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Effects of tobacco volatiles on ovipositing behaviors of two sibling Helicoverpa

species and volatile chemical analysis
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Abstract: Oligophagous Helicoverpa assulta ( Guenée) and polyphagous H. armigera ( Hiibner) are two sibling species,
with tobacco as the shared host-plant. The effects of plant volatiles from one variety of Nicotiana tabacum and four varieties
of N. rustica on electrophysiological and behavioral responses of these two insect species were investigated in the laboratory.
The results indicated that virgin and mated females of H. assulta elicited stronger EAG and behavioral responses to four
tested N. rustica varieties than to N. tabacum, while H. armigera was reverse in responses. Females of the two Helicoverpa
species responded more actively in EAG and behavioral experiments to the volatiles of tested tobacco varieties than males,
so there were significant sexual differences of the two sibling species. The results of gas chromatography-mass spectrum
(GC-MS) showed that, in comparison with K326, variety “makhorka” contained higher amount of nicotine, more sorts of
green leaf volatiles and less amount of aromatic compounds, suggesting that the difference in sorts and relative concentrations
of tobacco volatiles may lead to the different ovipositing preferences of two sibling Helicoverpa species to N. tabacum and N.

rustica tobacco plants.
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BN EFEROLTRERIGENT EIRB B ES, AL SHEY RS ED, hT
HEREMERPHESEFAR, BRI T X5 E R IHRAE m a8, NTITE R T R M £
VEREY . R EEURE A bR A R B AR A A b 24 S B I S A AR AR B RS
PRATFHEAT B R B gD, B )5 46— R IV VAT A4 (reaction chain) ” 58 BUX 27 FHUR 7 IF 55 (1 €
2 FER B R Y REEEER, DR B SRS D4 2 i Leptinotarsa decemlineata
(Say) HHRIEAIGIFIER" IR o- UM B-JRM AT 31 SAZE MR Choristoneura fumiferana ( Clemens )
TEHL L7=08"  H A BRI XA 4T 5 Panonychus citri (McGregor) F 7™ B A5 B3 Y YK BEAE F 47, (ELLL
TR ZW R —ME RN EEm 5HETFFHELRYZE KRR, MR X ORI A R &R S5
R

JHPL Ik Helicoverpa assulta (Guenée) FIFRER B H. armigera (Hiibner) 23 IKJE 2 L4 Fh, —EHBMHLIK
HE AR A, BT E Y BN SRR R, R0 A S AR A U FE AR
e HE R EATR LR A7 32, B 7000 B A A A i [R) A L8 8, Xof R 7 1) S BRI — 3, Xl 5 1)
Ve 6 9 V8 B PR BE AR , A IR B2 40/ N T 4% IOFR e St ) X ST B S S AR O B R (L 3R T
FERM . B EREA RS WEEA L@ A Nicotiana tabacum L. MIEIEMHE N. rustica L. ,ZEHFFTH
BRI, 2 AR S 1) T B AL B 7 G T AR A% BN 2, ZEPIFP AR BB AR F , BETE R | 2 FhRIIR & Fh
YR OV B B TS, W24 TP A R R IE IV E Sk 15120 kL, 5 ZAHSR B8 0 B ACE
42 1M g I RE T 2 FhRC IR K A AR R R ) R A B R AT O , SR T K326 (i
M) A A 40 CREAEAE L) M R YR , SR B P R i 7= D e vk 22 S s IR, B BB 87 B U7 23
PEOLE AT K PR AL F BT A4 ) A SR A B AR R
1 #R5HEE
1.1 A5kt

PR 8 MR B (K326 ) A B M (A M0 A0 93-1 22/ NE) Hi s b K2R 2 Be i 5 R IR 4L, F
5 H EABREREH , AT =50 cm x 100 cm, FIFEHFEH M. MK R im0 R4 510 3% 8 [ AT B A
S RIS S 2 ~3 K B BUCR AO A A L 5 M R A A A AT A A R A BT O R SEURE
1.2 JHEE R R

KM EAER L ERAR ] AL IO, 2 N UE IR TS , BRI 500g 177K 28 <A 18, 13 60 ~ 70 i/ 705,
BTE] 2 h, ZEMRVRH 100 ml BE28 G A 4 K, ZEBOR A TO/K B BR &9 T4, % 30 min J5 IS8 &1L
W45 % 100 gE( BV ZFHRAEORE 2 T 100 g JHE M F) 4 CORRAEHE.

1.3 BT il

H 100l FRIAE R TE I x w =5. Ocm x 2. 0cm JELRSE b, DARMARFR — G F b o xof BR, 70 30l B T 1B R IR
AL HRE S 6 20 Sk IR B BB R B G 36 PG TR, B E A B B A RS, SR 1000
ml-min ", [ i 60 min J5TFFLLEEIEIEREE R . BRI RT 0 R SGH T E AL HE, EA 5 1K, 4% U
TAXHEFHER.

1.4 EAG Wi

fil F AL IE SR ™ B 17 2% Syntech 3R] M EEFRHF B A fik # U0 T, M I B U0 K A0, 0 5 R
Kaissiling ¥ f B4 B AHIE (FEFES AR, SaliE DR AR ) o K 20l FRIUAE S50 7E [ xw =5. Ocm
x0.5cm JELALSL b, A BERES  HIAsHE] 0. 2 s, [E] [ 30 s, S & 30 ml-min ™', 24 0.01 mol-L ™'z -2-C. 4
BEAPRES IR, 2R AW b B, B I 6 ARl , AR A EE R 3 IR, EAG B AEXH{E T
BRI B R B
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1.5 SpirfiEsfsc i

SAHETE- BT % B A AL : HP6890 (GC) /5973N (MS) ; 3% 4 : HP-5 AR B EH:, 114 30 m, 42 0.2
mm ; KR 15 Psi; 2 He ; #2/F FHE 50 C4£4F 2 min, 130 C{#3F 3 min, A 6 °C-min ' F}F 250 °C, {f3% 40
min ; AL Z IR EE 200 °C, POARAFFIREE 180 C s #FEE 1 pl, UL 100:1 ;%50 %ER 6 min, B ¥ EL; B3 FREE
70 eV PRI 200 C ;T #iEH 33 ~350AMU, R4 NBS-75K & 5iniEL & W MBI B , 456 ik A
XF BT TS E o
2 ZRE5HH
2.1 PARRBIRNAS [RIHE R 4 R W AT R B

DA S R e BB, 36 0 B M X A i A 2 e o0 5 T O 0 P 75 4 R ey, LR O B /N R 93-
1, 2% M 5 X A R R 75 4R S T B 2 22 % (B 1) 5 K326 X4 BT e WS ) s 4l 8 dee s (11 2)

O 4t £ ik, Virgin female moths 50 — o
W A3l e ik Mated female moths E%éﬁﬁﬁ \I\;l;tgég {:2::: ::23::
NfEif Male moths 45 - S ik Male moths
50 — a
l a ab 40 a a
45 - a a
40 I IL L 35 _Jt g
35 b % T ab
30 T 0T ]: I

% Mean trapping percentage (%)
% Hii% Mean trapping percentage (%)

» 25 |- b % be b
: =\ LS |k
15 a 20 - a b . %
10 $ sl "
> b
0 < 10 -
K326 93-1 DA AW R
HAHE A Tobacco varieties 5 H
0
B 1 DA Jor A ko R AR A 0 X AR [) R B - e P R AT K326 93-1 AWM RAM S

JHEL S Fh Tobacco varieties
SR

Fig. 1  Behavioral reaction of oriental tobacco budworm to different

B2 LS e hn B AR 8 dx AR ) A B - 3 R AT R
A

Fig. 2 Behavioral reaction of cotton bollworm to different tobacco

tobacco volatiles controlled by dichloromethane
[R50 05 A 5] B /)N 55 - 3 s A ot o i ) 2 5 B 3 (p <

0.05) different letts th h ignificant diffe
) 1rrerent etiers on € same seX show significan 1erence Volatiles controlled by dichloromethane

between tobacco varieties by Duncan’ s multiple-range test; I 4
Makhorka; 5Z 4 4 Mohe-tobacco; 5 /N 4§l Hanxiao-tobacco; F [f],

the same below

A K326 Sy %t BRE , EhA KRB A KX KR 0 A8 e W e ) 75 1 R B R R /AR AR 93- 1, 45 . 5 e v
TRBIRAL Lo W i U HE SR P B R T B & 22 5 (B 3) ;4 AN ETEM R S A M U IFH RN TR (B 4) .
2.2 BRI A RHRE M BRI EAG B

S M A A W I o 55 MR 1) EAG [ B 1y , 32 B e i X B K 1) EAG [ B 5 5, TR B — & %t 4 N8 TE
JHE S AP EAG V382 T K326 (1] 5) s A du A o M # A 32 R e s % K326 (1) EAG J i 3 5 T 4
ANFEACIEEL A (B 6) ;s RN A IR X £ AR B S A ) EAG MBI TE B E 2 5 (B 5 FIE 6) .

2.3 ILAMEAN K326 MR KW R

M K326 [ i R Y rh IR B 84 b (3R 1) S50 Mk S5 A 56 #r , e TR EE4
5%, HUORTHER B B, 73R SR 3 B, SRS W 15 B R Z NEE R SR MASAMEE Y
%, DEETRFELYIGE L 98 Mk & (R 1) , K& BILF SR 67 F, FEA SR EH T, HiIk
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o 3-C M- 1-BERIHTIE 0 , A 4RIk 6 7, 5 i AL a 1 10 B

HAEL S Tobacco varieties

i g] L ey 93-1 LN ]
0

50 O hb £ el Virgin female moths
—_ a W A2 i i Mated female moths -5+
X 45+ a N _
S a a NZHkik Male moths s ol - . !
& 40 | ap <
perle I en
§ 35 a l g 15 a
. il
I 30 g 201 7 2 a
B 25 2
g = o)
= 20 a a g a
8 a = 30 | a a
s 151 § 1
% 10 a 351 a
e ' %
” i % -40 O hb £ el Virgin female moths

0 - W A5t gk Mated female moths

M R 93-1 SUNHA —45 - Nl Male moths
AR fi A Tobacco varieties 50 L

B3 LAK326 M54 R4 S 3 SR AR v AL A B 4 R B4 1 K326 I B3 5 2k S BB AR A0 o X 3 7 0 2 - 4 %
BT B WIHAT B
Fig. 3 The behavioral reaction of oriental tobacco budworm to rustic Fig. 4 The behavioral reaction of cotton bollworm to rustic tobacco

tobacco volatile controlled by K326 volatile controlled by K326

< . S _

S Ol 4b £ i, Virgin female moths _: 800 Ol 4k 2 ik, Virgin female moths

s 1000 - MZZFELHEMR Mated female moths ‘£ 700 B Sl ik, Mated female moths

5 Nk Male moths a 2 N/l Male moths

2 b T S 600

S 800 _|—_ a b 0]

< 5 500

% 600 i % 2

° L

2 b b E 400 b be

= b K]

& 400 - \ ; 300 b b b !

fou = cd a a b &

= c a a a & 200 a

= 20T a a =

2 “‘,\( 100

2 o0 2

2 K326 93-1 BEM %‘u‘m SN ] o K326 93-1 oA EAeM A
JH L i Fl Tobacco varieties L 5 Fh Tobacco varieties

KI5 TBRAATIRI IR EAG S 6 AR HHE R EAG S L

Fig. 5 The EAG reaction of oriental tobacco budworm to tobacco volatile Fig. 6 The EAG reaction of cotton bollworm to tobacco volatile

F1 K326 MS/EHFEZMHLFESREENSE
Table 1 The relative contents of the odorantal compounds of the leaves volatile of K326 and makhorka

K326 I, 44 Makhorka
i W4 A W4
Iﬁs?rvﬂili;]n fea )i 1tfﬁ{e;ratf:;w;E Iﬁs;ﬁrvﬂili;ln LR 1:Hf{jlaf:;i%)
time ( min) Compounds content (% ) time ( min) Compounds Content (% )
4.54 s Furfural 0.71 4,54 S Furfural 0.12
5.09 H-FE Leaf alcohol 3.08 4.62 4-F HE- %% 4-methyl-pentanol {4 Dram
5.35 2-CL 435 1-1 2-hexen-1-ol f#%& Dram 4,82 3-F 3k #% 3-methyl-pentanol ik Dram
5.41 C. % Hexanol 0.21 5.10 3-C. 4#-1-F% 3-hexen-1-ol 5.09
2 -2 -FF R - 2 B ) ) 2-E H-1- )
5.7 Z-fefyl- ZTSSIiieiEEe-butanone Ut Dram 5.34 E }Z[}ﬁ) ;-hiff- 1 -f Bk Dram
6.00 KK Styrene f#%& Dram 5.39 . i Hexanol 0.29
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SR
K326 I, 44 Makhorka
Fii T4 i S
ﬁ@ﬂﬂj AW A TR AH ]Lf:jﬁ ﬁt@ﬂ'.fn WA AT AH Tas)
Reservation Compound Relative Reservation Compound Relative
time ( min) ompounds content (% ) time( min) ompounds Content (%)
7.65 4-F 3E-C % 4-methyl-hexanol fk& Dram 5.81 (R)2-Cf-1-B & Dram
(E)2-hexen-1-ol
6-Ff k-2 - B
7.97 6-methyl-2-heptanone fh& Dram 6.00 M Styrene & Dram
8.13 ZKHI#¥ Benzaldehyde 0.40 6.09 L Cyclohexanone & Dram
6-FH BL-5- B4 -2 -l 3-F LB
9.07 6-methyl-5-heptene-2-one 0.27 6. 42 3-methyl-thioformaldehyde it Dram
9.30 Wy Phenol fk& Dram 6.61 2-Z, B Fe- IR 2-acetyl-furan & Dram
. , 5-FF 5 - g R
9.50 N RE F % Pyridinecarboxaldehyde fk& Dram 6.71 S-methyl-furan formaldehyde & Dram
IN-FF it g F
9.69 N-methyl-pyridinecarboxaldehyde f#%& Dram 7.64 4-H 3£-C ¥ 4-methyl-hexanol ik Dram
3-C-1-FE-H R )
9.79 3-hexen-1-alcohol-methyl ester f# & Dram 7.78 3-PEs-1-B% 3-heptenal-1-ol & Dram
9.88 2,4-" P74 2 ,4-2 heptenal 4 Dram 7.97 O- 1 - 2- e 13 Dram
6-methyl-2-heptanone
10.15 T FEBEME Acetyl thiazole Tk Dram 8.33 4-BEJfs-1-F 4-heptenal-1-ol ik Dram
10.75 AR Alcohol 0.91 8.68 2-PRFE-BEW} 2-propyl-thiophene % Dram
11.07 7. Phenylacetaldehyde 0.38 9.07 6-HIJE-5- -2 45 Dram
6-methyl-5-heptene-2-one
2-HIE-IR
11.96 2-methyl-phenylacetaldehyde 0.21 9.16 BEW} H ¥ Thenaldehyde & Dram
12.18 C.BR BT Caproic anhydride 0.28 9.52 MERE ¥ Pyridinecarboxaldehyde & Dram
. IN-FF -k s H
13.18 F#EEE Linalool 0.22 9.68 N-methyl-pyridinecarboxaldehyde & Dram
3-T - 1-AE-H R
13.34 THE Nonanal 0.18 9.7 3-hexen- 1 -alcohol-methyl ester 0.06
13.69 K Z, B Phenylethanol 0.31 9.88 2,4-FE _J5HE 2 ,4-heptadienal & Dram
A Vard i
14.78 RACSHIRIREH 5k Dram 10.14 2-Z. B 5E-BEMS 2-acetyl-thiazole 5 Dram
Oxidic chalcone iso-fu
5-2,3-6-FF 33 BeA-2-80 "
14.92 5 ethyl-6-methyl-3-heptene-2-one f#%& Dram 10.77 “*FHE Alcohol 0.71
15.28 AR AL R 0.19 11.06 K Z % Phenylacetaldehyde & Dram
Benzoyl formaldehyde
N b : : - -4- i
15.58 Z. B 7% B Ji§ Phenyl acetic acid 0.43 11.23 7-F B4 4k Dram
methyl ester 7-methyl-4-octanone
15.94 24— WERRE 2 4-dimethyl g ) 12.10 ¥ Octanol 4% Dram
benzene formaldehyde
16.19 %% Naphthalene fh& Dram 13.17 F5#%EE Linalool 0.04
4-F R Z , 6-F13E-3,5-5¢ —§5-2- M
16.30 4-methyl-acetophenone Ut Dram 13.36 6-methyl-3 ,5-heptadiene-2-one Bk Dram
TR-3-C Il 2,6-—HIB-IF OB
16.40 Acid-3-hexene ester AL Dram 13.45 2 ,6-dimethyl-cyclohexanol 0.09
16.53 4-HIIE S5 PIRY 45 Dram 13.80 # Z./ Phenylethanol 0.09
4-methyl-phenyl-propanol
16.68 JK R H ig Methylsalicylate 0.37 13.92 38Kl Chalcone iso-fu & Dram
V-3 Vare i
16.89 FPRERE Citral #48 Dram 14.78 RASRRE 0.07
oxidic chalcone iso-fu
17.10 2-3%47%5-1-F% 2-decene-1-ol & Dram 15.28 AR LI e (i Dram

Benzoyl formaldehyde

http ://www. ecologica. cn



5788 £ F ¥ IR 29 %
SR
K326 I, 44 Makhorka
B (] AR B a] AR
PRBIT ot iR ? PRRIT ot 4R =)
Reservation Compound Relative Reservation Compound Relative
time ( min) ompounds content (% ) time( min) ompounds Content (%)
s 4 G . .
22.23 JE# T Nicotine 48.4 15.56 L BRI B Phenyl acetic acid 0.12
methyl ester
22.55 T Eugenol 0.31 16.19 %% Naphthalene & Dram
-9 4 I
22.92 7l Solanone 8.79 16.39 T& 3-CHRRR & Dram
Acid-3-hexene ester
A . AR
23.62 B-K L JHH B-malaysia ketene 0.71 16.52 4-methyl-phenyl-propanal & Dram
24.90 B-_;dczmﬂ 0.34 16.66 KR HFE Methylsalicylate 0.04
B-dihydro damascenone
25.17 Z Wi Myosmine 0.52 16.86 FriElE Citral & Dram
2,4- "R T H-R B
28.67 2 4-ditert butyl-phenol 0.53 17.64 Sk AEME Safranal 0.10
30. 69 B & =/ Megastigmatrienone 0.46 19.49 % Cinnamic aldehyde & Dram
31.24 B+ 75%¢ Carbon-16 alkyl 0.21 19.78 B fRae#2 Alkane substitute 0.05
31.69 AP AL 0.45 21.41 4-LIAL-BAUKE 0.26
3-hydroxy-B-damascenone 4-vinyl-guaiacol
33.91 ¥ Cotinine 0.41 22.34 JE T Nicotine 76.91
34.09 B+ 7S Carbon-16 aldehyde 0.33 23.60 B-K 4% B-malaysia ketene 0.26
35.17 1 PURR Carbon-14 acid 0.37 .30 OTTH-2IRAIEM: S-methyl-2 0.33
phenyl-oxazole
B-— &K
35.55 J Anthrancene 0.48 24.89 B-dihydro damascenone f# & Dram
35.93 B+ /\ ¢ Carbon-18 alkyl 0.19 25.16 W8 Myosmine 0.21
36.76 Hi k5 Neophytadiene 4.64 26.47 M FEE Geranylacetone {4 Dram
SFE_HBR =Tl ae .
37.37 Dibutyl phthalate 0.26 27.74 B-4% 22| B-ionone & Dram
37.90 -1 JLk Carbon-19 alkyl 0.23 28.65 2,4 THAR B 2, 4-diter 0.42
butyl-phenol
39.20 %1 Unknown fk& Dram 29.17 BrAEBk N EE Kiwi lactone 0.13
39.72 keke Alkane f#%& Dram 29.82 #iFEE Rugby alcohol 0.14
40.87 ~FFEEE Inch el alcohol fh& Dram 30.18 B & =4l Megastigmatrienone 0.08
; H & =/ Megastigmatrienon
41.70 FEEE Phytol fk& Dram 30.68 (CRIFH different configuration) 0.40
42.59 VEAH = 4% — ¥ Siebel triene diol fh& Dram 31.22 175 %E Carbon-16 alkyl 0.05
3-F3E-p-k T
31.68 3-hydroxy-B-damascenone 0.21
31.87 441 EE Velbon carbinol 0.77
33.72 B+ 4% Carbon-17 alkyl 0.07
33.96 A5 Cotinine 0.44
34.07 %175 Carbon-16 aldehyde 0.37
35.53 ¥ Anthracene 0.21
36.74 B HE 4% Neophytadiene 3.12
BE_HR_FTHER
37.35 Dibutyl phthalate 0.18
37.82 T FRFER F g Methyl linolenate 0.30
39.08 #EHE R Palmitic acid 0.59
39.46 K1 Unknown 0.71
40.36 K1 Unknown 0.65
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3 NEEITE

ABFEEERFI] AR IEAL 2RSSR HEIRXT 4 BB S A ¥ R W9 EAG [N B 3% T d M
B TARES HUUAE B2 , % 5 AR E i 45 A M G S N R T B AR AT D0 IR SR AR 0, R I PR R
SR IRGE SR G 2 RGN A RE EE R 7 A T AR B sR A  (BIR R EAG AHXHE) , AP AX 22 R GE
REVERA A “ B P BRI 2 5 8 R A S ko A B — BURAT 0 ROBE, TR AR T e RIS 17
B —EtE o T R R SRS RIS A AAAE -4 A VBB R NS AT D P TR PR R R, R X A
SRR RIS L9225 ABRIE R BN, BB R R e A TR T S A 4 R A SR
PEREN, ST S AR B P AT BRI U0 “ 5 5 MR M AEAE , BT AN A M R R ARG P R
5| B ICR, TR A 5 R R = IR . ERE SHFEIN G YR ETRAPI

7 B A7 328 1) BT T Mo ) 2% R R E R, A 7 A48 SURE B A A Y R BUR R e, R e
BT HOBERF T4 R RN I 5 2 R AR B A AT R R RREER 752 21 AR 3 GC-MS TS 45 SR R A T A Al A
K326 M # R YH EZ R EREE T (A E M M & BE (76.91% ) , Fi 54 ik BA <
WRFMRZ ERE MG ERLEUMEDRRE. WEELZYFHIRME R NARRE S WA BRI % 2=
SR, AR — T

Z5 BRI, AR KA S AR BT IRME SR R 5 R A % Eh O BSG Sh Xe 38 E A  BE A (R, B
AEXRBE BRI | B R =B ) IR BB R A BGE TR M AE K R R MM B 5%, AR T %A
AR A 25 AR G PR B A AP RO, DR, A7 B AT 7R A 5 2 ) A B AR B, X AR B B 2R VA B
HEAERRNLRE L
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