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= ] A
= o

T

o
ol

sAH F&Ha dvt. 2T AN FS viJNskE Monochamus % 3F
=49 Ae, 7IFAEQ A9 T8 3P4 (a-pinene, S-pinene,
(+)-limonene, ol BF&)S | 2ZE3} 37 ALLege W folo] Z7)a

al 2017, 2018), —1wYyoll BE-Fols=UHH Grapholita molesta (Lepidoptera:
Tortricidae)l, Rhynchophorus palmarum (Coleoptera, Curculionidae),
Cydia pomonella (Lepidoptera: Tortricidae), &7 4% ®ol[Holotrichia
parallela (Coleoptera: Scarabaeidae)]s TH¥3H EF oA H =223 7]
T A ES G AFEE AF FdEo] STk Ao E By
A} (Preti et al. 2020; Rochat et al 2000; Yang et al 2004; Ju et al.
2017).

i 25 AREA EE2 AT odF ffo= i BAVIHe

N



2 $850o] Alg¥ 1 9t} El-Sayed et al (2006), Hegazi et al
(2009), Trematerra (2012)<  Cydia pomonella  (Lepidoptera:
Tortricidae), Zeuzera pyrina (Lepidoptera: Cossidae) % A Zall =3} <
g Aol HEESE &E&3 HEF X Hete B askglar,
Schwalbe and Mastro (1988), Hoshi et al (2016), Ortiz et al (2004),
Samietz et al (2012)= v &S E3+ wju)Uw (Lymantria dispar)

(Lepidoptera: Lymantriidae), Cossus insularis (Lepidoptera: Cossidae),

Euzophera pinguis (Lepidoptera: Pyralidae) % Contarinia nasturtii

(Diptera: Cecidomyiidae)e] Aol #sle] R astAth vk fFol=2
3 79 EAS g7 283 Push-Pull WAl dekol] @3 A7 ¢35
AHKhan et al 2014; Xu et al 2018; Khan and Pickett 2008).

2% HEolE U4 T4 E(sensilla)Z TAE o] lon o F317 o
e AEE FHste 9ds v A4EE FH/E GEAEd A
%5]% E}Okfﬂ Zéi%’d%é‘% AA = 7Bo =z, A7t AFE &

A EAE HO} = s 7]%:‘?.—‘3]:01] &-&3t7] flst
o W = G efell et

chaetica, trichodea, basiconica, coeloconica, styloconica, squamiformia,

ofj
1o
ox
o
\
O::
=
.101'

L LEI_E

}:o
2
18
msi'
m o
o
jl
wn
o)
=
=]
Q.
Q.
o)
=
=
3o}
>
L'E

campaniformia, squamiformia, campaniformia, scolopalia® T3}l
Zlsel wE {@A, s TS dASe sed A 87
(chemoreceptor)¢} 8, 948 & A= 7IA4 A7 87
(mechanoreceptor) & +#3atAth. &84 7t 871 dvrdos x#
o] Frgo] Wt 7> FAE7I A4 HSchneider 1964).
AREANEHde Y5 F3 x99 yieo 748w A (ordorant
binding protein)® A33til 71N EE A<D erh(Leal 2013). tE4 £
7+ 717} 7]1 2% trichodea, basiconica, auricillica, coeloconicas©] X
HA 7NAA 72 87 5 =7 487](touch receptor)= A A 0]
daste] fEAdol dom, A7 iR AR F4E77F 944
=S  HAg3dt(Keil and Steinbrecht; 1984). 177 $87)
Z

7]
(proprioceptors)© ZF A A9 9%, &5 FH, A% +F 5= @A 5

K

N



= A¥e Bk AAM A7 £87) F MY AW T2E e 22
2, ole AR BAE #4577 Mwd fE4 9t £3 sael 9

Z8ta lth(Finlayson, 1968). Ztzte] #Z7|&= <53
oy o= FREEY o 4§39 747 BEF Aol Uv
(Ma et al 2017). Xu et al. (2021)2 Dioryctria rubella (Lepidoptera:
Pyralidae)®] #27] Fx& FAste] 347122 trichodea,
coeloconica, auricillica, basiconicas 471¢ #ZZ7|E& H 183, Wang
et al (2016)2 £ AZLXHy oA multiporous pegs, uniporous pegs,
multiporous trichoids 3% X 113}t

Fatzinger and Asher (1971)2 &4 yUte calling 5= &<l
of £y AHlEs Jteddd #ele] Hx=E Halskl i, 1972
d 224l AEste] JHSEAS 7I=stdth ol $ Lofstedt et al
(1983)2 &gy yrl Hz2Eo=2  (9711F)-tetradecadienyl — acetate
(OZ11E-140A0)E Hz Husiglov dd=de #32 vie s
Aoz  goxQltl, Millar et al (2005 2010ab)=  Dioryctria
abietivorella, D. ebeli, D. amatella's Y% Dioryctriass 54 71 At
ETZ2E = w3 A (376292122,152)-pentacosapentaene  (C25
pentaene) S f-<lgo] AA A d&gS = E UE HEZEOZHR HIF}
NI, Lofstedt et al (2012)2 Ed=sbduby 4 MAT 4A A=
S %3 C25 pentaenes HA3dte] H 13}

S

vk 5 (1986)> Matsucoccus resinosae (Coccomorpha: Matsucoccidae) 3| =
A FEEd 4424087 AEe A FdEE AS &8k L, Lanier
et al. (1989)v= &HAZAPHE LT3 Matsucoccuss a5 A=

=Oo 24 (2EAE)-4,6,10,12-tetramethyl-2 4-tridecadien-7-one> & %
TASAT. Cywin et al. (1991)2 (S)-(-)-glycidol& Al&=d = 3t
T he] FEAA ]Hﬂiﬂ [(6R10R)-1<F (6R105)-115 A3, &
AAZAEE o HEES QFEAE6R10R)-4,6-10,12-tetramethyl-2,4-tridecadi
ene~7-one2. = }J}‘ B skt Mori ef al (1993)< citronellols A] 2}
Edow 3 (6RI0R)-19 HIthd dAdol thste] Hasislew, Shi et



al. (1995)+= tertiary bisallylic ether®] [2,3]-Wittig rearrangements &
st A28 A HE NESA I, Lin and Xu (1996) &4 2722 dH Yy 7
2 344 Ao st R sl e e FAE HEHE
H[Q2FEAEG6R 10R)-4,6-10,12-tetramethyl-2,4-tridecadiene-7-onelol] 3t &7
A7k o] wrgAg7F &as] FA A v 5(1994) 2 EF A 7A]
dye] vagsAdd dulEe] tigh vEs A8t 10~50 pg A&
B FAE T g fdgo] Skt As gl A Asol T

2E 9] JS W= AYE 10 m ©)F R HFJUTE EI AR

tE See 2uee] A e g Al A8 01 mol £
s 4SS W b Ee §9d8S FAFAI F, 2000, 9 5

4 7} ome
g-eg W AR AF % RAA AT chFd Hopol A8
o] 3 o =

Tt EA e s 7Ivke g gk olux] <l
T Zolth Ding et al (2016)2 X o] n] 2] A]
WS #HAE87] Y& sliding window method®t convolutional neural
network (CNN)<S o] &3l 2w, Nam et al (2018)& 3sf=2] oln| %
=2 93t single-shot multibox detector (SSD), sliding window,
CNNG& thekgh o2 oju & #4ste] Hluek3l v} Nieuwenhuizen
et al (2018)2 ¥3¥¥H 239 HE=S $3sle] Faster Region-based
CNN (Faster R-CNN)& AF&3F9il, & 5(2020)2 Faster R-CNN,
R-FCN, Retinanet ¥ SSDG& t%3t {

Eqlo] 284 oluA oA Al F7FY WS HESL 4 Bdo £:6

ds& WS

o> ol



1. A&
S W (Dioryetria  abietella)S o) & U3 (Lepidoptera:
Pyralidae)dll &3t slao=2 g, A& 2ge FofAlo} X 9
Solgl7l & FHHAT A Exst AFe =3 AlVIE 5¥
st ~ 69 sheolw, 3 HAVE 69 el AFe FH2 oF 9
doltt, Ayt AYFE £33 IAdFFY T2 79 AR 3
o & FES AHEste FAARAA Z FAE FEsoiolst A,
1997). 73 €4 7] Sl EdgE vl 93 g E e =
T2} Aol AA Astd W ofy e Hols Hg At B 4
Fupkel ok 3 e FE A, st A8 AYGgelA g
dEdon, FH AUy AFHAA EdeE el o3 3 JaE
°] 933%% RuHJYH(H T 2019). sHAI HE AL, FHUHT S
71et A[dg FFAAAR A Jsirt BaHa glow) ek g

oyl dAE JAUERAL, ol x e 5 3lshakEA <
A FALEE Sl olFAL AUk AR AEALe] YRES S
- EEAE AT W

Yol mile Eetdvbge ged 54 4 s
2 olel gl otk 2 F(2019€ AUERAE(50% EC), Heotvl
54H10% WG), Hlol22ma=(10% SO) 5 759 #eaEAE g
& o]

o] Edetyubte WAZFE AR oM, Wi 402% ~ 68.7%9]
S UAZEE gelsilvh. meb EdEtdupte 2eA WAlE A
A= dzEs FE A5 RUHPS Foko] wAH e def
s AAARJA AN o] dasi

gyt A28 2420 (9Z11F)-tetradecadienyl acetate®t

(326292,122,152)-pentacosapentaene®] 3  ZMA Tl A  Felw At
(Lofstedt et al 1983, 2012). AT &Y Folg} A2t 7N F3F A
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2. A8 2 Wy
2.1. €48 YT tEo A4V +4

FAFA A 1] 7 (Field-Emission  Scanning  Electron — Microscope,
SUPRA 55VP, Carl Zeiss, Germany)¥} 37 *}&v] 7 (Transmission
Electron Microscope, 80 kV, JEM1010, JEOL, Japan)< ©]&3le] &<
v SR 23 deo] #AVY rATRE ZEGESH. A
Abget FASS AdE FHANB7 527 5345”7 N 127° 377 5117 E)
A FHAHETHYAY AT QSN Edetguite v s
e 29 FIE AT F AP AbSst] -3tk ATE ©f

g3tHth o/ AJE=(N=3) head cutting 3 ¥, 25% glutar
aldehyde in PBS buffer (0.1 M, PH 7.2)& o]&3}o #3174 (overnight)
o™ 1% osmium tetroxide in PBS bufferE o] &3dle] 114 31
th(4hr). ©]%, EtOH series (30, 50, 70, 90, 95, 100%)Z o]&3lo] &
stler, BAaHolZE HAE stubo AX F, 60C2 Dry oven
(Vision scientific co. Daejeon—-Si, Republic of Korea)ollA 3¢ &<t A
ZA ARG, Ax3 gEol= a3 7Y 7| (Sputter Coater, EM ACRE200,
Leica, Austria)2 ZHE& W I} & fgFo] HFE FAHAAARA
o= #Ho. &
USA)S o] &3lo] W 3 7ztn 54 2 A, #Fre dol=
Image ] (ver.1.8.0, National Institutes of Health, USA)E o] &3}o] =
A3k,

T s 9k, A7) Vst Y sdeA daAd/FaA
A °o] %, 05% uranyl acetate 58 Y-S ©]83}4] En Bloc Staining
sttt a14geo] 5 ¥ AEv FTHTE ol &3t AH ¥, EtOH series
(50, 70, 90, 95, 100%)E c|&3ted &ttt &7 d5d Alse

o

OFO
<)

I, 25%, 50%, 75%)& ©|-& 3}
of 3 & spurr’s resin 100%E o]&3sle] Enjstgtt A zlo] =54
A&+ ultra microtomes ©]-&ste] BMAZ & T3 AAAW A S o] &

SRR S

propylene oxdie series (spurr's resins

_10_



22. €SSy 2UHY sy s
22.1. FNE AR
FHEE 27 (36° 527 15897 N 127° 59 10.85” E)o} #4% &

FAAN37° 527 5345”7 N 127° 37" 5117 E) &A¢] wHAEEFS A
B 2ty Qs Fasisel os) HsiE W 234 7aE AA

shATh AFAR = AUz 9]l & ETag 7o) X(30x40%20
cm)oll A FH ol 2 W7bA ASed 253 TEFT §3E
E g of gE sholZ (332,

S
ek Al Edetyuple] RS F7]1(3~6h)
=] ﬁﬂi%’%ﬂﬁ 10 11194 hexane®l|
5 i 3L (DTF-35
Japan, Tokyo)ollA w24 A7LA] A HI(— 80°C)0b;«'jr. %%EJ =
212 gas chromatography (7890 B GC, Agilent Technologies, Inc.,
Santa Clara, CA) - mass spectrometry (Agilent 5977)& A}-&3}ith.
AHL DB-5 MS capillary column (30 m x 0.25 mm id. x 050 pm
film thickness; J&W GC column; Agilent)S AF&3 1 w7 A= 3
HF7F2~(1.0 ml/min)E AFE3ATE H282 A FEHE5E2LS hexane 10 plol
£33 5 auto sampler (7693, Agilent)S ©]& 3] splitless mode® 1
ul F=YskAY. EA4S 9%k =9, 28 ¥ mass spectrometery =71

S Table 13 #Zt},

s
P
N
%0

_11_



Table 1. Instrument condition for analysis of pheromone extracts and

volatiles of Korean pine cone

Instrument Condition
Inlet 250°C
40°C ~ 190°C

(Increase 30°C/min)

190°C ~ 215°C
Oven (Increase 10°C/min)

Held 5 min

215°C ~ 320°C

(Increase 10°C/min)

Gas chromatography

Tonization voltage 70 eV
Mass spectrometery Source temperature 230
Scan range 41 ~ 400 amu

223. 7% IAYAHAE F5 ¥4

FUE FHA YA AbEESHYAE s AFHE7 527
5345”7 N 127° 37" 5117E)ellA 294 A<= F3& st T
< EHstAn. 2~379 A 7HE #8715 em ido x 18 cm
height)o] ¥& 3 "HE&Acrt. F2A e Porapak Q (80/100 mesh,
Sigma-Aldrich Chemie GmbH, Taufkirchen, Germany) 100 mg=® <%l
3t % A9 8 #dength 100 mm, o.d. 6 mm, i.d. 4 mm)S hexanel
2 Ax g H Adedyn, T g Y FEHe IUIE=
(MV-6005VP, Enomoto Micro Pump., Ltd., Tokyo, Japan)e} <123}
U (Figure 1). ¥+ 71AY & =487 f8te] oo &= on]H
(RMA-21 SSV, Dwyer Instruments, Inc., Michigan City, IN)& A}-&-3}
Ak AR 244 P 2SS oH, FHRAC ZHE EHS
hexane 3 mlS ©]| &3l €& F ALY I(—80°C) oA 4 A7}
A AL Baskdt BAEAS #HESA EAC AREE gas
chromatography (7890 B GC, Agilent Technologies, Inc, Santa Clara
CA)-mass spectrometry (Agilent 5977)5 Ab&3lth. £8-5= 3 A

U 3k B2 S hexane 10 plol &3l3F ¥ auto sampler (7693

_12_



Agﬂent)E o] &3} splitless mode® 1 plFYsAt. 29 27] &%
+ 40°CE AAstF o 320°C7HA 3 10°Ce £==2 =3t 1
ol 7[ehEA S A7) 7lwd oA HE22A A4 2103 st
| 2 2 3} 7‘/}‘/} T T8 3HAH EFDY Kovats #HFE AF(KIs)+
n-alkane (C8-C22)& 7|+2o = AF&EstT.

F

i

1 / ] b \
glass wool —

porapak Q—

A
A

Air pump

H
glass wool —]

3
2.24.1. sS¥E
B Ao AL 33ES  Sigma-Aldrich  (Milwaukee, WI),
Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan), Wako Pure
Chemical Industries, Ltd. (Osaka, Japan), Bedoukian Research Inc.
(Danbury, CT, USA) ¥ 3 AGROS Organics (Fair Lawn, NJ)el A
TR (Table 2). 201633 2017d oFJ A &o Al-&3F C-25 pentane
2 Christer Lofstedt 15=7HLund University, Lund, Sweden) #|-¥ 3t
A ARESRSlaL, 20199 oFe] A E B A7 Aol ARRE C-25
pentaene<> AFA| /st ALEstA T
'H NMR % "C NMR #% dle]&+ Advance 400 MHz¢} 600 MHz
spectrometer (Bruker, Berlin, Germany)Z ©]&3lo] =431 &=
CDCls= ©] &3}k

_13_
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Table 2. List of chemicals used for synthesis of sex pheromone and field

attraction test for Dioryctria abietella

Chemicals Purity (%) Source

Acetone 999 Sigma-Aldrich

Ammonium chloride 99.5 Sigma-Aldrich
Dichloromethane 99.8 Sigma-Aldrich

Dilithium tetrachlorocuprate (II) 0.1 M in THF Sigma-Aldrich

Ethyl acetate 99.8 Sigma-Aldrich

Heptadecane 99 Sigma-—Aldrich

Lithium aluminum hydride 95 Sigma-Aldrich

Nal 99.5 Sigma-Aldrich

Nonane 99 Sigma-Aldrich

Nonadecane 99 Sigma-Aldrich

Octadecane 99 Sigma-Aldrich

Octane 98 Sigma-Aldrich

Penthyl magnesium bromide solution 20 M in diethyl ether ~Sigma-Aldrich

Pyridine 99.8 Sigma-—Aldrich

Sodium hydroxide 95 Sigma-Aldrich
Tetrahydrofuran 99.9 Sigma-Aldrich

Tridecane 99 Sigma-Aldrich
p—Toluenesulfonyl chloride 98 Sigma-Aldrich

Docosane 99 Tokyo Chemical Industry
Eicosapentaenoic acid ethyl ester 96 Tokyo Chemical Industry
Heneicosane 99.5 Tokyo Chemical Industry
Heptacosane 97 Tokyo Chemical Industry
Hexacosane 99 Tokyo Chemical Industry
(+)-Limonene >05 Tokyo Chemical Industry
Myrcene >70 Tokyo Chemical Industry
Nonacosane 98 Tokyo Chemical Industry
Octacosane 98 Tokyo Chemical Industry
Pentacosane 99 Tokyo Chemical Industry
Tricosane 95 Tokyo Chemical Industry
Tetracosane 99 Tokyo Chemical Industry
Decane 9.5 Wako Pure Chemical Industries
Dodecane 99 Wako Pure Chemical Industries
Hexadecane 97 Wako Pure Chemical Industries
Pentadecane 97 Wako Pure Chemical Industries
Tetradecane 99 Wako Pure Chemical Industries
Undecane 99 Wako Pure Chemical Industries
(-)-a-Pinene 98 AGROS Organics
97Z,11E-14:0Ac 92 Bedoukian Research Inc.

C25 pentaene 92.7/97.2 Lund university/Synthesized

_14_



2.2.4.2. (3Z629212Z152)-pentacosapentaene®] A

Ethyl (52,82112142172)~eicosapentaenoic acid ethyl ester (2)& ©]
f3to]  FEAS (5282112147Z,172)-eicosapentaen-1-ol  (3)%}
(6282112,142,172)-eicosa—pentaen—-1-yl 4-methylbenzenesulfonate (4)
= stAst oL, (62,82112142,172)-eicosa-pentaen—1-yl 4-methylbenz
enesulfonate®} penthyl magnesium bromide solutionE HH3-3}¢]
(32,6292,122,152)-pentacosapentaene (1)& Al 311 tH(Figure 2).

e o LiAIH,
2 THF
O
3
TsCl OTs
e P e AN Nl Py
Pyridine 4
CH4(CH5)4MgBr
_—— N N T a E N P A e
1

LioCuCly

Figure 2. Synthetic scheme of C25 pentaene

(1) (62,82,112,142,172)-eicosa-pentaen-1-ol (3)¢] A Z

HES-7] i 255 —15°CE FA3FY lithium aluminum hydride
(LAH, 4.82 g)& anhydrous tetrahydrofuran (THF, 250 ml) 2.2 &3l s}
Aok ol (5787112,142172)—eicosapentaenoic acid ethyl ester (2)
(30 g, 90.770 mmol)& THF 250 mlel| 3|4l3te] == AIS F3l W
S71el ¢k 1 Alzbe] AA A7bstih &AL AA S35k ¢F 12 A
bt Ao A kel i, vheS F4s7] st WHE=EE -10
2 Y2 T FHFFE HUtskAd o) F, Ao 30183t unks

A
o] THF$¢ 15% NaOH solution 5 mlE F7}38t9th F7182S =57

_15_



& o] &3t MASIH A, ASHEE 23 &N anhydrous MgSO,
& Ab&ete] Aok AHL ETF

AA sl ZASEE (3) 260 g2 FE5IATE FE 83.0%, 'H-NMR
(400 MHz, CDCI3): & 5.20-5.40(m, 10H), 3.60(m, 2H), 2.87-2.65 (m,
8H), 2.15-1.95 (m, 4H), 1.58 (m, 3H), 1.42 (m, 2H), 0.94 (t, 3H).

(2) (62,82,112,142Z,17Z)-eicosa-pentaen-1-yl 4-methylbenzen
sulfonate (4)¢] A=

A7) A x3 (5287112142177)-eicosa—pentaen-1-ol  (25.0 g)3}
pyridine (1371 g)& 300 ml® dichloromethane®] £ 3l3}t}.
p-toluenesulfonyl chloride (24.78 g, 0.13 mol)= dichloromethane (150
mbDol|l &3 & == HdS o] &5ty Aol AUttt 1241t
T ¢ s=35lo] dichloromethanes
AAFAL. =8 E2E 200 mle ethyl acetate (EtOAc)o] &3l
w, FRFE olgdd #71E3g Adaud. Add §71%
sodium chloride ¥3} 893 anhydrous MgSO,E AF-&314] dZ:'} %

T 79 =E3e] Sul2 AAS 5 AagiA APoz AAS ] X
g% (4) 182 g& F5FAY. F& 728%, 'H-NMR (400 MHz,
CDCI3): 6§ 7.76 (d, J = 82Hz, 2H), 7.32 (d, J = 8.1Hz, 2H), 5.28-5.36
(m, 10H), 4.00 (t, J = 6.4Hz, 2H), 2.83-2.72 (m, 8H), 2.43 (s, 3H),
2.07-197 (m, 4H), 163 (m, 2H), 1.37 (m, 2H), 0.95 (t, J = 7.5Hz, 3H).

_

(3) (832,62,92,122,152)-pentacosapentaene (1)9] A=
A7) Az (5282112142177)—eicosa—pentaen—1-yl 4-methylbenzen
sulfonate (4) 2.0 g& THF| £33t & -15TCeo|4 pentyl magnesium
bromide solution (2.99 g, 5.03 mmol)9} dilithium tetrachlorcuprate (II)
(4.4 g)'% A7 A Hbg 22 E - 15CE A8 4083 hksl )
i, F7EE Aol A 2A1ZF whket AT vES TR E 9138t ammonium
o £ o]&3lo] w53

[&)
NS HAHE] A7 g FYEETE
AS EtOAc (200 m)oll &35, 2/ 52 o83t &

7=
chloride 4°
=

=
&
oos5E 8
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7155 M3# F sodium chloride ¥3} =893 anhydrous MgSO,=
Ab&ete] Az AN I} FFe ulE AAG FH AgItA
Aoz AAste HEASSE (1) 115 g& 53T, & 57.3%,

'"H-NMR (400 MHz, CDCI3): § 5.35-5.33 (m, 10H), 2.81-2.77 (m, 8H),
2.04-2.00 (m, 4H), 1.36-1.22 (m, 14H), 094 (t, 3H), 0.84 (t, 3H).
BC-NMR (150 MHz, CDCI3): 132.26, 130.73, 128.79, 128.76, 12842,
128.39, 128.13, 128.11, 127.75, 127.25, 32.14, 29.84, 29.81, 29.57, 2750,
25.87, 25.76, 22.92, 20.79, 14.50, 14.36 (Figure 3).
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Figure 3. 'TH-NMR (a) and “C-NMR (b) spectra of C25 pentaene
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Ak AL 4
micropipette tip (Eppendorf AG, Hamburg, Germany)< AF-g&3tgich. wr
€9 FAE fstd AT 9% fwol & Fidd AdA01 N
KCDHZ FH % electrodes AZA3FA 3L, ©2H(0.005 in, 0.18 ft; A-M

Systems, Sequim, WA)S 7|3l st Antgk reference electrodes

LEE T #Fstd dAsA
Sdgi) AYEE TR EZEQ 9711F-14:0Ac, C25 pentaene %
F9 T3 LR EA (+)-limonene, myrcene, (-)-a-pinene?] = ] %

o w& A7I¥Y ®bge A7|E F4387] fste] paper disc (8 mm;
Advantec MF, Inc., Dublin, CA)°l ZF 245 F 5719 s=#H=2ZE: 1
ug, 10 pg, 100 pg, 1 mg, 2 mg; 7 FL=2: 100 pg, 300 pg, 500 p
g, 1 mg, 2 mg= AHsAurt A== B 73 FEAgEo] A=
paper disci= pasteur pipette (L = 150 mm; Witeg, Wertheim,

M

ot

@

Germany)°ll &2z 3 stimulus controller (CS-55; Ockenfels Syntech
GmbH, Buchenbach, Germany)& ©]-&3dto] Ed=tguynt /4 50
of 15%7F A} tHContinuous flow: 6 ml/s, Pulse flow: 3.5 ml/s).
dHAsl A=e 50% HAo® 33 =A% om, 4-channel IDAC
system (Ockenfels Syntech GmbH) % Auto spike (v.3.0; Ockenfels
Syntech GmbH)E& ©o]&3lo] 7|53tk EAG &% F(mV)2 log® 2t
3t one-way ANOVAE R deta, AFF-H A2 Tukey's HSD testE
A& 3G THSAS v. 9.4; SAS Institute Inc., Cary, NC).
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stimulator O \ /7
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Figure 4. Synoptic map for measuring electroantennogram (EAG)

responses of Dioryctria abietella

A2 20164, 20174, 20199 ZHh= Al &A=
FEHYAY st AFA37° 5370277 N 127° 3774477 E)

Aaats Axstelr] gl B AAE 2F (FoR RAIAR
Atdn fEe 119 AAow At 4 xgd A8 &

R Fd =
gyl =719 MAIFE log@ gk 89 one-way ANOVAE 2388l
AT AL Tukey's HSD testE AFE3FATHSAS v. 94; SAS
Institute Inc., Cary, NC).
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Sy utel AR FHRE é_](QleE 14:0Ac, C25 pentaene)<
Table 33 & A#Ed|g&2 2 ml9 hexaneo] &3]3 3 rubber septa
(bottom ID. x OD. 24 mm x 53 mm, Sigma Aldrich, Milwaukee,
WDY 100 ul® AHglstdth. A=A hexanes THAIZ & A4
FI(—=80°C)ell A ARE H7EA] A2 HAsdth EffS dEER(
ofamE AMA, AAEE dEvla)Ss AFEst L, 20161 549 2
B 7¥ 7474 A8kt

Table 3. Composition ratio of each sex pheromone component for making lure

Treatment 9711E-14:0Ac (ng) C25 pentaene (ng)
1 100 0
2 0 100
3 100 100
4 100 300
5 100 1,000
6 100 1,500
7 100 2,000
8 100 2,500
9 100 3,000

Cont 0 0
_ 21 _



2262 EIH F38d Fd5¥ vu
EY FH(AEIEY, YEH YolofZedl WAEY ) w2 A5
E

I A= 20179 59 279 HE 78 T4 AT dEER, 9

&
2 Con-Tech Enterprise Inc. (Victoria, BC, Canada)oll A Tufsle] A&
kAT Fo = 9Z11E-14:0Ac¥ C25 pentaenes 1:200.%2 Z31slo] Ab
43} tH100:2,000 pg).

226.3. 71FH AR FsEH HA

AU 3 F2 3 A E[(-)-apinene, (+)-limonene, myrcenel<
poly urethane sachet (60 mm width x 100 mm height x 0.2 mm film
thickness, Sejin Poly, Seoul, Republic of Korea)o] &% ¥ A zZ&
(97,11E-14:0Ac, C25 pentaene)2 1:20 A #H| = &3 Fole} &4 A
gt AderHdE AsAH. EF AR /5 7 AR FAE
SA43%te] d H WEFS FASATH(-)-apinene: 80.36 mg/day,
(+)-limonene: 96.79 mg/day, myrcene: 72.74 mg/day]. A& 20193 5

o 21958 79 2397kA skl
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3. A3

3.1. €489yl 47 #+x

AP FA ] tEolx ¥ AR (filiform) ©] o H

vkt (scape), ZEntt] (pedicel), A vlr] (flagellum) ($+A: F1-F69,

P FI-F6HE A9, 2 HEelet 2l Haole Wt 2o
8186 £ 1883 um (N=3), 8081.5 £ 263.5 um (N=3) o]t} A+
Zdol= 47 1090 £ 31 pm, F 1064 £ 2.6 umo] A 1L,
6 £ 34 pm, 540.1 £ 94 ymo| k. AHul]e] A

T GAI FA g A o]y o] HAT. FHY A5, vEel 7159
g oz A B3kt (Figure 5). 5% (dorsal part)
i, EFo] R = B3 (ventral part)ol] #3E35}

At} sensilla bohm's bristles (BB), £7]¢23 7+7]

SCo), E#7}7](sensilla trichodea; STr), AE77Zt7](sensilla chaetica;

SCh), %% ZZ7I(sensilla styloconica; SSt), T+5F238 77H7]

(sensilla auricillica; SAu), sensilla squamiformia (SSq) 5 & 709 7+

ARS SAdsdtt. 4 FAARe o/ EEF=(Table 4) 3 2

2y
Jﬂi
o
- A
)
=
O
2

4 2
n
uly

3

o)

o
-

Hl O o b
1o
o,
4

i)

}7] (sensilla coeloconica;

FI20 FI21 (o5 F130 i34 Fis2 Fi40 Fla1 F142 52 Fi62 g3
S iy 2 e . z : S 5 Fi64

FOFITF2. g

Fifi2Fdy - B

Figure 5. Overview of the general morphology of male (A) and female (B)

antennae of Dioryctria abietella.
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Table 4. Distribution and length of sensilla on the antennae of male and female Dioryctria abietella

Male (mean + S.E.)

Female (mean = S.E.)

Sensilla® Number of sensilla Length Number of sensilla Length
Scape Pedicel Flagellum (um) Scape Pedicel Flagellum (um)
BB1 29 + 12 - - 196 £ 2.0 24 + 7 - - 17.0 = 3.0
BB2 36 + 23 - - 353 + 64 45 + 11 - - 434 + 26
SSq - 6 t - 472 £+ 26 - 2+ 1 - 431 + 48
STrl - - 2,317 + 43 935 = 9.0 - - - -
STr2 - - 1,954 + 27 489 = 4.0 - - 4,459 + 32 424 + 15
SA1 - - 248 + 11 212 £ 25 - - 696 + 2 24.1 + 3.1
SA2 - - 106 = 9 14.0 = 6.3 - - 15 + 3 133 £ 2.8
SCo - - 117 = 27 44 £ 08 - - 277 + 22 31 +£10
SChl - - 72+ 9 67.1 £ 9.2 - - 03 £ 05 62.1
SCh2 - - 165 + 13 212 £ 47 - - 335 + 26 236 £ 59
SCh3 - - 3+2 154 + 2.8 - - - -
SStl - - 52 + 2 175 + 2.2 - - 69 + 7 178 + 37
SSt2 - - 1 258 £+ 29 - - 1 237 + 1.1

* BB: s. Bohm’s bristles; SSq: s. squamiformia; STr: s. trichodea; SA: s. auricillica; SCo: s. coeloconica; SCh: s.chaetica;

SSt: s. styloconica.
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3.1.1. Sensilla Boshm’s bristles (BB)
FEol gl VMESeZ gEo 1o aAdA FHoz Tt

v ApFwuir] o Zsgwir] o] 7)o EESG S

7HA F-ERZ 712 RS T Bohm's bristles H-47+77] 1(BB1) <]

oFA: 170 + 3.0 um, % 196 + 20 uym oYW Eo] #

& f"é’z}% Bk H&57377] 2(BB2)e] o dol= 43 434 £ 26 1

m, T4 353 + 64 ym &% BBlET Afom Fo] wX & Fn

3.1.2. E7]8 =% 77Z7](Sensilla coeloconica; SCo)
7

T =& 4R E 14~19719) l:~7]7} dPgor ¢ 2 ok
o) ¥4e JEgith #ARE 2o 5 FH, MR Fgo] wg
AL, E7]M Fol 2% BFHUL %/F BE 7 Aot 2

[e}
~5/0¢ E7)8tEd 7+717)7F B X359 tH(Figure 6B).

Spines

-

Figure 6. Scanning electron micrographs of sensilla. (A) Boéhm's bristles

(subtype 1, 2) and (B) sensilla coeloconica (SCo) on the antennae of Dioryctria
abietella
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3.1.3. g 7Z+Z}7)(Sensilla trichodea; STr)
BE AHuit oA 7bg el ExetE IR dEue] ydge
7

7 USTrDS &3 7 fARE SR B
Aol 935 + 90 pm ollth. BREol F& FHm tFol mHolA
40°~65°9 Zte= wraetqt ' zhr|e] F& 7] 2(STr2)+ of

+

Z =
A8 o2 STrlol] ®l&] Fa(LA: 424 + 15 uym, FA: 489 + 4.0 pym)
ol WA 40°~50°¢ Zreg wdegdrh. STrld STr2 2% 4
Ao wbebalz] ergkth, STr1d STy zF 7ZzbRe] B xo olA ¢t/
2 dA ool gHATt. FA AHwir]e] Zb wirjel A s}
STr1¥ STr29] A5 7Hz 2317 + 3270, 1,954 + 4870 = STrle 2
W7 AR L, dAHS STr2vk & X351}t (Figure 7A,B).

.‘_[E_
Ar 4 Fohol YUWL FAF A3, FAR o] vhrel 54

O

d

Borlr

A
w2
N

)
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Figure 7. Scanning and transmission electron micrographs of sensilla
trichodea (subtype 1, 2) on the antennae of Dioryctria abietella. (A~C)
shape of two types of s. trichodea (subtype 1, 2); (D) surface structure of s.
tricodea; (E,F) cross sections of s. tricodea. CW, cuticular wall, D, dendrites;

P, pores.
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3.1.4. A¥ 7+Z7](Sensilla chaetica; SCh)
7

Azte o] Fwe 7tRE FEo] wddgdon, =& /‘ﬂii gol
dataith. 7150l AAlo] Westlal, tEo] FHelA 7 0°9] 7}
2 Bt A th(Figure 8A). oF7F 4% o Yoz lEll?—%f—% 5
st 2~4702] Fwo] Ll th(Figure 8C). ZF A mirjo] 3~471 ]
Ad 7217178 st o, mpx e AL v Ad 37 2
st A tH(Figure 8E). A9 #zt71& Zold wet A7kx] ¥4 3472
T AT AE 3H2r)e] 53127 1(SChl)2 E e e Ad 732H7]
2 Pt Hol= 671 + 92 ume|glal, FE55377] 2(SCh2)= sHE 2
2 HizZdol: oA 238 + 32 um, FA: 272 + 47 um, FE737H7)

L-{m

3(SCh3)2 #2y o= Hytdo] 1564 £ 28 pm ©|AT}. FAL 73*?‘ T
HE Zoj7l & SCh3o] ¥, AL

T2 A H(Figure 8A). FHAXEAn A S Fsto] JdwS Slst 4
3 el gl FAL m9Ee 73 9 tH(Figure 8D).
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Figure 8. Scanning and transmission electron micrographs of sensilla
chaetica (s. chaetica subtype 1, 2 and 3) on the antennae of Dioryctria
abietella. (A\B,E) shape of three subtypes of s. chaetica (SChl, Sch2 and
Sch3); (C) surface structure of SCh; (D) cross sections of SCh. CW,

cuticular wall; D, dendrites.
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3.1.5. %38 7Z7Z7](Sensilla styloconica; SSt)

il
i
ot
N (
N
N
N
N

A7l FHA 54 wet 7 A FERAT R RE
o}, B&717H7] 1(SStDL tlEo] duR s A9t 7 AHuir] &
Tl 17h2 Fxe A th(Figrue 9A). WS FE§lo]l miZstd iz AA
=7k Refor wWoke] dEEY FxEo 1/l F-FHAv(Figure
9B). #ZtE 7| Fol A Wdelx] g% Hd Aol Al 178 +
0.7 um, =2 175 £ 22 pm °JfAvh F-531247] 2(SSt2)= A& vt o

Figure 9. Scanning electron micrographs of sensilla styloconica (s.
styloconica 1, 2) on the antennae of Dioryctria abietella. (A,C) Shape of two
subtypes of s. styloconica (SStl, SSt2); (C,D) surface structure of SStl and
SSt2, respectively.
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F2A3 7+7Zt7](Sensilla auricillica; SAu)
Ho A AHE gslo] FRHZ JFoR HHo = A=
% =

’

oF A7ld wmet F A HEEDA7E FEHAT. FE5327] 1(SAD
sty A& Ay FAS stgoen AA wdsta, FE5377]
2(SA2)= & woko g HwA A Ads P‘Riljr(Flgure 10A,0). &

7]
AR &
om FHWS JA3 YA, tFe FAE7U %%ﬂ%ﬂ@mme

Felol 5~87) ®Eahgiv,

10BD). 544 7771 AReid 7}

d

Figure 10. Scanning and transmission electron micrographs of sensilla
auricillica (s. auricillica 1, s. auricillica 2) on the antennae of Dioryctria
abietella. (A,C) Shape of two types of SAu (SAul, SAu2); (B,D) cross
sections of SAul and SAu?2, respectively. CW, cuticular wall; D, dendrites;
SL, sensilla lymph.
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3.1.7. Sensilla squamiformia (SSq)
AbFrkn oF Fspeid o] Zb omir Sl FE7E gAY R
|5l Aol st da A} FARSE Fx 2

1R A3 Fohth BHAA AR FEe] FEdu

N
Mo 4

o

3]

9¥E 7FA 3 A Ak (Figure 11).

o
R

L=,
o
-T-

Figure 11. Scanning and transmission electron micrographs of sensilla
squamiformia (SSq) on the antennae of Dioryctria abietella. CW, cuticular

wall.
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Sdgdg ) HE2R SR EZOQZ11E-140Ac, C25 pentaene)<
GC-MSE o]&3ste sA8stAdtt 72 &4 9 retention time 77} 7.505
o} 15.018°]1 a1, 97,11 E-14:0Ace} C25 pentaene?] GC-MSZ # & v &
& 123 o]AtH(Figure 12A). H=ZEH F=H= 0w o FeA
9Z11E-14:0AC¥ C25 pentaene® Electron ionization (EI) ionse
9Z11E-14:0AC (extracts): 67(100), 55(91), 79(87), 57(73), 81(66),
95(59), 69(53), 82(51), 77(44), 93 (43). (synthetic): 67(100), 79(74),
95(48), 81(46), 82(45), 55(37), 93(36), 80(27), 94(23), 68(225). C25
pentaene (extracts): 79(100), 91(78), 67(59), 55(55), 135(53), 57(52),
80(46), 93(44), 71(41), 105(41). (synthetic): 79(100), 91(64), 67(56),
80(54), 93(40), 55(34), 108(33), 105(32), 77(29), 119(28)°o.2 F=&&=3} 3
A BEHAAN FASE Aoz AT (Table 5, Figures 12B, C).
9Z11E-14:0Acet C25 pentaene® kovats retention indexest Z+Z}
1,8729} 2,456 ©] At}

rok

r

Table 5. EI-MS m/z of the 9Z,11E-14:0Ac and C25 pentaene from gland

extracts and synthetic

Pheromone compounds Electron ionization (EI) ions
9711E-14:0Ac  Gland extracts  67(100), 55(91), 79(87), 57(73), 81(66),
95(59), 69(53), 82(51), 77(44), 93 (43)

Synthetic 67(100), 79(74), 95(48), 81(46), 82(45),
55(37), 93(36), 80(27), 94(23), 68(225)

C25 pentaene Gland extracts  79(100), 91(78), 67(59), 55(55), 135(53),
57(52), 80(46), 93(44), 71(41), 105(41)

Synthetic 79(100), 91(64), 67(56), 80(54), 93(40),
55(34), 108(33), 105(32), 77(29), 119(28).
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+TIC Scan extracts.D

951 (A)
9
8'3 : 15-979 (32,62,92,12Z,152)-pentacosapentaene
7.5 8163
7.
6.5
6.
5.51 (92,18)-
54 tetradecadienyl
J talg
4.2- acefate 13'021
3.51
31 X
22: 69 7 7172737475 R 777879 & 81 8%
1.15' : 16.957
] 3.728 12,689} b |
o] 3367 4219 5209 6184 7e5 81635 0090742 1101201 00" | 13606 |15.018 | {1 AT ,.
T T T T T T T T T T T T T T T T T T T T T —r T rrrrrTrTrrrrT T T T T T
1522533544555856657 7582859 95101051111.51212.513135141451515.51616.51717.51818.51919.52020.52121.62222.52323.52424.5
1004 o7
g (B)
, i Extracts
504 93
55 ; ‘ . 121 . 252
53 i J 149
1'”’1'6’"” |"7i3'"| ]"59|i ek |'w|"'5’-??“?u'* R AT St i n |
|5|3|’ 51 5|5| 73 ’ |B7 | LL 103 | "31%'1&3‘ 131 13‘71‘}1 “J,‘:‘ 155 U T N 14y 203207 221225 230 39 246 L
91 105 111 135 .
ol no & Synthetic
69 o
57 79
1004 % &7
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260
©
Extracts
19465 13 187465 200 15 0093530 246 253 950 266 273 281287 204 i 309315 323329 341
ko 175 187 ' i ohs 229235 546 253 260  py3 281 288 299 313 32/ 341
Synthetic

40 50 60 70 8 90

100 110

120 130 140 150

160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350

Figure 12. Chromatograms of Dioryctria abietella female pheromone gland

extracts

(a),

1onization

spectra  of

female

extract and synthetic

9711E-14:0Ac (b), and female extract and synthetic C25 pentaene (c).
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3.2.2. 3t 73 ALAHE 4

gt T A RS GC-MSE o] &3te] A% 23, 8 2422
(£)-limonene (66.52%) myrcene (7.55%), terpinolene (4.82%), 3-carene
(4.19%) o]AtH(Figure 13). =2 3T F 2] Kovats retention indexes

S Table 63} %t}

12 5

e Jq‘ R JLA_LLM_L

54 56 58 6 62 64 66 68 7 72 74 76 78 8 B2 84 86 88 9 02 94 96 08 10 102 104 106 108 11 112 114 16 M8 12 122 124 126 128 13 132 134 136 138 14 142 144 146 148 15 162
Counts (%) v. Acquisiion Time (min)

Figure 13. Total ion chromatogram showing that major volatiles from mature
Korean pine cone. 1 = a-pinene, 2 = G-myrcene, 3 = 3-carene, 4 = D-limonene, 5

= terpinolene, 6 = bornyl acetate, 7 = a-longipinene, 8 = [-caryophyllene.

Table 6. Major chemical composition of Korean pine cone volatiles

Kovats retention indexes

No Compound ) ] Composition rate (%)
(In this study / literature)
1 a - Pinene 936/934Hijgnadéttir and Rouseff (2003) 1.1
2 B _ Myrcene 993/994H<’3gnad()ttir and Rouseff (2003) 76
3 3- Carene 1015/1011A¢ms <000 4.2
4 D - Limonene 1034/1036H6gnad6ttir and Rouseff (2003) 665
5 TeI“pinolel’le 1092/1096H5gnad61.1.ir and Rouseff (2003) 48
6  Bornyl acetate 1297/128844ms (000 25
7 - Longipinene 1360,/135] Adams (200D 2.8
8 B _ Caryophyuene 1432/1439H0gnad6ttir and Rouseff (2003) 17
Sum 91.1
— 35 —



323 AHE=E 9 3t 7+ FLAHE A A8 H ¥vE
EdgHvy Al

=

A TR AHEE FH EHOZ11E-14:0Ac

=
C25 entaene)?} AtUF F+3 34 EA[(-)-apinene, (+)-limonene,
1o

myrcene]o] et A7]AE] A WES QS -t (Table 6, 7), (Figure

14). =79 A5, A=z =42 diste] A3 v HP"A a71&
EF A th 92711 E-14:0Acol A 10 pg 8 F-E wkgo] &2l Hgom,
g o] zobxol wel REge =7 7F FUbske %%‘;4%@ WA &

1/]»

HAt AR 1 mg o] Fe® A 45, vk A7 9 ol =

7VebA] Ut (Fs30 = 5.776, P = 0.001). ¥k C25 pentaene®] 74-¢-
Aotk EAA FA EtAl A THEs3 = 0165, P = 0.974). ¢
Aol A dEE B4 dete] A A A7 e A vkgo] &
2w vk C25 pentaenedl] tiste]l 10 pg A58 d7]Ad wk&o]
e 7] AR Al A el &l wolel uwhEl wkg-e] AV FUlekE &
FolEH  AAVE  EJAHUAFFs30 = 4390, P = 0.004). RHEH,

9Z11E-14:0Acel thsto]l FA g ok A4 Foa7F yvebbA] &kt

(F53 = 0.118, P = 0.987) (Table 7, Figure 14A, B).

A 3 AR BAC O LI PE /e AN E ne
o SR B0 bR APl dE §3EH BAS s

% tH(Table 8, Figure 14C, D).
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EAG response (mV)

EAG response (mV)

—
_

Acetate
c-25

(@)

EAG response (mV)

40

T
100 ug
Pheromone dose

T T
1ug 10 ug

T
1mg

T
2mg

254

204

—
S S
= g

a-pinene
myrcene
limonene

EAG response (mV)

Blank

300ug  500ug
Chemical dose

100 ug

1mg

2mg

— e
—_—

Acetate
c-25

26

T T T T
1ug 10 ug 100 ug 1mg

Pheromone dose

T
2mg

24 A

apinene
myrcene
limanene

22

20

T
Blank

T
100 ug

T T T
300 ug 500ug 1mg

Chemical dose

T
2mg

Figure 14. Electroantennogram (EAG) responses of adult male (a) and
female (b) Dioryctria abietella to 9Z11E-14:0Ac and C25 pentaene. EAG

responses of adult male (c) and female (d) Dioryctria abietella to (-)-a

-pinene, myrcene, and (+)-limonene.
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Table 7. Electroantennogram (EAG) response of male and female Dioryctria abietella to 9711E-14:0Ac and C25

pentaene

Concentration (ng)

EAG responses (mV, mean + S.E.)

Male

9Z,11E-14:0Ac

C25 pentaene

9Z,11E-14:0Ac

C25 pentaene

Blank

10

100

1000

2000

0.78 + 0.07°

1.11 + 0.16™

I+

1.33 + 0.22%
1.84 + 0.26%

2.02 + 0.29%

I+

2.06 £ 0.24°
F5,3o = 5.776

P < 0.001

099 + 0.12
1.01 £ 0.18
1.07 £ 0.17
1.05 + 0.21
1.045 + 0.16
1.21 £ 0.22
Fs3 = 0.164

P = 0974

0.79 = 0.20
0.80 = 0.14
0.75 + 0.21
0.90 + 0.20
0.89 = 0.24
093 + 0.22
Fs3 = 0.118

P = 0987

0.68 + 0.08°
0.79 + 0.16™
1.07 + 0.21%
1.38 + 0.21%
1.69 £ 0.30%
1.83 + 0.32

F5,30 = 4.390

P = 0.004

"Means within a row followed by the same letter do not differ significantly (Tukey’s HSD Test)
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Table 8. Electroantennogram (EAG) response of male and female Dioryctria abietella to Korean pine cone volatiles

EAG responses (mV, mean + SE.)

Concentration
Male Female

(ng)

a-Pinene Myrcene (+)-Limonene a-Pinene Myrcene (+)-Limonene
Blank 1.78 + 0.34 155 + 0.24¢ 1.45 + 0.16° 1.23 + 0.10 0.94 + 0.10" 1.02 + 0.08
100 1.92 + 0.35 155 + 0.25¢ 1.76 + 0.25™ 1.53 + 0.22% 1.06 + 0.14° 1.26 + 0.09°
300 233 + 043" 191 + 031" 219 + 0.36™ 1.58 £ 0.26™ 1.29 + 0.14° 1.49 + 0.06°
500 229 + 035" 230 + 038> 281 + (.33 1.67 + 0.15® 157 + 0.20% 1.53 + 0.09°
1000 292 + 025" 311 + 0.38 350 + 0.16° 1.98 £ 0.17* 210 + 0.23° 239 + 0.27°
2000 3.60 + 0.33° 366 + 0.29° 375 £ 0.20° 243 + 033" 212 + 0.24° 236 + 0.17

F5,24 = 3.861 F524 = 7.693 F5,24 = 13.388 F5,24 = 3.707 F5724 = 7.957 F5y24 = 15.324

P =0.010 P < 0.001 P < 0.001 P = 0013 P < 0.001 P < 0.001

"Means within a row followed by the same letter do not differ significantly (Tukey’'s HSD Test)
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3.2.4. o9 #2U¥ HA
3.24.1. ¥HEE 2AH & & g AA
9711 E-14:0Ac2t C25 pentaene® ZAIW|go] w& &b
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Figure 15. Mean (+SEM) number of male Dioryctria abietella captured in
delta traps baited with different ratios of 92,11 F£-14:0Ac and C25 pentaene
in Chuncheon, Gangwon province, Republic of Korea from 25 May to 7
July in 2016. Ac = 9Z11F-14:0Ac, C25 = C25 pentaene. Bars followed by

different letter indicate statistically significant difference (Tukey’s HSD test, Froy =
21.745, P < 0.0001, n = 4). Error bars mean SEM.
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== Q

3242 71FFd JALALES FsEH HAA
3k (

onene, myrcene, (-)-a-pinene % 7|FHd F&

g

)
AR 3T AsaHdE HdABsA 3F AFES AmEH I &
4 Al 2t E Hr {21 AT ZH2E 238, 140, 1837/MA = =2 &
ARy ZEe AT o1¥ %13, pheromone +
+)-limonene Z3&olA HT 73 £l Jé‘.ﬂr 7F ERIEH A (F32 = 4.049,
P = 0.033) (Figure 16).

VS
Nt
==

30

N
()]
]

-
NN\

-

Mean number of insects caught per trap
o

(&)
]

N
N

Pheromone+(t)-Limonene Pheromone+Myrcene Pheromone+(-)-a-pinene Pheromone

Figure 16. Mean (+SEM) number of male Dioryctria abietella captured in
delta traps baited with pheromone + (%£)-limonene, pheromone + myrcene,
pheromone + (-)-a-pinene, and pheromone alone in Chuncheon, Gangwon
province, Republic of Korea from 21 May to 23 June 2019. Bars followed by
different letter indicate statistically significant difference (Tukey’s HSD test,
Fs1o = 4.049, P = 0.033, n = 4). Error bars mean SEM.
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3243 EF 4349 §AEH Hw

YJEY, tololBs E WAEY, A=Y 5 EY F B2 &
ety 4o fade wad A, 4 29w G 2 QA5
= Z47b 448, 263, 233, LOMAE WAENS 93 nE Edd 7}
Aoz EIHAHFs = 9.77, P < 0.0001) (Figure 17)

60

(93]
o
1
e

=

Mean number of insects catch per trap
w
o

A\

\N
N :

Z |

Wing trap Diamond trap Bucket trap Delta trap

Figure 17. Mean (£SEM) number of male Dioryctria abietella captured in

wing, diamond, bucket, and delta traps baited with pheromone in Chuncheon,
Gangwon province, Republic of Korea from 25 May to 7 July 2017. Bars
followed by different letter indicate statistically significant difference
(Tukey’s HSD test, F3,12 = 9.77, P < 0.0001, n = 4). Error bars mean SEM.
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al. 1983, 2012)1 4 Hi1E 2F 9] #H=Z+(97,11E-14:0Ac, C25 pentaene)
S AUEEOR of&ste As sttt AR A Ay Jra=
ZutEad 4 7 B4 12302 5] JHAlEe H]&(1:25) %
)¢~ AL T (Lofstedt et al. 2012). Dioryetria & t59] Zoll A A
P2 AgA o7} RuHAUY. D. abietivorella western North
America /WA 1:110 29 92711E-14:0Ac, C25 pentaeneo| A 7}%
=& Fo38S HAA T (Strong et al, 2008), western North America
AT 97-14:ACS F713 2§ A o] yetwtt (Grant et al
2009). & A3 Ay St uyitel] "ol M =2 9711E£-14:0Ac
9} C25 pentaene? H|&2 1:10~1: o o]= Lofstedt et al
(2012)¢] A el Afol7t glof, &y = AT FE WAL
AR A A WHolx= gle e, F5 AFA FAA

ool w3t WlaA] o] F Qs

gt A A dE R 70 C25 pentaened st EAG
Hhg-o]  fE & autodetection®]  FRJAEUTE.  Grapholita molesta,

Choristoneura rosaceana, Choristoneura fumiferana S5 4% <%°lA

H 2o 3 autodetectiono] ®E.i11¥H H ¢Jthi(Palanaswamy and
Seabrook 1978; Stelinski et al 2014). Autodetection< ¥ Z & AAHsH
= JhAlel doAAM TFT FETA S fFI@rhH(Holderaft et al
2016). Palanaswamy and Seabrook (1978)2 +# C. fumiferana® &%
o] A¥2ES A5t antennal grooming, A#¥ E&F 59 FFE5EA

o] futxlE= AL shelelyd o, Sanders (1987), Stelinski et al (2014)

= C. fumiferana, G. molesta, C. rosaceana®l 7l 7| Ao A =S
Aelg A3 mjg@ ATkl Frkeke Ae Baskith 2 At Edet

Hu ¢Fzlo] C25 pentaeneo] Wiete] = A7 AR A whEo] ke
Ae 7= FF autodetection®] gk W& A AAS 2PT o7t
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22 WA 71 FErr wigely, detEfe] Fe JhEa 11 FEC
W71 5SS FAsta AYE A (Covered-funnel trap)S W& Fejo WA
71%S A3} (Lewis and Macaulay 1975). & Ao A deleExl t}
ol EF JEF HAEFH T 4F9 HEE EFo &gyt
y3eEs st A9 HAENS At BE E x 3o ¢
T3 oz gAY HAERLS AIJENRI {FAFSE Fxo EFfo
2 HAER AE Al EFfoRRY HEEHE dHZ2E WA 7ol WA
P r ol Edebgpie] fe9E AT Aow AZET

S Holg M= HAo Qo) V|FERY fuy s ke 4l
3 33ES &8t Yang ef al (2004)2 H =23 7| FAE] 3

e (E)-ﬁ-farneseneiﬂr linalools &4 AM&38leY] Cydia pomonella
(Lepidoptera: Tortricidae)®] f1=®o] AA FHS RS, Ju et
al (2017)2 #H =23 715 LA E (£)-2-hexenyl acetates 7 A&
3ol Holotrichia parallela (Coleoptera: Melolonthidae)®] wh$-o] Z7}3}t
= A& F23A Y. a-Pinene, myrcene, (£)-limonene 5 AT Z4H-H
dAstE B2 eol=s gt AP 5 7ol omm 4

ot AUFAASTEe wWAFdd E5dsteEid BUTdetsae
H =3 gpinenes T AT AR FAHe] FUketE slow g9

a1 (Lee et al 2017, 2018), a-pinene¥} myrcene< western white pine

fl

oo
l

T
S
=
[e]
T

o F8 HFTAH d#dFQ  Dendroctonus ponderosae (Coleoptera:
Scolytidae)®] 7ho]lZ20 2 HAH T (Miller and Lindgren, 2000).
Miller (2007)= (*)-limonene< 335  Conophthorus coniperda
(Coleoptera: Scolytidae)e] ¥ = &[(+)-E-pityol]ld] #F2&HLS F7HAI7| &
Fhol 202 Hastrh 2 AFolA &Sty upitel] digh Auy
I F2 39A &4 3% (a-pinene, myrcene, (+)-limonene)?] EAG W%
S st o] 7FEdl (£)-limonene°] A ZEC] FAd3HS AA I
A ATE As HAEE Gl

ol Axr AHEE 252 (97,11E-14:0Ac, C25 pentaene)S 1:25

o A=z v&=E £33k, (+)-limonenes /A ARESH &by
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Al 47 ERAAAEY 4R 24 2 ZYH

olt,
N,
oZ
=
it

1. A&

&7 A7 A W el (Matsucoccus matsumurae)= =8 A5 &7 2472 ¥ 2

I} Coccomorpha: Matsucoccidae)oll &3t S54 dlEoz, 449 A
A M2 U8 SAZe Zet 5, AU T AUTRY HHE F
+ ZFlete, 1149 ~3¥ Fok5 Al7lel 7B & 98 & +vh Jaia
ClRs 7}741"%51 JAbete] ZARgt S A7 A HE O] T = 19639 A
W aZoA HxE RuHgow dmor g Fol dow, et
Xﬁﬂr Faere] 23 AMete] T HBEAAA BEIHY
2012). 447 HH o] oW B A= ofnpd Rl of mpd Rl Fof| o] E
ot Y= 5 HFo|PA

o] = AFAe FFAE B o F

o] Zt} o] H(2008)& olnlHEI(1.8% EC), olvlH= & ul %ol E(2.15%

EC)ol ™3t &7 dzxdHe o] BAZIE A ZH7 89.1%¢F 91.4%

o WAZLE FRlstart. AR, F7IFAd ke REe AMES 34 o
e

B 54 ATHA AFA S W ARHOE o] FolHe} &
W, s BeA PAE dAME AS5Hd BUHIS B YA
#7] spefo] B4H ot}

Aste] FEaEA LAtk webd, E4A4A M g &%

o Zede] Fb FAtel o3t W dolg Faf o] FojAa vk &4A
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2. AE 2 P
2.1. €4AZ4AEH Ul 747 B4

=

FAAAAT T FRHAAANF S ol §eto] HAAA P LA
S dEolel #77] MATEE BYSATHND). Aol AEH FA
T2 AZEE F2HIN35°57 " 557, E126°33 720 7)ol A A PSS A
49, 94 B9 L dEel ame H4e 4y fasyibgel w4
Wy U Pgo Aasgl

22. €RAZAAEY AHEE FAAH 4T
221 SFE

(6, 10//S)-matsuone®} racemic matsuone [(6£/S, 10//S)-matsuone]
o] gAlo] Alg3 YB3 Sigma-Aldrich (Milwaukee, WI)¢} Tokyo
Chemical Industry Co., Ltd. (Tokyo, Japan)olA T+ 3t tH(Table 8).
'H NMR 2 ®C NMR #3% tl|olg & Advance 400 MHz spectrometer
(Bruker, Berlin, Germany)E& ©|-&3te] 5433 & vl CDCly= ©] &
EIs!

S5 £% BAL gas chromatography (7890B GC, Agilent
Technologies, Inc., Santa Clara, CA)-mass spectrometry (Agilent 5977)
£ AE39 Y. ZH 2 DB-5 MS capillary column (30 m x 0.25 mm
i.d. x 050 uym film thickness; J&W GC column; Agilent)S A}83}$ L
e A= E7FA(1.0 m/min)E AFEstdth 4 A FAT, 2
9 mass spectrometery S Table 9, 103 2o (6F,
10/2/S)-matsuone?} racemic matsuone?] Kovats WF5F A F(Kls)&
FID7} H-2+¥ gas chromatography (7890N, Santa Clara, CA, USA)E
o]-&3te] n-alkane (C17-C21)< 7l+o® AtEsidh 874l &

7}~ (1.0 ml/min)E ©] &3t

fe A
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Table 9. List of chemicals used for synthesis of sex pheromone and field

attraction test for Matsucoccus matsumurae

Chemicals Purity (%) Source

trimethyl phosphonoacetate 98 Sigma-Aldrich
sodium hydride dry, 95 Sigma-Aldrich
lithium aluminum hydride powder, 95 Sigma-Aldrich
phosphorus tribromide 99 Sigma-Aldrich
pyridine 99.8 Sigma-Aldrich
methyl 2-bromopropionate 98 Sigma-Aldrich
zinc >98 Sigma-Aldrich
triethylamine >99 Sigma-Aldrich
methanesulfonyl chloride 98 Sigma-Aldrich
diisopropylamine >98 Sigma-Aldrich

n-butyllithium solution

potassium hydroxide

Sigma-Aldrich

Sigma-Aldrich

N,N’-dicyclohexylcarbodiimide 99
N,0-dimethylhydroxylamine

Sigma-Aldrich

] 98 Sigma-Aldrich
hydrochloride

99.95 Sigma-Aldrich
Sigma-Aldrich

Sigma-Aldrich

magnesium turnings
ethyldiphenylphosphine oxide 97

cerium(Ill) chloride heptahydrate =98

(carbethoxyethylidene) triphenyl

94 Sigma-Aldrich
phosphorane
methyl (S)-(+)-3-hydroxyisobutyrate ~ >99

1-(3-dimethylaminopropyl)-3-ethy

Tokyo Chemical Industry

o . . >98 Tokyo Chemical Industry
Icarbodiimide hydrochloride
>99.5

4-methyl-2-pentanone Tokyo Chemical Industry

3,5-dimethylcyclohexanone >98 Tokyo Chemical Industry

4-methyl-2-pentanol >98 Tokyo Chemical Industry
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Table 10. Gas chromatography

10//S)-matsuone and racemic matsuone

condition for analysis

of

(bR,

Instrument Condition
Inlet 250°C
70°C
Held 1 min
70°C ~ 180°C
(Increase 25°C/min)
Gas chromatography
Oven 180°C ~ 220°C

(Increase 5°C/min)

220°C ~ 260°C

(Increase 25°C/min)

Held 10 min

Table 11. Gas chromatography mass spectrometery condition for analysis

of (6R, 10//S)-matsuone and racemic matsuone

Instrument Condition
Inlet 250°C
70°C
Held 1 min
Gas chromatography Oven 70°C ~180°C

(Increase 10°C/min)

Held 10 min

Mass spectrometery

Ionization Voltage

Source temperature

Scan range

70 eV

230

1-5 amu
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2.2.2. (6R,10R/S)-matsuone®] TA

(2EAE6R)-4,6,10,12-tetramethyltrideca-2,4-dien-7-one (1) +3t=4
Weinreb amide (14)2} 3,5-dimethylhexyl bromide (5)& 4 %3}
3t o (Figure 18, Kurosawa et al. 2000).

o

ok
o,

)\/ﬁ\ : )\)\p’jj)\ : )\)\/\ = )\)\A
N NOEt OH Br
3
MeOm)\/OH q MeO\[H\/OTBS . H m/k/OTBS ;
(6]

6

7
Ph,P(0) Ph,P(0)
EtoMOTBS g WOTBS h /H)\/'VOTBS i
o) OH
11

(@)
9 10

I\I/Ie
- N OH
/\)\/k/OH —d /\J\/H( k. /\)\\/kﬂ/N\OMe
o 0
13 14

12

5+ 14 —»/\)\/k”/\/‘\/k
(©)

1

Figure 18. Synthetic scheme of (6F,/0F/S)-matsuone. a) (EtO)2P(O)CH2CO2Et,

NaH, THF, 76%, b) LAH, THF, 78%, c¢) PBr3pyridine, 64%; d) TBSCI,
imidazole, DMF, 98%; e) DIBAL-H, CH2CI2, -78°C, quan.; f)
Ph3P=C(Me)COZ2Et, benzene, 67%; g) Ph2P(O)Et, n-BulLi, -78°C, 76%; h)
CeCl3-7H20, NaBH4, EtOH, -78°C, 51%; i) 1) NaH, DMF; 2) TBAF, THEF,
47%; j) PDC, DMF, 85%, k) NN-dimethylhydoxylamine hydrochloride,
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, DMAP, CH2CI2, 0°C,
49%, 1) Mg, THF, -20°C, 63% (Purity 97%).
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(1) 3,5-dimethylhexyl bromide (5)¢] #| %

4-methylpentan-2-one (2)& AlZ& 22 314 Wittig-Horner &S &
d EE3 ester (3E FAHEHTE o]F lithium aluminum hydride
(LAH)E #H7Fsted  *®3F alcohol 4)E FA3 3L, phosphorus

tribromide @} WH&-&te] B 2383 E(5)S A

(2) Weinreb amide (14)¢] A=

Methyl (S5)-2-methyl-3-hydroxylpropanoate (6) 28 A% tert-buty
ldimethylsilyl (TBS) ester (7)& DIBAL-HE %3] 33lo] aldehyde
)= A3t o] F Wittig-Horner W3S =3 unsaturated ester
(9) = %3} a1, ethyl diphenylphisphane oxide®t <@ #3} W32 %
& chiral dienol (12)2 A3t} Chiral dienol (12)¥ pyridinium
dichromate (PDC)& Hkg3slo] HIAA 3FE(13)S FAdstA L, Bvx
A A N,O-dimethylhydroxylamine¥} ¥%F-$-3}¢] Weinreb amide (14)&

sk
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2.2.3. Racemic matsuoned A
(2F, 4E)-4,6,10,12-tetramethyl-2,4-tridecadien-7-one (1) T 3+&Z<l

(3E, 5E)-N-methoxy-N,24-trimethylhepta-3,5-dienamide  (7)¢} 3
5-dimethylhexyl bromide (8)& A% 3sle] 34 3t tF(Figure 19).

b
e R e e
O ©) @)

’

H O
2 3 4
c

/\A\/J‘\H/O\ — = MO\ + MO\

OMs O 0] O

5 6 ¢

de PL' /}\./}\/\ i
—_ RN oMe * Br
0]
7 8

Figure 19. Synthetic scheme of racemic matsuone. (A) Zn, THF, 70C, 86%;
(B) MsCl, triethylamine (TEA), CH2 CI2 , 0C, 93%; (C) LDA, THF, —45TC,
64%, (D) KOH, MeOH, 78%,; (E) DCC, N, O-dimethylhydroxylamine
hydrochloride, TEA, CH2 CI2 , 85%; (F) Mg, THF, —78C, 86%.
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(1) Methyl (4E)-3-hydroxy-2,4-dimethylheptenoate (4)9] A =%

500 ml 27+ Zgx=o Zn (719 g, 110 mmol)S HF
tetrahydrofuran (¢]d} THF) (150 mDeol &a3tdct. dA2S Fx3 4
Ejol A1 methyl 2-bromopropionate (3) (1483 g, 888 mmol)%}t
(2E)-2-methylpentenal (2) (6.74 g, 60.1 mmol)< #7}3}At}. 30%7F
B WS RE 70°C HAl st o, AX T Fek F7F ankeked
. 7 ethyl acetate (EtOAc, 200 mDeol| &
et FHTE oLt AH EYEReH dx ¥ FZsAh o
e de7had A9 AAste]l mASEE4) 96 g (£ 86%)= T53t
%th. 'H NMR (400 MHz, CDCI3): § 552-5.37 (m, 1H), 4.15-04 (m,
1H), 3.70 (s, 3H), 2.70-261 (m, 1H), 2.03 (m, 2H), 158 (s, 3H),
1.14-1.02 (d, J = 69Hz , 3H), 094 (t, 3H). "C NMR (100 MHz,
CDCI3): 6§ 175.96, 133.21, 12894, 51.64, 43.07, 20.74, 13.91, 12.80, 12.12,
8.79.

=

KN
T
ey
<

(2) Methyl (3E,5E)-2,4-dimethylheptadienoate (6)¢] A=

<= dichloromethane (50 mDel| 7] A &3k (4F)-hydroxy ester (4)
(658 g, 30.0 mmo)E &gt & A4 T & A
(6.30 ml, 450 mmoD<= ZA7Fstth. 107 uRkgk - 0°Cell A
methanesulfonyl chloride (2.67 ml, 345 mmol)ZE 3 W&X 2 7}31%)
HES-E28 2o A 12A]7H5<9 wHksE) a2, dichloromethane (2 x 50 ml)
o2 FE3AT 77152 5% HCIZ M A3t 4 NaSO2 %3}

At &ulE A AsIA] thE WEE-ol AFE-E sulfonyl ester (7.34 g, 93%)

Al of

]

] trimethylamine

a7

g3llgt & WS R2EE -45°CE f A HAE TS e A
n 9 mmol, 25M in hexanes)S Z7}stith. 3087
o] WhS-sll o o]F F4= THF (20 ml)ell A7) A %3+ sulfonyl
esterg &s3lste] A3 AUreTh -45°Cel HE-g-Z(PSL-1810,
EYELA, Tokyo, JAPAN)olA 2A17F &<t nHbstith W358 AF20
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A s sk 1542 ESE aigkste]l THEE k3] Al A 8ksith. zho]
2o ¥3F NH,ClH 83 3, dichloromethane (2 x 50 ml) 2.2 FZ%34
b FUEFe TRTE AFHS T F5 NaSO2 dxsidion A
7474 Al (hexane/EtOAc, 90:10)02 AHAlste] 73 HE&E=Z 34
methyl (3£, 5E)-2, 4-dimethylheptadienoate (6)2} methyl (3E, 52)-2, 4
-dimethylheptadienoate (6)& T53tATHEFE 64%, 3.22g). Methyl
(3E5E)-2,4-dimethylheptadienoate (6): 'H NMR (400 MHz, CDCI3): &
6.03 (d, J = 15.6Hz, 1H), 5.67-5.60 (m, 1H), 531 (d, J = 9.4Hz, 1H),
3.63 (s, 3H), 3.45-3.40 (m, 1H), 1.80-1.72 (m, 6H), 1.21 (d, J = 7.0Hz,
3H). Methyl (3E52)-2,4-dimethylheptadienoate (6'): 'H NMR (400 MHz,
CDCI3): 6§ 6.38 (d, J = 15.4Hz, 1H), 5.78-5.72 (m, 1H), 520 (d, J =
9.6Hz, 1H), 3.63 (s, 3H), 3.58-354 (m, 1H), 1.80-1.72 (m, 6H), 1.21 (d,
3H).

(3) (3E, 5E)-N-methoxy-N,2,4-trimethylhepta-3,5-dienamide (7)
o Az

7] Al x3 diene-ester isomers (6) (3.00 g, 17.8 mmol)E W &=
(30 mhell &3s & KOH (1.50 g, 26.8 mmol)& oA A7}slo] 12
A aRkskdeh wwk & WeE S ZbsSete] Al AT v e
EtOAc (50 mDhel & = Ouﬂ}?}oi AR ol FFRT
£ o]&ste] Ax B Hx w55 s vreES A2 249
(hexane/EtOAc, 90:10)& =3 A~ }04 2.14 g9 (3E, 5E)-24-dimethyl
heptadienoic acid (F% 78%)E F539Ath. 'H NMR (400 MHz,
CDCI3): § 6.06 (dd, J = 15.6, 0.98Hz, 1H), 5.71-5.64 (m, 1H), 534 (d, J
= 9.2Hz, 1H), 3.48-343 (m, 1H), 1.78-1.75 (m, 6H), 1.25 (d, J=7.0Hz,
3H). 7] Azt (3E, 5E)-2,4-dimethylheptadienoic acid (2.00 g, 13.0
mmol)E < dichloromethane (30 mleol| &3s & AALZTFI3}HA]
N,N-dicyclohexylcarbodiimide (DCC, 3.21 g, 15.6 mmol) & “-=°l4 %
7Fsbe  30EZF wWWHSEATY o]% N,  O-dimethylhydroxylamine
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hydrochloride (1.52 g, 15.6 mmol)¢} triethylamine (3.15 g, 31.1 mmol)<
A 7keke] 30&7F wRkskd o) 40°C7HA] =3 § 3AZF FF FUF
sk Th o] % 5% HCI (10 mD< #7FstSlal £3& -2 dichlormethane
(3 x 50 mh)<= O]*Q“S}o% FE39 Y. 771552 5% NaHCO; (20 mb),
=, ISAVEF FE&IdoR A dx F FHdT dEES A
2] 7} A A (hexane/EtOAc, 80:20)0.2 AA|3to] &2 318E(7) 218 g
S F5IFATHERE 85%). 'H NMR (400 MHz, CDCI3): 6§ 6.04 (d, J =
15.6Hz, 1H), 568-554 (m, 1H), 537 (d, J = 9.7Hz, 1H), 3.93-3.82 (m,
1H), 3.63 (s, 3H), 3.14 (s, 3H), 1.77-1.72 (m, 6H), 1.16 (d, J = 6.90Hz,

3H).

(4) (2E,AE)-4,6,10,12-tetramethyl-2,4-tridecadien-7-one (1)9] A=
100 ml 24 Zg}2==9 THF (20 ml)9l magnesium turnings (0.40 g,
165 mmol)S ¥ ¥ A4 739 1-bromo-3,5-dimethylhexane (2.45
g, 12.69 mmol)= & W& A7tetdar, 50°Cel A 1A% &<t wRkslg]
ot} o] % A7) A Z3 (3EHE)-N-methoxy-N,2,4- trlmethylhepta 3,5-dienamide
(7) (1.00 g, 51 mmol)E THF (5 mlell &3 & -78°C =74 A7}
skl 1A1ZE Fob kst A E EHL AF2oA wwks overnight
At #FEEe ¥k NHC 6 mDE ZAl2"9A A st

H
dichloromethane (3 x 50 m)oZ FZ39. FI)E=L ?TET“’F% o] &3}

hexane/EtOAc 80:20) .= A st F 7FA| o] AA (2EAE)-4,6,10,12
-tetramethyl-2,4-tridecadien-7-one®} (2F, 4.2)-4,6,10,12-tetramethyl-2,4-tri
decadien-7-one®] 6875 : 26.08% =g H HH3gE (2F, 4E)-4,6,10,12

-tetramethyl-2,4-tridecadien-7-one (1) (1.10 g)= F539t. (2F,
4E)-4,6,10,12-tetramethyl-2,4-tridecadien-7-one:  'H NMR (400 MHz,
CDCI3): 6 6.07 (d, J = 15.6Hz, 1H), 5.72-5.64 (m, 1H), 521 (d, ] = 9.6Hz,
1H), 352-347 (m, 1H), 2.44-2.38 (m, 2H), 1.83-1.77 (m, 6H), 1.67-0.92
(m,11H), 0.85-0.74 (m, 7H). C NMR (100 MHz, CDCI3): & 212.38, 135.73,
13558, 128.88, 124.37, 46.72, 46.66, 46.60, 38.67, 38.62, 31.24, 30.13, 25.36,
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22.47, 2242, 19.77, 19.69, 1845, 16.83, 16.80. EIMS m/e (%): 250(M+, 4),
141(6), 123(28), 110(10), 109(100), 81(20), 79(11), 77(8), 67(27), 57(11),
55(17). (2E, 42)-4,6,10,12-tetramethyl-2,4-tridecadien-7-one: 'H NMR (400
MHz, CDCI3): § 6.47 (d, J = 156Hz, 1H), 587-5.77 (m, 1H), 508 (d, J =
10.1Hz, 1H), 3.69-361 (m, 1H), 2.44-2.38 (m, 2H), 1.83-1.77 (m, 6H),
167092 (m,11H), 0.85-0.74 (m, 7H). “C NMR (100 MHz, CDCI3): &
212.55, 134.40, 128.05, 127.72, 126.99, 45.69, 45.65, 38.55, 38.44, 23.72, 23.55,
2352, 22.43, 21.02, 1895, 17.03, 16.94. EIMS m/e (%): 250(M+, 3), 141(6),
123(29), 110(9), 109(100), 81(19), 79(11), 77(8), 67(28), 57(11), 55(17).

2.3. °F9] 728 HA

ofe] f9le HA-L2 20161, 20174, 2018 A& %= FAFA(N35°57
557, E126°33 720 )9t TATE EfQF(N36°47 " 17, E126°07 " 547)
& 3 Oﬂ/ﬂ R e %@é‘ﬂﬂmﬂﬂ A =e] oFe] #1Y
H 8%WeF EfiE JRASte] Figure 20A
2> EfS Zﬂﬁ?}‘ﬁiﬂr. %@@Z}X]Héﬂﬂg: FEety] 9% Efae
H e = A ZEATH26 cm x 18
cm). AZtE Ef o] 3M FHEC|ZE FASto] EHAAXHY FA
e EY5H ol ¥, ERS JiEete] mebA o] fwl o] HAA
(11 cm width x 155 cm height)7} 4W8ko 2 H25 QWaF LI1o|E Y
(KIP, Daejeon City, Republic of Korea)2 ©]-&3}%tHFigure 20B). &
A A W EY AA AL 15~20 m ©
50 m, Al@T%F 7HA 2 500 m oA AP ZF> FAT = HAF
Z 39l3 & one-way ANOVAE Adsgar, AAFHAL Tukey's

HSD testZ AF&3FITHSAS v. 94; SAS Institute Inc., Cary, NC).
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Figure 20. Eight-sided sticky trap. Proto type (A) and commercial product
(B).

23.1. AH=ZE AgFd wE £4A4AEY FJEH HAA

(6F, 10R7/S)-matsuone?] A& Zd M2 FAay A= 2016\ 49
49 ~28U7FA (50, 100 200, 400 ug/septum) & °H(N36°47 " 17,
E126°07 " 54), 20173 449 14<¥~28Y 7}-A1(400, 800, 1,600, 3,200 u
g/septum) A& AHN35°57 557, E126°33 720 7), 2018 4€¥ 29 ~5
29 10 7k (3,000, 4,000, 5,000, and 6,000 pg/septum) & T+42HIN35°5
77557, E126°33 7 20 7)ol A %1383} %] L, racemic matsuone®] = ] #Fol
w2 fAEd AR 20179 49 14 ~28U 71A] (400, 800, 1,600, 3,200
pg/septum) HA&H TAHN35°57 “55 7, E126°33 720 7)ol Az &S T
7y 28 A3 ko] butylated hydroxyltoluene (BHT, Alfa Aesar,
Lancs, United Kingdom)S hexaneo] 23] % rubber septa (bottom
ID. x OD. 24 mm x 5.3 mm, Sigma Aldrich, Milwaukee, W)l *] ]
st EfE AAREZHE 50 cm =olol| Ao EEF](8.8 mm width)
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9 A ekl AAERE Hask 57 fekd 7 B 9AE x4
717 = 13](2016% 49 18Y, 20174 4€¢ 14¢, 201849 4€ 16Y) #juj
Foioh.

e
ol

232. EfY HA Fold W& AZAEY FAE2H HA

201613 49 4L ~2847kA] F EISH(N36°47 " 17, E126°07 " 54)°l A]
APttt Folx=  septum@ (6K, 10£/S)-matsuone®}  butylated
hydroxyltoluenes 7}7F 50 pg A 2lste] AL&stdon, EflS AAF=
FE 50, 100, 150 cm 3=o]o Ao]HElol= HX5t3tt A aH}E
23t 3h7] flste] 4¢ 18 ER ] X E FAHE AL

LN
= oA B
- - -

-
>
¥
| LA
) II

Figure 21. The traps installed at
heights of 50, 100, and 150 cm

from the ground.
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El

2.3.3. (6R, 10R/S) matsuone®} racemic matsuone?| <13 H]

(61, 10//S-matsuone¥} racemic matsuoned AT I} H WA FH
20173 4¢ 149 ~28U7tA] A& FLAHN35°57 " 557, E126°33 720 7 )ell
A AT, Fol=  rubber  septumo] 400 ugel  (6R,
10//S)-matsuone?} racemic matsuones z}zt A&t o, TUd3 =
9] butylated hydroxyltoluene A 7}3}At. Es e X AH 2 HE 50 cm
Folo Alo]EEto]l® MAX|etlal, A aHE HAastetr] st 49 14
d Efle A& AP Z Audet ATt

234. EFY A mE FAEH v

201613 49¢ 49 ~28U7MA] S EIQH(N36°47 " 17, E126°07 " 54)l A
218 stdh obefl 2 o] AN A e T2y =T Eqiy
= A#ste]l Aldstlal(Figure 22), F°1= rubber septum@ (67,
10/2/S)-matsuone®} butylated hydroxyltoluenes Z+2} 50 ng * 2] s}o]
AL-&-3F T
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Figure 22. Eight-sided sticky trap with different colors.

235, Z1FHHY ILAHEY Hsad AA

20184 4¢¥ 2¢~5¢ 10¢7h#] H&E AHIN35°57 "55 7, E126°33 7 2
07)ollA ettt Figure 233 o] #&9] T8 LT E &
Z (-)-apinene, Gpinene, (t)-limonene, myrcene, 3-carene, G
-caryophyllene 5 % 67}# &4 < poly-ethylene sachetol] 7| Z213}
of £4AZXEY #H=Z2(3,000 ng)@ A A F, A 50 cmel

AAeto] FolH = JNAIGE Bl askS
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Figure 23. Eight-sided sticky trap baited with host plant volatiles (blue

sachet)

24, $AARAEY A3 BE2A
241, ZAA AR 2L EHLA

7 A/ 3% ZAWE AARAR, 7t 2AA B 1N 898G
wolERS AASA. £ AW 3H2e 2AAE AHeE AL 4
Jog sgon, 4a4 Bisd A9 AHD AW IAd 54¢ 2

% & AFeAT. 7 A9 AH E AR
+ Figure 24 ¥ Table Al¥ 2t} Fo] W IIo] Hz ANEE 275 HE
o2 AR e, H2 ANEE G4 ZYsto AUt ded A

o] R &grh
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Figure 24. Locations where the eight-side sticky traps were installed.
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242. A =39 AF

& 5(2021)°] 7§H¥F3k SSD Mobilenet 640 input= 42 ~7]9ke] 7RA4= 7}
B ZEIOME olgste] Attt EFAAAEY e E S 96t
Faster R-CNN, SSD 59| o] RdEo] g XAE ¥ (Table 12), A
g Aol wet hed Hrok JFmolM T s ®el SSD
Mobilenet 640 input ® 22 o] 3} t}H(Figure 25).

Update
r-----------------------------------I
: Feature extractor  Extra Feature Layers "
i I I \ I
1Y ! of !
' I ! s 1z| [F]
1K ! 12 P1E L |
' I ! o| || [F[
' I - a I
: \_ | : :
l I

Figure 25. The structure of an SSD Mobilent 640 input model.

Table 12. Comparison of different models for counting Matsucoccus

matsumurae

Model Input size Counting time (s) Counting error (%)
Faster R-CNN Resnet 101 1024 14.14 2.11

Faster R-CNN Resnet 101 512 9.17 3.69

EfficientDet 1024 14.44 3.37

EfficientDet 512 5.29 3.42

Retinanet50 1024 6.58 3.30

Retinanet50 640 4.78 2.95

SSD Mobilenet v.2 640 3.81 2.32

SSD Mobilenet v.2 320 3.63 3.32
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3. 2%
3.1. €34Z4AdEY #A47 +&%

EAAAAEY HEole &/F3t FEHA Holrt EAEATh FA Y
B 5ol 958 (Moniliform) 2. 2 AFwmht] (scape), 2 7}Ht] (pedicel), =N
Auld[filagellum (F1-F7)] 5 & 99ty 2 FAFHUL, Ht dol=
673.0 ym (N=3)o]tH(Figure 26A). AFFwuFt](87.1 pym, N=3)9} Zi v}
t](99.5 ym, N=3)& ¥%53 =& (Cylindrical shape)°] o™ zjHwlt] =
Flask-shaped® @@ o= Z4% A7|7F ZopA= A4S Herlt.
719l fEolx "R (Lashlike)o & AFwiy], Zyfvir], 28wt
(F1-F8) & & 107td 2 FAEHAT Het Zol+ 1,328.6 um (N=4)°] 3}
tHFigure 26B). AF9Fr](49.18 pm, N=4)¥= &S 4538 (Short
cylinder)o] 1 &w Z3dwbr](31.58 pum, N=4)= WA (Hemispheric)9] &
Foldrt AMAnY = YTy RFor dgdow AfE AV|7F AobA

Figure 26. Overview of the general morphology of male and female

antennae of Matsucoccus matsumurae. (A) female (B) male.
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4478 o/ dEoldlAd v d 1 #Z7](Multiporous
peg; Mp), ©&38 74 7+7}7](Uniporous peg; Up), thad & 777
(Multiporus trichodea; Mt) & 3&#F< 334 77} 48 A (Chemoreceptor)
¢} Bohm's bristles, €3 t©t-&3d ¥727](Grooved aporous tricoid
sensilla;  GAt), w#3 v-¥3d "E77Z7](Smooth aporous  tricoid
sensilla; SAt)s 657 7IAA 7 8 A (Mechanoreceptor) 7} <}
F Atk o] 7k, Up, SAtl, SAt2E <4z tEold vt gelg )
Mt, Ks, Bb, GAt= 721 dgoldAwt A=At o/ E5FollA
A #ZZ7]+= Mp, Ca, 281 Inss < 37lAH(Table 13). Z} 7t
o] b/ EX G Table 149 2t}

o

(3L

Table 13. Classification of sensilla according to functional characteristic of

males and females Matsucoccus matsumurae

Sensory receptor Female Male

Uniporous pegs (Up) o
Chemoreceptor Multiporous Pegs (Mp) O O

Multiporous trichoid sensilla (Mt) O

Bohm's bristles (Bb) @)

Campaniform (Ca) O O

Intersegmental sensilla (Ins) O

Grooved aprous trichoid sensilla (GAt) @)
Mechanoreceptor | Smooth aporous trichoid sensilla 5

(subtype 1, SAtl)

Smooth aporous trichoid sensilla 5 5

(subtype 2, SAt2)

Smooth aporous trichoid sensilla 5

(subtype 3, SAt3)

Knobbed seta sensilla (Ks) O
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Table 14. Distribution and length of sensilla on the antennae of male and female Matsucoccus matsumurae

Male (mean + S.E.) Female (mean + S.E.)
Sensilla® Number of sensilla Length Number of sensilla Length
Scape Pedicel Flagellum (um) Scape Pedicel Flagellum
BB 105 £ 1.5 - - 37+ 04 - - - -
Ins - - 15 +£02 1.1 £ 06 - - - -
Gat 34 + 07 - - 128 £ 1.7 - - - -
Up - - - - - - 4.0 + 0.2 148 + 2.6
Ca - 3+ 27 - 1.0 £ 03 - 3.0 + 04 - 19 £ 08
Mp - - 57 + 1.2 435 + 8.6 - - 56 + 0.7 246 £ 43
Mt - - 1024 £ 82 392 + 9.2 - - - -
Satl - - - - 6.2 + 14 35+ 0.7 37 +02 109 + 3.2
Sat2 - 55 + 0.8 65 + 3.2 398 £ 74 - - 85 + 21 30.8 £ 3.8
Sat3 - - - - - 40 + 16 142 + 1.2 182 + 2.6
Ks - - 175 + 48 51.0 + 7.1 - - - -

4 BB: s. Bohm’s bristles; SSq: s. squamiformia; STr: s. trichodea; SA: s. auricillica; SCo: s. coeloconica; SCh: s.chaetica; SSt: s.

styloconica.
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3.1.1. Sensilla B6hm'’s Bristles (BB)

3.1.2. 47 7+7Z7](Sensilla Intersegmental; Ins)

A 77 A AFeiY e 7 AAFRS A SlEAeH, o
4ol 1.1 ymth 93] §7d P2 WS FEo & dds
A

=<
3 e #FEEZR Ao (Figure 27B).

Figure 27. Scanning electron micrographs of (A) Bohm's bristles (BB) and

(B) Intersegmental sensilla (Ins) on the antennae of Matsucoccus matsumurae.
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7+2+7)(Sensilla grooved aporous trichodea; GAt)

&3 Tod 2 g4V Y AFrugd A gelHglon, P 2
ol 128 pmolUth. £A Yo 9y, THe wragon ¥
3

of EATA 29

ek 2kt (Figure 28).

10 ym

Figure 28. Scanning electron micrographs of grooved aporous trichoid
sensilla (GAt) on the antennae of Matsucoccus matsumurae
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Sensilla uniporous pegs; Up)

w
—
~
ok o
N oli]
oflt
r—}l-t
o
A
Y
N,

g4y 3 AAvl= A "gEel iﬁﬂﬂ}ﬂﬂ ppA ek whrf ol ARk 2}
AdERom, Hit ol 148 pmolAth 22 Y Rgo R 2 Wy
[

A AAFRG, TAL AAHez dneHen, Banel o
z

FoaEEdY. A4 wa2 gREEa el el EdvH(Figure

Figure 29. Scanning electron micrographs of uniporous pegs (Up) on the antennae

of Matsucoccus matsumurae. Shape (A) and surface structure (B) of Up.

3.1.5. #4 7Z7](Sensilla campaniform; Ca)
T A= 4/ ZuvidgelA EE%IY duygel A=
1

9 um, =% 1.0 ume] A tH(Figure 30).

i

o,

200 nm

0.5 ym

Figure 30. Scanning and transmission electron micrographs of Campaniform
(Ca) on the antennae of Matsucoccus matsumurae. (A) Shape of Ca and (B)

cross section of Ca.
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3 7+ 7ZH7](Sensilla multiporous pegs; Mp)

Uad 1 g ave GA Y A Bl gl en, Hi Hol

= 93l 246 um, F3 435 imE #3¢) Zolsk H ATht = 8120,
0 g o= ot FRon, x| EARY] FE

o
9 5 Aold] thre] Pl SR (Figure 31).

w o

1400 hm

Figure 31. Scanning electron micrographs of multiporous pegs (Mp) on the
antennae of Matsucoccus matumurae. Shape of Mp in male (A) and female

(B); (C,D) surface structure of Mp; P, pore.
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3.1.7. Bd+3¥ g9 7+Z7](Sensilla multiporous trichodea; Mt)

ted d #2471 FAHY AFud e Z; mprel A &<l HAa, F
oM 7HE e 7 FAEHJAHE» = 5704, P = 0.001). F1 Ao
392 ymolH ARYORE &2 FEsIAY. AWE 49 FEo o

wehel ol o

o)

B

200 nm

0.5 ym

Figure 32. Scanning and transmission electron micrographs of multiporous
trichoid sensilla (Mt) on the antennae of Matsucoccus matsumurae. Shape
(A) and surface structure (B) of Mt; (C,D) cross sections of Mt. CW,
cuticular wall; D, dendrites; SL, sensilla lymph; P, pore.
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=

73 23y g 4771 A Wil fAs L o] EAeA o
ko, Ejet Aol we} 34 FEFAVR FEEAT. FEd d
Azr71e] B&E7E7] 1SAtDS AA Z2 ot e FEE it Aol
£ 109 um o)Atk FE£77H7] 2(SA2)E SAtlelvE] o e FEHE

o,
i)
o,
rr
o
3

2 g

5 M

©
1~ ofl
l‘lo Y

o

Eipiasy
A5 iﬂaﬂj}ﬂ ol A SAt2rte] 2115 A vh(Figure 33).

Figure 33. Scanning electron micrographs of smooth aporous tricoid
subtype sensilla 1, 2 and 3 (SAtl, SAt2, SAt3) on the antennae of female

(A) and male (B) Matsucoccus matsumurae.

_’77_

A =

A7 30.8 nm, FZ 39.8 ymel ATt FE5727] 3(SAt3)S
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3.19. 3 AR #Z7]|(Sensilla knobbed seta; Ks)

X9 AR A7 3 ey B AHA FelHdT. A
el fxstar ddar Hit ZolE 51.0 ymz mHo] Az EFYUt
Ao 2 AN A Ut 2] ko] s Al Kol
A tH(Figure 34).

Figure 34. Scanning and transmission electron micrographs of knobbed seta
sensilla (Ks) on the antennae of Matsucoccus matsumurae. Shape (A) and
surface structure (B) of STr; (C) cross sections of Ks. CW, cuticular wall;

D, dendrites; SL, sensilla lymph.
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3.2. (6R, 10R/S) matsuone™ racemic matsuone®] #4

¥ A (6R, 10R/S)-matsuone?} racemic matsuone® 7} A=
nfE AT HAx o]lest A AHEZH(El- MS)S Figure 359 #Zth
7] RaE ¥AHS 53l §A43 (6R, 10£/S)-matsuone?] (2F, 4E)-4,6,10,
12-tetramethyl-2,4-tridecadien-7-one®} (2F, 42)-4,6,10,12-tetramethyl-2,4
-tridecadien-7-one®] W] &2 97.3:2.7°] 1t} (Figure 35A). Wb B A3 =
E3lo] A FA &4 3 racemic matsuone2] 7] 2 EA H] &S 68.8:26.1
o] ¢l tH(Figure 35B). (6R, 10R/S)-matsuone®} racemic matsuone?)
electron ionization (EI) ion< & ¢33 th(Figure 35C). HP-Innowax 2
Ho| (6, 10£/S)-matsuone¥} racemic matsuone?| retention indexi=
2,092 53l sTt.
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Figure 35. (A) Gas chromatogram of (6/,10//S5)-matsuone.
(B) Gas chromatogram of racemic matsuone. (C) Mass
spectrum at retention time 12.474 in chromatogram A. This
spectrum was identical to that of retention time 12.036 in
chromatogram A and 12.045 and 12.471 in B. Retention time
matches to standards indicated that peaks at 12.036 and
12.045 min in chromatogram A and B, respectively, were
(2E42)-4,6,10,12-tetramethyl-2,4-tridecadien-7-one;  peaks at
12474 and 12471 (Gn A and B, respectively) were
(2EAE)-4,6,10,12-tetramethyl-2,4-tridecadien-7-one.
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3.3. °F8 <98 AZR
331 A= AHZ #E #< 2

(6F, 10R/S)-matsuone< A g &o] 50~3200 ng= S 7+gel uwe} |
AE AF9 & I9A F71e9alFee = 1458, P = 0.008) (Figure
36A), (Feo = 12.37, P = 0.0015) (Figure 36B), racemic matsuone < A]
HZEe Ay HEHS 400~3,200 ngl. = VA A wEt felEH = A5
NATF7F S 7k (Feg = 28.26, P < 0.0001) (Figure 36C). HH, (6R,
10//S)-matsuone®] & FS Folo 3000 pg ©]4(3,000~6,000 pg)
YA A FH A== NAT 2 A FAE GlskA XA

(Fgo = 2.28, P = 0.1488) (Figure 36D).
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Pheromone [racemic matsuone] dose Pheromone [(6R,10R/S)-matsuone] dose

Figure 36. Number of adult male Matsucoccus matsumurae caught in
eight-sided sticky traps baited with different doses of (6/,10//S)-matsuone
(A, B and D) and racemic matsuone (C) in the Republic of Korea. (A) From
4 to 28 April 2016 in Taean, Chungcheongnam-do; (B) From 31 March to 28
April 2017 in Gunsan, Jeollabuk-do; (C) From 31 March to 28 April 2017 in
Gunsan, Jeollabuk-do; (D) From 2 April to 10 May 2018 in Gunsan,
Jeollabuk-do. Bars marked by the same letter are not significantly different
(Tukey’s HSD test).
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332. EfY HA Fold wE FUAdEH

A ZE ERS 50 cmoll AR S A FAA] 7HE 22 A7 AR
R, Efe] AR Eolzb EolbHe wet A-EH = MAFIE A
t(Figure 37). 2k Egf A Fold APd ot 73 4 274AEY 9
WA=+ 50, 100, 150 ecmeoll A z+2F 1,112.0, 576.7, 356.7 R A ATH(Fyy =
48.29, P = 0.0016).
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Figure 37. Effect of trap height on number of adult male Matsucoccus matsumurae
caught in eight-sided sticky traps baited with (6/,10//S)-matsuone (50 ng)
from 4 to 28 April 2016 in Taean, Chungcheongnam-do, Republic of Korea.
Bars marked by the same letter are not significantly different (Tukey’s
HSD).
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3.3.3. (6R,10R/S)-matsuone¥} racemic matsuoned <18 H
Racemic matsuone®] H|3| (6/,10%/S)-matsuone®] ¥ W& F7 &7

A2 HY dFo] FAHAHAf = 6, t = -742, P = 0.0003) (Figure

38). (6R,10R/S)-matsuone?} racemic matsuone®| A H AAF=

7} 7} 5415.3% 2,896.870 A S

6000

*kk

7

Number of insects caught per trap
N W
o o
o o
o o
1 1
—

—_

o

o

o
1

\\

Racemic-matsuone (400 pg) (6R,10R/S)-matsuone (400 pg)

Figure 38. Number of adult male Matsucoccus matsumurae caught in
eight-sided sticky traps baited with racemic matsuone and (6/2,10/2/.S)-matsuone
from 31 March to 28 April 2017 in Gunsan, Jeollabuk-do, Republic of Korea.
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3.34. EF A @& Fd¥ H

Eq] A7zZke] wrE EFAZAAEY Y Fd8e 4 At SAA
o zk7F vERUA eksktt 7 EfE A E Ho MASFE 25 35870
A, v 4177H2ﬂ g AR4R7N A, B A 4088/ A 2, kAl E o 7}
B o Asol E@—.Q%F—’, 25 Efo= 7 AS 7o AF
o] x& Q“D}(F 4712, P = 0.05) (Figure 39)
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Figure 39. Comparison of attractiveness of Matsucoccus matsumurae

according to the colour of eight-side sticky trap from 4 to 28 April in 2016

in Taean, Chungcheongnam-do, Republic of Korea.
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3.35. 7FFH JALAHAEY HsEH AR
A2 &Y 7|FFH LT 65 TEAIE o A¥, 84 e
Sa = gAxxA ¢kokrl. vk, Bcaryophyllened 7 A& A] H =&

Gdxg v 9 42 VAV FdEe AS GRSt (Fes = 3.390,
P =0.028, Tukey's HSD) (Figure 40).
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Figure 40. Comparison of attractiveness of Matsucoccus matsumurae
according to the addition of host wvolatile components from 2 March to 10
May 2018 in Gunsan, Jeollabuk-do, Republic of Korea. Bars marked by the
same letter are not significantly different (Tukey’s HSD).
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2nd Week of Feb 2022 4th Week of Feb 2022 2nd Week of Mar 2022 4th Week of Mar 2022

Occurred location

> [
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’ \y‘g&f}?& adult males
TR
6”{,
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Figure 41. Occurence trend of Matsucoccus matsumurae from February to
June in 2022.
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Fegure 42. Peak period of Matsucoccus matsumurae in each region.
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Figure 43. Average annual temperature in each region (A); first appearance

date (B) and peak period (C) of Matsucoccus matsumurae.
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ERAZA A o] gt fote] AR 1983d R HF R
HH S st ot A28 S4d4247He 9 o] 9lo] mig &
49 EFolnt sHAN EHAZAAEY FREY E3e AL
Astet A A&l o] & A-EEol XA Matsucoccus josephi,

M. feytaudi S Matsucoccus <& =04 A ZE3} o]o] o] A A 9
gt f-208 HAHol MaHA(Jactel et al 1994; Mendel et al 1995),

ol AA 7} A¥ 22 antagonist®ZA A& ThE HaueE ey &
skl wEkA A2 Ao HastE fekd, oAV x5 &4
A7k A2 S48 WHel JigEAT. A (2016) E447
AHE AR FRoldHEA 6R105-18 33 A=z QAT
AAHS Hust oy, o] A B FAATAC AT =5EE Jo R

o}, B A= lithium diisopropylamide (LDA)ES ©]-&3}%] mesylated
(4E)-hydroxy esters Awd3o N E4AZAEY A2 A4
Wl FAstelal, ol &8s EEAAAEY AHEEY] B8
dE 75 A SR

ERAZAAHY o] AYzEe d= HE&E& 9], Hibbard et al
(1991), ¥ 5(1994 ab), 1< ¥H2001), # 5(2016)2 H=Z A, E
Aol & R AA =ol7t EAAAAEY Y FAdH A= FF =
Abataith A 5 (2016)S A7 A HH o] 29 Oﬂ AolA 8

7 a2 elgt Balsdth 2 A VS
sto] 7l ekl oW (Figure 20), EE,E,A Az o
Aol WA= FFs AT L A A4

—_

A A FJEaHR7t 7 =2 AS FEitl. o=, Hibbard et
al (1991), ¥t 5(1994a, b)e] A 3’49} & =] 3} T}
H2zE A AzEed] A83E 93 Fa3 24 F ol

U}, Matsucoccus®: <LZ9 H =2 Z%ﬂ ol 79 FAdH nHA= o
e thksk Aol o& HawE vl v (Branco et al, 2004; v 5,
1994a; Kim et al, 2016). Matsucoccus feytaudi= A ¥ 22 =g o]
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1,500 pg/lure 7HA] A2l &3p x8 A4 7F SFoE
&

el o

[e] .

»
N
rJ
L

a1, Matsucoccus josephi= 400 ug/lure7}A|
At (Branco et al 2004). ¥F 5(1994a)> EWE
225 Adgr 23 50 pg/lures] F¥e] 7MY =
o] % 7 5(2016)2 50 pg/lure¢t 100 pg/lure?] WAL sle] &7 4
ZAA R o] = Jﬁ‘rice °F 50 pg/lure® RI3tGIvh spA N
Hy = A Z2[6R, 10R/S)-matsuone] # 2] = (1,600

FolEA AV v = sor FEd
ol StH, 22 W o ® A3 racemic matsuones 3,200 ng/lure
7kA A -2 NAT 1 EFEH BAVE FlHol S EZA
A2 9] racemic matsuoned] Wik HEZE ¥IFTrt o & Ao

~50 ug/lure?] 9

Ag Felsen
] 0

Mo —

[e)

o

byttt £3), (6R, 10R/S-matsuone®t racemic matsuone?t F¢1&S
v sk A3 (6F, 10R/S)-matsuone?] ¢lego] oF 18W ] &2 Ho=
stolg e}, o] A9 (6R, 10R/S)-matsuone®} racemic matsuone?t ¥ =
B

¥ 9 #FUd"He  Hol7b usd  olfEE (6R,
10R/S)-matsuone (97.3%)¥} racemic matsuone (68.8%)3F T=E2] =}o]
NAl 7Ilek Aow AZEY. & oE o|f=E, (6R, 10R/S)-matsuone
EAAZAEY o] AHZEQ (6/10F)-matsuone®] 1719 oA AA T
Z 219 E"A = A5 1L, racemic matsuones (6//S, 10//S)-matsuone
o7 F AN olHAAR T AFHEES FEF Aol7f v
otk Hl = o] o] o] EA ] ek 25 e A= ud
sk FolA  APHAY. ¥ F5(2002) 2FYH=UW Lyonetia
prunioliella (Lepidoptera: Lyonetiidae)®] A s 2% 3} 2709 4 A o] =
A ol gk SFH Y YEEALESE A5k Ao 2=
10meldme-1-ene-18Hy o] 2y =ue] fFeldo odes == Ao
2 Hastdth & AFE &t Alat &4 3§ racemic matuoned] g
" EhAAAEY e AYEE dgHEFe 7|E (6R, 10R/S)-matsuone?]
1/2 F#=ol7] wWitol 28 /fAFE 2pol7F faEglon 7E o]d
A= 4742889 Fodde ¢ 74 = A2 Azd,
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A= EAXERE 24 Wolstr] flete] bge o s
AAZA. Ajowan¥ oregano®] FA &<l thymol¥ carvacrole &t}

Aulse = A, 7], Solf, I=7] & v&Fet sl ko] 79/
g7 Hayo] Qo (Pandey et al 2009; Masoumi et al 2016;
Tabari et al 2017, Lee et al 2020), tea tree oil, cinnamon oil,
Lemongrass oil2 %7], 2]l tiate] 3 79 dds vt
(Callander and James, 2012; Boito et al 2018; Fonseca et al 2019;
Peach et al 2019). ¥ <QToMe= EAEZAAEYY Aoz
myrcene, 3-carene & 7|7 LT 65S A Agste] E4E4
Ao WAL Felddrt. 1 A3 myrcene, 3-carene, (-)-a
-pinene, S-pinene, (*)-limonene®] ™ 3ale] #<21/719 & 37} EQlxA] &
%o} Bcaryophyllened A# 23 kA A2 Al Fol= = MAS7F
FadtE S Felsl9dnt. G-Caryophyllened ol A EL R 7] (Aedes aegypti)
(Diptera:  Culicidae), 3=%571(A.  albopictus) (Diptera: Culicidae),
[Anopheles minimus (Diptera: Culicidae)l, [An  dirus (Diptera:
Culicidae)]dl Al A7 &S24 719A2 R ix i (Nararak et al 2019,
2020), 1wroll [Hypothenemus hampei (Coleoptera: Curculionidae)],
WAL el s 4 [Aromia bungii (Coleoptera: Cerambycidae)], o 2]2 %=
SAAY [Tribolium confisum (Coleoptera: Tenebrinoide)]oll A 7] 3] &8
TS fEdle Aoz FAFHU(Gongora et al 2020; Badji et al
2021; Cao et al 2022). °|’del A3z, F5 [-caryophyllenes &7 %2
ZiA e o] 7| A= 2§ 7hsetH, °ol& §3 “Push-Pull” A= S
A2 AR o] Ths et

A2t A= AREA 243 37 T3 58 3l
o stS 3t} (Schnaitmann and Reiff, 2020). E ¢ AAk
Hol| 2lo] Z FgS Fuh =T ES JlFo] d
g thFgk 7 S wWiFEUEY #Ud8s SR
1957; Badenes et al, 2005; Zevallos et al, 2013), 3}k ¢]
Hygo] f08& S7HA 1t (Pobozniak et al 2020). Clare et al (2000)
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Figure 44. Comaprison of mornitoring results of Matsucoccus matsumurae
in 2021 and 2022.
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Table Al. Geographic information of the eight-side sticky traps
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Abstract

Functional analyses of antennal sensilla and
developments of accurate monitoring method
using sex pheromone in Dioryctria abietella

and Matsucoccus matsumurae

Lee Sung-Chan
Major in Forest Environmental Science
Department of Agriculture, Forestry and Bioresources

The Graduate School of Seoul National University

This study was conducted to develop an accurate monitoring
method for Dioryctria abretella and Matsucoccus matsumurae,
major pests in coniferous species, using sex pheromone.

(97,11 E)-tetradecadienyl acetate (9211 E-14:0Ac) and
(32,6292122,152)-pentacosapentaene (C25 pentaene), known as
the sex pheromone of the European Dioryctria abietella
population, were identified in the Korean D. abietella population.
The ratio of 9Z11E-14:0Ac to C25 pentaene extracted from
female pheromone glands was 1:23. Morphological and

ultrastructure of sensilla on the antennae of . abietella was
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investigated using field-emission scanning electron microscopy
(FE-SEM) and transmission electron microscopy (TEM). The
sensilla were classified into bohm’s bristles (BB1, BB2),
coeloconica (SCo), trichodea (STrl, STr2), chaetica (SChl, SCh2,
SCh3), styloconica (SStl, SSt2), auricillica (SAul, SAu2),
squamiformia (SSq). Among these, micropore was founded from
SCo, STr and SAu, suggesting that these three sensilla are
chemoreceptors. The electroantennogram (EAG) response of
male antennae to 97,11E-14:0Ac was stronger than to C25
pentaene, whereas an opposite EAG response was observed in
female antennae. Major volatile compounds in mature Korean
pine cones (Pinus koraiensis), such as (£)-limonene, myrcene,
and (-)-a-pinene elicited dose-dependent EAG responses in male
and female antennae. In field attraction testing, traps baited
with 100:1,000, 100:2,000, and 100:3,000 pug of 97,11E-14:0Ac to
C25 pentaene were the most attractive to male D. abietella.
More males were  attracted to traps baited  with
9Z11E-14:0Ac+C25 pentaene + (*)-limonene than traps baited
with 97 11E-14:0Ac+C25 pentaene. This result showed that
(£)-limonene acted as a synergist with sex pheromone. Delta,
wing, and diamond traps were superior to bucket traps for
capturing ). abietella males. This study showed that
pheromone traps baited with 100:1,000 ~ 100:3,000 pg of
97 11E-14:0Ac to C25 pentaene and (£)-limonene would be
helpful for the accurate monitoring of [D. abietella flight
phenology in Pinus koraiensis Sieb. & Zucc. (Pinales: Pinaceae)

forests.
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Multiporous pegs (MP), Univprous pegs (Up), Campaniform
(Ca), Multiporous trichod (Mt), bohm’s bristles (BB), Smooth
aporous tricoid (SAt) and Knobbed seta (Ks) were identified from
Matsucoccus matsumurae. Among these, micropore was founded
from Mp, Up, and Mt, suggesting that these three sensilla are
chemoreceptors. Matsuone is a well-known sex pheromone of
the genus Matsucoccus (Hemiptera: Margarodidae), including
the species Matsucoccus matsumurae (Kuwana), Matsucoccus
resinosae Bean & Goldwin, and Matsucoccus matsumurae
Miller & Park. In this study, we investigated the effects of
matsuone dose and trap height on the capture of M.
matsumurae and developed an alternative synthesis of racemic
matsuone. In field trapping experiments, M. matsumurae males
showed dose-dependent attraction to (6/,10//S)-matsuone from
100 pg up to an approximate saturation level of 1,600 ng per
rubber septum lure. Traps baited with (6/2,10/2/S)-matsuone and
installed 50 cm above ground level attracted more males than
traps 100 and 150 cm above ground level. No synergistic effect
of wvolatiles from host plant, G-caryophyllene, myrecene,
3-carene, (-)-a-pinene, G-pinene and (£)-limonene, were shown
for attraction of M. matsumurae. However, fewer males were
attracted to the eight-sided sticky trap baited with G
-caryophyllene with sex pheromone. In a comparison test of
attractiveness for male M. matsumurae according to trap colors,
yvellow, blue, green, and white, more males were attracted to
the eight-sided sticky trap with yellow. New synthetic routes of

racemic matsuone were developed, and field experiments with
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the product were conducted to reduce synthesis procedures,
time, and labor. Although traps baited with the racemic
matsuone were less attractive than traps baited with
(6R10//S)-matsuone synthesized by a previously reported
method, the new synthetic route could be an economically
favorable alternative to the previous method used in the
production of lures for field application. Nationwide monitoring
of M. matsumurae was conducted using newly synthesis
method of racemic matsuone, an eight-sided sticky trap, and
automatic pest counting using deep-learning object detectors. In
the previous survey in 2010, the distribution of M. matsumurae
was verified mainly along the coastal area. However, the
current distribution range was greatly expanded, and the

distribution was confirmed in all cities and provinces of Korea.

keywords : Coniferous pests, Dioryctria abietella, Matsucoccus

matsumurae, Sex pheromone, Sensilla, Electroantennogram
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