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Adstract

YANG, HSIU CHU. 1991, The Problem of Fungicides Resis-
tance Occurred on the Phytopathogenic Fungi. Weed Science
Bulletin  12:135 — 154.

Fungicide resistance can be defined as stable, inheritable ad-
justment by a fungus to fungicides, resulting in a less than
normal sensitivity to the fungicides. Several terms such as
cross resistance, multiple resislance, negative cross resistance,
laboratory resistance, field resistance, double resistance are

common use in the fungicide resistance. The following kinds of

fungicides are reported to induce the pathogen to present the
fungicide resistance: mercurials, aromatic hydrocarbons, dodine,
pyrimidines, benzimidazoles, carboxamides, organic tin,
organophosphates, ergosterol hiosynthesis inhibitor, dichloroani-
lines, acylalanines, dicarboximides, phenylamides, dimethylation
inhibitor and etc. The pathogens reported are Cercospora beti-
cola Sacerdo, Sphaerotheca fuliginea (Schlecht.) Pollacci, Fusari-
um oxysporum Schl. f. sp. allii Matuo, Mycosphaerella melonis
(Passerini) Chiu et Walker, Corynespora melongenae Takimoto,
Botrytis cinerea Persoon, Puccinia horiana P. Henning, A€
ternaria kikuchiana, Alternaria mali, Veniuria pirina, Venturia
inaequalis, Penicillium digitatum, Monilinia f(ructicola, Col
letotrichum gloeosporioides, Pyricularia oryzae, Fusarium monili-

forme and etc. The green mold of orange, anthracnose of

grape, white rust of chrysanthemum, gray mold and anthrac-
nose are reported to show the fungicides resistance in Taiwan.
Mechanism of fungicide resistance can be separated into six

T PR Y R



136

Weed Sci. Bull. 12(2), August 1991

kind of function as followings.(1) Reduced affinity of target
sites;(2) Reduced uptake or increased efflux of fungicide;(3)
Detoxification; (4) Lack of conversion to active compound;(5)
Compensation, such as increased production of target enzyme;(6)
Circumvention of block through an alternate pathway. The
measurement of fungicide resistance can be proceeded in vivo
and in vitro. The capacity to infect the plant and the capacity
to colonize the host tissue are used to measure the fungicide
resistance in vivo commonly. The methods to measure the
fungicide resistance in vitro are the capacity of mycelial growth,
the capacity of sporulation, the capacity of germination of
conidia, and the competition tests between resistant and sensi-
tive strains. The reason for monitor of fungicide resistance is
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 ad-
vance basic understanding. It is very important to determine
the baseline for fungicide resistance before monitoring The way
to cope the fungicide resistance includes the following: new
disease control agents, the use of mixtures, rotation of disease
control agents, limitation of use, limiting use to specific times
and areas, integrated control strategies, including cultural prac-
tices, resistant cultivars and forecasting.

BE: RAMNEDB -ENFEA% THEEAH L L2 448
R Bl A MEERERZ AL AB LR SILEM o
BACRAFZATREASELEREN ~ 3 FHEME - A 2 480 -
FRRESE - mREESE S EFRER - B e it m
fOH A k4R BN 2 8 A A k4L & (mercurials), aromatic  hydro-
carbons, % % (dodine), pyrimidines, benzimidazoles, carboxam-
ides, organic tin, # # B% #| (organophosphates), ergosterol hiosyn-
thesis inhibitor, dichloroanilines, acylalanines, dicarboximides,
phenylamides, dimethylation inhibitor % s % O 4e & % 45 % 4 > 44
WmBERAFTFEBER AR GHR - LS HR - RAEEAES -
FoFEAER C RMm - B asm c A Lms o RESLERLRE
REEZAR -ARILEA - MABFTHA  REEB -~ BER - kB
B RERKRREF O REANA L > ERA WM& B RE AR
BEER  NAVER - HRRaMm RBARLART o MR



THEREMEREET S %% W JPEERBB0ESH 137

REABRWEMZ RE £ 2T 4 & #1448 M (mutation) & 5 35 8 M
(adaptation) e MAA W m R A B X R EBB THR 6~ 57X ;1
MR ER R AERNEMZ B8R ) 2 REE R ZEREH RN
BN EA AR 3 RESR 4 REASLERRRRT EY
WA O HMMHERN > wimp REAEEMEZRESD | 6 RBHK
HAMZEERE Ao i Sl 250N S5 F T 8BM
Z A M o dT M X R E F kWA B A B SR B A
BRI > AR A RO E W E R R R 2B B
FHATEZOARALE LB EZRES | DAY B IRTH> 28
mBEWMZAERY > QRS ERKRA S AR~ 9 AR FES
REAABEILEE AR MBE AR H IR o M E A >
BEAMIHHAREEZ ERAZAGHAHF L E LN » B TR
FRBEADDEFILEE A A X TN () F R 3o % M
A QA EREREE RS | DR ESEZER ] G) B0
Fthft AR AH 2 EF O EE AR R £ EITENZ W%
ERZTAFTG AT I EM AR (Baseline) o 3t 8 M > % 5 J
M FTRMAE T Ak L L HENER . 2 ERRAEA 3
BRI W AL A AR M) B LB A TR B R ER] L B 5.
FAERASZ LR ORAPHEFTRX - KA SHUE
H# AT F A o

W mRBE LRI ENEM M E ER AN SRR RN ME A% G Y%
MG — R SRR A RS E o B bR %R 2 A B
PE AR R IR R o ARAE AR M AR R B R A AR o A
Moo BUSMAT W AE A AR OB A X I AT R R R ek R R A M 2 BT R A
PIE®RLFRAAER > AAR WA R RBIRER 2B REE o &4 N4 5%
BRAEBZALERTERTES  REF &R F Rt CitERodig 2 ¥
HMERZMBY > ARALAROHZHERE > 45— B2 5% o

A RO T 2 R

i % M (Resistance): M Al 4@ — MG N E > THE LB LY L5 4
AR 84t > B R B RS B SR B M o Wdi M 2
RR O BRALREAZUERBAER TR THES 5T 5 &4
1% % 4u % 4 (Multiple resistance) : 73 35 464 4 /2 B 7T/ #8 S # 0 £ 2 4 1
BIAEAIEM > MR ER DA G FREZHG A Fherf 5% 8o
2.5 adi M ( Cross resistance) | 745440 % & i 5 W4 B #8 R 4800 L 2 &
HARE R EMN > Wb B W] A E TN AR EMN o
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3.4 % 7 i 3% M (Negatively cross resistance) : 73 A4k R L 35 — R B & 2
A EMRE B KGR FTREZAH T —RUAZIHEAERE > FBE A
LALLM o

4.% 1 3% 1k (Laboratory resistance) © 734 KR EN > & A TH G & &£ 2 fp itk
A EIUEN

5.m Bldc 3 M (Field resistance) : W M4t 8E 2 AL MBAM T 7 =464 - (D&EA
Bl mIERZ N — B mME - ERANBRTHERE, QRER EAV AR
TR E > £ 5 E AR R L H IR HE LR

Ji gk E A E —ARZRE TRALSE LA FEAEE > 2 ATRAKX

7 2% # & 2 % H (Fungicide tolerance) 73i§ti4h7n R A ALK AR FEERT »

Ta YN LB RBA A Baigmitasms®o

MM B AL AR

BEZMBMRELERE

Wi m B A BN R MERN B ENABREZMAG TR ES
ZEAAEENER LA — B A R R o H b R A P E
Al AR EMEARR AR S THE LA ERZ EREHATE RN EZ
259 A HE2FTHEER > 192F A BRGM RN EREYE car
boxamides. organotins, organophosphours, dicarboximides, phenylamides % %
dimethylation inhibitor, M4 5 R A M Z I B H AR F BRF WM » KTRZ =
stk — EA MR o A WA A R OR AR B XS > R P A 1962
45 Gk 3 H ¥ & ¥ A 0% (Penicillium  digitatum) 3t Biphenyl 2 # % > 24 £ b
BRI m R AL ER > o FAWMOERT IR AR LA
A&k J% % M > 3 #] 4 Biphenyl, OPP, hexachlorobenzene, Organomercurials,
dodine, benomyl, dimethirimol, kasugamycin, polyoxin, thiabendaxole, oxy-
carboxin, fetin, edifenphos, metalaxyl, dicarboximides, triforine, triadimenol,
fenarimol, % imazalil > & G e & & & $u %0 2 4 40 J5 R L B B A A 45 4k s
(Penicillium digitatum) » 424k (Tilletia caries) » #& 4 @4 (Prenopho-
ra avenae) * # % 2 £ % (Venturia inaequalis) » # )N & #r % (Erysiphe ci-
choracearum) » K % %5 # %  (Pyricularia oryzae) » # ¥ 3 j5. (Alternaria
kikuchiana) » # ¥ % %% (Penicillium italicum) » ¥ ft. & 46% (Puccinia hori-
ana) » #F ¥ % (Cercospora beticola) » ¥ )N & ¥ 45  (Pseudoperonospora
cubensis) » % % J& 1% s (Botryiis cinerea) + % % ¥ j& s  (Phytophthora
megasperma) » H A% %% (Botrytis cinerea) > ¥ K ism (Botrytis cinerea)
s kA& G 8% (Erysiphe graminis) » vA B4 48  (Penicillium  digitatum) »
d R a—ma%
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Number of resistant fungal genera

52

197

hERREESEER S+ %50 hEREB0E8AH
? Acylalanines
35 B @ Dichloroanilines
Ergosterol biosynthesis
30| inhibitor
25 |- B Organophosphates

Number of resistant genera

j8 Organic tin
Bl Carboxamides

20 |- il Antibiotics
<4 Benzimidazoles
15 L Pyrimidines
Aromatic hydrocarbons
10 B Mercurials
Phthalimides
5 - Dithiocarbamates
Copper
Sulfar
1960 197¢ 191;0“
B1. Mdrm R En B2 R & o (Delp, C. J., 1980)
Dimethylation
60 inhibitor
Phenylamides
Dicarboximides
50
Organophosphorus
Organotins
Carboxamides
40 B N 1
1982 1984 1986 1988
Year

2. 19824 2 198840 M) A4k 5% i L B4R AL A A M2 38 hu d5 96 o (Delp, C. J.,1988)
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Ao~ MR R B S

RER] B | wm B OH 14 1k #

1962 Biphenyl,OPP Penicillium digitatum ##  Harding, 1962

1965 Hexachlorobenzene Tilletia caries v Kuiper, 1965

1966 Organo-mercurials Pyrenophora avenae M4 Nobel et al, 1966
1969 Dodine Venturia inaequalis #E  Szkolnik et al, 1969
1969 Benomyl Erysiphe cichoracearum #JA.  Schroeder et al, 1969
1969 Dimethirimol Sphaerotheca fuliginea #4/K  Bent et al, 1971
1971 Kasugamycin Pyricularia oryzae &%  Miura et al, 1975
1971 Polyoxin Alternaria kikuchiana £ Nishimura et al, 1973
1971 Thiabendazole Penicillium italicum #ig  Harding, 1972

1973 Oxycarboxin Pucecinia horiana %1t  Abiko et al, 1977
1976 Fentin Cercospora beticola #%  Giannopolitis, 1973
1977 Edifenphos Pyricularia oryzae K#%  Katagiri et al, 1980
1979 Metalaxyl Pseudoperonospora cubensis #5j&  Reuveni et al, 1980
1979 Dicarboximides Botrytis cinerea #3#  Maraite, 1980

1980 Metalaxyl Phytophthora megasperma BHer¥ Davidse et al, 1981
1981 Dicarboximides Botrytis cimerea # K Katan, 1982

1981 Dicarboxinides Botrytis cinerea 4l %, % Pappas, 1982

1982 Triforine Sphaerotheca fuliginea #4J5  Schepers, 1983

1984 Triadimenl Erysiphe graminis A%  Butters et al, 1984
1985 Fenarimol Splhaerotheca fuliginea #JA  Schepers, 1985

1987 Imazalil Penicillium digitatum ##s Eckert, 1987

AAZHERR
AAHEYBERABAZIRERFEARSELSF > TLHEALEET - ZERAAR

HE > THEARMBRZILESAERATEIN  HeRnTrARELEZHE B

MO aF S m R EEAE A BN %8 A A K4A (mercurials), aromatic

hydrocarbons, % % (dodine), pyrimidines, benzimidazoles, carboxamides, or-
ganic tin, # # & &| (organophosphates), ergosterol biosynthesis inhibitor,
dichloroanilines, acylalanines, dicarboximides, phenylamides, dimethylation

inhibitor % » f L A A LR EZ A R A F XHsRk  (Cercospora  beti-
cola Saccardo) ~ JA#8 & # % (Sphaerotheca fuligines (Schlecht.) Pollacci) ~ #
¥ 98 % (Fusarium oxysporum Schl. f. sp. allii Matuo, Tooyama et Isaka) ~
JN# ¥ A% (Mycosphaerella melonis (Passerini) Chiu et Walker) ~ # F 2 #
# (Corynespora melongenae Takimoto) ~ & ## (Botrytis cinerea) ~ ¥ it &
4595 (Puccinia horiana P. Henning) ~ # Z s5 % (Alternaria kikuchiana=A. al-
ternata Pear pathotype) ~ 3 R % ¥ s % 5% (Alternaria mali=A. alternata Ap-
ple pathotype) ~ & % % 55 (Venturia nashicola) ~ 3% % £ 2% (Venturia inae
qualis) ~ ##5 5 %% (Penicillium italicum) ~ k¥4 % (Monilinis fructicola) ~
# % (Colletotrichum gloeosporioides) ~ K #5#5 # % (Pyricularia oryzae) ~ 7k
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#54% &% % (Fusarium moniliformae) o 12

=28 BEIRR

EHAME AR LR EE I ERER T ER ARFERETFTRY » RFZ
BEHRAIBIFZ AW RBAEEET > AZ B MK % # % (Penicillium
italicum) ¥ ## 7% (Benomy) 238 um eV, nga s 4 ¥k a5 (Pue
cinia horiana) # (Oxycarboxin),(g)ﬁ % ¥ 8 5 (Colletotrichum gloeosporioides
Penzig) # & & (Mon), X ¥ # (Difolatan), % # /F (Benomyl), i # 4
(Prochloraz);(4’5’6’) ¢ 98 % W (Glomerella cingulata) # Benzimidazole;(m)?i% B R
# % (Botrytis cinerea) # Dicarboximide;(7)ij‘< f# 5% (Botrytis cinerea) # Di-
carboximide, W % % &% (Thiophanate-methyl) 1A & k% &4 % (Rhizoctonia
solani) ¥ A #AF & (Arsenic acid) A ##]# % (Validacin) ¥ =R EMH % » 3
dm Rk P F o

R~ BRI BT AR

Jh B B om o

MEAE s (Penicillium 1talicum) Benzimidazole

¥ 36 & 4%5s% (Puccinia horiana) Oxycarboxin

#WE B (Colletotrichum gloeosporioides) Mon, difolatan, benomyl, pyochloraz
Buss (Glomerella cingulata) Benzimidazole, thiophanate-methyl
B % (Botrytis cinerea) Dicarboximide

W% (Botrytis cinerea) Dicarboximide,thiophanate-methyl
A% s Ak g5 (Rhizoctonia solani) Arsenic acid,validacin

AR R EREEZ AR

MR BEREARERZ AR ERT A RERLAM AR ARNE > RFR 1L
BTHEMNZ Gk  FTTHREAKRRCAEAARTY » SERKF®A
B o BB EARES AR REM BRI AR FEIAY 0 AR EE
B EMBRARRRZ AR AEYE > RRETAERRAR LR R NG ES
BEER W LERFZIHER AR ERBEAS TR R ZMAFRA
A WRT X200 44K ZHBaF o L% A0 EA R ALK mf R (H )
CAEEIL R AR EA LA ERAN > AT REMRRX Ak - KT AR
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ok (Fea )" o 4 9 M T B & A % & B A B (chromosomal genes) 5 9 T
Bk A B m s 2 B4 A F (extrachromosomal inheritance) & # v plasmid-
mediate ¢ 4§ B T4 4% o

MR OR AR B RRT i — @1 E T (major gene) dEH 0 FT W
B ¥ (polygenic gene) ##l > —H X EMHERLR > K=FF L RBREAHT
GFL TR PERTE T TES TS SN BRI ER S 1Y S 3
ZhH R AR EARME LA ER AR EEZEZRE —RKMER >
EHRBT X RERAREN R NN 0 ZRERZ B ARTE > Benz
imidazole % Phenylamides 8] & s ¥ & o o 3 B TR Z5u WA B R 41 >
EHRESEE AN LR REERELL - R FE M T B H A L ECs
B TERALESE LB M AFFTRARISFETESH - R A ER KR
AR AR ER A Z oA TEMER LM EAB AR ERESE
fho MIMILEM B AL > M BER A F > THERERZBHEHR

- TREH AR R A AILEN 2R A AERERM (Adaptation) © # &
EAARBAZHBEEARTFRI0- A RBRASRBFZIRAEET > BRELT
%%fﬁ)i%&i%ﬂ*}i%ﬁﬂ s THA -—HHHRHF LT B Y
5 e

A= BEMhHR LA R ER A A ES EGET

#® oM M om R RHE Gene changes(No.)

Aromatic hydrocarbons Aspergillus nidulans
Nectria hoematococca
Benzimidazoles Aspergillus nidulans
Ceratocystis nidulans
Neurospora crassa
Ustilago hordei
Ustilago maydis
Venturia inaequalis
Dodine Nectria hoematococca
Venturia inaequalis
Carboxamides Aspergillus nidulans
Ustilago hordei
Ustilago maydis
Cycloheximide Neurospora crassa
Saccharomyces cerevisiae
Imazalil Aspergillus nidulans
Kasugamycin Pyricularia oryzae
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Radius of colony(cm)

Fig. 3. Distribution of the growth patterns of Colletotrichum musae TACTRI 801147 group
against benomyl.
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Fig. 4.Distribution of the growth patterns of Colletotrichum musae TACTRI 801202 group
against benomy!.
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1 9R JROE T Z A A

FTHAMRATAA G IR ERLESRY > REEFXAE B RRABZETA
CERBTE > M MAEMEREARR AR ZFERARNAN ARETHARRA
ZIREMRMW AT HBAR AN RE > B ER ZER RS > T
FR—HEARHERRHZ RS> A (Cell wall) ~ 848 (Respi-
ration) ~ Adenosine deaminase ~ Microtubules ~ A ' # (Endoplasmic reticu-
lum) ~ % g Bt (Cytoplasmic membrane) ~ & & { 4 s (Protein synthesis) ~
RNA & A8 & (RNA polymerase) ~ # # 4 & (Nucleic acid synthesis) o 2 & 44
YRR T THBEHMN LR AMEE » FTHEAMAE > MERERLEAW R R
AAZMERABRE DR ©

AR LB ERE AR THSHMETI AR | LEKRAH
FlE AR B M 2 8 A 1 (Reduced aflinity of target sites); 2. M4k 4% 14 & = 1%
MEN A BEHXARZAHELS (Reduced uptake or increased efflux of
fungicide); 3. &# M (Detoxification); 4. f: kR HA MR A 5T i
(Lack of conversion to active compound); 5. #f54E M » dw 3 ho sk /8 14 & & B
# 2 ## (Compensation, such as increased production of target enzyme); 6.
MERHAMZ A A£8®F  (Circumvention of block through an alternate
pathway); L4t 4 7 88 fm o & 2 3% 1% 4 7y 26 0100

Fo B > B A

WEEZBMN I HERAATBRESEAZTHESE wHTHRELEY -
VABCH R M » B THRATIREM 2 E W TR RS > AMA L84
RoMIRAAMZIENEMNEIZ X AMAERERATALRES | (DHEF %
A A Z T M (To investigate suspected cases of practical resistance); (2)
AR EMM A2 E A (To predict the appearance of resistance problems):
(3) A & e % M " f % (To check resistance management strategies); (4) 45 4o
M2 # & (To track the progress of resistance with time); (5) # 8 ¥ & 14
A # A A 2 #F (To guide fungicide selection at the local level); (6)3x 3
z J##7 % (To advance basic understanding) °

1 AT I M B R T AR AT 0 JA 2k i 4748 3 M KO 5 (Baseline) 2 3T 0 A
AT EOE AR B RREARR AR ER X TAMAE YA R RG2S
MEBERZ AR M EL  BFERMNEH T EHEF X

ISTRREARRE | ARBMAZIERERE FiEF » SHLFUAmERr P10

ug/ml = R A EM A L 2 KRR R IE RS T A R 2 AR AR
B AR EN o 131D

2MICHASTSE @ AL ¥ B 2 B WA E ¥ > A B F B #8345 2 0 #k i 47
MIC 2 B & » @A doffl 2 PACEE ST & 4 B 2 R fems » s g 7 o V)
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50 T
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Relative frequency (%)
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Radius of colony(cm)

Fig. b.Distribution of the growth patterns in Colletotrichum musae TACTRI 801147 group
against benomyl after sequential transfer to media containing benomyl.
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& j ¢ Respiration
Protein synthesis——+— E{ S/ E} _ @ Carboxamides
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Blasticidins L 6 ﬂ—éu-—Adenosine deaminase
giifgllgll}:l’:imlde °a @ Hydroxypyrimidines
Vinclozolin ra F% ) o R Microtabul
RNA polymerase.__ T 72 [rafasses
TN ([ Benzimidazoles
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Dicloran : o L] o 22?0 __ Endoplasmic reticulum
Nucleic acid synthesis” é';f @ £ Imidazole
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100 A~ A 98 Isolates(Tottori)
®——® 99 Jgolates(Ibaraki)
Sensitive | Resistant A
v Reall /
@ f
3
= /
c /
W
=50
b |
=]
b
=]
: A
=
Z

i AV A 4/
i e W T *A v
| L//ﬁ-\“ l L/i/—: ‘ — L R S
0.39 1.56 6.25 25 100 400 800<
MIC(ppm)

M7, ALY #HMB C 2tk a5 o

SHAEMBERAL  AABHEFTRERLIERN  — BB RELB R E

AE3ED I EAR-HE AT AR S RABAKRANITELEEK

++

EER— ] H%E > B4ERSETER LB PREREHR ++

tIHSARZAERABRY REBRAMEARKTEEL > LBABKE R

LA o
4.2 % ECsoz tb & [ ] & & 8% # ¥ Dicarboximides = 4% 3 M B » B Z S &M

(13,15)

MMM ENEEHRZECO0 At > — b —rh i 830H > TRZER
EMEAmOLEL o (13,15)

M R T ik

AHEAAGHRENZ TLALRRLATR TS FF > Aadbhig - FHhEHEN R

RMETAHE  FHMEZFTHERZ MAERITEFRR S e — A FAXAL

7 ik L CA A M B R T BAE A # SRR o 4 B A A F
L At @me ! §MARZXRERERALMER AW RRLABRETA

(10) .

B o BT R E o R AR E R B A AR R A B2 A
(The capacity to infect the plant) Zm R H AT T OB AE L H X2/
71 (The capacity to colonize the host tissue) o 12 & 3 FF 2 BUIF R
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o —MBIRM DY -~ HEABRERRES > MBETREN > RAER R
TEARA 1% B R W AB T E R SERNEH
Mt plg  FRHEFEBTUAAEREZIHHRMAH RSB ZF % >

—FF R B R AT

1.0 % % & ft /1 (The capacity of mycelial growth): #§ 2 &| i w3035 % %
Yo RBHRREA BB ERAER ERBRAERMBSHE RN
wWA MBI BENTA A

2.% # %8 /1 (The capacity of sporulate):##% R AB A S ER = 45K
Vo BMEERH AR TFEF WA TREEARZREEHEA Eo

3.8 ¥ #£ /1 (The capacity of germination of conidia): X ¥ & M % 5% & i
RAFRMARF B A 0 A FEF 2 R A A M o T U B K fu b
FEF - BB TETEABEREAG AR P AEBTFEFZ LN o
A — AT X G ik B Agar  diffusion  test > S3HF M FRE B A AL A
W ARERZIEREABAAREERERG > TRBE2I AL BRI B
Ko F R BER Z P ZAR R » RN M H kT E MR 2 KW R E)EA o
BB e = R R ik o

I E M AR MR M AR Z B F A (The competition tests between
resistant and sensitive strains): b7 ik — 4% $& 4 45 47 ©

Samples of infected strawberry fruit(sporulating)
x x x X
x b 4 X \

4 Y
(\_,// \\‘hwy \/l \wj/ jj

|
| ''| |Preparation of
| ’ conidial suspensions

¢ ]

RIS TSY  Inoculation of agar plates

Incubation(16-18 hours)
C = Unamended control . \
V = Vinclozolin amended // / \\

B = Benomyl amended M jcroscopic observations of spore germination

D (@\ 0

C
\=YBg ) _V[B ﬂ'v‘n@ .\ﬂ’v\s
Wild Sensitive Benomyl Resistant Vinclozolin Resistant Double Resistant

8. Afbm H B LM 2 BN Tk A TR R M 2 R, o
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o BE Mz R

BT A AT e B > Milgroom 7 1987 i s — & & RESISTAN = %
X (M9 > BT TRE=MEAL % » AERREEZRKEE
Wbk = R o Bl B L 1M AR AR B P 4L 3 M 1 kol 45 B 4 A % (Reduce the intial
frequency of the resistnat biotype in the population);2. 36 Al B 2% A& » A B
s Ex B f % (Reduce the apparent infection rate (sensu van der Plant)
of the eipdemic by means other than the use of the at-risk fungicide);3. %
e F g A 2 ER LS 3 A2 ¥ 2 o (Reduce the efficacy of
the at-risk fungicide against the target population) o —# M 5 » A4 T HE
FIRAF LT ER L F 2 LB 2 HaiTMALTZARMEIR TAE
BokFHZ WML § S AR ERE —ENHHEAR LA EH L
AAEERN > wR LM A ERRSERNTHERZER I L s 2K
A mBEGHREMZ AL > WEATHERERZFRETAT LEFERZ 5 o

- . D‘f;i‘,_ﬁ‘?ﬂﬂ FT
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a

L A

[ SPORES l - > E/ ™
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,\‘\ /,7*7”.._._.‘__! I
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9. RESISTAN 4Fzwf A s ak o
RESISTAN A M mEHFEL2BESE_RE a4l FhleRfiE
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A BENER ) AR EEEAFNSART > THERFTORE o MAE=ZMEB
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TR o RAAFARKAETETAN > AARAZMERT » LAFFZHA
FEDFOAEGFZ LR T ~MmEm -~ ERmEZILE ] QBLEE FHER
BAFEZHABTE O AR TFTREFEEFLTOBARZEN ) DAEH
F—mBZAEARE  O)FBETEEAT IABZ AR TE  6) Tk —Bh
WMALPTAZAE L (MNAEBRABER G ERBTHEBELE > LATE R L@
g BEH B TR S RA B (8) M A o e A @XM LA AEZEA G (1)
FHHEMBAGARZIEEAG e E | QFFFL20ER L BRI AL
= ECs0; (B)HEE B AL L a4 %324 M4 (The slope of the
probit kill/log dose function for the target fungus); (4) ¥4 L4 i) & & #H5T
CHEBHWF AR TES Rl BERAERCERBEZRY; OV RIEHRNE
W= ECs0fl » =7 & 3 3 M Xk 4 (Resistant  level); (6) B] 2 4o 3 M 1 K 2 S0 Bt
Mz | AR (MEHBEFSERMAZE R o R T - B
o EFERZMAABEERR - BRFRFTFAMAALE » AEESFEZRE

HLEHEZEEEERI T  REMZETFLAFSTH =24
1EREREAZHEET > RARAAZERELASAREREKk > S
Rl JAFRATE » (R ER L BARB AR IR ER A 42 Z A FHE A
R ZKF o
Qb AL HEF TR ENBAREZFRAZH TR EEZRILFE > A B
B 2R ik o
SIEMZEEREHTH —HEREZT . (DEEEAN /> AR QFARMGREA
ERAFXERZ AR AR ©

MEHMREM 2 YR T L2 S T B shETd HEAZ ML E
FRRAZESG ~ BRI AN A EE > AR ESZEFRETHE 10 L5 o
GRS  BALBEETTAE > BT LA R SRR E
AR S S — o B BRI AR A AR 49 > B B AT BN B R A IR 0 R K
BRBEREBEHAHEL LR FTEHBREYSE R AL EBRE T T
BMA A ZAAE A PTG L TR ERZHF > G A% BE
TEBEAEMM AN > R EKA M FAZ WA 0 A Bod A8 B R4S B4 3
He B » AR RAATF R FREATEHHAR > o R ERE TR ERRESS
PE /R E o
BMmETZ REETHHHARESZMA  LARTZERNATEZF LA
oy Fvd T he LR F AT~ AL P AR E MR R MEE Y AKRR
WA T AR ERE B BRI AEE R
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LM Z AR

WHEBHARZFEAN S AT AR ERZ AL > ARV R ENE 4 2 &

A¥h o WHZF kO FH 69

LI B# %A ( New disease control agents): B £ #7 % R A AR & & 4 47 %
PEZ R o TR R 0 B H I A A R AR o

2.8 Fi% 42 A (The use of mixtures): 41 Fl s # & B AL LR 4§ 8 5 740 8
ZRBRGMN o THBHER AL > B 11AR 12T P85 T %R A4 2
% A 9,11)

3. B A ¥ Atk A (Rotation of disease control agents): s # & @ # 24 F & % # 37
R BRI WORAE A > BB ZH R GRS F S o A RS2 R
Ak A & R ik L 13100

474 SE N W] BCHF A 3 5 AT B 42 A # &) (Limitation of use): 4 ML & 69 48 )1 2 %
PRT R Y BA R > ETH RIERBRA R # G RN B o

o.F M B A A sh 2 B 6 ks (Integrated control strategies): % 3 & 7 4% 3 46
By THRMZ Tk 5 > plod @34 F X (cultural practices) ~ 4% # i
¥ v 4 (Resistant cultivars) ~ B4 & & ~ 5 ok 35 255 5 7R (forecasing) ¥ o

6 HEATIL M BN > MR TR R AT R > T s T i A w A
AR BLERAM > T PR X e AT A o

4 -
L |
= i
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“ Thiophanate-methyl
E 3 - \\.‘ //_F’__,_f‘.;\_\_ﬁi_“ B
- N e A——}
b ,/// ’_//"
- ‘%_‘ﬁh"“,ylf/ T % \‘
%) - —— A )
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) 2 i_ polycarbamate
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=
E 1 - No fungicide
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548’

M— > s§—> M > S > M
M > S —> M > M > M

StM M > S+tM > M > M
StM > M >
SHM —>M > M——>M

Number of resistant lesion on 3,750 A(9,300 ha}

> G+§' P S48’ P S48' > S+8’

Unacceptable Level

= Benomyl alone

Benomyl +

Maneb combination

107 .
.0
O‘.
10° |- .+’ Combination used after
3rd year e .’
- ‘.
10° | Lot
ot *
4 ““ ’
10 Combination user after
2nd year o
PN +*
3 ."
10 - L.t et
- +* i
++*" Combination user after
2 1st year
107
Combination used from start _,.»*""
1 e - - - a" - -
10 N Y PSS ol N T N O

l
1 2 3 45 6 7 8

TIME IN YEARS

812, 4545750 ¥t R BT IRG

A5 B RS R &

9 160 11 12 13 14

#i’lﬁz_‘%ﬁ" o

(Delp, C. J., 1980

MIXTURES

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

S and S’ have different modes of action

ALTERNATIONS

§ for critical use in spray schedule
More effective if § has short residual

COMBINATIONS OF MIXTURES AND ALTERNATIONS

StM—> M —> M
—> M

When disease pressure and resistance risk
are very high but the special qualities of
S or S’ are required

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

813, 26 3004 A R IR A i o X o (Wade,

V., 1983)
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