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Abstract: The invasive species Dendroctonus valens LeConte has gradually spread northward in China to

Inner Mongolia and Liaoning Province recently. At the same time it was found that D. wvalens preferred to
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damage Pinus sylvestris var. mongolica than P. tabulaformis. This paper mainly explored the volatile
organic compounds ( VOCs) of seven conifer tree trunks and the behavioral choices of D. walens in Inner
Mongolia for their main terpenes volatiles. The volatile organic compounds in seven conifer tree trunks
including P. tabuliformis P. sylvestris var. mongolica P. massoniana P. bungeana P. armandii P.
koraiensis Larix gmelinii were collected using dynamic headspace air-circulation method. Then the
constituents and relative contents were identified with gas chromatography-mass spectrometry ( GC-MS) .
With reference to the compounds related to the behavior of D. wvalens in previous studies seven compounds
with relatively high contents ( (1R) { +) -a-pinene ( +) 3-carene (- 43-pinene myrcene terpineol
(S) { 9 Himonene camphene) were selected. Self-made behavioral olfactometer was used for behavioral
responses tests. GC-MS results showed that the seven conifer tree trunk release compounds include a total
of 54 compounds that belong to olefins alcohols ketones aldehydes esters acids alkanes and
aromatics. Among those eight compound groups the group of olefins was the highest. The principal
component analysis and cluster analysis results showed that the similarity of volatiles between the previous
preferred host P. tabuliformis and the new preferred host P. sylvestris var. mongolica was the highest and
( +) B-pinene was their unique volatile substance the content of camphene was higher than other tree
species. The volatile organic compounds of the four host species ( P. tabuliformis P. sylvestris P.
bungeana P. armandii) of D. valens were similar. They all contained a high proportion of a—pinene -
pinene limonene terpinolene. We selected the above six compounds and myrcene ( terpenes compounds
common in P. armandi and P. bungeana) for behavior tests. Behavioral response results showed that B—
pinene and ( +) 3-pinene had obvious attraction to female adults and low-concentration ( 10™ mg/mL)
limonene had attractive effect on males. Low concentration ( 10™ mg/mL) myrcene was irritating to females
and medium-evel ( 107 mg/mL) camphene was irritating to male and female adults. In summary we
concluded that the host selectivity of D. wvalens was related to the composition and content of the trunk
volatiles. The results of this experiment would help to understand the influences of plant volatiles on the
host perference of D. walens and further developing the attractants and repellent agents of D. wvalens.
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Table 1 Tree species for testing

Species Location

Pinus sylvestris var. mongolica
Pinus tabuliformis

Pinus massoniana

Pinus bungeana

Pinus armandii
Pinus koraiensis

Larix gmelinii

1.3

20 ~75 cm

(406 mm x 444 mm Reynolds
Richmond VA)
Tenax TA (60/80 mesh Supelco Bellefonte DE
USA)
(PVQC) o QC4S
( )

500 mL/min 120 min,
3 o

( TCT-GC/MS PE CP 4020-Trace 2000 /voyager;

Perkin Elmer; Finnigan ThermoQuest San Jose

CA USA) : Elite
-5 ms ( He) 2 mL/min 30 m
0.32 mm 0.25 pm
40°C 2 min 1
6°C /min 180°C 0 min; 2
15°C /min 270C 3 min
34. 33 min; : 1 min
29 ~500 amu. TurboMass Ver 6. 4. 2
NIST2017
1.4
GC-MS
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Fig. 1 Relative contents of eight types of volatiles in different tree species
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Fig.2  Cluster analysis of volatiles from the trunks of 7 tree species



53

= PECOF6C0 PILOFHI0O POLOFO6VT P2 6L0F66°1 - - €-L9-TLISI e ououly-g e Gy-d 81

- - - PZIOFEP'0 PHIOFELO PHI'OFLSO PTTOFHO 0-L8L6 arerkingost [hing i [ [ L1

PTSOFCET - PTIOFSI'0O PSOOFEr0 POIOFH80 P> HL'OFLI'E PPISOF6FT  STEOL ouayduwey) b 91

99 TFIF'6 29 LOTF988 98 8T °9F 9 "I1 ¥ €T °CTF 6891 ® 69'9FTO'€S B ICIFGEOL BTI9FELTT 89508 q duduig-eyde g gyap- © S1

- P6LOFO0L0 PLI'OFOT'0 PO900OFLFO P20 TIFIST PG60OFE0 PIITOF6E0  80LSSLL v ousurg-eydpe k-0 14!

P2 L90OFHET P 8YOFST'I - PESOF8YT POLOFEOT PP9S0FLTT PISOFSO'T T 10-06S oyeuordord Aing By [ ¥k €1

PEOOFLO0 PHTOFELD N - = PG ey TF6I°0 PHIOFICO  TH8III oueuou-N - T 4

O Ly TF88°L PO88°0F99°CT PO I8°0FS8'S PXYSTIFI6E PP990F88°C PEer ' I+F8 'L IPI6TF06'8  TTEIvI orerdoe [fing By [ TE %1k I
o0 S oo o5 co- (1) auowrponeg

- - - PTI0F80°0 PSOOFEE0 POIOFHO'T POy’ 0F€9°0  906-9CICS 5 M 2210 o1
g . g . g . o . QUOURXSY- ¢-TAYIPN-T

- - - P80OF8C0 PSOOFEr0 PITOF980 P8EOFEI'T  9CTI-6LEL N 6

PP IF0F#r'C P6COFSO0 PLEOF680 PHCOFSI'T PECOFHSO PO090F96°0 P>OSOFIF'E  +98-€Cl awereoe [fing By [ #H2 8

PPYEOF LT PO6IOFO0T PLOOFHP 0O PLIOFET PTIOFISO PP9E0FI8°C P2 LEOFHE'E 1-62-99 [puBxoH 2 L

- P LOOFTEO - - PSIOFHL0 PS8OOFEr'€ PS8OOFLSO  TSTHHS ouotedoyoAr) Y=g 9
S o o ouruadAyiow--Axody-¢ ¢ 7

- - - - POLOF6r'0 PLEOF66'T PP90TTF89°C O 1€-TOII A b £ S

ML TFOC'8 POF8OFIFT PTYOTFOL'9 PXSTOFC80 - - = €9¢-1L Toueng-1 # [ T 4
S QUOUTPTIZE-7-KX0100Y -

- = = P S 0F29°0 = - - 0-£5-79S8C T RPN €

- - P10FEL0 - - - P990F S0l 0-88-L01 [orpoueIng-¢* [ #f [ -¢° [ T

PSI0F8T0 - P8I OFO0E0 P6C0F6S0 PI9CT0F060 P66°0FLS'T P LTOF6S0 L-61-%9 proe oneoy 2 I

nuyows 7 SISUAIOY ‘g mpupuLID g DupaSung g uvwossow g swwofyngvy g SLISayLs
,, ) N . e " - Toqumu gy7) spunodwior) Toquiny
BT W1z A My WA E W & VAt WA £ v WG vy

syueyd Juologp woiy sofuR[oa Jo WoI0D) (% ) T I, fuy ]

SIN-D9 Aq sjued JUIIIJJIP WIOTJ PIYIIUIPI SIANEB[OA JO SJUNU0D dANe[dI pue spunodwio) 7 Iqe],

ESNBEYOWHEY HR LS MEH TR L ZFHLYL SO0 %



43

Journal of Environmental Entomology

PPA 60 CF6S9 BOC8FO6LLL ®B8OFETC PTBIVOFVO6lI P26IIFECS 29€8°0F8C'L 98 OL8F CE'LT 8156865 ouoquadi- (+ ) Ypag-(+ ) 33

@:E:mﬁwfcﬁ_ﬁ.-w, T
- PSIIFITT - - - - - 1-78-01S . e 143
WXNFh—vTT

- - - PO €€°0F 651 - - - S-LT686S ouow]- (- )WpELy-(-) €€

P2 10T F S6 PLEOFESO PP6r0FECE POYOF6I0  L-S8ILIS FmoliemE0- L L1564 2T ¢
107T*56°1 - - - 0FES0 P2 6P OFET v 0F 61" -G8-1LI it eipipiais  ©
WEFT VL LSS Y pTT

PO 96 1% Iv°€ - - - - PO CL0F 9T € - 9-.8-66 ouowd)-d 3 h el 1€
POEIIFELT PPELTIFSOS - = P 60°0F1C°0 = P2 98 I+ 1y €-LL-GES oudwiko- 3 th M1l 0
PLZOFIE0 PTIOFEOE - - - - POLOFSI'0 0 19¥SS ouated-7 Wik-7 6T
POLOF6I'T POTOFET0 - - - - = 6-98-66 ouourdior-eyd YrHiGy 8T
PECOFHB'0 9P I0OLFEETL PIIOFET0 - - PL60F99°T POTO0FI9T0  68L-99KE] ouore)-¢ Wi ¢-(+) LT
PECOF6S0  POIOFSTO - - P#0°0%90°0 - P 60°0F81°0 €866 auatpuerpyd-eydyy Sl 9z
PTCOF6ED PCTIOFIE0 PPOI0OFPS0 POFOF88'T P2SE0FTOT P6EOF69'T PII90FLT T L 17601 oeriing Ang B [ @ [ S

90999+ ¢C '8 - - VST LYLI9T ouexoyfywn-4 7 g i (¥ vz
_ T _ _ _ _
M T T =P CT

- POq LLTF 80°L 9 6L V1T T6 by ¥ Ly TF 101 PO LT TF 6179 - - e-Se-€Tl ouook Iy WH I €¢
P 62°0F 696 po ¢ 6'¢ I8 8 981 I® 16 02140 RIS 11727 omospoq
207 6961 - - - LTFV6 bTF P9 ST ¢ 16°TF LTI O0-TI-HOTLTT I 4
W= -Frhd-11°11°C°C
@:DN@JOﬁU%OI#Nm

“Ip-g * - (Auonuad-¢-[apo - ) -y

- - P2 S6°1+8€C - - - - G-€T-88I¢CL WO 1T
W (FWAeTFhy) v
PqLETFOPO PYGETF88'C P2 16°0F9L°C ®BIV'0OF6F'8 PO900F800 PO6COFLST P2VCI+¢ET’E € 16°LC1 q owuid-g  q Hy3e-d 0c
PPyL0*C9°T P8IOFCCO0O PLOOFOIO - P2 €LCF LO°0 - - G-Iy L8EE QuaUI(eS Y 6l
nuyows SISUANDL0Y ] npuLULID g puvadung g uvosspuwr g - smLofimgny g sugsaapls g
_ . pqunu gy spunodwor) Iaquny
ATk W17 YAy YA F E WH T A \ES] 4 Sv) W £4f

54

mEEQ JUSISJJIP WIOLf SO[EB[OA JO EECOUA % m /I\ Q&WN %%FSW_VN

T °1qe) ponunuo)) g 3G



- "UOTIRINSTJU0D O1Iads 9] 0] PIUIWLIINAP UIA 10U dARY $][NSAI Yoreas ay) ur Ieadde suourdiay pue susurd-¢g ousurd-0 omy ‘soqn
1 -e[oa a1 ur paatep uvaq jou peyy punodwiod oy ety soredtpur (= ) ysep Sy AON ° i k) [ 2 B Uy by 3R-9 by 30-0 oy bl G R R SE T W A AN -, TR
PSO0OF0LO - - - PcrO0FLI'T PSO0OFCIO - S-767629 auedaprUOU-N L[| T 149
2538?0.%3 vm;ﬁb:m_
0FIv°1 0+ ’ - - - - - -LE-8C1 .
PCe 0+ 1 P 8C0F9¢°0 0-L€-8C N TIC AR €S
PPELTFLS Y PO9O0FEL0 - P9O0O+F8T0 PLOOF6VF'L PLOOFT60 PIIOFSYY - 65-679 aueddpRIR], M il |- T s
P200*F¥I°0 PLI'OFOLO PLOOF800 PO O0FIS0O P900F9I'0 P90 0F60°0 - 0-69-811 ouaffydodreoost- (- )Ll [ - (-) 5Y
P289°0%F9S°T P>2SC'I+0lY PTOO0F6I0 - PEI0FS9°0 PO9CO0F6L0 PCOOFITO L-0CSLY ouaoyisuoT Gy 1y} 0s
PCr0+F9L°0 P +#0°0+ S0 0 - - PSCOFILO P8O0F0CO0 PY¥0'0F6C 0 €9LVYS aueddpEXeH LN/ |- 61
- P98°0+F69°1 - - - - - C-8-686S suourdiduoy-e I |3} -0 174
PO9E0F¥9'0 P OL'0F8E0 - - - - - 6-66-86 [oourdioy-eydye £ HiH-eydre 1y
- - - P 80°0+F79°0 - - - $-26-0970¢ ououdutdoN-¢ [ - ¢ 9
PTIOFSI0 PEEOFPLO PIOOFLIO  GTHLLSS oo Ty
- - - F - ¥ F -
w12y
PZr0FL9°0 P90*8°0 POILOFTI'0O PLOOFI9I0 P90O0F8'0 P6L0O0F0E0 PSIO0FISO 1-6S-8L ouorovdos [l sf7 e} L& 1474
PZr0+L.9°0 - PCI'0OF6C0 PLCOFEO'T PYOOF9r'0 P>¥9°0FS6°C P>8F 0F LC'I 9-61-¥C1 [eueuoN-T Fi-T (a4
Jouryiow ( [A-Z-URXO[AYIOWIP-G“ 7 )
w0FO0OL0 PQOLTFTN T - - P LOOFOI0 LT'OFLT0O PIECOFOFO S-91-v00vS ¢ w
P P P 8 B HO 7 th - B I
- P29y 0+ CI°1 - - - - - 10211 QUBOIPUOH-U Fof— | 874
PP19°IF68°C P>¥8°0F60°€C PLOOF¥I'0O PCI0F9C0 P¥OOFSOO POTOFO980 PECOFSVO 6779986 ouofourda ], dy AL Y (014
P8I 0F9¢€°0 PO9L0F LE'T P600FIC0 PITOFCI0O PLOOFOIL'O PTCIOFo6C’I PSCOF LY O 6LI-SOI006 ( ououtdio)-vwwes) By 6¢
P2 €9 1*F08°¢ PECOFCC'I - PLOOFSIO - PE€O0OFOr0 PSIOFECO 7 68-66 ® ouourdiol-pwiwes) B Gyl 8¢
- Quarp-z (L) 1-eqiuew-d
P29°0+9C’l P€e0FCLO - GBI OFVI T P6EOFLSO - POFCe’l C0I-SSS . LE
.. YR I -9 F ¢
- (TAwerdmow-1) -[-14
-19W-{, € 9Ud-7-XaY ﬁ 0°1°¢ Q o[oLorg
0L '0F LSO - - - 0S'0F 6 0 - - [-68-7£98C 9¢
. 2 Yoalore]
Jexe- (F2H di1) -IF by
nuygows 7 SISUANDI0Y ] nPUDULID ] punadung g UDIOSSDUL "] snuofimgnl g s11saajAs g
NALE: W17 NAlES ) W N WAm  PInUSYD spunoduon oquIN
F=s A4 =] £ L
mEEQ JUQIQJJIP WOIf SI[LB[OA JO EECOUA % MJ[\ &&WN%%F?EVN = SV Q%M\\&&QM% = L
_ T 9[qe1 penunuoy)) g I



56 Journal of Environmental Entomology 43
3_
M L. gme
2_
=
s I
~ €5089-54-8
) o 97913
4 5989275 o ®555-102 118:65-0 /598982
® @ 554
18172673 14353 13466-78-9
O—Group:B1 7 : 5ruupBZ ® S 415207 u
7785-70-8 .. 179 @
. P.S*m(mdn 900105-17-9 586-62-9 P kordgiensis
P.sylves ngeana 3387;;1»5.99_83_2
80-56- ﬁ?}%s_ 99-86-5 99-85-4
P tabulifo o34891 I I |
1 0 1 2 3
PC1 (33.7%)
37
Fig. 3 PCA score plot of volatiles from the trunks of 7 tree specie
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Table 3 Total distance ( cm) moved in 30 mins by Dendroctonus valensexposed to different concentrations
((10™* 107* 1) mg/mL) of volatile compounds
Female Male
Compounds 10 *mg/mL 107 mg/mL 1 mg/mL 10™* mg/mL 107 mg/mL 1 mg/mL
(IR) A +) -
(“O{L)__( ) 77.68 £6.50 be  74.19 £4.41 be  46.56 £7.26 ¢ 53.92+7.17 be¢ 51.40 £5.41 bc 61.49 £11.23 be
+ —
a-pinene
(+)3-
66.75 +7.85 bc 74.57 £10.65 bc  40.81 £6.49 ¢ 87.91 £10.49 bec 73.72+9.21 be 45.49 £5.50 ¢

( +) 3-carene

myrcene

terpineol

()49 -
(9)49-

limonene

camphene

(3-4-
(9 43-pinene

235.11 £37.54 a

67.52 £8.02 be

83.91 +11.30 be

54.61 +4.21 be

60. 06 £9.95 be

47.57 £3.63 be

62. 66 +14. 24 be

64. 81 +8.44 be

103.71 £12. 17 ab

58.47 £6.70 be

27.39+£7.42 d

47.73 £8.17 ¢

69.33 +8.72 be

33.99 +3.83 cd

63.87 +7.15 be

73.51 +£12.16 be

83.74 +12.28 be

73.93 +11.03 be

26.90 £7.30 d

65.79 +10. 77 be

50.43 £8.37 ¢

54.20 £8.94 be

67.03 £13. 68 be

105.58 £14.91 ab 84.09 +£14.97 be

91.61 £11.04 b 70.15 +13. 10 be

125.59 £16.43 ab 65.26 +6. 65 be

74.97 £8.74 be

were expressed as mean + standard deviation and those followed by different letters differ significantly ( P <0. 05

comparisons) .

+

(P<0.05 Duncans

) o Note: Data in the table

Duncans multiple
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2.2.2
30 min
4 . 10 > mg/mL  ( +) 3-
(t=5.264 P <0.001) | mg/mL (t=
3.796 P <0.005) 1 mg/mL ()-B8- (t=
3.347 P <0.005)
10" mg/mL  (S) A3 -
(t=3.853 P«
0.005) - (3 8- (S) A9 - A
(+)3- Al
A2
3
7 o p-
(+)3- (9 -
( Hobson et al. 1993) .
A
a b B
. A 5
a-  (22.73% =

6.12% 26.55% + 1.31% - 53.62% = 6.69% .
16.89% +2.23% . 11.36% =6.18%)

N N .

Al A2 Al
(+) 3- A2

Al (2.49% +0.5%
3.17% +0.74%) A2 (0.84% +0.1%
0.43% +0.05% + 0.15% +0.12%)

N

Hobson B-
( Hobsonet al.  1993)  Sun
3—
( Sun et al.
2004) . B- N A
(+) 3- Al
I mg/mL (9 B-

(849 -
10° mg/mL ( +)3- (t=5.264
P <0.001) 1 mg/mL (9 - (t=3.347
P <0.005)
10" mg/mL (S) A9 -
(t=3.853 P <0.005)
( 2006)
(849 -
( Sun et al
2004; 2007)
10 ™% mg/mL
10 > mg/mL
1 mg/mL (t=
3.796 P <0.005)
A
Al (2.49% +0.5% « 3.17% +0.74%)
A2 (0.84% +0.1% - 0.43% =
0.05%+ 0.15% +0.12%) ; A2
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a N
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