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The synergism of plant volatile compounds and sex pheromones of the

tobacco cutworm moth, Spodoptera litura (Lepidoptera; Noctuidae )
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Abstract: A large number of field trials were carried out to explore the synergistic effect of plant volatile
compounds derived from host plants and flowers and sex pheromones, viz. (9Z, 11E)-tetradecadienyl acetate
and (9Z,12F)-tetradecadienyl acetate 10: 1, of the tobacco cutworm moth, Spodoptera litura (Lepidoptera,
Noctuidae ) , and eventually to improve the attractiveness of sex pheromone lures to male moths. Nine compounds
selected from the headspace volatiles of host plants and floral odors were individually added into pheromone lures
and tested in the fields for their attractiveness to the male moths. The results indicated that only phenyl
acetaldehyde significantly increased the attractiveness of the pheromone at certain dosage (0.4 mg per lure) to
male moths. High dosage of phenyl acetaldehyde dramatically inhibited the responses of pheromone lures. Other
compounds in single or mixture tested in our experiments showed no significant synergistic effect with pheromones
at the dosages tested. The lures contained only phenyl acetaldehyde or its mixture with some compounds attracted
the male moth weakly. However, only the complete blend of sex pheromones showed the synergistic effect with
plant volatiles. Missing minor sex pheromone components resulted in no attractiveness to male moths. These
results suggest that the synergism of phenyl acetaldehyde with sex pheromone can be used to upgrade the
efficiency of S. litura pest control and monitoring by sex pheromone.
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EHW, &R R B FE AR ME R E RPTIR
D AR R 15 2R RAIR T B2, R
TFESEPRRL I, ZBANR . (1) 42 % R
BLHAT LAZ R ACHEE, BN, RHECRE AT LS4 52 e
6.3, &% 13 W(BRFHEEZ FARMREYT, 1990) . [F]
i, BTAETE EHARMERAPRERSE G0t MR A
HER R AR, AR S BERBARCR. 7
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Table 1 The chemical structure, source and purity of compounds used in the experiments

164 Compounds 45 H Structure SEJE Source 4l Purity (% )

M9, B 11+ POk — K Z B ER 0 EHE AR 95
(9Z,11E) -tetradecadienyl acetate )L 0N NN Synthesized in the laboratory
M9, 12—+ POk K Z B ER 0 EHE AR 99
(9Z,12E) -tetradecadienyl acetate /U\ 0 _ = Synthesized in the laboratory
Jigt-3-C 45 BR T 3 o H H Sigma Aldrich /3]

M~ = _cn 98
Z-hexen-1-ol acetate H,C 0 3 Sigma-Aldrich Co., Ltd.

[0)
IR Sigma Aldrich 23 &] 08
Benzaldehyde Sigma-Aldrich Co., Ltd.
LS4 -0 Sigma Aldrich /3 7] o8
Phenylacetaldehyde ©/\/ Sigma-Aldrich Co., Ltd.
TSR ‘OH RN BB R A o7
Cedrol [ v Zhangzhou Flavors & Fragrances, Fujian
H
FAARK RN ERE AR A 97
Cedrene HO e Zhangzhou Flavors & Fragrances, Fujian
B )\/\)\/ RN ERE AR A 97
Ocimene Zhangzhou Flavors & Fragrances, Fujian
e OH
H B KEET R AR o8
Benzyl alcohol DamaoChem, Tianjin
2 0 N

2-BRHER TR - 25 & AT o8
2-Hydroxybenzaldehyde ol Sinopharm Chemical Reagent Co., Ltd
AR B Ao RT3 A 0.5

Methyl salicylate

é»

Bodi Chemical, Tianjin
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EYRBE(FL) . HERRUAYWEAES
YR RIE W RIR G Y BT R3S S PVC B 40
B, SMESHERAF: KEE(80 +£5) mm; SME(1.1+
0.2)mm; N#2(0.8 +0.1) mm, TijE—AHIEILE Y
RIS T PR TES A R AR BRI (T I A R AE e
RERAF A=) . RBRIINESZ R KE
(14 £1) mm; SO ERS £1) mm, K (5£1) mm,
B EZE M EE Tt

HEBREL: ATHAREYEAREGRAFR
PRAEEES, IO, K 11-1 DUk — 4 ZBREE A9,
S12-+PURR — ) L BRER LA 100 1 ¥R B LB 4 A%, %
MELHMEGFERNEN 1.1 mg, HMAEER
BHT $i 4845

VAR . SR AR Y BUE W T RS
AT HAREYEARFRA AT,

1.2 HEFE#HRE

BRBEHIREEIC XIRAR 8 3 ( B AE
YEMN EH KAR BT EKS) #17, B
KRR B R BAERERS,

HERGAAE T 2008 4F 6 H & 2009 4F 6 H 7EHT
TLAR T TG LU 5 B 7 R PG 22 AR SRR AT . R
FlawfkL, L E8Miba TR ENRA K
X6 ANESE, Mit, KW PHIET, F1 Hik
IS7E 2008 4E9 H9 F10 A 27 H#tFT, RBILESY
FFEI 3-C 4 L BRER, AR BEFZE B, R
IR B R ESH i A A S ERIL A P 7
HOH00.4, 1 f12 mg, 552 HIALKFE 2008 4F 10
H27 & 11 A8 Hitfr, RIS EFEHAL .
B R B 2-RERH BN IR L, BRI
LR 0.1 mg 4b, BAFEHIINAKED KA
AYHIFIERN 0.4 mg,

PSR ) SRA B RIS R P AR R AR
BIRELS, BRAYAE W TREMAER: N3-242
BRER (A5 0.4 mg), K EE (AR 0.1 mg),
ROTE(BIFES 0.4 mg) , KAFE(EFELRO0. 1 mg),
2RI (R 0.1 mg) /KGR F ES (4515
0.1 mg) , 7RG H A RIS K PVC B4
PefE B RmESE GBS G B ERERSIIMA
0.4 mg ff) PAA fEHXTHR

B R OB 1.5 m, B2 H 4
BE30 m A4, WAL 10d, &5 didg—
W, B E 6 MMiFE A (BI7E R — il s
HEE6K) ., WEN, BNES W ARLHEFERHS
F—ANK, Bt 6 /N,

1.3 HEFEItEHH

SRR AW L2 8 IR SCEUAR BT & i) DPS
BARAL B RS 8. 01 AT 20#r, I RE L H LR
>k Fil Duncan FGHT 2R ZIERAT T o

2 £R

2.1 RYEEERERENEBROSIFERAREE
"EL

FEH[E], >R PVC APRHRIAE B-& BRSO
BMEFCHREFEERABIN, K 111 MUk 5
CPRBEFI O, J2 12+ Pfk — 4 ZFRER LA 100 1 T
SR 25 | HAE 0, 7 P [ B B WA 215 % B
HEMRLA zig-zag R RATEFEHAY , R)5E VTR
BE O A A 7E 2008 4E 9 A 1 H Y H 18] WL
BAmRY, IEEMR R RZ A A 7] 2 i 2 o
Aligy, HLAGE M B IR R, 7R R 2
-3 A — e R iE R (B 1), X530ME
DR MAENE IR R R 3 -4 B R —3F
IR A 22 5 (R3S, RERVERD o
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B R A S R R X R 5 1R
R HBR R (THEIL IR, 2008 4£9 H 1 H)
Fig. 1 The diurnal activity of the male moths of tobacco
cutworm Spodoptera litura attracted by synthetic sex

pheromone lures (Beilun, Ningbo, September 1, 2008)

2.2 BAMENSHAEEMENGREEESERER
HHISIEIER

g, WK T 3-2 4 SRR R R
P FARR A K 2 s R B 2- R B R R K
BRSS9 ML a IR RISBURA TR B R 515
RN, Z5RERW, QA — RN B (PAA)
BERFFSBURIEE B RNTFEERN, PAA WKE
TR UV AT LA S 3 0 A A R B R A N (1B 2: A,
B) . TEREEBATHIPI N EREAR T, —EFIE ) PAA
St EERILEYHIR S LR —REBUREFER
5 AVEREH 45.2% +13.5% (F 3) .
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2 EYARAEY SHEE B RS YE H EERHRE (T RIS E)
Fig. 2 The field tests of the mixture of plant-derived volatiles and sex pheromone
(Meishan Island, Beilun, Ningbo)

A. RES7E 2008 ££9 A 9 = 10 A 27 H#E4T The experiment was carried out from Sept. 9 to Oct. 27, 2008. PH: Sex pheromone of Spodoptera litura.
PH: #I80% k{5 B & Sex pheromone of S. litura; CHA: JIii 3-C. #5-Z FRHiE Cis-3-hexen-1-ol acetate; BAL: % Fi ¥ Benzaldehyde; PAL % Z, ¥
Phenylacetaldehyde; MIX1: CHA: BAL: PAL( &7 s 2 mg: 0.4 mg:2 mg) CHA: BAL: PAL(2 mg: 0.4 mg:2 mg per lure) ; MIX2: CHA: BAL: PAL( &
MBS 10 mg: 0.4 mg:2 mg) CHA: BAL: PAL(10 mg: 0.4 mg:2 mg per lure) , £ FRF/NE FZH:F£/R2ZEF B3 (Duncan [KEZH L, P<0.05),
Bars with different lowercase letters are significantly different by Duncan’ s multiple range test (P <0.05). B. iX#7£2008 4£10 A 27 £ 11 A 8 H 47,
HERAES T FIRA B35 2 5 The experiment was carried out between Oct. 27 and Nov. 8, 2008, and the result showed no statistically significant

difference. PH: SRk B

Z Sex pheromone of S. litura; M; JIii 3-C5-Z BRFE A I EE A A Z B (554 0.4 mg) Cis-3-hexen-1-ol acetate,

benzaldehyde and phenylacetaldehyde (0.4 mg each per lure) ; COL: A& Cedrol (0.4 mg per lure) ; CEN: #i/A#% Cedrene (0.4 mg per lure) ; OCM;
B #4% Ocimene (0.4 mg per lure) ; BOL: %5 FI B Benzyl alcohol (0.4 mg per lure) ; OHBAL; 2-¥3 £ Fi i 2-Hydroxybenzaldehyde (0.4 mg per
lure) ; MSAL: /K#%FRF i Methyl salicylate (0.4 mg per lure) ; PAA: ZXZ /% phenylacetaldehyde (0.1 mg per lure).
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Fig. 3 The comparison tests of attractiveness of new lure
composed of sex pheromone compounds and plant derived
volatiles (PAA) with old lure composed of only sex pheromone
in the fields (Beilun, Ningbo, November 6 —20, 2008)
PH: JRi% s Pheromone lure; PH + PAA; #Tif it Mixture of pheromone
and plant derived volatiles. £ R [F/NG T8 F /R 2 57 8 % ( Ducan

KEFEEEK, P<0.05).
significantly different by Duncan’ s multiple range test (P <0.05).

Bars with different lowercase letters are

R, ZES—RE PR, R AR AR
SR B RIEY, W9, K 11-Puhk

CRBR SR CBER A, Mgk 09, 2 12-
T+ U "I S RRER, AMUBA BRI RER,
T ELE BT 1, 72 H B B0 P B (B 4) o
2.3 MEUSKULEDERATEEFERERER
BHI5IEIER

BB, A TBCE TR LB 3-C4%- 2
PR P I R R 5 TS — e ) R & )
HIREY, BRI ARSI BA B3
REFSBUEMEEERGEER (K 2: A, B),
2.4 BMEYSKESYXINQBEKSIEER

PAEY RIS Y PAA 76 3 PRSI T
XHRHESCBIRE T EAER /D, LR IR PAA
3AWREEBREL T, N PAA R, JFBA BER
RHEGIEI(ES) . AHERRES 0.4 mg PAA
RePUEER THEERNAHE, B2/ T
FERMFERHES PAA BRHEZM, Fik, —&5
Y PAA 585 B [8]5& tr 7 15 F 517 RHEUR K
iid

BeAh, W3- B - BRER R P B K L R
F B 2R R R KR Y R R TR B o
SRR EI MR A RO S AR, T AR
HRBRKFHEEM(ES)
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B4 HEYIRECES B —ME R RRA XRS5 EER (TRILeHIL S, 2009 45 H5 25 H30 H)
Fig. 4. Field trap test of plant derived volatile phenylacetaldehyde (PAA) mixed with one of

Spodoptera litura pheromone compounds ( Meishan Island, Beilun, Ningbo, May 5 —30, 2009)
PH ; 52 BRI R v 15 B R 4 i Complete sex pheromones. B IkE N 6 i s 00 F 218 (£ 5 #E1R) o Number of moths trapped indicated the

average of 6 traps (xSE).
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PEils414) Chemical blends
S HEYRE YRS KRS YN RIEOR IR 5 1 R (TSI, 2008 4£10 H 27 =11 A8 H)
Fig. 5 The attractiveness of phenylacetaldehyde (PAA) and its mixture with other plant-derived volatiles in the
rubber septa lures to Spodoptera litura moth in the fields (Meishan Island, Beilun, Ningbo, Oct. 27 — Nov. 8, 2008)
PH: Jy5e Rl a ik 15 B Z 4 il Complete sex pheromone of S. litura in the standard PVC capillary tubing; PH + PAA: H#r#EHEHHFIMA T
0.4 mgf) PAA Standard lure mixed with 0. 4 mg PAA in the PVC capillary tubing. PAAO.4: B KABKiIFHEL 0.4 mg HEZ B 0. 4 mg
phenylacetaldehyde per lure; PAA2; &> KRR BT DS 2 mg #EZ B 2 mg phenylacetaldehyde per lure; PAALO; > KRBT L 10 mg 2B
10 mg phenylacetaldehyde per lure. ik &N 6 AR A TF-2E( = Fr¥EIR ) Number of moths trapped indicated the average of 6 traps ( + SE) ; 1R
AWM AT A WA -3- CR-ZRRER (B 0.4 mg) , KRB (BHEETR0.1 mg), RZE(HIHEE 0.4 mg) , EFRE(GHEL
0.1 mg), 2-FHIFHAE(FFHEILL0. 1 mg) , KBHRFEE(FFEL0.1 mg) ; i EARKE FRERRZEFA B (Duncan REHHE, P<0.01);
A, The mixture M composed of cis-3-hexen-1-ol acetate (0.4 mg per lure), benzaldehyde (0.1 mg per lure), phenylacetaldehyde (0.4 mg per
lure) , benzyl alcohol (0.1 mg per lure) ; 2-hydroxybenzaldehyde (0.1 mg per lure) ; methyl salicylate (0.1 mg per lure). Bars with different capital

letters are significantly different by Duncan’ s multiple range test (P <0.01). The same below.

3 itig

FEEY-HEEERR- KB =EFE KRR T, YR
WRAEH HA RS E B F (R K S ™R8, 1994) o —
JrH, AT LA i REAS L H 5 MR DT Pk R A 5 |
Y, TR B o R P A M B A U

BrIARCR SRS HENIHR . 7 AR T, —SEY 2R
FUHLT | FEMERE PP T (Cha et al., 2008) , 4K
BB RSB RFEEY, RARZIG]
VERHSRBUR AT FE R, ARSI ACE (B2
HEFIXUR A, 2008 ) , i 7 A AR AT 15 00 B 7 3
BAH—B IS, AU R4 A 3R U 5154
A, T EX R SBORS ) MM A SRR, A
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2E O S RS A — B S AT TR
WEW (BRI B, 1978; JREMSE, 1999; ki
&E 2004 ; Li et al., 2005; X774, 2008) ,

A SR R M T 1 B R B 5 75 4 P AR S
RIRZ ., BRFAPHIRE —BRARBE LR
RaF, MEZMLEWiE—E L HRIEES
Ko —MINFy, EZRETFEZE EEMERE
YHSIRY LSS, RA—/ R REA SR
BT AR Y EVEH (Tasin er al., 2007) , HLANGE,
B-ATTHE, (J)-B-kJeHs 1 ()4,8-—H -1,
3,7- L =MTE R Z MR R SR P B TE, H
BE W % 4 & e RO SR BN S B E L, 51
TR SH Y R YA R B35 X 5 (Tasin et al.,
2006) , {H Gk FALAT—Fh, H5155 0 0 8T K,
FRLASE(2004) BN LT E B EIEY S BHE
Bt hZHE5IBERNER, BRERZRNERS,
ES5E Y Z I R AHEABA S B A R, A
M, SERMEERAR, YK TIHIEHE
AIEH, REXN AR EET]EA 2 7 (Meagher
and Landolt, 2008) , {H 7] [F]E}5 752 Fh 3 H ( Ginzel
and Hanks, 2005) , E£Z2H 54, RLURIE R 24
B, e AR S P AT B A TR AL
B ABFENE T B—IR RS A — LS BRAL
BV RIS [ EE AR S, ERA BT
M, R, SHAFFHEYBEIKRZBAEGE
KWIZER

AWFFEUESE T AP R 55— R E
BiHE Y SR BT LR mER R R B IBRCR . &
RESMHRMIRERA S ERERENRES, T
HARR B R HEY SR ARG B RN EIERRIFA
—, ~HRNEREHFETE, HERE 1T
EESM B, (Dickens, 1989; Glinwood et al., 1999;
Ochieng et al., 2002; Deng et al., 2004; Yang et al.,
2004) , Light 5 (1993) & 513 & 2P S-SR XF
E W MR 4 B Helicoverpa zea F13E 5 ik Cydia
pomonella Y5 B & 1 7 51 75 1E F. Deng 5§
(2004) fig 18 7 7 H I AEY SRR 2-C B R S
B I 3- T 05 Z FR TR T 3-8 M B % SR M A
BEMBEMSIEM, K rHEY RS HE R
RRREEARFE ST FEHEYNIERR R
HREFRE, ~HTFENAREFRNRER REPL
JE AT RSP R, AT — PR
= IRERER . 78 B AT P IERBUN SR — R 3
K, WK, etk s B 2R RIE SR =5

FEMESR LB, W] LA/ ik A8 A M R ) B ), 42
EACECAR . i, W MY F A e
FHREREF R ZHERGAA s &R, #ln,
— B RSBR YN 3-C IR (]R) Bk e M B
TR P A X 28 XA 0 4 e S SR B MR B R
B ( Yang et al., 2004) . 55 —I0A #HUF5E
B, BRI #84:f Melolontha melolontha YfBi— ]
PG B (a0 2-F EORIR ) WA 1T 2= RO, 3
AR B R 5SS B IR G YA SR EL A )
JZ v (Reinecke et al., 2002) , XLeZERE0T, HEY
SR BN S B R AR E B T S i
R B, EIEHAE ARSI AR
YRR IR Y BT, TR TEST FHEY MRS
FHEYEF T

5T 3- L s 20 TR g 2 3 3 1 A ) 4 i SR
Z—, RPEE RO R 2- R K
B2 P ER L A LE TR MY AL E R F R AL
EEER SR . AR 9 Fikadt,
REAR OB —EWE T BEREHE B RZXRIL
BRI 5 1 A E o [RIE, Aiae: Hh i i i) — L
REYIFRH BERERCENBRER, A
MHIER . X—45REME T L E4sie, BPERER
SRR LA F 7 AR A Z S5 3 A7 52 v B
BRI, [FEF, KRR T LB i vk B
FEER, BR, BiEREHERNT,

A Tk ) 25 55 T RE S MR 45 SR, NS
BEXEANSHERRERSE - ENER,
Meagher F11 Mitchell (1998) HJiXIeF M, ¥ WEE
RZ —HR LR EAMPIRE S. frugiperda
XA BR ME ] RAT AR A S R LR, (HZEH
IR 2 7n 1 4 i A A (Meagher, 2001) , 7 H.
H TR CEMEY SRR, BRBIADRE. 7
— W R ) E B G WK B 3-C 46
CTREE I B A 12 = AR 42 UM {5 8 H ) 5 4
(Kvedraras et al., 2007) , ZEHIE], B THR]
Bt SRR . WX B s B R ERY &
B —RINARMSRE, FEEiE RS BRI RE
FEYRRA ST LA RS B ) XA %AT, (B
VTHEES, FIRETR Z RS AL LI UK IR S W B 3
BFoSa5 | FHIAAGMEG . —HREERER T
o3 B E IR 2 R KRB R, W0 Texas
MIEFK AR, RERY BinE RESHEANF
s, R R/ N E A S, 2R IR
SRS, WREERT ., A, XTE
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R R AR R B B R AT M AT E R AW
5

HEYSIRY B R BUE B R SRRt 2
AR A RER - EENERX, HXWERED
RANITFG, fibfa EARERESARGRRLEWH
FER M AT, XM 2T R R R R
L] 4% A ) SR AL & ) 15 [F] 32 5 ( Ochieng er al.,
2002) . MRGEAFSTE KPR 2 R G b B0 AL T i
frt, B R B B A 5 A8 5K ) Manduca
sexta , YUK H. virescens, JKIATIR S. littoralis, /]
Hi % B2 Agrotis ipsilon F153 %% Bombyx mori %, fih ff
I Ph 2 £ 4R A FE TR — 3R 43 F T hn AR SR = AT
AE A9 H A SR {5 . (Namiki ez al., 2008) , TijHH—
Lo 28 LT AEBRIE VEFE M b AL 3 — O RE R AR M) SR
(Reisenman et al., 2005) , fih /5 —3 B4 H 3
A MEHER R PR S AERRAL R, A TRl ph &8k A
filf A DAk, FEMESR R, XSRS PR R LT 4
BRI ST CAL B R R A SN (Hansson et al.,
1991) . M FIF BERUE, SHHRMA(F B R HRGH
ATRERR S AR L BARNER, ZT515MH
HEW T B 5 | 549 T REFE 2L A B[R] N BF S XEBE K, T
BEXFREEFA 2 A WA A ] et BB I— 1
PR, AL, GC-EAD 2 H 5 ik >k F i 4% 7 ik
(Du et al., 1998; Du and Millar, 1999), {H 2 fih g
A5 S (EAG) ZZFME R, HPafESu
HORPBOREL, REEHRAE. RASYWIREX
%, BME M EA AWM, EAG ARERBUR H
FKo WFEFHHXT RIS AT FEE R, HX
WEEARAK, A GC-EAD giJou: % xE H 58 % 1%t
EY (kK Y, RARER) . BT iAZENE
T LA -5 7 i 0 k£ T PN B PR R 2 /N R g B
SRHBTR T 100 ~ 1 000 4% ( Hartlieb et al., 1997)
TEfil A SO S AT LASR B A A ) SO B A )
EHRREE, ZumAREIIR SN, 4
A IR MY SR P e, HE 3 MEA
A A BAIR S B AT LR RISk — 51 5
YER, Bn T BFFTAE ) SR MR 5E 42 BIL 1 A R R v
FIFRL AT (Riffell e al., 2009) , AL, HATF
—PIEEFF R TR A A5 5 2T
WA BOREE G, WIBIRAEY) b ik iG e &%
DL R B MR BE L L
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