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Electroantennographical response of Bactrocera minax to pheromones
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Abstract [Objectives] To analyze and identify the pheromones of Bactocera (Tetradacus) minax (Enderlein). [M ethods]
Volatiles from male and female adults were collected at various times by Headspace-Solid Phase Micro Extraction (HS-
SPME), and identified chemically by Gas Chromatography-Mass Spectrometry (GC-MS) and behaviorally by Electroantennography
(EAG). [Results] GC-MS identified N-(3-methyl-butyl) acetamide as a volatile released by both adult male and female B.
minax. The EAG responses of 3-day-old and 15-day-old B. minax to 1, 10, 100 and 1 000 pg of N-(3-methyl-butyl) acetamide
were measured. Adults had a strong EAG response to N-(3-methyl-butyl) acetamide. The optimum concentration for EAG was
from 100 to 1 000 pg. EAG response varied with dose and dose X sex. [Conclusion] N-(3-methyl-butyl) acetamide could be
a pheromone of B. minax. The results provide information useful for further study of chemical communication in B. minax and
the biological control of this pest.
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Fig. 1 Total ion chromatogram of volatile compounds of Bactrocera minax by GC-MS

AL 15 H AR S B R CSEY) (9:00 am-22:00 pm ); B. 15 H &7 K Scbeg iy H 1] iicsE
(9:00 am-22:00 pm ); C. 15 H #AHAE RS hg i+ Bt H [RIC4EY (9:00 am-22:00 pm ); D. 15 H ¥ HH17
RS e B S (22:00 pm-9:00 am ); E. 15 H A A S M e gz )i 424 (22:00 pm-9:00 am );
F 15 H iR S a1 s A IR 69 (22:00 pm-9:00 am ); G, U N-(3-HJE T 2) L IR AR IR
x10° or x10° {03 N-(3-HI L T %) Z b fic 2 5 (AR RS 132
A. Volatile collection of 15-day-old female B. minax during the day (9:00 am-22:00 pm); B. Volatile collection of
15-day-old male B. minax during the day (9:00 am-22:00 pm); C. Volatile collection of 15-day-old male and female
B. minax mixture during the day (9:00 am-22:00 pm); D. Volatile collection of 15-day-old female B. minax at night
(22:00 pm-9:00 am); E. Volatile collection of 15-day-old male B. minax at night (22:00 pm-9:00 am); F. Volatile

collection of 15-day-old male and female B. minax mixture at night (22:00 pm-9:00 am); G. N-(3-methyl-butyl)
acetamide standard. x10® or x10° represents relative abundance of N-(3-methyl-butyl) acetamide.
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Fig. 2 Mass spectrogram of volatile compounds of Bactrocera minax

JT G 1 FORR it Lo X B 5 05 B R W N-G-HEE T ) S (m/z: 129, 114, 86, 73, 72, 60),
GC-MS shows N-(3-methyl-butyl) acetamide is the major unknown chemical (m/z: 129, 114, 86, 73, 72, 60) and later it is
confirmed by N-(3-methyl-butyl) acetamide standard.
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&1 HSSPME WEFIHETEHBERNZRIFELY
Tablel Other volatiles of Bactrocera minax collected by HS-SPME

{4 B4 B[R] Retention time

1b&4%) Compounds

714 Ions peaks

8.05 Ethanone, 1-(6-methyl-7-oxabicyclo[4.1.0]hept-1-yl)- 43,112, 55

10.72 1,1'-(4-Methyl-1,3-phenylene)bis[3-(5-benzyl-1,3,4-thiadiazol-2-yl)urea] 91, 43, 40

10.80 3-Cyclopentylpropionic acid, 2-pentadecyl ester 125, 55, 83
30r A 30rB
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S 250 =3d
m o —-15d
=5 c
=S 20+
X
23
=] L
2 % 1.5 .
m 2
O 1.0
<
o
0.5

EAGR M AEXHE

EAG response relative value

10° 10! 102 10°
F& (pg) Dose (ug)

JfE B Male
——3d
—o—15d

N
[0}
T

g
(=]
T

—
W
T

—_
(=]
T

o
W

10° 10! 102 10
#& (pg) Dose (ug)

B3 HiFALW\AHRNARFE N-G-RETE)ZBRN EAG R
Fig. 3 EAG responsesto different doses of N-(3-methyl-butyl) acetamide in female and
male adults of Bactrocera minax

A, NG RSEHEME R Y EAG ROV AHXS(E s B AHEG RSl iU i) EAG SO AHXHE o
A. EAG response of female B. minax; B. EAG response of male B. minax.
WRZEMER 4 MEY ARG RARUHEDR . BT AR AT AN R B R [R5 1] H 18] 22 5% . 2% (LSD, Dunnett T3 ),
The error bars are the standard error SE (N=4). The different letters indicate the statistical difference between
the same sex and the same day (LSD, Dunnett T3).

23 AEB®MESRHEEASEEY N-(3-H
ETE)ZBRKN EAG REE

FH A RS2 B X N-(3-H 2 T35 IRz A 28 531)
IR U 7 B B fil A F S S R4 T TS, F
GBI 3BT 2% BHAEAH [R50 AR [R5 R 3 d Kb
F 15 d R/ IR R SIS i e A R X N-(3-FP L T
LTRER) EAG R 22 7 A2 (P>0.05 ), i#F—
A4 B [R50 S () H A AR R SE g X N-(3-H 3 T
IO EAG IOV, 455 %Y N-(3-H 3
T IR EM 1 pg 5% 10 pg B, EAG AL
T RZES (P>0.05), X N-3-HIT )L
FEF R 100 pg B, ARBLEA 3 H EAHAE K S0
HERE R EAG WM IEREZES (P>0.05), M
15 H AR SCIEMEE R EAG O B %25

(P<0.05 ), fH2Y4 N-(3-H1 3T ) Z Bhle ) &l
1000 pug A, 3 d F1 15 d AR G R szig >
(A7 AE 225 10 25 (P<0.05 )4 flf FLSE SO (8] 4,

C I MEH-3 d Female-3 d
CIBEH-15 d Female-15d
FCOEH-3 d Male-3d @ b
| o HEH-15 d Male-15d fha P

a 2a

aaaa

L b
B aaaa s|[mls!
10° 10! 10% 10

Fl& (pg) Dose (ug)

B4 A[EB®&MERMHEERE®T N-G-RETE)
ZERBRH EAG R EZ
Fig. 4 EAG responsesto N-(3-methyl-butyl)
acetamide of Bactrocera minax as a function of
different ages and sexes

WREWER 4 MEY EE R ROPRED, ns FUR R ) & [F) 14
W28 5 R 3 (A5 ), M EARA AR RN
[Fi) 351k [ 2 30 1) 22 5 W 2 (A6 )

The error bars are the standard error (SE) of four replicates.
Histograms with ns indicate no significant difference

between the same concentration and the same sex, while
with different letters indicate significant difference (t-test).

S =N W W

EAGK N AHXHE
O ho ho o n

EAG response relative value
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24 FE., ¥, BRETERZTEERAI N-(3-
FETE)ZEBERN EAG R

X N-(3-H 3 T35 £ I e B A () 551 2 551
PRSI N-(3-HVEE T 5E) 2 Mt e (%) fish 71 A 2 i
M Z R R T 225 Hr it AT TIF5E, S5 R R & .
FE PRI N-(3-H1 3L T 358 2 e 1) EAG &
FHXE AT 35 (P<0.001 ), 275 H P i1
Hiy, ZAraraa< 0. HE5x BRI Ex
P> H #3XF N-(3-H 58 T 38 S BERE 1) EAG J bz
AXTET R 25 (P>0.05) (£ 2),

R2 ZEREAESWFHE, H5, BRRTEHEE
A3 N-G-HETE)ZEBEN EAG R
Table2 MANOVA testing for effects of dose, sex, age
and interactions of these variables on EAG responses

of N- (3-methyl-butyl) acetamide

i Source df F P

F 4 Dose 3 103.330  **¥¥0.000
P51 Sex 1 0.146 0.704
H iy Age 1 4.195 0.227
R M 3] Dosexsex 3 21.079  **%0.000
#&x H % Dosexage 3 1.251 0.302
P> H i Sexxage 1 0.025 0.874
FI) & < 51 < >

; JO i ) 5: Xjagi' % 3 0.248 0.862
%2 Error 48

P>0.05 fAEZERALFE, *1U5£ 0.01<P<0.05; **{LX P
<0.01; ***f{3% P<0.001 ,

P>0.05 denotes no significant difference; * denotes 0.01<P
<0.05; ** denotes P<<0.01; *** denotes P<<0.001.

3 HZHitHitit

A5 R T T 25 [#6 R AR B 7 2% 0 BT S
FE GRS (5 B R o AT I8 25 5 & B
S ) R AR R S e e AR R R B RNAE R
IR A T SR N-G3-F 3L T 38 2 Bk iz
B LAFRATTHE Y N-(3-H 56 T 366 2 B e mT BE Ay
RS —F 5 B K. N-G-F LT I) LWk
J& T Re Wi e BE Ak & W 5, e R s B
RV LS B b ol Hoh e R
2% 5206 B. tryoni ( Tan and Nishida, 1995 ). #f

5208 D. cucurbitae ( Nishida et al., 1993 ).
T PERS /NS B. dorsalis(Perkins et al., 1990).
MErERHESC i B. carambolae ( Wee and Tan,
2005 ). FHAHE2HE B. correcta ( Zhang et al.,
2019 ). Bellas £l Fletcher (1979 ) /e 6
Tl i O i I e Sy e R 22 SR 9 A R R
OF o bIREE S P S E A B R R N-(3-
HIE T3 O WER S B R IR SRR AL
B, DL RS MR DIIE] N-G-F AT
FE) NG TR FH LA B AR M S 2 75 23 BT
N-G-HHETE) LB FE R R, WEA MR
TEHED, N-(3-HI3E T30 L WERenT /R A (5 B R
a4 (Z B & (Heath and Landolt, 1988; Dani
etal., 2008; Kumaran et al., 2014 ). 5% (2013)
FI A LG B2 BORAS 1 R s K S i Bl o 1 .
ALY, 8 o TS IS U i AR W
FRAT A0 235 5 T SR Ay R 52 e e e ol o, L W 2 Y
FHAR Y BB & A7 BE A T 5 | R U S AR 15 B
AV L, R, FRATHED e Ry B
A N-(3-H JE T 3 &k e By Jot Ay A A R S g
FLAARY 53 MR 53 22—, AER A5 AR K S
B A WG WL 7 ) A 5 A — 2B AT
BRIGZ AN, FR T S5 50 i IR R S i ik A2 B
1 = AR LA B 1 R[] B A 3l X HAA —
FE BT, R AR R SR AE AN [m] s ) BE RN 2
T EPREN-(3-H T 5L S ER ) T, 4T N-(3-
HJE T 28 S Wb Rt ] fig & — P E R G S b &
Y, BT AEAT N )7 A I — 20 5
kS

FET UL NS S, A58 — 20 H i
£ LA A3 B0 72 T AN () B R AR A S e e
BN N-(3-FEE T JE) S BEREHY BEAG J)iz, (]
FANTR] H RS T AN R AR B AT 5
SRR N-G-H T3 O W5 BRI
FERITHE, EAG SOWARXSEIG R, HAEIRLE I
A 100 pg Fl 1 000 pg A FRk 25 K
B X7EHE R R AHCH 5T h i3 250k, 41
BT 1 pg A1 10 pg, BWREEAIKT 100 pg
FEAE S5 | S e K B ik 7 L7 s 107 (A 4,
2015; RIS, 2017 ). AHAG R SLME P fhad fE v,
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e AR PME, MRS KA A s, e
W PR T RS (RATEH, 2013 ), MOXANA R
F, MR EAG & &RV AENLT 1000 pg =T
HE HR B AR v RO 100 pg, N-(3-FH 3T 38 2 /Bt
¥ A, AT AR Ay — ol Ay oA ST i B EL ) ST AR 1 AR
BE

[ Ve JE i) 4 R A A S g A e fh £ o7
S ARRHE U, ATE =5 R EE 100 pg F1 1 000 pg
FEER . Y N-B-F LT 58 L B e ook
9100 pg W, 15 d /)N SR fisk £ H A2 S 1 AH
YRR TR, AR N-(3-H1EE T ) S B )
WM 1000 pg B, 3 d AT 15 d e i A e 7
SN ARG S 2 e R DN 15 d AR AR R
SCEMEHAE 100 pg MR, HAA B E R0
UM 1T 3 d R 15 d ARG R SE R AE HUFE 1 000 pg
WEET, HAE 0 RO U, IS s
St A1 EEL AT S KT I ) S VAR B, DR A7 R 512
I fh ) JRRAZ g 118 B 1Y) 22 S M R 0 A 1 R S 4
A REZs R L AURPE (RBHESE, 2015), MY
R FE A AIRAST, A BB | AR A S i e e e B St 1)
MELE I IV, T AR T i 3 22 5 RS g &
IR, 7] v [ L AN [) o A7 A S e e
Ha f £y FRLASE SR ARG (X8 I 3 2 S W R AL
IR J B 5 5 AN 2 3 RO AT T S g L e o XoF
N-(3-F BT 5L Mok e 1) S 5 B 25 5 o ph ]
U N-(3-H 3T 566 2 Tk ey o vl e AN 2 A5 2
B2 —o ALk . M. H
4 A5 5t DL K AR 1 () AH AR R X N-(B-H L T )
TR B i Ffy FELASE S ARG R M), 000 e
] P AL R A AT A b ) 25 55 30T R = LA KR
SR AR X N-(3-FH 3 T3 £ ki A ik £ Fi
IR AS R 22 5

25 TR, BRI 40T T A AR R S AL
W EEGESEY, S5REM N-G-FT
B OB AT e — P E S E R RBRCfFE R R
A, N-(3-HE T ) St 255 ke g e i 2
) i Ff L AT S I, A5 245 SR R 3 A X 5 4 s A
MR LA 2B IR ARG HA T EEWE LA
5% 45 5 A Ry i — 25 FF & F) R A A ST i 75 4l
ARBEE TR, SR, N-(3-FI3E T 3) L Wi 7

AR DA S o A P S 11 A SIS AR A A R 52
e IR AR G BT RE B A DA, N-(3- P 2
T HE) AR E) 68 S PRACRIE A 15 Tt — 2
RIS A ] X 56 ) S0 o
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