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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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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. 

  

 

2018 526ha 33,400t

24%

2 7

8 12 10 6  

20 2010

 

Leveillula taurica

2020

 

QoI SDHI

 



34 
 

 

 

 

 

1 3 2017 2019

0.01%Tween-20

3× 104 /ml



35 
 

 

 

2016 2018 7

8 9

9 10

3 4

 

2 8

1 2

3 3

3

 



36 
 

 
2016                              PB                PB 
2017   Sd             Pen                              Myc 

2018 PB           CT                 Pyr                  CT      
2019 Pyr              CT                      PB           PB 

 

 

 

 

1

2018 2019 2016 2017

2

2020  

 

 

 

B PB

QoI SDHI SDHI

L. taurica

QoI PB

SDHI PB

 

QoI SDHI

1 2018 2019
2016 2017  

PB Sd

Pen Myc CT Pyr  



37 
 

L. taurica QoI cytochrome b

cytb SDHI B C D

sdhB C D PCR L. 

taurica Mosquera et al. 2019

DNA  

 

cytb QoI  

L. taurica cytb RACE

cDNA ORF 5’ 3’ UTR

DNA 129 137 143

406bp

Ltcyt-F2 Ltcyt-R5

QoI 5 15 PCR

3 1

QoI 1 2

QoI 143

QoI  

Ishii et al.

2007 G143A GGT GCT Fnu4HI PCR-RFLP

G143A Fnu4HI

406bp

G143 348bp 58bp A143 204bp 144bp 58bp

2  

 

2 PCR-RFLP  

 

4 1 2016 2018 168

PCR-RFLP 168 cytb

QoI cytb



38 
 

348bp PCR

G143 cytb

QoI

Ishii et al. 2007; Mosquera et al. 2019

QoI

QoI

PB

 

12

2017

2

1ha

QoI

QoI

 

 

QoI PB  

PB BASF

PB 2,000

PB 3

G143A QoI

L. taurica  

Podosphaera 

xanthii QoI

SDHI

PCR-RFLP

 

 

3 QoI

 

 



39 
 

SDHI  

SdhB C D cytb RACE UTR

DNA  

SDHI 10

QoI 1

L. taurica SDHI

SDHI  

2016 2020 7 SDH 82

2016 SDHI

3

SDH

SDHI

Avenot et al. 2014; Miyamoto et al. 2010; Yamashita and 

Fraaije 2018; Sang et al. 2020; Steinhauer et al. 2019

SDH SDH

Avenot et al. 2014; Miyamoto et al. 

2010; Popko et al. 2018 P. xanthii Miyamoto et al. 

2020 Erysiphe necator Graf 2017

SDHI

3 Leveillula taurica SdhB C D  

  
 

SdhB SdhC SdhD 
 

 
  

SdhB SdhC SdhD 

A 2017 PL387 - - - 
 

E 2019 PL799 Wild Wild Wild 

 PL390 Wilda Wild Wild 
 

 
 

PL800 Wild Wild Wild 

PL392 Wild Wild Wild 
 

 
 

PL802 Wild Wild Wild 

         PL805 Wild Wild Wild 

A 2018 PL659 Wild Wild Wild 
 

 2020 PL871 NA Wild Wild* 

 
 

PL660 Wild Wild Wild 
 

 
 

PL872 Wild Wild Wild 

 
 

PL661 Wild Wild Wild 
 

 
 

PL873 Wild Wild* Wild 

 
      

 
 

PL874 Wild NA Wild 

B 2017 PL474 Wild Wild Wild 
 

 
 

PL875 Wild Wild Wild* 

  PL517 Wild Wild Wild    PL877 Wild Wild Wild 

 
      

 
     

C 2017 PL479 Wild Wild Wild 
 

F 2018 PL635 Wild Wild Wild 

  PL528 Wild Wild Wild    PL640 Wild Wild Wild 

 2018 PL610 Wild Wild Wild 
 

  PL641 Wild Wild Wild 

  PL611 Wild Wild Wild 
 

  PL643 Wild Wild Wild 

 
 

PL612 Wild Wild Wild 
 

      

 
 

PL646 Wild Wild Wild 
 

G 2019 PL791 Wild Wild Wild 

 
 

PL652 Wild Wild Wild* 
 

      

 
      

 2017 PL543 Wild NA NA 

D 2017 PL492 Wild Wild Wild 
 

( )  PL544 Wild NA NA 

  PL542 Wild Wild Wild 
 

 2018 PL716 Wild Wild Wild 

 2019 PL792 Wild Wild Wild    PL718 NA Wild Wild 

 
 

PL794 Wild Wild Wild 
 

 2019 PL835 Wild Wild Wild 

 
 

PL797 Wild Wild Wild 
 

  PL836 Wild Wild Wild 

  PL798 Wild Wild Wild 
 

  PL867 Wild Wild Wild 

  PL817 Wild Wild Wild* 
 

  PL868 Wild Wild Wild 
a Wild PL387  
b NA: no analysis. 

*  

 



40 
 

SDHI 1 3

3 P. xanthii

EC50

50 Miyamoto et al. 2020 L. 

taurica  

 

 

SDHI

DMI cyp51 tubline

PCR-RFLP

 

 

 

 

 

 

Avenot HF, van den Biggelaar H, Morgan DP, Moral J, Joosten M, Michailides TJ (2014) 

Sensitivities of baseline isolates and boscalid-resistant mutants of Alternaria alternata 

from pistachio to fluopyram, penthiopyrad, and fluxapyroxad. Plant Dis 98:197–205. 



41 
 

Graf S (2017) Characterisation of metrafenone and succinate dehydrogenase inhibitor 

resistant isolates of grapevine powdery mildew Erysiphe necator. PhD Dissertation, 

Technische Universität Kaiserslautern, Kaiserslautern, German. 

Ishii H, Yano K, Date H, Furuta A, Sagehashi Y, Yamaguchi T, et al. (2007) Molecular 

characterization and diagnosis of QoI resistance in cucumber and eggplant fungal 

pathogens. Phytopathology 97:1458–1466. 

 (2010) 

 64: 37–41. 

Miyamoto T, Ishii H, Stammler G, Koch A, Ogawara T, et al. (2010) Distribution and 

molecular characterization of Corynespora cassiicola isolates resistant to boscalid. Plant 

Pathol. 59:873-881. 

2020 6

 59 39–45. 

Miyamoto T, Hayashi K, Okada R, Wari D, Ogawara T (2020) Resistance to succinate 

dehydrogenase inhibitors in field isolates of Podosphaera xanthii on cucumber: Monitoring, 

cross-resistance patterns and molecular characterization. Pestic. Biochem. Physiol. 

169:104646. 

Mosquera S, Chen L-H, Aegerter B, Miyao E, Salvucci A, et al. (2019) Cloning of the 

Cytochrome b Gene From the Tomato Powdery Mildew Fungus Leveillula taurica Reveals 

High Levels of Allelic Variation and Heteroplasmy for the G143A Mutation. Front Microbiol. 

10:663.  

Popko Jr JT, Sang H, Lee J, Yamada T, Hoshino Y, Jung G (2018) Resistance of Sclerotinia 

homoeocarpa field isolates to succinate dehydrogenase inhibitor fungicides. Plant Dis 

102:2625–2631. 

Sang H, Lee HB (2020) Molecular mechanisms of succinate dehydrogenase inhibitor 

resistance in phytopathogenic fungi. Res. Plant Dis. 26:1-7. 

Steinhauer D, Salat M, Frey R, Mosbach A, Luksch T, Balmer D, et al. (2019) A dispensable 

paralog of succinate dehydrogenase subunit C mediates standing resistance towards a 

subclass of SDHI fungicides in Zymoseptoria tritici. PLoS Pathog. 15:e1007780.  

Yamashita M, Fraaije B (2017) Non-target site SDHI resistance is present as standing genetic 

variation in field populations of Zymoseptoria tritici. Pest Manag Sci (74):672–681. 

 



42 
 

DMI
27%

QoI
22%SDHI

11%

Others

QoI

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. 

 

2010

DMI FRAC Code: 3 QoI FRAC 

Code: 11 SDHI FRAC Code: 7

3

DMI QoI SDHI

 

 

Total 15,268 m$ 

 

 

 

 

 

 

 

. DMI QoI SDHI  

2016 Phillips McDougall  



43 
 

DMI SDHI QoI

3

Zymoseptoria tritici

DMI

SDHI

QoI G143A F129L

G143A QoI Sierotzki et al., 2015  

 

. DMI QoI SDHI  

 DMI QoI SDHI 

 
 CYP51 Cytochrome b 

 
Succinate dehydrogenase 

Subunit B, C, D 
 

 
 

L50S, D134G, V136A, Y137F, 
S188N, A379G, I381V/D, 
Y461H/S, N513K, S524T 

Promoter (Overexpression) 
 

 
 

G143A 
F129L( ) 

B-N225T, B-T268I, C-T79N,  
C-W80S, C-N86S, 

 C-H152R, C-V166M 
 

 
 

Sierotzki  2015 Cools et al., 2013 Rehus et al., 2018  

 

QoI SDHI

DMI SDHI

Ishii et al., 2011; Cools et al., 2013  

QoI

 



44 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 QoI Cytochrome b  

QoI 1 2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SDHI Succinate dehydrogenase subunit B C  

SDHI Subunit B C 7  



45 
 

QoI 2

QoI G143A QoI

100 15

F129L G143A

QoI Kataoka et al., 2010 ; Sierotzki et al., 2015

G143A QoI X

F129L QoI

QoI

G143A Fisher et al., 2005  

 

 

 

 

 

 

 

 

 

 

. G143A Ala143  

 

G143A QoI

G143A

Sauter, 

2011 QoI

QoI 200

Zymoseptoria tritici G143A Matsuzaki et al., 2020a

(1) G143A

QoI G143A

QoI 1/10  

 

 

 

 



46 
 

 

 

 

 

 

 

 

(1)  

 

100

QoI G143A

G143A F129L

NADH

Suemoto et al., 2019 QoI III

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



47 
 

 

 

Suemoto et al., 2019  

 

(Ascomycota)

QoI

SHAM Alternative oxidase

AOX

96

QoI

(Matsuzaki et al., 2020b, 2020c)  

 

 

 

 

 

 

 

 

 

 

 



48 
 

.  

 

Suemoto et al., 2019  

 

 

QoI

( ) QoI

G143A QoI

QoI

QoI  

 

. 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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