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Abstract: The Yunnan pine shoot beetle, Tomicus yunnanensis Kirkendall and Faccoli ( Coleoptera:
Scolytinae) is a native bark beetle pest of Yunnan Province of Southwest China that kills healthy Pinus
yunnanensis. To better understand the roles of host volatiles in the host tree selection, we used dynamic
headspace and solvent extraction to gain the pine volatiles from the needles and resins of P. yunnanensis

infected primarily by 7. yunnanensis, respectively. We used chromatography-mass spectrometry ( GC-
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MS), coupled gas chromatography-electroantennographic detection ( GC-EAD), and bioassay to detect
and identify the biologically-active compounds of T. yunnanensis to host pine volatiles. The results showed
that pine volatiles from the needles and resins contained 18 compounds totally, as classified into terpenes.
The volatile chemical profiles of P. yunnanensis varied significantly within needles and resins by multi-
response permutation procedure. Needle volatile compounds were predominant monoterpenes (99.98% ) ,
particularly like o-pinene ( 90.82% ), B-pinene (8.78% ), D-limonene (4.77% ), camphene
(2.86% ), and P-myrcene ( 1.42% ). However, resin contained equally both monoterpene and
diterpenes in the chemical profiles. The former mainly involved a-pinene (21.38% ), 3-carene
(21.42% ), and terpinolene (2.78% ). The latter only had a highly oxidized diterpene, palustric acid,
reaching 51. 13% in relative amounts. In GC-EAD analyses of the headspace of needle and fresh resin,
the antenna of T. yunnanensis produced strongly electroantennographic responses to a-pinene, B-pinene,
3-carene, y-terpinene, and 4-allylanisole. Behavioral choice indicated that o-pinene, <y-terpinene, and
3-carene enhanced obviously attraction of T. yunnanensis, and B-pinene and 4-allylanisole displayed
repellent response for T. yunnanensis. Plant source attractants and beetle pheromones combined with active
host odors may be an indispensable way to monitor and trap 7. yunnanensis to achieve ecological regulation
and management of pests.

Key words: Tomicus yunnanensis; Pinus yunnanensis; electroantennography ; bioassay; biologically-active

compounds ; luring agent; repellent agent

= F VI RE/N8E Tomicus yunnanensis ( Kirkendall
and Faccoli) R J@ ¥ ¥ H Coleoptera % i Bl
Curculionidae /)N & W. £l Scolytinae #k /)N 3% &
Hylurgini, J2& 25 FAMER B G i — b Al 7 1R
(Kirkendall et al. , 2008; M#%, 2011), JEAiiR K
— B, % E R — E A 5 3R AR L AR R
MKW GTUIRE/NGE T, piniperda N R —¥)Fh, 1
O3 T3 HT BRI B -5 TR /N A TR B Y
WL (Duan et al. , 2004), K5 E40 00 TE2S
PRSI 19 5 4 3 2 1 22 i VORI A A
A 3 N (B 7 I S RN = =l D I T 7 R
(Kirkendall et al. , 2008) . K, Z M9 F v &
NIt/ hak, HTERYSUIN NG, =/
MR/ N, 508 = e ST RS /N aE A5 R
mE U/ B A R e I v BRI =
T DA /)N e O G O, — L 32 5% i 5 A A
ARG, BRR RS, FRERRE, smY)
/NG ) e 4% 2 55 O A AR D 3 32, IR AR T
PERECE | ROV, A BRI RSE T (R
¥, 2011; Lieutier et al. , 2015) . Al WL, =FEIHY
INEEAFAE— A WL A AR A T L A T SRR A 4
BERE I R A YRR 1Y, H A I ] 22 4 vh 7E .
o, MHARAEWE L, wnsch, 70, gIREHE.
AR RSP AL 55 o BRI TEA T N S8, TR T X
PG A2 6 7 A s [ RS, 5 = B DI A /)

#@OAMEE R, TEn M RFEYRmM L L, &%
R E A RHAE 13.33 J7 ha/4F, FFRmPUIL, BN %
MRFEE T (1), ™R i R VY e X A
BB L 2NEM SRR (TS, 2007; I
W, 2011) o SRAMAIRR 7 Ul 2 A AR 7 49%,
BT AR 0 AT 4R il g2 S % H 1A
TR, RIFRITE Y SRR OC R, A AR
ARSI, WP . BB EROR DL A
k27 R 45 22 T it DAOKE T U st ) 42 o1 7E
ZWHIEZ T (K, 2020), fEXAEREH, B
B A AT AR, R S A A
AR G (5 B AL = Y BT, GnaF F AR,
RERG BN B S5 (5 B R G & 7 A W BN, WEH T
FREREIN | MU A | 0 i S5 4 i Of e IR 7 1
ARG, JFH, X ES B RIFERE
P (Constancy) FIFFAME (Consistency), 7540
ToAFE . R R AR G B K
W2 A A VR 5 i R o i O AR5 Y — b AT D I 4
A (Raffa et al. , 2016; XI&, 2020), 5 —Hf,
RE RO/ NEEAFTERS A . RS T T 56
XAE—ATAMEE N, HfpLEmt L, mz =
VIR /NI ANMGE K /INEE Dendroctonus spp. . /)
& Ips spp. FREMEHATRKIEEY # (Chen et al. ,
2011) , HA B I 2 D AE RS 5 A RO 54 2 8] 1Y
Jade zs (8] Y, s AR B B R A ( Critical
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threshold of attack density) %z pd YIRS /N X 25 &
PEPEN ELA A BHRAEE ) (Lieutier et al. , 2015;
Raffa et al. , 2016; Miiller et al. , 2020) , {H—ZLfff
GERILVIAE /N e o 27 Ead B b IR R 200 W 3R
15 B K (Lieutier et al. , 2015; Raffa et al. ,
2016) . fHIIE, Wu et al. (2019) K= DI
INEESE I AR AT B R —(-) - B A
HAEmE A 4, HE& A A,
XU 2 PIAS /NG B8 RIS B 28 X0 e B
PEATRE, A S AURATE e R B T A T 22
i (Raffa et al. , 2016; Miiller et al. , 2020; X4,
2020) , BIRCAH —LL2F 5T T A7 B URARE
FRRMIIFEINRE (FW B, 1993; A,
1997 ; BOREEAE, 2002; BEORFFSE, 20085 [E4+ 58
&, 2011) , (HARMEGIGERSCRAME, JLT T
PR OIS /N, WA 550 D7 T A TE W I A
B o Rl 25 1B 3 2= p DA /I G AR oy 0 = 3
MEFRFRULGE SR EmN (B,
2011; Lieutier et al. , 2015; Miiller et al. , 2020),
Ak A B HH R A — T A AR A (] 4 A K

Hoige2 5, Hik, ASCW T4 sl 24 2% /s
PEE:, A3 CEE T 0112 G = ma WA EE I TR B 1
FERMACEY L, IF45 &3S - Bk ik L
AR (GC-MS) | A AHEE - B Hfh oy o 7 00 1 R 50
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JEE1ER S RS B RS G TR HE 0 216
PR R FBE R PR 22K

1 RSR

1.1 X HSRIE

IXHCRAE T 2w 44 s i ot 4 XU e 1k 3
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ZIRAES . BURERK A, BT HOES U R ES
A ULEE 8 5 AR S0 < B VDA /N EE ME | R
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Fig. 1 Geographic distribution and sampling site (shadow zone) of Tomicus yunnanensis in Yunnan, Southwest China
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1.2 ZEREZYHNKRESSH

S A WA Z H AW BARME (X B AR,
2014) , HEIEEEMA RO BRGS0, HATIT
AR, ERE A D LRI R 1) = B A E N
VIR, HEEEES o RA, #Tis &k
(Faccoli et al. , 2008) FiZ#EL (Munro et al. |
2020) - ilSCER BT I RIAM IR 15 AL 5

TS Bh A5k Ve R Bl 5 1 = R A B 4%
SRJE K HOF TG Rk B B 0 % R 48 ( PTEK,
Waursthiillen, German) (2, #5025 S G xR
( ORBOTM-32, Supelco, USA) it JE, 4K Wi
400 mL/min, A4 120 mg Porapak Q (50 ~
80 H, Supelco, USA) WFff, ¥iidy 300 mL/min,
FRe i 12 h, EHEJE, M@ L9 IE & b
(Tedia, USA) VRS, W4 300 wL ¥E W& T
2 mLAEEGR A (12 x 32 mm, PTFE, Agilent)
W, BIE4 N, 45 2R E 100 pL, K HARFAE
-20°C VKA MR

B HEREARIME (105 mm, 100 wlL,
FE, P E) WEB B S0 wL, HEHE A
500 uL IECREET T, & 12 h B8 (4C) )5,
PIER RS B — T8 2 mL RAFH T, -20°C
A

16 & W #r. R Agilent HP7820A/5977B
GC-MS ¥EF7T, HEREREN 1 L, Wi 30:1, JR
PRl HP-SMS (30 m x0.25 mm x0.25 wm) . 5
2SR (1.0 mL/min) , J577 10 psi, TF
AR, BEIHEE 40°C, 452 min; L1 5°C/min
FFHEE 2T 2 280°C, P-HF 5 min, % TR
TREE 230°C, HESAET70 eV, FAHETEE 50 ~600 m/z,
12 B M 5 SR ] NIST 98 MS i Efh R . (1 84
BAUE IS % M 6 SCik 7 (Adams, 2007) inLL
e
1.3 fRMAEBAL (GC-EAD)

YW TG = F VIS /N & Sk, M
P A A0 ARt A SRR M (S HoH k),
AWM EES L, WEEE S, DS — B4
I Al AR (ISR ) . SR
ST HL R B B A5 N TR QIR , A Ag/ Agel 22
T, W 28 AR 2 I 1] [ 5 4 1) fioh £
Ui 400 mL/min, K 2.0 L WRAE BN AR (535 F
FECTIEA, SRJG 26— DU BEAS 55 4K 43 T 2 4 Uik

AW IR 12 1 D7 I A GC IR filf R n]
il O A ) 2R BN 260°C, GC TR
JFRERBAER S Y S GC-MS fR#F—5, H 6C R
i N SRR RUE L 3 /NN LS N (e |
A7, I AF Auatospike ( Version 3.6, Syntech)
BARTETH ARSI, WE, MERUR A AT 5 ~8 1K
#HE M,
1.4 HENE

KM Y BUMLE A AT AT N I, St
eI ZS X IR ( W be) TEDAR |, &
IHCE 30 min J5, BT —AEIERERN, 5 Y
RUE PR A, SRS IR, K& K
SUR/ ISy IRV E 2 A RPN R R R - 8
AP E 300 mL/min, BEERNAEY S min, 3
ik B I ) ) /N BB RS Y iRV EA RN, f
MEEWEL 5 i, B 30 %k, Wils kE,
WA 10 k)R, BHUHR Y A, JFH S
BEIEVE . 100°CHET . DUad i/ NEEAS R
L5 HiELESSH

Fr A BB 3 BT 7E RStudio (R version 4. 05,
https: //cran. r-project. org/) ¥ Li#tfT, AT X
Ry VN A SR VN S RN N R CTINE €/ T 8 i
7 ML B A Wisconsin W ARUELL, SR )5 AR
XIFREY Bray-curtis B 25 #57 — N UEA T 0 ~ 1 1
PEEGH R, IR AR & Z 445 E (Vegan 2.5-7,
https; //cran. r-project. org/web/packages/vegan/
index. html) THEAERFRI RS, REHZ®H
g N HE %) B ¥ ( multi-response
procedure, MRPP) 73 #7 BUXF AR A 0] () AH DI,
HA I A B E ) 10 000, T GC-EAD %,
Sl H T AF] Origin 1, F#XF EAG Al FID {5 %5 i
TR FNE DR BT U8, 250 10 = B DA /N
MR AL T, X T AT R, R
Welch B AL A ¢ & %, Jf /H GraphPad Prism
(Version 8.0.2) 172K,

permutation

2 HERESH

2.1 ¥EZFERFHFIRIEELZ WA

IRz H A B RRA IR P A 18 R b B,
PrAmmS e R (R 1) o Hd, B Y)
PR S A 2 SR A, W S R
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99.98% , FiHL 1% ML EWH «- kM. B-IR
M. D-FPBEs . A B-H R, ol a- B &
Wi, RS R T 80% ; M HNA A
i —Fh, BACE AR —IK, &N 0.2% , WME
FERHE T MG | A5G R ARHG 25 = 2k
YIRS RUORE S E R, a-TRE, 3-E
755 R SRS H0 075 2 B S ) BBy, S i
21.38% . 21.42% M1 2.78% ; f5Fiki4 3 #, {H
TEEM, UAME (0.13%) FMIN-g ik e
(0.22% ) AFE; BUERE wE, [HACH —FP L

R I IATS . S BB T 50% . 2k K2 WG RS FA T FIRA R 14 A P

FRRE 2 Y br R HE

2 YR B HE s W= G 2 A P B AR i #5 Fig.2 Non-metric multidimensional scale (NMDS) ordination
W22 18] 440 B (Kl2), 22 50 o HE ) S s of volatile compositions from the needle and fresh resin of Pinus
A E (A=0.788, P=0.009) yunnanensis primarily infected by Tomicus yunnanensis

x1 VRLEZHERBRHMRBELYNEARSSE
Table 1 Relative amounts of volatile composition from the needle and fresh resin of Pinus yunnanensis

primarily infected by Tomicus yunnanensis

FA%L Needles (% ) FANE Resins (% )
e (asy /N
ek KU gyl ME KB M BME k(s
eal Compounds

Mean + SE Minimum Maximum  Mean + SE Minimum Maximum

7535 Monoterpene

1 =R Tricyclene 922 0.22£0.07  0.09 0.49  0.05x0.00  0.05 0. 06
2 oA a-Thujene 928  0.00=0.00 0.00 0.00  0.07+0.00  0.06 0.08
3 o-JE# o-Pinene 931 80.82+1.17 78.37 85.06 21.38x0.56 19.94 22.62
4 4% Camphene 943 2.86+1.22  1.50 7.75  0.24%0.01  0.22 0.26
5 B-JRJ B-Pinene " 970  8.78£2.30  3.04 13.13  0.57+0.03  0.50 0. 62
6 B-HH: B-Myrcene 979  1.42x0.41  0.72 2.95  0.89x0.01  0.86 0.91
7 a-7KFEM a-Phellandrene 997  0.28+0.26  0.00 1.34  0.05+0.00  0.04 0.05
8 3-E5 4 3-Carene 1005 0.02+0.00  0.00 0.02  21.42+0.36  20.38 21.94
9 D-#7##4% D-Limonene 1018 4.77£0.80  2.34 6.83  0.43x0.11  0.12 0. 60
10 B-% #)f B-Ocimene 1041 0.07+0.00  0.06 0.08  0.00+0.00  0.00 0. 00
11 Y- i y-Terpinene * 1047 0.05+0.04  0.00 0.21  0.24+0.00  0.23 0.25
12 SEAM A Terpinolene 1078 0.30=+0.22 0.00 1.16  2.78 £0.02 2.72 2.83
13 AMETREEZE P EE 4-Allylanisole™ 1171 0.41+0.24  0.01 1.33  0.3820.05  0.24 0. 44
f& 25 2 Sesquiterpene
14 K4 Longifolene 1417 0.00+0.00  0.00 0.00  0.02+0.00  0.01 0.02
15 A4 Caryophyllene 1424 0.20+0.00  0.00 0.02  0.22£0.01 0.18 0.23
16 -8 5 JE M cis-B-Farnesene 1449 0.00+0.00  0.00 0.00  0.13 £0.0l 0.10 0. 14
17 YE MM Humulene 1456 0.00+0.00  0.00 0.0  0.00+0.00  0.00 0. 00
M #E 2 Diterpene
18 KIHARR Palustric acid 2293 0.00+0.00  0.00 0.00 51.13+0.90 49.17 53.47

" TR e IR/ N TEPERI I 53 . Note: ™ meaned biologically-active compounds to T. yunnanensis.
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2.2 =mEYItH/NERRL R B AR

T XTI Y = RN EF TR IR ¥ & W1 GC-
EAD W 7€ & L. = m VIR /N d A He 6 o v
o-JRM . B-UR M FI v~ A R R RN (A
3-A), TXFAARE Y o-JR M . B-TRM . 3B A AN
4N P A AR N (B 3-B) , 2,
LS MR e, (0.45 ng/pl) 54T GC-EAD %
TR R . 25 YIRS /INGE X 405 73 3 2% ok £ K )
RONHREE (-0.122 £ —0.018 mV), HIKH -

M5 —0.068 + —0.004 mV) , y-iifM ( -0.05 =
-0.008 mV) Fl B-JE4 ( —0.041 + —0.006 mV),
B/ N 3-89 (-0.014 £ —0.001 mV)
2.3 =EYIM/NEIEESEAIT EENE
I XTHNE G = AN E Ly 5 Fhib G 9
AIAT R BRI L B . «-URME | 3B A -l i
Jixt = m UIAE /N e A B B kB EAT 5
VEIIRE, T 4-0 9 5528 YRR B-9R M DU 32k i 3 £
Gk, AIKEER (K4),

K3 =BRSSO RIS RIREE (A) MRRIEHERY) (B) BAfil A A i S

Fig. 3 GC-EAD recordings of antenna of Tomicus yunnannesis responding to headspace needle odors (A)

and freshly tapped resin (B) from primarily infected host Pinus yunnanensis, respectively
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B4 g UIRS/INGE O T 1R OOk B9 e S

Fig. 4 Choice rate of Tomicus yunnanensis exposed to five biologically-active compounds in a GC-EAD

3 #iRSi

= VIR /N X WA= G == B A R ) v )
o-URMR L B-URMR L 3R L y-ill R 406 YRR
FHTBkA fi 71 F AL AT 2R B0, fHL S I 5 B i o)
PEA FTARIR], b, il A RN T A Y - TR
y-ills fi M DA B dne /N ) 3-BE M R B E Fa RIS
VYRR, T fish A H A R B iR 1) 40 TR 3k R H ik
AR B-UR M Wk Tkl M, A UKEEDIRE, 5
JERIWIRZ G 25 B P BT RIS T8 & W 28 R S H 2
B oA (E2), TR 2 R RT R R B =
RV /NG M AR B s I SR B E R,
e 2= A VDA /DN %o 2 S5 4 e 0 W A T 2R S
3.1 ZEREEZYRIERR

HHEMEME AL, =/ eeis Bk
FEMELEY R, JoHERRSSE, HE Y
KA HSE FAERFARN (Hengxiao et al.
1999; BAWESF, 2002; BREE S, 2002; BEREE,
2008 ; #ESE, 2009; [HF5esE, 2011) , filan, T
WP (1987) FIKZESR 28R AEE T Er 145
KAy, AR E 26 FE G, o-TRKE (30% ~
90% ) M B-IEM (1% ~43% ) JE=EESr, HM
HETAES TS RS 70% , A7 5 A0 H
PRSI oAR IR . B4 5 WA . BV BUIA AL
HIRTEE R LB, B#ESE (2009) [RIAE HIK
IREGRI:, RO R T 53 Fiib &4, %
B 50 LSy, AR R (a-TRM . B-IR
M, B-HEM . ik, Fixi, R, &

WHT.T7% ) R REY (ol B, PR
Bifds . o-BE WA, B-Hi M. RIREHE D
16 Fh, EE27.23% ), T HIEAEESEYEL A
(0.26% ) . BERYIT 2 Ff (3.98% ) . kileW i
3F (1.79%) . AHLIRIS 6 F (25.66% ) . BRI
Pl 3 F (3.34%), LI XS AEY 2 F
(20.24% ) , BRAESE (2002) D) FH A b ik 45 BT
FERTT = m AA RN ST RIS RS I FE R AL B, R I
HYA 13 By, VR oM, B-TRM . B-H A
M, BE . 3-8 BIRESE 6 ML &Y S Bk
AR, o-PR M IR ELA S & i, FEANEE RN
P& 9. 14% F1 47. 13% . S (2002)
TN FH E © b 2 B T 90) B2 S8 A 4 W, BAN 25 5
10 FPELAr, A6 Bl A E T HE R Y,
M o-TRI B A i 38 90. 43% , IME— b &
Y, FHREAE (2007) G307 1A 2= FE A i E]
PARR I 75 & 1 4y, & B RREE DS (31.9% ~
57.3% ) FFERE (41.8% ~68.0% ) T,
BT S RE RS SNV 2 T A e 5 ) 35 1 I
JEHIE o-JR I B-IR M, X5 T W ELSE (1987)
MZE R —3; kSR IRE, &8
0.3% ~4.9% , LIKMASER ., 22 e 1 B R A1 L
e E, HE5FIRMAEBEEELCRAKR, TEAL
gL R B A BT RO BE 7 2 ) AU AT T O
KWy, JUHE s K Y i, & ik 2
99.98% , TIAMNE H ot AE e B O i k
W, REANETA S TR, AR, 5%
HIHEREMURAERSY T (BOEESE, 2002;
HESE | 2009) , 5 R 5] V4 70 2K TG ik 400 ok 10 3 2%
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PELL RO 78 T A Dy A0 R AR ORI P4 o
AR T2 S8, Wil T A
SRABE T TR 4 W, A T i 2 e )
/NG A e R B BRI A 5 R v B A Y
FERYIY, XWAERZ RYAY)- B B - R B 8
SHOEFRE D) Z BAE (Agelopoulos and
Pickett, 1998 ; Faccoli et al. , 2008 ; Munro et al. ,
2020) o J3—J7 W, AN A W B R 0 2R )
BT, AMULE/NEE R FEAM MG RFS, THE
ST A B B A B, B HRAE 3 B S A
YR A B BB RS ( Gershenzon and Dudareva,
2007 ; Romén et al. , 2017), H —LLifF 57 2 Uk 3%
o-URME . B-UR I AT I BB, BOA T
FIRANE (Lieutier e al. , 2015; Romén et al. ,
2017), XGRS RS E—8 (F£1), [
I, RS BT oA A W] A e P S A R 2
S (THYLA, 1987 ; Hengxiao et al. , 1999; FF
Be 245, 2007 ; Romoén et al. , 2017), HEHIJEFE—
SEIX SN, T s AL SR BRI BRI
Frgdas, T LA A R AE 2 R VDR /& 2
EMmm LRI R ZE, R —
MBS BIIE
3.2 ZEYIH/NEFRANEERS S ESIEE
Bk HRT, UK G E Y BT o- IR M B-UR
i B-7KITH RN 3-8 0 % =~ DDA /N e B I
ik, X5 K/INEE Dendroctonus spp. . Vi/Nak Ips
spp. . HiHIGEVIAS/INEE T, destruens LA N H8 3t U1 R
/W& T. minor S5 A Y ¥ F 00 AR IR (220 5
4, 1993; BB A, 2002; F 454, 20115
Hofstetter et al. , 2012 ; Lieutier et al. , 2015), H=
T DA /NG 45 6 W) i 53 1) i ) DR AR T 457)
n, ZEEEAE (1993) SR /INE & A0k K B
o-JRHE N 3-8 M B IE B 1) M, ) R8T ik F
95% , {HARETC I EM R = m VIR ek, BREE
4 (2002) WA HE—1 o-JRM . B-IRM . BIK
TR 3-8 M 0 % = B RS Nk A B, [HA%
M820.6:4.7:6.6: 1 KYHCHC XS 2= Fg VIR /N &k A
60. 5% K515 A, FEl G5 (2011) K BT A
W = F VRS /& R A R W) R B — € 19 1E
LN PO i R a7/ B I KBS S T A )
W KW UL a8 I (29.20%) H1 BIK /7
(30.52%) N E, WT L IR (81.01%) FI
3-EE (6.66% ) Frimdkm, VLA = UIAE /D
ad M AT R BRI 5 15 2 ) A IR e B AR A A G

TEARTSCHY, 22w DDA /N & X B RIS S 44 % W ik
SRR E B, SCR UG, R E B A
AR R Wi =5 18] 404k, TR 36 2 VDA /)N 0
g FE RO B B A S R X v v D) A
INEEXT P ER Y — IR AT AR P pinea HYFA K
T 1B —3 (Faccoli et al. , 2008) ., 5
HBVIN /et —FE, 2= P UIAH /N & 70 i A I 4D 72
HIR, SEMUONIRA AT, Rk, WA R
o0, SERETE H W, 458 WG = m AN B
FIRANEHE & W 1857 S 25 18] G0 A, = VIR /DN
R ) P 22 S TT RE 5 15 B A 27 ) B 11 2 () 5 Jo
HEAX, XA TIHREENETE, £7HA
FAEIEE S E (Lieutier et al. , 2015), Kk,
T8 G m IR S A ALRRE, T
JEFCH B S AR, RS TR DB R A Ak
S YR BAEE B, A ] RE i bR ] JC vk 5 4
BN VIS /N RT3 B 25 B DA /) a b i
(AL R R ] R i
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