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Approaches to reduce DMI-resistance occurrence risk in Japanese pear scab, in Chiba 

Prefecture. 

 

 

 

Yoshimi Aoki, Chiba Prefectural Agriculture and Forestry Research Center,  

180-1 Okanezawa, Midori, Chiba 266-0014, Japan 

 

Abstract 

Japanese pear ( Pyrus pyrifolia var. culta ) is one of the important fruits in Chiba Prefecture. 

Japanese pear scabs by Venturia nashicola are the most serious disease in Japanese pear. 

Sterol Demethylation Inhibitors (DMIs) have long been effective in chemical control of pear 

scab. 

Recently, however, the existence of DMI-resistant scab isolates were newly reported in 

Japan. Though DMI-resistant isolates have not been observed in Chiba Prefecture, but DMI-

resistance occurrence risk has been remained high. This paper describes the concept of the 

disease control system and approaches to reduce DMI-resistance occurrence risk in pear scab, 

in Chiba Prefecture. 
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Occurrence and management of DMI and QoI fungicide-resistant isolates of Apple scab 

in Nagano Prefecture 
 

 

Naoki Eguchi and Ken-ichi Kondo, Nagano fruit tree experiment station 

 

Abstract 

DMI and QoI fungicide-resistant isolates of apple scab were transmitted with nursery trees to Nagano 

Prefecture in 2018. Disease management system without DMI fungicides were carried out after June, 2018, 

to prevent epidemics of resistant strains. In 2019, although the resistant strains were detected from six 

orchards in frequent area of apple scab, the density of the resistant isolates was low. 
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Construction of fungicides susceptibility monitoring system for gray mold caused  

by Botrytis cinerea in Mie Prefecture 

 

 

 

Taku Kawakami, Mie Prefecture Agricultural Research Institute, 

530 Ureshinokawakita-cho, Matsusaka City, Mie,515-2316, Japan 

 

Abstract 

The susceptibility of major fungicides to gray mold caused by Botrytis cinerea has been tested in Mie 

prefecture, Japan since the 1980s. We have reported the outbreak of resistant isolates to several 

fungicides. In addition, these investigations made it possible to understand the fungicide- 

susceptibility. However, in recent years, it’s getting harder to monitor fungicide sensitivity frequently 

due to staff shortages and costs. Therefore, Mie Prefecture established the Plant Protection 

Epidemiological Review Conference, and the parties have discussed necessary fungicides for 

monitoring. We also needed to provide the data based on scientific evidence to grasp the fungicide 

susceptibility. 

 In order to grasp the occurrence trends of resistant isolates of gray mold and to conduct the effective 

control, we examined the chemical susceptibility of the isolates to major fungicides. In addition, we 

discussed the relationship between the application of fungicides and the occurrence of resistant 

strains. 

 In almost all of the investigated fields, resistant isolates to high risk fungicide such as QoI and 

SDHI were observed. On the other hands, resistant strains to medium risk fungicides such as 

mepanipyrim and from low to medium risk fungicides such as fludioxonil were not observed despite 

multiple spraying. In other words, the occurrence trends of these major fungicides-resistant isolates 

were almost consistent with the risk defined by FRAC(Fungicide-Resistance-Action-Committee). 

Based on these results, it is necessary to discuss the fungicides required for the monitoring among 

the stakeholders.  
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QoI SDHI  

 

Control system against bell pepper powdery mildew and sensitivity to QoIs and 

SDHIs of Leveillula taurica 

 

 

 

 

Takuya Miyamoto 

Horticultural Research Institute, Ibaraki Agricultural Center,  

3165-1 Ago, Kasama, Ibaraki 319-0292, Japan 

 

Abstract 

Bell pepper production in Ibaraki Prefecture, Japan, utilizes natural enemies to control pests 

such as thrips and whitefly. To maximize the predation potential of natural enemies, pesticide 

including the fungicides were limited the modes of action. In this study, we investigated that 

the control efficacy of various fungicides against bell pepper powdery mildew (caused by 

Leveillula taurica) and developed the chemical control system in summer-fall cultivation of 

bell pepper. Additionally, the possibility of genetic diagnosis as a sensitivity monitoring 

method for QoIs and SDHIs was investigated. 
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Discovery of a new QoI fungicide metyltetraprole  

– Pesticide design to avoid cross resistance 

 

 

 

Yuichi Matsuzaki, Health and Crop Sciences Research Laboratory, Sumitomo Chemical, Co.Ltd. 4-

2-1, Takatsukasa, Takarazuka, Hyogo-pref. 665-8555, Japan 

 

Abstract 

QoIs (Quinone outside inhibitors) have been widely used for various crops worldwide. However, 

their extensive use has resulted in the development of resistance by many fungal pathogen species. 

Highly resistant strains toward QoIs have a mutation in cytochrome b gene that results in a G143A 

amino acid substitution in the protein. We attempted to design a new QoI that would be effective 

against these resistant strains. We first found a tetrazolinone compound in our sample collection 

that was able to exhibit almost the same levels of efficacy against both G143A mutant and wild type 

strains. Further efforts to enhance its potency led us to find metyltetraprole. Metyltetraprole is a 

new tool for farmers that will enable them to control difficult-to-treat, fungicide-resistant crop 

pathogens. 
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. Zymoseptoria tritici  

 
G143A % 

(G143A / ) 
 

 

120 g/ha  

 

220 g/ha  

France (1) 80 (4/5) 85.5 93.2 36.0 

France (2) 100 (5/5) 86.4 96.2 14.8 

Belgium 100 (5/5) 27.8 93.2 1.8 

UK (1) 100 (5/5) 72.4 90.3 46.3 

UK (2) 100 (5/5) 36.9 94.0 54.7 

Ireland 100 (5/5) 44.2 97.9 52.7 

 - 58.9 94.1 34.4 

 

. Pyrenophora teres  

 
F129L % 

(F129L / ) 
 

 

120 g/ha  

 

220 g/ha  

France (1) N.D. 19.9 88.4 51.3 

France (2) 12.5 (2/16) 22.5 88.9 84.4 

France (3) 55.6 (5/9) 14.8 94.6 3.4 

France (4) 16.7 (2/12) 18.6 94.1 97.3 

 - 19.0 91.5 59.1 

 

Division Class Species EC50 (ppm)

Ascomycota Dothideomycetes Zymoseptoria tritici 0.002

Ramularia collo-cygni 0.002

Pyrenophora teres 0.005

Pyrenophora tritici-repentis 0.05

Parastagonospora nodorum 0.003

Leotiomycetes Botrytis cinerea 0.03

Sordariomycetes Colletotrichum graminicola 0.007

Microdochium majus 0.005

Basidiomycota Agaricomycetes Rhizoctonia solani AG2-2 IIIB >3

Rhizoctonia solani AG4 2

Ustilaginomycetes Ustilago maydis 0.04

- Oomycetes Aphanomyces cochlioides 0.8

Pythium irregulare >3

Phytophthora capsici >3
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Present Status of Research on Fungicide Resistance in the United States 

 

 

 

Hideo Ishii University of Tsukuba Tennodai 1-1-1, Tsukuba, Ibaraki 305-8572, Japan 

 

 

Abstract 

The author stayed at Clemson University, SC, the US and conducted various experiments between June and 

Nov. 2019. Meanwhile he also attended some meetings such as ‘Plant Health 2019’ (the APS Annual Meeting) to 

present and exchange information with foreign researchers. In this paper, the current research relating with 

fungicide resistance in the US is summarized. Major groups of research in this field, recent publications, topics at 

‘Plant Health 2019, 2020’, monitoring and management of resistance, noticed research, copper resistance in 

bacterial pathogens, and research of the author are included. 
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Walker INRA Sclerotinia sclerotiorum SDH

C-G150R Z. tritici

efflux

resistance factor fitness penalty multidrug resistance

MDR

Aspergillus fumigatus

Chowdhary et al., 2013; Berger et al., 

2017 Special Session Hot Topic

Fraaije Rothamsted A. fumigatus CYP51A

34 bp tandem repeat 98

TR34/L98H

A. 

fumigatus Toyotome et al., 2017; Hagiwara, 2020  

Beer 50 90%

California USDA-ARS C. L. Xiao

California Univ. of California J. E. Adaskaveg

T. Michailides

Florida Univ. of Florida N. Peres

Georgia Univ. of Georgia T. B. Brenneman

P. M. Brannen

New York Cornell Univ. K. Cox

M. T. McGrath

North Dakota Univ. of North Dakota M. Khan

South Carolina Clemson G. Schnabel
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2004 2014 500%

 

Brewer Georgia : QoI A. fumigatus

b G143A

CYP51A  

Technical Session 

Khan North Dakota 2016 Cercospora beticola QoI

2 DMI

multi-site Multi-site

[ multi-site TPN

] 

 

D’Ávila et al. Federal do Recôncavo da Bahia

90 b G143A QoI

fitness cost

1 QoI 10

12 QoI

Knight et al., 2020  

Lichtner et al. USDA-ARS Venturia 

inaequalis

Yoshida and Lobo Goiás alamar blue

S. sclerotiorum

Ayer et al. Cornell V. inaequalis Stemphylium vesicarium Stemphylium blight

SDHI population size

population size

Ayer et al., 2020  

Hu et al. Maryland : Botrytis cinerea 5 7

3

7

Cosseboom et al., 2020  

Avila-Adame DowDuPont b Qi QiI UK- A

A Qi N31K G37C L198F

Saccharomyces cerevisiae

R. solani L198F UK- A  

Plant Health 2019 Phytopathology 109 (10S)
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Plant Health 2020 8 Web  

Technical session 

McGrath Cornell

 

Peng Michigan SDHI sdhB

sdhC  

Cox Clemson Xanthomonas arboricola pv. pruni

 

 

Martin et al. Penn State SDHI

 

Yang et al. USDA-ARS California 70%

 

Kikway et al. North Carolina Pseudoperonospora 

cubensis 37.5% 62.5%  

Warres et al. Georgia  DMI 14α

CYP51 Y136F  

Förster et al. California  fire                                                                                                                     

blight Erwinia amylovora tetB  

Plant Health 2020 Phytopathology 110 (12S

 

 

 

Colletotrichum acutatum fruit rot QoI

1 : Forcelini and Peres, 2018 2015 2016

C. nymphaeae C. fioriniae

Wang et al., 2019 QoI

5 /

+ 6 8

/ 2  

QoI multi-site single-site

Ishii et al., 2016 C. acutatum C. gloeosporioides crown rot

Rebello et al., 2019; Oliveira et al., 2019

multi-site 2020  

discriminatory
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(ppm)

A 1 Czapek agar

A 2 4 Czapek agar

A 3 0.5 1% Malt extract agar

A 4 50 1% Malt extract agar

B 1 10 1% Malt extract agar

B 2 100 1% Malt extract agar

B 3
+ SHAM 100ppm

10 1% Malt extract agar

B 4 75 YBA agar

C 1 10 YBA agar

C 2 5 YBA agar

C 3 5 YBA agar

C 4 5 YBA agar

Clemson 3 11 stock solution 

10,000 ppm ‘Profile Kit’

Schnabel et al., 2015   

 

1 QoI  

  

2 QoI

 

3 ‘Profile Kit’ 

 

 

 

 

 

 

 

 

 

 

 

 

 

FRAC Code
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IPM

FRAC  

Extension 2019 Southeastern Peach, 

Nectarine, and Plum Pest Management and Culture Guide Georgia Extension Resistance 

Management MOA

MOA DMI QoI

multi-site

tank mix  

2019 Integrated Orchard Management Guide for Commercial Apples in the Southeast North Carolina State 

Extension Pesticide Resistance Management cross resistance

multiple resistance MOA

Podosphaera leucotricha Alternaria mali = A. 

alternata apple pathotype Pseudomonas syringae pv. papulans blister spot

DMI QoI EBDC

dodine

 

Clemson Schnabel MyIPM

https://www.clemson.edu/extension/peach/commercial/diseases/myipmsmartphoneappseries.html

FRAC Code

YouTube

https://www.youtube.com/watch?v=u1eYXHC-DTM  

 

 

DMI QoI

Lesniak et al., 2011

1995 2004 2017 SDHI

SDHI VisdhB Villani et al., 2016 VisdhC

VisdhD

Ayer et al., 2019  

V. effusa anamorph: Fusicladium effusum

V. effusa b 143

GGT group QoI

Standish et al., 2016 G137S GGT AGT

8

Standish et al., 2019 APS Herrington et al. Georgia

G137S QoI
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QoI partial resistance  

  QoI CAA Keinath et al., 2019

16

80%

A1 A2 A1

A2  

DMI QoI

Alternaria spp. leaf spot Michigan QoI

Rosenzweig et al., 2017; 2019  

frogeye leaf spot Cercospora sojina QoI

b G143A Zhang et al., 2018

1 ppm SHAM 60 ppm PDA

G143A Zhou and Mehl, 2020  

MOA Sclerotinia homoeocarpa

Clarireedia RNA sequencing RNA-seq

P450 ABC

Sang et al., 2018  

 

 

bacterial stalk leaf necrosis Michigan

Pantoea agglomerans 41% P. ananatis 19% Enterobacter cowanii 22%

Tho et al., 2019 Biolog 16s 

rDNA  

Plant Health 2019 Khanal et al. Illinois Xanthomonas

hrp X. gardneri X. perforans X. euvesicatoria 0.08 

mM copA copM PCR

Ge et al Auburn Xylella fastidiosa

copA copB exporter

Bhandari bacterial spot X. perforans

Cox and Schnabel Clemson

 

 

10  

EU

DMI

EU Tesh et al., 2019; 
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2019 DMI

Strobel et al., 2020

Clemson Ishii et al., 2021; 2021

Monilinia fructicola DMI Luo et al., 2008

PDA

4

4 DMI 0.3 ppm %

A. alternata 2

DMI

2 DMI 50 ppm  

a b 
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