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The Olfactory Behavioral Response of Bactrocera dorsalis Females to
Fermented Solution of Their Gut Endosymbionts
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Abstract: The biocontrol potential value of gut bacteria provides a new insight for the control of Bactrocera
dorsalis (Hendel). In this study, Y-tube olfactometer was used to investigate the effects of the fermented solution
and autoclaved supernatant of gut endosymbionts on the olfactory responses of their host, female B. dorsalis, within
10, 20 and 30 mins. The results showed that the fermented solution of Enterobacter cloacae (F8), Enterobacter sp.
(F13), Klebsiella aerogenes (F26), and E. hormaechei (F67), and the autoclaved supernatant of E. cloacae (F8), K.
pneumonia (F10), Pseudocitrobacter anthropi (F16), Enterococcus faecalis (F18), Atlantibacter hermannii (F31),
Bacillus cereus (F45), Pseudomonas aeruginosa (F50), and E. cloacae (F59) exhibited significant attraction to B.
dorsalis females. Greater repellent effect was observed in the fermented solution of P. anthropi (F16). Furthermore,
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B. dorsalis showed varied responding time to different bacteria species. The olfactory responses of female B.
dorsalis to their intestinal tract bacteria identified in the paper will provide the theoretical basis for exploiting new
attractive lure or repellent against female B. dorsalis.

Key words: Bactrocera dorsalis; female; gut bacteria; olfactory behavioral response
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JE391 14L: 10D HCPIE 13~15 d KGN S2iiLisk 24 h 5 Tk .
12 #HifEE

VKT Ui J& Enterobacter sp. (F3) (MKS559548) , BVANGAT & Enterobacter cloacae (F8) (MK559552) ,
Jiti 58 5 F5 111 BC 1 Klebsiella pneumonia (F10) (MK559550) , Clostridium intestinale (F11) (MK559547) ,
kT J& Enterobacter sp. (F13) (MKS559549) , Pseudocitrobacter anthropi (F16) (MK559551) , &)1
BRI Enterococcus faecalis (F18) (MK559553) , k& IRFLEKE Lactococcus garvieae (F19) (MK559554) ,
PR A KR Klebsiella aerogenes (F26) (MK559555) , /R 2 WA4F 2 KT Atlantibacter hermannii
(F31) (MKS559556) , WEFE2EMUAT R Bacillus cereus (F45) (MK559557) , P Sy iE 11K Klebsiella
aerogenes (F49) (MKS559558) , Hilzp{ 0§ Pseudomonas aeruginosa (F50) (MK561600) , 741
FFE& Enterobacter cloacae (F59) (MK559559) , & [KJWAT B8 Enterobacter hormaechei (F67) (MK559560)
B35y 851 13 d Wi/ SE i Ui, ORI S TR G R ZIREN 20%)5, RAF T80 CUKH .
1.3 kst

FAY RIRSEAC. n Gu S5V TpRaR, FERIINEE . EEIBE SRR MR St A0
s UE . W, AW Y T DL BRI . Y B 20 cm, WK 15 em, K
160 °o TFRERIGIERA 20 cm FRRIRA, 7EM H RCHESS RS TP AECE — A 30 w 26K, IRIEMWE 2
JCHRBE— 30, P AR SR — AN 20 om () B IR RS, eI S BRSO SS IR e — HETE 454,
JCTOER AT — /L, BEszmidE N B flcEds, WO AR R I . R SRR IR @R v 2
REPEDS . AR R WL B RESs S, EN Y B (B D .
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Fig. 1 Modified Y-tube olfactometer

14 BEHXERERESERELFRESE
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VA e KR ) B3
1.5 #LiEM RN FERE R R ESERE LERNITA R

FREWAR S A 2 mL FIARFII A I B s K B 1) B3 O IR (LB WA 773D T I
JEAE, ARJE 20 A I IR AR BT Y R AS ) 2 ANBRYEI A o IBURS /S Sl L 20 Sk, BN PR EGE
B HBIRE S Y REMHE G, I, METHEERE N 300 mL/min, < 5 min J5 4T FFRSES 1R
I, TR . 2 BI4E 105 204 30 min o ic e Ab HE A K0t FE AT A Rt s . B AN R DU ot
54, FoaRE G, ASHARIE T, R Y BUE L IR ORI RIS, 75% SRR BE
Y R W SR, TR IR 1 9: 00 R 17: 00 ZMRHT, W4T W (25
+1) C, MAHEE RH (65+5) %,
1.6 BEHXERRESERXRE LERAE/)N IR I 5 A58

MRHE 1.5 2R, Bk 5155 BT LB MUARS R IE R,  LAE A AL — 2D 50 uE SO0
MR BAERER], iR 1.5,
1.7 FBFKIT S0

FIH SPSS (SPSS Inc., Chicago, USA) XJEHHEATALER, RHA] A0 50 % AH OC IR 50 it AT Ge vt 2
IIHTe RV (%) =AbBRLA AN RIS U/ B 0K 1005 5153 (%) =R BRAE00 AL S R
3/ BB HX100; MIXF5ER (%) = EPRALR R — 0 RA4LR %0 /a4 X 100.
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HIATILRAT ANE (KD

2. 3. 4 1K) 245 5 mT 40, 78 10 20, 30 min 3X 3 AR ARIBLA, Wil F8. F13. F19.
F26. F45 F1 F67 K EZ IO A /N SEMEE H 5 | 525 K TXHRZH (LB AR5 5 1ff F16. F18 & F31 K&
PSSR ME HRUS A5 5 B8 /N T IR . b, #E 10 min WK TA] PN, F8 A1 F26 AP Ut Mk B i) 5 VR R IA
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R 1A%/ ABUE RN EIRT B B X LB iR IEREMITA RN

Table 1 The behavioral responses of B. dorsalis to the LB liquid medium within different time intervals

i 1] 517&  Attractive rate (%) 7 RV AHXT T 152
Time (min) LB Wi et K Response rate (%) Relative attractive rate (%)
10 3.75+1.25 1.25+£1.25 1.000 5.00 2.50
20 10.0042.04 5.004+2.04 1.333 15.00 5.00
30 21.25+3.15 12.50+£3.23 1.815 33.75 8.75

e B A IE £ hadE R %
Note: Data were presented as mean £ SE.

F2 HDTEBLERX 15 MBER ZBERRMITARE (10 min /)

Table 2 The behavioral responses of B. dorsalis to the fermented solutions of 15 gut bacteria (within10 mins)

RGO I EA 5] pajictib 7 S AHR T
Fermented solution Attractive rate of Attractive rate of Response rate Relative attractive rate

treatment (%) control (%) (%) (%)
AR R (F3) 13.75+2.39 21.25+7.46 1.28 35.00 -7.50
Ml kiR (F8) 13.75+7.46 3.75+1.25 4.57% 17.50 10.00
Jili % L FEAFT G (F10) 6.25+1.25 5.00+0.00 0.11 11.25 125
C. intestinale (F11) 8.75+2.39 11.25+3.75 0.25 20.00 -2.50
ki (F13) 10.00+£2.04 5.0043.54 1.33 15.00 5.00
P. anthropi (F16) 5.00+2.88 10.00+6.12 133 15.00 -5.00
FERE (F18) 15.00+3.54 21.25+5.15 0.86 36.25 -6.25
M ICHLEREE (F19) 26.25+3.75 16.25+2.39 1.88 42.50 10.00
PR E I (F26) 25.00+5.40 10.00+3.53 5.41% 35.00 15.00
IR SR KT (F3D) 12.50+1.44 15.00+4.56 0.18 27.50 -2.50
PRSI (F45) 2.50+1.44 1.25+1.25 0.33 3.75 1.25
PR EICE (F49) 16.25+5.54 13.75+3.15 0.16 30.00 2.50
LB (F50) 5.00+3.54 375+1.25 0.14 8.75 1.25
WIVAIAFF A (F59) 13.75+5.54 17.50+3.23 0.36 31.25 -3.75
ECITHE (F67) 16.25+6.25 12.50£4.79 0.39 28.75 3.75

e RAPEAR I EARAERS, * R HIFRRE RITRRAE P<0.05 /K1 ERUK P<0.01 KV EESFRF. TR,

Note: Data were mean =+ SE, * and ** represents significant difference at P<0.05 level and P<0.01 level by Chi-square test, respectively. The same as below.

1M F16 [P S BEAE A EE T 404 21 B & 7K (P<<0.05) o £F 30 min MR A N, F13. F26 F1 F67 X i
HU 5 AR IR 2 3B K (P<<0.05) , 1 F16 A1 F31 [ 2l F AR L% AL IA 21 35 K (P<<0.05)
(F2~4) ,

££ 10+ 20+ 30 min iX 3 NSRS A B, B8 B F19 /& K K3G i WO /N S il e 51455 5 ) /N F-x6)
MR, b, 7820 F130 min PN, JLREEEAALE TXMRAL (LB AR5 183 T B E/KF (P<0.05) .
AR, £E 104 204 30 min iX 3 MK AIBEN, BT FL1. F19 LUK F67 i KaE i, HAbBE bR &
R K 3% i O HU) 5 [ 3 X IR 4L Hor, £E 10 min WA Y, F10 A1 FSO XM A 5211051
FEH (P<<0.05) ; £ 20 min WA, F8 Ml F18 %Ay BEMSIEIER (P<0.05) , i F50 I
WA B 5 1EER (P<0.01) 3 #F 30 min RE AT, F16. F31. F45 Al F59 %A G241
IEER (P<<0.05) , 1fif F8. F18 Al F50 XM A w2 15 1B 1EH (P<0.01) (K 5~7) &

FEFRTTARIG (45 5, AR TAHEL TXHR 4L (LB WA 20 HAT B3 Sk i 3tk
P. anthropi (F16)  Hf/REWRF 22 KA (F31) AREEBFRS [RFLERE (F19) i Kig Fis W, JF
HE— B FIT AT IO /I Sz b e e ) SBEVE ] o #F 104 20 30 min 3X 3 ANRRIN TR B, F16 %47 /) Sz b
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R3 FDTABLER X 15 MIER ZBERRATARE (20 min K

Table 3 The behavioral responses of B. dorsalis to the fermented solutions of 15 gut bacteria (within 20 mins)

R SE B 5] 55 WAL 52 7 AVES AT | 752
Fermented solution Attractive rate of Attractive rate of Response rate Relative attractive rate
treatment (%) control (%) (%) (%)

JaFrEE (F3) 26.25+591 36.25+4.27 1.28 62.50 -10.00
MIAIAFE (F8) 27.50+9.68 17.50+4.33 1.77 45.00 10.00
Jili ¢ e T A G (F10) 10.00+2.04 12.50+3.23 0.22 22.50 -2.50

C. intestinale (F11) 20.0042.04 16.25+3.75 0.31 36.25 3.75
Wkt g (F13) 26.25+3.15 13.75+1.25 3.12 40.00 12.50
P. anthropi (F16) 18.75+8.26 35.0044.56 3.93% 53.75 -16.25
2Bk (F18) 28.75+3.75 33.75+4.27 0.32 64.50 -5.00
F ICFLERE (F19) 36.25+5.54 27.50+5.20 0.96 63.75 8.75
PR E G (F26) 40.00+4.56 13.75+3.75 10.25%* 53.75 26.25
AR 2 AR 22 KA (F31) 17.50+3.23 28.75+6.25 2.18 46.25 -11.25

FERE AT R (F45) 12.50+4.33 11.25+1.25 0.05 23.75 1.25
PRI (F49) 23.75+5.54 25.00%5.40 0.02 63.75 -1.25
HLR S (F50) 6.25+3.75 15.00+7.07 2.88 21.25 -8.75
M1 RE (F59) 33.75+6.25 30.00+5.40 0.17 63.75 3.75

E B (F67) 37.50+4.33 21.25+5.54 3.59 58.75 16.25

FT4 WBTIRMERX 15 WHIAER ABREREITARE (30 min KD
Table 4 The behavioral responses of B. dorsalis to the fermented solutions of 15 gut bacteria (within 30 mins)
R SEHRA 5] 5 A TR 52 Va SR AR 752
Fermented solution Attractive rate of Attractive rate of Response rate Relative attractive rate
treatment (%) control (%) (%) (%)
AR R (F3) 35.00+12.46 53.75+4.27 3.16 88.75 -18.75
MIVAAFF I (F8) 41.25+7.74 30.00+6.12 1.42 71.25 11.25
Jili % S FEAFT G (F10) 31.25+1.25 30.00+£4.56 0.02 61.25 1.25
C. intestinale (F11) 35.00%5.00 30.00+7.91 0.30 65.00 5.00
ki (F13) 53.75+3.15 28.75+£1.25 6.06* 84.50 25.00
P. anthropi (F16) 30.00+4.56 51.25+4.27 4.44% 81.25 -21.25
FERE (F18) 38.75+2.39 45.00+4.56 0.37 83.75 -6.25
M ICHLEREE (F19) 45.00%5.40 33.70£7.18 1.28 78.70 11.25
PR EICHE (F26) 47.50+4.33 18.75+4.27 9.98* 66.25 28.75
IR SR KFF I (F3D) 21.25+2.39 38.75+8.98 4.08* 60.00 -17.50
IR ZERURF IR (F45) 26.25+2.38 16.25+2.39 1.88 42.50 10.00
PR EICHE (F49) 38.75+6.57 33.75+6.25 0.27 86.25 5.00
LB (F50) 17.50+4.33 27.50+8.29 1.77 45.00 -10.00
MIVATAFF A (F59) 40.00+6.45 40.00+2.89 - 80.00 0.00
ERITHE (F67) 50.00+4.08 28.75+7.74 4.58% 78.75 21.25
G IFERLBNTORA KO, b, 78 30 min WK ) B, F1e b B W25 R (P<<0.05)

(% 8)
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R RBEAT A S O, AR, BT R I S B0 R e A SR Klebsiella oxytocan
I KRR FT B Citrobacter freundii Z5 B8543 5 2 i vk somst 21 ABFFURI Y RS A0 7 4% /N
S i Hh Xy I T R A IR D S L o R O BRI AT O Y. S5 R, JIE R F8. F13. F26.
F67 KIEIF LA F8. F10. F16. F18. F31. F45. F50 fl F59 i i AT 3ot M b HAT WA B 51 i 1

R5 B THRMER 15 HBERSERE LFERMITARE (10 min 7))

Table 5 The behavioral responses of B. dorsalis to the autoclaved supernatant of 15 gut bacteria (within 10 mins)

fei H 3 IR AbFRLH 5|55 XA % Ve IRV FAX 51 5%
Autoclaved supernatant Attractive rate of Attractive rate of Response rate Relative attractive rate

treatment (%) control (%) (%) (%)
kT g (F3) 6.25+2.39 5.00+3.54 0.11 11.25 1.25
BIVa A E (F8) 8.75+3.15 7.50+5.95 0.07 16.25 1.25
Jili ¢ 5 SRR ICTE (F10) 26.25+3.75 12.50+3.23 3.90* 38.75 13.75
C. intestinale (F11) 5.0043.53 13.754+4.73 3.26 18.75 -8.75
kT E (F13) 7.5042.50 6.25+2.39 0.09 13.75 1.25
P. anthropi (F16) 8.751+4.27 3.7541.25 1.60 12.50 5.00
FeMHERF (F18) 10.00=3.54 3.75+1.25 227 13.75 6.25
e IGFLERE (F19) 11.25+5.15 17.50+7.77 1.08 28.75 -6.25
PG (F26) 25.0049.79 15.00+5.40 2.00 40.00 10.00
R B2 KA (F31) 10.00+3.53 3.75+1.25 227 13.75 6.25
IERE 2R AT IR (F45) 8.75+4.27 3.75+2.39 1.60 12.50 5.00
P ICHE (F49) 11.25+3.15 7.50+3.23 0.60 18.75 3.75
LB A (FS0) 10.00:4.56 125£1.25 0.54* 11.25 8.75
BIVa AR (F59) 11.25+4.27 8.75+5.54 0.25 20.00 2.50
EICHHE (F67) 8.7542.39 11.2543.15 0.25 20.00 -2.50

F6 HE/NTABIERX 15 MPHERSEIE LERMTHRE (20 min )

Table 6 The behavioral responses of B. dorsalis to the autoclaved supernatant of 15 gut bacteria (within 20 mins)

T S KT L3 AbBRAE 5|55 o L5 % Ve AVE S R
Autoclaved supernatant Attractive rate of Attractive rate of Response rate Relative attractive rate

treatment (%) control (%) (%) (%)
ke (F3) 21.25+3.75 21.25+6.25 - 42.50 0.00
BB AT R (F8) 31.25+3.75 15.00£6.77 4.56% 46.25 16.25
Jifi 9 se B ARG (F10) 33.75+4.73 22.50+5.95 1.80 56.25 11.25
C. intestinale (F11) 26.2546.57 26.25+3.15 - 52.50 0.00
JHtF g (F13) 23.75+5.54 15.00+4.08 1.58 38.75 8.75
P. anthropi (F16) 15.0042.89 10.0042.04 0.80 25.00 5.00
IR (F18) 23.75+6.25 10.00+4.08 4.48* 33.75 10.00
R ICHLERT (F19) 16.25+5.15 33.75+8.98 4.90% 50.00 -17.50
PR EIAKE (F26) 36.25+7.18 28.75+5.15 0.69 65.00 7.50
R 2 IR 22 KA (F31) 18.75+2.39 8.75+4.27 2.90 27.50 10.00
ARSI (F45) 21.25+4.27 11.254+2.39 2.46 32.50 10.00
PR ICHE (F49) 25.00+4.08 15.00+3.54 2.00 40.00 10.00
LR (FS0) 27.5047.22 7.50+1.44 9.14%* 35.00 20.00
FHIA AT TR (F59) 30.0043.54 17.50+4.33 2.63 47.50 12.50

EILWITE (F6T) 18.75+3.15 21.254+2.39 0.12 40.00 -2.50
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R7 FDTEBIERX 15 HBERSEIELERMTHRE (30 min )

Table 7 The behavioral responses of B. dorsalis to the autoclaved supernatant of 15 gut bacteria (within 30 mins)

fe K L HEFRL 1R IR 52 7 SR AR | 52
Autoclaved supernatant Attractive rate of Attractive rate of Response rate Relative attractive rate

treatment (%) control (%) (%) (%)
Wk EE (F3) 35.0042.89 33.75+8.26 0.01 68.75 125
BIVa AR A (F8) 55.00£5.40 21.25+5.54 11.95%* 76.25 33.75
Jiiti 9 5 B AH B (F10) 42.50+4.33 32.5045.20 1.06 75.00 10.00
C. intestinale (F11) 35.00+7.36 31.254+3.75 0.17 66.25 3.75
Wkt e (F13) 43.75+5.54 28.75+4.27 2.48 72.50 15.00
P. anthropi (F16) 36.25+3.15 18.75+2.39 4.45% 55.00 17.50
2 EkE (F18) 36.25+£591 13.75+5.54 8.10%* 50.00 22.50
K ICFLERE (F19) 23.75+6.25 43.75+6.57 4.74% 67.50 —20.00
AR AAIGH (F26) 48.75+6.57 36.25+8.51 1.47 85.00 10.00
R 2 AR = KFFIE (F31) 31.25+2.39 15.00£4.56 4.56* 46.25 16.25
WEREZEAUFT IR (F45) 42.5+3.23 21.25+3.75 5.66% 63.75 21.25
FPEASEE ARG (F49) 35.00+7.36 28.75+6.57 0.49 63.75 6.25
HIERAR AU (F50) 51.25+7.18 10.00£2.04 22.22%* 61.25 41.25
BIam R (F59) 41.25+3.75 21.25+3.15 5.12% 62.50 20.00
E LG E (F67) 27.5+5.20 28.7542.39 0.02 56.25 1.25

=8 A/ ABUE R R FIRT (B B X 3 BB R AL IR IRIT A R

Table 8 The behavioral responses of B. dorsalis to 3 gut bacteria within different time intervals

sl W REABIER AL 7 R HIXTS| A%
Treatment Time Attractive rate of Attractive rate of Response rate Relative attractive
(min) treatment (%) water control (%) (%) rate (%)

P. anthropi (F16) 10 1.25+£1.25 3.75%+3.75 1.00 5.00 -2.50

20 7.50+4.79 17.50£4.33 3.20 25.00 —10.00

30 11.25+3.75 27.50+3.23 5.45% 38.75 -16.25
R 2 A 22 KATE (F31) 10 6.25+2.39 6.25+3.75 - 13.00 0.00

20 11.25+1.25 18.75+5.54 1.50 30.00 -7.50

30 20.00£5.40 26.25+7.18 0.67 46.25 —6.25
ECHLERE (F19)  (AS) 10 2.50+1.44 2.50+2.50 - 5.00 0.00

20 10.00£2.04 11.25+£4.27 0.05 21.25 -1.25

30 13.75£1.25 18.75£5.15 0.61 32.50 -5.00

e AS AR R K I

Note: AS means the autoclaved supernatant.
H, X5 ET BRI S AR, geat, o s R T S A RCR, Hoh, F16 KBEEAE 30 min
(IR (0] P, X A /N Sl FRCELAT W2 38 R S R . A WEC R B, — L R T S AN AE 5 | 5
PRSP, SR ARAT A T T (0 SRR T HEA TR AR ST . Ah, Luo 261k B o v IR K3 i i i v
TN T 7 P 35 B2 S0 Zeugodacus tau 515 W35 & T R BERGE, A0FTas RS AR —2)piE
PR BN F16+ F31 J& F50 Wi INSEbfE e 5 | 5 EH, A m s kg e, b oy s s =
IR EW G IEE R, U X 0 A e S v 20 sk B O Al v PR KE i, BEREBON T B A 5 [ v& Mk ) it 75
AR ) S F e, o F K6 I 3 vBOAH B T B B o] R B S s N AT, BRUR ERE % I8 AR e 4
I8, EAHEE T o, e s K T TR B 75 5 i A7 AL
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A 7N S i EEORT AN () BR7 8 10 Wi s S8R5 PR 5 I TR A O, BT mROGTAN [+ 4] I T T Ak BB P ML i Jsg 1 i ]
SEANIRI o 1, FS9 3 F K% L3/ 10 min LA J 20 min p bl e G 5825 5 15 0 L 1 4 6 1) 22K 21 30 min
I, OGHE 5 SR IR B R K FIT RBEBR AL 10 min P05 B RACT-X AL, BEE DU [A] 1)
R, 1630 min I, HGPHERTIERE TR, 24 o PR U SRR R A7 RS e A7 /) 52
W 1 S 20 L 5 T 1) B I T /0 TRV ARG /I Sic e e X0 SR AR WR 5 | S I i 1) 1 394 58,
DL EAIEFE 5 A FU4EE FERARL, Uk WA /)N S e ORI 6 S A7 AL N [R50

B T A AR S 1A E, B0 I R R IR C IR St B BAT BRI DR 1P, Meriem
2t SIS T 3 11 TG0 B B T Providencia rettgeri 1) U3 9 JEUBCEE Tl S M R g SEME Ceratitis capitata
(Weidemann) JHAAR, I T g se i HAT W25 M BUR SR . Britb 2 4b, Wi v (38 /e B0
TR 34 S 5 A 17 1 AR 4R 1 R S 8 TS, Caccia 25V B IR & 4 S MUAT 1 (Bacillus
thuringiensis, Bt) 124446 T 3008 L0 bR i sl it g, — Ll ia = mmnyb & IR & Serratia
LLRAR BB Clostridium JEAi O BUA M, M HnIE 25 ERIPET . Wei S50P0% B8 B3 5 & KW
Serratia marcescens TEERF AR 1] Beauveria bassiana &G A% Anopheles Stephensi Jii, K& BEbH 4%
Bk e, @ i st T, Rtk R aedidk —F BAT “95R7 DIREMIIE B, R AE /NS
W (18 T i) 977 47 LA K0

B2 IR 1 B e A Rt — AN SR B R, T Wl AR A R i R v AR A A ) B 5 R
UL B A TR SR RIPY, VR 22 2 2 20 Mt el B 5 B VF T ROl 1 IO e, B IR R
SEMI RS AR R O, (B, HRT R ST I R R R /N SRR S A P e A
AL (EAG) VBT, sbAh, i b AR VR 5 X0 A /N S e SR R ACR anger, DA AR A5 BeAE N 5 DL
SRS RIS RGN, A Rk T
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