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Effects of Preheating with Vapor Heat on Mortality of Bactrocera dorsalis Eggs (Diptera: Tephritidae). Yasuhiro
Ishige?, Hiroyuki Adachi, Kaori Kikukawa and Isao Miyazaki (Naha Plant Protection station, 2-11-1 Minato-machi,
Naha-shi, Okinawa, 900-0001 Japan. ¥ Tokyo Sub-station, Yokohama Plant Protection Station). Res. Bull. Pl. Prot.
Japan. 49: 35-40 (2013).

Abstract: Preheating at 38C followed by hot water immersion (HW) or vapor heat treatment (VHT) was con-
ducted to examine the mortality of Oriental fruit fly, Bactrocera dorsalis (Hendel) eggs. Preheating in 38C water
for 30-120 min led to lower mortality following HW at 46C than no preheating, suggesting that preheating eggs
increased their thermotolerance. VHT tests in two different temperature increase programs after preheating for
30-120 min inside a VHT chamber set at 38C were conducted with papayas infested with eggs, to determine
whether the preheating affects mortality from VHT. Under immediate VHT at 47C after preheating, mortality
was inversely proportional to the exposure time of preheating in comparison with the gradual linear increase of
VHT to 47C over 3 hours after preheating. It is unclear as to how the thermotolerance of eggs to VHT after pre-
heating at 38C for 30-120 min is comparable with that to HW after preheating. However, when preheating was
applied to avoid heat injury of the fruit and to shorten the plant quarantine treatment by VHT, it appeared that
preheating in VHT affected the mortality of fruit flies.
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Table 1. Mortality of B. dorsalis eggs by hot water immersion at 46C after three
different preheating times at 38C and non preheating.

Exposure Corrected mortality (%)Y

time (min)

at 46C Pre0? Pre302 Pre60? Prel202
5 317 £ 40 86 = 21 222 + 189 144 = 638
10 429 + 185 155 + 93 203 + 157 492 = 253
15 696 = 113 444 * 56 519 + 153 744 + 151
20 8.3 = 73 767 £ 97 811 + 145 795 = 75
25 979 = 07 90.1 = 51 910 = 62 944 + 46
30 100 983 * 16 962 £ 40 990 = 17
35 100 996 = 08 981 = 22 979 = 23
40 100 996 = 08 100 990 = 17
45 100 100 100 100

D Corrected mortality (mean *SD) was calculated from ABOTT(1925).
2 Pre30, Pre60 and Prel20 mean preheated at 38C for 30, 60 and 120 minutes respectively.
Pre0 means non preheating.

Table 2. Comparison of estimated thermal death times for 95% and 99% mortality of
B.dorsalis eggs by hot water immersion at 46C after three different preheating
times at 38C and non preheating, modeled with probit analysis.

Preheating time Lethal time (min.) at 46C

(min,) at 38T LT (95%CL) LT (95%CL)
0 2358 (2227 - 25.17) 2891 (27.10 - 31.23)
30 27.29 (25.73-29.31) 32,05 (29.93 — 34.96)
60 28.25 (26.35-30.72) 3401 (3143 —37.63)
120 26.76 (24.47 — 30.56) 3344 (29.78 — 38.94)

Estimated LToe and LTe for each preheating time with associated 95% confidence limits
were calculated by Probit analysis.
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Fig. 1. Temperatures of the core and beneth the peel of papaya treated by immediate-VHT at
47T after three different preheating times at 38C and non preheating.

Pre30, Pre60 and Prel20 mean preheated inside VHT chamber at 38C for 30, 60 and
120 minutes respectively before immediate-VHT at 47C. Pre0 means non preheating.

Table 3. Time-mortality relationship of papaya infested with B. dorsalis eggs by immediate-vapor heat treatment at 47C after
three different preheating times at 38C and non preheating.

Target  Holding Treatment time (min)? Corrected mortality (%)?
temperature time

(©) (min) Pre0® Pre30¥ Pre60® Prel20% Pre03 Pre30% Pre603® Prel203
445 - 937 80.6 75.1 67.7 78 £ 582 43 + 882 20+ 432 14 =+ 482
45.0 - 1025 89.6 84.1 76.5 276 + 2382 51 *59° 47 + 89ab 29 £ 22b
455 - 1157 102.1 97.3 89.3 68.2 = 3042 705 = 3102 14.0 = 9.3 42 +21°
458 - 1275 1135 109.5 100.7 949 = 922 56.2 + 25.6° 53.8 + 18.6b¢ 162 + 4.3¢
46.0 0 1373 1235 120.1 111.3 986 = 092 945 + 432 84.3 = 30.02 54.1 + 21.0°
46.0 6 143.3 1295 126.1 117.3 1002 96.2 + 6,92 90.3 £ 9.12 785 + 24.7°
46.0 12 149.3 1355 132.1 123.3 1002 999 £ 0.22 99.1 = 192b 930 * 9.2°
46.0 18 155.3 1415 138.1 129.3 1002 1002 99.7 = 0.72 99.1 £ 202

UVapor heat treatment at 47C.

2Corrected mortality (mean =SD) was calculated from ABOTT(1925). Values in the same line followed by a different letter are
significantly different (Tukey HSD test after angular transformation, »<0.05).
YPre30, Pre60 and Prel20 mean preheated inside VHT chamber at 38C for 30, 60 and 120 minutes respectively before

immediate-VHT at 47C. Pre0 means non preheating.
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Fig. 2. Temperatures of the core and beneth the peel of papaya treated by linear gradual VHT to 47C
over 3 hours after three different preheating times at 38C and non preheating.
Pre30, Pre60, and Prel20 mean preheated inside VHT chamber at 38C for 30, 60 and 120 min

respectively before linear gradual VHT to 47C over 3 hours. Pre0 means non preheating.

Table 4. Time-mortality relationship of papaya infested with B. dorsalis eggs by linear gradual-vapor heat treatment to 47C
over 3 hours after three different preheating times at 38C and non preheating.

Target  Holding Treatment time (min)? Corrected mortality (%)?
temperature time

(©) (min) Pre0® Pre30® Pre60% Prel20% Pre0?d Pre30% Pre60% Prel20%
455 - 2126 2108 2108 2084 54 =172 45 = 322 82+ 522 43 = 272
458 - 2251 2240 2258 2220 89 (0.3 136 = 10.72 102 £ 162 87 £ 1.3
46.0 0 235.1 2355 2375 2337 242 £ 812 20.3 £ 582 240 + 952 21.2 £10.22
46.0 6 241.1 2415 2435 239.7 36.2 £ 942 31.0 = 842 299 + 1562 290 £ 1492
46.0 12 2471 2475 2495 2457 56.9 £ 26.02 37.0 = 802 36.8 = 10.72 675+ 32.12
46.0 18 253.1 2535 2555 251.7 84.2 = 2542 881 £ 1752 742 £ 19.72 76.0 = 35.82
46.0 24 259.1 2595 2615 @ 2577 99.1 =092 96.5 = 5.32 86.8 = 17.52 987 = 2.22
46.0 30 265.1 2655 2675 263.7 1002 99.8 = (.32 1002 987 = 2.22

UGradual-vapor heat treatment to 47C over 3 hours.

YCorrected mortality (mean = SD) was calculated from ABOTT(1925). Values in the same line followed by a different letter are
significantly different (Tukey HSD test after angular transformation, p<0.05).
¥Pre30, Pre60 and Prel20 mean preheated inside VHT chamber at 38 for 30, 60 and 120 minutes respectively before linear
gradual-VHT to 47C over 3 hours. Pre) means non preheating.
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