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LR R WX HR 58 = BRIR 1T 0 R 25
B KER 2 B ERAT EXE

(1. ZRARN AR 4B, P PR AR 5 ) 2 s S0, BB 6502015
2. IESINEL (SED B BRA T, =/ RIZ 653100)

I-l-'l

FEE: A 5 AR4 & Helicoverpa armigera %9 7= 97 3R 7], | JA TR 2 3h &5 B M ik Fo AR &35 FL 15 B
PR AR W 3 3E F A M B A% Eucalyptus globulus *F R #EZ o) £ T m oy Aetast b, 8L 44 E
ik A A R A BOR B G A I Skt B ket B AR e A R Y, SE R vl R B4
x; 4057 Mk F I IR AFAT A WG e, EREW, WAkt R R b E 2 B 39 R, A RE M R4
AL HEBERDETHITAT%, K ¥ & RS AT DAY a- Tk B-F 9 1,847t & Aw
AT AR, R B A M B F 6 44.65%.10.55%.8.16% F2 71.37%., R&4% 5] ALAR b R Ho I ek b Ak 22
B 69 A 12 7%, 20 B 58 -5 b - To M B- A AEM a- K T M ATARM 1, 8-Art & UR-F 00
4-F A A TR 4,8-=F K-1,3,7-F =0 1,3, 8-5F 8 Z M AR Ao o- ik R . a- KT
F£0.1 ug%’" . o- M e -k R K AR 1 pg A A AT B 3 R Ik B304 O AR R AT AR £
100 pg 7 2 B R I A B 3F 69 = P IGEAF A, AN S A2 T KK 7 F RIKBAR 4-7F A&
¥R AE 1,10 A2 100 pug 7 Z A& 1, 8-47F F A2 10 pg A= 100 pg 7 2 07 39 & I A T 564 7= 97 BR 8 4F
Ao R 45 R T R Fe 1, 8-Ae vt & T AR A AR & 7 BRE A &3k 4 SR AT R A T A
KRR : ke WMMIER Y Ak AARE A BARA AR FIPRFFTA

Effects of leaf volatiles from blue gum Eucalyptus globulus on oviposition choices
of the cotton bollworm Helicoverpa armigera

Sun Xiaoxu' Zhang Xiuge' Li Xiang' Dou Yuanchun’ Dong Wenxia"

(1. State Key Laboratory on Conservation and Utilization of Biological Resources in Yunnan, College of
Plant Protection, Yunnan Agricultural University, Kunming 650201, Yunnan Province, China;

2. Hongta Tobacco Group Company Limited, Yuxi 653100, Yunnan Province, China)

Abstract: In order to screen out oviposition repellents of the cotton bollworm, Helicoverpa armigera,
the leaf volatiles from Eucalyptus globulus (non-host of cotton bollworm) were collected by dynamic
headspace absorption method and were analyzed by gas chromatography-mass spectrometry (GC-MS).
The electro-physiological responses of the gravid female cotton bollworm to the leaf extracts were re-
corded by coupled gas chromatography-electroantennogram detection (GC-EAD). Their oviposition
choices for individual GC-EAD-active components were also tested. The results showed that 39 com-
pounds were identified from E. globulus leaves. Among them, the terpenes were the dominant com-
pounds, accounting for 97.47% of the total. Among the terpenes, a-pinene, trans-ocimene, 1,8-cineole,
and limonene accounted for 44.65%, 10.55%, 8.16% and 7.37%, respectively. Twelve volatile com-
pounds from E. globulus leaves elicited GC-EAD responses of the females, including a-pinene, f-pi-
nene, f-myrcene, a-phellandrene, limonene, 1,8-cineole, trans-ocimene, 1-methyl-4-isop, 4,8-dimethyl-

SEGUTH « 2 A IR DR AP TR S A T T il 442 (2015-004)
* (5 /EH (Author for correspondence ), E-mail: dongwenxia@163.com
Wk HI9: 2016-11-04
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1,3,7-nonatriene (DMNT), 1,3,8-p-menthatriene, decahydro-1,1,7-trimethyl-4-alpha- methylene-1h-cy-

cloprop[e]azulene, and a-farnesene. a-phellandrene showed significant attractant effect on their oviposi-

tion choice at the dosage of 0.1 pg, and so did a-pinene and a-farnesene at the dosage of 1 pg. Limo-

nene respelled their oviposition at the dosage of 100 pg, and none of these four compounds showed any

effect on female oviposition choice at other dosages. 1-methyl-4-isop showed significant repellent effect

on the their oviposition at the dosages of 1, 10 and 100 pg, and so did 1,8-cineole at the dosages of 10

pg and 100 pg. These results indicated that 1-methyl-4-isop and 1, 8-cineole were good candidates as

oviposition repellents of the cotton bollworm.

Key words: Eucalyptus globulus; plant volatile; Helicoverpa armigera; GC-EAD; oviposition choice

WEKE Eucalyptus globulus Bk & WREHE JE ALY,
J ™ TR KR AR A S B B e 8, R IE T
1890 4FGIALTET AR 0 g WU VL AR IX
AT R (B 75 A6 R SE AR, 2007) , 2009 4F 3 [+ 1iE
Fe N TARTAAR 2 AR 3 70 J7 hm?, Bk — i o 22 1) i
MBIFD (FRHE,2009) . HA TS K IR, 51 PRt 2
XoF PR 7 AR SR THI S0, e ok S LR BRI A ) 2
B, 41 Poore & Fries (1985) FIAY T 5 (1998 ) A IE
T, Rt N T RIS N B A2 ) 2RI T B R
N AR, e e 2 B IR B i 2 R P (2205 %
2007) o X2 PR AR 10 U AR AR A %ot g 1 L
A I SR KA H (Batish et al., 2008)

HARSEE S A R R AR D TEAE Y 4 |
O, 32 T AR AF A AR ] B L B s
B (R EREE,2000) . ESMIFEERMA, HIR
G ke AR BN TR FEAR 42 B Helicoverpa
armigera 4] W, 68 1% 1 ] Ho2E K & F (Kaushik,
2002) ; HaR¥E Eucalyptus camaldulensis " HLEE W)
B 1 U SR T MR AR % e 4y o, BRI )
H BCE 30 4R VE ) (Kathuria & Kaushik, 2005 ) ; ]
R Eucalyptus cinerea "y #2 U i) 1, 8-k
£ (88.5%) .o~ TR M5 (2%) . o1l ity B (9% ) %oF 52 iy
Musca domestica 1T EEZZ A0 B, AT VE M B 16 Z M6 )
& H1 5 (Rossi & Palacios, 2015) ; Wl ¥ Eucalyptus
saligna W 1 B4 M e A Sy G 35 HLan AR 48 s

B

Tribolium castaneum . >% 5. % Acanthoscelides obtec-
tus . 7 Wk Sitotroga cerealella Ml £ K % Sitophilus
zeamais ) 7 B AR 5] (Bett et al.,2016) . [E A
SR L, WA A i U S A
YT 4y B ZE 1 Phthorimaea operculella 7= UN A5
T IR ] R, 2007 ) o

Sl AR SR AT (1993 ) X} = B 44 - EEEMRIX A 7
P, R T AR R 32 SRR T 7 H 23Rk 4R
A (1995 ) Wi & B 2238 K F M Odontotermes for-

mosanus MR Z%N 4 (0 W Anomala corpulenta %5 6 F
WAL T AL RIS FIBSE M (2000) K AR e [ O
Ftf 1 B Hu A5 207 Fl, 43 )& 10 H 50 B ; Wingfield et
al. (2008 ) X FER g HL 5 AYZiR rp 2 3] 1 R A Bl
/NI Leptocybe invasa %5 9 FHHUE R TR AL, st H
I N MG At 5 iAo, Y8 e S AL Y
ZEMEHE R Oy T . TR E R 2T
eyl A8 MO R & A BT PEAN B i, Al
PR P4 sl 5 1l 3 Hem il 0] © 28 ol B i
W T R , A5 1 BRUHE Rl s Fir A 4% L A
A FAEY ARG AR, R 152 Bl 285 0 B2 A0 =R
{0, 35% - Ji 15 B FH (gas chromatography-mass spectrom-
eter, GC-MS) B AR At ¥ ¥ i 4% & Wy i o, ik
AR €3 — fink 1 FL AV 5 FH (gas chromatography-elec-
troantennogram , GC-EAD )+ /R BfF 5% 49, B3 B 1k XF 5
i 4 5 W) 1) LA B SO, A S22 2R R
JE FL A B P 2 43 0 L B SR A T A S T R
HHOG AR 2 L B AT SRRV A5 R PR SO,
TE RS A T A TR S AT SR B
1 B 57AE
11w

PR R A - AR HCR A A R 2
DTSR H A G DL T MR 5 (Wu &
Gong, 1997) , BLHUR L 10% F 83K . 1816 E 28+
2°C XS E (60+5)% A I L: D=14 h: 10 h i)
NTAMBFEN AR S AL B . by
KR HE HESK LA 223 1 O HEAT B SC I , 4 d )
T8 ICA B ) ME e AR AT IR . E AR T 2014 4F 8 F1 R
H = R R bl s AR X, 5 HR5E 42 R T A AL
AR

PRUERE i : 98% IF Ot (hexane) , 2 [E Merck A
¥l ;98% a-Ji i (a-pinene) .98% a-7K ji-#i (a-phel-
landrene) \90% Jz-% #lj4# (trans-ocimene ) .90% o-1%
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i 454

Je ¥ (a-farnesene) .97% o-1t 250 (a-gurjunene) |
96% a-41 174 (a-caryophyllene) .99% X <p= #£ & (P-
cymene) , 3¢ [€] Sigma-Aldrich 23 ] ;98% B-7 4 (B-
pinene ) , 5 [E Acros Organics A 7 ;90% p- H 144 (B-
myrcene) ,98% ¥ /i (camphene) . 90% a-ifii it ¥ (-
terpinene) . 99% 7K Hl fiif (anisole) . 99% %% (naphtha-
lene) .98% 1 U4 (tetradecane ) , 7 [E 71 R B2\ 7 ;
95% ¥ 12 4% (limonene ) \98% 1, 8-#&h 2 (1, 8-cine-
ole) \95% 4- 5 N #i  H % (1-methyl-4-isop) . 95%
il J75-4- P (terpinene-4-ol) ,90% -1 17 (B-caryo-
phyllene) \97% £ R I -3- 45 ( cis-3-hexenyl ace-
tate) , H 4 Tokyo Chemical Industry /3 ) ;95% 4, 8-
T HI3E-1,3,7-T- =44 (4, 8-dimethyl-1, 3, 7-nonatri-
ene, DMNT) , 2 7% 2% Enamine A R /A 5] ;99.9% |—
f5¢ (undecane ) , 32 [ Fluka 2\ 7]

%% - FLI2000H % A\ TS5 4H , H X Eyela 24
) ;700 mg Porapak Type Q 80~100 H W B 5] , 5 [
Waters 23 7] ; QC-1S BRI K ACRAEAYL, L5 55 sh b
BRI GERT 5 L il g, b2 o g A
#r ] ; Agilent7890A L 4 (1,415 1% . Agilent 6890A /
5973MS TR il - T e A, 52 [H Agilent 23 7] 5
Spectra 360 5 HL % , 35 [ Parker 2w 5 fish £ B3 74X iy
Syntech CS-55 Jill¥ it 42 i #% .\PRG-2 EAD 44k fih
1 [ 7 #% 1 Syntech IDAC-2 18 i B4l R 4k 25 41
A, 7 Syntech A H] o
1.2 FHik
12,1 BAgrt b B R R

K TS B AR Bk o IS HT X ELAE 400 mm
A B B 1 28 < 10 min BRI P A, BEES
TR b AR 2 AR A W R A B S A, o
1 AR Teflon 45 42 K ACRFEA AR SR FHI 4E
FE; 5 UAR 5GP 4 AF i i A s <
F-9: 00 STHUFFREE 1 500 g a5 A Bt ¥ 4 A,
BT R, 4 A R 600 mL/min, % 2%
MR 24 h, PRFFPRZEE K TE SR, IR (26£2)°C,
AR RE R (50£10) %, YCUE A A ARG, WA SE s
FH 2 mL 1E O % 418 R B A 0 B 381 1 32 4 U i &2
4 mL ZHERAR O AEEI T AW 2 100 uL,
F-20°CY¥e Rl & . HE 4R, BRI B2 Ik
LR J X R, Ty SR T
122 BEAeet R EL M50 B 5 %R

FIFH GC-MS X} R Fr 45 2 Witk A T 43 i S
S TR 2R R E 260°C , AL 48 R BE 250°C
A N HP-5 AN (30 mx0.25 mmx0.25 um) ;

TR THE BRI 40°C , L 2°C/min FHR 2 140°C,
5L 15°C/min FHR % 260°C ; £ 7 & 100 kPa, 38/<.
HAR, Tk 1.0 mL/min, S HERE 43 A 1011,
YRR 2.0 L. RIS BT IR, T RER 70 eV,
JF T3 TG ] 35~500 amu, PUZLATIRE 150°C, 25 1
TSR 230°C , A& 526 R 3 250°C , #1 1% 100 kPa, %%
SREAA

T 3 0 AR S A B IR TE) NI T b2 858 e
(NIST 2001, http://webbook.nist. gov/) Jii i Z 4 . 14
BA+8 4 (retention index,R1) UL & Wiley7n.1 bRifiiis 2
B IEAT R V4B 5 Il I T AR I — 2 0 45 4 53
AXF S AT 0T o DL X B8 ] A I A
i FH IE © Be B i) Bk 2 A 100 ng/ulL B9V, LA
2 uL, PREAFEEIITR A2 M Robards et al.(1994)
RI=100y+100(z-y) (RT.~RT;)/(RT.~RT,) , Herf y il z
JE 2 BRUERERE B R T4, RT S 15 S 28 0 ik
WA %) (4 BA B B] , RT, R RT. I 43 301 2 2 A B HE e 4 11
PR EEEFrE]
1.2.3  R&xF At h #ELA D6 GC-EAD B &

SARETE SRR T R SRS IR 1.2.2 Kk
2100 pL A EERE I 74 & W) IE O RBE s, HI st ik
FESHMELL uL Fah ERE R GC . GCEH D44
AR R 260°C , A\ GC FETE 1 A SRR 42 H ik £ 1)
A 5 HVRBERPSSIR S IR N 1.5 om,
TSR E M 10 em/s, il f B S H T 5 em
(BT A, 2014) o KR A% H o %y e A ) Ao ) 5
T FEFR BT, TR T R 2 BRI B ) 2 4>
TS, 5 E R L 5 i o A7 S B R f A 51
) B A Al A Sk % 1, 1 EAD BRSPS T

RICSRNAE 5o DM {5 5 2 EAD i iE 44

SRAESRHOR , BRI AL RE R R Ll Tt
BALE M (GC-EAD, Syntech 4.6 A ) R 4 F153#1
BdE . FE IS AR L, RS AR Al A
1.2.4  Fo97 ¥ xd A vt R AR R o = 9P s ) 2

FEUNR 2% Jiang et al.(2015) (733517, IF
AT A o RIS P A R4 2 W 10 F
RENE 5 | AR AL HL 0 O i Hb A 38 S 7 1) 400 T s 1
FE 53R o- TR B-TR M\ B- H M Lo 7K M F7
B 1, 8-HLt R - W 4- T NG EEHOR 4, 8-
TR 3, 7-T S vk R A IR IE C b
33X B bR oA TE ) B R R B2 S W, BP 0.0005
0.005.0.05.0.5 pg/uL, % H o k226l B 20 cmx
10 ecmx 10 em 5 447 BRGE , I 7 B9 8 25 0l Te
AR AR, FH AR 0.6 mm RSk IR 4 FL/em? #45)
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FALHZ B, 200 30 FFLAIEATIRE , 76 7= O P
USRS SRS AR AMIE T 1 R R
1K EAE 10 em [BUE L0 R B OREEIE , AN EI P
(RVCIIS 3 -2 A (T4 1 9l s 9 1| BTSRRI N
200 pL 7 DA St RE L BE ORF R | SR 5 # AARES
6L DP e 4 3% IFAE IR A 1 B A 292 mL
10% W5 K A AR AR A TR 97 . SR D g
B THEEN, IEORREZ AR B 70%~80% i
R 2542°C, Y H 08 30 B 19 Ui (4 e | g4
LA, Bt s B BRLER . B DU i ) B
W SIRER . BRI EE AT, ff 5 MR IS T
WMEEAE RS TR A AL, AL BORE, IBR AR
B AR e I S WA W
1.3 EIBSH

IR T SPSS 17.0 #AF #4744 47, v

F ¢ 0307 A A R A £ 2 5 W AR B
2 RS54

2.1 IR REZYIER

IERE M 7 A Y R RS E 39 MBS,
BRGNS D5 E A G Y SR DAL G LA K
SIS SR YT, WSS 3 32 Fh H S
R, 2 R YRR R 10 97.47 % 55 IR B Y
A ATN LR E XA 45 R T 2R
25,4 SRR Y B 2.10%; BRI iRk &4+ —
Foe M DU e 2, 245 R 9 0.37% ; S-SR ) 5
SR ALCTRIN-3-C Mg 1 b, 20 SR
0.07%. HA R s R KPR a- TR -2 )
f5 1, 8-He It R AT, 43 00 5 5 R ) B
44.65% .10.55% .8.16% F17.37%(F 1),

x1 BEEMHAELZYDHERRENSE

Table 1 Component quantities of volatiles from leaves of Eucalyptus globulus

R R R A MRS R BE Tk

Czﬁlfot?n d Retention Relative content of the Identification
index compound (%) method
24k &4 Terpenoids
a-fFI% a-thujene 927 0.26+0.08 MS,RI
a-JEH a-pinene 935 44.65+1.18 MS,RI,std
#M Camphene 958 0.32+0.08 MS,RI,std
LL 2% Verbenene 967 0.23+0.09 MS,RI
2 Sabinene 971 0.09+0.01 MS,RI
B-URH p-pinene 977 1.30£0.09 MS,RI,std
B-H AN p-myrcene 993 1.55+0.15 MS,RI,std
a-7KJT4 o-phellandrene 1003 1.90+0.15 MS,RI,std
a-Mi i M a-terpinene 1016 0.16+0.02 MS,RI,std
S Limonene 1028 7.37+0.11 MS,RI,std
1,8-F%nt% 1,8-cineole 1031 8.16+0.09 MS,RI,std
-2 ¥ cis-ocimene 1037 0.70+0.07 MS,RI
JL-Z 810 trans-ocimene 1050 10.55+1.72 MS, RI,std
y-1ifi 445 y-terpinene 1062 0.26£0.07 MS,RI
4,8- " HWH-1,3,7-T- =44 4,8-dimethyl-1,3, 7-nonatriene 1111 5.50+1.89 MS,RI, std
1,3, 8-X)-{Mmr =¥ 1,3, 8-p-menthatriene 1134 3.5240.67 MS,RI
S -k B ALY trans-limonene oxide 1139 0.11+0.04 MS,RI
4-1ii 5 B Terpinene-4-ol 1178 0.05+0.01 MS,RI,std
a-i % a-terpineol 1200 0.07+0.01 MS,RI
L TR-0-FATHTE a-terpinenyl acetate 1340 0.49+0.09 MS,RI
VUG (-)-isoledene 1366 0.22+0.05 MS,RI
o- WU a-copaene 1376 0.14+0.06 MS,RI
+ PUBRHE 1-tetradecene 1374 0.20+0.01 MS
a-T7 2H a-gurjunene 1401 0.98+0.10 MS,RI,std
B-f1 T ¥fs p-caryophyllene 1410 0.95+0.25 MS,RI,std
B-itr 25 (+)-p-gurjunen 1414 0.16=0.01 MS
1487 3.22+0.30 MS,RI

M5 Decahydro-1, 1, 7-trimethyl-4-¢-methylene-1h-cycloprop[e]azulene
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431 Continued

TREEREL B XT S BE Tk

G . . o
Compound Re-tentlon Relative content of the Identification
index compound (%) method
a-fi 1) a-caryophyllene 1436 0.220.02 MS,RI, std
ilbey i 1443 0.640.04 MS
Decahydro-1, 1, 7-trimethyl-4-4-methylene-1h-cycloprop[e]azulene
FARFEM45-D Germacrene-D 1 466 0.52+0.11 MS,RI
W W7 Ledene 1481 0.16+0.05 MS,RI
o~ el a-farnesene 1509 2.8240.33 MS,RI, std
411 Sum 97.47+7.95
T A ) Aromatics
X H ik Anisole 918 0.10+0.01 MS,RI, std
X464z P-cymene 1029 0.35+0.24 MS,RI, std
4-SF IR FEH 2K 1-methyl-4-isop 1091 1.57+0.12 MS,RI,std
Z% Naphthalene 1185 0.08+0.04 MS,RI,std
43T Total 2.10+0.41
J&2% Hydrocarbons
+—4%¢ Undecane 1100 0.30+0.08 MS,RI, std
+-PUSE Tetradecane 1 400 0.07+0.01 MS,RI,std
4T Total 0.37+0.09
2SI Green leaf volatiles
LTR-3-C T cis-3-hexenyl acetate 1 007 0.07+0.04 MS,RI, std
411 Total 0.07+0.04

MS: FIR S E 5 NIST iU [ 5 RI: FORIREHEECT NISTXS L5 std: R SGHMER O IR XTI, b g 71
Frehr iR, MS: Comparison of the mass spectrum with those of the computer mass libraries of NIST; RI: comparison of RI with

those from the literature of NIST; std: injection of an authentic sample. Data in the table are mean+SE.

2.2 BN R R Z ¥ A GC-EAD K52 L) FID Fl EAD 155 O AH X 5 B2 A FE b, 5 Hh A B
GC-EAD A Hfr | A% s O e o X et e RODESR S by 4- 53 D9 M 3k FRY RS> B- H BRI 1 a1

PRI 12 Fh 2 0 W S A AR BRSO, oA Je o KT > B-R > 1, 3, 8- X WAy — J> i >

W1, 8-t RAESAM kR PR BB - (D P> a-TRIG>DMNT>FPAEG FIT L, 8-44 2% .

_ 13567
9
10
23
4 1
“J 8 12
[ 500mv
FID W,«\. r
EAD ! ] 2mv
0 42 84

B} 18] Time (min)

Bl 1 358 BT E R F R W GC-EAD K &2
Fig. 1 The GC-EAD responses of Helicoverpa armigera to volatiles from leaves of Eucalyptus globulus
L: o-J8M 5 2: B-0RM s 30 B-JRENM s 4: odKOTM ;s S BN 60 18K 3R 7. R-BHG; 8: 4-RINIGEEFTE; 9: 4,8-
1,3, 7-E =45 (DMNT) 5 10+ 1,3, 8-XFiEAT =05 11: FFfM; 12: a-lBEM. 500 mV A2 mV 2052 2 B (55 AR R
1: a-pinene; 2: f-pinene; 3: f-myrcene; 4: a-phellandrene; 5: limonene; 6: 1, 8-cineole; 7: frans-ocimene; 8: 1-methyl-4-
isop; 9: 4, 8-dimethyl-1,3, 7-nonatriene; 10: 1,3, 8-p-menthatriene; 11: decahydro-1, 1, 7-trimethyl-4-alpha-methylene-1h-cyclo-
prop[elazulene (DMNT); 12: a-farnesene. 500 mV and 2 mV are the scales for two signals.
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2.3 TERI B8 & P03 Ha UP i = U E AR A B2 M
S R F00 DI A T 10 o ey A= TS PR J5 4 57
PR IR R0 245 S R PR ORI RE A B 5 1A
MG IAE . a-KIFIETE 0.1 pg I o-JEM A o-12: 2
WSTE 1 pg A R B B 3 = IR 5 1AE A s
M TE 100 pg ) 2Bk i35 1 7 D Kk 1 (P<
0.05, &12) ,3X 3 Fpg i AE HoaR Al B 340k & T 515
BORKREOR o 4- NI EE N RTE 1,10, 100 pg 7 &

400 12 O XHCK = 43 Treatment

Thiy

0- T T T
300 q¢ *
250
200 4
150
100 4

50

Tl

300 4
200

100

0 -
250 4
200 4
150 4
100 4
50 1

% BIE Number of deposited eggs

0_

350 7
300 +
250 1
200 1
150 A
100 A
50 A

0 -

1 10

100

AR B B B P IR E F (P<0.05) ,7E0.1 g
IR G B 50 . 1, 8K AE 10 pg 7 i
B A AR 3 Y 7 R SR GREAE FH (P<0.01) , 100 pg 571 &
Ao 2% B Ry S 35 1 7 B KGREAE FH (P<0.05) , 0.1 pg 11
1 pg M T E M. B-H BT 1 ng A110 pg
FIHR I, 23 26 B0 K 25 A0 7= BR 5 [ 4 FH A B K
WEVEFH (P<0.05,%12) . p-TRMS -2 )5 A1 DMNT
TEA ) T HIREI I B2 0= SRR

3007 b

250

200

150 4

100 +

C 10 100

100
50 1
0 - .
0.1

50 A
0 -

0.1
2507 d

200
150

400 7 ¢
300
200 -
100 -

0 - T
0.1
400 7 1

300

*
200 4
100 —.—l—‘
0 - T
0.1 1

300 A

i
250 -
200 -
150 1
100
50 A
0 - .
0.1 1

-

10

-

100
100
100

10

PRERERI B Dosage of standard sample (ug)

B2 #8754 HIB TSI AR F R 10 A B A EF L SR = INEE R
Fig. 2 Oviposition behavior of female Helicoverpa armigera moths to ten EAD-active compounds from leaves of Eucalyptus globulus
a: o-JRMi; be B-IRM; o2 PN d: adB IR e I £ oK ge 1, 8- EE 5 he B-H BN : 4-F TR
IR j: 4,8- 1 E-1,3,7-F- =46 (DMNT) . |81 -P Bl 0 V- BBzt o i o3 il 3R A L5 %08 BR 2 [) 28 ¢ I 90 PR A 96 A

P<0.05 fl P<0.01 /K V2257 B3 . a: a-pinene; b: S-pinene; c: limonene; d: a-farnesene; e: trans-ocimene; f: a-phellandrene;

g: 1,8-cineole; h: - myrcene; i: 1-methyl-4-isop; j: 4, 8-dimethyl-1,3, 7-nonatriene (DMNT). Data in the figure are means+SE.

* or ** indicates significant difference between the treatment and control at P<0.05 or P<0.01 level by ¢ test, respectively.
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A5 SR R A R 4R A 39 i, L
Hil A A 328, R B 97.47% , HH
X b e BRI 4 R TR o- IR0 -2 045 L1, 8-
i i 28 RN 05, 43 0l o 45 % ) A i 1 44.65%
10.55% .8.16% H17.37% ; K % 1% (2009 ) F1| I /K 7%
SARNREARICE R ) TR &I, 256 GC-MS
ARATHT 47 1 50 B F 2R3, FLr AR B a9
JE 1, 8- 2 HHEE Y BRI 72.71%, & S
LA a- TR M | (=) - A T | oA TR 2 A 53] 6
a5, o0 A R YRR Y 9.22% .2.77% . 2.54% FI
2.47%; Vilela et al.(2009 ) 2R FH 7K 78S 288 L 4R Ui
Kt A 5] 16 A ot , Forh & i A 2 1, 8-4%
M, %R R 89.95% ; S R 4 (2008) [F]
FER /K Z8 SR MIL LS A GCH ARG A% 4% & Th
() B IR 1, A% R Al o- R M . IXSEZEIR S
A FEAH LA AE 1 A 53 B30 R R 4345 R Y 22
S, T RESE IR AR R A it AR B 92 LA S A%
KRBT IE A E TR

Tfa) R 25 (2002) AT 5% 2 B0, R A% HL 40 DT e
FARBREXT o- YRS B-UENE B- NG N B- 2 s =
H AR SN AR JE A AN = A L A B N, AR
FE AR PR R I RENS S | AR AL UK I kL A=
BN P AL 12 R, 5 R A5 R KRB AT
10 a5 JR A H RE 5 | S 4 B 0 ok ¥y v A R, 3 —
MG A T HE R 5 i Je M 1 BRI A K T 2K
(Yan et al.,2004) , 33X Fbix 12 FhH A HLA4= BTG
PEY) 5 Y FID A1 EAD AHXT 58 5 & B, X ARAS Hde1 o
O O foh £ SRR 3 i R R P 2 4- S TR S H RS
FUR SR p-H M A o= SR s , HAR MR R o- 7K - H>
B-TRM>1, 3, 8- v far — M > #6 M> I - & Wy M >
o-JRIG>DMNT, AT H 1, 8- 2R (14 il 385 14
/e G5B TEINEE RN, 4- N BE R AR S
i 3 Fofr ] 5 Ach B S B e G 7 IR ke
VBRI R 45 ) P ) T T R SRR AR 4 H
S ESEE 75

ARG (1) 7= IR B LG TR B, WAt F R
Hh [ A A7 25 BEAE 5 | 5 RGBS R B ik = B
(I8 AY , o-R W L o-TE TR I L a- 7KW Fl g- A E
S LA 1R T XA A Dl e R
77 00 5 AR 5 SR 45 (2012) IR K B, a- TR
15 S-UEKE p- AR TE 0.00075~0.012 g/L He V5
PR % S e 2R i DA 2 1 5 SV 5 A

T B - YR AN B-IR M AT LLG 155 5 A2 48 i i Cho-
ristoneura fumiferana =9 (Stidler, 1974) ; /NIR 7% 1
Panolis flammea Wt 10T 2 3 19 8 (7 A1 7= BRARSERAR
BRI 1) o- YR 4 F B-JR 4 (Leather, 1987 ) ; 8- H
T s X A 5 BRI /N RS BERE Dioryetria pryeri M i%
= OA 3 15115/EH (Rembold et al., 1991 ;2%
BAE,2006) o X EEHE 5 AR SE R EEA 2],
Ui W] o- PRI 0 - FEMG 28 ULy B ™ B 5 1)
JB AH B- IR FE ARG O AR S LA B M i 1y 7 B
WA, A REEHUAIR S B i 5 RSN, Jak
e —tEf 20, AT p- A EIGTE 1 pg ) it
T 02 0 R 5 AR T AEAE 10 pg Rl i 36
PR S 3 O KGR, S — b T IR EE 5 |
B R AGRE I IS . A E HOE PRI IR RE
9 2T |75 8 B =K i ) J 4L ™ B (Sharaby et al.,
2009) , AAHFE K AT ARG B o X A4S H
SRS 52, gy 0] S I 2 0 gy B IR AR i PR T
RESENFFE T IE A B AN ] SRz Y AN ], %t
AL EE T AR

1, 8-Fieht 28 (R ) S A48 AR 25 EAE Y 1K
P 7 W REIE MR A, B8 Bl 2 5 |5 S 0 S 2k
IR A L B (Ma & Xiao,2013) , ASHHFSE & B 1, 8-
2R AE 10 pg F1100 pg 75 F XA A8 ™ B0 2R 30
2 A IR REVE R PG A D B A T A R
Mel o WEAG I A LR IR I 4 53 4- S DN M 5
FH2RTE 0.1 pg 2 XS AR 4% s P BRA TSR Tos i, 1
10,100 pg 771 155 B 15 3¢ 30 Ay b 35 1) 7 B9 B 3k A7 11
IXRUI WA 1, 8- 2 4- 5 P I BE FH R m]
TERRES H B v i AR P Sy ™ B SR S5 o o

B HOGHE ) 5 Bz A 1) v AR, R W)
J5TA] e R I R AR B AL G W BRI SR B G
(Dickens, 1984) . Ml S W R, AR 1944 41
RN AR HUIY R M LR R VR T AT REER BRI,
W B S /INAT REZR IR 7™ B0 5 154 | vk B AR R )
REZR LN 10 25 1 DR AGREVE H , anASBiF 9 i i - H
s o AP oKWK L a- TR M A o- 15 JE M PT g
SRS R I I R B YT, 1, 8- R 457
PR TR RR B- H R T BEAEAR S HUe 7 R Y e
B4 i . Del Socorro et al.(2010) %f 44 J& #8415 |
AR ST R, a- PR I T2 1K S0 A% [ A ) R T
R, HEW - P05 AT RE AR AL X 24 |
) 0] IR B 5T

WEAAE AR S R AR AR 25 A, o 4
K RET | A RS B A IR e gk 7 A GC-EAD
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WA b, 5 AR AS U DR Ay i ke 2 T
IR 2H 43 . Del Socorro et al. (2010) B 57 H 42 2|
T SRR JE AR BEAE X A B i A 5 2L 5 |
BVER . FETAEGESE SR, D WA AR AR AT REAE S
PR B A Reie 5 AR AS dy (RS AR 7R A%
B _E = B A R AT e R B p IR £ 5 1A
B, v ) O O B e AR TS, WA 4R
R B- AW a- K H R a- 15 Je M 1 26 7= B 5 |
WAL B RE R /0N, AN IR 25 [ 750 51 4 7 B
)R AZ A 5 T4t 9 g P A JEERI 80 e ok R 7 R )
4-5p AR PR BUARBEI R AN KA RETE P st it
FEI 0 2 7 P BIKREAE FH 5 1, 8-He 28 AT Ms
MRS AR i, 2 AR B 7 O KGRV H 5 IR ASTEAR
FIEA F= I 5 AR B o- IR BE R K, S 80E
TEIRBEBIR L THIAIEN . FEYHE A A=A
2 Z ) B — o LU, IF B 2R S iR
BeA DAEER, AR ke nt 745 2 Wb RIB fEAE
3175 FRIEIK SR A5 HR OB e = B 1 47 5, 3 Sy Jo 1 [
YEFI 25 S AR HURRBE Wik LA™, A
WAL = A5 N LTI e T 4- 5 P 2k F R
FIL, 8-Fig 2R 1K 2 Pl KA 42t BRI 5T, K —
AR HAE F ) S5 PR vh VR R TS
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