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BB REAR | - TR T R R R R R R R R R B A IR D = v
EE 2 RNE S DR~ BERE T BEEARERE R AT B R BE 2 UM AR T
S AR B o AR B P B S i R R R 2 PSR A MR YT BR
FRENHTEENE 2 554 (ECE7ERTEE F i A — RIS Rt R R RIS AT SR 2 PR IR 6 i
FHIPLEE R PR HIIR - 35 S ] R B — PRSI B M 2 E RS E AR S AR E(®) o [FIRFHHE =7
655 B > 1982 4F DL 1% B B B 2 {8 F ¥ & & TP B carboxamides, organotins, organophosphours,
dicarboximides, phenylamides A & dimethylation inhibitor * T [ B 2 L EE B R RE e
0 AT — B 2GR — AR o HREYRR EE R ®E  RFHEP 19625
3R S MR WU (Penicillium digitatum ) T Biphenyl Z $R#5 » DL RERR S 3 HAt R IR B B8
P AT > A2 0 T H AT R RSO YR R B FE AR JIEE M ZERIS Biphenyl, OPP,
hexachlorobenzene, Organomercurials, dodine, benomyl, dimethirimol, kasugamycin, polyoxin,
thiabendazole, oxycarboxin, fetin, edifenphos, metalaxyl, dicarboximides, triforine, triadimenol,
fenarimol, B imazalil » T B 618 B 4E HUBEME 2 M5 IR L HU B R MK B0 (Penicillium digitatum
) ~ /NERERFHSK ( Tilletia caries) ~ %28 U395 (Prenophora avenae) » #5 5L 5 B 9% ( Venturia inaequalis
) ~ B/ 4 %% ( Erysiphe cichoracearum ) ~ XFEREBR (Pyricularia oryzae) FU B BT 5 (Alternaria
kikuchiana ) ~ 185 8% (Penicillium italicum ) ~ %1t F1 $59% (Puccinia horiana) ~ T 7R BETLK
(Cercospora beticola) ~ 1 \BE &% (Pseudoperonospora cubensis) ~ L5 IR R (Botrytis cinerea) ~
FE $4 28597 ( Phytophthora megasperma ) ~ & IR U (Botrytis cinerea ) ~ Il 58 3 JX B9 ( Botrytis
cinerea) ~ KEREIE(Erysiphe graminis ) AR AE#% @A (Penicillium digitatum ) 2 HRFE—MYI
() o TIAES BT PITR A Helminthosporium solanf&A TR B8P Flthiabendazole(14) o

= YRR EE RS HRES Bk > REARRETERD » REZREHHRD
19814 ¥ RSB e @ T » NABAAEHBUR (Penicillium italicum ) ¥ S 3815 (Benomyl) & 15
PERRTE » DL B W 3976 19 859 (Puccinia horiana ) BEIR(5 (oxycarboxin) ~ # & BEIEH (Colleto
trichum gloeosporioides ) ¥ A (Mon) ~ K& FH(Difolatan) > RIEE ~ BETTRISE (Prochloraz) 5 JRIE
% B ( Glomerella cingulata ) ¥1Benzimidazole ; B IR B0 (Botrytis cinerea ) ¥t Dicarboximide ; X
8097 35 I L % {5 93 (Thiophanate-methyl) A & 7K ¥ U 8 (Rhizoctonia solani ) ¥ H B4 H (Arsenic
acid) B HEFI B (validacin) % 2 FLEEME ISR » FERF FTFI12:3420.7) o

MEMENZBHRERM

raElE B TEE BAER T ISt B 2 aTRe - M EBRBARER - DUREERNE - £
T AT B H ~ ETETAN RS » DU SR (R E B A MR 2R o RIS/ Brent, K. J. 198842
B > RNV PR R B R EEER THMIEE R, | — - BT HUEE R A T RE
(investigate suspected cases of practical resistance) ; — ° TE I b1 ZE 1% [ R & B A (predict the
appearance of resistance problems) ; = * Bl T BT 8 M 4E B 3K IR (check resistance management
strategies) ; V4 ~ BEAIPIZEM: & (track the progress of resistance with time) . A~ Bt E
1 i Y B8 S 42 (guide fungicide selection at the local level) i /N ~ FTZEMZ EREHT 5T (advance

basic understanding)(g) °
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Table 1. Fungicide practical resistance reports

flef F | 975 I B iz fE&

1962 Biphenyl, OPP Penicillium digitatum TR Harding

1965 Hexachlorobenzene Tilletia caries INER Kuiper

1966 Organo-mercurials Pyrenophora avenae ELTE S Nobel et al
1969 Dodine Venturia inaequalis HE Szkolnik et al
1969 Benomyl Erysiphe cichoracearum HHIK Schroeder et al
1969 Dimethirimol Sphaerotheca fuliginea HH I Bent et al
1971 Kasugamycin Pyricularia oryzae 7K Miura et al
1971 Polyoxin Alternaria kikuchiana FU Nishimura et al
1971 Thiabendazole Penicillium italicum FEER Harding

1973 Oxycarboxin Puccinia horiana %Lt Abiko et al
1976 Fentin Cercospora beticola EHE Giannopolitis
1977 Edifenphos Pyricularia oryzae TKFE Katagiri et al
1979 Metalaxyl Pseudoperonospora cubensis A I Reuveni et al
1979 Dicarboximides Botrytis cinerea k= Maraite

1980 Metalaxyl Phytophthora megasperma EiE Davidse et al
1981 Dicarboximides Botrytis cinerea BH I Katan

1981 Dicarboximides Botrytis cinerea g2k Pappas

1982 Triforine Sphaerotheca fuliginea HA 1L Schepers

1984 Tridimenol Erysiphe graminis K& Butters et al
1985 Fenarimol Sphaerotheca fuliginea &AL Schepers

1987 Imazalil Penicillium digitatum AL Eckert

R~ EREBEEZHRRT

Table 2. Fungicide practical resistance in Taiwan

SR ZETI AR

ﬁ%%ﬁfﬁ(Penici[lium italicum) Benzimidazole

%16 E1 5% (Puccinia horiana) Oxycarboxin

HEIWRIE S (Colletotrichum gloeosporioides) Mon, difolatan, benomyl, pyrochloraz
RIEFR (Glomerella cingulata ) Benzimidazole, thiophanate-methyl
78 B JK 8% (Botrytis cinerea) Dicarboximide

JK9% (Botrytis cinerea) Dicarboximide, thiophanate-methyl

FKFERUE R (Rhizoctonia solani) Arsenic acid, validacin
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Fig. 1. History of resistance to disease control agents.
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Fig. 2. History of resistance to disease control agents during 1982 to 1988.
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MBS AR ERZETE

TEEAT I B TERT » B Se3T E PSR B .2 2 ¥R (baseline) DA %051 e e ) B
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{RA R BEHIFEEET E A [F) 2 FLYE - DR L L v =T A R OB B o R R B 2 AN R
AR —REHRAEE TYIEELH

STEBEIEE | KRR RIE ST S EFE L EE R0 4 g/ mlZ B ERTEE
L ERUERS S I Y (T A R B R S L A (1920 o

MICEETE : BLBERIEERZES | FI R F b BE R 18 & BRI TMICEEIE » TR L {E
TRMLET RS R, FERE =Y .

EE ARl | LS % PR PIEE M B BT - — SRR RS R L + L EE
B/ NE - BREN  HEERSR IRk . - R NEE EMERAEATER »
BB . ++ + | ESRERRERSERLT SRR RS T EER > B
BT EER(12:20) o

RIEEC,, Z L3 | HIE KB # dicarboximides Z PR I BUR M AR ST R AR
ZECso B I » — it —FhssE 8-30%F » FEFEEsRET B4 (10 29 o {IE BRI IDMIH
BEPE > JRH UM B AR ZED fERTE ° HE R R R .

Benzimidazole B B B 2 B M BRI 2 BERETERIE | 1. DLEUR B MRS E S 20 -10ppm
BEB L EELETR ) 2 BEEEEEHKERZIH T ¢ 3. FFEMIC(minimum inhibition
concentration) ; 4. L}LMICZZ{%?&&%@U%%%@Z%E%(12) °

B 2 BE A

BRI 1 F A BLSE T 2 EE RE R R B B R A R YT B IR BEE B
ERARESS T, » — R AL T T S IR T 2 1F A B 40 B A IR E (cell wall) » 0K /F FH (respiration) ~
adenosine deaminase * microtubules ~ PN E # (endoplasmic reticulum) ~ #ff g B (cytoplasmic
membrane) ~ % F1'E 4 & (protein synthesis) ~ RNA & B3 (RNA polymerase) > ¥/ & X (nucleic
acid synthesis)(®%) ; BEBIZ {F FA#H1 bR A Rl Lt b RS IREIESE | WEEIRE o EILHT
it 2 B R R B 2 R W EREEE SRR T
demethylation inhibitor(DMI) 522 %

IHY X S e P A A o T 0 SRR F A E ROREH T AR HPTBE MBI EIRE T A
[E] » s BURERST
LIBSSEAE  BESARR - BFET BT ARRESET EEKE HERFEAHETEREE

Epls o PONEME SRR EEEREE ) SRREEETER > Z-RHERRE i EX 3
HFEED  EDys > Atk FFIARE HBURE

MU E = ED ) FRHERIMR/ED;, Bl E R X 100%

sensitivity index =EDs, standard/EDg, test isolate X 100%

0. T HeRE 2 A R B TSR T R R R E T BABCTIRA TR =E AR L it 4
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Fig. 3. Build-up of baseline on MBC resistance occurred on Venturia nashicula.
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X
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C = Unamended control Inoculation of agar plates

V = Vinclozolin amended Incubat10n(16 18 hours)
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/

MlCl‘OSCOplC observahons of spore germmatlon

o

Wild SensitiveBenomyl Resistant Vinclozolin Resistaidouble Resistant

B, KB RERIEE BT SR TREENEE A -
Fig. 4. Scheme of operations for monitoring fungicide resistance in Botrytis cinerea

and possible resistance patterns (Source: Gullino and Garibaldi (1986)).
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RERE  KIBRREAHERRE | 2 HIEER N AR T#F CHIFIER | 3. HE BRI B
ERZIFEERID o

Benzimidazole 38 & &l

HIEEER B R AN - (—) MIEEE SR TR F MG ~ (O WEEREBFEMR
ZHNEI T ~ (=) WIE ZERE B bk A4 R 00 7 B () Wl ERI A S AR HIHIE M © WA EEM
FAENE AT R PYBIEAS R o iR il g /3% » FI7E Hibenzimidazole JERY B M. HTEE M B WITRAR
0N 1 (—)BILEUBME (wild type) BB Z BURE RS - (DB MUMBEERER IR ~ (=) PLZEMR
B B~ (METE PSSR o

Dicarboximide B Z&# :

[ RE BE T 5 I BB R R E 0 A B F R 2 M T HOBIE VAR SR AN MU AT R o KRR
HEAEREERS » URBE KRR SR TRFRE  BERESERZERE > 16-18/N\F
BIPREBE T EE » IRBHFERBHFERR » WU L SEAZFEREE o KIRAEMEZER
HEE » BT ABIKER < LM > RERVEEMEZATRREFHRAES c REHEER -
BEMERATNEE SRR - ANEN S BE M RERERMIEHO 12 o

=~ IKEORITEE M 2 R BT RIS SR

Table 3. The monitoring of fungicide-resistance occurred on Botrytis cinerea in Taiwan

T ENEE J.lPEak JErS TR EE R
BETE B R [E E N CEERE
805 13 29 12 22 49
814 23 43 45 68 26 125
824 24 11 18 11 27 28
834 27 52 50 48 0 110
844F 26 19 26 21 0 57
Phenylamide 38 22 | :
HIREER L HIE ARXE= .

— BIERFE | B - EUSSR S S - SRR R AR
RIBFR ST EEC, RECy, » W HILEH ERF{HE ©
RF=EC_,1u¢ of field isolate’/EC.value if sensitive reference isolate
=~ IR BRI E R AR HIHIE
=~ HE R RIS E R E R R AR LA (RYS) | LT .
L BRAIHIF A B — B 20 E R SR BZ M B— A2 FIREKI100EEE > 5T8
[F —IRERHI & 2 R/STH ~ PTEEMELLER o
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2 TR IR S B L i BRI R R RO 2 bk » M LAK MRS B - 3o
R/STE(Y) o

S E B A 2 SR N - A R R TT5 » — 19050 2 T P R
EZAERTP o

BN TARS

MENW R BREERERUATES TS ES » LURD R E 4 2 AL » %
ZITEBIE YA -

FISEHTRA A B | BRSBTS LA E E A UM SE R » T REBER] .S Sk 1 » IR R
BEVERE A AT P BER R o

BERSHER AAMENREN N EEA R AN ERRE A » TR RS E
KBET] » MIAEARTUEENEZ FEAE > B 70 R (8] /5 W) D HERT B ZEBR A o A 2 2 8- 16) o Hiiphynylamide
RE SR S HC M SE IR & P AT IR BE M A A R D) o

ERERER | MAESREL FET B S R A MBS SRS RS
FHERE » SEMEEZER R ARRESH A EERE S o

BERRSREBTERARBESER | BRI AR SHE YT EEREkESL » &
TREEMERM - QIR EAE o (HFE R SRS o SRRk I A Bk S S SR TR Ve I B K 8
Rk IR E AR S A o HLAd & H A AR AT R \EERT ) o

S HE R 73 I R HE R HA ~ BRA{E B R B ¢ A5 R AR F A2 B R T U BB 2 R R BRI S
e > R AT R R AR VKRR D T B R U B & B4 o R ET E B 1 P SRS B » FEE B T 5 EIEE
R =~ #ERBIRERE  — - BSEGH S EOAARGER  BREBHH =  ERE
SARGA © 19~ ERRRES CRE ~ (B A FTEREMAE o £ Phenylamide SR E
Bl REZERREREAERY SR AEMATSHEARREFS THAERNE  — -« (EBTEBA
MFRaEA | = ~ EEMREEAREHCAEERESFR = UEESE » HEEEEERE
AEER > MTRERERESHE N SERE 4R 4RER | 7 - B8 A
Y RARAD o

MR AER | TEZXEPRSER AN > TRAZHERS » GESUEHHE S R (cultural
practices) ~ FRFEETFH FE (resistant cultivars) HEITR EFHH (forecasting) ~ FE{EKIRE & 18 Nk R
F o REEENE I INTK TR R BB RIS SRR & B AL - FIEC & BT ME 0 R e S A - 2%
RERM o BRSEHETERMERE » TEEERZ AR  BINEER D AEKEBRZ BRE
TRAEBREAE » BERFRTL o MR EWIB A ~ 04 P BB LU b B2 B R R 4k B TR s e A 4
ZE%(IO, 11) o

EHIEITTMEME R | FERFEERFET > TR TRy HEERR LR » FEis
EIEH > (T L TERAHE G - DA HTBE M 2 B84 o
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Unacceptable Level
107 :
== Benomyl alone
108 |- Combination used after | "' Benomyl +
3rd year et
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-
QU'I
I
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Fig. 5. Development of resistance to benomyl used alone or combined with maneb.
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Fig. 6. Build-up of mean fungicide resistance in population of Venturia nashicola(1981). Resistance

scores: sensitive 1, weakly resistant 2, intermediately resistant 3, highly resistant 4.
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Fig. 7. Decline of fungicide resistance in Venturia nashicola in an orchard in which

benzimidazole fungicides were replaced by other fungicides in 1977.

Spray schedule options

MIXTURES
S+M > S+M —> S+M > S+M > S+M M should be strong

S+S' T S+S' X S+S' 7 S+S' 77 S+S' g and S' have different modes of action

ALTERNATIONS

M >3 =M >3 = M S for critical use in spray schedule
M >3 M =M > M More effective if S has short residual

COMBINATIONS OF MIXTURES AND ALTERNATIONS

S+M =M —=S+M =M —>"M When disease pressure and resistance risk
S+M =M —=S+M>M— > M are very high but the special qualities of
S+M =M =M =M =M qualities of S or S’ are required

S = Specific-site fungicide with a risk for resistance.
S'= Specific-site fungicide with no cross-resistance to S.
M = Multisite fungicide with little risk for resistance.

B\, BEENES A SR e A AR o
Fig. 8. Fungicide spray schedule options.
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Table 4. The efficiency of fugicides combined with super sorb on the control of Botrytis

cinerea occurred on begonia

74 i B (%)
11/19/94 1/18/95
& 2.56 0. 87
WKz 7K -+ 50% H<E [F] 7T IR K7 il 150015 8.41 0. 64
7K +75% RIGERE IR IER B 500£5 4. 69 0.88
K+ BB FREM B 20006F 9.12 0.29
WK 7K +50% Saphire WG 20001% 7.91 0.19
7K + Kuf-6201 EC 10001% 4.15 0.28
Ea =i 4 5.45 2.03
1.47 11.79

RO~ EHIBRDHERBERBRRR I E

Table 5. The efficiency of hoagland solution on the control of Botrytis cinerea occurred on

begonia
It ::3 R (%)
11/ 9/94 12/21/94 1/ 4/95
BEEER 3.1 0.93 5.09
HEEEBER A INEE 7.8 1.87 1. 80
$IE R 20.2 10. 70 10. 05
i B

MY R BB TSR MR RE R S A BT - R LRI R BRI R e %
LETETEAER > T PTEE IS B B ER TS R TSRS a8 E LR LR -
AMAAR A RO A A TR B TG TS E A 2 B BRER R - JFRUKEAN ~ MG
REMAEEER c MERBHEEH A R » A EW R E - ATEESEA - PEYRE
SERR A PR - DR & > HI SRR B4 o HREIRAIERE L
Stk B EHETTEE MY o
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The Monitoring and Strategies to Control of the
Fungicide Resistance

Hsiu-Chu Yang

Taiwan Agricultural Chemicals and Toxic Substances Research Institute

Abstract

Fungicide-resistance is a old and big problem of plant protection in the field. The four group of
fungicide was found to induce the fungicide-resistance is demethylation inhibition(DMI),
benzimidazole, dicarboximide and phenylamide. The purpose and importance for fungicide-resist-
ance monitoring are to investigate suspected cases of practical resistance, to predict the appearance of
resistance problems, to check resistance management strategies, to track the progress of resistance
with time, to guide fungicide selection at the local level, and to advance basic understanding. The
baseline must be determined before fungicide-resistance monitoring. But the methods to determine
the baseline are varied according to the fungicides and pathogen. The methods used popularly are the
germination of spore, the elongation of germ-tube, the inhibition of the formation of haustoria and
mycelial growth. Another importance work for fungicide-resistance is the control. New disease
control agents, the use of mixtures, rotation of disease control agents, limitation of use, integrated

control strategies was concerned the best ways to control fungicide-resistance problem.

Key words: fungicide-resistance, monitoring, control.
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