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Number of registered use cases of oomycetes in Taiwan.
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Table 1. Sensitivity records of downy mildews to different fungicides

. . Baseline Test ECso (ug ml™)
Pathogen species Crop MoA Fungicide study Isolated years ~ Country methods Moon Range Reference
Peronospora parasitica - F9 oxathiopiprolin 2016 China leaf disc 5.4x10+* 4.2x104-7.0x10* 30
Plasmopara viticola grape Al metalaxyl-M 2005-2007 USA leaf disc none were resistance 12
(mefenoxam) (none grew on 10 pg ml™!, some
developed with 1 pg ml™")
grape C3 azoxystrobin y 1997 USA disease 2.4x10" 4.0x102-7.8x10"! 47
severity
grape F9 oxathiopiprolin y 2019-2020 Italy leaf disc 3.2x102 under 4.0x107 to 25
over 4.0x10°!
- F9 oxathiopiprolin 2016 China leaf disc 4.7x10* 4.2x104-5.2x10* 30
grape F9 oxathiopiprolin y 2012-2013 Europe leaf disc 9.0x103 1.0x102-2.0x1072 26
grape H5 dimethomorph y 2007-2008 China leaf disc 1.1x10" 1.0x102-2.1x10"! 40
grape Un cymoxanil 2013 Italy leaf disc 206 and 794 pg ml™! in first oilspot 43
appearance;
5 and 15 pe ml™! in end of season
Pseudoperonospora cucumber B3 ethaboxam y 2007-2015 USA leaf disc 1.4 1.8x107-3.1 42
cubensis cucumber F9 oxathiopiprolin y 2011-2016 China leaf disc 2.2x10* 2.4x107-9.6x10* 29
- F9 oxathiopiprolin 2016 China leaf disc 5.0x10+ 4.0x104-6.3x10 30
cucumber BM physcion y 2004-2005 China leaf disc 5.0x10" 2.8x107-7.5x10! 49
_— E=E EAEY Ve val=— ]
R~ BREEMEE ECso XM EIEE

Table 2. Sensitivity records of Phytophthora spp. to different fungicides

. - i ECso (g ml')
Pathogen species Crop MoA Fungicide Béselme Isolated years Country Test methods Reference
study Mean Range
Phytophthora Panax B3 zoxamide y 2009-2011 China  mycelial inhibition ~ 1.5x10"  4.0x102-2.9x10"! 27
cactorum notoginsen,
Strawberry C3 azoxystrobin 2007 USA mycelial inhibition ~ 3.2; 6.2 1.6x10'-12.5; 37
(leather, crown) 1.0x10'-15.0
zoospore germination 3.6x10%  1.0x102-7.0x10%;
(leather, crown) 5.5x102 1.0x102-2.4x10°!
Phytophthora pepper B3 zoxamide y 2007-2009  China  mycelial inhibition ~ 1.1x10""  2.3x102-3.8x10"! 8
capsict Solanaceae, B3 zoxamide y 2007 USA mycelial inhibition ~ 5.0x10"! 7.0x102-2.4 17
Cucurbitaceae
pepper B5 fluopicolide y 2006-2014  China  mycelial inhibition ~ 1.7x10""  7.0x10%-3.4x10! 48
bell pepper, BS fluopicolide y 2011 USA mycelial inhibition ~ 2.7x10"! 8.5x102-1.2 18
Cucurbitaceae, zoospore germination 32 1.4x10"-13.7
Fabaceae sporangia production ~ 5.8x102 1.0x102-1.4x10"!
zoospore production  1.0x107! 3.4x102-1.9x10"!
pepper novel(C6)  SYP-14288 y - China mycelial 6.3x10°! 1.0x10°'-1.8 46
- F9 oxathiopiprolin 2016 China  mycelial inhibition ~ 6.8x10*  5.4x10%-8.5x10* 30
- F9 R034-1 y 2010-2015 China mycelial inhibition ~ 4.0x107 2.0x1073-8.0x103 19
(deravative
from
oxathiapiprolin)
Solanaceae, H5 dimethomorph y 2007 USA mycelial inhibition ~ 1.9x10! 1.4x10-2.6x10"! 17
Cucurbitaceae
pepper H5 iprovalicarb y 2007-2008  China  mycelial inhibition ~ 3.9x10"! 2.0x101-5.5%10! 22
pepper HS5 pyrimorph y 2006-2010 China mycelial inhibition 1.4 4.5x10"-3.2 34
Solanaceae, u27 cymoxanil y 2007 USA mycelial inhibition ~ 5.6x10"  2.5x10"-8.0x10"! 17
Cucurbitaceae
capsicum BM tetramycin y 2015-2017 China mycelial inhibition 1.2 1.6x101-3.3 24
sporangia formation ~ 6.4x10"! 1.2x10"-4.6
zoospore discharge  6.3x10°! 7.0x102-2.2
Phytophthora avocado Al metalaxyl-M 1996-2017 USA mycelial inhibition ~ 6.1x102  2.3x102-1.4x10"! 7
cinnamomi (mefenoxam)
avocado B3 ethaboxam y 1996-2017 USA mycelial inhibition ~ 3.5%10 1.7x102-6.9x102 7
avocado BS fluopicolide y 1996-2017 USA mycelial inhibition ~ 1.3x10""  4.6x102-3.3x10"! 7
avocado F9 oxathiapiprolin y 1996-2017 USA mycelial inhibition ~ 3.0x10* 2.0x104-7.0x10* 7
avocado H5 mandipropamid y 1996-2017 USA mycelial inhibition ~ 5.0x107 3.0x10--1.1x1072 7
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Table 2 (continued). Sensitivity records of Phytophthora

LBt

spp. to different fungicides

. . Baseline ECso (ug ml™")
Pathogen species Crop MoA Fungicide Isolated years Country Test methods Mean Range Reference
Phytophthora potato Al metelaxyl 1991-1992 USA mycelial inhibition 98.9% lower than 1 in 1991-1992, 41
erythroseptica 1997-2000 2.9-36.2% higher than 100 from
1997 to 2000
potato BS fluopicolide y 2013-2016 USA  mycelial inhibition  1.8x10""  8.0x102-3.5x10"! 50
Phytophthora tomato, potato Al metalaxyl-M 2004-2012 USA mycelial inhibition ~sensitive lineages were 3.8x10! 39
infestans (mefenoxam) and 3.6; insensitive lineage were
51.4 and 338.2
tomato, potato BS fluopicolide 2004-2012 USA  myecelial inhibition - 1.5%107-4.7x10°! 39
tomato, potato Cc3 azoxystrobin 2004-2012 USA  myecelial inhibition - 3.0x102-8.0x102 39
potato F9 oxathiopiprolin y 2011-2012  Europe leaf disc 8.0x10°  1.0x103-2.0x102 39
- F9 oxathiopiprolin 2016 China  mycelial inhibition  5.1x10%  4.8x104-5.5x10* 30
tomato, potato HS mandipropamid 2004-2012 USA mycelial inhibition - 1.0x102-3.0x102 39
tomato, potato u27 cymoxanil 2004-2012 USA mycelial inhibition - 9.0x102-4.7x10°! 39
Phytophthora - F9 oxathiopiprolin 2016 China mycelial inhibition ~ 4.8x10* 4.4x104-5.1x10* 30
melonis cucumber HS dimethomorph y 2005 China  mycelial inhibition  2.8x10°! 1.4x107'-5.9x10"! 11
cucumber H5 flumorph y 2005 China  mycelial inhibition  9.9x10! 4.1x107-1.58 11
cucumber H5 iprovalicarb y 2005 China__ mycelial inhibition  3.3x10! 1.0x10"'-4.8x10"! 11
Phytophthora home gardens Al metalaxyl 2014-2018 India mycelial inhibition - 7.5%107'-16.4 14
nicotianae plant
tobacco BS fluopicolide 2013-2014 USA myecelial inhibition ~ 9.0x102  6.0x102-1.5x10"! 36
sporangia formation  1.5x10""  7.0x102-4.0x10"
zoospore germination 1.6x10""  9.0x10-2-2.0x10°!
home gardens c3 azoxystrobin 2014-2018 India mycelial inhibition - 1.0x10°-1.1x107! 14
plant
tobacco F9 oxathiopiprolin 2013-2014 USA mycelial inhibition ~ 1.0x107 2.0x104-1.8x103 36
sporangia formation  2.0x10%  1.0x10%-5.0x10*
zoospore germination 1.5x10°  5.0x104-4.0x1073
tobacco H5 mandipropamid 2013-2014 USA mycelial inhibition ~ 4.0x102  8.0x103-7.0x10 36
sporangia formation ~ 3.0x102  5.0x103-6.0x102
zoospore germination  4.0x10-2 1.0x102-8.0x102
home gardens HS mandipropamid 2014-2018 India mycelial inhibition - 2.4-17.2 14
plant
home gardens HS dimethomorph 2014-2018 India mycelial inhibition - 8.9-174.7 14
plant
home gardens P7 fosetyl- 2014-2018 India mycelial inhibition - 63.8-327.3 14
plant aluminum
Phytophthora - F9 oxathiopiprolin 2016 China  mycelial inhibition ~ 3.1x10%  2.8x10%-3.5x10* 30
parasitica
Phytophthora soybean B3 zoxamide y 2002-2010  China _ mycelial inhibition  4.8x102  2.3x]102-8.6x10 10
sojae soybean B3 cthaboxam y 2002-2010 China  mycelial inhibition  3.3x102 1.8%102-4.9x102 35
- F9 oxathiopiprolin 2016 China_ mycelial inhibition  3.2x10*  2.7x]104-3.9x10* 17
Phytophthora spp. Citrus Al metalaxyl-M 1974-2014 USA mycelial inhibition 15
Ph. citrophthora (mefenoxam) 3.9x102 1.3x102-1.5%10"!
Ph. syringae 8.0x1073 3.0x107-8.2x1072
Ph. nicotianae 1.8x10""  5.0x102-4.0x10"!
Ph. hibernalis =1.0x103 =1.0x103
Citrus B5 fluopicolide y 1974-2014 USA mycelial inhibition 15
4.0x102 3.1x102-8.7x10
4.5x102 2.0x102-4.6x10"!
5.7x107 3.9%102-9.5%10
1.8x102 1.7x102-1.8x102
Citrus F9 oxathiapiprolin y 1974-2014 USA mycelial inhibition 15
3.0x10* 2.0x10*-1.5x10°
1.0x10 6.0x107-3.0x10
5.0x10* 3.0x104-1.0x103
<3.0x104 <3.0x10*
Citrus HS5 mandipropamid y 1974-2014 USA mycelial inhibition 15
4.0x10° 2.0x102-5.0x10°
3.0x107 2.0x1073-1.1x10
5.0x107 2.0x1073-8.0x103
5.0x107 4.0x103-5.0x107
Citrus B3 cthaboxam y 1974-2014 USA mycelial inhibition 15
6.8%107 5.0x102-1.3x10°"
5.0x107 1.0x1073-3.8x10
1.6x10 1.0x1073-5.0x10

3.0x10°2

2.6x102-3.4x10
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Table 3. Sensitivity records of Pythium spp. to different fungicides

i EC ml!
Pathogen species Crop MoA Fungicide Baseline  Isolated Country Test methods (g ) Reference
study years Mean Range
Pythium sugar beet Al metalaxyl 1998 USA  mycelial inhibition 2.1 1.2-3.1 9
iphanidermatum F9 oxathiopiprolin 2016 China mycelial inhibition >50.0 - 17
Pythium rice Al+A3 metalaxyl+hymexazol 2019 China mycelial inhibition 6.0x10"! 20
aristosporum rice Al+F4  metelaxyl+propamocarb 2019 China  mycelial inhibition 1.4x102 20
rice P7 fosetyl-aluminum 2019 China mycelial inhibition 5.6x10! - 20
Pythium deliense F9 oxathiopiprolin 2016 China mycelial inhibition  >50.0 - 17
Pythium ultimum potato Al metalaxyl 1998-2000 USA  mycelial inhibition 94.2% had ECs value <1.0 41
chickpea Al metalaxyl 2021 USA  mycelial inhibition 11.4-50.0 44
Pythium ultimum var. sugar beet Al metalaxyl 1998 USA  mycelial inhibition 1.6x10"! 5.0x102-1.3 9
sporangiiferum
Pythium ultimum F9 oxathiopiprolin 2016 China  mycelial inhibition 8.5x102 6.0x102-1.2x10"! 17
Pythium violae carrot B3 zoxamide y 2010 USA  mycelial inhibition 2.4x1072 21
carrot BS fluopicolide y 2010 USA  mycelial inhibition 9.0x10! 21
Pythium spp. soil or F9 oxathiopiprolin 2014-2018  China mycelial inhibition sensitive species: 32
cucumber 1.7x10°1-7.1x10°";
seedling insensitive species:
>50.0
Phytopythium spp. water or F9 oxathiopiprolin 2014-2017  China mycelial inhibition 2.0x10--1.3x1072 32
lotus
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Overview of Oomycetes Plant Pathogen

Sensitivity to Various Fungicides
Chao-Feng Tai'*, Tsu-Cheng Chang'

Abstract

Tai, C. F., and Chang, T. C. 2024. Overview of oomycetes plant pathogen sensitivity to various
fungicides. Taiwan Pestic. Sci. 17: 57-71.

The sensitivity of plant pathogens to pesticides in field may change with pesticide usage
strategies. Numerous organizations have classified oomycetes as having a medium-high risk
of pesticide resistance due to characteristics such as a mostly diploid life-cycle, the ability
to cause severe plant diseases, etc. This article provides an overview of the current
registration statuses of chemical treatments for oomycete pathogens in Taiwan. We primarily
focused on downy mildews (267 registered uses) and Phytophthora spp. (407 registered
uses). In addition, we compiled data from international studies pertaining to the
susceptibility of oomycete species to various fungicides, including downy mildews (12
records), Phytophthora spp. (49 records), and Pythium spp. (14 records). Then, using this
data, we performed applications using the sensitivity index produced by the Fungicide
Resistance Action Committee (FRAC), which included (1) brigding data derived from the
same species to different crops or regions, (2) data pertaining to the unequal sensitivity of
different species within the same genus, or active ingredients with the same mode of action
(MoA), and (3) molecular resistance mechanism studies. Finally, this article provides
historical information related to the establishment of reference values for different baselines,
which can help agricultural workers, researchers, and policy makers develop and improve
fungicide development and field monitoring strategies.

Key words: oomycetes, fungicide registered use range, sensitivity baseline, resistance
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