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R (post-harvest) Jp & LSRG BT AL 4 7T

WEESE T WHUT ' TREIR

M

A IR s R B 0 2025 - FR Tl (post-harvest) i E 2 EAHES ALY 4 o
LTHAREFE 19:97-114-

RILEINTE (post-harvest disease) FRIBIEWII RIS HIETE ~ 120 ~ fETF ~ 7
e B S oy S A R T R IR IFR S B B R A s R S e B A o B
18 H i S A MR B R e A T IR 20850 ol IR BR R R B A (L B S ] - A%
BB E 2T (iminoctadine triacetate) BAJE4E (thiabendazole) » AN H#E 33
ORIV ZE RN BRIRERIAE > WO RMEMZE S (Codex Alimentarius
Commission, Codex) 1Z#E K, Z{EE 1A= (import tolerance) HIFE R FyRRE - #5
A P PRI R BE A BRI AR S B E (R YY) » A5 IREEUR - #IK%E (fludioxonil) ~ %
SEF (propiconazole) BJE#EFLER Ky Codex FIERBRERH AR (maximum
residual limits, MRLs) %% » /N R BIHE AT EHEEHE 2G84 - AR
M AE BN AT B T g AE ) (R £ FH 5% (Buropean and Mediterranean Plant Protection
Organization, EPPO) $1 ¥R & SERET AL < B BavE R - W DUBBL IR BE 2 i B ih e BE
T B - BRBHEI BT PR R B EE A B R S BB E T - VRSB ~ BREfk
B R AL TRAR o HHSEARSCREIE Ry RO 218 38 JR R 1% 3 15 79 75 i BEH R S AL st 1 1
JE RGBS 2 2% - TR E L GHE L E B TEF T -
BB G « SRR ~ R REREANE - EORFE - 0GR

P2 : 20259 1 H
* SEFEH ° E-mail: cenhz@acri.gov.tw
UoEhT REEA RS BET
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HI S

HEYIwR IR RS R4 R R B
SN R A A R BRI R P B » R
a4 7 B FE B AT - DE R B T KRBT By
i e = B - A R ITR BRI IR
(post-harvest diseases) ° FRNILIHFEIRIEE
FE A BRI R T TIB VL ~ Rl ~ 43 B
S R ER R AR AT R AR E ) o AR
[EIEYIRY B R R AL B R SR MR AN[E] - BRI
Beins T Al FHH P S AEAE - ANBRAR
EHPR CORRY IR - SR REWES -
TEVIAE BRI 2 1Y A2 BRI 92 2 B FR A T
WA B SI A BGHRER ~ e olEtE ~ RE
an B BRI E R T~ SRiRE
P PR BEE S TF A AR T T - BN R Lo
B B R R 2 B Y B IR A YR
B A ER T 2 -

R Hodges A (2011) % - £RIK
s ok AR L AT S MR AT 10-
50% » TEFAFE R BIR LRI - HRER
2 AT ERE B TR @ - (LB 5E
B Ry B i i H B M m F 6T
Btz — » AR H AT R IR R L2
HIBEFT » EERRA AL JE R e = B
B Bk Gy E e B
triacetate) EiJE%E (thiabendazole) @ o

TR | 25 B R PR IS % i B S 7
4 {5 FH SR M B BEE L o e 26 DA EE % 8 O
el = iy BELAE R AR e B Ry HAR - E e R
R R B R SRR SR A P 2 58 » il
BETVREIEANACEERE AT &

(iminoctadine

(maximum residue limits, MRLs) ° £ &
R M & & A - OB R
IR HAZ e < BE IR R B s - T B
HHE AT & (import tolerance) FHEE ;
A DA T B 2 IR R BRI E S A e IR TH
Ui # PRSP FH BE AR -

AR i O A 2 L 3 R BRI R
I B BRI B ORI 43 AT BB R s

ZE ¥ (Codex Alimentarius Commission,

Codex) RIE L FRILTR FH & A B Pl BLE )
«Z MRLs » SRS A B2 2 7

FFEHEE AR - PRES HEERIFEAY BLEY) o
o A SCIR S AE BN FE P IR B R R
(European Plant
Protection Organization, EPPO) FT % &
PRISIR o PR EEASEABE HE R - P DL R AL
RS R = - BB L
AR B T - IRE R A E A
FRRACHE B ER IS T 5 S 15 B RS Bl 3
By 2HKE -

HBO RN ER

IR SCRRER & - 228 BRI BRI R
AT 2 A £ B PR /K R BAR BE52
RAEY) o BRI S 2R R R R
EEN(RIEIEE STV Z - REAN Y SR
& - B < P SOR A TREAR R 5 K
< AEHRIEE IR ATRER A A AR W
& o BEERE MBS - At seiei
ANPESCRRGC#L - HIHE 33 FERIKR IR IR
B HARBAE () -

and  Mediterranean
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Table 1. Post-harvest pathogens and diseases caused in Taiwan

Pathogen genus Disease common name Crop Reference
Zgomycete B EH
Gilbertella wet rot ¥25 pitaya
Rhizopus soft rot #Kf& sweet potato
Acomycete THEH
Alternaria black rot & carrot 16
Botryodiplodia black rot F2JE banana 13
stem-end rot FE papaya 1
Botryosphaeria black rot F2JE citrus 15
(or Diplodia) fruit rot SJE sugar apple 19
Botrytis grey mold JXf# pear, strawberry 9;14;18
Ceratocystis black rot F2JE pineapple 4
crown rot Hillj&g banana 13
black spot A sweet potato 7
Colletotrichum anthracnose R citrus, banana, papaya, mango 153513515
Fusarium fruit rot SfE citrus, banana 15
fruitlet core rot /N pineapple 4
dry rot ¥ZJ& potato 10
Lasiodiplodia black rot F2JE sweet potato 7
stem-end rot F5/5 mango 3
Monilinia brown rot {&& pear 145 18
Penicillium green mold #kf# - blue mold &H# citrus, pear 14;15; 18
fruitlet core rot /NRJEEHL pineapple 4
Pestalotiopsis scab J& ¥ guava 20
Phomopsis brown rot #5J& citrus 15
Phyllosticta black spot guava 20
Sclerotinia Sclerotinia rot F% carrot 16
Oomycete JHE
Phytophthora heart rot /[[2J& pineapple 4
Phytophthora fruit rot H4% mango 3
Bacteria fll
Pantoea (=Erwinia) fruitlet brown rot {Ef& pineapple 4

PR R B LT 25 (ascomycetes)
B £ R FAEXKHEWKBE
(Colletotrichum spp.) » W] BEE A - F
B~ RINRBEREEY)  REEERBER
(anthracnose) (13- 13- 15 Ceratocystis spp.Hi

SRR R F MR - A5 R R

(black rot) @ ~ FEHEE (crown rot) 13 K
HEEEHE (black rot) P 5 1fij Fusarium spp.
AE A AL B B SR (fruit rot) 05 ~ &
BN (fruitlet core rot) @ J B $5 %
HZIE (dry rot) (10 55 o HAth B AR SRR
95 55 L B 1Y 9 I B o B RE Alternaria >
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Botryodiplodia Botryosphaeria

Botrytis ~ Lasiodiplodia ~ Monilinia
Penicillium ~ Pestalotiopsis ~ Phomopsis
Sclerotinia % (1.3,4.7,9, 13, 14,15,16,18,19,20) o

bRy EERI - SEDBERIKIRINE
B < k& (zygomycetes) Il
(oomycetes) MM (bacteria) Z#cHk G4
7o AN o FERT R BGHE B B R R - B
R IS A B R T RE S S RS - AT
5 S R L PR I S B R =

I 5% 3% JH 1 2% BR 152 B B & Ak 1
B 2 FLJA Codex FRHEBLIE 1%
GG ES /5]

MRIE Codex ABAER ¥ » HATHLET
A 253 FE 352 MRLs » WHE R 6,000 1
FRHE - Horp o BEEE Ry PRUGTR R BE ] ik 5 3t
143 38 » ¥ Je 35 TR ST - BERE
64 T (18 AT ~ #aaf] 76 3H (14
MH RS ~ B RFVERIEERER 3 18
(3 HAERSST) (B— A) o DIERMfE T
S v R B e BR A% i B R P A Y B
B s A ABREETEN N ALHY MRLs » £
BAIAHR MRLs By 59 JE » AHE A &
& 33 W R YH H i 2 R ZER R -

T FH A R Mt i A R B - AR B
(fludioxonil) % Codex F]EIE#¥EIR % H
(14 IH) » X vaFl] (propiconazole) 9
T~ JEHE 8 35 ~ KIS (imazalil) 535 ~ mH

MEDUE FREEACIRIRET - BLIRE ORI IR A -

FERL (azoxystrobin) 4 T ~ 2-phenylphenol
4 18 ~ o fl] (difenoconazole) 3 TH ~ JR3E
JE (pyrimethanil) 3 T - diphenylamine 3
TH ~ 1555 F] (tebuconazole) 2 IH ~ BEvRHL
(prochloraz) 2 I » HEREERIMEZTE 1 B
# ([E— B) - HSEENE @ ZEHEEE
EdE TR, ik - HERERERT
R - BURIRBIE & i e R B E R A
KM - A B B R 2R -

YEY 51 » Codex Fia ] Z R &A% BRI
MRLs %Sk 5300 5 # 8 < /K R AR B
MREESAH - CLAHAS R ~ 2R %E - iR
(stone fruits) ~ FZ AR A] R/KE S BEEEEE (AN
HEeE) RE R (E— O - ZHIEY
RESZERTEIIR ~ MPRSERE ~ SRR
TR - BEE T B R TR T B 1R 2 A
EEEG

KBRS EEYE B (Taiwan
Food and Drug Administration, TFDA) FHEH
BUE » Ry ORI TR AL AT & T B o
A REHE o T ] A ARG i o B A A B
B R PR B HE H EE RFF B HEE » 18
HEt E AT EREE 558 2,000 4= 1 » HArEH
SRR B IR B 3R B 3T 96 {4 » W 21 1
GRS - DRI % » 516 551 (12
ALY (B A) - FHEEZERI) IR
RS 0 17 HRBIRERE 13 £
W] 8 £ ~ BRFERK 6 4 ~ FRFaFl 3 4
WIS 2 1 - HAZERIRAS R 11 (8
B) - BHEM S » HHEGZEREAHEL Codex filt
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Bl BRI R A R = BEAE L - BRI R
) S5 1 B o] A i A = 2 o P {60 P O BE R
HHEERA B -

SNBSS CiF- P (27 ZiTPINPYIS S
FHEREH R (B C) » fE2KIRE 01T
JITHT » SR Kyt [TER 1% i PR B 1 FR 3
HiR%E (49 1 - b 84%) - Hrp 3
(7] 5 A o 5 57 P R % - YR B 2R P BF
A 4 B 2 fRHREE o EEIR A Ry
RARNREEGHH  IRBREHE S
(17) » 2020 % 2024 4[] - SEEIHE TR
b A LR A AL E AT 20-23% 5 W EE
BN Ry 2 AR CRIEB L — 5 T H
Ay FEEE T » (B fE A $2 H BR R R B
Mo MRL HHEE - BE7RE X B EE T RE K
BRI TR KA R SR R 32 - P T
M » A i bk (2 Bl - AERFon
B B [5 1E i T RO T SRAE BT - G
PREGFEP < B0 P B FR S AR S gR A%
BETH A B PR Bt 7 2 B s iy B A R Yy
P -

EEAh - BERIy I M B T B B
E ISR B8 BRI - IRIR AR BRI T2
{TEIZR & (Fungicide Resistance Action
Committee, FRAC) 2 fF F #& Wl /> 26 &
M ACEREE RGRE R E 10 fE(E
PRSI RE » I e DU 5% A & 3¢ 410 1) 75
(GH) Bt EELH ~ Rrod ] R AR
SR FBER] (R - REIKER R ME—
SRR ERER EEHIA (B2 $H) L ZEH -
MEH AR Codex HERILH% MRLs %%
o A2 REE AT ERE R

A E A BRE 103

RZABRE > BURHRRRIARE Z
JERME - EREERE - ZRERCER
ERZE R AR F 576 - SR BRI
R IR B T RE R G TBERT a0 - AT OF]
=5 B AE FH BRI 50 e A2 1 EL I e ' Bl
B B — R I BERVSER] - /F R FREBIER R I
HIRR R REER] -

EPPO 15 BHERI 1 b Pl & il g
#EH

K18 EPPO fift %% A1 iy 28 71 3l B 18
51 HRTEHEER IR R SER A 3L T
=B ER - H oA (PP
1/105(2)) BAFGERE (PP1/66(2)) FRiRIRE
BAIGSERMIg S BRHE R G030 » DU R A
(stone fruit) {F % £% W Aif 78 iz B (9 4E Al
(PP1/222(1)) @2 (@ =) -

— ~ B

1. YEY)Elyps JrUEE £

JiE B e 358 BH B B VE P A W) A e o A
(cultivar) » 343 H B PR & HECE
T 3R R ST s e 5 LU A A - 2L
W % 8 (Phytophthora infestans) < F&§5%
oo HEKIFE  (test organisms) FJ fyEE
— ¥ e B AR E YR M FE e e I i ] -
WHEATIE RS S22 B R BCZWIEEE  (any
fungi rotting potatoes, especially Species 4,

Species B, etc) °
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Table 2. Mode of action of post-harvest fungicides and main diseases controlled in Taiwan

Target site Fungicide Target pathogens in Taiwan
Al Metalaxyl-M oomycetes
Bl  Thiabendazole ascomycetes
BS  FEthaboxam . v
s Azoxystrobin oomycetes, ascomycetes, basidiomycetes
pi Cypodiml ascomycetes
Pyrimethanil
E2  Fldoxonl ascomycetes
Gl Difenoconazole ascomycetes, basidiomycetes
Imazalil
Propiconazole
Tebuconazole
Prochloraz
Triadimefon
Triadimenol
Gs  Femhexamd -
M4 Captan oomycetes (pineapple),
ascomycetes (sugarcane)
NA»  2Phemylphenol -
Diphenylamine
Ethoxyquin

D Not approved in Taiwan.
2) Most are food preservatives.

N ' — . 3. Mode of assessment,
1. Experimental conditions | 2. Application of treatment . 4. Results
rm:urdmg measurcment

*  Test organisms, *  Test products *  Meteorological and edaphic
selectionof crop and ~ +  Reference product data
cultivar + Modce of application *  Type, time and frequency of
«  Tral conditions assessment
*  Storage conditions *  Direct effects on the crop
*  Design and lavout of = Effects on non-target
the trial OTEANISMS

8=+ EPPO $55| PR REABREM -

Fig. 3. Requirements for post-harvest processing trials according to EPPO guidelines.
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fF - BB HEGAEE (dipping) »
IR (use of foam) ~ BRI 8 BAE O IR
P  (sprinkling alone or with wax)
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E AR B RIS % b B SR EX Bt i
Fr2H IS ABE B R B HE ST - BT b
et 82 B P SE R SR AR - DU IR IE D)
TEPRIL ~ EERRBEEE ~ B R EVITRE B LB
S i BLER AR T 5 - ANJEEZEME ~ SRR
fif ~ REREE - DI AR R R
BRAERRMT:

Bl B 1 L DU PRIk 15 E P 1 T R B
WDEBEERAY ST AR - BAZES 2 PR AINE
O BT fte FH R @R K o L R R
RGN - IR IMETE R - GBRATE A & 18
FEH TS 75 ER T HARSER] R A AT
2 DIRESAFERERRIFEE Ak
BRIEEF ~ PRARRE BT - 1R R i 38 Al B
ST

=~ et Bl B R AL
BRI A R PRI M ~ FABR G IBR

R FRIFREZER - DR EEE
AT - sHETHETBE VSRR - ok

R

TRREAREERR M - EARESAY - (R
SRR ~ ERIREH - & E Rk B
RS RE A IR b B EE ] i T
F o TR MR 2 UERL ] -
AR E HaE R EREr A -

VEV A5 e 35 B B et A M 4RSS -+ I
WA SEBEEAIESE T X FH e R B - i SE
T2 FE Rl A FE AR i B A B b e 1T %%
FRIA S5 eeF » IR AT B B = 15 A it
- 2N A TR = 75 a i SR nE s ~ DUIR
JR\ B B P A et SRR B O ([P

SEM PR B - JERFEVIHZIE P AR
A el R A A i 1 - IR B S TR (ISR
M) BRI B R R A RAR - B
e ~ IRE R o R R AN EE
ZH BRG] - BFAREE GE
) K5 & BE B R ET  (Completely
randomized design, CRD) BEMTE 2 EE
#% &1 (Randomized Complete Block Design,
RCBD) 7 =(HE71 » DR KA B ER85 v
JR\ RO A A B T o

C BEERRENGREEIRME - (A) FELKZERER B) ZRRBE

(C) BEFzEH

Fig. 4. Equipment simulating a production line. (A) Nozzle pipeline with continuous water

flow; (B) Immersed spray basket; (C) Drying equipment.
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R 13°C fikek DAY A A= P e g G A [ 34
F 0L iR R HAEREY 7 H &
ZaigEE R RTREL e 22°C EIAMRME - EEAE
B R H B THI RIS B TR A -

R TR AL 2 M R BN S - B
I B AT E SR BIH B Al B AT HE S
AN BB A S AR B LR A A - FERRES
SA TR B S s B R B+ 0 Bl i 2
JR B A DURE SR 2 A5 R B A R R B
(HEF - BRRER) -

#EET 43 B wl £ F B IR - A 0 A
(Analysis of variance, ANOVA) Hif/NGH
# 7= ¥ 1% (Least Significant Difference,
LSD) » LLAIER A~ [F] iz BE AH B ) i AH 2 &
HEAEEERL - WETRBTIGE - BATA
995 T % TR BAER B o3 B A0S [RD R RS B Y
BRAE » 25 EEAH R F R AR B S
EMKBEHESNEXEE R AT RE
o GRS [A] B B A L G B AR 2 SR
(F=) -

o i

SR 7 7 B A B LS AT
A T AR P R B 51
S RBRIVBER © TR SR
TSR BT AT 5 B R © BB

A E R BRE 107

VBB IERI nsE s - DUB AL B B A
P -

EAEVIBGIG i T - BEREEN (yeast)
R H I 72 B ] e 2% o AR W) AT e o
Wisniewski ¢ A (1995) f8H - AR EERE
(Candida oleophila) W]B5iG5E % KR
G N 2 e By pé L ZE i Aspire » 1] EH
JA A i MR 0 DR R R IR
Pe. digitatum ~
candidum & 2 o HAMW BT« BE R A
+& Papiliotrema aspenensis [Fii5T R xRIH
7S Ca.

tropicalis Bfi 16 & B R IH (Co. musae)
(40)

Pe. italicum ~ Geotrichum

(C. gloeosporioides) 7 -~

Wickerhamomyces anomalus [fi 1555
KB (B. cinerea) G ~ Metschniacozyma
anadauensis 5 18 W # F f# (Pe.
expansum) @ ~ Vishniazozyma victoriae [fj
AU @Y 5 BRI in vitro B
in vivo iREEHEAZET 80%LL Lz BiiE
Koo fEEW - FEFEA (2018) fEH 6 £k
BB LG &6 @B WN®KHR
(Pestalotiopsis psidii) < BERFE » Hr =
#EE B Ji (Aureobasidium
pullulans) » RFEOEEE LRIBIEER
56-71% @D - HEFTEE - ZEBIE Y BRI
HIBGIE S R HE 1% - HAE 2 A
L R RIRE R EFSCRAE R - BEGHE
[ i FEPRFIRZE -

VOB B iEHE L 3 B B ~ 1S B
fir ~ FIMERURE - R E R IR E R
‘BT o BPIZER  RALEERLL 55°C
AREBE B KRB 60 43§ v K E B AKX



108 ZEHESEEERIEE 55 19 1)

R]R= RNERRBEYHARCEIE2FEM Y

Table 3. Example of data presentation for post-harvest treatment efficacy trial"

Diseased area

Disease index® Proportion available for sale?

DAT? Treatment
(%) 0 1 2 3 (%)
7 A 0.3+0.3c 17 1 0 0 100.0
B 0.0£0.0c 18 0 0 0 100.0
C 1.7+0.5b 15 3 0 0 100.0
D 4.4+0.6a 15 3 0 0 100.0
11 A 1.4+0.3bc 14 4 0 0 100.0
B 0.8+0.0c 14 4 0 0 100.0
C 3.3+1.3b 10 8 0 0 100.0
D 10.3+0.6a 2 14 2 0 88.9
15 A 8.1£2.7¢ 7 10 0 1 94.4
B 16.3+2.8b 4 8 3 2 70.6
C 10.0+1.7bc 4 13 1 0 94.4
D 47.2+1.0a 0 2 8 8 11.1
20 A 23.949.1¢c 4 9 2 3 72.2
B 45.9+4.0b 0 8 1 8 47.1
C 50.8+2.2b 0 5 3 10 27.8
D 86.1+3.1a 0 0 1 17 0.0

D Reference: Tai et al. (unpublished).
2 DAT = day after treatment.

3 Disease degree: 0= peduncle was not moldy; 1= moldy area of the peduncle was between 1-24%; 2= moldy

area of the peduncle was between 25-49%; 3= moldy area of the peduncle was over 50%.

4 Percentage of fruits that included degree 0 and 1.

Aspergillus flavus 1 Gilbertella persicaria
T I B s 2 L RN i BME G - T &
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TR FEBIHGOR @439 HARE R
XY & 8E Lrh s RERE
g7 Mo =N Y 4a SR N G A i e 4 il
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BREITEE SRR 2 2 3 H 0 JRATBH IR

FRFRAE o DI R E R B R R L
G RAME AR CY ;5 UV SBIRE AT
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MR (UV-C) B RERE G FRIK
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AT R B IR IR TR B A S 4R O8 « )
B PAE M AR (HE A AR
i e LR VR PR R fEAE R ZESK S iR
BERAVIMESIE R - AT ERRAZERE
K -
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Table 4. Export destinations and export volume of fresh Taiwanese fruits and vegetables in 2024"

Ranking of export place (Volume (mt))

Crops

1 2 3 4 5
Pineapple Japan (19,373) Hong Kong (886) South Korea (433) Singapore (164)  Canada (80)
Banana Japan (1,301) Hong Kong (21)  South Korea (6)  Others? (8) Palau (<1)
Mango Hong Kong (839) South Korea (749) Japan (660) Malaysia (46) Singapore (46)
Citrus Singapore (909) Hong Kong (530) Canada (268) Brunei (94) Malaysia (94)
Custard apple  China (7,199) Hong Kong (181) Canada (15) Singapore (11) Indonesia (8)
Pear Singapore (15) Hong Kong (2) Indonesia (<1) Palau (<1) Malaysia (<1)
Carrot Hong Kong (3,483) Japan (1387) Singapore (153)  Others? (15) Palau (2)
Potatoes Others? (31) Hong Kong (20)  Singapore (13) United States (10) United Kingdom (3)

D Reference: Ministry of Agriculture 2018.
2 No country groups were listed on the website.
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Introduction to the Process of Testing

Fungicides for post-harvest Diseases
Chao-Feng Tai'", Hui-Yuan Cheng!, Tsyr-Horng Shyu!

Abstract

Tai, C. F., Cheng, H. Y., Shyu, T. H. 2025. Introduction to the process of testing fungicides for post-

harvest diseases. Taiwan Pestic. Sci. 19: 97-114.

Post-harvest disease refers to infections that occur in crops after harvest and during
processes such as cleaning, refrigeration, storage, grading, and transportation. These diseases
substantially affect the shelf life and export quality of agricultural products. In Taiwan, the
use of post-harvest chemical treatments is currently limited to diseases associated with the
storage of citrus fruits, and only two active ingredients — iminoctadine triacetate and
thiabendazole—are officially approved. This study compiled 33 reported post-harvest
pathogen types found in Taiwan and analyzed commonly used post-harvest fungicides and
corresponding crops based on Codex Alimentarius Commission (Codex) maximum residue
limits (MRLs) and import tolerance applications in Taiwan. Results indicate that fludioxonil,
propiconazole, and thiabendazole were the most frequently listed post-harvest fungicides in
Codex MRLs and among the most commonly requested active ingredients in import tolerance
cases. This article further introduces the relevant test guidelines established by the European
and Mediterranean Plant Protection Organization (EPPO) and presents a case study on the
post-harvest treatment of pineapple peduncle mold. Practical considerations for the
implementation of post-harvest efficacy trials in Taiwan—such as trial design, workflow
simulation, environmental conditions, and data evaluation—are also discussed in detail. The
article aims to provide a scientific reference for developing integrated post-harvest disease
management strategies and fungicide evaluation systems by which to enhance product quality
during storage and improve export competitiveness.

Key words: post-harvest diseases, fungicide, maximum residue limits (MRLs), import

tolerance, efficacy trial
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