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Cross-tolerance of Alternaria mali to Various Fungicides

Chang Un Lee and Kee Hong Kim
College of Agriculture & Animal Science, Yeungnam University, Kyungsan 632, Korea

Abstract: Of the 1,200 single spore isolates of Alternaria mali causing apple leaf spot and fruit
decay, the mycelial colonies showed 76, 96 and 15% growth at 100,000 pg/ml of captafol, chlo-
rothalonil and folpet, respectively, and five and three percent growth at 10,000 pg/ml of iprod-
ione and polyoxin. These isolates showed cross-tolerance of mycelial growth, spore forma-
tion, or spore germination to the above five fungicides plus captan, garbenda, and thiophanate
methyl. Captafol, mancozeb, polydong, and propineb did not show any cross-tolerance of spore

germination since no spore was germinated at 100 pgg/ml which was much lower than the concent-

ration used by apple growers. Benomyl,

fenarimol, oxidong, and triademefon showed medium

degree of cross-tolerance of the fungal growth, sporulation, and spore germination.

Keywords: Apple leaf spot and fruit decay, Alternaria mali, Fungicides, Cross-tolerance,

rulation, Spore germination.
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Table I. Fungicides tested for cross resistance of apple spot and fruit decay Alternaria mali.
S o ‘—Regommended‘
Fungicide Active ingredient active
ingredient
(pg/mD)
Benomyl Methyl 1-(butylecarbamoyl)-2-benzimidazolecarbamate Wp50 325
Captafol cis-N-[(1, 1, 2, 2-Tetrachloroethyl) thio) 4-cyclohewene-1, 2-dicarboximide Wp80 1,000
Captan cié—N—[(Trichloromethyl) thio)-4cyclohexene-1, 2-dicarboximide Wp50 1,000
Chlorothalonil — Tetrachloroisophthalonitrile Wp75 1,238
Fenarimol a- (2-Chlorophenyle-a- (4-chlorophenyl) -5-pyrimidine methanol Wp12 24
Folpet N-Trichloromethylthio) Wp50 . 1,000
Garbenda 2- (Methyoxcaraonylamino) -benzimidazole Wp60 600
Iprodione 3-(3, 5-Dichlorophenyl (-N- (1-mehyletthyl) 2, 4-dioxo-1-imidazolidinecarboxamide 425
Wp50
Mancozeb Complex product of zinc ion and manganese ethylene bis dithiocarbamate Wp75 1,238
Oxidong 8-Hydroxy quinoline copper Wp50 1,000
Polydong 8-Hydroxy quinoline copper 45% +Polyoxin B 5% 500
Polyoxin B 1-5’-N-(5’/-O-carbomonyl-2’/~amino-2"/deoxy-L-xylonyl) -5-'-amino-5'-deoxy~ 100
pD-allofurano-nyl-uronic acid)-5-hydroxymethyl uracil '
Propineb [(1-Methyl-1, 2-ethanediyl) bis{carbamodithiato]) (2-)] zinc homopolymer Wp70 1,750
Thiogllllafate Dimethyl 4, 4- (O-phenylene) bis(3-thioallophanate) Wp70 » 700
methy
Triademefon 1-(4-Chlorophenoxy) -3, 3-dimethyl-1-(1H-1, 2, 4-trizolel~yl)-2-butanone Wp5 1, 900

! Recommended active ingredient in pg/ml is based on the recommended fungicide dose in gramme per 20

liter water for actual application at farmer orchards.
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Table II. Number and percentage of 1,200 Alternaria mali single spore isolates collected from six farm
orchards in Taegu region grown at 274+1°C for five days on PSA medium incorporated with
various concentration of the five main fungicides.

Concentration (ug/ml)?

Fungicide
0 10 100 1,000 10, 000 100, 000
Captafol 1, 200(100)* 1, 200(100) 1, 200(100) 1,176( 98) 1,140( 95) 912( 76)
Chlorothalonil 1,200(100) 1, 200(100) 1, 200(100) 1, 200(100) 1, 176 98) 1,150( 96)
Folpet 1, 200€100) 1,200(100) 1,188( 99) 1,176( 98) 1, 150( 96) 180( 15)
Iprodione 1, 200(100) 984( 82) 624( 52) 180( 15) 60( 5) oC
Polyoxin 1,200(100) 1,080( 90) 552( 46) 114( 10) 34 3 0oC 0

v After autoclaving and cooling down to around 60°C the indicated concentration of each fungicide was
mixed in PSA medium.
% Figures are number of colonies grown and those in bracket are percentage.

Table III. Fifty percent effective concentration and minimum inhibitory concentration of Alternaria mali
isolates! resistant to the main five fungicides after seven days culture at 27+1°C on PSA med-
tum incorporated with various levels of the 15 fungicides.

ug/mlof isolates resistant to

Relatively
Fungicide Captafol  Chlorot- Folpet Iprodione Polyoxin ?;(flg‘zggitz’le
halonil
Captapol EC50 4 7 6 3 4 3
MIC 131, 700 145, 300 130, 600 106, 700 142, 400 147, 600
Chlorothalonil ECs50 3,513 2,456 2,011 2,718 2,513 1,973
MIC 282, 700 248, 300 288, 600 204, 600 316, 600 310, 400
Folpet ECs0 263 513 296 210 168 53
MIC 110, 400 172, 500 149, 300 100, 300 188, 700 15, 900
Iprodione ECs0 5 15 263 1,083 244 18
MIC 1, 200 5, 300 11, 600 16, 800 1, 500 1,200
Polyoxin EC50 103 82 126 11 140 55
MIC 1,100 1,400 11, 600 1,200 12, 400 1, 400
Benomyl EC50 1,442 2,283 1,421 562 1,735 1,046
MIC 11, 400 14, 000 14, 300 11, 300 14,700 11, 100
Captan ECs0 127 317 577 199 333 85
MIC 162, 100 109, 800 16, 800 15,700 18, 200 8,500
Fenarimol EC50 1 3 4 3 7 2
MIC 15, 400 12,900 18, 300 9, 000 21, 600 130
Garbenda EC50 2,255 2,546 2,784 1,988 2,249 927
MIC 191, 200 178, 800 233, 100 152, 900 232,900 206, 100
Mancozeb ECs0 41 166 216 56 141 98
MIC 12, 300 5, 900 11, 500 1, 500 12,100 1, 500
Oxidong EC50 20 48 25 6 18 27
MIC 44, 300 4,900 74, 000 4,200 88, 300 110
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Polydong EC50 4 6
MIC 110 110
Propineb EC50 40 109
MIC 10, 400 8, 400
Thiopahan-nate methyl EC50 1,570 2,610
MIC 185, 300 356, 000
Triademefon EC50 107 270
MIC 12, 400 13, 000

6 4 6 3

120 110 120 100

163 64 119 26

1, 000 1, 400 1, 600 1,600
1,529 1,165 1,608 1,595
286,000 177,300 . 362,600 211 500
218 106 241 194

11, 600 1, 500 12, 400 11, 200

! Six isolates were arbitrarily selected among the colonies previously grown at 100,000 zg/ml of Cap-
tafol, Chlorothalonil, Folpet, and at 10, 000 xg/ml of Iprodione and Polyoxin, and served for the present
investigaiton. Data are average of six isolates in three replications.

2 No susceptible isolates in the real meaning of wild type wer found among the tested 1,200 single spore
isolates so that relatively most susceptible six isolates were selected for the controls.
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Table IV. Number of conidia formation with Alternaria mali isolates! resistant to the main five fungicides
after sevendays culture at 274-1°C with 12-hours light and darkness alternation on PSA medium
incorporated with the indicated concentration of the 15 fungicides.

Number of sporulation with resistant isolates at indicated concentration (x 2.5x 10%/ml)

10 pg/ml 100 ug/ml
Fungicide - g v ~ B
S 5.8 = &g < &8 S 5.8 & R
Captafol 91 785 106 55 297 101 67 439 91 44
Chlorothalonil 907 905 124 108 213 183 837 890 112 53
Folpet 827 242 80 31 150 104 628 200 47 19
Iprodione 256 131 19 63 20 69 52 117 4 48
Polyoxin 152 128 13 9 26 13 26 18 3 3
Benomyl 335 837 136 110 266 83 204 796 76 84
Captan 741 856 105 75 200 166 714 918 92 36
Fenarimol 233 98 27 6 80 10 108 45 14 3
Garbenda 836 709 12 34 130 25 575 658 7 25
Mancozeb 710 765 15 131 250 232 558 595 10 62
Oxidong 286 759 32 41 164 70 171 388 18 14
Polydong 212 181 31 4 62 50 9 3 6 0
Propineb 769 730 37 136 170 125 493 452 10 71
Thiophanate methyl 923 902 115 85 132 115 871 820 82 54
Triademefon 712 427 25 16 117 58 478 321 13 12
No Fungicide(Control)916 897 344 375 513 413 894 907 365 380
Number of sporulation with resistant isolates at indicated concentration(Xx2.5X 10?/ml)
1, 000 pg/ml 10, 000 pg/ml
Fungicide
g Eé g = . 3 g b £ 3=
2 E&g £ B8 & 7% & E83 & S8
S &xE 8§ S8 £ Eg £ gErE & &%
Captafol 143 54 31 198 72 36 106 42 16 188
Chlorothalonil 119 158 732 757 81 44 112 116 412 464
Folpet 140 85 419 105 29 15 107 55 147 53
Iprodione 19 1 23 9 1 25 4 0 0 0
Polyoxin 7 3 1 5 2 0 3 1 0 0
Benomyl 193 74 95 506 51 61 138 57 7 229
Captan 150 56 587 474 47 22 65 33 268 205
Fenarimol 57 2 76 31 9 1 10 0 52 12
Garbenda 116 22 382 417 5 19 34 20 180 66
Mancozeb 145 98 138 182 4 7 16 0 11 12
Oxidong 120 17 127 194 17 3 37 0 43 20
Polydong 1 0 0 0 0 0 0 0 0
Propineb 94 75 160 98 6 2 16 4 3
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Thiophanate methyl 135 98 652
Triademefon 81 45 211
No Fungicide(Control) 529 436 902

612
187
920

65 45 95 74 272 397"
4 1 13 29 11 8
357 369 498 423 897 911

Number of sporulation with resistant isolates at indicated concentration(Xx2.5x 10%/ml)

100,000 pg/ml

Fungicide . — o .
. 8 yo 28 2 B s 8 % B

& 3 5 E&3 :E 385 & 7 5 5@z

€ B & &= S SEF &£ & & a&=E
Captafol 66 32 100 25 11 162 27 17 43 20
Chlorothalonil 55 36 99 60 216 181 44 15 86 16
Folpet 14 6 41 11 8 0 0 2 0 0
Iprodione 0 8 1 0 0 0 0 0 0 0
Polyoxin 2 0 0 0 0 0 0
Benomyl 31 26 69 47 0 0 0 0 0 0

Captan 37 22 65 33 44 0 0 0 0 0
Fenarimol 3 0 4 0 0 0 0 0 0 0
Garbenda 3 14 18 14 5 3 1 2 6 4
Mancozeb 1 2 3 0 0 0 0 0 0 0
Oxidong 8 1 4 0 0 0 0 0 0 0
Polydong 0 0 0 0 0 0 0 0
Propineb 0 0 0 0 0 0 0 0 0
Thiophanate methyl 59 43 36 34 103 152 46 11 35 21
Triademefon 0 0 0 0 0 0 0 0 0 0
No Fungicide(Control)360 379 521 424 927 905 358 382 515 422

1 Six isolates each were arbitrarily selected among the colonies previouselyg rown at 100, 000 p#g/m! of Cap-
tafol, Chlorothalonil, Folpet, and at 10,000 pg/ml of Iprodione and Polyoxin, and served for the present

investigation. Data are average of six isolates.

2 No susceptible isolates in the real meaning of wild type were found among the tested 1,200 single spore
isolates so that relatively most susceptible six isolates were selected for the control.
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oF @A elcl. captafol @ fenarimol= EC50¢] <3
worns JRERERT Qs Aes Az

PARER S TR TEMES LR 2
HFRR Z2ERm vistd 2pmes de fHad
HPemz jFe] e Fd KERTFT BFHE
HHIE 5o #mshd BHHENL B2 Ao o
AL BB 257 & WRED ¥ std BEA
oz (Table V), A5 BikkAoz FHAZ I
= 161 BEH BT #EIAdLE, 2FdA=
%3] polydong, mancozeb, @ captafole] #HE/} EL
Zlol® propineb, ¥ oxidong®] FEE Y& Aoz
A 7+ ok (Delp, 1680; #BA =, 1982).

A71A HET ERL LEH AS BEES 5
of fmsted ZEAAA AT A SARgens,
B REIESA AA = A AEREIER Bkl FAY
ASde 2R 44 £= 9 Aot

wm =

AL HERERIRE  Alternaria mali®) BT
1,2008#= captafol, chlorothalonil ¥ folpet 100,
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