N

N

Evolution of resistance to fungicides in populations of
Mycosphaerella graminicola:emergence of new
phenotypes highly resistant to DMIs
Anne Sophie A. S. Walker, Johann J. Confais, Daniel Martinho, Selim

Omrane, Pierre P. Leroux

» To cite this version:

Anne Sophie A. S. Walker, Johann J. Confais, Daniel Martinho, Selim Omrane, Pierre P. Leroux.
Evolution of resistance to fungicides in populations of Mycosphaerella graminicola:emergence of new
phenotypes highly resistant to DMIs. EPPO Workshop on Azole fungicides and Septoria leaf blotch
control, Dec 2010, harpenden, United Kingdom. hal-02814825

HAL Id: hal-02814825
https://hal.inrae.fr /hal-02814825
Submitted on 6 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.inrae.fr/hal-02814825
https://hal.archives-ouvertes.fr

EPPO Workshop on Azole fungicides and
Septoria leaf blotch control

Conference Centre, Rothamsted Research,
Harpenden (GB), 2010-12-07/09

PROGRAMME
SUMMARIES OF PRESENTATIONS AND POSTERS
LIST OF PARTICIPANTS

The Organizing Committee:

Paul Ashby, CRD

Bart Fraaije, Rothamsted Research

Jean-Luc Genet, FRAC

Lisa Nistrup-Jorgensen, Aarhus University

John Lucas, Rothamsted Research

Louise Plumer, Rothamsted Research
Anne-Sophie Walker, INRA

Robert Sunley and Vlasta Zlof, EPPO Secretariat

Ga
W




EPPO Workshop on Azole fungicides and Septoria leaf blotch control
PROGRAMME

Conference Centre, Rothamsted Research, Harpenden (GB), 2010-12-07/09

Tuesday, 07 December 2010

11:00 Pre-workshop planning meeting for organiziammittee, chair persons and rapporteurs
(Pirie Room, Conference Centre)

12:30-14:00 Registration and poster display

14:00 Welcome by EPP(Robert SunleyandVlasta Zlof
Aims and objectives of the workshéjmona Burnett, SAC

Session | ‘Introduction to Septoria leaf blotch cotrol’ [Chair: Bernd Rodemann]

14:15 Septoria management across the EPPO retgedback from the questionnaire
Paul Ashby, CRD

14:45 TargeMycosphaerella graminicola; genetic variation and potential for change
Gert Kema, Plant Research International

15:15 The contribution of plant breeding to coriingl Septoria tritici
James Brown John Innes Centre

15:45 - 16:15 Coffee break
16:15 Chemical control of Septoria leaf blotchidng, biological performance and molecular mode

of action of DMI fungicides
Klaus Stenze] Bayer CropScience

16:45 Impact of the new EU regulations on the marrant of Septoria leaf blotch and rust diseases
in cereals
Paul Leonard, BASF

17:15 Introduction of new fungicides for Septogaf blotch control
Andy Leadbeater, Syngenta

18:00 Poster presentations
eloled

18:30 Welcome buffet-reception kindly offered by RAC



Wednesday, 08 December 2010

Session Il ‘Azole sensitivity monitoring of Septora populations’ [Chair: Anne-Sophie Walker]

09:00 DMI sensitivity in European populations Mdfycosphaerella graminicola
Helge Sierotzki,Syngenta

09:30 Sensitivity oMycosphaerella graminicola to DMI fungicides across Europe and impact on

field performance
Gerd Stammler andMartin Semar, BASF

10:00 Outliers or shifts? Sensitivity of the Irislycosphaerella graminicola population to
triazole fungicides
Steven Kildeag Teagasc

10:30 MonitoringMycosphaerella graminicola: relevance oin vitro testing andCYP51 mutations
Andreas Mehl, Bayer CropScience

11:00 — 11:15 Coffee break

Session Il ‘Scientific basis of azole resistancesgtelopment’ [Chair: John Lucas]

11:15 Overview. Azole resistance mechanisms ircalure
John Lucas Rothamsted Research

11:45 Selection ofYP51 variants in UK field populations dflycosphaerella graminicola:
a historic perspective
Bart Fraaije, Rothamsted Research

12:15 Evolution of resistance to fungicides in plagons ofMycosphaerella graminicola:
emergence of new phenotypes highly resistant todDMI
Anne-Sophie Walker, INRA

12:45 Functional characterizationMf/cosphaerella graminicola sterol 14-demethylaseGYP51)
variants resistant to azole fungicides
Hans Cools Rothamsted Research

13:15-14:00 Lunch

Session IV ‘Fungicide resistance management strateg and practical use of azoles in
European agriculture’ [Chair: Andy Leadbeater]

14:00 Fungicide resistance risk
Neil Paveley ADAS

14:30 The evaluation of fungicide resistance mansnt strategies using a modelling approach
Peter Hobbelen Rothamsted Research

15:00 DMI use in France: efficacy and future reomndations
Claude Maumene Arvalis

15:30 Spray programmes and advice to farmersaitutd
Bill Clark , Brooms Barn

16:00 — 16:30 Coffee break

16:30 Recent experiences with triazole fungicide fas Septoria leaf blotch control on winter wheat

in Ireland
Tom McCabe, University College Dublin

17:00 Optimizing fungicide use in Denmark for cahtsf Mycosphaerella graminicola
Lise Nistrup-Jgrgensen Aarhus University

18:00 Poster presentations
ey

19:00 Workshop Dinner (Conference Centre)



Thursday, 09 December 2010 Working Group Programme

[Chair: John Lucas]

09:00 Current and future regulatory considerations @ use
Bernd Rodemann JKI

09:30 Assembling of working groups
Paul Ashby, CRD

Working Group I. Understanding and assessing changein sensitivity

[Chair: John Lucas; Rapporteur: Gert Kema]

Working Group Il. Strategies for management and cormunication of risk

[Chair: Lise Nistrup-Jgrgensen; Rapporteur: Paul Ashby]

10:00-12:00

12:00-13:00

13:00-15:00

15:00-17:00

Morning Session ‘Working Groups | and II’
Lunch
Afternoon Session ‘Working Groups | and II’

Outcome of Working Groups | and Il; Conclusions and Recommendations
[Chair: Fiona Burnett]
* Representative of each WG presents results ofetbsian
e Plenary discussion
» Conclusions
eloled

17:00Closure of workshop



Septoria management across the EPPO region
- feedback from the questionnaire

Paul Ashby
Chemicals Regulation Directorate, York (GB)
paul.ashby@hse.gsi.gov.uk

A questionnaire was sent to all EPPO Member Coemitio gain some background
information onMycosphaerella graminicola. Information was sought on the importance of
this disease, the main strategies used to corit(ohain active substances, spray strategies,
varietal tolerance) and the field performance aiez. A summary of the main findings of the
guestionnaire are presented. In total 15 countasgonded of these 11 ratielycosphaerella
graminicola as a major disease. Information presented shogvsathge of azoles and other
modes of action used, the importance of varietalémce and doses recommended.



Target Mycosphaerella graminicola; genetic variation and potential for
change

Gert HJ Kema
Plant Research International, Wageningen (NL)
gert.kema@wur.nl

Mycosphaerella graminicola, the causal agent of septoria leaf blotch, isemily the
most important Western European wheat disease.itled@bp recent identification of 15
resistance genes and their potential applicatioplamt breeding, disease control is
largely achieved by fungicide applications. Howevangicide resistance development
in natural M. graminicola populations frequently occurs and is a seriousceon
Depending on the fungicides this may develop gréyluauch as with resistance to
azoles, or much more rapidly as was observed fobistirin fungicides. To understand
the (rapid) evolution of resistance we have pertatra range of crossing experiments,
which clearly show that fungicides can stop or shbawn disease progress but cannot
prevent sexual development. ASl. graminicola is a highly sexual pathogen,
understanding the influence of sexual reproductiod genetic recombination on the
evolution of fungicide resistance is very importaiife use ann planta crossing
protocol that reliably enables the isolation of reggting populations and hence the
unbiased mapping of genomic regions that are irhn fungicide resistance.
Ongoing programs and results will be discussed.



The contribution of plant breeding to controlling Septoria tritici

James KM Brown
John Innes Centre, Colney, Norwich (GB)
james.brown@bbsrc.ac.uk

When Septoria tritici blotch Mycosphaerella graminicola) first became a serious disease of
wheat in the UK around 1980, many varieties werscsptible to it. The situation has
changed substantially since then because most wheaties released in the last five years
have at least moderate resistance to Septoria \&@hiésv have very good resistance. | will
review what is currently known about the genetitsSeptoria resistance in wheat, discuss
how improvements in resistance have been maderilbesonstraints on resistance breeding,
and outline prospects for the future, as contrgliBeptoria with fungicides will become
increasingly difficult.

Research over the last 15 years has shown thatyamon with other plant diseases, there are
broadly speaking two types of resistance to Seqtdvajor genes which follow the gene-for-
gene relationship confer strong resistance to kBntupathogen isolates. This type of
resistance has little or no value beyond the stesrh, however, becaudd. graminicola
genotypes lacking avirulence evolve rapidly in esge to the use of major genes. The
second type of resistance is partially effectivaiast all pathogen genotypes. While it is
much more durable than major gene resistance,apagsistance is typically controlled by
several genes with varying levels of effectivensesit may be more difficult to use in
breeding.

Early efforts to improve breeding for resistance Septoria in Europe focussed on the
possibility of using exotic wheat varieties, synibéexaploid wheats and even other grass
species. It was subsequently found that therenaf@ct many genes for partial resistance in
current and recent wheat varieties but progressbead limited because many breeders had
inadvertently been relying on a single source sfstance. The substantial improvement in
the general level of resistance in wheat varieiiresecent years may have resulted from
diverse sources of partial resistance being conddiméreeding programmes.

Interactions of Septoria resistance with othetgramay also have caused progress in breeding
to be slow during the 1980s and 1990s. It appé¢has selection for yield limited
improvements in Septoria resistance, most likelyabee varieties used as sources of other
desirable traits carried genes which increasedegtibdity to Septoria. Nevertheless, a joint
analysis of selection for yield and resistance Iadicated that UK wheat breeding
programmes contain genes which increase yield dutad increase susceptibility to Septoria
or vice-versa.

Future wheat production will need to rely ever mbesavily on resistant varieties as the
mainstay of disease control. A major challengé belto achieve acceptable disease control
while maintaining high yield and quality. This cha done by applying an appropriate level
of selection for all three traits separately indali@ag programmes. It would be inappropriate
to focus too strongly on disease resistance bedhis@ould most likely result in selection
of genes which improve resistance but depress.yiéldvould also be inappropriate to use
major genes as a short-term fix to control Septbaaause they would mask more useful,
durable, partial resistance. A desirable but dehmgngoal is to combine adequate resistance
to Septoria and other important diseases with fighl and excellent quality.

This talk is based on research supported by DEHRZCA, Elsoms Seeds Ltd, Lantmannen
SW Seed, Limagrain UK Ltd, Sejet Plant Breedingdffdl Syngenta Seeds Ltd through the
Sustainable Arable Production LINK programme.



Chemical control of Septoria leaf blotch: history,biological performance,
and molecular mode of action of DMI fungicides

Klaus Stenzel
Bayer CropScience AG, Monheim (DE)
klaus.stenzel@bayercropscience.com

The DMI-fungicides were introduced in agricultureli969 and have experienced a rapid and
successful development. The chemical class ofdieszis the most relevant DMI class used
on nearly every crop, with major focus on ceredlse reason for the great successes of
triazoles in agricultural practice is several folmvorable biological properties with broad
spectrum of activity against asco- and basidionggetystemic activity allowing flexible use
for curative and preventative treatments, compapetific differences in level and spectrum
of activity and utility in crops, and, finally, thmedium risk of resistance.

The mode of action, the specific inhibition of thierol biosynthesis (C14-demethylation),
was elucidated in the 1970’s. The cyp51 gene, espeof Mycosphaerella graminicola, was
intensively studied to clarify underlying mechanssraf reduced sensitivity and related
mutations. Triazoles differ in their activity aratlje to the shifting type of resistance, effective
disease control can be ensured also under sev&zaseéi pressure by selection of the most
active products. Triazoles play an indispensable mo effective disease management in
cereals and their activity must be retained bya#ffe resistance management.



Impact of the new EU regulations on the managemermf Septoria leaf
blotch and rust diseases in cereals

Paul Leonard BASF, Brussels (BE)
paul.leonard@basf.com

It is estimated that without effective Septoriaflbbbtch (Mycosphaerella graminicola) and
rust control, European cereal production would eéduced by up to 30%. Modern high
yielding cereal varieties continue to be heavilpetedent on the use of azole fungicides to
control these pathogens, with an estimated 80% evéat fungicides containing azole
fungicides.

European reregistration, under Directive 91/414/EB&s reduced plant protection product
(PPP) availability by at least 70%. In additiore turrent shift from scientific risk assessment
to hazard-based regulation, under Regulation 10082 could further impact PPP
availability, by an estimated 12 to 17%. Additionahcertainty, regarding fungicide
availability, will be triggered by the incorporati@f comparative assessment and substitution
in the new regulation (article 50, Annex IV and A&mrril point 4).

Under the new Regulation, azole fungicides arés&taf regulatory exclusion, resulting from
their association with endocrine activity. Howewviergontinues to be challenging to develop
alternative and equally effective Septaaradrust controltechnologies.

The need for resistance management is recognisBegulation 1107/2009, which provides
the possibility of derogation, under Article 4.4 énsure sufficient chemical diversity.
Member States, which may be concerned by potelassl of strategically important azole
fungicides, will therefore need to prepare for gaventuality.



Introduction of new fungicides for Septoria leaf bbtch control

Andy Leadbeater
Syngenta Crop Protection, Research and Developrasgl (CH)
andy.leadbeater@syngenta.com

The introduction of new fungicides is essentialgastainable control of major crop diseases.
Over the past 30 years, despite escalating codttegrslation, there has been a constant flow
of these, with over 65 novel compounds introducliéw modes of action are rare for cereal
disease control, but two significant innovations t& recognized: the triazoles (DMIs) and
the strobilurins (Qols), which have made major dbations to wheat management for many
years. There is a heavy reliance today on thesgtaups of fungicides for wheat production
in the EU. Preliminary impact assessments of thes m&ropean Regulation and of
comparative assessment indicate that key membéhe dfiazole group may be lost from the
market. In addition, widespread resistance hasuroed to the Qol fungicides in
Mycosphaerella graminicola (Septoria Leaf blotch). Clearly, new solutions aeeded to
ensure the future control of this devastating disea

The pipelines of the agrochemical companies consawveral new fungicides for cereals,
mainly from the carboxamide chemical family (SDHIsAssuming these pass successfully
through registration they will become major compusein future fungicide products for
Septoria control. These fungicides and othersd@seussed and their role in disease- and
resistance- management programmes considered.
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DMI sensitivity in European populations of Mycosphaerella graminicola

Helge Sierotzki Regula Frey, Carolina Buitrago, Jurg Wullschledglrich Gisi, Gabriel
Scalliet
Syngenta Crop Protection, Stein (CH)

Sensitivity studies over the past 10 to 15 yeamnshthat populations oMycosphaerella
graminicola have adapted to the selection pressure exertéuehbyse of DMI fungicides. The
sensitivity shift affects all DMI's but its dynansicmay be compound specific and vary
between countries. The data also suggest that Hifie s continued. Recently, a lot of
information on cyp51 genotypes and their sensytitot DMI's has been presented. However,
the cyp51 gene seems to be dynamic, and new gessogyp emerging with altered sensitivity
patterns towards DMI's. Despite some differencessemsitivity pattern of certain cyp51
genotypes to particular DMI fungicides, a generaks resistance can be assumed based on
the same mode of action for all DMI's. However, geection process may favour certain
genotypes depending on the major DMI used for disezontrol. The large variation in
sensitivity within each genotype suggests thataddition to mutations in the cyp51 gene,
other mechanisms must play an important role faorsisigity towards DMI’s. Sensitivity
shifts within genotypes will be described and dssad.
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Sensitivity of Mycosphaerella graminicola to DMI fungicides across Europe
and impact on field performance

Gerd Stammler andMartin Semar
BASF SE, Limburgerhof (DE)
gerd.stammler@basf.com; Kerstin.Kreichgauer@basf.co

Since the occurrence and spread of Qol resistanbydosphaerella graminicola in 2003 in
Europe, Demethylation-Inhibitors (DMI) are the blacke for control of Septoria leaf blotch
disease NI. graminicola). European monitoring studies carried out by varioesearch
institutes and DMI manufacturers have shown a shifthe EuropearnVl. graminicola
population towards increased E¥alues for DMI fungicides. Populations M. graminicola
are very heterogeneous within a region and evemmwé field regarding DMI sensitivity and
CYP51 haplotype, the target site of DMIs. DiffereGYP51 haplotypes are selected by
specific DMI treatments, which indicate that tG¥P51 haplotypes specifically influence the
sensitivity to different DMIs. This was subsequgntbnfirmed by sensitivity studies with
thousands of isolates which showed different setgitpatterns ofCYP51 haplotypes and
either no, weak, or even a negative correlatiothefsensitivity to various DMIs. A key for
sustainable control of Septoria leaf blotch is ¢here the availability of different DMls.
Besides DMIs, only protective fungicides or singie inhibitors with a higher resistance risk
are currently available and this is unlikely to e in the near future.

The implementation of the new European regulatib®712009 with its new definition of cut-
off criteria may decrease the diversity of DMIs amegatively affect effective control of
Septoria leaf blotch.
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Outliers or Shifts? Sensitivity of the Irish Mycosphaerella graminicola
population to triazole fungicides

Steven Kildea J. Spink and E. O’Sullivan
Teagasc, Oak Park Research Centre, Carlow (IE)
stephen.kildea@teagasc.ie

The profitably of winter wheat production in Irethrs currently dependent on the abilities of
fungicides to successfully inhibNycosphaerella gramincola infection and the subsequent
development of septoria tritici blotch. The lostaative ingredients through the development
of resistance within this pathogen has dramatic&tuced the range of fungicides available
to fulfil this role, to a select few of the triaeofungicides and the chloronitrile fungicide,
chlorothanoil. Due to their importance in Irish valh@roduction the sensitivity of the Irigh.
graminicola population to these triazole fungicides has beenitored at Teagasc Oak Park
since 2003. Using both agar plate and microtitieeplssays, over 1500 isolates obtained
from commercial wheat crops have been assessedsdasitivity to epoxiconazole,
prothioconazole and tebuconazole. In 2005 the poesef isolates with reduced sensitivity to
tebuconazole was confirmed within the populatiod arore recently (2008 onwards) a shift
in sensitivity to both epoxiconazole and prothiczoole has been observed. Analysis of the
CYP51 gene in a sub-sample of these isolates leadifidd within the Irish population, the
presence of mutations associated with these chamgessitivity.
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Monitoring Mycosphaerella graminicola: relevance ofin vitro testing and
CYP51 mutations

Andreas Mehl, Ulrich Krieg and Anne Suty-Heinze,
Bayer CropScience, Monheim (DE)
andreas.mehl@bayercropscience.com

Resistance towards site-specific fungicides is mdsised on point mutations of the target,
often leading to disruptive resistance patterns amgl in the case of Qol fungicides, partly
fast decreasing field efficacy of solo applied prod.

Although DMI fungicides also target a single prataind point mutations of the sterolet4
demethylaseGYP51) target site have been reportedMn graminicola, sensitivity changes
during the last decade have developed much mondyslfollowing a “shifting-type” pattern.
Genotype and phenotype groups of the pathogen lbese described vimn vitro sensitivity
andcyp51 studies. With regard to lossiafvitro efficacy, the relevance of target mutations in
the development of changes in sensitivity to abale been confirmed, but not all DMIs are
equally affected. In practice, modern DMI soluticcentinued to perform very well on the
European scale.

In order to discuss this discrepancy between ratlucevitro sensitivity and/or genotype
structure ofM. graminicola populations and field performance of DMI fungigdéhe latest
monitoring data and correspondiogp51 alterations in single strains were correlateth wi
DMI efficacy results at selected sites. The stutkesl to the assumption that with DMIs, in
contrast to Qolsin vitro sensitivity data or molecular biological charaizgtions of target
site mutations alone cannot sufficiently predietdiperformance of the respective product in
the cereal growing area in question. Varying catrehs betweein vitro, molecular andn
planta study results point to the likely presence of ottesistance mechanisms, which may
have, therefore, a different relevance on DiWitro efficacy than onn vivo efficacy.
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Overview. Azole resistance mechanisms in agriculter

John Lucas
Department of Plant Pathology and Microbiology, liRmhsted Research, Harpenden (GB)
john.lucas@bbsrc.ac.uk

Azole fungicides have been used in agriculture umoie for at least 30 years, for the most
part without the development of serious resistapegblems. Unlike other single-site
inhibitors, such as the methyl benzimidazoles (MB@&sd the Quinone-outside Inhibitors
(Qols), efficacy has not been compromised by tipgdramergence of target site mutations
conferring high levels of resistance without apparétness costs. Instead, changes in
sensitivity have occurred more gradually, so thgihér doses of fungicide may be required to
maintain the original degree of disease controtlyEexamples concerned powdery mildews
on cereals, with shifts to more resistant phenatymome correlated with amino acid
substitutions in the CYP51 target protein. The wiep emergence of resistance in Septoria
leaf blotch, Mycosphaerella graminicola, has been well-documented. The first shifts in
sensitivity to azoles were reported at least 10sy@dter introduction of the chemistry in
fungicide programmes for wheat crops. The graduadien of efficacy has continued to the
present day, in regions of high disease pressuteegular azole use. Three features of this
evolutionary process are of interest. Firstly, sesice has not affected all agricultural azoles
equally, showing that cross-resistance to this etanslass varies in degree. Secondly, shifts
in sensitivity are associated with the accumulatdbmultiple changes in the CYP51 protein,
with more complexCYP51 genotypes emerging in field populations over tiriairdly,
sensitivity testan vitro sometimes correlate poorly with fungicide perfonoain planta.
This discrepancy might be due to the operatioresistance mechanisms in lab bioassays that
are less important in the complex and dynamic lkeosironment. The advent of complete
genome sequences fetycosphaerella species and other fungal pathogens, along withevho
genome arrays and transcript sequencing, shouist asshe identification of such alternative
mechanisms, and provide new insights into the adiaptof fungi to azole fungicides.
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Selection of CYP51 variants in UK field populationsof Mycosphaerella
graminicola: a historic perspective

Bart A. Fraaije
Department of Plant Pathology and Microbiology, liRmhsted Research, Harpenden (GB)
bart.fraaije@bbsrc.ac.uk

Septoria leaf blotch caused by the fundugcosphaerella graminicola (anamorphSeptoria
tritici) has been the most important foliar disease otewiwheat crops in the UK since the
mid-1980s. Most cultivars are susceptible and diseeontrol is primarily dependent on
fungicide use. The most effective agents are systémgicides, but resistance to MBC and
Qol fungicides has developed rapidly, within 5 yeafter market introduction. Resistance
development to DMI fungicides has been a much si@r@cess and not all azoles are equally
affected. A key resistance factor is the alteratbthe target protein, sterol d4lemethylase
(CYP51), with changes to more than 15 different amina aesidues already being reported.
By combining DNA testing of archived wheat sampfesm the long-term winter wheat
experiment at Rothamsted (from 1844 onwards) arekaing of recent UKM. graminicola
populations for azole sensitivity pheno- and gepesy we are now able to identify and
measure the dynamics of differe¥P51 variants over time. This information is crucial to
obtain a better understanding of the evolution zwl&CYP51 interactions and can also aid
the prediction of the futur€YP51 evolution inM. graminicola.
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Evolution of resistance to fungicides in populatioa of Mycosphaerella
graminicola: emergence of new phenotypes highly resistant toMls

Anne-Sophie Walker, Johann Confais, Daniel Martinho, Selim Omrane Rigdre Leroux
UMR BIOGER-CPP, INRA, Thiverval-Grignon (FR)
walker@versailles.inra.fr

Sterol 14i-demethylation inhibitors (DMIs) have been widebed for a long time to control
Mycosphaerella graminicola (anamorphSeptoria tritici) and erosion of efficacy, correlated
with significant shifts in sensitivity oM. graminicola populations, has been recorded for
most of them over the past few years. More recently monitoring, based upon phenotype
analysis of bulk populations, allowed the detectidrstrains highly resistant to some or all
DMIs from French, English and Irish populations.e$a isolates were first observed at very
low frequency in 2008 and were present in 30% ef Finench populations tested in 2010,
with a wide range of frequencies.

In field isolates weakly or moderately resistamtvitro to DMIs, one or several mutations
were recorded in the target encoding-gen®51. In some field isolates highly resistant to
DMIs, cross-resistance with Qols and SDHIs was esorded. A combination of alterations
in CYP51 and overexpression of drug efflux transportersprisbably involved in these
multidrug resistant (MDR) phenotypes. Lastly, sasdates moderately or highly resistant to
DMIs harbour an insertion in tH@yp51 promoter and/or new combinations of already known
mutations in the target gene.

This work gives an updated overview of tkle graminicola field strains resistant to DMIs.
Since some of them are emerging in France and &beypean countries, population data
will be presented as well. These recent findingsukh be taken into account to adjust
resistance and efficacy management strategiessicantext of evolving resistance.
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Functional characterization of Mycosphaerella graminicola sterol
14a-demethylase CYP51) variants resistant to azole fungicides

Hans J. Cools
Department of Plant Pathology and Microbiology, liRmhsted Research, Harpenden (GB)
hans.cools@bbsrc.ac.uk

The recent decline in the effectiveness of azolegitides againstMycosphaerella
graminicola has been accompanied by the accumulation of rongin theMgCYP51 gene
encoding amino acid alterations in the target ergysterol 14-demethylase. Analogous to
the development of azole resistance in other fufayi,example the opportunistic human
pathogenCandida albicans, MgCYP51 alterations inVl. graminicola are most often found in
combination, with isolates most resistant to azekasying multiple amino acid substitutions
compared to the wild type. To study the impact othbindividual and combinations of
MgCYP51 alterations on azole sensitivity, we have intraglienutations by site directed
mutagenesis and expressed mutdiglCYP51 proteins in &Saccharomyces cerevisiae strain
carrying a regulatable promoter controlling nat®¥P51 expression. We have shown the
wild type MgCYP51 gene complements the function of the orthologousegeS cerevisiae
and that introduction of some mutations, for exaplose encoding amino acid alterations
between Y459-Y461, substantially reduce azole ftidgi sensitivity. Some substitutions,
including 1381V, destroyMgCYP51 function in theS cerevisae mutant when introduced
alone. However, this can be partially rescued hylwaing 1381V with alterations between
Y459-Y461. Therefore, these studies provide fumaicevidence underlying the sequence in
which MgCYP51 alterations in the Western Europedngraminicola population emerged. In
addition, these data may also have value in predidigCYP51 changes that will be
important in the future.
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Fungicide resistance risk

Neil Paveley ADAS High Mowthorpe, Duggleby, Malton, North Yathire (GB)
Frank van den Bosand Stephen Powers, Rothamsted Research, Harp@aBgn
Mike Grimmer, ADAS Boxworth, Cambridge (GB)

neil.paveley@adas.co.uk

Assessments of resistance risk are used to guaextent of anti-resistance strategies for
plant protection products. Recently, it has beeppsed that resistance risk should also be
taken into account in the implementation of substh and comparative assessment (EC
1107/2009) — to ensure that more modes of actierretained where there is a high risk of
resistance. Risk is usually assessed, followingaqpce in EPPO standard PP 1/213(3), by
combining risk values for the fungicide, pathogew agronomic system. This paper reports
results from an objective test of the predictivéueaof such an assessment scheme. The risk
variable to be predicted was taken as the numbgearfs between the introduction of a new
mode of action to control a particular pathogen tredfirst detection of resistance (termed
‘FDR time’). Across all European crops, 84 modeaofion by pathogen combinations were
identified where FDR time could be quantified. Rigkues could be calculated, using a risk
assessment table, for 54 of these cases. Risksvalgalained approximately 70% of the
variation in FDR time. Constraining the analysissingle-site modes of action reduced the
variation accounted for to approximately 30%.
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The evaluation of fungicide resistance managementtrategies using a
modeling approach

Peter H.F. Hobbelen Rothamsted Research, Harpenden (GB)

N.D. PaveleyADAS, High Mowthorpe, Duggleby, Malton, North Yorkshif@B)
F. van den BosclRothamsted Research, Harpenden (GB)
peter.hobbelen@bbsrc.ac.uk

Mathematical modeling could help identify promisifigngicide resistance management
strategies which justify experimental testing. Tdnghors derived a model to predict the
usefulness of resistance management strategieturigal pathogens of cereal crops. The
model describes the seasonal growth and senesoénte crop in order to account for
competition between resistant and sensitive stf@ngeaf area. The pathogen population is
divided into latent and infectious stages to actdondifferences between fungicides in the
developmental stages in the life cycle of a pathotigt they constrain. The model was
successfully tested (and peer reviewed) by comgariadel predictions with an independent
dataset on selection for resistance in powderyewildn spring barley in response to different
doses and number of applications of Qol-fungicitlee model can therefore be used with
some confidence to evaluate the usefulness of ¢id®iresistance management strategies.
The criterion used to quantify the success of atesgry is the number of years that disease-
induced loss of green leaf area can be kept tararacially acceptable level (the ‘effective
life’ of a product). The effects of mixtures, doseimber of treatments and alternation of
treatments on effective life are being assessatiresults will be presented.
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Utilisation des IDM en France : efficacité et futue recommandations

Claude Maumene Gilles Couleaud, Arvalis Institut du Végétal, Boeville (FR)
Anne Sophie Walker INRA Bioger, Thiverval-GrigndfR)
c.maumene@arvalisinstitutduvegetal.fr

Depuis 2008, en France, des souchesSaitoria tritici TriHR, hautement résistantes aux
IDM, ont été identifiées a une faible fréquenceleSifacteurs de résistances sont élevés pour
ces souches, leur impact est considéré aujourdtmime négligeable eu égard a leur faible
fréequence dans les populations naturelles. Un ,essas inoculation artificielle a permis en
2010, d’'observer en plein champ le comportemenprthioconazole, de I'époxiconazole
seul ou en association avec du prochloraze, durathlmonil, et d'un représentant de la
nouvelle classe des carboxamides, en présence studhes représentant les catégories
TriMR6, et 2 souches qualifiées respectivement delR9 (résistance de type mutation de
cible) et TriHR6 (resistance de type Multi Drug Rast, MDR). Les souches TriHR
présentent des dynamiques de développement plidergpe la souche de référence. Les
résultats d’efficacité des matiéres actives tessées en interaction avec le type de souches
considéré et peuvent parfois étre séverement affectSeul le chlorothalonil présente des
résultats régulierement élevés sur les 3 typesré&edtats invitent & maintenir la plus grande
diversité de molécules sur le marché, a renforesrnhessages de prudence a I'égard des
risques de résistance, et a inciter les productaudsversifier les molécules et les modes
d’action utilisés.

DMI use in France: efficacy and future recommendatins

Since 2008, in France, highly resistant strainSeptoria tritici, TriHR, have been identified
at a low frequency. If the resistant factors areyvaigh for these strains, their impact is
considered today as negligible taking into accothdir low frequency in the natural
populations.

A field trial in 2010 using artificial inoculatiorhas allowed, the effects of prothioconazol,
epoxiconazol solo or mixed with prochloraz, chlbedonil, and a representative of the new
class of carboxamid, to be observed on three str@presenting the categories TriMR6 and
two strains qualified respectively as TriHR9 (rémi€e type target mutation) and TriHR6
(resistance type Multi Drug Resistant, MDR). TrildRains presented development dynamics
faster than the reference strain. Efficacy resoft$he active substances tested is strongly
dependant on the type of strain considered andethéts of trials can sometimes be severely
affected. Only chlorothalonil is systematically exffive against the three types of strains.
These results suggest it is necessary to mairttaitighest possible diversity of products on
the market, to reinforce the safety messages ®itdk account the risk of resistance, and to
encourage the producers to diversify the produuntistie mode of action used.
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Spray programmes and advice to farmers in the UK

Bill Clark
Brooms Barn Research Centre, Higham, Suffolk (GB)
bill.clark@bbsrc.ac.uk

Wheat crops in the UK receive on average 3 fungitidatments during the season, usually at
the T1, T2 and T3 timings. About one third of gsapceive 4 fungicide sprays. Sprays are
usually applied in a prophylactic strategy. Theeftuning of timing and fungicide dose is
determined by geographic disease pressure, digbaessholds and varietal resistance to
disease. Programmes are dominated by triazole (DMijgicides, strobilurin (QOI)
fungicides and chlorothalonil. SDHI fungicides anereasing in use. Most fungicides are
applied in mixtures, either tank mixed or readynfatated. Many fungicides are typically
applied at half the label recommended dose. Cufddtvarieties are very responsive to
fungicide use. Current UK wheat varieties (201@egn average yield response of 2.1 t/ha to
fungicide use. The most responsive varieties giekl yesponses of up to 2.8 t/ha. This level
of yield response (with a value of over £450/hakesaany decisions that result in sub-
optimal outcomes very costly. Fungicide resistaisceot a major factor in fungicide choice
for growers, but in practice most fungicides arpligol in mixtures. As a consequence of this,
fungicide activity is probably being inadvertengisotected against resistance development.
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Recent experiences with triazole fungicide use f@eptoria leaf blotch
control on winter wheat in Ireland

Tom McCabe
School of Agriculture, Food and Veterinary Medicitumiversity College Dublin (IE)
tom.mccabe@ucd.ie

Septoria leaf blotch is the most important fungakdse on wheat in Ireland, being favoured
by the extended periods of cool and wet summer veeagxperienced in many years. The
high yield, feed wheat varieties grown in Irelandvé low-moderate resistance to the
pathogen and there is a dependence on intensiggcida use to manage the disease. Since
the emergence of high levels of resistance (G148#ation) to strobilurin fungicides in 2002
the disease control programmes are based on thategpuse of high-dose triazole fungicides
applied in combination with chlorothalonil. Recenbnitoring of pathogen populations in
Ireland indicate that there is some evidence ofoory sensitivity shifts to the triazole
fungicides with new races of ti\dycosphaerella graminicola pathogen being documented as
new mutations are identified at t@&P51 target site. The role of these mutations in aiifect
the field performance of the key triazole fungicdds being closely studied in field trial
studies. In field research studies from 2008 to02@ie key triazole fungicides epoxiconazole
and prothioconazole have shown good to very gofidaely for disease control and vyield
improvement under high disease pressure conditidiany of the field studies show clear
benefit from the use of chlorothalonil as a pargoeduct with the triazoles, giving improved
efficacy and greater persistence from the combinegtment. There are also clear benefits
from the use of boscalid and other new carboxarfudgicides in combination with the key
triazole fungicides, particularly at the key flagaf timing. In 2009 and 2010 trials, the azole
mixtures, specifically epoxiconazole + metconazated prothioconazole + tebuconazole
combinations, have shown significantly higher effig of disease control, and grain yield
benefits of 0.5 t/ha+, compared to single azolalpcts. The azole mixtures are now widely
used on-farm in Ireland, based on better field grentince, but the merits of this practice as
an anti-resistance strategy is still uncertain.
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Optimizing fungicide use in Denmark for control of Mycosphaerella
graminicola

Lise Nistrup Jgrgensen Aarhus University, Slagelse (DK)
Ghita C. Nielsen, Knowledge Centre for Agricultus&ejby (DK)
lisen.jorgensen@agrsci.dk

Mycosphaerella graminicola (Septoria tritici) is seen as the disease which causes the most
important yield reductions in wheat in Denmark. the attacks vary significantly between
years, and as fungicide responses are often reljaliow, farmers are recommended to adjust
their use of fungicides according to the speciBk situation. The average yield increase from
fungicide use during the last 7 years has beenleaéd to be 6.1 dt/ha. A threshold has been
developed based on precipitation and is adjustgeerdéng on the susceptibility of the
cultivar.

Days with precipitation are calculated from GS 82susceptible cultivars and spraying is
recommended if more than 4 days with rain have wedu In resistant cultivars days with
precipitation are counted from GS 37 and treatmarésecommended following 5 days with
more than 1 mm rain. Analysis of historical fundeitrial data with different input for an ear
treatment has shown that the economic optimum sédméween 0.4 and 0.75 dose unit (TFI)
if effective products are used. Many farmers applyplit application of fungicides, using a
total of 0.4 to 0.7 standard dose of an effectivedpct. Denmark relies very much on
triazoles for control of septoria as neither chtbabonil nor prochloraze are authorised
products. Boscalid is so far the only non-triazoteluded for septoria control. Several
cultivars have shown very good resistance Mgcosphaerella graminicola as well as
competitive yields. The variation in yield respasmideom susceptible cultivars and more
resistant cultivars has been in the range of 4adt/h
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Efficacy of triazoles againstMycosphaerella graminicola in Denmark

Lise Nistrup-Jgrgensen & Karin Thygesen
Department of Crop Protection, Aarhus UniversitKjD
lisen.jorgensen@agrsci.dk; Karin.Thygesen@agrsci.dk

Mycosphaerella graminicola is seen as the disease which causes the most tanpor
reductions in yield in Denmark. A shift in sensiiyvto fungicides has been taking place over
the years, it is seen as very important to follbw sensitivity and check the efficacy under
field conditions.

Over the years a slight shift in sensitivity hagmebserved based on gGralues from
epoxiconazole as the main reference. Field perfocamdas been found to be stable for the
triazoles although a decrease in efficacy has Been since the epoxiconazole products were
introduced in 2004. Microtiter testing has showmieglent sensitivity of epoxiconazole and
prothioconazole. Characterisation of the CYP51 tuta in the populations has shown a
dominance of R6 and R7-types in the Danish pomratiRepeatedly, the efficacy of
epoxiconazole has been seen to be slightly suptritrat of prothioconazole, although the
yield responses have been equal. Introduction &8 triazole mixtures (epoxiconazoles +
metconazole; difenoconazole + propiconazole; teénrole + prothioconazole) have shown
only slight or no increase in efficacy compare@pmxiconazole used as a reference. For the
mixture epoxiconazoles + metconazole an improverhaatbeen seen, which relates mainly
to a total increase in input. The mixture of egoxiazole + boscalid has shown slightly
improved control and also a slightly increasedd/iglsponse and is currently seen as the most
effective solution. Despite widespread strobiluesistance a low input of strobilurins mixed
with certain triazole products have been foundtiib give a slight improvement of control
and yield.
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Mycosphaerella graminicola, wheat pathogen of increased interest in
Finland

Marja Jalli andPeppi Laine
MTT Agrifood Finland, Plant Production Researclkidmen (FI)
marja.jalli@mtt.fi

In 2009, the wheat cultivation area in Finland 38 000 ha, spring wheat covering 90% of
that area. The incidence of the main wheat leaf dE®eases has been studied in a survey
carried out in 2009 on 84 spring wheat fields. Adaag to the results of the PCR-test, only
one of the studied fields had none of the testethogens.Sagonospora nodorum was
present on 98%yrenophora tritici-repentis on 94% andVycosphaerella graminicola on

6% of the investigated fields. The frequency ofhb&t nodorum and P. tritici-repentis
infected fields has significantly increased oves tast 40 years. Previouslyl. graminicola
was rather common in winter wheat tillers in eabying but the disease has rarely developed
further in Finnish conditions. However, since 2006, graminicola has been observed on the
upper winter wheat leaves later in the growing seass well. In 2009M. graminicola was
identified on spring wheat in Finland for the fitshe. The results of the fungicide trials in
2006-2010 showed no evidence of the decreaseaeffiof the tested fungicide products in
Finland.
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Septoria leaf blotch control in Sweden

Gunilla Berg, Goran GustafssonandCecilia Lerenius

Swedish Board of Agriculture, Plant Protection CerSE)
gunilla.berg@jordbruksverket.se; goran.gustafssenddyuksverket.se;
cecilia.lerenius@jordbruksverket.se

Septoria leaf blotch, caused Ijycosphaerella graminicola (anamorphSeptoria tritici) is
now the most important foliar disease of wheat ime&en. As the most widely grown
varieties in Sweden only have medium resistandagst fungicide treatment is important.
Very few azoles are approved in Sweden: prothiozolea a mixture of difenoconazole and
propiconazole, prochloraz and propiconazole. Fudggwith different mode of actions such
as chortalonil and boscalid, are not approved. €orscregarding the issue of declining field
performance and results from field trials are pmésg Among the approved azoles in
Sweden prothioconazole demonstrated the best ¢arftseptoria leaf blotch. A mixture of
difenoconazole and propiconazole also performed. vikgbchloraz performed better than
propiconazole, but both showed insufficient contablen used as a single substance. To add
prochloraz to prothioconazole improved the efficanysome cases. The efficacy of the
fungicides was measured by visual assessment &dptoria leaf blotch on the wheat leaves,
and the pathogen was also detected using quawditatial-time PCR. There was a good
correlation between these two methods of assefsniyingus.
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Assays of mutations of Septoriatritici and effects of different active
ingredients (triazoles, imidazoles) on these mutatns: an overview of
Germany

F. Kiesner, H. Klink, J-A Verreet

Christian-Albrechts-University Kiel, Institute ohiptopathology, Kiel (DE)
f.kiesner@phytomed.uni-kiel.de

T. Thurau, D. Cai, Christian-Albrechts-University Kiel, Institute dfolecular
Phytopathology, Kiel (DE)

The efficacy of several fungicides within the clag®zoles again$ tritici is decreasing. So
far the revieweds. tritici isolates could be assigned to different resistah@eses based on
their resistance pattern. Genetic alterations eW@lYP51 gene are one possible explanation
for loss in fungicide sensitivity. There are no solidated findings about the incidence of
resistance classes in Schleswig-Holstein and Germast. The Institute of Molecular
Phytopathology has developed a system supportdgleby-time PCR to detect and quantify
most important resistance classes Sfritici. This system was initially optimized and
validated at the Institute of Phytopathology andhat Institute of Molecular Phytopathology.
It enables the relative quantification of singlsiséance classes in complex field samples. The
system is used to determine the effects of diffeesative ingredients on the frequency of
single resistance classes in field populationsaliinthe determination of the efficacy of
fungicides against every individual resistance <l&s carried out,in vivo tests under
controlled conditions. Collectively, these can figrt the understanding of shifting resistance
within populations according to fungicide treatment
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Characterization of emergentMycosphaerella graminicola isolates highly
resistant to DMIs: efficiency of fungicide strateges and future insights

Selim Omrane, Anne-Sophie Walker, Johann Confais, &niel Martinho, Pierre Leroux
INRA, Thiverval-Grignon, (FR)

Gilles Couleaud, Claude MaumeneStation Expérimentale, ARVALIS institut du végeétal,
Boigneville (FR)

selim.omrane@versailles.inra.fr

Mycosphaerella graminicola (anamorplteptoria tritici) is a major pathogen of wheat
worldwide, causing septoria leaf blotch diseasd=ramce and Western Europe, sterai-14
demethylation inhibitors (DMIs) have been the keynponents of fungicides used to control
this disease in the last 25 years. However, a céurction of the sensitivity towards DMIs
has been detected in several field isolates. Iiiqodar, a number of resistant and cross
resistant strains to a wide variety of DMIs andeothctive substances, have been identified
and monitored through the INRA-BIOGER and ARVALI& %y network in France.

The poster presents the latest laboratory findemgphasizing the phenotype of new emergent
resistant strains (RFs, patterns of cross-resisjaartd the molecular analysis of the DMI
targeted gene sequen€gYP51) as well as other mechanisms conferring a mulgjdesistant
pattern (MDR).

In addition, some of the field results from 2016 ahown in regards of the efficacy of the
selected fungicides and their subsequent selegtagsure in the context of evolving
populationsof Mycosphaerella graminicola.

These results are important prerequisites to thearspatio-temporal monitoring and

integrated pest management of the disease anccidagreatment in France and other
European countries.
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Azoxystrobin and epoxiconazole sensitivity profileef Mycosphaerella
graminicola populations from the Grand-Duchy of Luxembourg
in 2007 and 2008

C. Vrancken!, T. Dubos*, M. El Jarroudi ?, F. Giraud®, P. Delfoss& M. Beyer, L.
Hoffmann®

'Centre de Recherche Public — Gabriel Lippmann, &elyLuxembourg.

’Environmental Sciences and Management Departmentyets$ité de Liége, Campus
d’Arlon, 185, Avenue de Longwy, 6700 Arlon, Belgium

*Correspondence: dubos@lippmann.lu

Mycosphaerella graminicola strains were isolated from symptomatic winter vth@aiticum
aestivum) and speltTriticum spelta) leaves sampled across the Grand-Duchy of Luxengbou
In total, 484 strains were isolated from winter wheand 31 from spelt leaves. The sensitivity
profiles of these strains towards azoxystrobin ($tan®, Syngenta Agro GmbH, Germany)
and against epoxiconazole (Opus®, BASF Belgium MV/Brussels, Belgium) were
assessed in microplates, allowing to test 10 d@iffeconcentrations for each active substance
(0, 0.00316, 0.01, 0.0316, 0.1, 0.316, 1, 3.16, @@ 31.6pg/mL). 100pg/mL of
salicylhydroxamic acid (SHAM) was also added toriedium, in order to prevent the strains
from using alternative respiration.

Results of the sensitivity tests for azoxystrolhiowed a dose-dependent decreasa oftro
growth for all the strains. During both years, sisacould be divided into two distinct sub-
populations in relation to their azoxystrobin séwugy, thus forming a bimodal distribution
commonly reported to be associated with a singleegeediated resistance. For wheat, the
dominant sub-population was the one showing fdlistance to azoxystrobin.

The results of the sensitivity tests to epoxicotano liquid media showed a dose-dependent
decrease of fungal growth for all the strains tsihe EC50 values followed an unimodal

distribution. When the sensitivity distribution tfe strains collected in 2008 (n=379) was
compared to that observed in 2007, although theulptipns have remained unimodal, a

minor shift towards less sensitive populations wolaserved.

Compared to strains originating from wheat, theltspigains were more sensitive towards

both fungicides (80.001).
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Distribution of CYP51 haplotypes in Europe

Gerd Stammler, Dieter Strobel, Andreas KochandMartin Semar
BASF SE, Agricultural Center Limburgerhof (DE)

Sensitivity of Mycosphaerella graminicola to DMIs was monitored over recent years and
changes in sensitivity (microtiter test) were okedr Mutations irCYP51 have been studied
as one explanation for this shift. Particularly thpact of the amino acid exchanges V136A,
A379G, 1381V and mutations/deletions in the YGY@iom (at 459-462) on DMI sensitivity
have been investigated. In 2009 and 2010, mutatsath as V136C, V136A+S524T,
V136A+I381V+S524T and D134G+V136A+I381V have beenrenfrequently detected in
some European regions. The frequencies of thesbtijpps and the frequency of other
relatively rare haplotypes containing mutationse liR107V, S208T, N284H, A410T and
G412A will be followed up. The new haplotypes irate that th€CYP51 of M. graminicola is

still an evolving enzyme. However, microtiter assayth DMIs showed wide ranges of &D
values for allCYP51 haplotypes indicating that the contribution of thaplotype to the
sensitivity is limited and that other mechanismsyrba involved. It could be shown that
inhibitors of efflux transporters sensitized sorselates to some extent, demonstrating that
transporters may influence sensitivity. Studiedwieterogeneous collections of isolates from
different European regions showed that sensitwitie different DMIs are not strictly
correlated. The lack of complete cross resistanggests that the diversity of DMIs may be
an important tool in effective disease control eeglstance management.
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The derivation and validation of a fungicide resishtnce model

P.H.F. Hobbelen Fraaije B, Lucas JA, Paveley NR van den Bosch F
Rothamsted Research, Harpenden (GB)
'ADAS High Mowthorpe (GB)

The evaluation of fungicide resistance managenteatiegies using mathematical models can
help select options that are worth testing in tieédf However, the usefulness of model
predictions depends on their predictive power. i@ best of our knowledge, none of the
published fungicide resistance models have beeadatatl. In this study, we aimed to derive
and validate a mathematical model that predicts#bection for fungicide resistance in foliar
pathogens of cereal crops. The model was validagaihst independent data from four field
experiments quantifying selection for a mutatiomfeoring resistance to a quinone outside
inhibitor (Qol) fungicide in powdery mildewB{umeria graminis f.sp. hordel ) on spring
barley Hordeum vulgare). Fungicide treatments with azoxystrobin differed the total
applied dose and spray number. For each treatmvertalculated the observed selection ratio
as the ratio of the frequency of the resistanirstaithe end of the season and its frequency at
the start of the season. On a scatter plot of loegerved selection ratios on log predicted
selection ratios, for all four experiments, the W58 through the origin explained 89-90% of
the variance in the observed selection ratios. @le\We this is the first fungicide resistance
model for plant pathogens to be rigorously validatEhe model can now be used with some
degree of confidence to identify potential antigstesce treatment strategies.
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Fungicide sensitivity ofPhaeosphaeria nodorum

Eva Blixt, Djurle A, Yuen J andOlson A
Swedish University of Agricultural Sciences, Upps¢bE)
eva.blixt@mykopat.slu.se

The sensitivity oPhaeosphaeria nodorum (the causal agent to stagonospora nodorum blotch)
to the fungicides azoxystrobin, propiconazole arattpoconazole was analysed baothvitro

and through sequencing of the target genes.iiiivetro sensitivity test of 42 isolates from
five Swedish winter wheat fields, collected in 280805, was performed on malt extract agar
amended with six concentrations of each fungicktur isolates collected during the early
1990s, before azoxystrobin was commercially rel@dseagricultural practice, were used as
references. The Egvalues for the sensitivity to azoxystrobin rangetiveen 0.66 mg™ to
estimations far above 1000 mgll_with an estimated median value of 366 m‘é, The EGq
values of the reference isolates ranged from @@Dt72 mg L. TheP. nodorum population

is still sensitive to propiconazole and prothiocwla, even though there was some variation
in sensitivity for some of the isolates.

Fragments of DNA from 231 isolates, including te&rence isolates, were sequenced for the
genes of cytochromie andCYP51 in search for amino acid substitutions known tosealoss

of sensitivity to strobilurins and triazoles, resipeely. The majority of theP. nodorum
isolates possessed the amino acid substitution &ld8sociated with loss of sensitivity in
fungi to strobilurins, except in one field wherelyhalf of the isolates had the substitution.
The reference isolates were all wild-type. No naasymous substitutions were found in the
sequenced part of tl&YP51 gene, associated with triazole sensitivity.
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Fungicide resistance parameters towards triazoles ¢he wheat pathogen
Pyrenophora tritici-repentis

Karin Thygesen, Lise Nistrup Jgrgensen

Aarhus University, Faculty of Agricultural Scien¢c&agelse (DK)

Karin. Thygesen@agrsci.dk

Hans Cools, Bart Fraaije, John LucasRothamsted Research, Harpenden, (GB)
Andreas Mehl, Bayer Cropscience Monheim (DE)

The pathogenic funguByrenophora tritici-repentis, the cause of tan spot in wheat, is an
important foliar pathogen worldwide. StrobilurinedaDMIs (Triazoles) are today the most
widely used fungicides to contr8l tritici-repentis. In recent years a drift in strobilurin field
efficacy has been observed and associated witbhdtelopment of fungicide resistance, and
within the triazoles a major variation in efficabjas been observed. Fungicide resistance
parameters towards triazoles of the wheat path@&yeritici-repentis were investigated. We
analyzed the sequence of the t@8P51A and CYP51B alleles, their upstream sequence, and
over expression of th€YP51 alleles. We selected 14 isolates with a large tiarian EGsy
values towards prothioconazole, propiconazole, ambxiconazole. A correlation in
sensitivity to these triazoles was observed. Serngrof theCYP51A and CYP51B alleles
revealed few substitutions. However, it is uncledrether these mutations are linked to
fungicide resistance. In the two least sensitivdates a 127 bp insertion was observed
upstream of th€CYP51A gene, which was the product of transposon moventéowever,
constitutive overexpression analysis of both alelel not reveal any overexpression. Further
studies are ongoing involving madretritici-repentis isolates.

34



POSTER

Eurowheat - Information on Mycosphaerella graminicola in an European
perspective

Lise Nistrup-Jgrgensen, Mogens S. Hovmgller, JendaBsen and Poul Lassen, Aarhus
University, Slagelse (DK)

Bill Clark, Rothamsted Research (UK)

Rosemary Bayles, National Institute of AgricultuBatany (UK);

Bernd Rodemann, Margot Jahn and Kerstin Flathugdduehn Institute (DE)
Tomasz Goral and Jerzy Czembor, Plant BreedingAaotimatization Institute (PL)
Philippe du Cheyron and Claude Maumene, Arvalis) (FR

Claude de Pope, INRA (FR)

Rita Ban, St. Istvan University (HU)

Ghita C. Nielsen, Knowledge Centre for Agricultuskejby (DK).

Gunilla Berg, Swedish Board of Agriculture, Plambfection Centre (SE)

Wheat diseases have a major impact on yield, guafigrain and fungicide requirements.
EuroWheat collates data and information on wheaealie management from several
countries, analyzing and displaying this informatijm a European context. It provides
significant added value on a European scale to atigpcal advisers, breeders and other
partners dealing with disease management in wheatigh supporting IPM in the broadest
sense.
Fungicides

* Fungicides efficacy ranking — eight wheat diseasgduding Mycosphaerella

graminicola ranked by five different countries

* Review of problems related to fungicide resistance

» List of fungicides trade names in seven differenirdries
Decision support

* Overview and links to wheat decision support systentEurope

» Disease thresholds for disease control recommeindszl/en countries

* Overview and documentation of cultural practisekioing specific diseases
Pathogens

* Overview and analysing tool for wheat yellow rustuience pathotypes in Europe

(six countries)

* Fusarium head blight: how to minimise attack anatotyxins

» Cultivar resistance to Fusarium head blight, intigdanking of cultivars
Cultivars and yields

* Yield levels in different countries

» Survey on pesticide use and yield responses taduieg in EU countries
General information material on disease management

* National documents on disease management
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MTT Agrifood Research Finland, Rillitie, 31600 Jokioinen
(JK)

Tel +358-341882555 - Fax +358-341882584 -
marja.jalli@mitt.fi

BAYER CROPSCIENCE FRANCE, 16 rue Jean marie
Leclair, 69266 Lyon (FR) - Tel +33673478905 -
robert.canales@bayer.com

BASF Agro, 21 chemin de la sauvegarde, 69134 Ecully
Cedex (FR)
Tel +33 6 82 46 62 33 - arnaud.cousin@basf.com

SYNGENTA AGRO SAS, 1 avenue des Prés, CS10537,
78286 Guyancourt Cedex (FR) - Tel +33-139422156 - Fax
+33-1394220 10 - aurelie.garraud@syngenta.com

DuPont de Nemours (France) SAS, 24 rue du moulin, 68740
Nambsheim (FR) - Tel +33 389 83 27 12 - Fax +33 389 83
27 27

jean-luc.genet@fra.dupont.com

BIORIZON - STAPHYT, RUE Magendie, site Montesquieu,
33650 Martillac (FR) - Tel +33-5 57 96 06 00 -
fgiraud@staphyt.fr

Arvalis Institut du Végétal, Station expérimentale, 91720

Boigneville (FR) - Tel +33-164292133 -
c.maumene@arvalisinstitutduvegetal.fr
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REMUSON Florent (Mr)

AFSSA, 31, avenue Tony Garnier, 69 364 Lyon Cedex 07
(FR)

Tel +33-4.78.69.68.45 - Fax +33-4.78.61.91.45 -
a.micoud@afssa.fr

INRA-BIOGER, INRA-AgroParisTech UMR1290 BIOGER-
CPP (bat 13) Avenue Lucien Brétigniéres, BP 01 78850
Thiverval-Grignon (FR)

Tel +33-1 30 81 45 85 - selim.omrane@yversailles.inra.fr

AFSSA, 31,avenue Tony Garnier, 69364 Lyon Cedex 07
(FR)

Tel +33-4.78.69.68.35 - Fax +33-4.78.61.91.45
f.remuson@afssa.fr

SOULARUE Aurélie (Ms) INVIVO, 83 avenue de la Grande Armée, 75782 Paris Cedex

WALKER Anne-Sophie
(Ms)

16 (FR)
Tel +33-140662387 - asoularue@invivo-group.com

INRA BIOGER-CPP, Avenue Lucien Brétignieres, 78850
Thiverval-Grignon (FR) - Tel +33-1 30 81 45 58 -
walker@versailles.inra.fr
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KILDEA Steven (Mr)
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Kiel, Hermann-Rodewald-Stral3e 9, 24118 Kiel (FR)
Tel +49-431-880-5147 - f.kiesner@phytomed.uni-kiel.de

Bayer CropScience AG, Alfred-Nobel-Str. 50, 40789
Monheim am Rhein (FR)
Tel +49 2173 38 5008 - ulrich.krieg@bayercropscience.com

Bayer CropScience, Research Biology Fungicides, 6240,
Alfred-Nobel-Strasse 50, 40789 Monheim (FR)

Tel +49 2173 383797 - Fax +49 2173 384017
andreas.mehl@bayercropscience.com

Julius Kuhn-Institut, Institute for plant protection in field crops
and grassland, Messeweg 11/12, D-38104 Braunschweig
(DE)

Tel +49 531 299 4550 - Fax +49 531 299 3008
bernd.rodemann@jki.bund.de

BASF SE, Speyerer Str. 2, 67117 Limburgerhof (DE)
Tel +49 621 60 27662 - Fax +49 621 60 28310
Kerstin.Kreichgauer@basf.com

BASF SE - Agrarzentrum Limburgerhof, APR/FM - Li 470,
Speyerer Strasse 2, 67117 Limburgerhof (DE)

Tel +49 621 60 27299 - Fax +49 621 60 27176
gerd.stammler@basf.com

Teagasc, Teagasc Crops Research Centre, Oak Park, n/a
Carlow (IE)
Tel +353-59 9170288 - stephen.kildea@teagasc.ie

School of Agriculture, Food and Veterinary Medicine,
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tom.mccabe@ucd.ie
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KEMA Gerrit HJ (Mr)

VAN IJZENDOORN

Martine (Ms)

FICKE Andrea (Ms)

State Plant Protection Service, Lielvardes 36/38, LV 1006
RIGA (LV)

Tel +371-67185481 - Fax + 371-67185479
regina.cudere@vaad.gov.lv

Plant Research International, Droevendaalsesteeg 1, 6708
PD Wageningen (NL)

Tel +31-317480632 - Fax +31-317418094
gert.kema@wur.nl

Plant Protection Service, Geertjesweg 15, 6706 EA
Wageningen (NL)

Tel +31-317496262 - Fax +31-317421701
m.t.van.ijzendoorn@mininv.nl

Bioforsk (Norwegian Institute for Agricultural and
Environmental Research), Plante Helse, Hogskoleveien 7,
1430 As (NO)

Tel +47-93464304 - andrea.ficke@bioforsk.no

ANDERSSON Bjérn (Ms) Swedish University of Agricultural Sciences, P.O. Box 7026,

ANDERSSON Gunnel
(Ms)

BERG Gunilla (Ms)

BLIXT Eva (Ms)

HILL Stuart (Mr)

75007 Uppsala (SE) - Tel +4618671617 -
bjorn.andersson@mykopat.slu.se

Swedish Board of Agriculture, Véaxtskyddscentralen,
Flottiljvagen 18, S-392 41 Kalmar (SE)

Tel +46-0480420025 -
gunnel.andersson@jordbruksverket.se

Swedish Board of Agriculture , Plant Protection Centre , SE-
230 53 Alnarp (SE) - Tel +4640415296 -
gunilla.berg@jordbruksverket.se

Swedish University of Agricultural Sciences, P.O. Box 7026,
75007 Uppsala (SE) - Tel +4618672376 -
eva.blixt@mykopat.slu.se

Makhteshim Agan Holding B.V., Schaffhausen Branch,
Spitalstrasse 5, 8200 Schaffhausen (CH)
Tel +41-52 634 08 24 - renato.castagna@ma-europe.com

LEADBEATER Andy (Mr)Syngenta Crop Protection AG, Schwarzwaldallee 215,

SIEROTZKI Helge (Mr)

OWEN John (Mr)

ASHBY Paul (Mr)

CH4058 Basel (CH) - Tel +41613234190 - Fax
+41613236127
andy.leadbeater@syngenta.com

Syngenta Crop Protection, Schaffhauserstrasse, 4332 Stein
AG (CH)
Tel +41 62 866 01 80 - helge.sierotzki@syngenta.com

Dow AgroSciences LLC, 9330 Zionsville Road, IN 46268
Indianapolis (CH) - Tel +1-317-337-2121 - Fax +1-317-337-
3233

wjowen@dow.com

Chemicals Regulation Directorate, Mallard House, King's
Pool, 3 Peasholme Green, YO1 7PX York (GB)

Tel +44-1904 455794 - Fax +44-1904 455711
paul.ashby@hse.gsi.gov.uk
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ASHWORTH Mike (Mr)

BROWN James (Mr)

BURNETT Fiona (Ms)

CLARK Bill (Mr)

COOLS Hans (Mr)

DYASON Richard (Mr)

DOOLEY Hilda (Ms)

FLIND Andrew (Mr)

FOSS Will (Mr)

DuPont, Wedgewood Way, SG9 9NQ Stevenage (GB)
Tel +44-1438 734451 - Fax +44 1438 734452
mike.ashworth@gbr.dupont.com

John Innes Centre, Colney, NR4 7UH Norwich (GB)
Tel +44 1603 450615 - james.brown@bbsrc.ac.uk

SAC, West Mains Road, EH10 6JJ Edinburgh (GB)
Tel +44-131 535 4133 - Fax +44-131 535 4144
fiona.burnett@sac.ac.uk

Broom's Barn Research Centre, Higham, 1P28 6NP Bury St
Edmunds, Suffolk (GB)
Tel +44-1284 812201 - bill.clark@bbsrc.ac.uk

Rothamsted Research, West Common, AL5 2JQ Harpenden
(GB)

Tel +44-1582 763 133 - Fax +44-1582 760 981
hans.cools@bbsrc.ac.uk

Nufarm UK Ltd, 74 Windsor Way, Alderholt, SP6 3BN
Fordingbridge (GB)
Tel +44-1425 653150 - richard.dyason@uk.nufarm.com

ADAS, ADAS Rosemaund, Preston Wynne, HR1 3PG
Hereford (GB)
Tel +44-353862510258 - hildadooley@yahoo.co.uk

BAYER CROPSCIENCE, 230 Cambridge Science Park,
Milton Road, CB4 OWB Cambridge (GB)
Tel +44-7984 618880 - andrew.flind@bayercropscience.com

UAP Ltd, 18 Edmunds Road, Buxhall, Stowmarket, Suffolk,
IP14 3DT Stowmarket (GB) - Tel +44-7714 724934 -
wfoss@uap-europe.com

FOUNTAINE James (Mr) SAC, West Mains Road, EH9 3JG Edinburgh, Scotland (GB)
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GRIMMER Mike (Mr)

HAWKINS Nichola (Ms)

HOBBELEN Peter (Mr)

Tel +44-131 535 4370 - james.fountaine@sac.ac.uk

Rothamsted Research, West Common, AL5 2JQ Harpenden
(GB)
Tel +44-1582763133 - bart.fraaije@bbsrc.ac.uk

ADAS, Battlegate Rd, Boxworth, CB23 4NN Cambridge (GB)
Tel +44-1954 268210 - Fax +44-1954 268268
mike.grimmer@adas.co.uk

Rothamsted Research, Harpenden, AL5 2JQ Hertfordshire
(GB)
Tel +44-1582 763133 - nichola.hawkins@bbsrc.ac.uk

Rothamsted Research, West Common, AL5 2JQ Harpenden
(GB)

Tel +44-1582-763133 ext 2393 -
peter.hobbelen@bbsrc.ac.uk
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KEMMITT Gregory (Mr) Dow AgroSciences, 2nd floor, 3 Milton Park, OX14 4RN

KNIGHT Stuart (Mr)

LEADER Andrew (Mr)

LEAK Simon (Mr)

LUCAS John (Mr)

MCKEOWN Barry (Mr)

PARKER Steve (Mr)

PASSEY Jackie (Ms)

PAVELEY Neil (Mr)

PECK John (Mr)

RANNER David (Mr)

RICHARDSON David
(Mr)

SELLARS John (Mr)

Abingdon, Oxfordshire (GB) - Tel +44-01235 437946 - Fax
+44-1235 437998
gkemmitt@dow.com

The arable group, Huntingdon Road, Cambridge,CB3 OLE
Cambridge (GB) - Tel +44-1223 342290 -
stuart.knight@thearablegroup.com

Dow AgroSciences Ltd, Latchmore Court, Brand Street,
Hitchin, Herts, SG5 1NH Hitchin (GB)

Tel +-44-7802225769 - Fax +44-1462426646 -
aleader@dow.com

Belchim Crop Protection Ltd, 1B Fenice Court, Phoenix Park,
Eaton Socon, St. Neots, Cambs, PE19 8EP St Neots (GB)
Tel +44-1480 403333 - simon.leak@belchim.com

Rothamsted Research, West Common, AL5 2JQ Harpenden
(GB)

Tel +44-01582763133 - Fax +44-1582760981
john.lucas@bbsrc.ac.uk

BASF plc, PO Box 4, Cheadle Hulme, Cheshire, SK8 6QG
Manchester (GB) - Tel +44-161 488 5722 -
barry.mckeown@basf.com

Syngenta Crop Protection, CPC4 Captial Park, Fulbournm
Cambridge, CB21 5XE Cambridge (GB)
Tel +44-1223 883403 - steve.parker@syngenta.com

Makhteshim Agan UK Ltd, Unit 16, Thatcham Business
Village, Colthrop Way, RG19 4LW Berks (GB)
Tel 00447736 144490 - simone.klemmer@ma-europe.com

ADAS, ADAS High Mowthorpe, Duggleby, Malton, North
Yorkshire, YO17 8NP York (GB)

Tel +44-1944 738646 - Fax +44-1944 738434
neil.paveley@adas.co.uk

BASF Plc, PO Box 4, Earl Road, Cheadle Hulme, SK8 6QG
Cheadle, Cheshire (GB) - Tel +44-161 488 5702 - Fax +44-
161 485 8086

john.peck@basf.com

Syngenta Crop Protection UK, CPC4 Capital Park, Fulbourn,
CB21 5XE Cambridge (GB) - Tel +44-1223 883480 -
david.ranner@syngenta.com

Chemicals Regulation Directorate, Mallard House, King's
Pool, 3 Peasholme Green, YO1 7PX York (GB)

Tel +44-1904 455869 - Fax +44-1904 455711
david.richardson@hse.gsi.gov.uk

Dow AgroSciences, Latchmore Court, Brand Street, SG5
1NH Hitchin (GB) - Tel +44-7885662511 - jsellars@dow.com
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WATERHOUSE Stephen BASF, PO Box 4, Earl Road, Cheadle Hulme, SK8 6QG

(Mr) Cheadle, Manchester (GB) - Tel +44-1359 270745 - Fax +44-
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steve.waterhouse @basf.com

VAN DEN BOSCH Frank Rothamsted research, wst common, al5 2jq Harpenden (GB)
(Mr) Tel +44-1582 763133 ext 2372 -
frank.vandenbosch@bbsrc.ac.uk

SUNLEY Rob (Mr) EPPO, 21 boulevard Richard Lenoir, 75011 Paris (FR)
Tel +33-145207794 - Fax +33170766545
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ZLOF Vlasta (Ms) EPPO, 21 boulevard Richard Lenoir, 75011 Paris (FR)
Tel +33-145207794 - Fax +33-170766545
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