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Abstract In the present study, fungicidal resistance of Diaporthe citri, the causative agent of citrus
melanoses, against benomyl, fluazinam, kresoxim-methyl, and prochloraz manganese was studied. Total 278
isolates of D. citri were obtained from dieback twigs collected from orchards located on Jeju-do. The efficacy
of each fungicide against the mycelial growth of D. citri was assessed using the mass agar dilution method.
The isolates with of 50% or less inhibition rate were classified as resistant to the fungicides. Among the 278
isolates tested, 54 isolates, i.e. 19.4% of the isolates, exhibited a mycelial growth inhibition rate of 50% or
less toward kresoxim-methyl. On the other hand, the resistance rates against kresoxim-methyl of the D. citri
obtained from Jeju-si and Seogwipo-si were 5.6% and 26.1%, respectively, indicating that the resistance rate
was higher in Seogwipo-si than in Jeju-si. By contrast, no isolates could be identified using the mass agar
dilution method which are resistant to benomyl, fluazinam, or prochloraz manganese. These findings provide
valuable information which will be helpful during the selection of fungicides to manage citrus melanoses and
for implementing resistance management strategies in the field.

Key words Citrus melanose, Diaporthe citri, Fungicidal resistance, Kresoxim-methyl.
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Fig. 1. Citrus orchard area where dieback twigs by Diaporthe citri were collected in Jeju Island.
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Table 1. Fungicides used in this experiment

HEhat - ZHSH

ojol

Common Name Formulation Active ingredient (%) Mode of action
Benomyl WpP? 50 Inhibiting of B-tubulin assembly in mitosis
Fluazinam WP? 50 Uncouplers of oxidative phosphorylation
Kresoxim-methyl sc? 442 Inhibiting of complex I1I cytochrome bel
Prochloraz manganese WpP? 50 Inhibiting of C14-demethylase in sterol biosynthesis
IWettable powder

®’Suspension concentrate
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Table 2. Number of separated Diaporthe citri isolates in Jeju Island
No. Regions Numbr of isolates
1 3233-1, Seonheul-ri, Jocheon-eup, Jeju-si 10
2 5312-1, Hwabuk2-dong, Jeju-si 10
3 5293-1, Hwabuk2-dong, Jeju-si 10
4 2058-1, Hoecheon-dong, Jeju-si 10
5 1754, Hoecheon-dong, Jeju-si 10
6 2216, Hoecheon-dong, Jeju-si 10
7 76-28, Sineom 2-gil, Aewol-eup, Jeju-si 10
8 195, Eomjang-ro, Aewol-eup, Jeju-si 10
9 1164, Nakcheon-ri, Hanjungmyeun, Jeju-si 10
10 1484, Hannam-ri, Namwon-eup, Seogwipo-si 6
11 627-2, Hannam-ri, Namwon-eup, Seogwipo-si
12 1841-1, Namwon-ri, Namwon-eup, Seogwipo-si 10
13 1770-1, Harye-ri, Namwon-eup, Seogwipo-si 10
14 2175, Onpyeong-ri, Namwon-eup, Seogwipo-si 10
15 2188-1, Onpyeong-ri, Namwon-eup, Seogwipo-si 10
16 1517, Hwasun-ri, Andeok-myeon, Seogwipo-si 10
17 1115-4, Wimi-ri, Namwon-eup, Seogwipo-si 5
18 3423, Wimi-ri, Namwon-eup, Seogwipo-si 10
19 3367-1, Wimi-ri, Namwon-eup, Seogwipo-si 10
20 643, Silye-ri, Namwon-eup, Seogwipo-si 7
21 107-9, Sinhyo-dong, Seogwipo-si 10
22 1155, Hahyo-dong, Seogwipo-si 10
23 274-1, Sinhyo-dong, Seogwipo-si 10
24 4363, Wimi-ri, Namwon-eup, Seogwipo-si 5
25 1190, Harye-ri, Namwon-eup, Seogwipo-si 10
26 458, Sinheung-ri, Namwon-eup, Seogwipo-si 10
27 1614-1, Tosan-ri, Pyoseon-myeon, Seogwipo-si 10
28 1114-5, Gasi-ri, Pyoseon-myeon, Seogwipo-si 10
29 2092-4, Pyoseon-ri, Pyoseon-myeon, Seogwipo-si 10
30 869-10, Sinsan-ri, Seongsan-eup, Seogwipo-si 10

B C

Fig. 2. A Mass agar dilution method performed to investigate the mycelial growth inhibition effect of fungicides on Diaporthe citri.
Four fungicides used in this study were benomyl (A), fluazinam (B), prochloraz-manganese (C) and kresoxim-methyl (D). In the
Mass agar dilution method, D. citri 2NEL3-2 was used as a reference isolate. The final concentrations of each fungicide in the PDA
medium were adjusted to 3.0 pg/mL of benomyl, 1.0 pg/mL of fluazinam, 30.0 pg/mL of prochloraz-manganese and 20.0 pg/mL of
kresoxim-methyl, and isolates with less than 50% fungicide mycelial growth inhibition effect were classified as resistant ones. In this
Figure, E was PDA medium without no fungicides as a untreated control.
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Range of mycelial growth inhibition ratio (%)

Fig. 3. Number of Diaporthe citri isolates according to
mycelial growth inhibition ratio range. A total of 278 isolates
were used in the experiment. Mycelial growth inhibition rate
was tested by the mass agar dilution method. The mycelial
growth inhibition rate of each isolate used in the experiment
against kresoxim-methyl was calculated by comparing the
colony diameter on the PDA medium without the fungicide
with that on the PDA medium treated with 30.0 pg/mL of
kresoxim-methyl.
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manganese
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Fig. 4. Ratio (%) of Diaporthe citri isolates sensitive and
resistant to four fungicides as benomyl, fluazinam, kresoxim-
methyl and prochloraz manganese. Inhibition ratio of mycelial
growth of Diaporthe citri was conducted through the mass agar
dilution method to each fungicide, as benomyl, fluazinam,
kresoxim-methyl and prochloraz manganese, of which the
concentrations were 3.0, 1.0, 30.0, 20.0 pg/mL in PDA medium,
respectively. isolates with a mycelial growth inhibition rate of
50% or less at the tested concentration of each fungicide were
considered resistant isolates.
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et al.,, 2007; Koenraadt et al., 1992; Moorman and Lease,
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Fig. 5. Ratio (%) of Diaporthe citri isolates sensitive and
resistant to kresoxim-methyl, according to the location where
the diseased and dry twigs were collected.
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