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Abstract In this paper, a comprehensive study was conducted on the calling and mating behavior of Spodoptera
frugiperda under the environment with a high dose of sex pheromones Z7-12: Ac, Z9-14: Ac and Z11-16: Ac,
sprayed automatically at different time intervals in a wind tunnel, with the objective of laying a basis for the
development of mating disruption technology. The results showed that, in the environment of high dose of sex
pheromones, the activity of male moth begins later, while that of female moths remained unchanged, exhibiting a
time disparity in the activity between male and female moths. In addition, both the mating rate and mating
duration decreased significantly, and the mating day-age was significantly delayed for two days. The delay in the
mating day-age caused a reduction in the number of egg production and hatchability rate. The time interval of
spraying sex pheromones had a significant effect on the titer of sex pheromones released by S. frugiperda . when
interval was 5, 10, or 20 min, the titer of sex pheromone released by female moths decreased significantly, with
the lowest level at 5-minute interval. Therefore, the high-dose sex pheromone in the environment not only had a
significant impact on the orientation behavior of male moths towards the sex pheromone source but also had a
significant impact on the calling and mating behavior between female and male moths.

Key words Spodoptera frugiperda; sex pheromone; mating disruption; calling; mating

Wi HH: 2023-03-14 EiTHHE: 2023-04-01
EE&WH: EZRESHLIR(2019YFD0300100) ; WiiT4 & A HF & 1141 (2020C02003)
* W{E1F#H  E-mail: yongjundu@zju. edu. cn



. 86 159 4 47 2024

WL R M Spodoptera frugiperda (Smith),

J& T H Lepidoptera % A} Noctuidae K ¥ 1%
WJE Spodoptera, % HUYE T 35 NPT F1E F4HF H
X i kR, O 22 B RO L AR A 1 K 2
BOEZR . EHRE 2F A b 570 O oK
B, FEONFEEK ZRERER SR,
T S5AE O 20T SR AR BT X, 45 DA Ry 13X 2
X AT & 3R E H A X, B SR K A
PR K S B R WK P A i T L HG A 9 S 5
Mg, ERESS O R L ME I B R PR
PRBRATLW A Z . X 3k 26 Ji] 4 L5 Hh [X 5 1 91K
0 P 97 428 2 O T AN AN AT X 3K 2 X K
R 6 5 U gl O DR DAy ek JRE AR 24 B 4 R i e 24
S A R OR F2 P KB . B BRAR Y B
07 R R A W7 16 RO et 25 R o] R b
A2 2550 (it P PR 4P () SR 58 3l A 3 ol ™ A Bt
Rty AR MM 0 P £ SR R L W S 2 Ak
BRI o FEE R R 9+ DU £
FRRE[ (Z)-9-tetradecenyl acetate, Z9-14.Ac ],
YCEL R A1 R R 7+ — Bk Jis £ BRI (cis-7-dodecenyl
acetate, Z7-12:Ac)™H , AR IO AIG 11-+ /S H 4
LR EE [ (Z)-11-hexadecenyl acetate, Z11-16: Ac ]
A —EWIERE R T HRR R DA S A
HIPTER AW W G ML — M Bl iE
AL A E R E NG R Rl X R %
S RO SRR R B KB RK AR Y 2
Tl g A0 W E R ALY Z9-14: Ac TR
By Z7-12: Ac KA 41 43 BT L FISR A AT A 1)
B R —E 2 5 R R B R EENE R
ZR 5 A M A M AL T L 1t B 180 M i R P R Y
F 00 R R B RIS EOR AR S 2% 3X I 1 54
MXEREY . BEAh, FORAE AR b RS B 3 h R 8%
Z AT FRER N E R Agrotis ipsilon, JLTT—
Beh X b AT — BRI Athetis lepigone , il K
b A R LB Spodoptera litura T 5B S,
exigua S M Helicoverpa armigera V. £ KR
Ostrinia furnacalis JEWZE70 MK Sesamia in ferens .
Mol W5 Conogethes puncti feralis 2¢, 4N 5F K FH#E
PRI ORI % — 1k, A R G 22
O I A BRI AR e = — ANl 4
XA A i B . RS B RS T34k

A (mating disruption) 1] LIEZ R (5 B 2L &9
RATE— R b AR RAE I 68, I8, B
R

PRI T b B A M A L R BRI B4, ok
FASEEC T H AN A R S S TR
R R HLE AR BRI G Y. AR T
FI AR B T 1) 15 B, 2R 78 T4 HIAY I, O ] fE
T Aok ML i A e SR A Y 4 A TR R A 0
PEAG B R SRUE G & 1) AT AR A A7, 8 3R Bl H
1ESEHE . %05 ORI Biia 2 /N B O B Gra-
pholita molesta™ FHLL M Pectinophora gossyp-
iella™ MG Wk Phyllocnistis citrella™ ™) %
ZAE /NG R Lobesia botrana™ 35454k Cydia
pomonella™ FEFEME Lymantria dispart? ™ 4%
HORRRIA R . AR T AT DR T 30 i 0 B — M5
BRAI; AT EEREH Iy, — 2 ddn] 2
SR PR 5 2 FAR A B PR ROR . R IE 7R SE TR
WIREET 2 Z9-14: Ac X 0 57 BRI 52 IE A7 58 2L 4
PRI R A R 3R AT A I B HL Y ML
TSN S fef e e T v U ) b S A, B3
Be TP A RSCR 5 B JURSRAB S 7 IR AT D 4
AHIE . HETAH IG5 32 2G5 B R R 1 i
T B LA [ 0 0 7 12 BB A SR PR R
TEAS T T PE Y o 700 B A B R R I8 ORI T 3
TR A SRAR L ST A IR AT A I ARG A L ix s
75580 T R BOR B B ORI G . AR S
WF5E H B2 R- 8 AT AL DU Oy B8 47 3 )
FHSEHE T4 45 A By 455 55 3t 9 40 e 4 it B R 2 B
3/

1 HHEE

1.1 RXBawrf

L TRk A0 R 18 2 T R DX U T A T R
K (30. 14°N, 120. 68°E) , ZE R (254+2) C, H
B L/D=14 h//10 h(18:00 S&XT) A F 5%,
MR E R 3G R A 50 mL BL.O
Brh BERAG A S R4 R (LUK S8 R0 22 i #y
Sy FEEFORHEC I N TAARD . B2 . Rl Pk
J5 » 3 A e A i A% ik 2R 4T B 7R B (28 em X 28 em
X 32 em) W, BN IR HUSE TSR & 10 Y0 A A K
AIRRER N HAN R E SR

DXL 2 i+ IXUTR) DO 75 B ) A AT 3% e A ot i



50 25 2 1

AR 1 4h 22 B b 2 XU Ak TAE & A dE 3 g
bR E . KGR 0.3 m/s, Y T2 HERAS RS
URHEH Z 40 . KU BE S (25 4 1D °C A X BE
60%~70%,
1.2 REH*E

SR FHHL T ML 2 1 7y o 7 o 1 £ U8 2 R AR
(HDMD-S-001, T 4l AW H AR A RA FD 5]
EBHEG R Z LAY . B HER £l Z7-
12:Acs Z9-14:Ac F1 Z11-16: Ac(1:100:10) 41 A »
WAL SR AW B R 10%0. BECER CE 7E X
T R 57 W S R (RIPEE 16:00 2 YK H 400,
BRI AR N 40 pl, IREGEE 3 FA AR
F A ] - 15 min BEET 1 ¥ 2) 10 min BEEF1 1K
3)20 min BEET 1 ¥R, DAASAL B A 6 iR,
1L.2.1 BA &R R E BN E XA w0 E

3 VB

A7 RO ASCA I 5 3 Al R 325 W 7 62 (40 em
X 20 em X 5 cm) , H R FCE £ 10 0 7 5 K 1 A
A6 PR el P20 A5 P 11 B b kot . XUV B
TELD W AMIN — 3 X R 0.3 m/s, {5 8 KB
B AE L XU A R I S b 5 A B R S
UNCGHEIES GRS 3 S P S RN EE N
. PSS Z W AE WY W 46 2Z /T 2 h (16:00)
TFR . WESSRIRG 43 3% B 510,20 min, DAASEAL
BEg X HE G H T R A R A S B T R 2 S T
A1 Bl T LAV B AR s TR] AN 1800 JF4R, A
ZI565T (25 1x) , fi#i [ Pylon Viewer %514 3% 1l #45
FAHL A Basler acA1300-75gm, 3% 1l W3 K 30 i/
. BRI S BIIK 10 h TF 4.00 S5k, SR 58
G i ] EthoVision XT 15(Noldus) #LA5 # A 43
I IG5 30 5 M O Ik A/ NS R RS s BE S Al . AR
AR PR AT AR 8 ki,
1.2.2 BREREREZRBEMAEGXEENEH

H 24 H 2P 1 B b 5 73 M e A o L 43 4% 10
S 10 Skl i FC % I e B 2 ] AT B 1 9% U
P AN IR O A R P 2 KGR B XU A
BRCEMEG S R BE . W R bR S i B 5.
10,20 min, FNMAIEEE 6 K. XA CE M
FEERBA. B H BTG Z )5 520 min M4
1 VR T 2 155 0 45 52 T 174) 5 b 5 7 e ) 5 00
INOFE G S TR SRAC LT B b B ik H % CRIAE 24 H
18K 0 ), S ECH- by s (B RN 25 A 1], -3 B etk A

T TR 5+ ) P L R PRS0 0 M 9 B SR (R SE CA 7 o R ) < 87 -
0 /N
1.2.3 &l B E S 7 Xk o O B A 000 (L &
H % 7]

A3 H IR A8 1F 7E 5 TE 0 B Ml 57 30 0% B 1
AR R 235 TR o Ok 25 A T s 1 %) SR (L AR
5 cm, K 10 eco) L SR IE AT &I 4T R (2 em
X5 em) HEHFEBR, M 10 26 B R K , Bt FH 2D
ME D REFEIRD 08 THREREERER
TS B RG] H s DUAS SO o] Ak B X B, 5.10.,20
min B it ] B A0 B A3 0 I ER 14,12 SR 19 3k ik
X HRAE WSS A7 SKLEdK . BFH 9:00 155%™ B it 10
TR DR, B IR A 2R = (AL 1% D /6 7™ B i)
X100% .,

1.2.4 HREUEGREXNMBRERLEEREZHRE
i % 7

FER RS B BB AT T Pkt 3 A
MR EUE G R R . DIASABON XTI, R 6 IR, 78
PRI B R BT B AR BT He ME ik 1 I BB A 11 B R
P A & % O, SR P DR 2 B (SPMIED 6 A W i
J&  HIRBLST T 57 MR W L 2 AR B A a1
. FUHRHINA 50 pL 2T AE O ke EiRIZ
W1 h JERLmRiAR, IMA T pL IE+-EHE(10 ng/pl)
YER A A S A A A 22 2 pl, 28
PERE 2 S BB AL P, GC/MS X % o~ Agilent
6890GC-5975MS, fit £ DB-35 & 41454 (0. 25 mm
30 mX25 m), BEFREMT :60CHREF 1 min, X
J5 10°C/min THE Z 180°C, 4k )5 3C/min THE E
210C, 2 J5 10 C/min FHRE % 250 C . 7F 250 C L +F
10 min, #EFE DR E R 250C, & FIHEE N
230 C, B NAS Wi fE R R 70 eV, SPME B
B R A s i PR A B R T B
1.3 HEHH

KT SPSS 17. 0 i AT8HE 04 . AbFRER AT
BRI RT7 2253 H o X 22 4 35 (EL 1) 22 5 3 2 1 0 6o
FH Duncan [ORT& W% 2216 047 76 0 & o0 Hrep . P
<0.05 RnEREBE.

2 HBRESW
2.1 SHEFBRNE THEHRMENNE
ST LS FHE 2 X R L e e 0 R )

Mo Bl B o B et 790 A P £ S 3T b 5 3 M
TERE IR SR S BE B T B R (Fy.0 = 2.2, P=



+ 88 - 499 45 17 2024

0.12), WESFEIBE A 20 min B, 5% RS Bl 25 o0 (1) o g ) s PR AR S 2R XS 5 Ml 07 73 Ik e ek 7 1R
(98.7+53.0) cm./NFIHHAEIFE A 10 min KPSk IR SR Bt JC B H W (Fy; =0.9, P=
B R RS S I B (385.7+101.5) em, {H LR x5 0.47) (B 1d),

300 ¢ -
5 M Female @ 20 min 600 i Female
g £ 250¢ 72 10 min o 500} a a
2 2 3 5 min %
B o 200F B %}H#8 Control EZ 400l
& g 7 =S 2
5z 4 ES s
B3 2z
= 5 100} M 7 "2
< £ 7 i B2 200}
& 5 % . B = .
g S0r 1 0 3
s 0 i S 100
0 7 - = % =51 B e 1 =
W g Q0 Q0 .Q0 Q0 Q0 Q0 Q0 .Q0
A9 T P 0 0 P a0 a0 a0 00 (oY 0 ' : :
QO \\ig .0~ \\ig \ig .Q0~ \\ig \\ig \\ig \\ig
AT (9T AT A OV g OO VT e OO OV OV 5 10 20 CK
i il a WEHG 1 M/ miin b
Time Spraying interval
1000 H Male 25001 H Male
g 900 [ 20 min
= 2 800} 74 10 min 8 2000t
25 700} £ 5 min s 2
T § 2 2
g 600 E #f Control == 1500F
25 so0f "5
R 2 a
RB 400 i :;5; 5
gl i Z 1000f
Z5 30 7/ B
&5 200 i R3
% 100 ES / 44 gé 6 500
= z i | =
o LHEs = - 1E . Ue . e
-0 S\ -0 -0 .00 o0 -0 Q0 A\ \J L L L
B L O A N L L AN\ E 1 PN\ £ E N\ 0
\%..QQ \9.90 Q..QQ \..QQ ,L..QQ 1,5.90 A..QQ 0\.90 IS -0 o -0 10 20 CK
it [k c WG 1) ) R / min d
Time Spraying interval

FE_EA )RR RAL BEL R 22 53 1835 (P < 0.05, Duncan [GHTE L 2£1%). Flo

Different letters above bars indicate significant difference among differents treatments (P<<0.05, Duncan’s new multiple range test). The same applies below.
B 1 MEAE BRI R A 8 P X Bt % A R A B B BN BE S A0 R
Fig. 1 The effect of different release intervals of sex pheromone on the total movement of Spodoptera frugiperda

during the dark period
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Fig. 2 Effects of different release intervals of sex pheromone on the mating rate (a), mating day-age (b),

mating start time (c), and mating duration (d) of Spodoptera frugiperda
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Fig. 3 Effects of sex pheromone release intervals of sex pheromone on the total egg loads (a) and hatching rate of eggs (b)

of Spodoptera frugiperda
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Table 1 Effects of different release intervals of sex pheromone on daily egg loads of Spodoptera frugiperda

SCBLE R &/ d

Days after mating

H 7= gl it /4L
Daily egg production

XTHE  Control 5 min 10 min 20 min
1 (19. 3£7. 6)ef (27.3%4.3)cd (31.6£3. e (0. 7£0. 7Hd
2 (260. 2£15. 8)a (88.9+£11. 2)a (86.5+10. 8)a (144.9=£14. Da
3 (200. 9£15.6)b (82.44£9.7)ab (88.7£8.3)a (125.6+9.9b
4 (164. 1£13. 2)c (56.5=+1. Dbc (71.32£7. 9ab (89.8%47.2)c
5 (90. 7£7. )d (43.3%£6.3)c (56.8+7.3)b (58.845.3)c
6 (46.8+2.6)e (39.94£8. e (34.2+£7.8)c (21.3£3.9d
7 (26. 6+3. 3)ef (7.5+4. HHd (0. 0£0.0)c (0. 0£0. 0)d
8 (9. 242. HHf (0. 0£0. 0)d (0. 0£0.0)c (0. 0£0. 0)d
9 (0. 0£0. 0 f (0. 0£0. 0)d (0. 0=£0.0)c (0. 0£0. 0)d

D FH EFIAE FE:F R H 750 & 25 5 8.3 (P<<0. 05, Duncan [GHI R,

Different letters in same column indicate significant differences of daily egg loads (P<C0. 05, Duncan’s new multiple range test).
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Fig. 4 Effects of the release interval of sex pheromone on the total titer and emission of Spodoptera frugiperda sex pheromone
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