IPM 2.0 in potato -

Know your enemy to chose the right weapon
Jens G. Hansen & Bent J. Nielsen, AU, Agroecology & Geert Kessel, WUR, NL




The enemy
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Sexual recombination = high diversity / adaptation + oospores
Earlier attacks, most likely from oospores

Early attacks on resistant starch potatoes (e.g. Kuras)

More aggressive isolates (Blu-13), fungicide resistans

”False crop rotations” due to volunteers survival during winter
Structural changes in agriculture (less farmers with more fields)

mmm) Increased fungicide use, from 5 i 1990th to 10 in 2010-15




Development in fungicide use, Belgium
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Multilocus genotypes (MLGs)
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Cooke DEL, Cano LM, Raffaele S, Bain RA, et al. (2012) Genome Analyses of an Aggressive and Invasive Lineage of the Irish
Potato Famine Pathogen. PLoS Pathog 8(10): €1002940. doi:10.1371/journal.ppat.1002940


http://www.plospathogens.org/article/info:doi/10.1371/journal.ppat.1002940

Defence weapons

Primary attack Volunteers

Oospores

* Healthy seed and crop rotation 3
* Breeding & inclusion of new resistance genes -' ‘
 DSS and control strategies (Fungicides: timing, type og dosis) * ,i,,ér* S
 Mapping of the pathogen on population level. Link between genotype and phenotype
e Surveillance (Scouts: when and where is the disease, how much, disease activity etc.)

e Strategic, tactical and operational planning and missions




3. BRUG VARSLINGER, PROGNOSER 0OG
SKADETZARSKLER

Integreret plantebeskyttq

I PM RI M E R PAI Brugwvarslingerne pa Landbrugsinfo dk/regnet. Her kan du

uge for uge se, hvad planteaviskonsulenter over hele landet
finder af svampe og skadedyr.

Begynd atfere tilsyn i dine egne marker, nar de ferste angreb
viser sigi registreringsnettet, eller dervarsles.

Saetgule fangbakker i rapsmarken og feromonfzlderi hvede-
markerne. Det giver det mest preecise billede af risikoen for
rapsjordlopper henholdsvis hvedegalmyg i dine marker.
Brug bekampelsestmskler til at afgere, om der for eksempel
er behov for at bekampe glimmerbesser i vinterraps.

Brug Skimmelstyring, hvis du dyrker kartofler.

Justér indsatsen i forhold til klimaforholdene.

Skimmelstyringapp’en er et godt varktej til at besiutte, Nvordan der
skal behandies for kartoffelskimmel.

HVORDAN TACKLER DU KARTOFFELSKIMMEL?
- Jeg bruger programmet Skimmelstyring til at understette mit valg af midler og dosering.

|eg sprejter efter den plan, der star i nyhedsbrevet fra min radgiver.

. Jeg sprejter mod skimmel efter et fastlagt program.




TEM#: SEIMMELSTYRING

e

AF BENT ). NIELSEN

DG)ENS GRONEECH HANSEN
ANENOS UNTVERS STET

D LAFS BODKER
LANDSKONSOLENT, STGES

Vaerktojs-
kasse

med skimmel-
styring

Selvom kartoffelskimmel er en meget

aggressiv plantesygdom, harvi heldigvis
gode midler til rddighed, som kan begran-

se opformering og spredning af svampen.

Pawwwlandbrugsinfo.dk og www.skimmelstyring.dk erder
forskellige modeller og informatton om ve jrforhold, som kan
bruges, nér der skal tages beslutning om beksmpelse

D forskellige komponenter udger en slags verkto)ska sse,
som vl samlet kalder Skimme styring. Her kan avleme fi et
grundlag for at beslutte, hvornarskimmelsn skal bekszmpas,
med hvilket fungicid oghvilken dosis.

1 det felgende germemgds de forskellige komponenter |
Skimmelstyring oghvordan de anvendes:

Registreringsnet for kartoffelskimmel
Feglstreringsnettat viser fund af kartoffelskimmel | Danmark
Indberettet af radgivere, som ferdes jEvnligt | kartoffelmar-
keme (fig 1). Reglstreringsnettet er omtalt pé slde 67 | dette
lemanummer.

Systemnet fortzller lvor der er fundet skimmel, hvomér, |
torilke sorter og pa hailket vakststadie. Denne information
anvendes til at vurders hvomar og hvordan man skal starte
bek empelse. Informationerne fra Reglstreringsnettet broges
ogsil som Input til doslsmodellen — se artikel her pd sldeme,

Infektionstryk af kartoffelskimmel

Die daglige risikotal viser antal tmer pr. dag, hvor ftfugtg-
heden | mindst 10 sammenheEngende timer er over 88 procent,
o hvor temperaturen | denne periode er over 10°C (fig. 2).
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FIgur 1. Bes|utningsstettakompanenter i sSkimmalstyring. @verst
registreringsnettetag den regionale nedberstardzling immi for an-
mark: Midt: Infektions trykket lkurvel samt nedbar (sajler] Mederst:
Infektionstrykketved udvalgte stationer [start kart] og de n@ste
dageisma kortl

Det daglige dslkotal er et udtryk for, bvorstor dstko der er
pageldende dag forsporedannelse, spredning samt bet ingel-
ser for infektion.

Deer er sterre risiko for skimmeludvikling, his der er flers
sammenhaengende dage med skimmel ristko. Derfor udregnes
etinfektionstryk (figur 3) som eren labende sum af fem dagligs
rstkovamdier (to dage tilbage, dags dato, to dage frem).

Infektionstryk over 40 erhalt, men s nivean 20-40 betegnes
som medium og mindre end 20s0m lavt. Forud for perioder
med hajt infektionstryk arvendes et e fidctivt middel og hed st
med en vis kurat v egenskab. Verdien af infektionstryldoet
Indgar 1 beregningen af Doslsmodellen (se nedenfior).

Vejledning om start af bekempelse sker ved en samlet
wurdering af nedber under fremspiring (risiko for angreb fra
Jordsmitte | anstrengte sedskifter), fund af skimmel | reglstre-
ringgnettet o det aktuelle regionale Infektonstryk. 1ecsem-
plet fra Karup 1 figur 3 ses et hot infektonstryk og samtidig
megen nedbar 6.-14. mal. Det var najagtigt | mange marker |
omradet ved fremspiring,

Der blev udsendt varsling om o slko for tdlige angreb den
22, ma), og de ferste angreb blev Indrapportemst tl reglstme-
ringsnettet den 25, maj. Allerede den 2. juni var der fundet
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DANSK
KARTOFLER

TEMA: SKIMMELSTYRING

JENS GRONBECH HANSEN,
AARHUS UNIVERSITET

Se skimmelfund
og infektionstryk pd ny app

Grundlaget for den nye app til at se skimmelfund er et
fellesnordisk registreringsnet for kartoffelskimmel. En
kombination af registreringer af skimmel og beregninger
af den vejrbetingede risiko for skimmeludvikling har vist
sig som en god vejledning om, hvorndr man skal starte en
rettidig forebyggende bekezmpelse af kartoffelskimmel.

I Danmark kan der mellem drene vare

g i konve E‘l‘ltll]nellr marker

(Figur 3). Dermed er der ogsa en okono-
isk og en miljemze:

at kigge efter tidlig skimmel. Den infor-
mation lu.ammnr ud via L(nll\ulenterne

indrapportere fund via en app (Blight-
som findes béade til Android og
ner og tabl
Man skal dog veere registreret som
deltager i registreringsnettet for at kunne
indrapportere, men alle kan downloade
app'en og ortet med skimmelfund
samt infektionstryk per postnummer
uden log
Seges har ansvaret for at organisere
indrapporteringen s
fund, som indrapport
udviklet af Aarhus
bejde med n

Hvad viser resultaterne. 2000-2014

12014 blev der fundet meget tidlig skim-
mel i biade Danmark og Sv sti
maj. Observationerne tyder p4, at smitte-
kilden i mange mz Den

amt i det sydlige Sve-

ligheden afskimmel
ce region har vi anal
eringsnettet 2000-2014. I
t den gennemsnitlige dato
(medianen) for det absolut tidligste fund
samt hvorndr der
femn eller flere konventionelle marker.
hver af d indikatorer er der angivet
den tidligste og seneste observation for
del54ar.

Resultaterne at meget tidlig
skimmel i gennemsnit findes i Danmark
13. juni, og at fund af skimmel i fem eller
flere konventionelle marl\er i gennem-
snit af drene er 24. j
man pé de enkelte dr blev det tidligs
skimmel fundet 25. maj i 2014 (Tabel 1
og Figur3).

Den seneste dato for

ventionelle mar 2. junii20ld. Den
tilsvarende seneste etablering var 17. juli
i2008.

Jo tidligere skimmelen etableres ud-
bredt, jo mere bekeemp. al der ogsd
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IPM 2.0 - Geert Kessel & colleagues, PRI, WUR
More and better with less

* IPM2.0
* Host is present
e Susceptible
e Resistant?
e Weather suitable for infection
e When? For how long?
e Do spores survive atm transport
e Pathogen is present
* How much? Disease pressure

Environment




Proof of concept for the IPM 2.0 control
strategy / Geert Kessel, PRI, WUR
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R-genes versus NL P. infestans
population

» We need to support host resistance for
enhanced durability

» Use (low amount of) fungicide to protect new
resistance genes



DuRPh 2014 and 2015

Durable Resistance against Phytophthora through cisgenic marker-free modification
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EuroBlight Statement - 2015

Recommendations:

tatement

15
y and late blight in

Cornas e . o i s s S 25 ane 2 Monitoring of the meta population of P.
e e S S ) infestans in Europe and beyond

o cause severs [osses in other important food crops, such as tomato.

Despite active research and recent breakthroughs, further investigations are still
nesded to fully achieve integrated pest management [IPM) strategies. Remaini

questions include: what are the genctypic [DMA] and phenotypic [behavioural]

rsity and the mechanisms of e tion of the European meta-population of P.

ow can we use this information to develop new innovative and more

effactive IPM strategies (IPh why are the: ases so difficult to control H k H h

sustainably? how :En -:'e sustain tr:e use of both efficemt fungicide active Lln Ing genotyPES to p enotypes
ingredients and host resistance gen ilst simultaneoushy mini ing the that

the pathogen overcomes the efficacy of these important control measures? These,

and other, questions were the rationale for establishing ‘EuroBlight’, 3 network of

Eurcpean scientists, with initial funding by the European Union.

:,ff,,,’,; o vt i 3 ey i consrim f s ad s apr s, W EuroBlight engages in the development

nce 2006 with a simple overall object o identify, evaluate and combine
the best possible tools to predict, manage and control blight diseases in the field. EuroBlight

and improvement of DSS adapted to

be identified and formulated into collective Statements that can serve as the core principles

of joint actions and international collaborations to improve IPM strategies. IPMZ 0
L]

The 15™ EuroBlight Workshop, held in Br . Romania in May 2015, brought together over
100 participants from all parts of Europe, South America, USA, lsrael and C
this aim.

Major The Eurcpean-wide monitoring inftiative of F. infestans populations carried out by EuroBlight . . . .
achievements and partners in 2013 and 2014 (> 2200 isolates collected and genotyped using 53R markers) F t g t t I /I b t
breakthroughs on confirmed that the pepulations are constantly g and that some of them are subject to OS e rln In e rn a IO n a CO a O ra IO n
past FuroBlight repeated biclogical invasions by novel genotypes (read news story about this). Such genstic
starements changes may jecpardize the al to dewvelop durably resistant cultivars and the

sustainability of other control measures. It is thus essential to understand the mechanisms

behind the changes and also to their relation to human intervention pathogen

transportation with plant material or cropping practice] and to the changing climate.

Together with the comprehen web-based resource developed within EurcBlight i
hosting harmonized research protocols and ex databases allow : the compilation
and sharing of data on pathogen populations, host resistance and fungicide characteristics,
the ressarch and extension efforts carried out within the network pave the way for the set-
up and adoption of “smart control’, IPM strategies for early and |ate blight in Europe.

Major issues of The recent Europe-wide late blight monitoring initiative demonstrated the value and

relevance to policy necessity of constant monitoring of populations and characterization of invasive genotypes

making in Furape in order to understand and predict cha . It directly influences the development and
deployment of resistant cultivars, the performance of varning systems and the
efficacy of plant protection preducts. rdinated and continuous menitering effort would
be best supported through Mational Action Plans relating to IPM implementation in EU
member states.
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IPMBlight2.0

IPM2.0 for sustainable control of potato late blight - exploiting pathogen population data for optimized Decisions Support Systems

Papers and
conference
presentations

Stakeholder
interaction

Website

New DSS simulation models/ modules
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Field monitoring of Fungiciode resistance
virulence testing
. . Potato Late
WP 2 - phenotyping P. infestans — Blight 4
Toolbox
Isolate sampling & Data management and
Reference isolate collections analytic tools (e.g. poppr)
WP 1 - sampling and genotyping P. infestans populations L ¢

WP 0 - coordinating and disseminating IPMBIlight 2.0




DesireeP!us GIVI differential set

i e — — —

DuRPh — Cisgenesis
Stacking of R-genes



EuroBlight Population Genetics Platform
(based on Shiny-R POPPR)

Potato Late
Blight Toolbox

Gen Statistics Min Spanning tree

Phylo gen tree Principle Com Anal.



Conclusions — IPM2.0

IPM2.0 — more with less/ the potential is high

More host resistance is needed

P. infestans is highly adaptable

 Resistance gene stewardship and a.i. stewardship

* New resistance genes must be protected with fungicide
e Monitoring of P. infestans population via EuroBlight
 Link phenotype to genotype

Close collaboration between government, research,
industry, extension and farmers is needed
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