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oz olg oA g HFAH FETH ZAIEUTHPark,
1981). 2 A3 KM} Bla-Se] &7t FHEEANA A5
& 9l TFEY v o] 47t 274%} 174% ) = o
2 d7dA A¥E oFF & 97 KMo tig Ecxol
10 pg/meolPYem o|EF 4~5%9 FFESL Foxo] 100
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Table 1. Fungicide resistance or decreased sensitivity reported in practice in Korea

Fungicide i::ru;f Target diseases Re:)::e d Reference
Kasugamycin 1969 Rice blast 1981 29
Blasticidin-S 1966 Rice blast 1981 29
IBP 1966 Rice blast 1983 32
Benzimidazoles

Thiophanate-methyl 1977 Strawberry leaf blight 1984 28
Strawberry gray mold 1984
Benomyl 1975 Strawberry gray mold 1984
Apple alternaria leaf spot 1986 20
Apple white rot 1994 2
Cucumber, tomato gray mold 1994 12
Carbendazim 1977 Cucumber, tomato, strawberry 1994 12
gray mold
Polyoxin 1971 Apple alternaria leaf spot 1985 18
Apple blue mold 1985 19
Strawberry gray mold 1986 10
Dichlofluanid 1980 Strawberry, tomato gray mold 199 13
Dicarboximides
Procymidone 1977 Tomato gray mold 1986 16
Strawberry gray mold 1992 31
Cucumber gray mold 1994 12
Vinclozolin 1980 Strawberry gray mold 1992 31
Phenylamides
Metalaxyl 1980 Potato late blight 1990 5
Pepper phytophthora blight 1992 14
N-phenylcarbamates
Diethofencarb 1992 Strawberry, tomato, cucumber 1995 12
gray mold
Coppers
Copper sulfate 1980 Pepper bacterial leaf spot 199 25
Streptomycins
Streptomycin sulfate 1974 Pepper bacterial leaf spot ' 19% 25
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lin, iprodioned f33} dBoNA 2 1976\33} 197935
H 2 AdFggel S wAlsy] Ysted ARRHNEH F
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wRpA o] JUTHH 1).
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Fig. 1. Frequency distribution of field population of Bofrytis cinerea against two dicarboximide
fungicides, procymidone and vinclozolin, in 1992,
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Table 2. Comparison of virulence, conidial produc-
tion and development of aerial mycelia on
strawberry fruits between procymidone-
resistant and -sensitive isolates of Botrytis
cinerea in the laboratory

Lesion Conidial Development

Isolate area  production  of aerial
: index” (X 10°/c®)  mycelia”
Procymidone-resistant
J 42 46 138 ¢ 287 be
Y 62 41 3.08 ab 33.3 be
W13 47 233 be 743 a
Procymidone-sensitive
N -52 44 416 a 167 ¢
Ko4-2 4.6 147 be 43 b
Ko-1-3 47 1.54 be 653 a

“Based on the scale 0~5.0 : no lesion, 1: < 5% area
diseased, 2:5~10%, 3:11~30%, 4:31~70%, and 5:70%
< area diseased.

PPercentage of lesion area covered with aerial mycelia.
The values followed by the same letter in the same
column each are not significantly different based on
the LSD test.

t goEagtEd A3dQ] #FEL EF WATGEA
AFFAQ) carbendazime] A 3HAlolglon T d¥ #F
E& dicarboximide Aol = A3 o] Yt}

199433} 199530 433 1,2337) AL FFolHTE
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U dicarboximideAlo] B3 AL HolEx Htro] HA)
o] 74% 2 $-HFo]9z NPCAld] A3 e Hole o]
25%, NPCAJell A&+do]dA dicarboximideZ)9} benzimi-
dazoleAlo| 2tz BEFAFAE HolAY oA F Al

100
ETomato
g0 F Bl Cucumber
o
X
= 60 |
2
2
=3 40
g 30
e
20 |
0
0
1986

Fig. 2. Annual changes in procymidone-resistance population of Bofrytis cinerea collected from major

tomato and cucumber fields.
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oA 1987\ 33 19900 ZH2F B ¥ Q)

T detdMe dadwe] walcks AMgER 3d
2 1909 Ay Aol Hgow wALHChoi
et al, 1992). WElRMIL 19883744 = 7=} o] ojgh vt
AEZI7E o A ety SUZAA A
1990 AldellMe 2 g7t s dekstgdate) Aol
A dish). durdog A9 7158 Eoso) 250 pg/mlE

T

a4

A

ul

o #37 A
SRS W 1990~1991d AR 4075 F 1UFF7F A
ojglom Z& 3 E ThE ZAMA 437FF F 217F7)
Al whHel| ©A] 53Fvto] Eosp <04 pg/mio2 %
& UYeEMIKUTHChoi et al, 1992). AaATol hdk
metalaxyl 9] WA &= Aol Hste] dA 5] HolA
50ppmELe] WAE A FF) AS- 76%m s A
P 24%0 EFSGATE Ao Wk, ik,
SHRAHT IAFAAFE Aol viE dssAY =
T 43std 7AA ASEE ATl HHojRx &
UTHKIm et al, 1993). o] Aol|lA metalaxylol] &A1
#AAYTe Fxe AGd mEk & Aolrt giden
2k F AR BF AN F2 B¥E 9u
FEAEANNE SRR FUHKoh et 4, 1994). T2}
19931d9] ZAMIME GRAY 2Ed] o W A4
o= veht Aol AFoz ik AoR e
(Lee et al, 1994). 5G| W3 metalaxyle] 754
AEE 1097FE oz 19929 Fzx2 A=
Ecso 355 1 pg/mé~150 pg/mlE ThdstAl JEehdo
Ecso FE7F 22 pg/mbRch £ 3355 AYslas ¥E
777} metal- axyld] tha) 24A4E &4 Kim
and Oh, 1992). 3 A3A
ARk Az Wwr=a7), I8
gax go} XA MEFH] 4% A
Agggo] @S XA
RAo2 A7t Q)

L
.

Finea
e

0]=
M

S(Fa)H 2 Streptomycin

Streptomycine] thdt &AL 19600t v= o Ev}
E - 139 NTFRFHE(Xanthomonas campestris pv.
vesicatoria) | A A& LAEHU W FA digt AL
19799 w5 ErfEe] AWM Ag HuHAY
(Cooksey, 1990). UEJXM T Streptomycine]] thdt A 3HA
o] =AY 1972d A5 RuEHYeh 1E]a Ew}
E, 159 AdgdAFHEE APEae FeAel g
Agge @ 9 plasmide] elal AsE Ao ual

Table 3. Response types of field population of vegetable gray molds, Botrytis cinerea, to three fungicide groups,
benzimidazole, dicarboximide and NPC in 1995

Response type”

No. Proportion
Benzimidazoles Dicarboximides NPC samples (%)

S S S 0 0

S S R 308 25.0
S R R 1 01
S R S 0 0

R S S 450 36.5
R R 5 459 372
R S R 12 1.0
R R R 3 02

%G . gensitive, R : resistant.
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Frk FUlolME streptomycingt A7} ZHz 197433
198037 ARgHo] govt F Al g AT
= 13 AFGETFHETS dhdos 193¢ AE =
AERET 1993~1994d 3] 6675 % copper sulfate
of thgt MIC7} 200 pg/meo) R A@ATEFE SEFAL
streptomycin sulfates] o3k MIC7} 100 gg/méRr} &
AAdFTFE 8 7] 5ol Lee and Cho, 1996). T
gAe] gt AFdL & 749 plasmido] 3] A=A
om o] plasmidg Z4A FFA HAoAFIE Aol
FZHUHPark and Cho, 1996). T84 o] AYA F=F
B9 T3 7144 A&y AA W& 2AEA
oot #Aoll of4E ol A Fok

DMI(C1s-Demethylation Inhibitors of Sterol
Biosynthesis)

Sterol AEH AA) DML A= 1980 5E AHEH7)
AlZksted HA 700F olido] FEHoO glom, vwid 500
M/Topdo]l AHER Y I F8F FEE BY
tricyclazole, triadimefon, fenarimol, mycobutanil, penco-
nazole, bitertanol, flusilazole, nuarimol, triforine5o] ¢l
th. DMI A= 2 2898971 Yol 3754, 54, =8,
ASEFHY, SA8, ALF B, I, A7
59 BAAZ del ASEHT gtk 9T ZAeE Hd
DMI Al eHdaAd] vls) AaA Hdde £d71s74d0l
dddez 3& Aoz BuHPey uldxe DMI A
of gt A3 AF7L o FolXA Gol old g Arr}
ul$- Atk DMI Ao tigt AP Fg9 AFAALH
d=, EYoA 1982 Q0] B9 HFFEHA HEo
2 HuF3ItiStaub, 1991). o]F A3, wle] HedFH
W, g NErHY, ¥x 7R, W 7ol o)
triadimenol Z& femarimol®| A3Ajo] &4, v, &
SolA RuEJAcHBrent, 1995 ; Ishii, 1993). X|Z7}A 9]
959 AT ATAE e DMI AFATY 71AF HgHe
A537%0) Ha) 95T Ao YA irkTakeuchi
and Nagai, 1982).

= A MNP ool FF MY

I AeA AP B I ol HA%A o}
Ax yedjor & 480 UFY go. 59 74 olv
A Agol Bud oAl SUdME FUF B
ol gl AFL AREHO geut I3 ] BUEHe
o] o15 opAld U@ A4 X diF A7t minlsio
A ARe &5 e A9t dFEelth o AER
27t S@AsE Atoldl ofw] AW ARGl AR}
of AAPE7RIA oA AT #AE WA EA7L
1 9l& 7hsAel B o2 AES ¥ WU
ko] Aol tid A4 BEZ7T AF8 A ok
AY EAZL o ol Askely] Aol dad 2XE FHa
oftt & AHolrh AFT zAPL o HFA/ AT 2

ok

Table 4. A list of fungicide-disease combinations
which already had or might have potential
resistance-risk in near future in Korea

Fungicide or

fungicide group Diseases
Benzimidazoles Pear scab
Grape gray mold
Citrus blue mold
Polyoxin Pear black spot
Dodine Pear scab
Oxycarboxin Chrysanthemum rust
Dicarboximides Apple alternaria spot
Pear scab
Phenylamides Cucurbit downy mildew
Ginger pythium root rot
DMIs Pear and apple scab
Cucurbit powdery mildew
Streptomycin Peach shot-hole
Citrus canker
Kiwi fruit rot

e B dARE IelA A wdTol Bud A
7}, ) ARy g dodine(carpene), £.0]%=7H
2 Pythium¥ol] th3 phenylamider] A4, 4% &<
H71EY, 9, A2d7Yd, @xHd] oid DMIA|, &3]
=3 g=rel oig oxycarboxin B Hzol AFHTEE,
Aot AFAFEH, A WS FEHS 4F AEH
o] th3t streptomycinA] SolthE 4). ol¢jo] H:=Ho|}
polyoxinX@ of2] #alo] de] Rols ATAELS ol7|
AgAo]l Hug W) ooz 7hpeAde] Asiyt e H
sl & F Jorz ol g AL desith o
A A ARAEE AF FuldlAd ZEA AEEHL YU
E A7 gREdd 53] I3l Pt A7 S
I Qe e WAdAR dARE ARREHY W
oxycarboxing % JARH WAET Ak Al
7} FrERY Po] RuHugE AAddE Bk of
A olfd A7t FHFHEA G o wlg JEHTH
SPvels Faldnye Ao niuiel o] F7H4
ol Ao g AR AF7F A A9t B2H
olgtzre AT AIAT LY AY=E Y F Y&
Bat opel FAFFA Aste Zr|@AlA o ol AL
7} otslaly] Aol AAd dAs ATE F lerg 7
ARegr & o]F0| glrh

FUe] A A AFE olFE 712F g 7
B2l gl oY A7t A3 Bade] Auisol

3AR g el 2 FAY BF) APE Al

A AEA Al screening®th Xl EAlEE WUHd



U ATA AR A @3 A% 9

Aol & oAlel] tigh 74 BES ZAsle] o]hL 2
Az o] AF e B}t wrlEs ookt o
Zrd BXE SR T APAY JEEE7) ookt
o Se] ATAl AAATE o] BE At ol
A 718e] we BEEY 1 71ES A7 ue
2] dAste] A fMolx B EAHol UL Bt of
Uzt Agdudaday BHE S A B9}
otk = T2 EAle AdA AT EAdRs) A
W screeningo] ©¢ UHFEFH wiRAlA ] A4S 7}
ol o8 ARtk ¥4 3 249 A&
e AR Aol duktFo AT} gt A
a3te] diule] st} BAE|ojof gtk Aotk Aol A
A2 AAFNL AAZ T oAUk E}e)
22 olojzjolgt A ojn)7} glrh
=

PIggTe Aeduddd dig AdEg 71

)
M= oo X

HE RIEA ZAMEOOF & Aot AaA Aol
ol Blste] Aot IARFA, 4FFYo] WA
A Hdde T U9k H%E 428 £ Qe
F A27} Ao AR AT TR S5 ¢

Toll viste] FHEoXA] el o FAAFHTL
A A& ARGl Auglel TA A7 P&
| et LW EAske BdT A o
= REZARE 12 RIS AT 3l EA
F A @ ZRNA A o]F Ao} skt 7]
A dojd Are A digk 1A gL
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Review of fungicide resistance problems in Korea

Choong-Hoe, Kim(Plant Pathology Division, Department of Plant Protection, National Institute of Agricultural

Science and Technology, Suwon 441-707, korea)

Abstract : Fungicide resistance study in Korea is still in its infancy, and most of those resistance studies
are largely limited to newness of the detected resistant strains. In future, detection of fungicide-resistant
strains has to be based on sensitivity distribution of pathogen populations to certain fungicides, and
standard levels of certain fungicides for resistance should be determined under the basis of this data. Most
of the early research on fungicide resistance in Korea has overlooked this point, and resulted in
inconsistency and confusion for monitoring sensitivity shift of pathogen population among individual
researchers. Fungicide resistance detected in vitro tests has to be documented in field trials by examining
control efficacy against resistant and wild-type pathogen populations. Resistance detection i vitro has to be
correlated with lower activity in practice. Using this process, fungicide resistance will have a practical
meaning. Fitness evaluation of resistant strains for survival is, in particular, of importance to determine the
future stability of the resistance in the pathogen population. In fields, sensitivity change of pathogen
populations should be carefully monitored with and without fungicide selection pressures to establish
long-term management strategies against fungicide resistance. It is becoming an urgent task to provide
information through research for designing and implementing successful counter-measures against fungicide

resistance problems in Korea.
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