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With 32 fungicides, it was examined the inhibitory effects on the mycelial growth of Alternaria dauci KACC42997
causing Alternaria leaf blight of carrot. Showing the results of the agar dilution method, the fungicides belonging
to €2, C5, G1, E2, and E3 group were excellent in inhibiting mycelial growth. Protective fungicides belonging to M
group, except for iminoctadine tris-albesilate, and pyraclostrobin belonging to C3 group were effective in inhibiting
spore germination of pathogens. The fungicides included into C2 group inhibiting succinate dehydrogenase activ-
ity and the G1 group inhibiting demethylase activity showed the excellent inhibitory effect on mycelial growth but
the inhibitory effect of spore germination was very low. However, fluazinam belonging to C5 group was excellent
in inhibiting spore germination as well as mycelial growth. Especially, when 100 pg/ml of fluxapyroxad belonging
to the C2 group was treated, 47.1% of spore formation was inhibited on the medium. In comparison of the resis-
tance factors of 3 fungicide groups, as G, C, and E group, in populations of A. dauci isolates collected from Gumi,
Pyeongchang, and Jeju, resistance factor in the population of Jeju was the lowest. However, two isolates resistant
to fludioxonil belonging to E2 group were found in the isolate group of Pyeongchang, and both showed cross-
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Table 1. Fungicides used in this study for evaluating inhibiting
effects on the spore germination and the elongation germ-tube
inhibition of Alternaria dauci KACC42997 causing Alternaria leaf
spot of carrot

Active ingredient (%)

Groups Fungicides and formulations®
Chloronitrile Chlorothalonil 75.0, WpP?
Phenylpyridinamine Fluazinam 50.0, WG
Guanidine Im.inoctad.ine 400, WP

tris-albesilate
Quinone Dithianon 75.0, WG
Phthalimide Folpet 50.0, WP
DMI Difenoconazole 10.0, WG

Metconazole 20.0,SC
SDHI Fluxapyroxad 15.3,SC

Boscalid 49.3, WG
Strobilurin type Pyraclostrobin 22.9,EC
Phenylpyrrole Fludioxonil 20.0,SC
Dicarboximide Iprodione 50.0, WG

DM, demethylation inhibiting; SDHI, succinate dehydrogenase
inhibitor.

°The abbreviations for each formulation are as follows: WP, wet-
table powder; WG, water-dispersible granule; SC, suspension
concentrate; EC, emulsifiable concentrate.
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Table 2. Effect of fungicides on the mycelial growth of Alternaria dauci KACC42997 causing Alternaria leaf blight of carrot

a b
MOA ZI)?'l: Fungicides (:gs?:‘n (;r;llﬁ'nl)
Multi-site fungicide (protectant) M5 Chlorothalonil 5292 >100
M7 Iminoctadine tris-albesilate 0.185 >100
M3 Propineb 1.701 100
M4 Folpet 5.423 >100
M9 Dithianon >100 >100
Respiration Q2 Isopyrazam 0.579 100
Q2 Fluxapyroxad 0.053 10
(@) Boscalid 0.155 >100
2 Floupyram 1.443 >100
C2 Flutolanil >100 >100
a3 Pyraclostrobin 1.174 >100
a3 Azoxystrobin >100 >100
a Kresoxim-methyl >100 >100
a Trifloxystrobin 35.930 >100
G5 Fluazinam 0.083 >100
Sterol biosynthesis in membrane G1 Difenoconazole 0.002 100
G1 Metconazole 1.055 100
G1 Tebuconazole 0.190 100
G1 Hexaconazole 0.005 100
G1 Fluguinconazole 0.265 >100
G1 Prochloraz 0.002 100
G3 Fenhexamid 2.631 >100
Signal transduction E2 Fludioxonil 0.059 >100
E3 Iprodione 0.426 >100
E3 Procymidone 1.274 >100
Cytoskeleton and motor proteins B1 Carbendazim >100 >100
B1 Benomyl >100 >100
B1 Thiophanate-methyl >100 >100
B1+B2 Carbendazim+diethofencarb >100 >100
Cell wall biosynthesis H4 Polyoxin B >100 >100
H4 Polyoxin D >100 >100
Lipid synthesis and membrane integrity F2 Isoprothiolane >100 >100

MOA, mode of action.

°ECso value refers to the concentration of fungicide that inhibits mycelial growth of the pathogen, A. dauci KACC42997, by 50%.

’MIC represents the minimum concentration of fungicide that completely inhibits mycelial growth of A. dauci KACC42997 causing Alter-
naria leaf spot of carrot.
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Fig. 1. Germinated conidium of Alternaria dauci on a cellophane membrane placing on potato dextrose agar (PDA) according to incubation
time. On the cellophane membrane placing on PDA, 150 pl of conidial suspension adjusted to 5x10" conidia/ml was inoculated and incu-
bated at 25°C. (A) Conidium incubated for 1.5 hr, and observed at 400x magnification. (B) Conidium incubated for 3 hr, and observed at
400x magpnification. (C) Conidium incubated for 6 hr, and observed at 200x magnification. (D) Conidium incubated for 12 hr, and observed
at 100x magnification. (E) Conidium incubated for 24 hr, and observed at 100x magpnification.
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Table 3. Inhibition rate (%)” according to several fungicides in vitro assay

MOA

Spore germination®

Germ-tube elongation® Mycelial growth*®

code Fungicide 100° 10 1 100 10 1 100 10 1
M4 Folpet 100.0 94.7 0.0 - - - 87.1 56.3 155
M5 Chlorothalonil 100.0 100.0 26.7 - - - 66.8 54.5 41.0
M9 Dithianon 93.0 62.3 0.0 - - - 28.7 255 20.6
M7 Iminoctadine tris-albesilate 6.3 0.0 0.0 85.7 71.2 0.0 97.4 90.3 716
2 Fluxapyroxad 0.0 0.0 0.0 83.7 79.9 76.7 100.0 100.0 90.3
2 Boscalid 0.0 2.7 0.0 79.5 86.3 56.0 83.8 69.2 414
a3 Pyraclostrobin 100.0 100.0 95.0 - - - 924 71.8 41.5
(€5 Fluazinam 99.0 96.0 97.3 - - - 94.0 92.8 82.7
G1 Difenoconazole 0.0 0.0 0.0 88.6 85.1 78.0 100.0 93.82 87.1
G1 Metconazole 0.0 0.0 0.0 83.8 825 711 100.0 78.0 494
E2 Fludioxonil 0.0 0.0 0.0 771 79.3 76.4 90.8 90.2 86.7
E3 Iprodione 0.0 0.0 0.0 80.4 794 60.3 94.3 90.1 56.8

MOA, mode of action.

“Inhibition rate (%) was determined by comparing the growth of Alternaria dauci KACC42997 in the untreated control and the treatment

with each fungicide.

®The inhibitory effect of the fungicides on the spore germination was investigated after incubating the conidia of A. dauci on cellophane
membrane placing on potato dextrose agar at 25°C for 6 hr. Just only spores with a germination tube longer than the spore width were
considered as germinated spores. In each replicate of all treatments, 100 spores were examined.

‘No detection.

9After spores of A. dauci were incubated on cellophane membrane at 25°C for 6 hr, germ-tube lengths of 50 germinated conidia were
examined to determine the inhibitory effect on germ-tube elongation.
“Inhibitory effect of each fungicide on the mycelial growth was obtained by incubating A. dauci on V-8 agar medium at 25°C for 10 days

and then measuring the diameter of the colony.
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Fig. 2. Inhibitory effect of fungicides on the sporulation of Alternaria
dauci KACC42997 on V-8 juice agar media. Each fungicide was applied
by dropping on colony where aerial mycelia were removed to pro-
duce conidia, after growing on V-8 juice agar media for 7 days. The
fungicide solution was adjusted to 100 pg/ml. The colony of A. dauci
KACC42997 treated with and without the fungicide was irradiated with
near-ultraviolet light at 12 hr at 20°C for 7 days to form conidia. Conidia
were harvested by pouring 10 ml of sterile distilled water into each colony.

50 pm 50 pm
ey .

Fig. 3. Conidium of Altanaria dauci KACC42997 harvested from the
colony untreated (A) and treated with fludioxonil (B). Conidia were
observed under a light microscope at 400x magnification.
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Table 4. ECs, values (ug/ml) of Alternaria dauciisolated from 3 regions cultivating carrots against fungicides inhibiting ergosterol biosyn-

thesis
ECs, value® (ug/ml)
Fungicides Regions® Rf value‘
Minimum Mean Maximum

Difenoconazole GM 0.018 0.207 0.946 53.0
J) 0.044 0.262 0.762 174
PC 0.032 0.190 0.384 1.9

Metconazole GM 0.111 0.280 0.685 6.2
J) 0.098 0.329 0.801 8.2
PC 0.042 0.465 1.682 39.7

Tebuconazole GM 0.146 0.788 2.383 16.3
JJ 0.218 0.794 1.953 9.0
PC 0.209 1.205 4302 20.6

Prochloraz GM 0.002 0.155 0.443 2414
JJ 0.007 0.175 0.320 473
PC 0.003 0.144 0.476 160.7

Fenhexamide GM 1.649 7.215 14.583 8.8
JJ 4.703 8.378 29.996 6.4
PC 3.006 7.848 14.029 4.7

°To examine the sensitivity of Alternaria dauci to fungicides inhibiting ergosterol biosynthesis, isolates of A. dauci were collected from 3
regions such as Gumi (GM), Jeju (JJ), and Pyeongchang (PC) where carrots were cultivated.

PECso value refers to the concentration of fungicide that inhibits mycelial growth of the pathogen, A. dauci, by 50%.

“Rf value means resistance factor that calculated by dividing the maximum value of ECs, with the minimum value of ECs.

Zh x| el ETe| Aldda|of St Ze4 X0l =21
2E|E A Al Aol tiet B AT ZUEE 2
3}, prochrolaz®] ECy k-2 0.158 png/ml (0.002-0.476 pg/ml)
2, AT AFA oI BARY) PAARE A w0
2 oStk Eo T F2gnt B WAS S 554
o] = AH#A|Ql difenoconazoleX} metconazole= 0.219 u
g/ml (0.018-0.946 ug/ml), 0.350 pg/ml (0.042-1.683 ug/ml)

Awe] FAYE AT Sk Tend o=
A2HE AR Al 1y T G4 Y2 22 s} 2ol A
3-keto reductase2] 42 #]&}|5} = fenhexamid 2] 3¢, ‘AR’
o] &35}= thE AtAof HIsi A HAMEE A BT WGt
T} Table 40| 4] H= At o] Z} |9 E H e+t Jhe] A+t
Al Whg-ofli= ZFo] 7k Uk 0] A Pt Fe-2 difeno-
conazole} prochloraze] o3t Rf(A A Qel)gto] thE XY
Hoh 34 vehy, et Jd Woll A AstA ol digt g
A7t B A Eot theksiths AFEE & 4= 2SIk Tebuco-
nazoleo] theflA = 7] A ek A5 Ao bt o535

B EC,ghe BolUAE Rigto] 2 2% Wil M f 2t 7
70 744 BT ORER 2 & 4 SIek B 199

2 metconazole®} tebuconazoleo] thalj A B EC %k
ofug} RFGHEA A Ut 2|19 Bt Fthol &5t
dauci w7=9] AtAlol| gt Z4=Ado] A2 L= A=l
Pk of e} e o] hfAd JAl = BTk 5HA]
fenhexamide]) thgt 2+ 2] W et FThe EC, %kt RFZE- H
51Ty 2ARRE Al Ao FollA AT Ao Wl FHeto] 4
Aol gt A Ao vhef/do] 78 Wkt RF(A A
fQD)gke] Arhe= ol A9 W Bt A 7/ ol
gt ool =k Ae Kot A wollA 24 #+59
o A= oY) gl 29E A3 wEo] golrt A
gjele waka ek

Aol AFE3E BE A dauci dFE SAAEFALELE
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2.350%} fluxapyroxad 1.644 pg/mlo]ict. &L &AL
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Table 5. ECs, values (ug/ml) of isolates of Alternaria dauci obtained from 3 regions cultivating carrots against fungicides inhibiting the

respiration of the pathogen

ECs, value” (ng/ml)

Fungicides Regions® Isolates Rf value‘
Minimum Mean Maximum
Isopyrazam GM 28 0.537 2.252 6.492 12.1
J) 23 0.499 2.332 4818 9.7
PC 21 0.369 2.500 6.431 17.4
Fluxapyroxad GM 28 0.527 1.640 3.926 7.8
J) 23 0.485 1.857 3.054 6.3
PC 21 0.343 1416 2.802 8.2
Boscalid GM 28 1.164 14.716 85.500 73.5
JJ 23 1.033 9.420 26450 256
PC 21 3413 17.466 124.967 36.6
Pyraclostrobin GM 28 0.587 10.587 32.966 56.1
JJ 23 3.060 15.300 42.944 14.0
PC 21 1.497 9.359 30.359 20.3

°To examine the sensitivity of Alternaria dauci to fungicides inhibiting the respiration, isolates of A. dauci were collected from 3 regions
such as Gumi (GM), Jeju (JJ), and Pyeongchang (PC) where carrots were cultivated.

PECs, value refers to the concentration of fungicide that inhibits mycelial growth of the pathogen, A. dauci, by 50%.

“Rf value means resistance factor that calculated by dividing the maximum value of ECs, with the minimum value of ECs.

Table 6. Correlation between fungicides inhibiting the respiration

Isopyrazam Flrt:::(aazy- Boscalid P{::;Ii:s-
Isopyrazam - 051" 033" 0.11
Fluxapyroxad - - 0.13 0.10
Boscalid - - - 0.22

Pyraclostrobin - - - -

“The symbol indicates that the correlation coefficient is signifi-
cantat 0.01.

°The symbol indicates that the correlation coefficient between
each fungicide was not calculated.

o}= sl x 7t o2 boscalid2} complex o] ZH-8-5}¢f
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Fig. 4. Response curve of Alternaria dauci isolates obtained from 3 regions to each concentration of fludioxonil (A), iprodione (B), and pro-
cymidone (C). Black line means a susceptible isolate and red line means a resistance isolate. The response of A. dauci isolates to the fungi-

cides was examined by an agar dilution method.

Fludioxonil
50 pg/ml

Iprodione
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Fig. 5. The response of Alternaria dauci CDSPC2-3 and CDSPC5-1 on potato dextrose agar with or without each fungicide. Concentrations
of each fungicide, as fludioxonil, Iprodione, and procymidone, were adjusted to 50, 100, and 100 pg/ml, respectively.
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