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Abstract: [ Aim] This study aims to identify maize ( Zea mays L. ) volatiles and cuticular volatiles of
larval Helicoverpa armigera ( Hiibner) for host-habitat location and host location of Microplitis mediator
(Haliday). The tritrophic interaction among maize, H. armigera, and M. mediator was investigated in
the context of chemical ecology, and the mechanisms of chemical communications in host location of M.
mediator were illustrated. The work has some implications for the “pull-push” approach in integrated pest

management. [ Methods ] Semiochemicals from maize volatiles and cuticular volatiles of H. armigera
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larvae were identified by using electroantennogram ( EAG), gas chromatographic-electroantennographic
detection ( GC-EAD ), gas chromatograph-mass spectrometer ( GC-MS), and Y-tube olfactometer test
equipment. Standard semiochemicals and the mimetic compounds of maize volatiles and cuticlular
volatiles of H. armigera larvae were used to test behavioral responses of M. mediator with Y-tube
olfactometer in the laboratory. [ Results] Tested by GC-MS and GC-EAD, totally 11 compounds of maize
volatiles and 6 compounds from cuticular volatiles of H. armigera larvae were found to be
electrophysiologically active, of which 4 electrophysiologically active compounds were identified from both
maize volatiles and cuticular volatiles of H. armigera larvae. Behavioral response tests in the laboratory
showed that compared with the control of n-hexane male and female wasps were significantly attracted to the
mimetic compounds of maize volatiles (P <0.05). Female wasps were significantly attracted to the mimetic
compounds of cuticular volatiles of the 1st instar (P <0.01) and the 2nd instar larvae of H. armigera (P <
0.05). Male wasps were significantly attracted to the synthesized compounds of cuticular volatiles of the 1st
instar larvae of H. armigera (P <0.05). [ Conclusion] These results demonstrated that 11 compounds
(heptanal, 2-hexanol, 1-hexanol, 1-octen-3-ol, nonanal, decanal, benzaldehyde, FE-2-nonen-1-ol,
hexanoic acid, phenyethyl alcohol, and 1-dodecanol) from maize volatiles and six compounds (2-hexanol,
ethyl hexanoate, 1-hexanol, nonanal, ethyl caprylate, and decanal) from cuticular volatiles of H. armigera
larvae are responsible for host-habitat location and host location of M. mediator.
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Table 1 Sources and purity of nineteen standard chemicals

41 Chemicals Al Purity (% ) A= 7=% Producer
Weftt Heptanal o5 F AP ATHUA
Acros Organics
. i e (13 ) A Tl & AT B A )
2 2 Hexanol % TCI (Shanghai) Development Co., Ltd.
38 Octanal 99 Ei)ﬁkﬂﬁﬁl‘&@ |
Acros Organics
- Pl e (13 ) AT & AT B A )
1 1 -Hexanol % TCI (Shanghai) Development Co., Ltd.
T Nonanal 95 HRBEHTE FEQ}ﬂ
Acros Organics
134753 1-Octen-3-ol 98 HR AT R A
Acros Organics
K HIE Benzaldehyde 99 HREBHA FE/A\\ﬁJ
Acros Organics
P& Decanal 95 Ei)ﬁiﬂ’%ﬁﬁl‘&@ﬂ
Acros Organics
2 -2-ZEWE E-2-Decenal 95 ﬁi)ﬁiﬂﬁﬁl‘&@ﬁl
Acros Organics
R Pl B (13 ) A Tl % AT B A
FEA 2T £2-Nonen 1ol % TCI (Shanghai) Development Co., Ltd.
. Ji# Hexanoic acid 99 ﬁi)ﬁﬁﬂ—&ﬁlﬂi/&ﬁ]
Acros Organics
R F Z 1 Phenyethyl alcohol 99 Eﬁ%&:‘fj}éifi?ﬁl
" ‘ R (PURR T R B 25 ) A F
33 Hexanl o8 Fluka ( Sigma-Aldrich)
H #EfEE 1-Dodecanol 98 ﬁﬁ%fjﬁiﬁi?ﬁj
. e R (PRSI R B 25 ) A F
G Hexanal o7 Fluka ( Sigma-Aldrich)
+—H%fR Undecanoic acid 99 ﬁiﬁi}zifﬁf‘\gj
CL R g Ethyl caproate 99 &) %%%fjﬁfdiﬁ;?\ H]
SEPR T Ethyl caprylate 99 E%’f&fﬁiiﬁg?ﬁj
iR Oleic acid 99 H R BEHE A B H

Acros Organics
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1.5 #BRMENFVRRNES 5

R IR R AR A S IR ORI R B, B
ERIIEC Kt KRR BB EE Y ORI | HEE LA
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(=4C) fRA7H
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HZEME O =AArh  imA 20 mL H 2R EC ke, 45
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120 L, AU ZER B B A UK PRI (- 4°C) /A7
# o

FHl Agilent 6890N-5937N GC-MS #£47 % K L K&
MRS HL 4l RUA SR W23 9 0 A, (1 A S DB-
WAX E41EH: (60 m x0. 25 mm x0. 25 pm, J&W
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CET, i B RE I 70 eV, B 7 IR K A= A% il B
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Z I MRPEHRAILAY Nist08 i d R4 R I-45 & i K]
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K#3(UN-06, Syntech) %25 IDAC 425 ( Auto
Spike, IDAC2/3, Syntech) , P45 53+ HL A4 il 1R
e bl T AL (EAD JiUA 2.3, Syntech)
RAEFN AT R8s

TEXH SEA L ABEE (XTL-D) T, F A 51 506 o
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VTR A S, T P ERaseb s ) o 48 1 — i i
BRI AR 2 e, ) — il A URIR 58 By
WAL FEXCH BB (XTL-T) T, A 5 596 v 2
M B Sk VI, JF T e e 0T fid £ To 0 24
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7 Elemen

Tetradecane

—Hexadecane
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{4 1} [E] Retention tlime (min)
FK(A) B 3 RS gl BUASR (B) BB 19 8 B T &l

Total ion chromatogram of crude extracts from maize (A) and the cuticle of

the 3rd instar larvae of Helicoverpa armigera (B)

2.2 EREZVMERERYHRERMBRBRIRE
ML & GC-EAD & |2
2.2.1  XPEKIERYI N : DL FE AR R T GC-

MS 25 5 g He i, 2 2% 8 43 SCHR (Turlings et al.,
1998 ; ¥ WEEEE, 2004 ; Wik A= 4E . 2011, Piesik et
al., 20115 5RHESE, 20115 BXHRANSE, 2011) , MARZ
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18 TR o F R0k 5 AT R Aot 7 A FL A B
RLAAE &8 17 i, 23 550 0 3-C B BElE \2-CL L
W LU I - -3 R T SR L L3R
O S a2- 28 I i S a-2-E 0- 1 R &
WA EERE TR IR, FHAE C e S ¥ 50 S AR A B
FEHIT GC-EAD Jz Wik, M\ FF LA 3 i de fi ffy
RATRAER) GC-EAD J 0 (5] 2) m] 1, 76 Ff B 1 1]

FID

9.170,9.703,12.720,15.619,16. 151,16. 506, 18. 754,
22.008,23.073,24.493 J¢ 28.930 min i, 777ERES 2
HRZL AU Vg A0 i P AR SN AT A 5T A
GC-MS B K5 GC-EAD &3 i Hr b, 2 W i
o5 S PP 9 e S fih A kL A LSO B4 A3 o PR
M 2- U 1- O W T -2 -3 O H R (5
P a-2- - 1-1 LR R 11 Ao

EAD

20.00 25.00 30.00

{5 E4 11} 1] Retention time (min)
B2 P2 S X TR K MR AL 25 W1 GC-EAD [ )i
Fig. 2 GC-EAD responses of antennae of Microplitis mediator to the standard chemicals of maize volatiles
1. JEf% Heptanal; 2. 2-C0 ¥ 2-Hexanol; 3: 1-C0 fi# 1-Hexanol; 4. 1-2E4#-3-fi% 1-Octen-3-ol; 5; F-fi¥ Nonanal; 6. £ Decanal; 7. 7K H i
Benzaldehyde; 8 [z -2-F-/f-1-li E-2-Nonen-1-0l; 9 '8 Hexanoic acid; 10 ZK3L Z i Phenyethyl alcohol; 11 H % 1-Dodecanol.

2.2.2 XPHREE HOAl B K A S - 23 AR
Uil -5 WA MRS RLR Y R A7 5250, 4R B 3
e 4y PR IR o 35 5 S B F4 ) JS RER: LA
T HAS W) o 1) 5 e L g A A, IR 2400 9 e ik
FRTRR AR R 3 e 4l AR ML IR IR 9 GC-EAD S
(E 3. A) Al FEfR- B B[] 9. 548 ,12. 058 ,12. 868,
16.324,17.990 K 19.373 min i, fEERES R 2T
A% i 0 fd A7y P A LS L PR TG P B, AELER T

B, @k e A, g GC-MS B 1 &Y
GC-EAD P38 i F A, R RE 5 & Hh £ 00 34 i e
i A FL 2R BRSO I O 2-CL R R O L 1-2
BE LM RO S 6 AT, B3 (B) AL
0 0 figh £ X 3K 6 FBRIE AR TS P19 GC-EAD J
IO, 6 Ty Jo KT HE 5 1 A F 2000 9% S 06 fi £ 50 2 Y
fil LSO . 3 2 AR HUA R 6 P U
IrEI LB

K2 BIRWBEHYRERFELMEYRD 6 ELRSHENSE

Table 2 Relative content of the six effective components of cuticular volatiles of

different instar larvae of Helicoverpa armigera

FIXT & & Relative content (% )

DL 2-Cl e T e LI T FRLHE
2-Hexanol 1-Hexanol Nonanal Decanal Ethyl caproate Ethyl caprylate
1 % 1st instar 66.77 12.18 14.85 6.20 0 0
2 #% 2nd instar 53.83 16. 14 22.75 0 0.47 0.54
3 {% 3rd instar 22.54 16.55 33.07 8.12 14.67 5.05
4 % 4th instar 46.40 24.31 22.34 6.95 0 0
5 #% Sth instar 32.12 66.72 0.44 0.04 0.52 0.17
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FID

EAD

FID

£ B4 15F ] Retention lime (min)

| 2 3 4 S 6

EAD

= 10,00 15.00

20,00

£ B4 15F [A] Retention time (min)

B3 HRZLIA O AR S L 3 R4l AR IHL PRI (A) FIBRHERR AL 54 (B) 19 GC-EAD JZ )i

Fig. 3 GC-EAD responses of antennae of Microplitis mediator to the crude extract from the cuticle of the

3rd instar larvae of Helicoverpa armigera (A) and standard chemicals (B)

1. 2-C % 2-Hexanol ; 2: T2 ZJi§ Ethyl caproate; 3: 1-C0J 1-Hexanol; 4: T-i¥ Nonanal; 5. %R 2§ Ethyl caprylate; 6: 2¥[ Decanal.

2.3 HOMAEESHREN G RRIEFIER
i 8 |2 R
2.3.1 XERAFEALG W SR - A £ 20 fih
FRS 11 AR UEAL S WD 0 EAG SN Y A7 (LN SR 3
PR TERERE 2-C I 1-C B T - -3 R
Wl e 21 -l O AL O H B
PR 287 AN T SRS S P ST, B RARRE S 1k — RE Y
fil A LN o RIPEGRI DA 0. 01 g B, R AfE B XoF
R P 1SS IO i S, SHLA B Rz P4 A ol 5 2 ik
FR LT ORI, 210 505 R S N K452 Wi i, 1)
TR 4 (100 g ) At LA S 78 39 5 e L, (L
HEXS R I R B MM e Xt 1o 0 -3 -1 S5 I
536 A L S R AR 28 55 T A I o G R
100 g i, [ M 06 30 DR Bk 2 I | ) R e L L e e
Xt 13 0535 L 25 8 1A S B b, H M I A 125 5 |
AL PR S 24 PR A 2

HE 848 I X 25 T R B8 O 0. 01 g, T T 40 8%
FER 0.1 F1 T g, BEREAIHGH 09 0.01,0. 1 A1 1
pg, 1-C A A s 30-2- 418 ) 985 12 0 0. 01,

0.1,1 110 pg 19 EAG J 55 T MRS, oAb
MESETR . FEXHREAS T RS, Al 30%] i 0. 01
pg FF, ME REESE XS 1 P HRL AL B I A B A K 25 S
(P <0.05) , % 4 HEEAFAEAR 35 (P <0.01) 5 2441
PRI 0. 1 g I ME R XF 1242 -3 - Bk Y
BEM S WA 3 22 5% (P <0.05) , X 1-CL B A7 7E )
WEIEF(P<0.01) s HRPG RN 1 pg I, HE
SAET - A P MR 2 I L2 SV AT
2252 (P <0.05) , R 1-3¢0-3- W7 7E A S 35 1) 22 57
(P <0.01) ; IR RN 10 wg I, M HERERS I
P M B -2 - M- - A HL L B A Y35 22 5 (P
<0.05) ; AN L 100 ng B, i XS 2-0
M |- A3 -WE I SE A 25 25 5, X R A AR AR
RFERIZES (P <0.05) 5 A4 b4 M e 22 5
ABE(P>0.05),

2.3.2 XHREE A HUR RS B G IR RO .
ZLMNE A A f X 6 MRARHEAL 5 P B EAG JORL Y
HALE ISR 4 iR, 2-C R . CRRABR. -2 8. T
e TR TR O8I S AN TR R AR, I U AT E
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F3 RAMAEREX 11 FERZEZEYRREREEDARER BT EMMABARE (mV)
Table 3 EAG responses (mV) of the antenna of Microplitis mediator adults to different

dosages of standard chemicals of 11 volatiles of maize

) ezl J13457)  Dosage (pg)
44 Chemical
fe ) Chemica Sex 0.01 0.1 1 10 100
R 053 £0.022 cC 0.159£0.043 cC 0.352 £0.085 cBC  1.140£0.272 bB_ 2.038 £0.367 aA
& 2pt.
v eptana 181 20.064 cB  0.2950.049 beB  0.432 £0.092 beB  0.696 +0.102 bB  1.826 +0.226 aA
053 £0.017 eD  0.327£0.027 dC  0.662 £0.078 ¢cB  0.7850.031 bB  1.428 +0. 108 aA
2- JiE 2-Hexanol
046 £0.017eF. 0.186+0.033 dD  0.453 £0.027 ¢C  0.648 £0.035 bB  1.013 +0.037 aA
) 043 £0.017 cB 0.180 £0.034 beB  0.262 £0.055 beB  0.394 £0.063bB  1.065 +0. 173aA
1- % 1-Hexanol
070 £0.010 dD  0.331 £0.055 ¢C  0.694 £0.064 bB  0.770 £0.059 bAB  0.949 +0.053 aA
 Nonanal .086 +0.007 dD  0.209 £0.009 ¢cdCD 0.359 £0.035 ¢cC  0.830 +0.044 bB  1.274 +0. 108 aA
e onand 068 £0.010 eE  0.235+0.027 D 0.400 £0.016 cC  0.731 £0.028 bB  1.117 £0.066 aA
|- -3 075 +0.018 cB 0.129 £0.009 beB  0.256 £0.046 heB  0.415+0.058 bB  1.207 £0. 197 aA
1-Octen-3-ol 042 £0.016 ¢C  0.064 £0.009 ¢cC  0.116 £0.023 ¢C  0.318 £0.070 bB  0.534 £0.025 aA

K HEE Benzaldehyde

FEE Decanal

R 2-FH-1- B
E-2-Nonen-1-ol

.8 Hexanoic acid

RHE
Phenyethyl alcohol

A AEREE 1-Dodecanol

0 B 0 B 0 B 00 B 0B 0> 0> 0> 0> 0>

Oy

.048 £0.007 cB
366 +£0.037 dD
118 £0.081 ¢B
120 £0.020 ¢B
116 £0.044 cC
127 £0.033 dD
126 +0.047 bB
.094 +0.038 bB
.073 £0.015 dC
.098 +£0.046 dC
0.086 +0.027 cC
0.128 +0.082bA

O OO0 0000000000000 oo o0

0.213 +0.040 bcB

0.473 £0.074 dCD

0.227 £0.069 cB

0.321 £0.071 beB
0.706 £0.061 ¢BC
0.287 +£0.065 beB

0.143 +0.011 beB  0.213 +£0.015 beB
0.264 £0.097 ¢BC 0.387 +0.082 becBC
0.362 +£0.080 ¢cCD 0.580 +0.078 bcBC

0.187 +0.072 bB
0.192 +0.045 bB
0.196 +0.022 cB

0.342 +0.104 bB
0.260 +0.051 bB
0.204 £0.010 ¢B

0.245 +0.052 ¢dBC 0.325 +£0.029 beBC
0.208 +0.049 beBC 0.358 +0.061 abAB
0.310 £0. 158 abA  0.403 +0. 137 abA

0.518 +0.137 bAB
0.938 +0.099 bB
0.639 +0. 142 abAB
0.254 +0.023 bB
0.646 +0.092 bB
0.807 +0.071 bB
0.556 +0.131 bB
0.499 +0.120 bB
0.317 £0.024 bA
0.452 +0.051 bAB
0.441 +£0.039 aAB
0.466 +0.142 abA

1
0
1
1
1
0
1.022 £0.255 aA
1.466 +£0.050 aA
0.
0
1
1
1
1
0
0
0

928 £0. 188 aA

.452 +£0.084 aA
.854 £0.216 aA
.638 £0.115 aA
.820 £0.419 aA
.435 £0.301 aA
.397 £0.040 aA
.635 £0.096 aA
.544 +£0.102 aA
0.

686 +0.137 aA

£t Duncan [RZE T LA, 7] —47 EA A R NS FIORE T8 (9 80 CF{E = bRifE22) 20l 2R 225 B3 (P <0.05) FZE el B3 (P <

0.01); #4 [f], Different small and capital letters following the data ( mean £ SD) in a row indicate significant difference at the 0. 05 level and extremely

significant difference at the 0.01 level, respectively (Duncan’s test). The same for Table 4.

x4

H AT B X 6 TR $¢ 4D RARRIZR MR ST ROMR A B AL B (mV)

Table 4 EAG responses (mV) of the antenna of Microplitis mediator adults to 6 standard chemicals

of cuticular volatiles of Helicoverpa armigera larvae

HUBGR F Dosage (ug)

0.1 1

10

100

{64 #] Chemical E’(’J o
252 Hoxanol 9 0.05320.017 eD  0.327 £0.027 dC
E) 0.046 £0.017¢E  0.186 +0.033 dD
L B e ¢ 0-049 20007 BB 0,065 20.008 bi
R & 0.121£0.015 cC
R~ 9 0.043+0.017 cB
& 0.070£0.010 dD  0.331 £0.055 cC
5 Nowand 9 0.086:+0.007 dD
& 0.068+0.010 cE  0.235+0.027 dD
RO B e © 0041 20.017dC
oy & 0.0580.010dD 0.150 +0.006 cCD
S5 Docanal 9 0.118£0.081 cB  0.227 £0.069 cB
) 3 0.120 +0.020 B

0.662 +£0.078 ¢B
0.453 +£0.027 cC
0.083 +0.010 bB
0.284 +0.036 beBC 0.384 +0.061 bBC
0.180 +0.034 beB  0.262 +0.055 beB
0.694 +0.064 bB
0.209 +£0.009 ¢dCD 0.359 £0.035 cC
0.400 +£0.016 cC
0.082 +0.011 ¢dBC 0.102 +0.014 beBC
0.221 +£0.036 cC
0.287 +0.065 bcB
0.143 +0.011 beB  0.213 +0.015 beB

0.785 +0.031 bB
0.648 +0.035 bB
0.395 +0.152 bAB
0.469 +0.074 bAB
0.394 +0.063 bB
0.770 +0.059 bAB
0.830 +0.044 bB
0.731 +0.028 bB
0.141 +0.013 bB
0.341 +0.037 bB
0.639 +0. 142 abAB
0.254 +0.023 bB

S O OO = = O LoD ==

.428 +£0.108 aA
.013 £0.037 aA
.842 +£0.218 aA
.678 £0.090 aA
.065 £0.173aA
.949 +£0.053 aA
.274 £0.108 aA
.117 £0.066 aA
.256 £0.025 aA
.481 £0.014 aA
0928 +0. 188 aA
.452 +£0.084 aA

13— 14 ik A PSSO, (ELHE (B X R £ T LA
SRS X SR T 5 | AL Y L L B AR 25 55 T A I
G e T R 250 5 | A P S g 1) 7
345, 5 RHOK 2 e = ) (100 ) B BRE | A e
X R T A 96 x5 1 5| A 114 P 37 S O A 55
b, FAtL A5 | S A SRR FE B A 5

HESERR XS O R O I 1-C BEfl#GH &0 0. 01,
0.1, 1 110 ng, EEMAFGENO.1 FI1 pg, ¥R
L7 0.01,0. 1,1,10 F1 100 g, 2578 4l #5H
N 0.01 pg 19 EAG B 58 T HfE e b, oAy 2 Lo M
e, BOXPREAS T KR IR W, 24O 4O 0. 01
pg IF, E HEESEXOF O R £ 1 1) HEL A7 B 2 BRAR 2
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ZE5E(P <0.01) s HRIFGH Y 0. 1 g I, HE R
X O R S W ROV A 25 22 57 (P <0.05) , X+ iR
LERAFAEAR . 25 22 53 (P < 0. 01) 5 43035 o 1
pg FF, E RS O R £ g e 1-C B R AL S N AT
WFEZES(P <0.05) ; MR 10 g B, M
HESE XS S TR & Mg 1 B2 S A 35 22 5 (P <
0.05) 5 IR &R 100 g B, M e S X 2 2 £
AFFTER B 225 (P <0.01) .

2.4 HOMAHEEHERMRASIRERLED
REMRESWMIT N R X

2.4.1 X FORSER IR UERD 1 S - 75 FP 2L
YRS TEORAR AR JSb o ot A S BAUTR A ORI A
A H (5 ), X 12 Bl R R e Xt B

1 J 2- 2 WA SR 30 A 56.7% F1 58. 1% 41,
HAIIAE 60% VAL B0 B9 S B R XS 1-2
eSS I 3R 5 R, SR F1) 90. 0% 5 i 38 X L 1R IS o =R e
i, IKF 93. 1% o BRME e S X PRI X L B —
e, LR RS O R IR 55 SN, HeAt R
W PIBR I — B R, &R RR R
W, 52 -2 - -1 - o IR ZEL A L 14 2 B s x e e
RENEGIER (P <0.05) ; A 5% AL AT L
PN S A W ) S 1AE (P <0.05) 51 £
RIS 5 Xk MR ZEL A L o fE 2 86 R A7 7
FREGIER (P <0.05) s Hop TRxt #EMEE 51
LR A BA B3 22 5% (P >0..05), BIE [l FAS
W

£S5 UECKRAXMRAEY”BENENRIMAGEEX 11 #EREFERY RAEBRESWHIT A R

Table 5 Behavioral responses of Microplitis mediator adults to 11 standard chemicals and mimetic compounds of

maize volatiles tested in the Y-tube with n-hexane as the control

. P51 AR (%) EakEAE (% ) SREHE (% )
4% Chemical 2
fLe ) Chemica Sex Luring rate Repellent rate X Response rate
Q 23.3 33.3 0.529 56.7
Heptanal
SRPE Heptana é 23.3 46.7 2.333 70.0
2O 2-H | Q 42.9 35.7 0.182 78.6
Tty artexane E) 41.9 19.4 0.727 61.3
. Q 53.3 36.7 0.926 90.0
1-Cfi# 1-Hexanol
é 50.0 21.9 3.522 71.9
e 41.9 19.4 2.579 61.3
F-i% Nonanal
é 50.0 28.6 1.636 78.6
| S 3 1-0 30l Q 34.3 28.6 0.182 62.9
-S43 1-Octen-3-
+ cen=e é 45.2 12.9 2.333 58.1
Q 53.3 30.0 1.960 83.3
piS Benzaldehyd
AR Benzaldehyde s 40.0 26.7 0. 800 66.7
Q 43.3 23.3 1.800 66.7
FEE Decanal
é 37.9 31.0 0.200 69.0
Q 54.5 24.2 4.481" 78.8
% A 2-TH-1-B E-2-Nonen-1 -ol
JEA2 A1 £2-Nonen-1-o 8 48.6 34.3 0.862 82.9
L. Q 50.0 32.5 2.613 82.5
. %2 Hexanoic acid
é 58.6 34.5 1.815 93.1
S 7 Pl vl alcohol Q 40.0 40.0 0. 000 80.0
R reneratiyy aleono E) 36.4 39.4 0.040 75.8
Q 41.9 19.4 2.579 61.3
2 1-Dodecanol
AR ocecane é 50.0 16.7 5.000 " 66.7
FRANTHEEY Q 64.5 25.8 5.143* 90.3
Mimetic compounds of maize volatiles ) 56.7 23.3 4.167 " 80.0

“P< 0.05; **P<0.0l. 3 6 [q] The same for Table 6.

2.4.2 PHREE HUA BRI R IR A 1) S - AE
HA 2T S X A % Al AR A SRR o e LA
LA A R IT o R R (K 6) , 4%
SRS B U R B —E TR S VR o E R
X BITAT SR B4 S B R0 3374 60% LI E B3 m3 4 J
B feiih 90. 6% o LRI R, E R £ s M AR

B HL 2 e Ay B A4 DRSO R E X S e B A
REFEFIERI(P <0.05) 11 H, #4101 k4 i
PRIAE S RAD SR M I R B R A el 25 1) 15 5| 4
(P <0.01) ;A4S L 1 el RO K MLl <ok
X HERETR R B (35 A5 1/ (P <0.05) 5 il e
AR, E A B (P >0.05)
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Table 6 Behavioral responses of Microplitis mediator adults to 6 standard chemicals and mimetic compounds of cuticular

volatiles of different instar larvae of Helicoverpa armigera tested in the Y-tube with n-hexane as the control

{64 Chemical P iﬁﬁ%ﬁ(%) kR (% ) ¢ B (% )
Sex Luring rate Repellent rate Response rate
2-E0 i 2-Hexanol ? 42.9 35.7 0.182 78.6
8 41.9 19.4 0.727 61.3
LB e K 0 i ™
1-Cf 1-Hexanol ? 53.3 36.7 0.926 90
é 50 21.9 3.522 71.9
T Nonanal ? 41.9 19.4 2.579 61.3
) 5] 50 28.6 1.636 78.6
B ambe s 4 e p
S Decanal ? 43.3 23.3 1.8 66.7
5] 37.9 31 0.2 69
1L ? 61.3 19.4 6.760 " 80.6
é 58.1 19.4 6.000 " 77.4
Il ? 62.5 28.1 4.172* 90.6
5] 51.5 30.3 1.815 81.8
3L ? 51.7 27.6 2.13 79.3
é 51.6 25.8 2.667 77.4
AL ? 45.2 32.3 0.667 77.4
8 37.5 37.5 0 75
SL ? 33.3 36.7 0.048 70
) 41.4 27.6 0.8 69

1 -5L: 1 -5 I3 A8 m 4 ffE BAL & W A\ TEIAL A4 Mimetic compounds of semiochemicals of the 1st —5th instar larvae of H. armigera,

respectively.

3 g

A BAC S PR AT A 8 LA A I E (2
B HOR U i H 2 e BB te . AR vE R Huf
7 AR RCR B4 K Ve W) B AT 95 £ E AL, )
R, R Hed l M TR (8 SR R 2 7 2, TR
Wt £ 1 B dUfG TR A W B AR, LR R
(2004 ) ¥ P £100 V3 ST E e Bt 2K (MONSI10) |
B R B KA 23 0 B (s ) IR AT L
S BRI 3 % 200 3 B0 B B R i 5 A
F A AR S Al 2 o B A T I R IR TE . A
FUIE R B ORIR R AT GC-MS S Hr, 7 H
gro AR TIRARM A T 2%, Al iy & R
A, 3t 5 27 050 SCHIR , AR SR 08 G o i UL 4 LA B
T RE X HR L i A A PR A BHLSORE PA a
Frocsy, S 17 Mo 8 17 P S YRR GARUERE A
PR 2P PEAT R TN 3 0 ) S o R A B PR RE
ME S5 R FRAAEX 17 M9 A PeiE 2-C
1Ol M L -3 R e 2 e -2

Ma-1-0 O A RERESE 1L RhEES | R Hh 2100 74 v #
AR ey L LBV (3 3) , HOW BAT ¥ ) B JC R X AR
HEAIR AP HA W AT A E#E (P <0.05) , fi iy
LER AT LA AR , 33X 28 15 K45 2 1) o3 A Hh 2L
T8 B 9 A i S AT T o PR — E AR, e —
TEREE B A A A I A B AR 1 O A4 KRS
2T A LA R S LR

PR R VAR W o R Rt K R H
EREN A E K o X T A AR RPN S, A A
Jot Ny AR BRI RIAY 32 H S ) S 4 3 AR e e
IRPER B — A HEZ R (King, 1987) P2l
SR AR I B B A AR ), BB A (1984) 1k
X R ELAN ) S B A AR B TR R W) S T S R A B
LT ST 1 = 3 WA A% R 4y SRR RE P B A A
HRIXS RS R 2 % 2 HLAY 2 A 5 5 7 1 B i
1, IS LA AR R o X/ IMREE (2004 ) L2 P 1
Fr (A% HOly SN 210 9 2 S AR BIE ST T A
SER/I X LI B8 IR AE KO T . 45
SRR, P EL N i S B AT R A RNV
IR, SR A A R A AT 9 i i
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o AES T 35 FE /N BE AL A 3 — 20 1Y i
o WEHEAESE (2011) T J i rp 21 A0 3 e e e o)
R il - 5 9% 25 3 4 AR 1Y i PR M g 45 2R 3R
B, 2T 078 S R A% e 1 T 2 4l i AR AL
AR A B 2R A RO I AR A
AHFFE AR RS 1 4y o R R 4R W 2% 2-C
B CR TR - T F 1R O S ESE 6 Fif
X 2T A 9 e ELAG H AR R N A SR B, &
I N T AR 2= A5 i A 2 5 1 B PR 100 (7% 45 FR i A
BAUTR AR ) , K o 21 ) 0 4 — i 75 5 1R .
UEHTX 6 F b 54 BRI A 4%t &)y U4 Ay v
LI FOE A FEAF R R . HHR& I 6 Fi)
Jo A ELSE I RC RS 1 -5 i 4 i N TR G R ifE
FE AL 2 5 B TR R T ) M B, 45 2R i
7~ 12 HUBLHLIE 2405 B RN H 210 74) 2 e ol e A
WRFERFETIER (P <0.01) , X A &2 15
SIERT(P <0.05) ;2 %4 A AL 7 {5 2 0T
YA WS IE (P <0.05) o H AT g, et
9y B T AR B 2F E ARG B 2= o S o 1
FL BRI AF 0 0, T80 B C HA B
SRR, B IS AR A 6
VIR LU, 25 R R 2- O - L 3 Rk
GYITEA B IS 6 i o3 TR & 5 2 R0 43l o
93.80% (1 #%).92.72% (2 #&) .72. 16% (3 #&) .
93.05% (4 1) F199.28% (5 #4) , 4 6 R 41 ilys
HOEDF AR E B P i EE Sy, HAELE
XF EAG JOW A5 R A, 5iX 3 F s
TR LR CE TR SR BT W B B 4 FAROK . B
SRAETEFEME G v rp 21N 3 A5 e M 0 o) 2 PR L TR
P RS R, (BAEAR AL L 1 %4 {48
Prrp GC-MS ZpAfr v ARG B PR ) 5T, HAEAR S
o2 JE 4 RIS AR Y rh i & AR R D R AR
RS 2 i 4 AU AR SR Tt R AN B v A
WA , IR WG SF IR L PSS A v 21N VA) H
B A AR I TTERCE BR 1 2-CBE 1 -C T
N E FEAEH

HESCEZAF (2000 ) 76 BT I i A A6 TP 35 R PR
JoTrp, R ZT A A ik £ PR AN S A PR A 1Y 2
BTN o FEASHIFGE b, M A 06 =2 [ %o 42 % P ) ot
1) ik FLASE SO, R AEAS T 4 30 45 3R o, B /b
BULHAFAE R 2 5 (P <0.05) &b, HAth 176 8 2%
25 (P >0.05) o MIMHEAR b 38 1 20 )ye H g
)l A FELASE SR A DR 1) 22 S TS TR ) 2508 . Bt
R BUMERETE R ZBUIE DL T, il Ay Az s i 19 R

THESE X AT RER o1 TR 2 0HE 8 P AL A4 I ] T
WiEde (2R LA, 2010 ) ik £y 185 3 A% T ) s g A7 5
6 1 M0

25 BN ARWE ST R B OK A g duik gk
B SEATAE — S Al 2 5 S, A6 A 210 9% 2 e 14 A
85 My 5 S AR R — AR T, A AR 25 1
FABERRIRE T R L34 A R A E R AR . ASBIESE
R PRI AR AL 2 N, B A 15 2k — 20 1 BF M
LT Tl

it EEBREARF@ERFEHFRHDIRPT
REREREEASGBEARAREL LR T IRS
B TARIF 6G Ao 38 5, A2 P 4] A E kR B AT B
7 Akl RARFR 5 B AL 0% 37 A 50 PT 25 3 AP T T 89
KA, Ve A Se B s 0 B,
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