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Bif1 At 4 EWEolA FBLgo| KR Penicillium expansum & 5r¥stel KM BRimiol ¥ [4EE
HANNC, —RRoR Bio] FMRES MEREA 2ROt Agloo] Mol BN ¥ QR U ERE
2 FRK AR 4 e BRENAE Adlike RS RARLR AW Biginiel EDy, ¥ MIC
%+ ; benomyl, garbenda, polydong, polyoxin, thiophanate methyl ¢} 0.1 xg ~41.74g/ml ¥ 100xg
~2,250 g/ ml A RraEEE o MBEECN A RET o WA &3 e GHEol Wtem, captafol,
captan, iprodione, mancozeb °1 2.64g~750ug/ml U 638aug~ 40,500xg/ ml 2 M X 2 @4 @
#o] hEred i, chlorothalonil, folpet, oxidong, propineb, triademefon o] 27.82g~8,3544g/ml 9
2,625ug ~150,357 g/ ml 24 A4Vt Y2 @ Wikeol U RFER MERLE WhER Bk
e FHe veos RFBE MEMAEE ployoxin ¥ triademefon & BRAslZE R¥o mA-E ngrch

ABSTRACT

Responses to the 14 fungicides added in PSA of Penicillium expansum isolated froms the four major apple
growing areas in Korea were examined. Degrees of the fungal tolerance were various with little difference by
area and with great difference by kind and concentration of fungicide. Fall isolates of the fungus grew at higher
fungicide concentration than did the spring isolates. EDso and MIC to mycelial growth of benomyl, garbenda,
polydong, polyoxin and thiophanate ‘methyl were 0.1ug - 41.7ug/ml and 100ug - 2,250ug/ml, respectively,
indicating high fungicide effects on the fungus isolated from decayed apples in storages and infected apples
in orchards with low fungal tolerance; of captafol, captan, iprodione and mancozeb were 2.6ug - 750ug/ml
and 638ug - 40,500ug/ml, respectively, indicating medium degree of both fungicidal effects and fungal toler-
ar;ce; and of chlorothalonil, folpet, oxidong, propineb and triademefon were 27.8ug - 8,354ug/ml and 2,625ug -
150,35 7ug/ml, respectively, indicating low fungicide effects and high fungal tolerance. Fungicidal inhibitory

effects on conidia formation exhibited a similar trend as on mycelial growth whereas those on conidia germina-
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tion showed an opposite trend to the mycelial growth with the exception of polyoxin and triademefon.

Key words: apple, penicillum expansum, fungicide tolerance,
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M s sl Ha fitkel WMz 2
B Eee=(4, 5 16) ct& HiEYyel st R
WA B B W HdAE 98 BT KRE
2 AAR(9,22). FH4 RBEBEAAT wol BR
o] Avle Wil & el X2 & RHEEkS
23 e A3 FETHOUKRE Penscillium _ezpa}x-
sum & Mol A E SiEtiel EAYXE 2Ech

Burton ‘¥ Fillow (3)& P. expansum & N Tl
{EHE S % benomyl 300ug/mlel #ifistdot &
HRe KU B 2 RAERS DY 4 daled,
Rosenberger ® Meyer (13, 14) = & £HE 3
Ao MEBEC Hted BEKEB KEF drin
stk Gutter 5 (7)& P. digitatum U P. itali-
cum 2| benomyl EZTH WL lpg/ mlE ¥ PDA
oAl A AR5 A wsdkliol ailislglenl Kt
fittE e 500u4g/ml LI L& fisted okt msicie
st ot

Pearson ¥ (12)2 Azl 5E&FHolWiy& Bikkst
7] 533t R Y benomylol ¥s8le, Botrytis cin-
erea o] MtEReol SBE=IAct std2e™, Whan(19)
< [FSEM lug/mloll A Sclerotinia fructicola @ &%
S mEsided mHde o o4 100
~500ug /mlol ME MIKE A ¥sdctn ddx, =
o} Friiol o st Mitk-E i E-L- thiabend-
azole ol HetAM T IEEHME decta sty
(2,7,13,14,21).
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Table 1.

Fungicides tested for tolerance of apple blue mold Penicillium expansum

Recommendeda/
Fungicide Active ingredient active
ingredient
(ug/ml)
Benomy! Methyl-a-(butyl carbamoyl) benzimidazole-2-ylcarbamate 325
Captafol 1,2,3,6-tetrahydro-N~(1,1,2,2 tétrachloroethyithio) 1,000
phthalimide .
Captan 1,2,3,6-tetrahyrdo-N~(trichloro-methylthio) phthalimide 1,000
Chlorothalonil Tetrachloro isophthalonitrile 1,238
Folpet N-(trichloro-methylthio) phthalimide _ 1,000
Garbenda 2-{methoxy carbonyl amino)-benzimidazole 600
Iprodione 343,5-dichlorophenyl)-N-isopropyl-2,4-dioxoimidazoleidine- 425
l-carboxamide
Mancozeb Complex product of zinc ion and manganese ethylene bis 1,238
dithiocarbamate
Oxidong 8-hydroxy quinoline copper” 1,000
Polydong 8-hydroxy quinoline copper 45% + polyoxin B 5% 500
Polyoxin 5- [2-amino-5-O<{aminocarbonyl)-2-deoxy-L-xylonoyl) 100
amino -1,5-dideoxy-1- [3,4-dihydro-5 (hydroxymethyl)-
2,4-dioxo-1(2H) pyrimidinyl} f-D-allofuranuronic acid
Propineb Polymeric zinc propylene bis dithiocarbamate 1,750
Thiophanate methyl  Dimethyl 4,4(O-phenylene) bis (3-thioallophanate) 700
Triademefon 1{(4-chloro phenoxy)-3,3-dimethyl-11,2 4-triazole-1-yl) 1,900

butanone

a The recommended active ingredient in ug/ml is based on the recommended fungicide amount in
xx gramme per 20 liter water for actual application at farmer orchards.

RFBF WE. BWHE mstod =zl BEso
£ PSA 1ol B RFH K 2,500/ ml =
A HE Y BMKE 0.2mlplate = FET % &
WY EE A S5mmo ¥ felddz 2HY ¥
F ezl of¥A & A& FIIREAA 12~24
B S S MBI TAA R¥RFS BE
Hmstglch olml RIFF Hdojrt T EHEMH
A e BHEG Ao FHEA

NEHEE BE. £ REME BEHNZ mMAT
kA 21 i AN WG SfEA &R
¢ piEe] —%E HE 3mmol @K A Ho W
A% wcoh o e @ES BWME ML HH=E B
Wi sREEste] 21 Al AIUERSIE Th RKEg
1478 ol W@ RS AW REREMIC)S W
HE B RIULES] e SR #E o] AR B ol

mated BEW REBRES Hexstad o3(4,16,22).
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A Beldl e RS Hies RN BE Y
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23

BiagrS 50% dAA7A Y 448 dAATE
benomyl, garbenda, polydong, polyoxin % thio-
phanate methyl & ECs ¥ A AA-5sX(MIC)
+ Fifio] wAgo] BE Rkl ] £& 0.lug
~41.7ug /ml 4 100nxg ~2,250ug /ml2A W
acE o ASEA A SR 2 B @mkel W
ffo]lch(& 2). Captafol, captan, iprodione U
mancozeb & 2.E Eifkel| tidt " ECs ¥ MICH 2
z+ 264g~T502g /ml ¥ 638ug~40,5004g ./ ml
24 % 9 g el dE Ak Chlorothalonil
folpet, oxidong, propineb ¥ triademefonl ECs
29 MICE ol WiRgl o] 28 Wiskel tsld &%
28 ug~8,354 ug./ ml W 2,625ug~150,357 ng /
ml2AM a2 R A ZR 23 )Y



Table 2. ECso and MIC values of 14 fungici- fifvkeol w-& flioladch MWMHE m3tx AU+ H
des for inhibition of myceiial growth Miliaol HetedAs 2 (i Buime WRESE N
expressed in micrograms per millili- s L °
ter for isolates of Penicillium expan- A7 Sl 9d o,

sum collected in spring and fall -1983 Benomyl, garbenda, thiophanate methyl-¢ £3
o Spring isolates ¥ Fall isolates” _ %fﬂ BB @B Y5 362g~TTrg/ ml A A
Fungicide ECsy MIC  ECy  MIC Fol MiRgel € WHe RFBKE 25 7
Benomyl 0.2 163 0.4 488 8 WY MY =& AME 2o, iprodione
Captafol 185 35500 1388 40,500 % polydong o} Hiisk RFEMK MEKRE w3
Captan 2500 13500 7500 40500 b shEmiskel RFRRS BEOES 3fEdA mE
Chioro thalonil 1,5475 50,119 8,353.5 150,357 ' o - o7t ' o
Folpet 55.5 13,500 1,250.0 121,500 ¢ ‘?— Ut REEAA B @itol ofd BEY A
Garbenda 1.3 300 3.7 900 ‘% ﬁiﬂ]ﬁ ¢‘ ﬂﬂt}(ﬁ 3). Mancozeb, polyoxin
Iprodione 2.6 638 19.5 5,738 9 propineb © ¥Fitke RTYEMRE 548 Waulst
Mancozeb 172.2 1857 516.0 5,569 e 1~3fEd A HLBikEE 95~178 (X 10°/ml
Oxidong 0.1 13500 22500 117,000 e RS o _ A
Polydong 218 100 78 2250 T 89 RFUAE 2o 2 &8 o e W
Polyoxin 138 150 417 1,350 o] digEslck Chlorothalonil, folpet % oxidong &
Propineb 1750 2,625 12,1875 70875 BRitke] RFEel side &smErel 8144l
T‘:::l::::me 05 350 29 70875 81,0004g ~100,2382g / ml ol A 7HE kS B FH

®2T~167& e HES A G W Wkol
w2, captafol, captan ¥ triademefon® X

f\verage of 12 isolates from decayed apples in storages $E ol #EEl yrobch

in March 1983.

1 . -
Average of 12 isolates from infected apples at farmers’ Benomyl, garbenda, polyoxin, thiophanate
orchards in September after application of the various methyl ¥ triademefon & H8ELNES) 1~ 3 {4

a2 B . d . th l M -
::;z::des 15 different times during the apple growing 300ug ~5.700/1g/ml oA B RIBFE =

Triademefon 769.0 25,650 5,700.0 128,900

a

Table 3. Conidia formation of Penicillium expansum on PSA added with different concentration
of 14 fungicides after seven days of incubation at 27¢1°C

No, conidia (10> /ml)a

Fungicide 1/9 13 i 3 9 27 1%/
Benomyl S 0 0 0 0 0 0 0
y F o 0 0 0 0 0 0
S 219 170 125 65 0 0 0
Captafol Cr 275 258 232 216 125 0 0
Captan S 159 141 90 75 40 0 0
F 223 215 197 192 189 168 0
Chloro S 248 245 217 190 120 0 0
thalonil F 349 300 293 212 210 175 167
Foloet (S 170 164 156 105 37 0 0
P F 243 222 209 188 119 88 27
S 0 0 0 0 0 0 0
G
arbenda (g 0 0 0 0 c 0 0
Iprodione (S 0 0 0 0 0 0 0
P F 202 195 146 0 0 0 0
S 162 95 0 0 0 0 0
Mancozeb (g 227 203 178 0 0 0 0
Oxidon S 105 90 78 0 0 0 0
& F 238 209 175 160 112 89 52
s 0 0 0 0 0 0 0
Polyd
olydong (g 114 107 79 0 0 0 0

131



No. conidia (103 /m1)?

Fungici
ungicide 1/9 1/3 1 3 9 27 g1%/
) s 202 178 159 0 0 0 0
Polyoxin (g 117 101 98 95 72 0 0
. s 210 206 197 0 0 0 0
P
ropineb  (p 286 254 128 107 58 0 0
Thiophanate ( S 0 0 0 0 0 0 0
methyl F 0 0 0 - 0 0 0 0
, s .217 209 186 147 0 0 0
Triademefon (o 190 169 131 107 .94 72 0
s 280 276 263 275 285 275 269
Control
ontro (g 289 292 277 303 294 264 309

2 Numbers of conidia were averages of the cultural stocks from the four regions of Taegu, Yesan, Jungup
and Chungju,
Times of the field-applied fungicide concentrations added in PSA,

€ 8: cultures isolated in spring, F: cultures isolated in fall after application of various fungicides around
15 different times at farmers’ orchards during the apple growing season.

Table 4. Conidial germination of Penicillium
expansum on PSA added with different
concentration of 14 fungicides after
15-24 hr of incubation at 27+1°C

Fungicide Conidial germination(%)al
el w13 1 3 9/
Benoms1 (s" s4 SO 0 0 0
¥ F 8 61 55 0 0
s 6 0 o o o
Captafol (F 0 0 0 0 0
s 6 0o 0 o 0
Captan G 0 0o o 0 0
Chloro (S 0 0 0 0 0
thalonil F 0 0 0 0 0
s 0 0 0 0 o0
Folpet G o 0o 0 o o
Garbend S 48 29 18 0 0
arbenda F 79 66 S5t 42 0
o 5 o 0 o0 0 0
pto one l: o . 0 0 0 0
s 0 0 o 0 0
Mancozeb (F 0 0 0 0 0
oxid S 0 0 o0 o0 o0
xidong F o0 0 0 o0 o0
porvd S o 0 o0 0 o
olycong ¥ 2 0 o0 0 0
boyoxin (S 2 8 00
olyox F 9% 78 73 57T 23
proninch e o 0o o0 o o
ropim ¥ 6 o o6 o 0
Thiphanate ( S 78 49 43 0 0
methyl F 97 94 8 79 64
. s 97 91 74 0 0
Triademefon  ( I 98 94 86 9 0
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Control (S 100 100 100 100 100
F 100 100 100 100 100

2 Percentage germination was a average of the cultural

stocks front the four regions of Taegu, Yesan, Jungup
and Chungju. )

Times of the ficld-appliedffungicide concentration
added in PSA medjum,

S: cultures isolated in spring, F: cultures isolated in
fall after application of various fungicides around 15
different times at farmers’ orchards during the apple
growing season.

&3 sl ey SRtk RFBES mHsA
£33l 2 L 2 Ach(%£ 4). Captafol, cap-
tan, chlorothalonil, folpet, iprodione, mancozlb,
oxidong, polydong % propineb~= #HSELIEES] %
152 MY 47ug ~194pg /ml AT FEid #
Aglol LE witkel RFQHE 5248 Milstod §
A7 T3 oo (A DA A Rie )
TR SRmRES 7Y 4+ glsich

MIEEtEE2] ®Wi¥. Benomyl, garbenda, pol-
yoxin, thiophanate methyl % polydong2 7 [
AR 5 oY %o RERT2NHREREMIC)
+ 56ug ~233#g/ml 9 1,8002g ~4,5001g,/ ml
24 e diftkel Z14 v te v polydong & MIC
AL 80452 A gD BEdG(E 5).

Captafol, captan, folpet, iprodione, mancozeb
ol propineb & R MAIER a7 2 %o MICE 425
#g ~27,0004g/ml 2 11,475ag~ 87,5004g/ ml
224 el fittkel ko, HAHLE HmKe



Table §. Minimum Inhibitory concentration
(MIC) of the 14 fungicides added in
PSA for mycelial growth of Penicil-
lium expansum before and after seven
successive transfer cultures for 147
days at 27i|°Ca/

MIC(ug/mi) Increased
- rate of
Fungicide
Before®  after tolerance
. (after/before)
Benomyl 108 2,925 27.1
Captafol 27,000 45,000 1.7
Captan 9,000 75,000 83
. Chloro
thalonil 33,413 185,700 5.6
Folpet 9,000 75,000 8.3
Garbenda 200 1,800 9.0
Iprodione 425 11,475 27.0
Mancozeb 1,238 18,570 15.0
Oxidong 9,000 160,000 17.8
Polydong 56 4,500 80.4
Polyoxin 100 2,000 20.0
Propineb 1,750 87,500 50.0
Thiophanate ) ;4 2,100 9.0
methyl
Triademefon 17,100 190,000 11.1

3 Thel2 spring isolates only were used in this
experiment.

Before the seven successive transfer culture,
the fungus isolates in March 1983 was grown
for 21 days at 27£1°C on PSA added with 1/9,
1/3,1,3,9,27,81, and 243 times of the
fungicide concentration recommended to
farmers for application at their orchards,
From the colonies grown on higher concen-
tration of the eight levels, mycelial disks of
three millimeter diameter were cut out to
initiate the seven successive transfer cultures,
in the presence of fungicide,

b

captafol & 17452 714 WY3ta propineb+ 501%
2 stk

Chlorothalonil, oxidong ¥ triademefon2 &
7E ARER 8] 9 ®e] MIC+ 9,0004g ~33,413
#g/ml A 160,0004g ~190,0002g/ml 2.4 @9l
ftEol A wsto=, EMAE ML £ 56,
17.8 9 111454dch

% =

Apstp 2 a ol fiiil P. expansum ) £ &Y

ol ol g RKES kel 2851 Agled, o
SHREE RRY 418 AzEmol A EAT Y&
B EHoL e WA o2& BRE 448
E A £FME R 100E BRNE M
Eele o 2 WMol WMEtel Bmis A
¢ 4 A ed, olAel —mmudl @i HHA B
fGfol AR Yo oT3 #IT AU go
E RAY Mo %EY ulfkdol EoH(10).
Benomyl, garbenda % thiophanate methyl &
RALR WML A3 e Foyol BFER 0
HARE M2 2tov, RFEF WHAR: /3
watedl oj o€ benzimidazol % SEMI{EM MIEl

- BB e aid Ao, RTRF 48E #l
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2/ £8]e sl QN8 OB A HRYE 4
e BARRERN BAMRAM 2 vkt o] 5}
Wtk st ol € BEMY ECso 2 0.4ug ~3.7
sg/ml BA IR EMdelM st dgteoe @y
RBEAA A} FETHOFRS HEEe Ay BE
32 #AAY Residctn dosts BAESME 2
HEZ M4 ¢ & & 4 Aok ey BEES
WA BT 2 TE B RIUER Rt 2
Aol et 9~27459 MIC 1,8002g ~2,9254g/
mE 2gleng, oz oF EME LRIBANA
gAdcd BEvc 52 HHde ABRY ‘RO
A& Aot Roy(15)+ P. expansum ol 2§t Akzb
o] WEE BikR3t7] #lsted 1,0004g/ml & benomy!
+ BH%E HE mEsx Zetde~, Hard-
ing (8) 2 #2& mEFsh= P. stalicum 3 P.digi-
tatum & B3t7) ¢13to] benzimidazole Bl thi-
abendazole 3,0004g/ml & AEsd o &5 o
fese a8 ARES HRYT 4 sie 2o
Azt F2T g olf el benomyl o WYt Gt ol
&Kol %%t benzimidazole BIS BARES ETF
e H$ ol RY LAY KRB+ iprodione
ol FEBRMGR AW (2), F HEMBAdAE
benzimidazol #1¢l benomyl, garbenda A thiop-
hanate methyl ¢| %% o} iprodione & HE7t £
813 daton gy RMEAAMNY B HiiEES
BB ot o|n] of & HiWE VYoo WA
Ade REEAYE ¢+ de WSt ohviete 448
o AZRME rovral oW HfiLoe HARel JAH
7 5o Ayew 252 benzimidazole Wit o
Bol AN %A e 9 44 Wkpe R
€ f§dxe o WARNY RES € 4 Utk



Aol 158 ol4tol £ benzimidazole Mol w &t &
B HYyRE GHkRel B wet 2e4(1,3,4,6,
8,10,11,12,14,15,16,17,18,20), %8 uztdAe
oA E P, gxpansumol tiste] stk A Q1o
o2 gom e Bodte MY f Ata &
o aBla: EEiNel Rat e AMENEs
iprodione Y.t} polydong ©| W#i ©HE HLZR
el 2y AEX SRE o AR £
¢ Aoich sivstd AHRY BANKBE RENA
EC500 Q.lug~T78uz/ml 24 BERAE BR
BB M AR &2 Ao BaEdey B
HHR BHEAAE TE BREE 3 & AN
A= 2R 805 o G BEN 148
4 A4 &4 vehd ez wop e RHHER
etk 1A ¥71 W otk

Oxidong & sfc} stA =t A3t F& FHolol
kel A2 AEI AJAA Y Biel Wiol elol
BEER VENG AoR ol B4R % KK
o] BiRARE gl Aotk Y X BHE pol-
ydong ¥ ©7 RFHF MHEHNEE U= B
piol EE st R HRE ¥ 45 A& Aok

Captafol, captan, folpet, mancozeb U pro-
pineb & 25 P. expansum BBz FHIZE obd
Az =& BAER Yol AN & REAA HR
7t g BE G Folded iR AR 2o i
FRF WEREE 338 2% Polyoxin &
5 @e) Aol ot BALER 9 RFER WHK
27 wotou WEFRF MAMES oA BB
27} el& Aok

Chlorothalonil ¥ triademefon-& k35 BB

148 7140 A3 FE2FFoREe HFMRER 7t
Z Jgto v MiEe WFRFE WMEBEST B3 =%
ct,

o] &

) #

AHBE BT SlolM ASdT HAsd €
AAS HMHHBR ARE BE—FAA #EE X
stel, ERfERC] ol e BES F4A MEE
%ot BERBM oA BB At
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