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Extraction and identification of active components of female moths
of grassland caterpillars Gynaephora qinghaiensis and
determination of their indoor activity efficacy
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Abstract [Aim] Sex pheromones, as a trapping technology, is specific, efficient, and highly specialized for insects, and
have been widely used in pest monitoring and management at home and abroad. In this paper, we focused on the Gynaephora
qinghaiensis, and the effective active components from sex pheromone glands of virgin female moths of G. ginghaiensis was
extracted and componential analysis, so as to provide scientific basis for green control of this pest insect. [Methods] The
volatiles released by female moths from sex pheromone glands were collected by solvent extraction. The extracts were

obtained using four organic cosolvents, namely hexane, dichloromethane, methanol and ethyl acetate, respectively. The main
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components of extracts were separated and identified by using a gas chromatography coupled with mass spectrometry (GC-MS)
combined with comparative analysis for the total ion chromatograph (TIC). And the behavioral responses of virgin male moths
to bioactive components from sex pheromone glands of virgin female moths of G ginghaiensis were tested using Y-tube
olfactometer. [Results] The Y-tube olfactometer behavior selection experiments verified that crude extract using four
different organic solvent about sex pheromone glands of virgin female moths were all attractive to the males (P<0.01). The
attraction effect showed that the crude extraction of ethyl acetate attracted the greatest number of males, with the average
number of (8.40+0.55) male moths. There were totally 55 compounds in the pheromone-gland extract of female G
ginghaiensis identified through GC-MS. Hexadecanoic acid methyl ester, n-hexadecanoic acid, 9,12,15-octadecatrienal,
(Z2)-9-octadecenoic acid methyl ester and octadecanoic acid, as the special components in the sexual gland extracts of single
virgin female moths, were with a retention time of 11.36, 11.85, 13.07, 13.50 and 14.79 min, respectively. It was found that
sole utilizing of above five compounds all had attractive effects for male moths, with the greatest attractant effect by using
n-Hexadecanoic acid or 9,12,15-octadecatrienal alone, the average attraction number of male moths reached to (8.00+£0.71) and
(6.40+1.14) respectively; the binary mixture of hexadecanoic acid methyl ester and 9,12,15-octadecatrienal at the ratio of 1 . 1
also had an effect on male moths attractions, and the average attraction number of male moths reached to (5.60+0.55).
[Conclusion] The identification of compounds in sex pheromone glands of female moths of G ginghaiensis was
accomplished, the major component of 9,12,15-octadecatrienal used alone or in combination with hexadecanoic acid methyl
ester all had strong attraction effect on male moths G ginghaiensis. The results of research are of great important for the
development of sex attractants.
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Lymantriidae 5. )iL & HUJ& Gynaephora 2 Hi( Wang
et al., 2020). % AL R IR BB AYE SRHY
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FERR, 2006 )o
B A5 B R R MEINE R, SR E 1
[ HUR AR B 75 W0 48 R A1 21 1) e 8 4[] o S
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WoEIFEE A L - R RAEFEER
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(Meyrick) ( 3KEEZFSE, 2025 ) SR B L3R
MR, R DA BEH B B R EE R R
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B R Z FIEA (Ando and Yamamoto,
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1.5mm

B 1 ERE RS R
Fig. 1 The abdominal end of female moth Gynaephora qinghaiensis
A WS IE AR SRR R I 0L s B A P8 AR it R A ) T 0L

A. Anterior view of abdomen end; B. Lateral view of abdomen end.

5 s Vb, RENZY T HAEEICRL . B
A 1Sk, AR 10 Sk, 3k ik HOR
1R, BEE 5 45 S —k Y B0 A7 &
RV, LATH bR TUART 57 R R Y5 e e 3 o ik
[T A RS o B A B 52 58 I FHPARS 190GV vk
REEIFHATIT, BAEES 5K,

143 EFEEAMBRULEY GC-MSHH K
PR AR (99.99% 1= 4R ) 4efs, FIFHA
S-S (GC-MS ) BEFAGIEAT 043 55 il
K = 20 €03 4 & HP-5MS B4 HE( K 30 mx
WAE 250 pmx[EEAAIERE 0.25 pm ), M A
(GC ) &AM FEIRFEWILRIREE 70 °C, Lk 15 °C/min
HER TR ZE 220 °C, 4E:F 7 min; 285 L) 3 °C/min
()R THE ZE 280 °C, 4E4HE 3 min #EFERE 10 pL,
HERE RV I 25U 43031 >R 220 F1 280 °C, A4
Uiy Bk (MS) 4 23N 99.99%m 4 A
<, Ji#E 1.0 mL/min, #EFECHREE R 220 °C,
BN E S (1), HERER N 70eV, 1Y
AT AN FURIEE 73518 150 #1230 °C, FiEH
HVERI A 50-650 amu, i 414 ( Scan ) #ix{
SRAE W TS PR IR B 1Y) LS T I ( TIC ),
S W) B EIE RN B ], R R R
A6 G R AR B8 1R 7 B T, P e LR

NIST %58 2 h bR AL & W g 1, Fe e
EPEE B RS WA s R 2= 251

1.4.4  Zf S5 XS BEGH 1% PR 3 2 A 5 91T A R AL
E - OMRIE 1.43 789 GC-MS %K E 45 RS 3 8 Ff
FEH S EVAFRRR S . ARAE AR . 9,12,15- T\
=M. (D-9- T /\EMRH B . (Z,2)-9,12-1
J\BR TER . RERSTR . 2- A S H i D R E
B, PR Bk 8 FME(E B R A E N
20, DI R A HLE R VE X BB . R PR LA
A 0.1 g, 4BIIA 1.0 mL GHLIAEF], Hl
100.0 pg/pL MERE (EMRAS, 2021 ), FRIIEE &
FIT BRI 745 3L 200 pL ( ML, 2022), LU
FEPEUR AR BB, R Y-S SO0 5
MR kR 1.4.2 35, ANz 10 ki,
BT R S K.

1.45 BEHMERER D ESYITEBRNIFEN
FOMRYE 1.4.4 TIKLE R 5 A o % I ik
HASHAEM . ¥ 5 FRAl 48 12 1 P
RA, KR 10 M oniR AR AL A 1E b g
(£ 1), BEYLET Y-SR BRI, 5
— Vi ) Ry s SO R SR 1.4.2 5 AR R k)
S T RS T o RON . RENELA 10 Sk
Medk, ERE S K,



+ 648 - R B 244k Chinese Journal of Applied Entomology 63 1
F1 HEFEREREHEZTHNERSEERIT
Table 1 Testing of male moths Gynaephora qinghaiensis olfactory behavior with combination components screening
LS WA
Treatment Combination component
I FABRHES vs ##AEBR Hexadecanoic acid methyl ester vs n-Hexadecanoic acid
11 PR S vs 9,12,15-+ /\Bk =4 Hexadecanoic acid methyl ester vs 9,12,15-Octadecatrienal

11 PR H R vs (2)-9-1 /\ T2 ' fig Hexadecanoic acid methyl ester vs (Z)-9-Octadecenoic acid methyl ester

v FERERR IS vs 1882 Hexadecanoic acid methyl ester vs Octadecanoic acid

A% FEMERR vs 9,12,15-F /\ Gk =4 n-Hexadecanoic acid vs 9,12,15-Octadecatrienal

VI FEREER vs (2)-9-+ /M ER H iE n-Hexadecanoic acid vs (Z)-9-Octadecenoic acid methyl ester

VII FAEER vs Tl JEH2 n-Hexadecanoic acid vs Octadecanoic acid
VIII 9,12,15-F /\B =G vs (2)-9-+/\I&HFR g 9,12,15-Octadecatrienal vs (Z)-9-Octadecenoic acid methyl ester
IX 9,12,15-F /\k =4 vs WML 9,12,15-Octadecatrienal vs Octadecanoic acid

X (2)-9-+/\IGEHE g vs H#IBFR (Z)-9-Octadecenoic acid methyl ester vs Octadecanoic acid

1.5 HESH

RSB R FH SPSS 26.0 #4745, it
YR R P ST AREAS Y ¢ W 36 E AT 22 SR A0 BT

2 #RESWH

2.1 HEBRFRERYIEHENSIFERR

DL 4 P (s B2 A IS FIH R BUIAE A
SURTRET, XEHE I AR AR 5 2 RO IR L
YInl LIRS B E KT (% 2), Hh 2ROt
R E R A AE AR GR( =24.03, P<0.01 ),
SERESERE N (8.40+0.55 ) Skl ; HUORIE

x2 EHEFEEHEHEINREERE

et BRI B ESCR (=17.90,
P<0.01), “FHiEEHER (7.60+£0.55 ) S MM ;
FP R — P e £ MR ) B S IR R
SHESS 3 A5G 4 (v HEESEEY) : =14.36, P<0.01;
AR . =11.79, P<0.01), EHA A
w1 (8.80+0.84) il (6.80+0.84) k.

2.2 EEE R ERREINY GC-MS 5347

18 I N R HME P B R IR R R S
) GC-MS J3Hr, A Lok E Ji AR f RELAR B vh
JLUETE L 55 R (3R 3). B HLiA
PRI R E] 36 FhY, Horp 16 Floy T2
gy, AR IbRAR S A-P (F 2: A), {REHT]

BRARYIIEEYE

Table 2 Selectivity of crude extracts of sex pheromone in male moths Gynaephora qinghaiensis

LR P S (N)

R 1) 25 IR 50 o 5

Tendency number of male moths to odour source

Total number of male

Organic solvent extracts moths (N) HHLEF R 235 %) HR
Organic solvent extracts Air control
— & H % Dichloromethane 50 6.80+0.84 1.80+0.45 11.7851 0.000 1
F i Methanol 50 8.80+0.84 1.20+0.84 14.362 6 0.000 1
LR LT Ethyl acetate 50 8.40+0.55 0.80+0.45 24.033 3 0.000 1
1EC bt Hexane 50 7.60+0.55 1.40+0.55 17.897 9 0.000 1

P EE B ER D, P<0.05 F#nBEM 25 (Student’s £ K555 ), P<0.01 Fntlk B & ME25% (Student’s ¢ 4

). TR,

Data in the table are presented as mean+SE, and P < 0.05 indicates significant difference (Student’s #-test), P < 0.01 indicates
extremely significant difference (Student’s 7-test). The same below.
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Table 3 Identification of volatile compounds in sex pheromone glands of virgin female moths Gynaephora qinghaiensi

e T mﬁi /[I{
U ] ATt The peingrejﬁi sample
JF%  (min) HERYEY) Molecular A8 5 — —
No. Peak time Volatile compound formula  CASo. f%qa%% i LR LT ek
(min) Dichlorom Methanol Ethyl Hexane
ethane acetate
1 4.02 4,5- " HERTI2 CyHyy 17302-23-7 47 247 / / /
4,5-Dimethyl-nonane
2 4.00 — CiHyy 1120-21-4 / / / 42 127
Undecane
3 4.37 3,5- " H 3op b CioHas 15869-93-9 / / 12 516 10 208
3,5-Dimethyl-octane
4 4.45 T CoH 50 124-19-6 / / 6968 8 608
Nonanal
5 4.93 2.3-"&A-3,5- R H-6- I CHgO4  28564-83-2 / 271719 / /
-4H- ML 15 -4-
2,3-Dihydro-3,5-dihydroxy-6
-methyl-4H-pyran-4-one
6 5.34 T CoH,, 111-84-2 / / / 13 929
Nonane
7 5.35 2,3,5,8-PU I 538 45z Ci4Hzy  192823-15-7 14 450 / / /
2,3,5,8-Tetramethyl-decane
8 5.87 1,3-X0(1,1- W B 2 H)7K C4Hs) 1014-60-4 127 146 / 17 549 109 891
1,3-bis(1,1-Dimethylethyl)-
benzene
9 6.04 2.6,11-=H H+ 4% CisHy,  31295-56-4 160 969 / 18 032 132 840
2,6,11-Trimethyl-dodecane
10 6.45 2,6,10-=H 3| k¢ CysHs, 3891-98-3 55533 / / 46 169
2,6,10-Trimethyl-dodecane
11 6.45 3,3- " HI ROk CsHig 563-16-6 / / 7 872 /
3,3-Dimethyl-hexane
12 7.10 PO C4H3 629-59-4 52 643 / 11 007 47 066
Tetradecane
13 7.30 ke C19Hyo 629-92-5 65914 / 7793 55 657
Nonadecane
14 7.64 2,6,10,14-P4 FF 3L+t kb CyHyy 18344-37-1 138 808 / 17 075 119 398
2,6,10,14-Tetramethyl-
heptadecane
15 7.85 2-F 3 =k Ci4H3 1560-96-9 105 303 / 11 707 85573
2-Methyl-tridecane
16 7.87 2,6- —HFE-THkE CioHyy  54105-67-8 67 594 / 7 620 54 121
2,6-Dimethyl-heptadecane
17 7.93 RWVAYS: Ci6Hs4 544-76-3 468 268 / 54 150 385430
Hexadecane
18 8.02 2,7,10-=H 3 k¢ CisHi,  74645-98-0 53 455 / / 46 230
2,7,10-Trimethyl-dodecane
19 8.02 2-T 31 CoHsO  3913-02-8 / / 8414 /

2-Butyl-1-octanol




(E,E)-9,12-Octadecadienoic
acid methyl ester
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££3R 3 (Table 3 continued)
g
T ) SHFR The peiuel:r:agﬁi)g sample
5 (min) WAL B o casE — i
No. Peak time Volatile compound formula CAS no. fﬂa e =X LR Tk
(min) Dichlorom Methanol Ethyl Hexane
ethane acetate

20 8.14 2.4-TORUT B C14H,0 96-76-4 612911 / 56 592 440 040
2,4-Di-tert-butylphenol

21 8.22 3,7- Ci3Hyg 17301-29-0 48 356 / 5036 37 446
3,7-Dimethyl-undecane

22 830 2,6,11,15-PU A7k CypHyy  504-44-9 136578 / 19 384 110 442
2,6,11,15-Tetramethyl-hexad
ecane

23 8.76 T+ =k Cy3Hog 629-50-5 76 864 / / 78 617
Tridecane

24 8.76 6-H 3t =4z C4Hz0 13287-21-3 / / 17 232 /
6-Methyl-tridecane

25 9.62 2,6,10,15-J4H 2+t 4% CyHyy  54833-48-6 / / 34158 /
2,6,10,15-Tetramethyl-
heptadecane

26 9.63 2-F 3\ C9Hyo 1560-88-9 316 012 / / 278 257
2-Methyl-octadecane

27  11.18 (Z)-F75Hk 11-9751% TP S C;H3,0,  822-05-9 / 76 279 / /
(Z2)-Methyl hexadec 11-enoate

28  11.36 2-F 3 — Cy1Hyy 1560-84-5 376 749 / 39 828 302 551
2-Methyl-eicosane

29  11.36 FEhE R Y s Cy7,H3,0, 112-39-0 / 967 669 / /
Hexadecanoic acid methyl ester

30 11.48 7,9- AT He-1-H 1R [4.5] Ci7Hp40;  82304-66-3 336 983 / 26 539 203 360
2%-6,9- " fii-2,8- [l
7,9-Di-tert-butyl-1-oxaspiro
[4.5]deca-6,9-diene-2,8-dione

31 11.55 R IRIETR Ci¢H300,  6053-49-2 / / 35145 /
Cyclopentaneundecanoic acid

32 11.57 (2)-11-F 75451 CigH300,  2416-20-8 168 455 / / /
(Z2)-11-Hexadecenoic acid

33 11.57 (2)-7-F 7Sl dis s CisH300  56797-40-1 / / / 134 267
(2)-7-Hexadecenal

34 11.85 FE A R C6H3,0, 57-10-3 8171473 567738 1717650 5188577
n-Hexadecanoic acid

35 1240 e A iR S TR i CoH330,  142-91-6 74 142 / 28 752 26 369
Isopropyl palmitate

36 12.88 2-H 3 — g CysHs, 1560-78-7 77 654 / / 53 405
2-Methyltetracosane

37 13.07 9,12,15- /\ Bk = Jsi CigH300  26537-71-3 768372 339992 942477 678 283
9,12,15-Octadecatrienal

38 13.38 (E,E)-9,12-F/\ix _ I g CioH3402  2566-97-4 / 272 902 / /
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EERLESTIEA

HH g N ) ,
K% (min) pattiay PR cassy o THORORA O
No. Peak time Volatile compound formula CAS no. —.%\q]%% 2 LR Tk
(min) Dichlorom Methanol Ethyl Hexane
ethane acetate

39 13.50 (2)-9-+ /\ I 2 W g CioH30,  112-62-9 / 2243 929 / /
(£2)-9-Octadecenoic acid methyl
ester

40  13.81 e i i HY s CoH330,  112-61-8 / 498 951 / /
Methyl stearate

41 1451 (Z,2)-9,12-F )\ Bk — Kz CgH3,0, 60-33-3 36370687 1142228 3870334 16963 127
(Z,72)-9,12-Octadecadienoic
acid

42 1479 g R Ci3H360, 57-11-4 4869933 205899 1170986 1219993
Octadecanoic acid

43 22.18 2- CisH3,O  1653-34-5 / 78 416 / /
2-Pentadecanol

44 22.19 BRSNS TN s C,H3304 959078-62-7 / / 79 957 /
Oxalic acid allyl hexadecyl
ester

45 22.20 TSI R 2 A CisH3, O  7320-37-8 / / / 21970
Tetradecyl-oxirane

46  22.26 4-F LB T e B CisH300  34894-60-5 44 230 / / /
4-Methyl-cyclopentadecanone

47 22.84 2-FE M RS H Ci9H;3304 23470-00-0 2588582 1546043 2679555 290209
2-Palmitoylglycerol

48  27.06 2-F A L CyoHs 1560-86-7 178 447 142049 229 692 68 358
2-Methyl-nonadecane

49  27.48 HAERZHE 4-+ =g Ci¢H;0; 361149-15-7 941102 152877 468 109 270 873
Methoxyacetic acid 4-tridecyl
ester

50 28.00 fENSHE 2,3- "IN CyHyO4  123-94-4 751518 453588 791030 63 855
Octadecanoic acid
2,3-dihydroxypropyl ester

51 3137 HAERZER 3-Tkistfs  CiyH34O; 361149-12-4 302 509 / 382 816 299 840
Methoxyacetic acid 3-tetradecyl
ester

52 3224 FAERZER 3-T =ty CieHiO0; 361149-11-3 258 236 / 280 514 215 764
Methoxyacetic acid 3-tridecyl
ester

53 3593 AR 4- T I0ksts CiyH340; 361149-16-8 549 919 / 420922 403 625
Methoxyacetic acid
4-tetradecyl ester

54 37.00 JIE [ s C,7Hy60 57-88-5 9369974 7374347 7906851 1158114
Cholesterol

55 3746 HHEE CypoHs00,  2074-53-5 390982 143073 367 185 106 699

Vitamin E
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B2 EFRERLXEHERIZERZELEY GC-MS 2EFRE
Fig. 2 Total GC-MS flow ion diagram of volatile components from sex pheromone glands
of virgin female moths Gynaephora qinghaiensis

A, BJFE BRI ;s B, HJE R HME R A B R I ;
C. HJFEHMEARIA LB CERIRIRYY; D. HJFEE RMERRAIE C 42 i) .

A. Dichloromethane extract for sex pheromone in female adults of G ginghaiensis; B. Methanol extract for sex pheromone in
female adults of G ginghaiensis; C. Ethyl acetate extract for sex pheromone in female adults of G ginghaiensis; D. Hexane
extract for sex pheromone in female adults of G. ginghaiensis.

A: NKE; Br 2,4-TRUTHKE; C: 2-FE /s D: 2-FE T Br 7,9- 80T -1-5H 4212 [4.5]%5-6,9-—
W5-2,8- 5 F: HAEIR; G: 9,12,15-F/\Bk =Ml H: (2,2)-9,12-F/\Bk —Mli; 1. WSRR; J. 2-bstimeIEt i
K: HERECIR 4-+ =5 B0 ; L. fIGMR 2,3- "R 5N MR ; M: WAELRR 3- T IUbe il ; N: HAARE LR 4-11%e
Fifig; O: MHEIEE; P: 44EFK E; Q: HMWIRFEE; R: (D-9-T/UGIRTPEE; S: MWERIRFEE,

A: Hexadecane; B: 2,4-Di-tert-butylphenol; C: 2-Methyl-octadecane; D: 2-Methyl-eicosane;

E: 7,9-Di-tert-butyl-1-oxaspiro[4.5]deca-6,9-diene-2,8-dione; F: n-Hexadecanoic acid; G: 9,12,15-Octadecatrienal;

H: (Z,2)-9,12-Octadecadienoic acid; I: Octadecanoic acid; J: 2-Palmitoylglycerol; K: Methoxyacetic acid 4-tridecyl ester;
L: Octadecanoic acid 2,3-dihydroxypropyl ester; M: Methoxyacetic acid 3-tetradecyl ester; N: Methoxyacetic acid
4-tetradecyl ester; O: Cholesterol; P: Vitamin E; Q: Hexadecanoic acid methyl ester;

R: (2)-9-Octadecenoic acid methyl ester; S: Methyl stearate.
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LE TR 7.93-37.46 min Z[H], HR7E 11.85, 14.51
F137.00 min 733 7 3 A1 WP B, oAt
FHIW T RE AR . (Z,2)-9,12-1 /\ Bk )
R AR R, VCEC000 91.10% ., 85.20%F1
94.96%; MHEESLEY 32 17 Fib2Enisr,

11 AP EERSY (F 2: B), ffE R RTE
11.36-37.46 min Z[i], HH7E 11.36., 13.50 Al
37.00 min 738 T 3 BB AP, 2Rl ER
PP ] RE R AR IR R . (2)-9-1 /UG R H IR
FUIE [ B, DRS485 91.50% . 84.80% £l
94.96%; MR CBRIEEY) A3 35 Mk il
gy, 12 B ERERS (B 2: C), fRER4E
HITE 8.14-37.46 min Z [A], HH7E 11.85, 13.07,
22.84 Fi1 37.00 min 1542 T 4 MU &P Bk, 4
SRR Y BT e R AR . 9,12,15-+ /\ ik —
IASTEE 2R T 2 e R I, DR C R 43501
91.10%. 86.50%. 86.50%7%1 94.96%; MIEC %
PR 15 5] 38 PR sr, 15 Fioh FE A
(El2: D), fREBHEHTE 7.93-37.46 min Z

8], LA fE 11.85. 14.51 1 14.79 min 53] T 3
IR BT, o AR A ) 5T AT BE S AR R
M2 . (Z,2)-9,12-1+ /\ Bk MR FRE JE /R , DURC K
A3 91.10% ., 85.20%71 90.30%.

2.3 IR RR £ R HSRIT A R EE

PN 8 T M A P AR i M A 5 o e e 15 B
BORAKE (£ 4): BEARERA 9,12,15-F Nk =
TR X} e i P 75 1 5 e e, PS50 15 ) e e 5
43908 (8.00+0.71 ) F1 (6.40+1.14) 3k, FIiAERL
SR 2 R TR IR A (ARRRR vs S H
=12.55, P<0.01; 9,12,15-+ /\Bk=4REE vs &
FR MR : =10.61, P<0.01); HIKSZE(2)-9-1 /U
ik P RN TR FH R B IS SRR, SE 25 | ) e
R AT R (5.0040.71) Fi1 ( 7.60+1.14) 3k,
SRR B2 = T BAE R [(2)-9- 1 /UG R
s vs WFEE. =8.94, P<0.01; FEHHIRTIES vs
HEE: =8.26, P<0.01]; AHLLIN S, ALRARMR XA
0 A5 |V AR X 5 553 , E Al i 385 o X B

R4 EFRTEHEEHEXT 8 ki IRIER X SWIREIT A R
Table 4 Olfactory behavioral responses of male moths Gynaephora ginghaiensis to eight volatile
compounds in sex pheromone glands of female adults

JHE I 5 DA R A M B
St g
?’f?ﬁt’ﬂ& Tendency number of male
R 5 o BRI 54) BAECON) moths to odour source , P
Odour sources Control solvent TOtj% E:Illéber T B o BRI
moths (V) Odour Control
sources solvent
R i T 50 7.60£1.14 2.00£1.00 8.2567 0.000 1
Hexadecanoic acid methyl ester Methanol
Pt — A 50 8.00+0.71 1.60+0.89 12.5514 0.000 1
n-Hexadecanoic acid Dichloromethane
9,12,15-F /\ =i A 50 6.40£1.14 0.40+0.55 10.606 6 0.000 1
9,12,15-Octadecatrienal Ethyl acetate
(2)-9- /I H i T 50 5.00£0.71  1.00+0.71  8.9443 0.000 1
(2£)-9-Octadecenoic acid methyl ester Methanol
(Z.2)-9,12- 4\ SR A 50 4.80£1.30  3.80+0.84 14434 0.1869
(Z,2)-9,12-Octadecadienoic acid Dichloromethane
BEiR bz
f)@iﬁf& . id gakﬂ: 50 5.00+0.71 3.00+0.71 44721 0.002 1
ctadecanoic aci exane
2 A 2 LRI 50 3.00+0.71 2.00+0.71 22361 0.0558
2-Palmitoylglycerol Ethyl acetate
H [ it A
HCL[%P;; I ;%hfﬁ ke th 50 4.00+£1.00 5.00+£0.71 -1.8257 0.1053
olestero ichloromethane
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FIES kS (=447, P<0.01), VXI5 HERS 9,12,15- /i =MGEEHAT 1: 1 RE)S

(5.00+0.71) SKHEW . (Z,2)-9,12-+ /\ B IR
AT 2R e 9 3 Y, T b X6 R 0 6 Ik 1 5|
WBRORA B (2,2)-9,12- 1 )\Bk 4518 vs — 5
Hbi: =1.44, P=0.19; 2-4ZHHBER I v &
fROEE: =224, P=0.06], AR[EEE, AHHT X R
VA7) G R o 00 X e e LA IR, R ASCR
AEE (=-1.83, P=0.11),

2.4 Mg VERR E R SR & W X RE R R SRR R

MR 10 e s IR A PR S W0 IR &
oA (25) nll: AbBE 1T BIRR AR AR R

RS FERBHEGXARERERIELELSMAGHIRE

Xof B Ji s U BLAT AT S R ROR Fﬁi"ﬂu
iﬁ%iﬂ (5.60+0.55 ) Sk, HAFEMR SR
AR LA B P25 5( =6.35, P<0.01 );
Eu&%w& V (KRS 9,12,15-+ /\ik = K
RA ). ABH VIIN(9,12,15-1 /\k =1l 5 (2)-9-
TR P ERIRA ) LR 1X (9,12,15-+ /K
—IEIE SRR S ) SRR, SRR
HZ A B EEES (W V: =5.67,

P<0.01; AbFE VIII: =5.84, P<0.01; AbFHIX:

=4.02, P<0.01)., it 4 ~AbBRA BA R A4
O3 9,12,15-1 /A = Il . AbFE T (ARAEIR H

A=

)AL

Table 5 Olfactory behavioral responses of male moths Gynaephora qinghaiensis to combination
components of volatile compounds in sex pheromone glands of female moths

A I ik JHE i) 5 VR e e £
¥ (N) Tendency number of male moths
R Total to odour source / P
Odour sources number of ; -
b 7 e
male moths WA gk
(N) Odour sources Air control
FRMIRHER vs AEME R
Hexadecanoic acid methyl ester vs n-Hexadecanoic 50 4.60+0.55 3.20+1.10 2.556 0 0.0339
acid
PR G vs 9,12,15-1 /\Bk = Jis T
Hexadecanoic acid methyl ester vs 50 5.60+0.55 3.40+0.55 6.3509 0.000 2
9,12,15-Octadecatrienal
R TP EE vs (2)-9-1+/\ B2 T ik
Hexadecanoic acid methyl ester vs (Z)-9-Octadecenoic 50 3.80+0.84 5.00+0.71  -2.4495 0.0400
acid methyl ester
2 it T2 ] B g
FRRR AR vs BEASTR o 50 4.80+1.48 4.20+1.10 0.7276 0.4876
Hexadecanoic acid methyl ester vs Octadecanoic acid
FRMIRR vs 9,12,15-+/\BK = MR , 50 6.40+1.14 3.00+0.71 56667 0.000 5
n-Hexadecanoic acid vs 9,12,15-Octadecatrienal
FERER vs (2)-9-+ /&R H g
n-Hexadecanoic acid vs (Z)-9-Octadecenoic acid 50 2.80+0.84 5.80£0.84  -5.6695 0.0005
methyl ester
2 b i Biig
bt vs BEARRR o 50 4.00+1.58 420+£0.45 -0.2722 0.7972
n-Hexadecanoic acid vs Octadecanoic acid
9,12,15-+ /\BR =H5 T vs (2)-9-1/\ sz T i
9,12,15-Octadecatrienal vs (Z)-9-Octadecenoic acid 50 5.80+0.84 2.60+0.89 5.8424 0.000 4
methyl ester
— R L

9.12, IS NBREIARE v BEARRR 50 5.80+0.84 3.60£0.89  4.0166 0.0039
9,12,15-Octadecatrienal vs Octadecanoic acid
(Z)-9-+ /UG HHE vs fHRHR
(Z)-9-Octadecenoic acid methyl ester vs Octadecanoic 50 3.60+0.89 5.40+0.55 -3.8376 0.0050

acid
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fis SEFREFRIE & ) 195 [FRCR T LAk 3 i 35 K
(=256, P=0.03 ), #R1M, A L4 o b fii FET
REA OB LM, (05 AL MR A TR R )
MR, B TV (AR S 5 A B R TR
A A VI (FRHIR SHERRRRIE G ); £
B L AR A 5 R T o) Al e e 30 B Sk A 1T, 4901
WAL PR T AR R P R 5 (2)-9- 1 /UG IR T R R
A1 A VIR 5 (2)-9-+ /AR H R A ]
FULHE X[(2)-9-1 /e R S0 IE IR A ], K
SR Y REIR B B KO X DL E (LB 0 =
-2.45, P=0.04; &¥ VI: r=-5.67, P<0.01;
WbFE X = - 3.84, P<0.01), [k 3 NMabFEA A
AN L 2 (2)-9-+ /R H g

3 ERSiR

A RS R R, R EE R R
RN A RAR IR FS SUFE b A 0 A A ) 2 ) B R
VIR AREERT A TP HET, —ERATEAR L 210
HAE LT i 4 H By v T =X )
& B4 ( Cook et al., 2007 ; F224ESE,2018 ),
B UMAE B R M2 5 S e B A H |
WH ., EMEEME (BREidE, 2023), 2R
Y B YRR SR R . BRE. TBis
e | XA A EER S, fEFE R abiE
T R A EEAER (XITASE, 2022; Souza et
al., 2023), i HA MRS RIS 0T
BUS TR Z MR w5 B B AUE UK TH53 H
IEE R, BRrE AR 2 0 (S B A
BRI BiIE 2 E OS], B an e e
(EEVRSE, 2022), M (5KAMVESE, 2023), R
B CRITSSR, 2024; JATEAR4E, 2024), KAE (£
KRHLAE, 2025 ) SEVEY L REEH HE R, DU
il H WAPZEUN G SN Etiella zinckenella . w5 EFHE
Heortia vitessoides . #it = Spodoptera exigua .
FRE K Argyrogramma agnata %5 ( JEE. 2555,
2017; BLERaE, 2024 ), FFHHLPEE B ZHETH
DR 55 B iR YU TR . AR I
FHABBT iR H AR SPGB RGN, AMUAED;
ARGy T EA PR RIS VR, i e R
AL AL Dy R s B B ARH il

W= P AE e (2017 ) RS ST
1 XV AR 38k Eogystia hippophaecolus 1,
HHATIERRL, SRR SRR — AR AT B,
PHAZS A MR B2 42, (EL Rt 5 75 00 B ) 1S 2754
RORA AR T XI55 (2021) #mikiE
PR RS M SR EAEBRRLI (25 /L. 3 000
S ) KA, R BRI XA MO R G
molesta FPHF S W E MR T A RFIPHIA . & m)
Bl it X S s U0 R IX [l 3ok ] B 9 DX R 2K ]
AR HARNBTIA X, I H ) 28 3R S A, f 2
A BRI AE4AF (2023 ) Wi 5 HE U0k Ha bl
BB R T AN T absoluta FIRUR .3
THCER R, M5 B R BRI R R
E 80%LA I, 4 [ A2 39 DX e - 3 A R e 2y Jp 2
T2 AR X2 (2025) # 430 nm %
Jt LED 4T 5 P15 B 2 B M 5 i #k i 15
Conogethes punctiferalis I, 5HEHRMEH
B HSCRAN T B — M5 R B — T35 o M5 T
WO E BRI M E R —, O 328
A3 1 e EE A
KERSY B HUPEAR B3R 40 W B AR AL T i 1
FRFN SRS, i B R AR S R R A K
TR 3E A TR AR U 8-9 17, M H HHRRIR Y
TR A% ( Foster and Anderson, 2021 ), HHif
WHBRBOEFEER 4 Fh, RIS R
%, WEEE CRASE, 2008 ), shATas W Rk
(Till ez al., 2012) FIEAHFHAER (LS,
2010 ). AHLEFRRIE, FRBHEGEERBR
e WS PN BT R A TC M AR, X T/ B A mp
BRI TA VLA, 5 R R 58 e
30 min A4y, IR AR IR S A A AR HOR 4R 2
s B AR S HEA AR BT (AR, 2021 ),
5 VR SR i AR M 5 B B O A5 2 2R A
AAML, HIARIAE &, EAisaiir C b2 HEr ]
wEZMER, BAh, BEbe . @M GE. NER . —
HOREREAG S HTRRIIERERFER
( Witzgall et al., 2000; Ryall et al., 2010 ), It
JrE A, v RIS PEE B R AR R LF i A7 20
o7 AMFRFHEA b, FiEE . ROBRFIIE
e 4 FA LA R, R AR S =
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PEHY), Lt Y-BURSEA BT AR, 4 R
XTHESEAI BA T HEE, S1ESCRIRIR N : LR
SR > EC b > B > &Pt
MR B R MERY S, A G-
PSR ( GC-MS ) B BEKGPE B 42 B 179 25 A
Wit e, [R5 240 20 i B e, 15
B A2 S5 A5 B RV IC 4 6 R A6 540 o e 7 vk
RPEER PR R AT AR R, BT
V2 I T8l A e B R it IR B ) B 23 A
FIH GC-MS 7] LUt M5 B R WMo 1 7+
i I AR S R S AU B RS, 2017 ),
HATC 4 Bk 700 ke B R, T2
BT R LWL B RS A e A
Fe HAL A5 RV 43k 4 FP2EAY, 73508 Type T .
Type Il . TypelllF1 Type 0 ( Lofstedt et al., 2012;
LS, 2019 ), Hop ITAIME(S BR E 2 KB
( C17-Cor ) A FNA B Z AL S P B R 1 R 45 AT
AWy, HAMETHHEILT 6,9- "M, 3,6,9-=
M. 1,3,6,9-DU4%% . 3,6,9,12,15-Fks M H I ik
Y, AEARmERER], WEEZ A ( Lofstedt
et al., 2016), 24 4EBHA HHKER RUEE
FIW 15% (Wyatt, 2017 ), ZAME(F B & F2 5
AT ROERE L B EORE KT SR RN o 7 I A
( Ando et al., 2004a, 2004b ), A 5% i it
GC-MS HAR, M FEJ5EE WK A8 P e g e it rp At
B S B 55 MEREALEY, AR
FTry Y-RUR G SO, A i H A X
PR 5 FE R A . 9,12,15-1 Gk
—IEEE . BERRR . (2)-9- T /\URIRH ER . FERE R
FHG . SRR R — o BTG M, AT HED] X £
bGP T fig 2 i R UM I A £ 8 R
ERMEERRAMUAAYR L —, £ RA
SER ZREME L AR 22 SE AR, N X SRR
BRI EW® YR 2SN EZENR
( Martinazzo et al., 2022 ). 57T 45872 F4p,
HADBUEHT &R 2=, 44057 R 2k g
Cydia pomonella F1#5 /N F1 ik Micromelalopha
siversi (Liu et al., 2021 ), 4 KRZHVE(EEEHE
WAL AT TAS B B E 1 B 4L MR 414y,
WA IMZ B W Euproctis pseudoconspera 145 B

RIRE 5 14-H 1 AR5 T FRER AT LA &
FEH 3 10,14- 1 E A FOBRBE R T RRER 151
HRUR (P45, 2023), dbah, PR EA
0] 1) A L B 8 S BOPE AR B R &N F L
BIESASS AR, BV AEAEAR R £ 4 4, (H it
M TEVEAR B R R R Sk b i 4 R
(Ryne et al., 2007; Chen et al., 2018; Yang and
Wang, 2021; #T4, 2023), Bk m+—
Fig il (8E,102)-8,10- -+ — f — I I & FR BiK 5
(8E,10E)-8,10-1 -tk —J&l: L TRERTE 10 = 2.5 ¢
100 1 LLBINER A J5 X K2 &0 H Leguminivora
glycinivorella Mt H [y 75 4 2 2R =i X T
(8E,10E)-8,10-+ —fik Il L FRIR £ 41 73( Vang
et al., 2006 ). AHFTEHG 2 B BAHEBCRIIL
YRR E R ERG S, T Y- R IR
B, FORRUIEEE AR S 9,12,15-
VAN /X350 S B 1 g L T S e |
B2 . (2)-9-1/\Jd R F IR A6 Bl R 1 TR 5 10 1)
WEMGE s 4o W s (2)-9-+ /e 1 g
B, Bt B R L AR R A s e 5 HIR A 5 I
T X} e gl R A A P 5 L R AT BB AE T2k
B UPEAR B R AL 53 1 o Sl vl S A AU,
XS AU AS A 23 A A A B (IR A,

2023 ), VAT BRI S A ARTE A= W) A2 il N
JE— A UL oA B, B SE S MR B RS
P, BlanZs/NE i Adoxophyes honmai Yasuda
PefE B R 9-+ DU -1-F5 £ R B =X 5 44 1A
Z9-TDA X HERLHA S HAEVEH], H X AR
Je Bk (PR FH5F, 2023 ); Du 4§ (2013)
FESZ BRI A R vh e A Se i Phyllonorycter
ringoniella W15 8 245 M I-10-- DU M LR
Fi (Z10-14:Ac) F F 4,0 10- 1 DU i} £ 2 g
(E4,Z10-14:Ac), SZBF 1 mg E4,710-14:Ac JEEA
B RIEMROR . (Bl TR L & (ED)
FAFT , ARG D5 A & Wik ik AN 25 2
A B, A ETEIE N T F IR AR5 9 K
A R FEHE , XS BT 1 43 AodE LA o2 Ak
Y EARA I A% ( Ando and Yamakawa,

2011 ); MeAh, PEAG B KA TERAR PR & ik
ik Cng G ), T HABF RS R P
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PR T P 00 .+ 657 -

JEFI VA FIR AR HE U, 6 2 AN Al S By i
B RSBy, ELRHA 7 BR A ™4
BRI SRS (D55,
2018 ), (HEAKJERH T it —L L5 G50,

R, R UM R R B L Sy
FIEE , WA R THER TG BN EE1E
F, ASCAT AW B 5 R ) R AR sh A, BT L
I AR I 2 TR AR sC L%, F
1117 Ay 5 R A € 9 9 AR 4RI AT S i R
S SRR
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