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Thermal death kinetics of fruit flies Bactrocera dorsalis, B. papayae and
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Abstract: Fruit fly is one of the most serious quarantine pests. In recent years, Bactrocera dorsalis
Hendel (oriental fruit fly) , B. papayae Drew & Hancock ( papaya fruit fly) and B. correcta ( Bezzi)
(guava fruit fly) were intercepted frequently in the port of entry. In this study, we detected and
compared the heat tolerance of eggs, the 1st instar and 3rd instar larvae of the three fruit flies at
temperatures ranging from 44°C to 47°C using a hot water immersion technique. The species with the
highest heat tolerance were determined through thermal death kinetic model and activity energy. The
results showed that there was a positive relation between the mortalities of eggs, the 1st and 3rd instar
larvae of all the three species and the exposure time at the experimental temperature. The 0. 5 order
kinetic model fitted best to predict the LTy o4, lethal time at all the treatment temperatures. The order of
heat tolerance stage for all the three species was egg > lst instar larva > 3rd instar larva. The thermal
death time (TDT) curves showed that the egg of B. correcta had the highest heat-resistance among all life
stages of three species. This study provides an experimental basis for the development of heat quarantine
treatment indicators of fruit flies.
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time (TDT) ; thermal kinetics
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SALBRFB AL FRSEIE S, 703 6F R i #5571 S5 A By
WEHIFE A T 12 M A ( Armstrong, 1982 Sharp et
al., 1989; McGuire, 1991a; Heard et al., 1992;
Corcoran et al., 1993 ; Heather et al., 1997, 2002;
Mangan and Ingle, 1994; Z2if, 28, 2006; Varith et
al., 2007) .,
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Table 1 The temperature and time combinations in hot water treatment in Bactrocera dorsalis, B. papayae and B. correcta

MR A (C) W7

Fruit fly species Temperature

AP ] (min)

Developmental stage Treatment time

5N Egg

15,22, 29, 36, 49, 56, 66, 76, 86, 90

44 1 #4018 1st instar larva 15, 25, 35, 45, 55, 65, 75, 85
3 41t 3rd instar larva 10, 15, 20, 25, 30, 35
5§ Egg 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80
/NS 45 1 #4018 1st instar larva 10, 20, 25, 30, 35, 40, 45, 50
B. dorsalis 3 41t 3rd instar larva 12, 15, 18, 21, 24
5H Egg 3,6,9, 12,15, 18, 21, 24, 27
46 1 &4} 1st instar larva 5,9,13, 17,21, 25, 33
3 41t 3rd instar larva 8,10, 12, 13, 14, 15, 16, 18
47 5H Egg 3,5,7,9,12,15, 18
51 Egg 28,36, 44, 52, 60, 68, 76, 84, 90, 110
44 1 #4018 1st instar larva 28, 36, 44, 52, 60, 68, 76, 84
3 41t 3rd instar larva 15, 20, 25, 30, 35, 40, 45, 50
5§ Egg 10, 20, 25, 30, 35, 40, 45, 50, 55
AR 45 1 #4018 1st instar larva 10, 20, 25, 30, 35, 40, 45, 50
B. papayae 3 41t 3rd instar larva 12, 15, 18, 21, 24, 27, 30
5H gg 4,17,10, 13, 16, 19, 22, 25, 28, 30
46 1 #4018 1st instar larva 7,10, 13, 16, 19, 22, 25, 28
3 41t 3rd instar larva 8,10, 12, 13, 14, 15, 16, 18
47 5H Egg 1,3,5,7,9,10, 13, 15
5i Egg 30, 45, 60, 75, 90, 100, 105, 110, 120, 130
44 1 #4)H 1st instar larva 30, 45, 60, 75, 90, 100, 105
3 41t 3rd instar larva 15, 20, 25, 28, 30, 32, 35, 40
5§ Egg 15, 25, 30, 40, 45, 50, 55, 60, 70, 80
e TR SR 45 1 #4018 1st instar larva 15, 25, 30, 40, 45, 50, 55
B. correcta 3 41t 3rd instar larva 12, 15, 18, 21, 24, 27, 30
5§ Egg 16, 20, 25, 30, 35, 38, 40, 45
46 1 #4018 1st instar larva 7,10, 13, 16, 20, 25, 30
3 41t 3rd instar larva 8,10, 12, 14, 16, 18, 20, 24
47 5§ Egg 3,6,9,12,15, 18

(], BAA7H ming b #Rah FH L, ALK min
n HEh 15 O AR B
AR HF SRR n BUEA RN, 728
HUAFIER:
ln(N/Noz =-kt+c(n=1) (2)
(N/Ny) ™ ==kt +c(n#1)
AR E S, IR HIREO, 0.5,
1, 1.5, 2, DAFAESRFIAERT B [a] 2647 B 434, AR

PEATHR B (A B A R R
AR BE S S g H X K A B 100% SET-
Ji i S AR 18] DA X BB ARAE I, 52 B SE TS
B LR (TDT) , K HE b i ZEAR I8 LA T 22 X (Tang et
al., 2000) AT 545 & ILEE :
_ 2.303RT,;,T,

Ea min © max ( 3 )
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ALY P i 5 AN B fIRIR BE BB XTIRBE (K, 2 3%
ARFET-FRARAL 10 fE I Brag i e, H{E v TDT fh4k
AR

BRI S50 HT1E Excel 2007 H5E /%

2 HBRE5HH

2.1 AN FEBRAHHE

Eh F R R n TENNRE, HEE
ERBUE B PR RE 7 e, »© WESE 1, A3
SRR S L A, TEBRARSRMES, mhE
0, FAEEESETHMEB RS, 2 HEEN
BT 08 1, TSEbrha BE A i 19 i L 20 7] BEAS
WX £2, 3 R4 ARSI #ER
o BURFMERS, #&HRscagen ., 1 &4 dum 3 i
SRR IR BE T P {EH. FEFIED )
M3 P 1 SE MR Ceratitis capitata ( Wiedemann) |
BVYEFSEME Anastrrpha ludens (Loew) | % /NSZ B F1
JRSEWE B. cucurbitae Coquillett %% ( Armstrong, 1982 ;
Sharp et al., 1989 ; Gazit et al., 2004; Armstrong et
al., 2009 ) TR FAMERF, [ R EE 0.5, &R EEHS
REAS IR M P (. Bk, RELEH n=0.5 B,
AR P (HAE R, 5 n =0.5 Xt 3 Fhozig
BE(r* =0.8451) . 1 #¥%hH (7 =0.9118) 1 3 #8 %)

*x2

Hi(r* =0.9106) HATELEHT . Mn=0.50f, 3 7
SCHRDN | 1 B4 AN 3 B4l AR AR B AR T AF
ERMEHES (E 1 ~3) [ UIE H, BRERAR
SEi A RS IS B AT
2.2 3 ThSLERTIIREE S LB

ME 1 ~3 AR M /N ARS8 A0
O RSCHREN | 1 B4 BN 3 1 4l L BB A 8] #R
IRBETH R AR5, A B BFAE 315 1 B A0 b 21 i
B IMR, £S5 ~7 BT 3 MLIBEn=0.5
I, LTog 1 LTog oo 15 20 T AE B2 95% B 15 X 18] FI
SCH LI 9 100% FE T i e i 18] o A TNSE W A0 3
ARESLIRTE 44°C ~46°C i, #RZ IPEFTIT ] e <,
L EYRZ, 3 IR, 1h/NSCURER T 18 46°C I BRAN 1
RBOLR R, HoR AT SRR [ 270 59 > 1
Regh i >3 e m . MK 8 WELREEEWR AT A, 3
PSR BN BT fL REEE 2 0 & S P iR, BRI,
TE 44 ~46 CTERE Y, G4 ST A i 32 B 75

MRS ATLAE L, 44 ~ 47 C 3 1 1 S8 B9 i 5
PEROR, i /INSCHRAE 44°C B i BRI T A IR S2 i
HEERBETHR , TR AEARIT . A /NS B 375 L BE(E
A, WHRREE &M TR, A/ E
B8 ARSCHE AN M SEAR ) 2 (H 00 4.2, 3.5
3.5, Bd B A TINSE B8 70 78 40 AR SIC 088 o iR B2 A A
B, ELIRLBE iy X 3 VP A S 8 ) R e BE R T

F/NKEE, ARINSCER AN E A B SCURINTE 4 PR E R G T AN N FRETRE n EX AR R

Table 2 Coefficients of determination (7*) from kinetic order () models for thermal mortality of eggs of
Bactrocera dorsalis, B. papayae and B. correcta at four temperatures

- ; <
ijffji . fm%:muie n=0 n=0.5 n=1 n=1.5 n=2

44 0. 4952 0.7310 0.7083 0.3793 0.2682

F /NS0 45 0.7689 0.9451 0.7446 0. 6672 0.4731

B. dorsalis 46 0.4157 0.7310 0.8113 0. 4631 0.3304

47 0.3957 0.5278 0.7318 0. 8041 0.7175

44 0. 8859 0.9550 0.9180 0. 6269 0. 4540

A RS0 45 0. 8999 0.9907 0. 8046 0. 4344 0.3111

B. papayae 46 0. 8982 0.9703 0.8913 0. 4941 0.3044

47 0. 8293 0.9255 0. 8909 0. 5094 0.3821

44 0.9834 0.9545 0.6335 0.2990 0.2265

AR SR 45 0.9403 0.9574 0.8336 0.5959 0.4124

B. correcta 46 0. 8320 0.9165 0.9378 0.5756 0.3763

47 0.4524 0. 5366 0.7023 0. 6000 0. 4866

S35 Mean 0.7331 0. 8451 0. 8007 0.5374 0.3952
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Table 3 Coefficients of determination (7*) from kinetic order (n) models for thermal mortality of the 1st instar larvae of

Bactrocera dorsalis, B. papayae and B. correcta at three temperatures

3] N C
RIS RE(T) n=0 n=0.5 n=1 n=1.5 n=2
Fruit fly species Temperature
44 0.6516 0.8483 0.9437 0.5693 0.3971
JNSE
TR 45 0. 8864 0.9427 0.7814 0.3786 0.3084
B. dorsalis
46 0.5520 0.7608 0.9807 0.8772 0.6821
44 0.7266 0.9036 0.9132 0.6128 0. 4466
T2
e 45 0.8983 0.9550 0.8274 0.4211 0.3185
B. papayae
46 0. 8766 0.9719 0.8894 0.5816 0.4268
44 0.9391 0.9641 0.8658 0.5553 0.3603
AR
> 45 0. 8065 0.9882 0.9848 0.9569 0.9215
B. correcta
46 0. 6867 0.8716 0.9682 0.7072 0.5436
FEH){E Mean 0.7804 0.9118 0.9061 0. 6289 0.5056

R4 BN, RMEWBMNBAELRE 3 BLHRES HEESETANNFERTRE n EXR T RZE

Table 4 Coefficients of determination (7*) from kinetic order (n) models for thermal mortality of the 3rd instar larvae of

Bactrocera dorsalis, B. papayae and B. correcta at three temperatures

52 3 <
e BE(T) n=0 n=0.5 n=1 n=1.5 n=2
Fruit fly species Temperature
44 0.8359 0.7756 0.5909 0.4533 0.4306
JINSE
TR 45 0.8235 0.9076 0.8145 0.5563 0.5053
B. dorsalis
46 0. 8300 0.9435 0.9357 0.7385 0.5482
44 0.8331 0.9336 0.9448 0.5924 0.4045
I
RIBEM 45 0.7517 0.9026 0.9182 0.5476 0.4143
B. papayae
46 0.7846 0.9345 0.9127 0.5525 0.4077
44 0.8613 0.9688 0. 8880 0.6114 0.4424
AES
L 45 0.7453 0.8938 0.9482 0.7695 0.5826
B. correcta
46 0.7717 0.9355 0.8761 0. 5445 0.3742
FHJ{E Mean 0. 8041 0.9106 0.8699 0.5962 0.4566

(NIN,)

® 44C
m 45C
A 46C
x 47°C

1] Time (min)

T T
50 100
fi$ ] Time (min)

1
150

50 100
fi$ 8] Time (min)

B1 RECH0.5 BthE/NEHE(A) | AJNSLHE (B) 124 S0 (C) BRFE AR B AR TR B AIFET- R A2k

Fig. 1

Thermal mortality curves of eggs of Bactrocera dorsalis (A), B. papayae (B) and

B. correcta (C) by the 0.5 kinetic model
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Fig. 2 Thermal mortality curves of the 1st instar larvae of Bactrocera dorsalis (A), B. papayae (B) and
B. correcta (C) by the 0.5 kinetic model

1.8 4

[ 1.6 * 44C
16 » m 45C
1.4 ’ A 46C
1.2 1 12 1
2 1.0 1.0 -
S 08 0% 1
~ 06 0.6 1
0.4 04 4
0.2 02 - .
0.0 . . . , 0.0 : . —e o 00 . : , . .
0 10 20 30 40 0 10 20 30 40 50 60 0 10 20 30 40 50
&) Time (min) ] Time (min) (] Time (min)
B3 FRECHO.5 mAE/NEME(A) | ARJNSENE (B) FIE AAESEHE(C)3 W4l AE AR B AR T IR BEFIFE T 3R K

Fig. 3 Thermal mortality curves of the 3rd instar larvae of Bactrocera dorsalis (A), B. papayae (B) and
B. correcta (C) by the 0.5 kinetic model

RN, 1A E AP, RE/NSCHE . ARSI AN T
ARSI o 9L BE R 22 (= E B 4.9,
4.213.7°C) , Bk, R 44°C i 7 440 SE MR £
Pefas , (HIREETHR G 3 FhSC st AEAR L 3 i
Y 3 Al S X IR B MU PR 2R, #E /N SE
B R I SE W 0 A SE R A ) O 6.9, 4.5 Al
8.3C, HAMLMERG IR, HIREZL
XPHRME /N T HoAR 2 FScil . @ TDT fh kit
BEARE(R 8) AT, HAMLHE 1 R4 Ry
TLRES 3 FSCaH femy , ARSI i P 5 26 A
TSERRARIR] , A5 /N ST A% AT vk o 3 Fhsc i rp
m#%E.

it
ST SCITHHAE LB S, Horh RS R

ZMEBRETFREME, E£4TCUTH, RS
1 B 4h B AEAR DL, ELARSE T 3 B4 i, AL

3

HRG/NSERR . AR JRSE RN A 1R SERTE 44°C, 45C
1 46°C T FAPERI g BB > 1 il >3 # 4l X
5FJR/Rzig, B4 225008 . BAURSZI Bactrocera
latifrons ( Hendel ) . JFE 7% S SZ W8 B. melanotus
(Coquillett) . 2EFFHRSLME B. passiflorae ( Froggatt) |
AR B. xanthdes (Broun) F137 fin 552 18 B.
facialis ( Coquillett ) 2451l ( Armstrong et al., 1995,
2009 ; Jang et al., 1999),

WHoE & BB SR VG WP SE W . Hbrh g SodE . JINSE
WA, SR VYR SE MR A /NSE W LTog g3 FH LTog o 7E 151 It
ST Z BN, 50°C i i Ptk 25 B AT DL 2%
A1t ( Armstrong et al., 2009) , THSEFaM I, 48C
5 SOC AL 3, B BRI A UK KK R 52
WA RS, (HEPRR 5 ¥ & L fa E 1K R R
3¢, BB4r AR E A R AL 3 (McGuire, 1991b;
Corcoran et al., 1993; Jacobi et al., 2001) , K HF
FERA U B SR A Yo AR BB AR B BN
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F5 n=0.5pH/NEHE, RNSSHENEL B SSHEINE 4 FRERGTAS N EEETMNRIEEY
B} 18] 55 5236 h 100 % 3E T e i8] B9 b 3%
Table 5 Comparison of lethal time obtained by the 0.5 Kinetic model and observed minimum time for 100 % mortality of

eggs of Bactrocera dorsalis, B. papayae and B. correcta at four temperatures

K 100% FET-R n=0.5 W32 B S5 R
M EEE(C) S (min) Predicted results of 0.5 order kinetic model
Fruit fly species  Temperature Minimum time for ' 95% 5 X [F] . 95% BARIX [F]
100% mortality LTsp (min) 959% CI Lo so6s (min) 95% CI

4 9 76.98 53.22-100.75 95.04 67.72 -122.35

F /NSl 45 80 60.80 48.10-73.51 73.45 59.03 -87.86
B. dorsalis 46 27 20.21 12.99 -27.44 24.13 14.87 -33.40
47 18 14.46 7.05 -21.87 18.75 15.12 -29.86

4 110 92.97 80.10 - 105.85 100.76 92.18 -109.33

ARS8 45 55 50.56 48.56 -52.56 55.38 53.01 -57.74
B. papayae 46 30 26.65 24.18-29.13 29.18 26.87 -31.49
47 15 12.61 10.75 - 14.46 13.84 11.72 -15.96

4 130 130.71 107.57 - 153.86 141.31 128.78 - 153. 84

TS0 45 >80 (99.29% ) * 77.37 66.64 -88.10 83.80 75.84-91.76
B. correcta 46 45 38.27 34.68 -41.85 41.36 37.15-45.58
47 18 12.62 5.47-19.78 16.86 6.32 -27.40

* F5 5 NEE R R AL B K I [A]ZE T The value in brackets is the mortality at the longest treatment time. 6 #/17 [fi] The same for Tables 6 and 7.

F6 k=0.5FHE/INCHR, ARNNSCHRFNZE A HESCUR 1 040 R7E 3 MR E G T RS N FEER TN
B 3L it 18] 5 3236 b 100 % FE 1= B B B9 b 2%
Table 6 Comparison of lethal time obtained by the 0.5 Kinetic model and observed minimum time for 100 % mortality of
the 1st instar larvae of Bactrocera dorsalis, B. papayae and B. correcta at three temperatures

IKF] 100% FET-3% n=0.5 W3 )2 TSR
SLUEFN I FELEE(C) 545 B ] (min ) Predicted results of 0.5 order kinetic model
Fruit fly species Temperature Minimum time for 95% %X ] 95% "H{Z X |
. LTy (min) " LTy, gog ( min) "
100% mortality 95% CI ‘ 95%CI
44 85 67.33 55.19 -79.47 76.09 61.42 -90.76
NS
RS 45 50 44.42 40.06 —48.78 48.17 43.11 -53.22
B. dorsalis
46 >33 (99.72% ) * 26.03 18.10-33.95 29.83 20.06 -39.61
44 84 70.72 63.05 -78.40 79.37 69.68 —89.05
TR
AN 45 50 44.34 40.51 -48.17 47.99 43.57 -52.41
B. papayae
46 28 24.37 22.72 -26.02 26.35 24.45 -28.26
44 >105 (99.60% ) * 103.22 94.19 -112.25 110. 88 100.50 -121.27
TSR
45 >55(99.78% ) * 47.27 42.21 -56.32 51.98 45.96 —58.01
B. correcta
46 30 24.31 19.73 -28.88 26.85 21.45-32.25

Armstrong %% (2009 ) i 13 #uE H (heating block LTy g0 M 18.5 min, AL T8 44°C PP LTog go6s
system) ¥, AbFRA T R BREE S LW EMFFME/NL  595.04 min, 46°C I LTgy g9 24 24. 13 min 22 51| 5E
WS R, L 44%C P LTy g0 4 67. 7 min, 46°C HI K, LATE AL BEAE Jy 0 E it S FP 2 FH S H 4845,
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Table 7 Comparison of lethal time obtained by the 0.5 Kinetic model and observed minimum time for 100 % mortality of

the 3rd instar larvae of Bactrocera dorsalis, B. papayae and B. correcta at three temperatures

R3] 100% FET-2% k=0.5 W) 1 2 B 45 R
SRR HEE(C) 4T ] (min) Predicted results of 0.5 order kinetic model
Fruit fly species Temperature Minimum time for 95% {1 ] 95% ' 4 % i
. LT (min) 5 LTo9. o6 ( min) .
100% monallty 95% CI . 95% CI
44 35 38.84 25.07 -52.60 41.40 25.91 -56.88
/NS
" 45 24 22.29 18.75 -25.82 23.60 19.48 -27.71
B. dorsalis
46 >18 (99.66% ) * 16.42 15.35-17.50 17.52 16.24 - 18.81
44 50 42.22 38.22 -46.22 45.40 40.81 -50.00
AR RS
45 30 26.01 23.06 -28.96 27.93 24.47 -31.39
B. papayae
46 18 15.59 14.57 -16.60 16.63 15.43 -17.83
44 >40 (99.30% ) * 38.78 36.43 -41.12 41.78 38.98 —44.58
Fe AR
45 >30 (99.30% ) * 28.05 24.38 -31.72 30.40 25.98 -34.82
B. correcta
46 24 21.07 19.22-22.91 24.03 21.29 -26.46

F8 H/THE, ARNTHEMBLMESCHEIN., 1 840 B0
3 4 HiELRE
Table 8 Activation energy for eggs, the 1st instar larvae
and 3rd instar larvae of Bactrocera dorsalis ,

B. papayae and B. correcta

1 fLRE Activation energy (kJ/mol)

PRGN
. . 5 1 J4)y s 3 W4t
Fruit fly species
Egg 1st instar larva 31d instar larva
NS
RS 497.2 396.9 278.8
B. dorsalis
JRAL
AL 553.5 460.8 427.9
B. papayae
=
EOMSR 551.6 526.7 234.3
B. correcta

Armstrong %% (2009 ) @ i 44 ~ 50°C fin AR sL 56155
FE/NSEHE 3 %4 BTG AL RE S 641. 3 kJ/mol, J&JISE
B THORVUNLSE MR . b Hh i SR ARG /)N SC i DR AN 3
4l B B i 32 A . AR S E A TR AL RE LB K
B, T IZHBINTE L AE 551. 6 kI/mol, Jg 3 FSL
MR KB B B b B i 32 MR S A L 2S5 /N SE R 3
W4 g L REA M 278. 8 kJ/mol, 5 Armstrong &%
(2009) PR RIFAE KR E R . A TR % /N L
URYEALRE N 497.2 kJ/mol, 5 Jang %£(1999)45°C ~
48°C UK b H B R 5 1 /NS5 W B 45 1 AL g 957
kJ/mol WAFER R, LM R, AHE 7, %

Wi EEZMEYMIEEYERBTRTEM RS
RESWERE, FEef, 58S R EL R 2 E
BRI, BT R SRS K S A [ He 25 2 18] X iR
FERUREFER R E S, Hth, SSORimt #urE b B
LHRT @ RELE N, AREE SR MINERES

SRR REE, ROEEEARERELE P RS
PSR P B B R WE AT % B2 3R (FAO,
2004) . MAEG— LR AT T A B, @ —
ANSE 3 I SE MR PR RO B2, BB AS PR se iRk 3
FARBITFZE F & & (Jang et al., 1999; Armstrong et
al., 2009) . FE/NTEHR . AR S 8 07 A 1R 52 e
BTABELER FEETaE LML, ALK
FE T RAMRSCUEIN Ry 3 R iR b AR 2 A, A
E S PAE TR ELARTENR , ARG P SE B RAAL 3 47
ARUBFFEIRME T IR
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