T

o

L=

>80%

o}.ﬁ.a]p}ul- A ;ﬂ]iﬂ._,] EM

Frel g AR GO-MS BA A

XA} (3E,137)-octadecadienyl acetate®]

oo #& %5 YE AT
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Figure 7. GC-MS chromatograms for Synanthedon bicingulata’s sex

phromone, (3E,137)-octadecadienyl acetate (a) and
(37,132)~-octadecadienyl acetate (b).
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3.8 & =4 439

20179 495 H 69714 =9 5 A
& A H¥ A= Figure 83 ok AAl Ad 73
MAGE= 11202 72 AgateA 285 A Fia B}
T3 A3 (3E132), (37,132) 19 H|&dA 85+2.38utg], 4:694
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Figure 8 Number of male Synanthedon bicingulata adults caught at
different composition ratio of sex pheromone (Gongiju,
Chungcheongnam-do provence) (Tukey’s HSD, F415=38.567,p < 0.0001).
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Figure 9. Number of male Synanthedon bicingulata adults caught at

different composition ratio of sex pheromone. [Gongju,
Chungcheongnam-do provence, (a), Tukey’'s HSD, F419=5.962, p = 0.004;
Chuncheon, Gangwon-do provence, (b), Tukey’'s HSD, F41=7.617,
p < 0.001;

F410=14.656, p < 0.0001; Gapyeong, Gyeonggi-do provence,

Jinju, Gyeongsangnam-do provence, (c), Tukey's HSD,

(d), Tukey's HSD, F419=4.787, p = 0.011]

_29_



=

o

et Efat Bl Effe] nlald
Tt 13.2+2.28vk 8] & YERsE AL

Figure 10°] YERSITE

7620778 2 W

T

L
[e]

T

o A

9

o
=

4. E Yy A A3

2017
B E9

o
o
CUE

;01_
B mn

0.003)
_04

E
&

Ay

4174, p
=
]

Delta
d

ol

two different types of trap.

Bucket

44
3

1

o =
) T e

(Chuncheon, Gangwon-do provence ,t-test, t
Ed

}

8642086420

B T

Qm: J1ad ybned oasul Jo Jaquinu sues|y ] Mw Gl

»AO O-H

oﬂ
T oo

Figure 10. Number of male Synanthedon bicingulata adults caught at

_30_

Figure 119 e}



A3 5 Eqie] X3H F 7Hiﬂ 146‘3}11191‘4 EEA Efie] ¥
g9 MAFE " 2656£360vke] low S5 Efle 10+2.97k2] =
el HFigure 11. (a)]. A% 035“:% ool FFTEYURAAAM HA]
g Aol A AA AA7E T 2PE F NASFE 4701 o =7
Aol x3E JfAFE Hk 775157k o i%*ﬂ Eflo] 3
gt WA= 4£1.82vke 2 YEs G Figure 11 (b)] q3s WA &
T BF EFobfralubl £ wd EfA o Bo] fdEAth

_31_



w
ul

25 1

20 1

15

10 A1

Means number of insect caught per trap

(a)

Yellow

Green

-
o

0]
1

Means number of insect caught per trap

Yellow

Green

Figure 11. Number of male Synanthedon bicingulata adults caught at two

different color traps. [Gongju, Chungcheongnam-do provence, (a), t-test,
t=6.983, p<0.000;, Seoul (b); t-test, t=3.174, p=0.019]
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Figure 12. Number of male Synanthedon bicingulata’s caught at six

different color traps. [Gapyeong, Gyeonggi-do provence,

(a), 2018, Tukey’'s HSD, F517=4.66, p = 0.013; Gongju,
Chungcheongnam~-do provence, (b), 2018, Tukey’s HSD, Fs;7=3.659,
p = 0.03; Yang-Gu, Gangwon-do provence, (c), 2019; Tukey's HSD,

F520=4.548, p = 0.005]
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Figure 13. Reflectance rate of six color bucket traps.

Slo) WHALE ghol A AAA $AS ehe] et zizbe] A4 Table
3¢] L, a, bakg 7haek.

Table 3. Trap surface color values(L*a*b*) measured by chromameter

Name L* a* b*
Red 41.2577 46.7066 214851
Yellow 59.2927 6.8836 45.8015
Green 334178 -11.2822 0.4692
Blue 27.6058 3.8195 -16.7984
Black 26.0313 14991 -4.2059
White 94.8931 -1.092 -1.8659

2018 2019 A7) 7HE, 9 ¥ 283 FY =39 dHoHE
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Figure 14. Number of male Synanthedon bicingulata adults caught at six

difference color traps in Gapyeong, Gongju and Yang-Gu (a) and
distribution by boxplot (b) (Tukey’s HSD, F53,=7.889, p < 0.0001).
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Figure 15. Linear regression model of male capture of six difference
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Figure 16. Number of male Synanthedon bicingulata adults caught at

different amount of sex pheromone. Gwacheon, Gyeonggi—do

provence, (a) and Gongju, Chungcheongnam-do provence, (b)

_42_



8. AYAX2E EZ

1z

A7) kel A 715 FAELAE 2 dig Aux giE A
A= Figure 173 #2vh #2293 (g3t Exe i IIFE
2510.867}2], HZE3 benzaldehyde X3S 4+2.34vld], HZE
phenylacetaldehyde %3-& 0.75+0.757}2], #HZ&3}  7-3-hexenyl
acetate oA 7.75+1.717ke] 12]al FEE3 y-decalactone Z gl
A 2+081vke] 7 EEE vl Z-3-hexenyl acetateE A 2|3k E 3ol A
7S B AT 28 EHAT phenylacetaldehyde% 2 g] st E @ o A
7+ 2o WA =7} X 5o Z-3-hexenyl acetate 9}
phenylacetaldehyde™ Hwobfrelvh Ao =2 digte] 2H2h A= 2
719 a3 e Aoz ddEd,

b
ab
ab ab
- :
-
Con BD PA HA DA
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pheromone trap combined with different host volatiles(Gapyeong,
Gyeonggi-do provence, Tukey’s HSD, F419=3.149, p = 0.046).
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Fifure 19. Predict of Synanthedon bicingulata adult emerging scale to

using model Chuncheon, Gangwon-do provence, (a); Jinju,

Gyeongsangnam-do provence, (b); and Gongju, Chungcheongnam-do

provence, (c ). (Real capture : Gray, Predict : Black)
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YN E =9 o W2 Hart vH(Saybold et al., 2006, McCarty et
al. 1978; Miller and Borden, 2003; Poland et al. 2003, 2004; Seybold et
al. 2006). WH) & Aoz digk AAYAAE A2+ Witzgall et al.
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3t o, 7-3-hexenyl acetateE #8]3F Edo] ] e MAE ¥d3}
Aok ¥ A+ A3 7-3-hexenyl acetater= ¥ 2 E3} o] A UL
uf Ay A7) RUHE deolEe A 52 23 &S =9 T UEs

Ao word gl

=3k Andersson et al. (2011)¢] AFtollA 715 3k Edo] ofd H] 7|5+

slak E-Z o] Spodoptera littoralis (Lepidoptera: Noctuidae)®] 7|3 &3}
s 7H+= Zi% Hudgth B oA phenylacetaldehydeo] ¥ 2
S At £ v v ¥ IFgS wol vy @X4S A= e

2 BAFth. Phenylacetaldehyde:= Asclepiass: (=, wFE7he]45) 9]
Asclepias speciosa®]l T2 3% AR o2 Eby (2006)9 A Synanthedon
myopaeformis Borkhausen (Lepidoptera: Sesiidae)®] 973 F=AHS #
Tl FEEAEA HIHJY. T3 phenylacetaldehyde®t S
-myrcene?} £ thE JAEAZ FAHAHE A {9 EHS AR w
Wake] Q1 a7 v ALE & Jdvh(Landolt and Alfaro 2001;
Landolt et al. 2007). %-{? phenylacetaldehydeE ©]-&3}o] &5 olf2 L
W “Push and Pull” o] 7924 & AHE 7hs & Zloz2 Adyd
=3

sobre Lol AZF -3t &% FAbA = 19 13] HAstH 5E 5
E1 9L 7] Aol WG
2019). °f7]+2] Y (Synanthedon tenuis) (%< ,
W (Synanthedon haitangvora) (34 9], 2012)4 7d§-oll = H]

<o =
d FAE Hole Ao BnuHdnh 1y Byl A9 =
G 21(2016)5 < AgolA 1del] 2We] Aol HaE Qi o] &9 G
<(201D)e] A 2F wjde] A= HFobfEubie] 3G AL
ANME 2He FEe Aol HuHGTE FUA ol A E”OP%H%H&
e B b B HAVE 2 Ao Hd BTl AR 3
gE ) o] FEL 1dd 2AHE AHste AR FAHI= Kt gl
HFEE ¢, 2012). & A9 ZFAAAE EFobfavd a% qee
A 23] LA BE LA fERY ZbSE 2A RV O 2 Ae®
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from sklearn.ensemble import RandomForestRegressor
import numpy as np

import pdb

from sklearn.metrics import mean_squared_error

from pandas import DataFrame

fp = open(’dataset’,’r")
x =[]
y =[]

while True:
line = fp.readline()
if line == "":
fp.close()

break

line = np.array(line.split(’,”))

line = line.astype(np.float32)

x.append(line[:~1])
y.append(line[-1])

X = np.array(x)

y = np.array(y)
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testset_ratio = int(len(x)*0.85)

train_x = x[:testset_ratio]

train_y = yl:testset_ratio]

test_x = x[testset_ratio:]

test_y = yltestset_ratio:]

regressor -

RandomForestRegressor(max_depth=10,random_state=0,n_estimators=25)

regressor.fit(train_x,train_y)
pred_train = regressor.predict(train_x)

pred_test = regressor.predict(test_x)

vy = regressor.predict(x)

df =
DataFrame({'Clsurveyl’:x[:,0],’Clsurvey2’:x[:,1],’Clsurvey3’:x[:,2],’Cls
urvey4':x[:,3],'MayTemp.high’:x[:4],’MayTemp.low’:x[:,5]," JuneTemp.hi
gh’:x[:,6]," JuneTemp.low’:x[:,7]," TreeNumber':x[:,8],'ProbabillityOfDama
ge’x[:,9],'PlZInputZero’:y, output’:yy})

mse = mean_squared_error(test_y,pred._test)
print(mse)

df.to_excel(’output.xlsx’,sheet_name='sheetl’ index=False)
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BE 2. 7HAFA HLAYg EFH HAE AR
[Spectrum (%R)]

\?r/]?;]/)e RSN VYellow [NGiEERN MBIEEM WBlaekM \White
360 10.26 12.12 1042 13.42 9.25 948
365 991 11.79 10.08 1311 893 12.39
370 9.58 11.43 982 12.86 8.67 15.63
375 9.19 11.03 9.6 12.65 8.45 19.22
380 8.75 10.58 941 12.47 8.26 23.22
385 823 10.09 9.19 12.35 8.07 27.65
390 7.79 9.64 9.03 1211 7.88 35.54
395 7.51 9.19 8.84 11.85 7.62 448
400 7.37 8.77 8.63 11.59 7.37 58.98
405 7.18 8.37 84 11.38 7.13 72.06
410 7.01 8.04 8.16 11.2 0.91 81.84
415 6.74 7.78 7.94 11.02 0.69 87.84
420 0.49 7.56 777 10.86 0.46 91.03
425 6.31 7.37 7.63 10.73 6.25 92.27
430 6.13 7.22 7.5 10.6 0.07 92.36
435 5.98 7.09 742 10.49 5.93 919
440 5.88 7.01 7.38 10.35 5.81 91.35
445 577 6.93 7.36 10.17 5.69 90.77
450 5.69 0.87 7.35 10 5.59 90.23
455 5.59 6.83 7.37 9.83 549 89.83
460 5.5 0.87 74 9.63 5.39 89.58
465 543 7.01 7.49 9.38 5.3 89.45
470 5.39 7.21 7.59 9.09 5.22 89.39
475 5.35 74 7.68 877 5.18 89.37
480 5.34 7.63 7.79 8.47 5.14 89.3
485 5.34 7.79 791 811 5.11 89.18
490 5.34 8.17 8.03 7.72 5.05 89.08
495 5.35 8.58 8.09 7.31 498 88.97
500 5.37 9.24 8.68 0.87 492 88.87
505 5.37 10.36 9.21 6.45 4.86 88.76
510 5.35 123 9.72 6.06 482 88.67
515 5.39 15.12 10.14 5.72 478 88.53
520 542 18.42 10.39 5.44 475 88.4
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525
530
535
540
545
550
555
560
565
570
575
580
585
590
595
600
605
610
615
620
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680
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521
5.27
6.49
9.57
15.19
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60.01
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61.45
61
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58.8
57.37
56
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54.05
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52.89
52.23
51.55
50.78
50.11
49.46
48.94

224
2581
28.09
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31.2
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33.8
34.99
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36.65
36.96
36.95
36.72
3643
36.08
35.75
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35.01
34.64
34.25
33.92
33.62
3341
33.24
33.05
32.85
32.57
32.23
31.94
31.69
31.54
31.37
31.22
30.92
30.65
30.36

30.1

299
29.77

10.46
10.33
10.03
9.6
9.08
8.52
797
748
7.04
6.63
6.24
5.87
5.44
547
541
5.36
5.35
53
5.28
5.28
5.33
5.39
5.44
55
5.58
571
5.8
5.83
5.89
6
6.08
6.17
6.25
6.33
6.32
6.27
6.27
6.33
6.37
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4.46
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4.64
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4.8
4.9
4.96
5.02
5.05
5.04
5.19
54
5.58
5.79
6.02
6.27
6.52
6.81
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741
7.66
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5.01
5.03
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515
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88.31
88.21
88.13
87.96
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720 48.36 29.68 6.41 8.16 5.33 80.64
725 47.83 2948 6.45 842 543 80.55
730 47.05 29.28 6.56 8.71 547 80.18
735 45.96 29.02 6.65 8.88 5.55 79.15
740 4521 28.74 6.75 9.03 561 78.3
745 4454 28.49 6.83 9.14 5.66 77.54
750 43.93 28.26 6.92 9.23 572 76.85
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Abstract

Research on optimization of
control and monitoring method
for Synanthedon bicingulata
(Lepidoptera: Sesiidae)by using

sex pheromone trap

Kwon Jun Hyeong

Major in Forest Environmental Science
Department of Forest Science

The Graduate school

Seoul National Unicersity

I investigated the characteristics of damage and seasonal occurrence
of cherry tree borer (Sesiidae: Synanthedon bicingulata) using
pheromone trap, and developed the machine learning model to predict
the secondly occurred population size of cherry tree borer based on
the firstly occurred population size. Two sex pheromone compounds,
(3E,132)-3,13-octadecadienyl acetate (3E,132) and
(37,137)-3,13-octadecadieny acetate (37,137), were synthesized in the
laboratory to determine the optimal ratio and dose. Synergistic effect

of wvolatile compounds of host plant on sex pheromone was also
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investigated. To find out the effect of trap type and color on male
capture of cherry tree borer, I compared to efficacy of two different
trap types and six trap colors.

There was no relationship between the diameter of cherry blossom
tree and degree of damage. Most damage of cherry blossom tree by
cherry tree borer was found below 50 cm from the ground. Optimal
sex pheromone ratio of 3E,137 and 37,137 was 4:6. Optimal ratio of
3E137 and 37,137 was showed same result in Jinju, Gongju,
Chuncheon, and Gapyeong. When I compared the male capture of two
different pheromone traps, more males were attracted to bucket trap
than delta trap. There was a significant difference in trap capture
among trap colors. More males were attracted to yellow bucket trap
compared to green, white, blue, black and red bucket traps. When I
analyzed the relationship between trap capture and trap surface color
values (L*axb#*), there was a positive relationship between trap
capture and b value. To determine the optimal pheromone dose, 1
investigated male trap capture of different pheromone doses (1, 2, 3,
and 4 mg/septum). Although there was no significant difference in
male trap capture, 2 and 3 mg/septum attracted more males compared
with 1 and 4 mg pheromone doses. I selected four host wvolatile
compounds such as benzaldehyde, phenylacetaldehyde, ~Z-3-hexenyl
acetate, and y—decalactone to investigate the synergistic effect of host
volatile compounds on sex pheromone of cherry tree borer. Traps
treated with sex pheromone and Z-3-hexenyl acetate attracted more
males than treated pheromone alone. This results indicated the
synergistic effect of Z-3-hexenyl acetate on sex pheromone of cherry
tree borer.

When 1 investigated seasonal occurrence of cherry tree borer using
pheromone trap, this insect showed two peak times a year. The first
peak time was from early May to early July, and second peak time

was from early August to mid-October. Population size of secondly
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occurred cherry tree borer was 1.5 times the size of firstly occurred
cherry tree borer. Although there was two peak times in seasonal
occurrence of cherry tree borer, this insect might have one generation
per year. When I investigated the developmental stage of this insect
pest in autumn, I found several mixed developmental stages.

To know the population size of insect pest is very important for
planning a management strategy. Cherry tree borer occurred two
times a year in our study. I developed a machine learning model to
predict the secondly occurred population size of cherry tree borer
based on the firstly occurred population size. I investigated the
accuracy of this model at three different sites in 2018, and mean
accuracy rate of this model was 94.6%. Our results indicated that this
model could supply valuable information for planing a management
strategy against cherry tree borer.

In this study, optimal pheromone ratio, dose, trap type and trap color
was determined to use pheromone traps for monitoring and control of
cherry tree borer. Furthermore, I found out the synergistic effect of
host volatile compound, Z-3-hexenyl acetate, on sex pheromone. Our
result can supply valuable information to use pheromone traps for
monitoring and control of cherry tree borer. For future study, mating
disruption by using sex pheromone is necessary. In addition, research
on antenna sensilla structure and olfactory receptors could provide
more valuable information for cherry tree borer control using

pheromone and pheromone trap in field.

key word : Synanthedon bicingulata, Sex pheromone trap,
monitoring, Control method, Machine learing
Student number : 2018-27084
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