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Abstract: After one branch needles of potted plant Pinus massioniana was fed by Dendrolimus Punctatus , the composition
and relative contents of volatile organic compounds ( VOCs) from the adjacent upper branch needles of insect-damaged
branch at different times was analyzed by TCT-GC/MS. The results showed that terpenes were the dominant, while the
others such as oxygenated and nitrogenous compounds were less abundant VOCs. Most of VOCs in treated plants had higher
contents than those in the control after 1 h treatment and remained much high levels at 2 h. The content of methyl jasmonic
acids (MeJA) in adjacent needles of infected Pinus massioniana was increased after 1h treatment and nearly doubled that of
control plants at 2h. The data indicates that the defensive system of Pinus massioniana was initiated and leading to the

resistance reaction of the neighborhood undamaged branches by inset-pest.
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MR SRS YT DU B R FSE WG ENTR R, t ] LA AR Y 7™ A B
U, BARBIRY YA E RIS HR R A EN B MERE R R BRIE R ALY, X R
WY EEERETE HNESEHR RBES"Y . MFRHBRISRWR I N T2 FH Y P HEE RN
BHEFESWRZ—

O E# B W ( Dendrolimus punctatus Walker ) J2 3 E 5§ 7 & AR Fb 5 BB 44 ( Pinus massoniana Lamb) )4 &
Fih, B AREREZRARE, AXRDERRAEIIENMRBREFIZERD TZEHTREYRN L, DE
PAHUAA B LT ST 41 W e R WA T AL L1 ARSI P B-TRIR B — O bR 1 1 AE D b, A B B
HEEAE R, FHTERAATEBGEET BN T DERE T R ERE YRS B8, £H
I BB A 32 5 5 ) LR B — R EROE | R B R T RIS AR RS S BINE A R AR F D B
FER YR AT TR, SRR R FH AR S YEHE Ih A/, BAXZEDRMRRESE
FHERRT {53k B WA, BET T | B AR T2 B SN R ARGE . AR T 5 BB AA B F B A 4R
R FRAIE & Y B W IRSRFTRR B AR AL, B TR 3 T BB AR 175 T 8O 7 AT Ak P B 1% 228t B e 2 14 318 B B )
%, WPRIIRAREGE SV ZF D B BB M5 R YRR , S 3E— 2 1 B A 40 1 7 0 3 g £
BEHELRAKIE
1 #RFAE
1.1 YRS iR

AR 8 MERHAR D EBMENREN . D EASE R AR i bRl KE R R T I 3R,
1.2 EYERY RHD BRI EIRE

BEREAR A [F] K — 3 6 AR D B EIRIC. HP 3 MRAMEA—EENDERERS BB T
54 BB L CHBAZE Y, BAERE T aERELD) A% d BERREZE(SHARX25% ~40%) ,
FHR G B3 BRIARHE S R IR . A BIREZERE 1.2.4.8.24.48.72 RZEL R E—%E P
5 5 RBSHEARIERY), B R PEEER Y. BT E NSRS ELE, BN Reynolds ik 4B R
Wiz b, eE AN RAERE, AL E HR A GDX101 (60 ~80 H) Al MER. ABFER
B R SBEER 2 5E 3 H WM 7] TenaxTA (200 mg,60 ~80 B ) B AL (L =16 cm, ¢i =312 mm),
KAEEHE] A 1Smin, {3y 100 ml/ min, BEEFRAEMRERA TR, UEENNE, EE3 K.

AER PR EERDRAZEG , R LR R SUREPRAT . REE S BEVL, R G SRR
AP, AFET -30CHKAEPRAE, HT NIREHR S EHIE.

1.3 HERYHNE

R H TCT-GC-MS AT %€ :
1.3.1 TCT-GC/MS #=5

CP-4010 PTL/TCT( CHROMPACK /A#]) TRACE TM GC 2000( CE INSTRUMENT /2y %] ) VOYAGER MASS
( FINNIGAN ~%]) .

1.3.2 (G TSRS

TCT B FEF L&A System Pressure 20Kpa, Rod temperature 250°C ( 10min) , Trap inject 260C ,

GC W TAHESA:: 2354 DB-5 Low Bleed/MS 4 (60m x 0. 32mm x 0. Sum ) , 53 W BB #ERE , He 8K,
FEFFE 40°C (3min ) —6°C/min —270°C (5min) , Post run 280°C (5min)

MS i) T/E4 14 : Ionization Mode EL; E-energy 70ev; Mass range 29 ~ 350 amu; I/F 250°C, Src 200°C,
Emission Current 150uA , 2454 , BUCH 1 BT AN E] 0. 4, FIEH IR m/z19 ~435,

1.3.3 #HRMHYRINEE
K Xcalibur 1.2 A4, NIST 98 3% & B (15 R B BRI HE17 D B IE R YR 4 € . BT
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RIA— LU LERYHEXT SR ER,
1.4 PIESRFTRA LRI &

FRER 0. 5g ZE4 I Th BBARET M, R FABRAEE %0 Jr ik o2 BRE M O RTHIAL S T/, B CHEE 3 K,
1.5 ZRFARKE HEAE RS

R GC/MS(E S [F] |) #47 I E . SAHAIEH:: DB-5-MS A% E4EH: (30m x 0. 32mm x 0. 25pum,
J&W Scientific, Agilent Technologies, USA) ,

GCC BB #I5EE 50C, L 20°C/min B E R FZFE 180C , {£% 4min, LR J5 LA 10C/min FF
220°C ,fR#F 15Smin, B RAR, WHE 0.8ml/min, GC BEHE OIRE 280°C, W FERER, oo Mt , JEH
R 1pl,

MS.BEFHHIE(70ev) , OB EF:250C, B F IR 200°C, Emission Current 150uA , Det 500v, 449
L, BHEEE 0. 45/, HHTEE m/229-450,

FIZRA BN SR AR ST GC/MS £ # 7347, SR Xcaliburl. 2 fiRA 34 NISTO8 1% [&] 25 1,
T E R AT R AR R B8 ] o

FABRIE R PR GC-MS-SIM 5/, Me-JA HEEFRIRHER F (m/z) 24 151,224 ; Py4r DHJA fy 4%
FHEE F (m/z) 2y 153,226,

2 BRE5Hm
2.1 ZELDEWSEIERYEIHEEL

HUE G PR M B B R R A RS R E D BN R, SRR R RY AR LE
Y EENEBY SRAEYE. SERXEMNL, WHEEUEYHBARBEFRHER(EK 1), (1)o-#
TEME KNS \BKFTH p-TEAT-1,4(8) -4 B DUMIME . KB I D SFMEIm RAL S R I T8 23 BE \7K
b OB R KT B O ERMEAEES S ALEY 1h F2mE T XHE, 2h 3§ 478 R KF, 1A
A Sem ] S B AR S B R FTREAR B 72h S BERIE (B o JRIGTE 2h MXT& BIEK, =300 4h MXT S 8
FE,2h AR T X (2) B4 (10) - T M6 B-TRMG 7K M 2,6- — 251,35, 7- P04% \ B-A 1T o
AYTER XS B7E 2h FHE, 280 72h BRI

— LR BRSIARAL IR 2 Fin, SR, XEERXYHE 1h FBFF,2h REFA 4 ~
48h Z A S BT X, 72h BRI R . XERH THEHYHTHEYRMEERAREY, B, XEFRD
FERSSBIY FL N I JE Fr 6 TOHE, T2 R | TR) B A R N B, R T R N AR R — R A B A
L A

FiRR 1,322 WERBR, B o- TR, M4 (10) - T4  B-TRME  BUE I T 800% L B-7K s . p- T4 -
L. 4(8) -IRFZHCAMS AT & & 2h XTI 1 5L B vk SER B-AVTHEM o-A Prde A & & 2h 12
BB, F DS R E A D BAEX & & 2h TR, 72h X BIEME, Bhst, BRtb S Yin e £/ 3%
BEMHEN S BRE2h BEAREL),

BREEREY, MO MR MR EFE , BB R B IR YRk 52 F4 MR, B2 8RR YT
2h PR, i DB B R Y Lh A", R 4RR s M E R W B L T2 F4 . XEH
RO ERZES N E AT ER YR, AR X G SR AEY ARG EH - E RN, T4k, —ik
S FEEESRKGS —HBCVEY TR G S , R KA RER RA FRAYGE SR, #lin,
B TRAMRREA P Pin RERBHEE FIEAREE T, XA T7EY KA 347 E3h¥iE, &
KEFHEGEENRRR W shismaggs",

2.2 RELENPEAFRARTERS BN

SXIRAE L, B E T AR M 1h SRATR P BE& Bl A T AR ,2h BREF R TXHR, BX KL 1 £5,

RE 4 ~T2h h&B R A& B S5 RA AR, B EZAMEREZVZFABE (B 2) . BAKFARKNF
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®1 DEARESHESXLSWHEL

Table1 Changes in terpene compounds from damaged P. massoniana adjacent needles

wEw g5} FiffA] Time(h)
compounds  treatment 1 2 4 8 24 48 72
1 CK 0.11£0.003 0.22+0.009 0.11 £0.004 0.07 £0.0032 0.11+0.006  0.09 +0.04 0.07 £0.02
FA 0.09£0.006 0.09 £0.02 0.12+0.03  0.14£0.08 0.10+£0.001  0.18+£0.07 0.11 £0.006
2 CK 44.21 +2.44 90.04 +7.14 62.50 £10.22 55.74 £6.91  49.61 +3.63  52.22 +3.85 54.94 +3.39

FA 68.38 +4.12 70.50 £2.66 40.82 +1.69 26.35+3.29 64.65+13.87 30.79+10.97 62.47+7.36

3 CK 0.74 £0.24 0.33+£0.12 0.99 +£0.19 1.24 £0.09 0.99 +£0.17 0.85+0.42 0.52+0.17
FA 0.59 £0.12 1.00 £0.25 0.72+0.10 0.75+0.19 0.62+0.12 0.84 +£0.19 0.82 +0.08
4 CK 0.07 £0.006 0.02 +0.003 0.02+0.005 0.05+0.02 0.05+0.03 0.04 £0.001 0.14 £0.09
FA 0.02 £0.01 0.05+0.03 0.03+£0.02 0.02+0.01 0.04 £0.01 0.06 £0.02 0.08 £0.01
5 CK 14.78 £5.14 5.64 £2.91 12.76 £0.96 24.41 +1.36 22.21+7.87 20.69+5.54 32.99 +4.91
FA 6.74 £1.67 7.82+1.55 6.85+2.33 3.89x0.67 9.47 +0.83 6.54 £2.13 5.51+0.59
6 CK 0.38 £0.53 0.01 +£0.01 0.25+0.43 0.04 £0.01 0.02+0.006 0.04 +0.003 0.03 +0.01
FA 0.21 +£0.09 0.10 +£0.08 0.35+0.18 1.31+£0.71 0.22 +0.03 1.32+1.17 0.07 £0.01
7 CK 0.12 £0.02 0.01+£0.005 0.100.01 0.08 +£0.006 ND ND ND
FAN 0.15 +£0.07 0.19+£0.08 0.09+0.03 0.10+0.08 0.15+0.04 0.09 +£0.07 0.39+0.29
8 CK 0.72 £0.24 0.23 +£0.07 0.70 £0.07 1.32+£0.14 0.69+0.002 0.90+0.35 0.13 +0.08
FAN 1.46 +0.04 1.53 £0.47 1.54 £0.42 1.29 £0.59 2.49+0.77 3.00+1.71 2.16 £+0.92
9 CK 1.61 £0.16 0.72 £0.04 1.25+£0.07 3.85+0.59 1.76 +0.44 3.62+0.31 9.07 £0.11
FAN 2.17 £2.09 2.69 +£0.54 1.73+£1.19  0.97 £0.01 4.71 £0.67 4.11+0.95 3.97+0.52
10 CK 0.02 +£0.001 ND 0.02+0.003 0.02+0.019 0.05x0.04 0.03 +£0.009 0.01 +£0.008
FAN 0.02+0.001 0.02+0.01 0.02+£0.007 0.02+0.01 0.06 +0.05 0.02 +£0.001 0.08 £0.01
11 CK 0.13 +£0.02 0.04 £0.04 0.12+0.02 0.19+0.03 0.31+0.08 0.24 £0.03 0.06 +0.03
FAN 0.19+£0.03 0.16 £0.04 0.11 £0.02  0.16 +0.04 0.20 £0.04 0.22 +£0.07 0.26 £0.07
12 CK 3.11+£0.75 0.74 £0.18 4.63+0.16 6.42 +0.27 7.18 £0.56 6.87+1.17 0.55+0.23
FAN 2.40 £0.31 2.84 £0.62 1.72 £0.26 1.37 £0.47 1.51+0.56 1.50 £0.80 2.37+0.91
13 CK 0.26 £+0.11 0.13 £0.06 0.37+0.04  0.53 +£0.05 1.55+0.38 0.62 +0.43 0.22+0.01
FAN 0.66 +0.40 0.71 £0.07 0.47£0.24  0.45+0.29 0.23+0.13 0.46 £0.33 2.68 +£0.92
14 CK 0.27 £0.07 0.04 £0.007 0.14+0.09 0.32+0.23 0.30+£0.05 0.43 £0.054 0.19+0.02
FAN 0.14 £0.04 0.09£0.006 0.06+0.03 0.06 +0.03 0.12 +0.08 0.06 +0.03 0.11+0.01
15 CK 0.04 £0.006 0.75+£0.39 0.01 £0.003 0.001+0.001 0.07 +0.04 0.02 +£0.001 ND
FAN 0.06 £0.05 0.07 £0.01 0.02 +£0.01 0.03 +£0.02 0.04 £0.03 0.01 +£0.005 0.09 +£0.06

P ETHHE R TIC 3R EE7E E3 LY b P39 ( = inMEE) 3 KERWEE, “ND” #R KM 2; 4L 3 rp CK-{@ER X I, FAN-R F 43 L,
TRALEW 1- S350, 2-0- TR0 ,3-300 4- 4(10) - T4 ,5-B-TRM , 6-0- KT M, T-0-HUIEMR , 8474 , 9-B- KP4, 10-2,6- 1 #6-1,3,5, 7%
PO, 11-p- M FT-1,4 (8) -4, 12-B-A 114, 13-F MM, 14-a- A AT, 15-KFHH D TIC strength of volatile organic compounds in the table were
above E3. Mean were value ( £ sd) from three replications, “ND” no detected. CK-control, FAN-feeding adjacent needles; the same below; 1-tricyclene,
2--pinene ,3-camphene ,4-4 ( 10 ) - Thujene , 5-B-pinene , 6-a-phellandrene , 7-o-Cymene , 8-limonene , 9-B-phellandrene, 10- 2, 6- Dimethyl -1,3,5,7-
Octateraene ,11-p-Metha- 1. 4(8) -diene , 12-B- Caryophyllene, 13-thujopsene , 14-a-Caryophyllene , 15-Germacrene D

®2 DEAREPEEBERZIUAWHTL
Table 2 Changes in aldehyde and other compounds from damaged P. massoniana adjacent needles

wew  am 1] Time( h)
Compounds  Treatment 1 2 4 8 24 48 72

1 CK 0.07£0.02 0.003 +0.001 0.13 +0.06 0.08 +0.01 0.36 £0.05 0.11+0.03 0.02 £0.004
FA 0.22 £0.03 0.37 £0.09 0.17 £0.05 0.19+0.09 0.34+0.26 0.17£0.13 0.27 £0.22

2 CK 0.13+£0.03 0.03 £0.01 0.53+£0.04 0.49+£0.07 1.77£0.44 0.49 +£0.38 0.11+0.07
FA 0.68 +0.10 1.12 £0.31 0.46 £0.23 0.89+0.39 0.53+0.52 0.54+£0.35 1.00 £0.81

3 CK 0.08 £0.02 0.02 £0.01 0.37 £0.08 0.47 £0.31 1.66 £0.26 0.48 £0.12 0.16 £0.05
FA 0.81x0.24 1.49 +£0.68 0.61+0.32 1.3310.81 0.63 +0.35 0.68 £0.39 1.50+1.13

4 CK 0.07 £0.03 0.03 £0.01 0.08 £0.01 0.19+0.01 0.24 +£0.03 0.18 £0.06 0.01 +£0. 007
FA 0.22 +0.03 0.34 £0.30 0.13+0.04 0.05 £0.01 0.16 £0.04 0.08 £0.04 0.15+0.08

5 CK 0.12 £0.03 0.01 £0.01 0.69 +£0.09 1.01 £0.67 2.13+0.09 1.18 £0.41 0.16 £0.01
FA 1.02£0.29 1.22 £0.49 0.74 £0.12 1.04 £0.46 0.86 +£0.11 0.43+0.34 3.11x2.71

6 CK 0.03+0.005 0.13 +0.04 0.02£0.01 0.06 £0.03 0.05 £0.01 0.07 £0.03 0.01 £0.005
FA 0.09 £0.02 0.14 £0.09 0.02+0.006 0.04 +0.01 0.04 £0.03 0.03 £0.02 0.15+0.01

1,782 . FEE,3. BB 4. 0K Z8E,5: R -TH,6. A ERHMEE 1:Octanal,2; Nonanal 3 ; Decanal ,4 ; Borneol acetate, 5 ; Glutaric
acid, dibutyl ester,6 ;cyclohexyl isothiocyanate
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O % H Control @ 4R#; Adjacent needle

40 25 ~
35 L " *%
30 b 20
25 |- st
20  pERWd 0 T B
s L oL
1.0
= 05
= 05 [
% R
. z 0 - - - EUEES ] ] o L DORNRN | . DO
pugs BHENH B R o-F I i TR i
# 8 B-Caryophyllene Thujopsene  B-Caryophyllene Octanal Nonanal Decanal
= - 120
= 0.3 *
2 03 L 100
' *%
02 | * 80
02 6.0 -
0.1 | * 40 L
0.1 2.0 -
0 ! !

4104 BER ok ER o148 T ) 3 B3
4(10)-Thujene Cymene o-Phellandrene p-Metha-1.4(8)-diene Camphene Limonene B-Phellandrene S-Pinene
&4 Compounds

B 1 ZEDEMR2h $ESHERHEL
Fig. 1 The changes in some volatile of adjacent needles at 2h after damaged P. massoniana
B-GE1TH: B-Caryophyllene ; B X #H 4% Thujopsene; - 4T a-Caryophyllene; 3% E¥ Octanal; T Nonanal; 3 B Decanal;4 (10)-T 4 4 (10)-
Thujene ; o-B{fE 4 o-Cymene ; a-7K -4 «-Phellandrene ; p-J87-1,4(8) - ; p-Metha-1. 4(8) -diene ; 3 i Camphene ; ¥ Limonene ; B-/K J&
4 B-Phellandrene ; B-J% 4 B-Pinene

BRI, A DM M ZER RS T RN O XM Control  ® %4 Adjacent needle
B RS, (RAT IR & B R R T R, X R E
NVFZEER B i S B 4 Y5 BB 1E 32 % 5 30 ~ 60min
BEAT EWEAYT, S B ER A AR R 3F
71 ~2h HBER G BRI, N — RFI R RFEZ S
1, AN P 8 E, T3 T 2 &M A BB

MelAS&
- W
s 3
< (=]

MelA contents (ng/g-FW)
(8]
(=}
(=}

)
o
=3

10.0
HSE, I, BTH =t HOE R RN B 4 T 0 NN NN TN T
TN E RS, 3R % TR AR R T e
Bl
3 #Zip5itig B2 RELDEMRPBEEH SR P B EL

Fig. 2  The changes in MeJA from damaged P. massoniana

TEYR I FIRR Bl 7E8 B AR B BSSIR, X AR
BB A RN R Z A YE B HNELELE
e, BAPIEYN: T 100 EYBRE RREE, AREMARGHLLSRERN " LR ER
ARG 7E 48h A HBLRN, T EKHEIG 5 ~6h REM HIER YRR EIE ™ . Bl %™ 5 A TH 15
R M AT, GRFEWARGEM A P ARFIRN & BRI ES 3h s BB EE, 37 oh LI AR
FRX B R BT

SEEE"THRGRILE, TUEHZED BRI HER IR T BEs . KR EI AR
PGS YR ATREETER. A RAGEE, SRR BARESRL.C* RA B ABRLRHKE,
H B R B ek, A R AR SR SRR R, BT R F MK B R E py ik

FERTHEY G ERRBHES ST, RARERFAS R PR —FREEFES . BRI

adjacent needles
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5 T AR DALY LH SR A, A ) 2 R B O SRR e K AR 0 D B SRR LR IR T, B R E E M
P H TR EZRST, S DR E AR E pin 2R, W4 REEH. 5HFRNRRE RS KkE
R, B SRR B R AR R 4 DG pin ZEH, P2 RE DR . RWE AR
FIEHYENR REFEFR—MESEBRBCRK SR, B R R HE S b RSN R GRS 2 1N B9 T
B, BE S RABHE SN A SRR Y R R JA AL SRR A BUE LM I R RN R
Wi, ALK RED RIS HE R YRR & 8380, 3 BAEN E_ER— Bk W T RFIR
XHERYIEETAER . SR, B E R SBUGR I E S YRR T IR R BRIEA fr it — B IE L, 5 APRATR
RXHER Y BTSRRI T o B, B —22 o THUEE b A A 0 B 280 SR B AR R PR, R B
SHEYERKA RS 0T, B IR A ArFl B AR BT RET , o BRpoms B 3 59 B i 32 BB B B o
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