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B E [B#] Mo R ERFPTREXHE/NEWE Bactrocera dorsalis Wi L BA 51 FERCR4E K MEY R,
St/ NI PRI S [ Ak ] HEA ARFE (0.01. 0.05 F10.25 mg) (19 9 R —2F F4H
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M /d]dRe i T B () v SRS 1T SR 4R R % = o IR A R RS S R (R 0.25 mg, S (31.8+6.0)
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Attraction of female Bactrocera dorsalisto nine host plant volatiles
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Abstract [Aim] To evaluate the attraction of female Bactrocera dorsalis to nine host plant volatiles, and develop an
environmentally sustainable control technique for B. dorsalis. [Methods] Volatiles comprising esters (ethyl butyrate, methyl
caprylate, ethyl caprylate), aromatics (S-caryophyllen, a-caryophyllene, 3-carene), and terpenes (phenylacetaldehyde, phenethyl
alcohol, ethyl benzoate) from nine host plants were applied to cotton septa at concentrations of 0.01, 0.05, and 0.25 mg,

respectively. The septa were then affixed to white sticky traps and hung in a mango tree. The response of female B. dorsalis to
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each volatile was tested in the field in the mango orchards of Yuanjiang county. The volatiles with the maximum effect in each

category were then combined in accordance with the orthogonal experiment Lo (3°). This was done to test the attractiveness of the

tri-compound combination to the females at various ratios, and control for the influence of fallen fruits. [Results] Female

Bactrocera dorsalis showed a significant attraction towards Ethyl butyrate [0.05 mg, (6.0 + 2.1) ind./ trap/day], 3-carene [0.05

mg, (3.5 = 2.1) ind./trap/day], and ethyl benzoate [0.05 mg, (4.7 + 2.1) ind./trap/day]. The triple-compound mixture [ethyl

butyrate + ethyl benzoate + 3-carene= 5 : 0.2 : 5 (V/V/V)] had the highest catch rate of females [0.05 mg, (5.3 + 1.7)

ind./trap/day]. Additionally, the removal of dropped fruits significantly increased the effectiveness of the mixture. [Conclusion]

This study demonstrates the effectiveness of a triple-compound plant volatile mixture, consisting of ethyl butyrate, ethyl

benzoate, and 3-carene, in attracting female B. dorsalis. This volatile mixture has potential to be incorporated into management

strategies for the effective control of B. dorsalis in mango orchards.

Key words Bactrocera dorsalis (Hendel); host plant volatiles; lure; female

W& /NSEWE Bactrocera dorsalis (Hendel)j&—
Pl AT KB SRR 1 2 Rl 35 e, A
SR KB 450 ZFPK RN S G
% (Roh et al., 2021), HIERF . #F. )7 7R
FHIXCEAE R AL, HMUES ARG/ N G
TR ALY, AR LA 448, FETAL .
ARSI A R A (EEAR, 2019), Xl A4
77 U™ H UM, BLE A i 2 B A R AE
KB HEFE R Z —,

SR FH & HUF ) A /N SE A T B 6 2 H AT Y
WHJTE, (AREE R BRI K EAS A, 7
/NSEHRER X 22 A2 R A G2 (Tin et al.,
2011), JFFTREXT B A S A N fafle = A AN B
SN BRI AN, AU R E R R T
5 ( Methyl eugenol, ME ) XJ 4@ /NZwg it 7B i6
ME X A /NS i e i B 5 ZU A5 AR ASCR , (AR
WA DB ( Manrakhan er al., 2021 ),
R /NS e H A 7 AT Ry o SR S A T
H et A Z IR ASBCRE ST (Shelly, 2000 ), /bt
T AT R ME B sz 28, OV ME R4 T4 /NS
W B IR BT — 2 1R BRAE o PR o e R R A T B R
TEA P o SO, Al e/ o SR S 1) 118 35
THRWAER S, ELSCRURAR /NS i A A 3
HE — R AR T ) B R PRE EAT RG OCEE, AR
B B AT BTG L4 U B Ry B

HE WG BURE T A #5 & PE ) B E i — R AN &
AR BEAE S P A (RN, 2023), HEPIER
Yy B RGP T I E RS, 2RI R R
P Z IR DG FR , REAIRTE 06 B R B 5 1 2C i

ol O b S AR G B R R AR, R
BB U A A EATRY 455 5514 Bruce et al.,
2005 ), WE/NEMEAT ZME N, ST
N Y RWITRG|, 2R & YR A
(RS LR 22 BB A4 B8 A B LR e Ao
(Nigg et al., 1994 ), PHILAETE ARG /NS 27
FAHY) A BRI HE R 0T 0 K, e %o i
HLA AR RO 1) S5 8 2o TR B i S AR AR
SR A /NS B ER B W DN Bl TR FR S

1 #R5HE

1.1 RIS A B R s

REHFE] . 2021 4E 7 A

RIS . R A O E TR E , 101°98'E,
23°60'N, 4K 466.2 m Ze A7, FIAE S Fh 250 “ 5t
G BRI [a] SR e SRR R AT ]
P2y, HRIAF R, WA REIER, W
110 24F, B 15m L, SAEHY 9 hm?,

12 #hkhEaw
AW AHFREL G L 1,

1.3 REF*

131 ARME RS IERESR 2 3B bR
HEALEH 5. 1 Ff102 mg (£ 1), LR THE
(=99.5%, srpral, Kt K2t B
HIRAA ) MHEFEARZE 10mL, LA 0.5, 0.1
A1 0.02 mg/mL BIFFINEI, VKFE 4 CIRAE,
%}EHO
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x1 #HilirELEY
Tablel Standard compoundsfor testing

el e 2 CAS 5 4 (%) ERI

Category Compounds CAS name Purity (%) Manufacturer
TR K Phenylacetaldehyde 122-78-1 >95 PRI A% Yuanye Bio
Terpenes 457, Phenethyl alcohol 60-12-8 >99 J&K

ZH 2 2B Ethyl benzoate 93-89-0 > 99 TCI
il i 2 B-Ai1T 4 p-Caryophyllene 87-44-5 > 95 TCI
Aromatics o-f1 714 a-Caryophyllene 6753-98-6 >93 TCI

3-E )i 3-Carene 13466-78-9 >90 Acros Organics
[ T ZWE Ethyl butyrate 105-54-4 > 99 Acros Organics
Esters VS Methyl caprylate 111-11-5 > 99 TCI

SEBR LT Ethyl caprylate 106-32-1 >99 Sigma-Aldrich

RASr M8 Lo 3)IE S FR T E i H 7

(% 2), MO BEN T WA [ H ]

(V/V/V )i 0.1 mg/mL B —JCIEE M 10 mL;

M AN = JniR AT, O L BR N T

WAL 0.5, 0.1 1 0.02 mg/mL 1) =JCIRG AR
10 mL, VKAf 4 °CIRAE, %M.

£2 Lo(3d) ExikWE
Table2 Lo (3% orthogonal experimental table

Ab TR AR OEE 3-8
Treatment Ethyl butyrate Ethyl benzoate 3-Carene

T, 5 5 0.2
T, 0.2 1 5
T, 5 0.2 5
T, 0.2 5 1
Ts 1 5 5
Ts 5 1 1
T, 1 1 0.2
Ts 1 0.2 1
Ty 0.2 0.2 0.2

T B S Y R ALLE (VIVIV ), B 4[], The data
in the table are the volume ratios of each substance
(V/V/V). The same for Fig.4.
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i CTR CTRM) A R HUBRAVE XTI, 9 h Jeid sk
Rl A b OB RIS 3 IRER L, R 2 d,
133 AEEL=TESY X7/ LR
FEMREME MBI 1328458, B3R 132
RIS, BRI R 2500 5 AR5 i
R EY, 1B =1 HE, LLo2, 1 s {E
FEZAKF, Bt Lo BY)IESSIRE (% 2), ME
ANTE AR A (500 wl ) XA /NS g i o )
AR, DR TR OBRE XTI

134 FHRHEERM=TREESWSIFEFNE
Bl SR M RIE 133 WK R, &
HRO13.2 350 vk, BEH 2 A PsIREE (B E R
e AR R, SRR R ) 150 m, HEF
I, PPk BE AR, SO0 (B AR WE AT A e 24 ),
Horp— N R Bl R T A TE SR, S — AR
ABATAT AL B, 439007 2 A5 Bl A R) 551 i
(0.01,0.05 F1 0.25 mg )1 =JCIRA ¥ (500 pL )
XoJ A /IS e H P TS SRR o

1.4 BESH

K H] SPSS 25.0 Ak BB , SR U7 257
Br ( Duncan’s Fr W 251 ) HHA—FPE 27 40
WIHERY) . ANRIBC FGIR G 9 25 5 0 2 v, Tl
MFEA ¢ K% (Independent sample t-test ) HL#E
T [ I [i) 9 SR R 2A 345 o T i) 9 R 22 () 2 7 )
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21 B—FRTEEWIER WX/ KR b
AIEE 51 R

FERTING) 3 FORRIFP BRI L
0.05 mg 11T iR £ B XA /NS e e 5 4R A5CR
B, BhEN (6.0+£2.1) k/Aud, S525Ext
M B fFfE R E 2SS (F=1415, df=9,50,
P<0.05), HE 0.05mg (T RRFES, 750k
R (42+1.9) k/AMud, HE5Z5 0B TC
BEEES (P>0.05) (K1),

W R (Sh/tivd)
Number of females (ind./board/d)
O = N W A L N0 0 O

A B C D E F G H I ]
A3 Treatment

1 EERN SRR LE R A0 EES5HERR
Fig. 1 Attraction of ester compounds for female
Bactrocera dorsalisin thefields

A: 0.0l mg THZME; B: 0.05mg THRZME; C: 0.25 mg

TRRZES; D: 0.01 mg ¥R ES; E: 0.05 mg R ES;

F: 0.25 mg R HfE; G: 0.01 mg MR ZMH; H: 0.05 mg
EMROHE; 1: 025 mg SEFfROER; T SHXE,

A: 0.01 mg ethyl butyrate; B: 0.05 mg ethyl butyrate;
C: 0.25 mg ethyl butyrate; D: 0.01 mg methyl caprylate;
E: 0.05 mg methyl caprylate; F: 0.25 mg methyl caprylate;
G: 0.01 mg ethyl caprylate; H: 0.05 mg ethyl caprylate;
I: 0.25 mg ethyl caprylate; J: Control.

B PR bR D, A EARRNG TR
78 P<0.05 /KFF, &b HRIAA7E 5 122 S
( Duncan’s H 24k ), 5] 2-14 4 4],

Data are mean £SE, different lowercase letters above
bars indicate significant difference between treatments
at the 0.05 level by Duncan’s multiple range test.

The same for Table 2-Table 4.

TEFTINAY 3 FhAS R R RS s, L

0.05 mg 1) 3- B iR /N Bk L 75 AR RO B
U, BIEN (35 +2.1) k/Mud, 5025 mg

(4 oA A7 M Ko A7 /N S e e (1 5 48 5 SR 22 T A
T ENE2ZER (F=1.166, df=9,50, P<0.05),
A 52 AR IR Z E o EME2ER (P>0.05); o
AT I BB TR 1 DK, A7 /) S e o )5 4 K
SEBRAG, 3 PRI S04 W XoF A7 /) S e f: e 1)
PR (E 2),

A~ v &

W B g (Sk/ARvd)

Number of females (ind./board/d)
w

(=}

—
T

A B C D E F G H I 1]
AbFH Treatment

B2 BEEENEWIIRE/NTIRLE R EE SRR
Fig. 2 Theattraction of terpene compounds for female
Bactrocera dorsalisin thefields

A: 0.01 mg -A ¥ B: 0.05 mg g-G 47145 C: 0.25 mg
B-A11 45 D:0.01 mg a-A T4 E: 0.05 mg a-A 174
F: 025 mg a-A1T/; G:0.01 mg 3- %4 ;
H: 0.05 mg 3-B¢Ji; 1. 0.25 mg 3-B¥M; J: 2,
A: 0.01 mg S-caryophyllene; B: 0.05 mg f-caryophyllene;
C: 0.25 mg p-caryophyllene; D: 0.01 mg a-caryophyllene;
E: 0.05 mg a-caryophyllene; F: 0.25 mg a-caryophyllene;
G: 0.01 mg 3-carene; H: 0.05 mg 3-carene; I: 0.25 mg
3-carene; J. Control.

TERTIERRM) 3 FOF TR (& 3),
A F R £ TR 6 AR /NS e P S SR SR ity ,
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1.4) k/H/d, BN 0.01 mg AR ZHEE, 75
HEN (45+1.3) kifud, =FHZEIJCE M2
5 (P>0.05), AFGIEAFRRERS 0.01 mg
RO . ANFFR AR LB S A G R 22 [ £
TEREIEESR (F=3.386, df=9,50, P<0.05),
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i e ) R ) 5] 5 R SR

ANTRIEE FE IR A e LIAL L 3 XA /NS g
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Mi/d, HALEE 4 FULEE 6 ZAIfFE R EMEE R
(F=1.015, df=9,50, P<0.05), Hixhbsp
1, SHilgER (3.2+1.7) K/AM/d (B 4),

W (Sh/tivd)
Number of females (ind./board/d)
S = N W A L &N N

A B C D E F G H I 1]
A3 Treatment

B3 FEBRELSYIFENZEEERNEESFRR
Fig. 3 Theattraction of aromatic compounds for
female Bactroceradorsalisin thefields

A: 0.0l mg KZE; B: 0.05mg KZEE; C: 0.25mg
KOEE; D: 0.0l mg K LFE; E: 0.05 mg KO
F: 025 mg 2 H; G: 0.01 mg APERZHE; H: 0.05 mg
KHRAES; 1. 025 mg KHRAER; J. &HX IR,
A: 0.01 mg phenylacetaldehyde; B: 0.05 mg
phenylacetaldehyde; C: 0.25 mg phenylacetaldehyde;
D: 0.01 mg phenethyl alcohol; E: 0.05 mg phenethyl
alcohol; F: 0.25 mg phenethyl alcohol; G: 0.01 mg ethyl
benzoate; H: 0.05 mg rthyl benzoate;
I: 0.25 mg rthyl benzoate; J: Control.

a

W B g (Sk/AR/d)

Number of females (ind./board/d)
S = N W A 0 N N

TO T1 T2 T3 T4 T5 T6 T7 T8 T9
AL Treatment

B4 AEELLEE SR K iR
Uit el ) D 5] 5 0 R

Fig. 4 Theattraction of mixtureswith different
ratios for female Bactrocera dorsalisin the field

TO N THRZER. TO is the ethyl butyrate.

23 EBERBEBEERN=ITREWS|HEEELE
38 e p A

o A o T % SRR A T R T ] 9 2R

() 5 Bl op = ST IR A W X A7 /0N S e O 1 i 4R
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YR EESCR B ER S, 3 FORFERIE iR
AW (0.01, 0.05 F1 0.25 mg ) 7517 PV 5 19 51
Pl A /0 S e e PR 5 SR i 0 ) Dy (3005 £ 3.3),
(258 +43) fl (31.8+6.0) k//d, HhEE
o T A YR o3 T (1] i SR SR el v i 75 4 O A /N S
W8 (0.01 mg: 1=4.549, df=6, P<0.01;
0.05mg: t=3.656, df=6, P<0.01; 0.25mg:
t=4.246, df=6, P<0.01) (K 5),

O Jo7% 5% 52 [ Orchard without fallen fruits
20 A% F K F B Orchard with fallen fruits

*%
351 #x

30 ¢
25+
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15}
10 |
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W R (Sk/tivd )

Number of females (ind./board/d)

0.01 0.05 0.25
& (mg) Dose (mng)

E5 FEERNZ=ZTREYFENRAZMN
Fig.5 The effect of clearing fallen fruits on the female
attraction of triple-compound mixtures

LN BRI RS ARG BRI R Z A AR 25 22 S
(P<0.01, ¢ 5 ),
** indicate extremely significant difference between

orchard with fallen fruits and orchard without
fallen fruits (P< 0.01, ¢-test).

3 itig

VER—Fheg @ | i & BT BRI )7
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XA | e BE AR AL VRO S 2 S R R F s 3
HBYEERRCR o AWTFEAE FH [A] I 5E AN [R) 55 48 1 9
Fh2F TR S My X A /N S E R SR AICR,
LURERN , AFRR SR 2 055 TR W)
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B HO0 R 4 2R 0 1 S I A AN [ ) R
{5, RAHELYREREREABERAERH, B
HRLBEAT Ry S5 I £ PR SO ) A R R o ) AR
AT AR , 3 g FE (R G B Y 9 AR K
PTRCHES . FRRFHER . 3-Em AR LR, K
MR 216 5 R ILE 0.05 mg I X0 475 /)N 5 g e ey
5 E SR i I, T 0.25 mg 1Y a4 714 1 0.01
0.05 Al 0.25 mg AYZE LB 25 (X HRAH L X7
ANSCBRE OB EEMOR T R, AR R, R
HRIR Y p-A 7T Hs (150.8-172.1 pglg) AT
DA 5 i /NSEMRRTR = B0, MEZ T, ek
FEW) B-A T 2 (0 M ™ B o 0 S RRAIG, R
“REME” 7241 R (Lietal., 2020); 2F 4
Y5 K W) 76 K R i X BE R M8 Drosophila
suzukii B EEERCR, 5500 8 0 2 B0 A DR ke AL
B (Liuetal, 2021 ),

A EHYIE R YRR H Aoy R 2k,
T A R A3 T 22 22 0 P 04 R R A EL 431
H SRS Y ( Nojima et al., 2003 ; Bruce et al.,
2005; Tasin et al., 2007 ), REEIE5 (2019) k&
WILRFHLY AT - DAYEBGE « s
(3:3: 1) IRABX ARG AT S 753 5250
FHABEN, AW E IEAC LRI 3
Wy A OR A Ll EA TR B, R = JCiRABY
TR + APRROHEE +3-EmIES 5102
MS5:02:5(V/V/V) B, FHECE R ——F4)
BT (TR TR ) KA /1N 52 g H 9 5 75 25 R e
FUBERCAEF, i DA At L A5 A Bt o i A 4 5
RO T

P[] 5 S AOMe a3 T 40 R HOX) A A %
A WELHE S [ T 5 0 S HROXE AR A A AR R
AR 2 B P I 9 445 2R R R 9 45 SR AH P
JE TR, A FE (]9 5 | 5 ASCR AN S 3EAE o 2 Fh
X A/INER IR Empoasca onukii 15 % N5 11U
568 T AR 4 A 0 1 R A D 5 17 50 (R
FE , Hod—FhR A B 32 B R 5 A5 1 B
B, fEHEZE /NGBS 55 (Cai
etal., 2017); TE(HHIN . BEIR AW BTG PO R
WEAT, R . R ARSI B . FLAR RN
LR -2-F LT Rt B 9 45 AR — B0 [m]
(Cha et al., 2012); TEfFH = 0M-LIT 2 Fh5|

700 5 XS E SR SR Argyresthia conjugella W55
SERCRT R, FEEN 2 oA ERCR A
2 BAE AR —oes AR5 RO 55
LIRIRA YR EA B 5 IAEZCR (Knudsen
et al., 2015), AWFFEILE T RIS RANAE B
AR T =TI A WIIE AR, ks R
JJE R =TRSO MESOCR B 2 3
5, T VA S WE R AT 0k b A0 DA T4 i
) SEmg AR R (I SCESE, 2013), idhgw >
B AR P TR 5 1 SRR W s, i
FIAERE 0 R EE R . I, TR R &
SRR NS D AR

Zil, ZUIRAWTIROEE + AHROHEE +
3-BME (5:0.2:5, V/V/V) X /INse i dufy
B RBEEROR o RS IR G YR HAD S 5
KT ATRE S A A B ERCR , imH it — 1
AN [ S el I 2 12— TG TR B 00 % A /0 S i P
WESERCR, DATE G- b FH T4 /) S e e iy A 0
Biiif; Teixeira 4% (2009 ) &3, PEBkFE 2k
SCME Rhagoletis cingulata P4 Rl I8 5 1AL 52
B PR AR [R] 25, fnfar 7 SR S BRI X A B
SUREACTCME AT AR B R, O A /N S5l IPM
FE L E K,
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