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Abstract

Currently, the vapor heat treatment schedule at 46 °C for 0:30 minutes was accepted as
a quarantine treatment to disinfest all stages of oriental fruit fly, Bactrocera dorsalis species
complex in pummelo cultivar Thong Dee form Thailand to Japan. To extend more variety of
pummelo for Japan, the experiment was carried out to determine the heat tolerance of the first
instar larvae of B. dorsalis (Hendel), the most tolerance stage to Modified Vapor Heat Treatment
(MVHT) between Khao Nam Phueng and Thong Dee pummelo. The preliminary disinfestation
test was to treat infested both pummelo cultivars with MVHT at 46 °C for 0:00, 0:10, 0:20 and
0:30 minutes respectively. The intermediate scale disinfestation test, infested both cultivars
were subjected to MVHT at 46 °C for 0:00, 0:10 and 0:20 minutes respectively. MVHT was done
by heating infested fruits with hot air from ambient temperature to 43 °C with 50-80 % RH (dry
pre-heating period) then the fruits were gradually warmed up to 46 °C with saturated water
vapor, and subsequently maintained the fruit target temperature for the desired duration
holding time.

The results showed that oriental fruit fly first instar larvae infested in Khao Nam Phueng
pummelo was less tolerance to MVHT than infested in Thong Dee pummelo. MVHT of fruit
temperature 46 °C for 0:00 and 0:20 minutes was sufficient to completely kill all the oriental
fruit fly first instar larvae in pummelo fruits. Large scale disinfestation test, complete mortality
of the first instar larvae of the oriental fruit fly on fruits was achieved, when the infested fruits
were heated with hot air at 50-80 % RH from ambient. In large scale efficacy test of this
treatment schedule, none of the treated 43,170 first instar larvae survived.

The thermal injury was determined in Khao Nam Phueng pummelo. Fruits were treated
with MVHT until fruit center temperature 46, 47 and 48 °C then fruits were maintained at these
temperatures or greater for 0, 1 and 2 h. The thermal injury found change of peel color from
green to yellow, black spot and damaged oil gland after treat at 48 °C for 2 h.

Based on the experiment results, we proposed the MVHT at 46 °C for 0:30 minutes
access as a quarantine treatment for Khao Nam Phueng pummelo before export to Japan.

Key words: Bactrocera dorsalis, Khao Nam Phueng pummel, Modified vapor heat treatment
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aealviviin dinuananysalduuysEann 20,000 Waz2,000 dnua ldluaianatadin aun 23x32x5
WwuAwes ket lunesBilunsadsauasiiwseuliseleandusbudy

N13AUANANINLNAS: wiadiunalidudesliluiesUfiRnsessaadinuudause weiideya

Y

[

Mnwan1sAnsdearldgniosanfuiivensu dufuiwiosdinsnraeuauninvesusandulsed,
Tnelunaidssuatusiazjuasasaaeudnanisiinld (hatching  rate)  Sasinisooniduaifiu’e
(emerging rate) Ymnvesinud wazdnIIdILYBINANUAZINALLY (sex ratio)
3. Wwseunuasiunaldl B. dorsalis vuaude 1 dwmsuldlunismaaas
Hulefldlunisnaass Taun é’miaﬁuﬁmaﬂ;ﬁq waduTeflvurnnansimidn 1,100-1,300 nda/ua
Tagamvanmauinunfvesnadile Fsdilennuarzsedlififessosnsiaisvesiuasdnsfivnioses
WANUUHAHLLE
3.1 ManseuuNasIukald B. dorsalis wuawudy 1
duldnnuuasiumaliFudutefadodSluresufoRnmsmuisnisieiu siumuleildndiy
findiganir iUl lundosmanafinuun 12x18xa.5 wufiuns winilifluiondsuuandung 2 fu
delvlinonifuvueuie 1 Mazunsavunn 80 e Sounsnvueuds 1 sonaindenly Sevuouds 1
Tdluthndu ivliludronds (beaken) wunn 200 fadans linaengaaisazaty  (dropper) 3u1a 1
fodans gaviuoute 1 hluldliluauui (petri-dish) 1uin 10x2 wufiuas wieuaduvuounigld

nNdIganssALl

v v
o =

3.2 mMamseudulenuguieliliuuasiunald B. dorsalis vuauide 1 agnneluna
o ' Y vy @ o & & 1% a wa aa Y v 1A v v
Wulvanuuasiunalifuduiedadedluiesu jUansmuisnistissu srusulenlansdivy
g ulilundesmatafinawin 12x18x4.5 wufins wdnhluliluieadsawaadunan 2 Ju
dielaiineandunueudy 1 Tdnzunsawin 80 we souwsnnueuds 1 eanandenly dreviueuie 1
Taludnnau wiuliludiewis (beaker) awin 200 Jaddns livaengaaisazate  (dropper) ¥11a 1
fiaddns aavuweudy 1 ilUldliluauum (petri-dish) 2un 10x2 lwufwns wisusdunusunigls

naesganssal (Figure 3) Tdyiudenuouwds 1 irududungus az 200 67 wizdulelagldiane

Y

[%
= v v

(cock borer) yuAEUHIUAUINAN 2 WURWAT IzHadulauSamuTINalngaduNg 9 INTuR
LNTUNANTAATUUAETIANEF08NAINNA LAz sinzradulan1wud1edn 1 5 Iiunsunans
na 91nuuwasziuannglunasenlivun tduleolivuaiedanseunagldanuowis 1 Tunadule
13U 200 fv/ma tagldvueudy 1 asvwiledulaniglurnansausinaimaneslinieniudie g
medrdelesiulilivueuds 1 @asaneanainna uhduleldlugeintalingrnasvuniusesdule
A 9 v P = A & v o a ] = v axd :

Welivesvainelunaduleduinnniledulognuusuiniulnaseninuaduriugnaigly 5dasyie

gnsn1ssentinvenuasiunalilunadilogaiunazinalilunssusnaiafinuunn 36x54x15 WURLNAT
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=

AausiernUanszuz  waentuihdulaiuliluieseuauaamgiuasanuufioamgl 2527 a3

)

el ANBUENINS 70-80 Wasidud 181N 5 U ATIIMANIINAGEDY
4. nMsfnematianazisnisnssunadulanuguduiianaldluniseass

Tun1sneaesdsdularuinnaisudinin 1,100-1,300 nSu/wa ynsnaasdlagleneies (cock

Y

borer) WuAEUHIUAUINAN 2 WURWAT IzFUUNadle Tuu 3 § TEanaudeenawa 57 1 13y

' '
= 1 =

AsaunatInalinggununatma (Figure 4) 39 2 19zauasatuduiugi 1 du3n 3 1wisusnu

Y Y

Audemalviegiagaindiunieuuvesna (Figure 5) dmiumgnalun1siangsi 2 assuiudiulaves

[

natduilTnUszasAiialivawalnintuainnsiuvemuauwlas uNa bilunadulaa1usalrnasanun

q

1§ Faagrlinelunadulefianmmnzausonsasyiulavemueustasiunald fawnunasdefindu
Janeilanggeaninnua aniunaszwdanielunadulesanlivun danfeuiiorlavueute 1 uuasiu
waldl 8. dorsalis Tuwadule $1uau 200 Fa/wa Taslduueute 1 asvuilodulonelunanssudimi
eglimeinudng gagtemuadaedBiiledesiulilimueuts 1 daaensonainua iiduleldlugainla

Unganeasuuutusesdule (Figure 6) alvivasnainiglunaduletuinaniedulegnuueuiulva

=1 1 dl v Qddgl 1 Va v aa %) 24 dﬂz]
28NNNATUN UL LT TFUselnlidnsnssenTinvesuuasiunaldlunaduleasu 1elily

Y

NITULNANERNTWIN 36x54x15 wuRng Aaumed Uanszue (Figure 7) thdulanuliluiesaiuny
- g o

gaungiluazuTuNgungll 25-27 asrgallied AUTWENIMS 70-80 Wesldusd ndain 5 Ju #3599

Y

HANIVIARDY
5. nM3An¥13UuuLYasIsnisauletruuanwanuuduimslunadulanuguiauiig
N IMeaedslgAIegeuauseumiauuasiuNalivuindn 91u3u 2 138 (Figure 8) Tu

maveaestddulenluiimungamgll (sensor fruit) Wintin 900-1,000 n31/wa 31wy 3 wa 119kily

[ '
o 1 =

nszvurduasgn dalddudununansgungiivesdulevianuanislueiosdeuninuseu Wedulendu

Y

o a o = a |l IS [ A o !
AINTNUNGUNNN ITUIU 3 WA HREUNHUANBYN 46 99AALTYE LUUTEILLIAIMUNNINUA LEARIIN

Y

Qe

a I [y a

udulannaesiaunluniosgauaiuoulisamgledluseduielfuivdulomndusaninue

Y Y

2

(3%

a

e 2

9N

(% s

nsevdulamigisn1seulatusuanInauTuduRns (modified vapor heat treatment,
MVHT) 1Hunssudsalimnuieuiudulelneeideiseulen (vapor heat treatment, VHT) sauiuiseu

218U (hot air treatment, HAT) TngtausnaglinnuseunudulanigiSausinidsay (HAT) 810

'
P

SounvuudsunisludeuanusounudulevzilanuIuduRmSTEnIg 50-80 Wasidusd aunseauile

9 Y

a

aamailunadulomuiuia 43 ssrwadua wadausuivasuduiteulen (VHT) serniafeuavedly

9 Y

¥

an1nndussigletl (saturated  condition) AMUIUAUNNSUINNTT 90  LUasSiFUA NaIANTULAY

v

angiinadulofia 46 sswnwalea wazadliigamgll 46 esmwadea u1w 0, 1 uwaz2 Falus (WHuwes

]
Mvunguniinadule (sensor fruit) Igfodsuela 46 perwalded 113 3 dw) vauzoudulaninnig

Y
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=< a

Sufingamafl autiu wazszeznailunisevdule 1nneiestufingumgiuazainudu (hybrid
recorder) vaaiA3aadoumNLTeu AmATiimualy (gns, 2541; gAsuATALL, 2549; Unahawutti et al.,
2006)

Fsuvuunuveansiimgaumgiinneluinesdeunuiou (pattern MVHT test for pummelo) 7

v 5§ @

TolunsneasslunadulatnanualdwauisniseulatnUsuan nANUTUSFUANS Aadl

Pattern MVHT test for pummelo

Temperature CC)  30.0 30.0 43.0 47.0 47.0
Time (h) 0:00 0:10 0:10 0:10 10:00
Humidity RH (%) 51.0 51.0 95.0 95.0
Time (h) 0:00 5:00 0:10 10:00

6. NM3An¥IUTIIUANRVesdulanuguIuHsTuiauTTanaldvaunTasdaunIu oy

Aliunmavaaswensesgeunusouidautasiunalivuaén 91w 2 wses lunisveaes

'
& v o a

IgduloMmTusarinungamgil (sensor fruit) Uwiln 1,200+25 n3u/wa 31uu 3 wa 1elilunssuzdy
a19an Fldidudununansgamgivesdulevimuanigluasesgouanudou Wedulenidudifivue

a [ P

gunil $1uu 3 wa fonmndasegil 46 esmuaidoa iusssznamuiitiuauansiwurdudule
yaapsavmaluaiosounuiouiignmgleglussduifortutuiuleflusmmungungs dulefild
lunsnaaesiiuminussann 700-900 n$u/ma @Fulonninge) S1uruuseanas 200 wa N13ANWINTG
yhauvesedesfeumnuouiieinuadnuurasiuseuaiedounuieunisldanimuindes
fne fu IneRnwnmsviauresedesfoumiufoudeiimseulotiuiuanududuing (MVHT) sudu
Telneligauvgiinnelunaiis 46 ssmiwaldea uaznsgunginalii 46 ssmiwaidoa u1u 0, 1 uaw2
Falus luvgiingluiesauloth (treatment  chamber)  veaTafounuieuiuiinmanig
(capacity) vaswadule 31w 25, 50, 75 waz100 Wosldud veinuRgounIusou
Fnseulevuiumutudinsarendyiteulotisufiuiteveimadou Tnedisusnaglianm
Soukpitouanmedou onafoudivaudsunmelugeuaufeuiudulonsiiauiuduinsssning
50-80 Wedkdud aunssiadogamgiaeludifsduisssiuniuargumginelunadulefionmnid a3
psrwaLioa Jeuuidsumslinnufeouduiseuleth snefeulinutudiivdidutuegluanwd
Budadglen anududuinsunnndt 90 wWedidud Tnglvgumgiinielunaduleifiutuds 46 oem
waiBua uazasgamninalif 46 esmaiBea uiu 0, 1 uaz2 9l lufeseulotldnivusussauald
Hunsrugnanainudemuaufousuin 36x70x15 1wufiang voURa 4 Fruveanszugyindaewanain

WIINUAMUSIU AIUUSIIUNUATUANIVIP I LHUALLAULAE LIEINANVUIALFURIUAUGNAS 1.5
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wuAwns Seuduuninaeninviaudy usasginsiuszana 1 wufiuns ibileseuaiuisalnaiiou
inunaldlannszugniladludmalidludnnssugnils lumseudulelagldnivugdinaniaginnssugly
vosussualiilu 3 uoq vuresezly udazuailinszurnasesdeuiu 4 4u  Tdnadulelunsyue
a Y @ . v a £ a o &
waraRNILANAIILY (Figure 9) daiseanseuzdulomuusunamug fall
ANY 25 Wesidud $1uIu 3 nzur 1Meses 1 9w dwdndule wirdu 32.71 Alansu

< § o

A1a1q 50 Wosidust $1uau 6 nvuy Mudes 2 u tmiindule iy 64.18 Alansu

Ay 75 wWedldud $1uau 9 nsvuy 1aiFes 3 Hu tuiindule wihiu 95.95 Alansu

ATg 100 Wosidusd $1uu 12 nszuz MaFes 4 du dwiindale wiriu 130.84 Alansu

oudulonmgumgiuazszeznafidivuali  (Fuwesimungumninadule (sensor  fruit)
wipasuAld 46 asmizaldea asusis 3 14u) aireuduleviinistiufingumgf arwiu uazszerina
Tun1seudule aniadestiufingumgiuazauiu (hybrid recorder) vouinosgounimiou Tussiy
ATgTisIuaY 25, 50, 75 waz100 Wosidust (hmsvaaes 2 As)
7. \w3asgauninufeunaznisuiuAanuilwn s suvisingumgil

[

fuflumsieinieafoumiuieuirdusasiunalivuindndmiunaass $1uu 2 1a3es Aeud
wBuinveags wisiagangdfifndineslueissfouanuiouimunazdeninnnaaeuai
Fsnsa arUiurauaaaindeugnmgifiinlsvesusiaiagamniusazuvia (calibration sensor) Ing
n3aaeuIBuIfisufuUsoninnudeusasgIu (standard thermometer) G9iiBnnsdsil uuviein
Qmmﬁﬁgﬂmm’mﬁgwsawiﬂmm%faummigﬂuaﬂum%aéwfﬁau (water bath; Yamato, model:
DK-43) (Figure 10) #srna3assnainfouliiflgamgli 46 ssmusaiboa iethiou uariigumniaeiis
Bumstuiingamgiiusseziaaiu 20

ﬂiawi’mmm%faummgmazl,l,ammqmmﬁﬁwamjﬂuLﬂ%qéwﬁ’jﬁau 91UAIUNN VDI
fmgnumgiusiazurisnniaiestiufingumaiiuazaruiiu (hybrid recorder; Chino, model: LE series
wA¥FTH, model: FLE-073504E) figuerlénn 5 undl (Figure 11) in3asfoumufouasinisgunsal
v yauFumnnuiuniunszualitin (correction resistance unit) Gudugunsaldmiuuiun
gumiwisinanudeuslalivinfudgamniiiswldanuseninanudeuninggiu msvaaoy
Arniissnssreswisingumgianadedudlewisingumgivienuauansagangifl 46 ssrvaidoa
Tefieliasuuanduszeznaunuiadetilutianm 20 uni
8. wuunsunsNgamgiluesasdeunnudou

wuuuureIMsfienmgilundssdeumnufouildlunmaassnsidaunasfunalilunady
Totltanualdununsouledndsll Budunisiugamgiangamgites lnsgausnagliinnudoudieds
s maseu o1masouiinyuisuneludevauieursiiautuduivsseving 50-80 Wedidus

unseNaeamainelugdiisduisssruniuargamgiinelunadulofioumiin 43 sargadea 39
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Uuiasunistinnufouduiteulet ennesouiinnududuivsiiuiuegluanimidudisagletilag
anududninsngluniasdeuanuioudewnnndt 90 wWesidud audsgamgiinislunaduleld 46

p9AAYE ANUSEEEAaINmrUARaanLIaNnvinnisaulain

o w 14

8.1 TUMBUNITAIALNAIAIIANNTDU

1. gaungilasanvesonianigluiesussanald = 47 pawalgyad

U9 q

2. gaugiineluaanadule = 46 evaLgYE

9 Y

3. STAUANUTUSUNNSVIDINA

fougam)ilng 43 aer LAy = 51 wWosidud RH %

VRIRUVQIING 43 DerLaTed = 10131 90 Wesidus RH %

4. /MIAIUANNSINTUYDIQUVITDINA

neluresussqualdl

5. Mmsangauuiinadile

gaungiiiugeluudagsyavly
%9381 NN
(stepped temp. MVHT)

WIseay WY 1 kg

6. NINTIVABUNIINBVBIUNAITUNAL = 59U ndwrunuseu

Tunsveaesldduloniludiinungnmgil (sensor fruit) Wntin 1,200+25 n3u/Ha §1UU 3
wa slilunszuztuagn (Figure 12) Flddudunuuansgamgiivesdulonauanigluaiesdou
anudeu WeduleMdusimungamall $1uu 2 na Teaumgliaeegi 46 sseuwaded WJuszeziia
Aufivun wansivastudulenaassimualuinsssgeunuiouiiamiieglussauieniuiudule
& v o a
Ndusnuag Ry

8.2 TumaumMsUsziiuadnudennesaninuiou

1. gauniiganvase1niAngluesussaraldl = 47, 48 uad9 pamalded

2. gunginngluganadule = 46, 47 uazds suMYaLTYE

3. SEAUANUTUFUNNSVDIBINA
ougamniing 43 ssmaliea

[

VAIQUUING 43 DeFLYALTYd

4. J/MIMUANMINTUYDRUUNaINTA

eluiesussuald

5. msangumginadule

6. NNSUTELIUANULESUYRDAINUSDUY

65 WUas1dus RH %

11NN 90 Wasidud RH %
gaunpiifiugeduusazseiuly
22381NNRUA

(stepped temp. MVHT)
Wgheay Wy 1 9alus

7 U idaNuAINULS U

Tumsnaasdlddulonbuiimungamall (sensor fruit) Uwiin 1,200+25 n¥u/wa 31U 3

[ 1
U 1 =

wa 219bilunszuzduavan Felddudunuansgaumgivesdulevamunniegluaiesgeuauiou e
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a [ a

dulefiludivungamal d1uiu 3 wa foumgiineg? 46, 47 uazds ssmwadoa [Wuszeziia

Y Y Y

o
v Y a 1

padirvun uanshuneiudilonasesimusluadowouaudouiignmgleglussiuifeatuiudale
ffusimungumgd
9. msdansiudulewuguaiiavdsinniseulath

Tudunounsiidpuaasisauion usnifudulenaaosiiiiuauiou (treatment) waglsiky

AUTOU (control) uiazszeziaatldlugernUauings 1easuuidusesdulatiiolivasnainielunady

1 )

lagufnaniledulegnuueuiniulvasenainuaduriugniaiglivaginelilunssusnanadinuuin

Y

] &

36x50x15  Leufluns agudefindanszus ndsntuirdulediulilufesnuaugumniuazaiuiy
(Figure 13) flgamgfi 25-27 ssruwaidoa ANududuins 70-80 1edidust amaifusiuiunuey
wasTunalifisendinludulowsazna ndnduaudewdunaiuiu 5 Ju (Figure 14) Taeduiin
Srurunuouiisendinitamsludulennassiigumpiuasseogmiitmuathdeyaluduinmsnms
aefiuia3e (corrected mortality) I@amﬁﬂqmmm Abbott (Abbott, 1925)
10. MsAnwIUsEANS AT EnsaulathufuanmanuTuduTmalunsirsawnasTunaliluna
dulawuguninbe
AsAnwUsEansamuedisnisevledviuanmanuiuduinglunismdauaas unald
B. dorsalis lunadule finw 2 nMsvaass urazn1snaassitunauLarisnsaiunisaselul

Afiunsnaaesmelassddauanuauidauuasiunalizwindn duiu 2 wies Tdduleiugnasdiidy

Y v
% v 6 o =®

) ~ ~ YR 9 ~ o ) A @ W
AUseuLisuiugiudulenuguiiiie (Mmeassd 1) ngldvuewdy 1 Weludunuvesuadlunis
wisdulolvidluuasiunaliiogaigluna (artificial infestation method) 31NT184UVBIATUAL ALY
(2549) wazUnahawutti et al. (2006) laANwILUSUEUANUNUNIUADAINUSDUVDILIATITUNA L] B.
dorsalis lunaduleiugnedd Wionmunszezn1sasyiulainuniusieausaunnian Ingaudule
vV aa n0/ % d’l U o 6§ o o > 1 > dl
sgdsn1seulatnusuaninanududunnsimdnwuasiunaldlussesly vueuds 1, 2 wag3 e
WIguiigudnsinisanevesulasusiazszerMsiatiule sudulelvaamgiinglunaduleiaduis 45
pumaLlud uazARViinalin 45 ssmiwaldes Wuszeznaiuu 0, 10, 20, 30, 40 LaL50 U7 970
HAN1INARDY WUITEeld ueuly 2 waw3 mevianunafiaumn)il 45 sermwaided W1 50, 20 Waz30
A ) ~ a ~ ~ Y] Aa '
Wil diuvueudy 1 Nigaumnll 45 amealled WIu 50 Wil §1AITeATIN IINHANITNARBILAAIT
wuowdy 1 vaaunasiunalilunadulalinnununiusieainuieuuiniiganieisniseulatiusvanin
ANMUTUFUANS
gnsuazANE (2549) wagUnahawutti et al. (2006) ladnwuseansninuesiznisminuuasiv
wuasdnudeslunaduleiugnesd lngldvueudy 1 veswuasiunald B. dorsalis Fallmununiusie

;% [ v s

ANuTauLINTIana83sNsaUlalIUTUANINAIUAUT LIS lnaiUdeuaun)inaaIniun 45 e

'
a =

waded [ugaugiinad 46 esmwalea  audulosieidniseuletdiusuaninauiuduivg e

Y
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prumpTivessadulofiuiuie 46 oswmnwadea unznsguuginalifl 46 swmwaidea Wuszesnauu o,
10, 20, 30, 40 LA¥50 W NHANTNARDY WUt uauy 1 meviivun onmglua 46 esmivadya
W 20 U9

uallnuazmne (2554) leAnwlSeuiisunnununiudeninuseuvesiuasiunalid 8. dorsalis
wuoute 1 lunadulewusnesiiussuifisusudulenuguriii Tnseuduleds 2 aneusnelundos
Fouaudouieafusieitnisevlethuvanmanududuing  Hegumgiivesnadulefintuds 45
GHRRIGEG] LLazmqmmﬁwaﬁﬁ 45 pamwaiea [Wuszeziaiuiu 0, 10, 20, 30, 40 waz50 W1H 91N
anisnaaes wuin vuoute 1 lunadulowusnesiuarduleviugurnidemeimunfigungiing 45
BIFLYRLTEE U 50 UM

&ilofldlunismaassdithmiin 1,100-1,300 n3u/ma Fulovuinnany) Tduledamnduiu 176
wa hdilevaasaduadofeuniuieu (Figure1s) Muduidulofivihnislanueuds 1 vewunasiunali
Tunadaile waaz 200 61 $1uu 4 wa/n1m sudulelaemaiiugamainadilelhiulunude 8 uazs.1
Tnefimsouidunaruuiiuandeiu feil
nsnnaesit 1: Mszeviatouunu 0, 10, 20 waw30 U7 uravsreznafiiuaiidlefituaiusou
(treatment) $1u2u 64 na wazddlelidudiuIsudiou (control) lairumnuoudiuau 16 wa v
nsvAaed 4 Al
naneaesd 2 19svevinaiuiu 0, 10 waz20 w1¥ udazszezanfinnuaidulefiniuninudeu
(treatment) §1uau 72 wa wagildulefilfilusiuTeuiioy (control) laisuanadousiuu 24 wa v
nsnAaes 3 ASq
11. nMsfnwnsAsundasgunmuastadulewuguaiiis

Tutumeumsuszifiunrundemevenszuiuniseuleddedale asaanmanuAnnfvowma
dule Fedulennuaszdosliifisossesmaiansvesuuasingiivndosesunn wondudulefiiumiuiou
(treatment) wazdulaldidusuusuiiieu (control) lisuaudeu thdulenmasadiaiesdounny
You sudilelasnsiivgamniinadulelidulumude 8 uazs2 eudulonrsluaiosfeuanufouls
puvninsluganavesdulefiutuauda 46, 47 uazds esmiwaidod unzasauiounislunalid
Mgl 46, 47 uaxds asmigaldea uu 0, 1 ka2 Halu WeAugamislvinruiouanguuniduleiud
TaeA5ihdhean iy 1 $alus fewrdesangamaiinalsl (Figure 16) Wisuisufudulefiliimaiiy
Sou ihdulennassiouaiiiiuninufouuarliiuanudounssyldlundesnsznuruin 34xa7x18
WURLUAS (Figure 17) é’manﬁgqaaﬁmmsg W%’amﬁq%ﬁwﬁwmﬁdwwmLﬁumuqusﬁﬂawlﬁlﬁu 1.6

a o

fiadwns wiu 4 5 nubiludatuauenmgll 710 esrwaidea w7 Tu (Figure 18) WloAsy

Y

S28a NN NUALNEUL DN INUANNIUAIUS DULAE BIE1UANNFTBULUSLUANULEEMEIINAUS DU

Inglgnaninusniansuiwazaidunisiuiiteniee asmeludl
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1. msgeydedmiln (weight loss) @nwinisgadeininvesdulelaemuaniuiovazves

(% '
o v a

thwiinfigapdelugeiinstufinimdndulensunimaaes warlufufinsananisneasstaiminga
Gulodnadmils

2. Gnadma (orix value) lumsveassusiavadsduianidedilefiiumudounarliny
udou ot lUiessimuTinasine Ssliinaninnalusuinameudsiasansthlfiman (otal
soluble solid, T5S) fimbenfurosnuing msiausinanimasnieduleldiries digital refractometer

(3u DBX-30, atago Co., Ltd., Tokyo, Japan) (Figure 19)

[ 17 [ [
4 v o A k4

3, USunaunsm (acidity value) Tumisvimaatusasass duthannidedulefinauanudeunaylisiu
arwdou e lUTissimuiinanse feuiinunsaluzuuiinamendsiiazaisdildionun total
soluble solid, T5S) fvmhefuedidus msiavsinansannidedauleldindes digtal acilyzer (Fu 5
006P) (Figure 20)

4. nandsudiuasnvasnadule (peel color) Tgnawinisusiiiu dall

0 = 100 Wedidud Awdendulefidden (Wwdewdudivdey)
1 = 0-25 Wesifud dldenduleidnies

2 = 25-50 Wesigus ddenduleiidivdos

3 = 50-75 Woesidus ddendulefifivides

4 = 75-100 Woasidud dldenduleddnies

v
o ¥ a o Y

ideyanisgadedmin Usinanhena Ysinunse wavnsildsudiudenvemwadle a1y

YRS

6

NAYINSEDR WazATIvEEUAINEANA1ITIARasTnglIEN1MTI9EOURUU t-test
12. nsAnwBuduszansnmaasdsnisauletiruiuanmanutudusimslunisidauuasunalsl
Tunadulewuguraiis

nsAnuBusuUsyans nmeeseulothuuanwanududuimslunisindauuaciunalsd B
dorsalis Tuwadille Tnemsussfiulseansnmnnsidnunasidunounazisnssndumsaaselud s
naaesildUuuunshaetesasTukalsl 2 sUkuu fe 1938msldvuoute 1 uwastunalilunadale
(artificial  infestation method) wazldisn1stiuuasiunalinnelylunadule (forced infestation
method) uiagiaiiseazBundall

1. sduuunsvinanelagdsnisldnueuds 1 wuastunaldlunadule (artificial infestation
method) ¥uauieafunsnaaasdude 10 M9&lonnass s1uau 240 wa weniludulefiniuauiou
(treatment) §11U 180 wa wazdleflddusuuseuifiou (control) Tukumnudousiuau 60 wa 1
dileviouaiuliluresmunuenmgilnefigungivssatn 25-27 ssmiwaifoa aunseaiduleluld

Tun1sveang
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2. sduuumshanglagdsnisiiuuasiunaldangddlunadule (forced infestation method)
egtedurunaduiugudnans 05 Sefuns vusedile $1uiu 10 3/wa Wnzqudenluduile
(Figure 21) Wioteduluuasunaldl B dorsalis saiiuTamadeunseteizandludilundlunadule
ugTiangly Tdulovnass S1uau 80 na uondudulefiiiuaudou (treatment) $1uu 60 wa way
dalefldifuiuTsudiou (control) laiuenudou $1uau 20 wa ilundilunsafouuasuiadnd
Huuasiunaliiffute Suiudssana 2,000 ¢ (Figure 22) l9svaznanlunisiviuuasngdauiu 1
Falus wrdaleviommiuliluiosnuangamgl Tnsfonmgiussanm 25-27 ssreaidoa aunsgiia
duleluldlunimeass

shmsevdaloluanmuasdeumiudouiiuiinadulotmiin 61-125 Alandu/gnuiadiuns (ow
load and full load) uwisdilefifiuuasiunaliivuouts 1 fegaeluna sis 2 38 sonidu a4 dau Fondy
Tovpasiilsanismslanueuds 1 uwasfunalilunadile wagisnsliuuasiunalinslvlunadule 1
d1u S 6 wav2 wa ulidwiuldifusuuisudiou (control) liuanuteu dulodiuiasld
dmsumsvsznasiuussasiavsaludilefiiiuauieu (treatment) iesanirsiuiuuuasdiiidie
Tudalefiiunudeutuliannsaiivsshnisnsaaeuldlnenss dmsudalesn 3 dau ulssuauig
i Talunsugussgalduuunszusnanafnudanuaiufousun 36x70x15 wuRuns nszuzieniu
U 3 nszue luusaznszuelidulonaasdlaedsnislavueniy 1 wuasiunalilunadule 311U 6
na/nszuz wagdsmsliuuasiunalinngdelunadule $1uu 2 na/nszus (Figure 23) wazlddulofilaly
Tunsmaaes (filler fruit) (Figure 24) laAsduauing fu Tunszuzussanalidn 9 nsvue waztilang
Fouasuunszurdsussydulovaasdluaniniviesussgraliveanisadounimeuiiuinadule 50 uas
100 Wosifus (low load and full load) vesamigd (Figure 25) ihduleiieadosgeuninuioulile
ﬂﬁzLﬁuﬂizﬁw%mwmaqﬂwmum5%1613’1ﬂ%’uamwmm%jué’uﬁméﬁqmmﬁ 46 parwalgya U 30
U9 Tunsidawuasiunald B. dorsalis uawie 1 legluduuasmaasadruiulddsenin 30,000 &2
PR
13. nsfnwanudsmedenunmradulowugunaiis

nsUssiumnuidsmevesnsruiunseulethuivaninenutuduinsdoduleluanimaiaes
msdseandulenaniosdunagmaie lagnsrvanmanuiauniveswadulededulonnnaayiosladl
fessommhatsveuuamdesosunn uonidudulofiinuminieu (treatment) $1uau 12 Ha wazdule
Al dusuuIsudiou (control) laikunn¥eu $1uu 4 wa shéslevnasatiiaiesfounmdounsdu
Toftrueufoulilunssusduansgaldlunisuzussqualiuuunssugnarafnudamuainudousuin
36x70x15 WUAWAT 911U 3 NTeUy Tuumaznszuzddulonnans 31UIU 8 wa/nszus (Figure 26) N
Hudsilefiinumudau (treatment) maadesdu §119u 4 wa uazn1aFo 1 4 wa waglddilelsl

Tdlumsmeaes (filler fruit) wasdwruwing i Tiduanuguesnszus lunssuzussaualddn 9 nszug
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wazthlUnedauasuunszusdeussydulonaasdluaniniiviosussralivesasosdounnusouiusuim
dule 100 Wosldud vosnugg (Figure 27) WieUsziliupudeigvensyuiuniseuletuiuanin

ANUTUFIVSTIgMAN 46 asmwaidea wiu 30 Wil eudulelaemsiinegaumginadulelnduluniude

a

8 uars.2 lagdrausnazlviannuieunigiSeuainiaseu eniaseunvyuisunitglugeuainuiauidl

[ = a

ANTUFURNTTZNINR 50-80 LUesidus aunseiiailegumgiineludiindudszduniuazgumngl

aolunadulefigumgifl 43 ssmwaidoa Jeuiuiasunislvauienduitevleun enasoudl
Arndudiindiinduegluanmiidudadelot mududiivduinni 90 wWedidud WoAuaanisl
mndeuangampiidulonelugeunnuiou Tasdsrdean w1 Halus wWisuidfisurudaledliiy
Ao thdulenaaosisvuaiiiiuanudeuuarliiiiuauiou visqldlundesnseaivauia

30xATX18 WURLLUAS AIULNNIEDIVIWIIZINIBUNIUANIBEIA1UE VUIAEUNIUAUSNaNslalAY 1.6

L] Y
Qd‘

fiaduns 91wau 4 5 uliludaivaugamgl 7110 ssrwadea Wuszeznaiuiu 7 wazld Ju wie

Y

I1809ENINATAIDDNAULENIWATDITULALNIIID LLBATUSTLELLIANTNANAUALNAULDNIVUANHIUAINY
SauwazlituAusauLUsiuANUAsea1INAINSaU Taglgnaninugin1SNaNSLALAWIUNS LA

Wulumude 11

LIABAZANIUN

srggnaiiuey 3 U (ganeu 2559 fs fugngu 2561) MesuRnisvesnguaufdndn iy

q

v av o [ =)

Aniu naaddenisinduiy dninddeinuinisensnuing nsudvnisinens

NAN1SNAABILAZIANTA

[ Y a Y

= v a o w ga o ¢ =
1. dUAUFIUYIUALNYINUANEUSUILINNUSVIINYIVDE Iawuq"mqu’]N\‘]LW@I‘FLHﬂqiﬂﬂaa\i

9

Y ¥
v o

Y
duleviugunuradizeinemansuasdnuvasnnangnumansidloududulevaly (JDulddusu
gaUszana 5-10 ey Astnudvunazivunuuran Tuiluludssnevrieiilugesiieduies eanises
adu 3U3 nenesnilutenurenlulazuatauen ndunendvtd Induren vwiananeud1slng nsua

Aoutanaugs Lifligndivhma Aunaiiey denunsiuiifudennaludidendy Wisnnanuussunm 2.3
wuRlung Umidnden 300-780 ndu dvealdenlunaskiendudun wadumidnussuna 700-2,000

¥

n3u fidusouda 17-24 93 Tu 1 wa adlille 12-15 ndv Wevundudvn e (juice sac) dmdeteay

wnavseileduiudvneuniosndisdveaiing unzillosenainbeunduldde Tiieezusiiely

¥ 3

wag Hwdndes sawanueNieIuaznsou nawndaileuns lullsavuuazsadn unasUgnduleniug

PIUIRIdAgyedluNun s1neauns U duneunstees Janiauasdgy sunelnslea Jania

Y

a o 4

NYIUYT SNBUILKAT BILNBNTEULUN JMTnayNTaInT sunealiuaeaIn 9amins1vys 81100

AydyuaY Jandnaluie wazduneesulvan JminUsnAuy3
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2. MawziageverenuguasuUInIMuuasiunaliluiesjiansieldlunimaaag
nswnedgeeiuwasiiuysnauiasiuraliluiesfuRiieldlunisnaasinislueudes
wuasiunalineuauaamgll 25-27 asrwaided wagAuTUENImS 65-70 Wesidud laglunisides

LUBIMAAZUITATINABUSNIINTTNLY (hatching rate) dmsiniseeniudiiule (emerging rate)
Wmtinvesinus (pupa weight) WagdnTdIuvaRNARwaINALLEY (sex ratio) INNITNILAEIVEERUG

]

wagiinyinauuasiunald wudn uwasiunald 8. dorsalis TAUUTMTININNINTFIVIIUNARDIAY
& a a % ] v o= A A 9vo Y o w v

aunsaizidesiinUunalauinnii 50,000 ¢ Fudgenaiielddmsununaasinsitdnuuadnieg

Anufaulunismdauuasiunalld 8. dorsalis lunaduleiuguriuiiamieisniseulourusuanin

ANHTUEINS

3. msAnwunaiiauazisnisnseanadulanuguranaldlunsnaass

lagldMianeg (cock borer) YWIALEURIUANINAN 2 LwURLUAT RIZFUUNAEULD 91U 3 § I

I 1

anautananaema 39 1 11gasaiunisInalyimzaununatang 39 2 lwigauasaiuiiuiuin 1 @i

Y

a [

371 3 WrUshnaiuiwaliegiagandiuaTiuurews dmsumanalunisiatesi 2 assuTudila

[

YINANUI TN USL AR 1Y MaI N AT UINNNISAUYRINU UL AT UNa L luNadulaa1u1sa lua

penule Feazriliniglunadulelianmmnzaudsnisiasgiulavesvusuluasiunalid Aalnunais
FaRnduuateianzzeonainua uwasswdnnielunadulesen didulennliBmeunizldnueuds 1
wiasiunaldl B. dorsalis Tuwadule 41uu 200 A/ma lasldnueuis 1 asvuledulonislunanss
a a 9 1Y 1% 1 1 o a o 9 v Y} 3 o v |
UShanaeslimesnudng gagnmaameddiedesiulilvivuewie 1 daaensenainua iduleldly

vV

g Ualingeeasuundusesdule welvveanainislunaduleduinaniiedulognuueuiuluasen

9 Y

'
= 1 =

Nnuaduleduniugnaeld Melilunssusnatafinuuin 36x54x15  LwuRwns Aaualer1Uanseuy
waannuuhdulonuliluiesmuaueamglivazanuduiinumgl 25-27 esrwailea AuTuduivg
70-80 LUDSLTUA 1189910 5 TU ATIINANITNAGDY AINNITNAADY WU WAdALazIsn1swSsuNagule
~ an ) | ) P gy aNa a a ' P v
weldlunsmaaesdsnisaenany vuewdey 1 Idnsnssentinauazamnsansyiulnegneluraduleld
Wuseam
4. nsfAnegUuwuuvasisniseuleunusuaninanutudunsTunadulan gyl
nsveaeIienIasfaumuSeumdnutasiuraldvuiabn $1uu 2 1ses mseudulesie
5n1seulatnusvaninautuduinsg  (MVHT) Wunssudsiliaiusaududulelasandeiseulaiin
(VHT) shuiuiSeuainiaseu (HAT) TaeanauwsnazlimnuseuniudulaniedTauainiedsau a1naseaun
a 4 % ] 2 a 494) (v Ly I3 1 6 @ I3 e.'/ z:l' a
myudgunslugeuanuiouruduledsiinududuingsendng 50-80 Wesidud aunsevialiegumal
Tunadulodinduis 43 esmwadea udrdlsuasuduiseuloun Feimesouavedluan niidud
selewn (saturated condition) AnuALENINSIINATY 90 Wesidud eudulelneligaumainielunady

LowiaTuis 46 pemnwaidua warAsunilin 46 asrwaldoa U1 0, 1 wag2 Tilue vazaudulov
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nstufingamad Aty wazszezatluniseudule MnAdestuiingumgivazainutu (hybrid
recorder) vadiA3sgBUANLTOU Sraznaldlunseudilefigumgll 46 ssmueaBea w1 0, 1 waz2
s susininnduledmungaumaddlflunmsmasssusasaidlduandlilu (Table 1) 9nn1smaaes
WUI '3'§miaU"me']U%’Uﬁﬂmmm%ué“uﬁmﬁumaﬁmiaﬁqmmﬁ 46 sarwaldod w1 0, 1 uav2 T2l

s

annsnasgamgiiuaraududuinsaneluaiasgeunudouldmueiidivun (Table 2 and 3) #s
FBnseulethufvanmarududuivsilivssaniamanasadunldlunsmaassnisinusase
anufeuilofdnusasiunalilunadile
5. mafnuUiinuarguasdlanusunidsdufesussaualivenaiasdaunudou
yhmsnaaswneiedosgeunudouidauuasiunalivuinidn s 2 edes duledildlunis
yaaesimuaiidaulszanm 200 wa Anwinisinuveneiasdeuauiousieisnisevletiui
Arduduins (MVHT) eudulelaoiingamgiinielunadulelionmninais 46 ssriwaldea uazag
Qmmﬁmaﬁfﬁ 46 perwadea U 0, 1 waw2 $alue luvasfinngluriesevlet (treatment chamber)
yoaATesfeUAINTauiUTINMAINY (capacity) vesHadulosiuu 25, 50, 75 uar100 Wesiud vos
augdiesesieuniudou lanadulelunsrugnanadnliifuanugdnFeenseurdilomuuimnanig

[

N

=De

& o

ALY 25 Wosldus $1uu 3 nTzuz Muses 1 9y dmindule windu 32.71 Alansy

< & o

ANY 50 Wasius 919U 6 NTEUr 1MAsEd 2 Fu Wmtinduls windu 64.18 Alansy

s o

ANY 75 Wesiud §1u9U 9 Nz 1Meses 3 Fu dntndule wiriu 95.95 Alansu

ANY 100 Wasidud $1uIu 12 nseur 119589 4 Fu dmitindule wiriu 130.84 Alansy

s

nnsAny1  wud Mshauresaiesfeumnufeudieitnmseuletuiunnududusing
anuns0nsRmngll uarauTudims melueiosfaunudouldmuniidivun luanmusuadosou
AuSoudivsunamuguaanadulaunnsiaii 9uau 25, 50, 75 uaz100 wWesidud Feszozadilaly
nsevdalefigumgdl 46 esmiwaldea THaneuu 7:00, 6:35, 6:45 waz6:25 alus suddu Tuiies
é’a‘umm%auﬁ 1 LLasTum%qﬁaumm%auﬁ 2 l4svernatauuy 6:53, 6:20, 6:10 Waz5:45 $lu9
nd1RU (Table 4) F¥3smseulothusumnsduduivsvosmaduleluanmarugfunnsafuding
wldfsvozailumseudilolunsaradsUszana 6:00-7:00 dalus
6. \W3nsgaunruFeulaznisUuAAUITiB ISR s Tngamgl

NNsUsumANIsmsvessisingamginsaaeuUSsuisuiudseninnudeunnnsgiu
Tneduuwisinguundviomnsaisseniamiufounaspuaduaiossisihiou fduadosgrsinfou

a

Inflgaungdl 46 ssmivalded WslhSounariguvgiiaelusunistuiingamail 31nn1susudiAm

Y 9 Y
' (% '

Wgenseveaurisingaumnll wudn uwisingumaivianunaninsanuunii 46 sermeaidya AUy

9 Y

¥ !
LYK =3 a ] a

Wing 99.9-100 Wesidud nnesesiuiingungiiuazaudu (hybrid recorder) fignumlann 5 ui

9 Y
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a

Feszoziian 9N LLazmm%ﬂumiﬂ%’wﬁmmLﬁmmwauwiﬁmqmmuﬁ 46  esALgaLTYE LA
wanslilu (Table 5) Tnefianldwdsunlandusyosnarufndeiulugisauiy 20 wii

7. MsAneUsEaNSAmesiiniseuletnuiuanimanudiuduinglunisidauuasunalilunada
Towugvraiils

[
& o [

nsAnwUsEAnsamaeaiinisevlethusvanmarsduduimslunisidaunasiunald
B. dorsalis luwadule @nw1 2 n1svaaes udaznsveaesiidunouarisnissdunisdiolud
fullumsnaasselnesgeunudouidauasiusaliuunman S1uau 2 des Iduleiugnesiiiy
fuisuiiisuiudaleiugunaiis (Msvesesdl 1) wegldvuoute 1 Wodusunuvesuuadlunis
wissudulelviuuasiunaldegnieluna (artificial infestation method) audulemdnuuasiunalinueu
o 1 emmuanszurunseulothiiiuszans nmlunnsidauiasfusaliduilitesnin 3,000 6
Tunadulelsimerianun lunsvasssilddulotomndniu 176 wa vdulennasaduadosouni
You NuFuadilefvhnislanuouds 1 veausasiunalilunadulonaay 200 # S 4 wa/01m ouUdn
Telamsimgamgiinaduloliduluaude 8 uazs.1 suduloneluiniesieumusouliaamyiniely
nadularfinduauds 46 oseisaidea wasasaufounelunalifigamad 46 ssmivaioa Wy
Fumneinaifusieid
nanaaesdl 1 ssasnanillflunisoudulefigungfi 46 esmuwaiGea wiu 0, 10, 20 waw30 W T2
hwiindulofmunguunifldlunismaassusazasldiandilu (Table 6 and 7) annsnaaes 4 as
wuin duledlslsuamiou S1uru 16 wa funasiunaliisendin shuau 2,644 #1 uansinludule
$1uru 64 Ha FeruanuFeuudazszoznafvuauasTuralivueute 1 seaTin Snuau 4 @ 9
9aunl 46 parmALgYa W 0, 10, 20 Uaz30 WWl lagdldnsinsmeveaviueude 1 1ady 100, 98.82,
100 4100 Wasidus aua1au (Table 8 and 9)
nsnaaasil 2 srernaniildlunseudulefigumal 46 eamiwal@ea w0, 10 waL20 W TS
dwiinduletmungamgdiflilunismeassusazasilduandlily (Table 10 and 11) 9nMIvaass 3
a%s wun duleflalsinunnnudeu $1udm 24 wa Suuastunaliisondin $1udu 4,144 61 Faludulefitu
ANFeuLsaysEazAfifmundIuaL 72 na uiastunalivueuds 1 seadin Swau 9 f gumgdl
46 psmwallua Ut 0, 10 waz20 unil lneddnsnsmevosvueuds 1 1ds 99.34, 100 waz100
\Wesidud muadu (Table 12)

NnMsnaaesisUszanumsiiidilodeuniudouiiguvnd 46 ssmwallua udazsyoziam
it munagiinusuiisonPinlddnulidesninszann 12,432 # sanismsatuiuuuiasusadile
nmMnaeslsngd vueute 1 vesuasfunalilunadulemeinuniionsnudoufigumgf 46

aarga@ea Wuaiuiuase 10 wiituly nszuiunismdauuasdenanifinudulligeiae

Uszangnmlunsidauuaslamudenimuavesisnisminfngigaiuiniuiy - faduaisagladnig
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(% =]

naaounsAnuBudiunszuiumsidaunasianandresiu iilelfduisnnsidndagiasuintudis
dusuminseegly uazvusuionnge) vesuasiunaliludilonsunisdesn
8. MsfnwINsWABuLUAIRun YR sHaduTawUS U1t
nMsUssilumnudsmevesnsyuaunmseuledsedile asvanmaruRaUnivewadule Fedy
Tevnuaazsoslifisessesmmhangveausasdnsivniosesunn usnidudulefiriuauieu (treatment)
wazdulefliliusiTeuiiou (control) laiinueudeu thdsleveasatueiowoumnuiou sudile
FreisnseuleviusuanuBuduivg (MVHT) Tnsmsiiugamgiinaduloneluedosdouanuieuli
qmmﬁmﬂiuwaé’mialﬂuﬁuwﬁa 46, 47 WAY48 DIALYALTYE LLazmmm%@umaiuwaﬁﬁqmmﬁ 46,
47 uavas swrnwailed wu 0, 1 wav2 Halus svernandldlunisevdulosiuiinindulemuun
pnumpdflflunsnanesusazaiiliuanslilu (Table 13 and 14) WoAuannisliauiouangumni
nadulelnedBildneauun 1 dalus wWisuifsuivdulediliniuamiudou thdulenaaswimundiiiu
arufounarlirinuauiou visaldlundosnsznivaunn 30x47x18 isufims dusniansdnaays
woualadeinmtne s 4 3 Fulilugmuuenmnifl 10 ssewadea wiu 7 Su deasy
svavnaniitsumihduletauniiduniufousarliiunudeunusuidiunnudemeananudou
INNITNAADINUI maqwLﬁaﬁmﬁﬂﬁumé’uiaﬁmumm%auﬁmiqﬁylﬁaﬁmﬁﬂmﬂﬂdﬂﬁmiaﬁlajmu
Ausey finnuuansneun1eEan (P<0.05) (Table 15) Usinasinma Aenufunse waznswasud
Wasnvewadulaliiinuuana1aiuneada Lﬁaiﬁ%’umm%fauﬁqmmﬁ 46, 47 Wavd8 a9 LvalgYd

W 0, 1 waz2 Falue ndsanivlugeruaugumnifn 10 esrwaed w1 7 U lngAnAINAIINNIY

A 14 1 4

vosduleliiiuasuuas (Table 16 and 17) uenaniniswasudiudenvosmadulefituaudoud
9aunl 48 BerNAEd WU 0, 1 Uaz2 Flue pzAsudaniAuiifiden Waswiudfiaeudranios
mm’iwé’miaﬁiﬁm"]umm%fauLLazé’miaﬁmumwﬁauﬁqmmﬁ 46 ward7 aeAwawdyd W1 0, 1 wav2
#alua (Table 18) lnsfigaumadl 48 ssmwaidoa umu 2 $2lus damugasm (black spot) Faiduennisi
Aaanseutduiiudenveswaduleunn (damaged oil sland) (Figure 28) Lﬁaﬂhumm%’auﬁqmmﬁ
gaarasnuioul iluszeznaiiu
9. nsAnenduiulszansnmeesnseuletnuuanmanududuinslunisisauuasiunaldly
wadulawuguaniie

wissudulevaaedlilutasiunaldl 8. dorsalis wueudy 1 egneluna Ainw 2 35015 fe 1.
Wnsldnueudy 1 wnasiunaldlunadule (artificial infestation method) wag2. Anstrluasiunald
Nslalunadle (forced infestation method) thduladesesgoumnuiouriieusyifiussansamwes

o w [y

nsrvIunseulanUTuan MANUAUELTNS gaminil 46 asrwalea Ui 30 Wil Tunisidauuasd

U & b4

naldvuauts 1 wulidesndn 30,000 @1 Tanevianus Lieniseausuduisnisiandnsiasiu

Y

T

fAnfuity Jeszeznaildlunsevduleigamall 46 asrgai@ea U1 30 W9l Haunswmindulaiivue
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aamnintglunisveasusazasibanandlily (Table 19 and 20) 91nNN1sNAaeINULN d@ula?iluniu

9 Y

v [

AINSDUTIUIU 60 War20 WA AwUAITENTINTIUIU 9,961 Ward 438 fm FIAULENNIUAIUSDU F1UIU
180 kaz60 Na LNUWLAITnTIR tagau1sanidnnuaudy 1 veswuasiunaldl B. dorsalis loUseuna

43,170 61 luwadulomevavun (Table 21)

v 6 1

Feisniseuleiivuanmanutuduing lnediswsnaglvnnusoumeiseuainiaiou 810
Souinyuisunigludounnuoudazmuiuduivndszning 50-80 Wesidud aunseiadlogumgl

'
= L% =

elugiinduisseaunilaazaamginiglunadulofioamaiin 43 ssewadea JUSuldsunisiv

1
o b4 v YV

o 2 aa a X o v soa X 1 a H
ﬂ'ﬂ']iJﬁEJULUu’Jﬁ@UVL@UW E]']ﬂ']ﬂﬁ@u&l?’\I'J']N%HﬁNWV]ﬁLWNEUUQE{inuaﬂqWVl@N@’Jﬂ’JEJVL@uq (saturated

¥ <

condition) AMuTUFUINEIINNT1 90 Wasdud nsyuiumseudulensnaiiliiussaniamaalasedu

v A Y v v A

wnsgrufisensuldudsnismdadngiinsuinduiie ieldmdnuuasiunaldszozlivasnuouiasigg

Y

Tudulonaunisdsesn wsizanunsamiaunasiunalivueuds 1 laauunsgiudenivuavesissie

A b v v A

Sy oA Y1 an o v v o w ° K% ! o &
ﬁy}uumizul’)'ﬁ"ﬂﬁﬂ'ﬁﬂ’]"ﬂ@ﬂﬁ]iwsﬁﬂ’]Uﬂﬂﬂu‘WﬁﬁﬂgmE)\'iﬂ']"ﬂ@lLLN@QQqUUU‘lNu@Uﬂ’J"I 30,000 #17 ANYVNBUA

Y

10. NM3AnwANuEEMIgRaAMnNRATUlaWLT YRS

A5UsEIUANULEEMEYInsEUIUN1saUlauNUSUAN INALTUFUTNSHaFUl lUdaNININaD 4

1 i

N158990NEULN1ATDI0ULATNNSD BUALLBLAYYIILINALIAINUSTOUAIBITaUDINIASOU BINASIU

A ~

Mmudsuniglugeunuioussiinnuuduingszning 50-80 Wesidus aunseriuilegamgiinielug

9

v '
= = U =

dinRudsszaunilaazaunginnglunaduleligumiin 43 ssrwaldva JsuTuildeunisliaiuieu

9 Y

1% 1% 1%
= " v Y

I aa ° v a = [ 9] 6 q' c{'q' qol d‘l’ U 9] [ 1
WJuiSauleun mﬂ1maummwmjuamwmmmuagluamwmaummsﬂ,am AMUFUAUNNTUINNT 90
¢ @& & A a o 8 @ a H a a A P a
Woslgus waUseiiunTgedsunnun Usanuuinig Ussunsn warnsiUasuaUAaNUBINadULaNNIY

1% ' 1% A 2 Y Aaa = <
ANUSaULaL liKIUAINSaU Luamulf’ﬂ,u@muqmqmmm 10 29AARYd LUUTLYLLIAIUIU 7 hayld
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Table 1. Time for pummelo to attain 46.0 °C for various holding times during test

chamber no. 1 and chamber no. 2 for modified vapor heat treatment.

Rep. Sensor fruit weight Time (h)l/

(s) 0:00 1:00 2:00

1 967.61 978.40 999.73 6:35 T:35 8:35
2 94555 95240 96598 545 6:45 T:45

Time for center of only 3 sensor fruits to attain target temperature.

Table 2. Temperature and humidity during operation for pummelo to attain 46.0 °C for

various holding times during test chamber no. 1 for modified vapor heat treatment.

Time Air RH Sensor fruit center temp. ( ° C)l/
temp.
(h) O (%) 9 10 11

Operation Control with fix set point constant set mode

HAT: +0:30 40.8 54.7 27.7 27.6 27.7
0:00 25.8 86.6 27.5 27.4 27.5
VHT: 4:18 47.0 52.7 44.3 44.4 43.0
* 6:35 [+0:00] 46.9 94.9 46.5 46.6 46.0
* 7:35 [+1:00] 47.0 94.9 46.8 46.9 46.5
* 8:35 [+2:00] 47.0 95.2 47.0 47.0 46.8

Time for center of only 3 sensor fruits to attain target temperature.

Table 3. Temperature and humidity during operation for pummelo to attain 46.0 °C for

various holding times during test chamber no. 2 for modified vapor heat treatment.

Time Air RH Sensor fruit center temp. ( ° C)l/
temp.
(h) O (%) 9 10 11

Operation Control with fix set point constant set mode

HAT: +0:30 36.2 59.8 285 28.5 30.0
0:00 28.3 89.5 28.0 28.0 29.4
VHT: 4:09 a7.1 51.8 43.0 43.1 43.7
* 5:45 [+0:00] a7.1 95.0 46.0 46.1 46.5
* 6:45 [+1:00] 47.1 95.1 46.6 46.7 46.9
* 7:45 [+2:00] 47.1 94.9 47.0 47.0 47.2

Time for center of only 3 sensor fruits to attain target temperature.
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Table 4. Time for pummelo to attain 46.0 °C for various holding times and different loading

factor during modified vapor heat treatment.

Loading

Rep. Capacity factor Sensor fruit weight Time (h)"
(%)  (kg/cum.) (9) 0:00 1:00 2:00

1 25 32.87 1,204.33  1,207.36 1,208.09 7:00 8:00 9:00
50 62.86 1,194.31 1,198.23 1,223.86 6:35 7:35 8:35
75 95.05 1,180.02 1,192.35 1,197.70 6:45 7:.45 8:45
100 130.15 1,185.97 1,187.52 1,191.88 6:25 7:25 8:25

2 25 32.55 1,208.35 1,219.14 1,224.33 6:53 7:53 8:53
50 65.50 1,223.70 1,223.98 1,224.20 6:20 7:20 8:20
75 96.84 1,207.15 1,212.09 1,21855 6:10 7:10 8:10
100 131.53 1,179.02 1,183.01 1,183.40 5:45 6:45 7:.45

Time for center of only 2 sensor fruits to attain target temperature.

Table 5. Calibration factor obtained from each sensor of the vapor heat treatment system.

Date/Time Number of sensor"”

17/07/2017 1 2 6 7 8 9 10 11
10:20 46.0 99.9 46.0 46.0 46.0 46.0 46.0 46.0
10:25 46.0 99.9 46.0 46.0 46.0 46.0 46.0 46.0
10:30 46.0 100 46.0 46.0 46.0 46.0 46.0 46.0
10:35 46.0 99.9 46.0 46.0 46.0 46.0 46.0 46.0
10:45 46.0 100 46.0 46.0 46.0 46.0 46.0 46.0

“The test was conducted by dipping all sensors into constant temperature water bath

at 46.0 °C for 0:20 minutes.
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Table 6. Time for center of pummelo to attain 46.0 °C for various holding times during

modified vapor heat treatment in preliminary disinfestation test.

Load
Rep. factor Sensor fruit weight Time (min.)l/
(kg/cum.) (s) 0:00 0:10 0:20 0:30
1 18.94 1,187.04 1,195.76 1,202.96 6:57 T7:07 T:17 7:27
2 19.21 1,205.83 1,213.59 122454 5:35 545 555 6:05
3 19.53 1,216.16 1,221.71 1,22494 6:35 6:45 6:55 7:05
4 19.34 1,201.36 1,206.50 1,209.22 6:09 6:19 6:29 6:39

Time for center of only 2 sensor fruits to attain target temperature.

Table 7. Time for center of pummelo to attain 43.0 and 46.0 °C during modified vapor heat

treatment in preliminary disinfestation test.

Time for fruit Time for fruit Time form
Rep. center to reach  center to reach  43.0 to 46.0 °C

a30°c ()’ a60°c )’ "
1 4:37 6:57 2:20
2 4:02 5:35 1:33
3 4:36 6:35 1:59
a4 4:25 6:09 1:44
Average 4:31 6:09 2:04

Time for center of only 2 sensor fruits to attain target temperature.
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Table 8. Mortalityl/ of first instar of oriental fruit fly, Bactrocera dorsalis (Hendel)
in pummelo (Khao Nam Phueng) treated with modified vapor heat treatment

in preliminary disinfestation test.

Number Number Number Corrected
Treatment” of treated of alive of dead mortality
(larvae) (larvae) (larvae) (%)”
Control 1,600 1,315 285 0
46.0 ° C + 0 min. 1,600 0 1,600 100
46.0 ° C + 10 min. 1,600 0 1,600 100
46.0°C+20min. 1,600 0 1,600 100
46.0 ° C + 30 min. 1,600 0 1,600 100

“Combined data of 4 replicates.
“Treatment: 2 fruits infested with 200 individuals/fruit.
Control: 2 fruits infested with 200 individuals/fruit.
3/I\/\ortality is corrected by using Abbott’s formula (Abbott, 1925).
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Table 9. Mortalityl/ of first instar of oriental fruit fly, Bactrocera dorsalis (Hendel)
in pummelo (Thong Dee) treated with modified vapor heat treatment

in preliminary disinfestation test.

Number Number Number Corrected
Treatment” of treated of alive of dead mortality
(larvae) (larvae) (larvae) %)”
Control 1,600 1,329 271 0
46.0 ° C + 0 min. 1,600 0 1,600 100
46.0 ° C + 10 min. 1,600 4 1,596 98.82
46.0°C+20min. 1,600 0 1,600 100
46.0 ° C + 30 min. 1,600 0 1,600 100

“Combined data of 4 replicates.
?Treatment: 2 fruits infested with 200 individuals/fruit.
Control: 2 fruits infested with 200 individuals/fruit.
3/I\/\or‘tali‘ty is corrected by using Abbott’s formula (Abbott, 1925).

Table 10. Time for center of pummelo to attain 46.0 °C for various holding times during

modified vapor heat treatment in intermediate disinfestation test.

Load
Rep. factor Sensor fruit weight Time (min.)l/
(kg/cum.) (9) 0:00 0:10 0:20
1 29.86 1,191.02 1,191.59 1,201.52 6:51 7:01 T:11
2 29.82 1,203.07 1,210.77 1,21740 6:08 6:18 6:28
3 30.90 1,219.25 1,219.31 1,221.27 6:40 650 7:00

Time for center of only 2 sensor fruits to attain target temperature.
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Table 11. Time for center of pummelo to attain 43.0 and 46.0 °C during modified vapor

heat treatment in intermediate disinfestation test.

Time for fruit Time for fruit Time form
Rep. center to reach  center to reach 43 to 46.0 °C
43.0°c ()’ 46.0°C ()’ "
1 a4:37 6:51 2:14
2 4:22 6:08 1:46
3 4:30 6:40 2:10
Average 4:29 6:33 2:03

Time for center of only 2 sensor fruits to attain target temperature.

Table 12. Mortalityl/ of first instar of oriental fruit fly, Bactrocera dorsalis (Hendel) in
pummelo (Khao Nam Phueng) treated with modified vapor heat treatment

in intermediate disinfestation test.

Number Number Number Corrected
Treatment” of treated of alive of dead mortality
(larvae) (larvae) (larvae) (%)”
Control 4,800 4144 656 0
46.0 ° C + 0 min. 4,800 9 4,791 99.34
46.0 ° C + 10 min. 4,800 0 4,800 100
46.0 ° C + 20 min. 4,800 0 4,800 100

“Combined data of 3 replicates.
“Treatment: 8 fruits infested with 200 individuals/fruit.
Control: 8 fruits infested with 200 individuals/fruit.
3/I\/\or’tality is corrected by using Abbott’s formula (Abbott, 1925).
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Table 13. Time for center of pummelo to attain 46.0, 47.0 and 48.0 °C for various holding

times during modified vapor heat treatment in fruit injury test.

Load
Temp. factor Rep. Sensor fruit weight Time (h)l/
(kg/cum.) (g) 0:00 1:00 2:00
46.0° C 13.88 1 1,175.40 1,178.40 1,179.49 6:43 7:43 8:43
14.15 2 1,178.92 1,183.67 1,195.41 642 7:42 8:42
47.0° C 14.70 1 1,182.60 1,183.03 1,192.02 7:05 805 9:05
14.98 2 1,19290 1,195.55 1,196.25 7:31 831 9:31
48.0° C 15.00 1 1,204.71 1,208.25 1,209.92 T7:25 825 9:25
14.89 2 1,215.10 1,21895 1,221.10 7:30 830 9:30

"Time for center of only 3 sensor fruits to attain target temperature.

Table 14. Time for center of pummelo to attain 43.0, 46.0, 47.0 and 48.0 °C during

modified vapor heat treatment in fruit injury test.

Time for fruit Time for fruit Time form
Temp. Rep. center to reach center to reach 43 to 46.0,
43.0°C 46.0, 47.0,48.0 °C  47.0,48.0°C

" " "
46.0° C 1 4:35 6:43 2:08
2 a4:37 6:42 2:05
47.0° C 1 4:23 7:05 2:42
2 4:40 7:31 2:51
48.0°C 1 4:15 7:25 3:10
2 4:18 7:30 3:12
Average 4:28 7:02 2:55

Time for center of only 3 sensor fruits to attain target temperature.
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Table 15. Weight loss (%) of pummelo treated with modified vapor heat treatment
center temperature 46.0, 47.0 and 48.0 °C for various holding times and

7 days chamber at 10 °C.

Rep. Treatment”’ Weight loss (%)*
0:00 h 1:00 h 2:00 h
1 46.0°C 2.79 2.73 4.85
Control 2.14

t-test 46.0 °C vs Control

47.0°C 3.80 3.47 4.15
Control 3.86
t-test 47.0 ° C vs Control
48.0°C 4.96 5.16 5.20
Control 3.66
t-test 48.0 °C vs Control
2 46.0°C 2.18 2.82 5.30
Control 2.27

t-test 46.0° C vs Control
47.0°C 4.18 5.01 4.69
Control 3.60

t-test 47.0° C vs Control
48.0°C 5.07 5.22 4.84
Control 4.56

t-test 48.0° C vs Control

i/sTreatment: mean of 4 fruits, Control: mean of 4 fruits.
Non difference was statistically significant by t-test.
* The difference was statistically significant by t-test.
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Table 16. Total soluble solid (’ Brix) of pummelo treated with modified vapor heat
treatment center temperature 46.0, 47.0 and 48.0 °C for various holding

times and 7 days chamber at 10 °C.

Rep. Treatment”’ Brix value (Brix)™
0:00 h 1:00 h 2:00 h
1 46.0°C 10.78 10.75 10.40
Control 10.68
t-test 46.0° C vs Control
47.0°C 10.13 9.95 10.00
Control 10.75

t-test 47.0° C vs Control
48.0°C 9.75 9.75 10.03
Control 9.28

t-test 48.0° C vs Control

2 46.0°C 10.63 10.88 11.10
Control 10.65
t-test 46.0° C vs Control
47.0°C 10.38 10.85 11.00
Control 10.25
t-test 47.0° C vs Control
48.0°C 9.80 10.03 10.08
Control 10.35

t-test 48.0 °C vs Control

v Treatment: mean of 4 fruits, Control: mean of 4 fruits.
Non difference was statistically significant by t-test.
* The difference was statistically significant by t-test.
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Table 17. Acidity (%) of pummelo treated with modified vapor heat treatment center
temperature 46.0, 47.0 and 48.0 °C for various holding times and 7 days
chamber at 10 ° C.

Rep. Treatment”’ Acidity (%)
0:00 h 1:00 h 2:00 h
1 46.0°C 0.88 0.87 0.72
Control 0.89

t-test 46.0 ° C vs Control
47.0°C 0.94 1.12 1.09
Control 1.11
t-test 47.0 °C vs Control
48.0°C 0.70 0.58 0.70
Control 0.77
t-test 48.0 °C vs Control
2 46.0°C 0.75 0.81 0.82
Control 0.84
t-test 46.0 ° C vs Control
47.0°C 0.89 0.96 0.66
Control 1.02
t-test 47.0 °C vs Control
48.0°C 0.55 0.52 0.58
Control 0.57
t-test 48.0 °C vs Control

ZSTreatment: mean of 4 fruits, Control: mean of 4 fruits.
Non difference was statistically significant by t-test.
* The difference was statistically significant by t-test.
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Table 18. Peel color rating (0-4) of pummelo treated with modified vapor heat treatment
center temperature 46.0, 47.0 and 48.0 °C for various holding times and 7 days
chamber at 10 ° C.

Rep. Treatment”’ Peel color rating 0-0)"
0:00 h 1:00 h 2:00 h
1 46.0°C 0.75 0.50 0.50
Control 0.25
t-test 46.0° C vs Control
47.0°C 0.25 0.25 0.50
Control 0.25
t-test 47.0°C vs Control
48.0°C 1.75 1.50 2.00
Control 0.25
t-test 48.0° C vs Control
2 46.0°C 0.50 0.75 1.00
Control 0.25

t-test 46.0° C vs Control
47.0°C 0.50 0.75 1.00
Control 0.25

t-test 47.0° C vs Control
48.0°C 2.25 1.75 2.25
Control 0.25

t-test 48.0° C vs Control

rZTreatment: mean of 4 fruits, Control: mean of 4 fruits.
Non difference was statistically significant by t-test.
* The difference was statistically significant by t-test.
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Table 19. Time for center of pummelo to attain 46.0 °C for 0:30 minutes during

modified vapor heat treatment in large scale disinfestation test.

Rep. Loading Sensor fruit weight Time (h)l/

(kg/cum.) (g) 0:00 0:30

Low load: 61.19 - 62.75 kg/cum.
1 61.94 1,182.11 1,183.83 1,183.90 6:12 6:42

62.75 1,187.89 1,185.87 1,184.01 6:05 6:35
62.07 1,189.06 1,191.50 1,192.51 6:25 6:55
61.79 1,196.62 1,197.66 1,199.47 5:55 6:25
61.19 1,207.73 1,208.09 1,208.50 5:50 6:20

[ 2 B N CS I\

Full load: 124.75 - 125.14 kg/cum.
1 124.75 1,181.83 1,187.09 1,187.48 6:53 7:23
125.14 1,211.39 1,21547 1,220.15 7:10 7:40
124.94 1,213.93 1,219.10 1,213.59 7:00 7:30
124.77 1,224.60 1,224.67 1,224.87 7:20 7:50

o B~ W DN

124.86 1,222.27 1,223.15 1,223.79 7:00 7:30

"Time for center of only 2 sensor fruits to attain target temperature.
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Table 20. Time for center of pummelo to attain 43.0 and 46.0 °C during modified vapor heat

treatment in large scale disinfestation test.

Time for fruit Time for fruit Time form
Rep. center to reach  center to reach 43 to 46.0 °C
a30°c )’ 46.0°C ) "
Low load: 61.19 - 62.75 kg/cum.
1 4:15 6:12 1.57
2 4:20 6:05 1:45
3 4:15 6:25 2:10
a4 4:00 5:55 1:55
5 3:55 5:50 1:55
Average 4:01 6:09 2:04
Full load: 124.75 - 125.14 kg/cum.
1 4:45 6:53 2:08
2 4:58 7:10 2:12
3 4:45 7:00 2:15
a4 5:00 7:20 2:20
5 4:47 7:00 2:13
Average 4:59 7.07 2:14

Time for center of only 2 sensor fruits to attain target temperature.
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Table 21. Survival” of first instar of the oriental fruit fly, Bactrocera dorsalis (Hendel)
in pummelo (Khao Nam Phueng) treated with modified treated vapor heat

treatment at 46 ° C for 0:30 minutes in large scale disinfestation test.

No. alive Estimated No.
Rep. Infestation No. test fruit individual treated survivors
thod Control Treatment?  incontrol  population
(larvae) (larvae)
Low load: 61.19 - 62.75 kg/cum.
1 Larval inoculation 6 18 984 2,952 0
Forced infestation 2 6 372 1,116 0
2 Larval inoculation 6 18 980 2,940 0
Forced infestation 2 6 316 948 0
3 Larval inoculation 6 18 1,013 3,039 0
Forced infestation 2 6 515 1,545 0
4 Larval inoculation 6 18 976 2,901 0
Forced infestation 2 6 394 1,182 0
5 Larval inoculation 6 18 1,003 3,009 0
Forced infestation 2 6 414 1,242 0
Sub-total 40 120 6,967 20,874 0




Table 21. Continued.

a6

No. alive Estimated No.
Rep. Infestation No. test fruit individual treated survivors
ethod Control Treatment?  incontrol  population
(larvae) (larvae)
Full load: 124.75 - 125.14 kg/cum.
1 Larval inoculation 6 18 1,033 3,099 0
Forced infestation 2 6 344 1,032 0
2 Larval inoculation 6 18 1,017 3051 0
Forced infestation 2 6 503 1,509 0
3 Larval inoculation 6 18 951 2,853 0
Forced infestation 2 6 693 2,079 0
4 Larval inoculation 6 18 978 2,934 0
Forced infestation 2 6 431 1,293 0
5 Larval inoculation 6 18 1,026 3078 0
Forced infestation 2 6 456 1,368 0
Sub-total 40 120 7,432 22,296 0
Total 80 240 14,399 43,170 0

“Combined data of 10 replicates.

2/Treatment: 180 fruits (Larval inoculation) infested with 200 individuals/fruit.

Control: 60 fruits (Larval inoculation) infested with 200 individuals/fruit.

Treatment: 60 fruits (Forced infestation).

Control: 20 fruits (Forced infestation).
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Table 22. Time for center of pummelo to attain 43.0 and 46.0 °C for 0:30 minutes during

modified vapor heat treatment in commercial export simulation test.

Time for Time for Time for
Method of Rep. Loading Sensor fruit center  fruit center fruit center
transportation (kg/cum.) fruit to reach to reach to reach
weight 43.0°C 46.0 ° C 46.0 °C
(®) " " 0:30 (h)”
Air shipment 1 140.93 1,197.06 4.35 6.01 6.31
Sea shipment 1,213.29
1,217.10
Air shipment 2 140.95 1,213.71 4.31 6.01 6.31
Sea shipment 1,217.77
1,218.32

Time for center of only 3 sensor fruits to attain target temperature.
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Table 23. Air transportation: Quality of pummelo fruits treated with proposed heat

quarantine treatment at center temperature 46.0 °C for 0:30 minutes and

7 days chamber at 10 °C.

Rep. ltem " Control” Treatment”’
1 Weight loss % 2.84 3.73
TSS " Brix 10.88 10.85
Acidity % 0.87 0.78
Peel color 0-4 scale 0.50 0.67
Damaged oil glandZ/ Present 0/4 0/12
Srell” Unusual 0/4 0/12
Taste” Unusual 0/4 0/12
2 Weight loss % 3.47 4.32
TSS ° Brix 12.18 12.32
Acidity % 0.89 0.78
Peel color 0-4 scale 0.50 0.75
Damaged oil glandZ/ Present 0/4 0/12
Smell” Unusual 0/4 0/12
Taste” Unusual 0/4 0/12

l/Control = mean of 4 fruits, Treatment = mean of 12 fruits.

“Fruits exhibited symptom/Total number of fruits observed.

"™ Non difference was statistically significant by t-test.
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Table 24. Sea transportation: Quality of pummelo fruits treated with proposed heat

quarantine treatment at center temperature 46.0 °C for 0:30 minutes and

14 days chamber at 10 °C.

Rep. ltem ™ Control” Treatment”
1 Weight loss % 4.54 5.04
TSS ® Brix 12.30 12.32
Acidity % 1.01 0.95
Peel color 0-4 scale 1.50 2.08
Damaged oil glandZ/ Present 0/4 0/12
Smell” Unusual 0/4 0/12
Taste” Unusual 0/4 0/12
2 Weight loss % 5.86 6.04
TSS ® Brix 11.73 11.05
Acidity % 0.96 1.00
Peel color 0-4 scale 1.75 2.17
Damaged oil glandZ/ Present 0/4 0/12
Srell” Unusual 0/4 0/12
Taste” Unusual 0/4 0/12

l/Control = mean of 4 fruits, Treatment = mean of 12 fruits.

?Fruits exhibited symptom/Total number of fruits observed.

"™ Non difference was statistically significant by t-test.
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Figure 1. Fruit fly mass rearing room.

Figure 2. Fruit fly eges.
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Figure 3. Count fruit fly first instar under microscope.

A

Figure 4. The first hole was made on top at the area where the stalk attached

with fruit.



52

Figure 5. The second hole was made on upper half of test fruits.

|

Figure 6. Test fruits were held in a plastic container. Each fruit was placed on

top of a plastic ring to prevent larvae from drowning.
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Figure 7. Fruit holding containers were covered with fine mesh muslin cloth to

prevent fruit fly reinfestation.

Figure 8. Sanshu vapor heat treatment system (differential pressure type)

model: EHK-1000D.
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Figure 9. Capacity treated modified vapor heat treatment in the chamber.

Figure 10. Calibration sensor of resistance thermometers.
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VAPOK HEAT TREATMENT SYSTE/]

Figure 11. Recorder in the vapor heat treatment system.

Figure 12. Place monitoring of fruit temperature (sensor fruit).
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Figure 13. Control and test fruits infested with fruit fly first instar were held in

room at 25-27 ° C after heat treatment.

Figure 14. Test fruits infested with fruit fly first instar were observed at each given

treatment temperature and holding time.



57

Figure 15. Fruit holding containers (drawer-type boxes).

Figure 16. Showing cooling system (differential pressure type) model: SHS-12.
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Figure 17. Control and treated fruits keep in box.

Figure 18. Control and treated fruits in chamber at 10 ° C after heat treatment.
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Figure 19. The measurement of total soluble solid (TSS) by using 'atago’ digital
refractometer (model: DBX-30).

Figure 20. The measurement of acidity by using acilizer (model: 5 006P).
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Figure 21. Forced infestation method ten punctures were made on the fruit surface

by inserting pin (0.5 mm. diameter).

Figure 22. Forced infestation method test fruits were individually exposed to

gravid females for oviposition.
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Figure 23. Artificial and Forced infestation method.

Figure 24. Filler fruits.
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Figure 25. Low load and Full load in chamber (capacity 50 and 100 %).

Figure 26. Commercial export simulation test.
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Figure 27. Filler fruits.

Figure 28. Symptom of damaged oil gland (black spot) found on peel of MVHT

treated fruits at 48 ° C for 2 h after 7 days in chamber at 10 ° C.



