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Table 1. Response of Colletotrichum spp. isolates to carbendazim and
deduced amino acid substitution in S-fubulin gene sequence at 2 codons

(source: authors, unpublished)

Sequence in codon®

Isolate ECso (ng/mL)! Response? 198 200
AC1 <1 S Glu Phe
AC2 >500 HR Ala Phe
BC1 <1 S Glu Phe
BC2 <1 S Glu Phe
FC1 <1 S Glu Phe
FC2 <1 S Glu Phe
GC12 224 R Glu Phe
GC18 <1 S Glu Phe
GC27 223 R Glu Phe
GC39 <1 S Glu Phe
GC40 <1 S Glu Phe
GC46 230 R Glu Tyr
GC48 <1 S Glu Phe
GC51 <1 S Glu Phe
JC1 <1 S Glu Phe
JC3 <1 S Glu Phe
MC2 >500 HR Ala Phe
MC3 <1 S Glu Phe
MC4 >500 HR Ala Phe
MC6 <1 S Glu Phe
MC9 >500 HR Ala Phe
MC10 >500 HR Ala Phe
MC14 <1 S Glu Phe
MC17 >500 HR Ala Phe
MC23 >500 HR Ala Phe
MC26 >500 HR Ala Phe
SBC1 >500 HR Ala Phe
SBC5 >500 HR Ala Phe
SBC7 >500 HR Ala Phe

'ECso was obtained by cultivating each isolate on half-strength PDA for 3 days.
2Classification of response according to Chung et al. (2006).

3Ala: alanine, Glu: glutamic acid, Phe: phenylalanine, Tyr: tyrosine.
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Table 2. Response of Colletotrichum spp. isolates to pyraclostrobin and
deduced amino acid substitution in cytochrome b gene sequence at 3 codons

(source: authors, unpublished)

Sequence in codon®

Isolate ECso (ng/mL)!  Response? 129 137 143
AC1l 0.031 S Leu Gly Gly
AC2 4.992 R Leu Gly Gly
BC1 0.001 S Leu Gly Gly
BC2 0.081 S Leu Gly Gly
FC1 0.767 S Leu Gly Gly
FC2 0.063 S Leu Gly Gly
GC12 11.854 R Leu Gly Gly
GC18 15.124 R Leu Gly Gly
GC27 16.472 R Leu Gly Gly
GC39 9.266 R Leu Gly Gly
GC40 15.800 R Leu Gly Gly
GC46 25.591 R Leu Gly Gly
GC48 16.555 R Leu Gly Gly
GC5h1 10.242 R Leu Gly Gly
JC1 0.001 S Leu Gly Gly
JC3 0.040 S Leu Gly Gly
MC2 6.214 R Leu Gly Gly
MC3 0.001 S Leu Gly Gly
MC4 12.191 R Leu Gly Gly
MC6 0.011 S Leu Gly Gly
MC9 17.266 R Leu Gly Gly
MC10 0.257 S Leu Gly Gly
MC14 0.039 S Leu Gly Gly
MC17 33.411 R Leu Gly Gly
MC23 13.444 R Leu Gly Gly
MC26 9.952 R Leu Gly Gly
SBC1 0.013 S Leu Gly Gly
SBC5 0.001 S Leu Gly Gly
SBC7 0.208 S Leu Gly Gly

'ECso was obtained by cultivating each isolate on half-strength PDA for 3 days.
?Classification of response according to Forcelini et al. (2016).

3Leu:leucine, Gly: glycine.



R= - AREEEE TR SRIEN B o AR TS RS e R
Table 3. Effects of fungicides on spore germination and appressorium formation of

Colletotrichum spp. that cause anthracnose disease of mango"

(excerpted from Duan et al., 2017)

C. asianum (MC-45)

C. siamense (MC-46)

Spore germination Appressorium Spore germination Appressorium

Fungicide (%) formation (%) formation
Azoxystrobin 95.3£0.5a + 94.5+0.6 ab —
Azoxystrobin 20%+ 100.0+0.0 a + 100.0+0.0 a —
difenoconazole 12.5%

Bordeaux mixture 100.0+0.0 a + 100.0+£0.0 a —
Boscalid + 80.0£29b + 83.3+2.6 be —
pyraclostrobin

Carbendazim 99.0+0.6 a + 97.3+1.4 ab —
Carbendazim + 100.0+0.0 a + 100.0+0.0 a —
hexaconazole

Carbendazim + 98.0+£0.7 a — 99.8+0.3 a —
Prochloraz

Cyprodinil+fludioxonil 100.0+0.0 a — 100.0+0.0 a —
Difenoconazole 36.5£1.0d + 55.5+£3.9 de —
Dithianon 0.0+£0.0 ¢ N/A 0.0+0.0 £ N/A
Dithianon + 0.0+£0.0 ¢ N/A 0.0+0.0 £ N/A
pyraclostrobin

Fluazinam 0.0+£0.0 ¢ N/A 0.0+£0.0 £ N/A
Fluopyram + 100.0+0.0 a + 100.0+0.0 a —
trifloxystrobin

Fosetyl-aluminium 100.0+0.0 a + 100.0+0.0 a —
Fosetyl-aluminium 0.0+£0.0 ¢ N/A 0.0+£0.0 £ N/A
+oxine-copper

Iminoctadine triacetate 0.0+£0.0 ¢ N/A 0.0+£0.0 £ N/A
Iprodione 99.5+0.3 a + 100.0+0.0 a +
kasugamycin 99.3+0.5a + 08.8+0.8 a —
hydrochloride hydrate +

carbendazim

Kresoxim-methyl 98.0+0.8 a + 100.0+0.0 a —
Mancozeb 0.0£0.0 e N/A 0.0£0.0 f N/A
Manganese prochlorate 99.8+0.3 a — 90.8+1.4 ab —
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Table 3. (continued)

Fungicide

C. asianum (MC-45)

C. siamense (MC-46)

Spore germination Appressorium Spore germination Appressorium

(%) formation (%) formation

Metconazole 0.0+0.0 ¢ N/A 0.0+0.0 £ N/A
Metiram 0.0+0.0 ¢ N/A 0.0+0.0 £ N/A
Myclobutanil 92.8£2.1a + 82.5+1.6 be +
Oxine-copper 0.0+0.0 ¢ N/A 0.0+0.0 £ N/A
Polyoxins 48.0£2.3 ¢ — 49.5+54 ¢ —
Polyoxins + oxine- 0.0+0.0 ¢ N/A 0.0+0.0 f N/A
copper

Prochloraz 98.3f1.2a — 69.5+3.5 cd —
Propineb 0.0+0.0 ¢ N/A 0.0+0.0 f N/A
pyraclostrobin 95.3+14a + 92.3+1.3 ab —
Tebuconazole 92.0£14a + 99.8+0.3 a +
Tetraconazole 100.0+0.0 a + 100.0+£0.0 a —
Thiabendazole 98.3£0.6 a + 100.0+£0.0 a +
Thiabendazole + oxine- 0.0+0.0 ¢ N/A 0.0+0.0 £ N/A
copper

Thiophanate-methyl 99.8+0.3 a + 96.0+£2.2 ab —
Thiram 0.0+£0.0 e N/A 0.0£0.0 f N/A
Trifloxystrobin 100.0+0.0 a + 100.0+0.0 a —
Control (Water) 100.0+0.0 a + 100.0+0.0 a +

"Meanztstandard error (n=4). Values in each column followed by the same letter are not

significantly different at the 5% level by Fisher’s protected least significant difference

test. +: appressorium formation, —: no appressorium, N/A: not applicable.
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Table 4. Effects of fungicides on conidial germination of 12 Colletotrichum

isolates from grape (excerpted from Duan and Chen 2020a)

No. of isolates with germination rate (%) of !

Fungicide 0.0 1.0~39.0  40.0~79.0 80.0~100.0
Azoxystrobin 0 1 1 10
Boscalid 0 0 1 11
Carbendazim 0 0 0 12
Cyprodinil + fludioxonil 6 0 2 4
Dithianon 12 0 0 0
Fluopyram-+trifloxystrobin 0 2 1 9
Iminoctadine triacetate 11 1 0 0
Iprodione 1 0 11
Kresoxim-methyl 0 0 12
Mancozeb 12 0 0 0
Manganese prochlorate 0 0 0 12
Metiram 12 0 0
Oxine-copper 12 0 0

Polyoxins 11 0 1

Prochloraz 0 0 1 11
Pyraclostrobin 0 0 2 10
Tebuconazole 0 1 0 11
Thiabendazole 0 0 2 10
Thiophanate-methyl 0 0 1 11
Thiram 12 0 0 0
Control (water) 0 0 0 12

'Means of germination rates (n=4) on water agar plates after-24-hour (24° C) following

treatments.
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Table 5. Effects of fungicides on mycelial growth of 12 Colletotrichum isolates
from grape (excerpted from Duan and Chen 2020a)

No. of isolates with colony diameter (cm) of !

Fungicide <0.1 0.1~2.0 2.1-4.0 >4.0
Azoxystrobin 0 0 0 12
Boscalid 0 0 0 12
Carbendazim 0 7 3 2
Cyprodinil + fludioxonil 0 6 5

Dithianon 0 0 0 12
Fluopyram-+trifloxystrobin 0 0 0 12
Iminoctadine triacetate 11 0 0 1
Iprodione 0 1 10 1
Kresoxim-methyl 0 0 0 12
Mancozeb 1 7 4
Manganese prochlorate 11 1 0 0
Metiram 0 3 7 2
Oxine-copper 0 0 5 7
Polyoxins 0 1 7 4
Prochloraz 12 0 0 0
Pyraclostrobin 0 1 8 3
Tebuconazole 0 5 4 3
Thiabendazole 0 8 2 2
Thiophanate-methyl 0 9 1 2
Thiram 0 0 2 10
Control (water) 0 0 0 12

'Diameter range of colony after-5-day-growth (24° C) on potato dextrose agar plate

following treatments.
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Table 6. Effects of fungicides on conidial germination of Botrytis cinerea isolates collected

B 48
R

from strawberry (excerpted from Duan and Chen 2020b)

Germination rate (%)’

Fungicide S2 Gl D23 Wil GX1 ST1
Azoxystrobin 100.0 100.0 100.0 100.0  96.5 100.0
Benomyl 100.0 100.0 97.5 100.0 953 923
Boscalid 100.0 100.0 0.0 0.0 97.3 0.0
Carbendazim 100.0 100.0 97.5 100.0  99.0 91.8
Cyprodinil + Fludioxonil 100.0 0.0 0.0 96.0 95.5 100.0
Fluopyram +Trifloxystrobin  100.0 0.0 96.0 100.0 89.3 0.0
Fluxapyroxad 100.0 100.0 90.5 0.0 91.8 83.8
Iprodione 100.0 100.0 91.8 96.3 98.8 100.0
Isopyrazam 88.3 97.8 97.0 0.0 90.8 93.3
Mepanipyrim 100.0 97.2 100.0 99.3 98.3 98.5
Metiram 53.0 27.3 38.0 72.3 22.8 19.3
Myclobutanil 100.0 90.5 100.0  97.8 53.8 98.3
Polyoxins 98.8 97.8 100.0 100.0 100.0 100.0
Procymidone 100.0 98.0 95.5 82.0 100.0 97.5
Pyraclostrobin 100.0 100.0 99.0 98.0 100.0 92.5
Pyrimethanil 100.0 100.0 96.3 96.8 100.0 100.0
Thiabendazole 100.0 98.8 97.8 98.0 94.3 100.0
Thiophanate-methyl 100.0 98.8 97.8 99.3 96.5 96.0
Thiram 0.0 0.0 0.0 0.0 0.0 0.0
Calciun propionate 0.0 0.0 0.0 0.0 0.0 0.0
Potassium sorbate 0.0 0.0 0.0 0.0 0.0 0.0
Sodium benzoate 0.0 0.0 0.0 0.0 0.0 0.0
Control (water) 100.0 100.0 97.0 100.0 100.0 100.0

Tsolate numbers and means of germination rates (n=4) on water agar plates after-24-hour

(24° C) following treatments.
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Table 7. Effects of fungicides on mycelial growth of Botrytis cinerea isolates collected

from strawberry (excerpted from Duan and Chen 2020b)

Mycelial growth'
Fungicide S2 Gl D23 Wil GX1 ST1
Azoxystrobin H H HH HH H -+
Benomyl - - - 4 4 --
Boscalid H H HH HH H -+
Carbendazim ++ HH HH - HH -
Cyprodinil + Fludioxonil ++ + +++ +++ + +
Fluopyram+Trifloxystrobin ++ ++ ++ ++ ++ +
Fluxapyroxad ++ +++ 4+ ++ +++ +++
Iprodione ++ ++ +++ + ++ +
Isopyrazam ++ +++ ++ ++ ++ +
Mepanipyrim HH HH - - -+ -+
Metiram HH HH - - ++ +++
Myclobutanil ++ ++ ++ ++ + ++
Polyoxins HH HH - ++ ++ +++
Procymidone HH HH - + ++ +
Pyraclostrobin HH HH - - -+ -+
Pyrimethanil HH HH - - H -+
Thiabendazole HH HH - - -+ -
Thiophanate-methyl -+ HH - - H -
Thiram ++ + 4+ 4+ + +++
Calcium propionate +++ ++ +++ + ++ ++
Potassium sorbate -- -- +++ - - -

Sodium benzoate

Control (water)

! Isolate numbers and diameter range of colony after 3-day-growth on potato dextrose
agar; +++, more than 4.0 cm; ++, 2.1 to 4.0 cm; +, 0.1 to 2.0 cm; -, no growth.
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Table 8. Fungicide activity against Pyricularia oryzae conidial germination in in vitro

evaluations (excerpted from Duan and Chen 2022)

No. of isolate in each inhibition range (%)'

0.1~ 25.1~ 50.1~ 75.1~
Fungicide 0.0 25.0 50.0 75.0 99.9 100.0
Benomyl 0 12 7 6 1 2
Carbendazim 0 14 8 5 0 1
Cartap 2 25 1 0 0 0
hydrochloride
Edifenphos 0 4 9 5 7
Epoxiconazole 0 1 3 3 21
Fenoxanil 3 23 2 0 0 0
Iminoctadine tris 0 20 2 0 1 5
(albesilate)
Iprobenfos 0 0 0 1 11 16
Isoprothiolane 2 24 2 0 0 0
Kasugamycin 0 16 4 3 3 2
Mancozeb 0 0 0 0 0 28
Probenazole 1 5 1 3 3 15
Prochloraz 2 20 4 2 0 0
Pyraclostrobin 0 21 2 1 0 4
Tebuconazole 0 22 4 1 1 0
Tecloftalam 6 21 0 0 0 1
Thiophanate-methyl 3 25 0 0 0 0
Tricyclazole 3 18 3 0 2 2
Validamycin A 5 23 0 0 0 0
Calciun propionate 0 0 0 0 0 28
Potassium Sorbate 0 0 0 0 1 27
Sodium benzoate 0 0 0 0 0 28

Tnhibition rate (%)=1- (control-treatment / control) x100%. The treatment or control
of conidial germination percentages were averages of 4 replications on water agar plates
after-24-hour (24°C) following treatments.
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Table 9. Fungicide activity against Pyricularia oryzae mycelial growth in in vitro
evaluations (excerpted from Duan and Chen 2022)

No. of isolate in each inhibition range (%)'

0.1~ 25.1~ 50.1~ 75.1~
Fungicide 0.0 25.0 50.0 75.0 99.9 100.0
Benomyl 0 6 9 4 7 2
Carbendazim 0 0 0 1 4 23
Cartap 8 19 0 1 0 0
hydrochloride
Edifenphos 0 2 5 10 11
Epoxiconazole 0 0 0 0 28
Fenoxanil 7 20 1 0 0
Iminoctadine tris 0 0 0 0 3 25
(albesilate)
Iprobenfos 0 0 4 3 10 11
Isoprothiolane 1 15 9 3 0
Kasugamycin 8 15 5 0 0
Mancozeb 0 0 0 0 0 28
Probenazole 6 21 1 0 0 0
Prochloraz 0 0 0 0 0 28
Pyraclostrobin 0 1 3 6 10 8
Tebuconazole 0 0 0 1 8 19
Tecloftalam 5 23 0 0 0 0
Thiophanate-methyl 10 18 0 0 0 0
Tricyclazole 10 18 0 0 0 0
Validamycin A 9 19 0 0 0 0
Calciun propionate 0 0 0 0 1 27
Potassium Sorbate 0 0 0 0 0 28
Sodium benzoate 0 0 0 0 0 28

Tnhibition rate (%)=1- (control-treatment / control) x100%. The treatment or control
of colony diameters were averages of 4 replications after-5-day-growth (24°C) on PDA

plates following treatments.
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Abstract

Fungicide resistance and its management are of great importance to crop
protection. Baseline sensitivity of the pathogen to a fungicide is a point of reference
used in a decision making process of resistance management. This comprehensive
profile of the baseline sensitivity is based on using biological techniques to assess the
response of previously unexposed fungal strains or populations to the fungicide. The
fungicide sensitivity evaluation using 50% effective concentration (ECso) is the most
common method for constructing a baseline sensitivity profile and detection of
resistance despite its time-consuming and costly. Thence, we developed a microtiter
plate method to assay fungal sensitivity to a fungicide with its label rate. Resistance to
fungicides can occur as a result of point mutations in any of the following fungal
genes: f-tubulin, bos1, CYP51, and sdhB. Because the levels of resistance were not
always consistent with the gene mutations, the method is currently not practical to
inspect fungicide resistance. Our investigations on fungicide sensitivity in vitro
indicated that multi-site fungicides and acidified solutions of calcium propionate,
potassium sorbate, and sodium benzoate (2 g/L, pH=4) were very effective against
fungal pathogens such as B. cinerea, Pyricularia oryzae, and Collectotrichum spp.
isolated from mango and grape. In addition, some specific site fungicides also had
very good inhibition effects, although most of them were not. Furthermore, we have
found that fungicides with the same mode of action but different molecular structures
may have different risks to develop resistance. These fungicides could be applied in
rotation in the field. Restricting the number of application of each fungicide per
season and applying only when necessary would be crucial to curb fungicide
resistance. Besides, to prevent the occurrence of fungicide resistance, it is imperative
to apply the fungicide at a rate recommended by the manufacturers. Rotating each
single fungicide may be more advantageous than using a mixture of them when
coping with resistance.
Key words: baseline sensitivity, ECso, fungicide resistance
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