Late blight control today and tomorrow
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Phytophthora infestans

" Phytophthora infestans :

e Looks and behaves like a fungus ..
(hyphae, expanding circular colonies, spores, ..)

e Oomycete

® Biotrophic

e Heterothallic (two mating types: Al and A2)
e Diploid / triploid

green algae

basidiomycete fung

ascomycete fungi

Phylogenetic tree (van de Peer and de Wachter, 1997)
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P. infestans disease cycle

antheridium

sexual reproduction
Toccurs anly when Doth maling
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Annual costs associated to potato Late
Blight

" Cost of Potato Late Blight control (Haverkort et al 2008):
® The Netherlands (€150 million/year):
® Fungicides €60 million (1421 ton a.i.)
® Spraying etc: €60 million

® Losses: €30 million

e Globally: $3 billion annually (including losses)

® Cost on Tomato: similar
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Late blight: a “rain disease”?
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P. infestans: Primary sources
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Late blight outbreak 2000

(C» Dacom Telernet PLANT-Plus=s dhr. B.W. Keizers
Meldingen Phytophthora infestans Actief: 391 Afgemeld: 42

c6—H6—HH
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P. infestans: genetic variation & adaptation

ocogonium @
antheridium QF‘ 8

2,
sexual reproduction

Toccurs anly when Doth maling
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Phytophthora infestans

" Genome ~ 240 Mbase
(extremely large within the genus Phytophthora)

" "2 speed genome”
® House keeping genes (conserved)
e Infection related genes (extremely “flexible™)

P ramovum (65 Mb)

acaffold 51 100,000 200,000

P infestans (240 Mb) i
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Adaptation by P. infestans: Mutation & Selection

4 x 1012
sporangia / ha

Infected crop
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The Dutch P. infestans population 2000 - 2009
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Dutch population splits in 3 parts
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Dynamics of dominant clonal lines 2000 - 2009
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EU Population 2014
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Consequences of population change:
Resistance to fluazinam

v > |
3 ¢ -
», 7 ! S ~
b j it = pant i 1 " ¥
s Toge R T - Sy -
24 L 5 -4 s A
> &
e . = P
‘.;ﬁ ‘ ’ \'-_“-!-8&' P %
- Y }l - . * g~ | - 3
<} & 4 ey e

PLANT RESEARCH INTERNATIONAL
WASBERMINGENIEE



Green33 in the Netherlands

" Green33
e NL2010: 20%
e NL2011: 22%
e NL2012: 6%




Green33 in 2013

Potarto Late BuGHT TOOLBOX

Wl come ol m
ISOLATE OUTPUT
Gwnwymap | Genubpermap | Cemotyps facgesecy mep
Yoor w3
Contnent ® Zuoge T Afiics & VesuCermal Acia
Gemonype 1 4y I@EU LAl @Eu ol @EUGAL WEusall @R L2 M @E) 22 @Oy @

ot ] ¢
Nap A A1 8 Rvarnalt 10 i raapd!

FuroBlight

o late blight network for Europe




Green33 in 2013
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Europe: continuous population changes

PoTATO LATE BLIGHT ToOLBOX
Welcome Geert Kessel
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P. infestans population 2020 DK & NL

Frequency of genotypes Frequency of genotypes
from Denmark from Netherlands

2011 2012
Year
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P. infestans clonal line characteristics

" EU_13_A2 (Blue 13) " FU_36_A2
e Highly aggressive e Highly aggressive
® Resistant Metalaxyl o .. 7
" EU_33 A2 (Green 33) " EU 41 A2
® Not so aggressive o ?
e Resistant to Fluazinam " EU 43 ?
" EU_6_A1 (Pink 6) o ?
e Highly aggressive -
" EU_37_A2

------

e Highly aggressive

® Resistant Fluazinam
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Host resistance
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Host resistance

The Gene-for-Gene Model of Plant Immunity

—
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Potato late blight R gene mapping and cloning

Roi-pnt]
i-pnt
Rp’?—rﬁchl

| R2, R2-like, Rpi- ||

blb3, Rpi-abpt
R;:’)Di—mcgl

RB, Rpi-blb1 ]
Rpi-ptal
Rpi-stol

Rpi-dic1
Rpi-vntl
Rpi-mcq1

Rpi-edn2, R9a
Rpi-smira2, R8
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Rpi-blb2

Rpi-dic2
Rpi-rzcl
Rpi-berl

Rpi-ber
Rpi-chcl
Rpi-chc2
Rpi-ber2

R genes mapped
R genes cloned

Rpi-smiral
R3a, R3b
RI0




P. infestans isolates (2008-2014) virulent
towards late blight R genes (%)

R1 Rpi- R3a R3b Rpi- R8 Rpi- Rpi- Rpi- Rpi- Rpi-
blb3 edn2 chcl vntl blb2 blbl stol

100

Narrow Inter narrow  narrow broad broad broad broad broad
mediate
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Redundancy elimination among clone R genes
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Robust potato varieties 2019 (organic,

Aanbod biologache robuuste sardapperassen voar 2019
tafel lets kruimig Bio Select/Agrico
afel lets kruimig _Bio Select/Agrico e
tafel/frites kruimig Bio Select/Agrico 106
tafel vastkokend Bio Select/Agrico
tafel vastkokend Bio Select/Agrico
tafeld vastkokend C. Meijer by,
Salel/iries etskuimig {ahhness Pottoss BV,
“geelichigeel  tafel * vastkokend Caithness Potatoes BV,
Tentation geel tafel vastkokend Casthness Potatoes BV.
Sarpo Mira witviezig frites iets kruimig Danespo
Connect geel tafel kruimig Den Hartigh
Marobel_ gee! ufdl Jetskimig _ Evroplant
Otoda geel tafel iets kruimig Europlant
Glorletta geel tafel vastkokend Europlant
AIMms = geel t_a.fe? vastﬂoie}p_d Europlant
HZ 097530 geel tafel vastkokend HZPC
Tiplo _geel Jetskuimig  HZPC
Alanis geel i  jets kruimig Interseed Holland B.V.
Bionica witviezig ! ~ vastkokend N.Vos
Sevilla geel 7 fritesichipsitafel  kruimig N. Vos
Cephora geel frites/tafel kruimig Plantera BV,

Vitabella geel tafel/frites vastkokend
rassen met een hoofdgen teqen phylophthon vmeg te felen rassen

NAKareaal pootgoed 2018
50

SRt e Rt roor Aruring N e NAAGUOGTIn
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Current disease management
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Current common practice late blight control

Consider flat fan nozzles of the same size, on a miniboc

Fixed spray schedules very common around the world.
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Considerations before spraying

32 03-07

I EVVAEE B ENwed ey g
i e 237 ik

plOEES B WueNE

" Why? (Preventive, curative?, stop-sprays?)
" When?
e Every Monday?
e Intelligent “weekly” spray schedule?
e DSS?

PLANT RESEARCH INTERNATIONAL
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Considerations before spraying

32 03-07

I EVVAEE B ENwed ey g
i e 237 ik

plOEES B WueNE

" Which fungicide?
- Spray strategy (NL: Revus, Zorvec+, Infinito, Ranman)

" Crop phase? Fast growth?, tuber protection?, > Euroblight table
® Other diseases? - Alternaria, sclerotinia, ... ?
® Resistance management? > Alternate, ... (n0 more mancozeb)

" Availability of fungicides

PLANT RESEARCH INTERNATIONAL
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De Euroblight table P. infestans

Leaf  Tuber New  Stem Protec- Anti Rain-
Product (Dose rate [litre or kg/ha]) blight  blight growth  blight tant Curative T Mobility ~ Year

copper

dithiccarbamates (2.0)'

chlorathalonil

cyazofamid (0.5)

fluazinam (0.4)

zoxamide + mancozeb (1.8)

amisulbrom + mancozeb (0.5+2.0) . 5 ? 2007

ametoctradin + mancozeb (2.5) : ? ? 2011

fluazinam + azoxystrobin (0.3) 1 2016

famoxadene + cymexanil 1996
xamide + mancozeb) + cymozxanil (1.8+0.2)

mandipropamid (0.8) . 2005

mandipropamid + difenoconazele (0.8) . 2005

benthiavalicarb (0.5) = 2018

benthiavalicarb + mancozeb (2.0)

cymosanil + metiram

cymoxanil + copper

cymosxanil + mancozeb

dimethomorph + mancozeb (2.4)

dimethomorph + fluazinam (1.0}

fenamidone + mancozeb (1.5)

{zoxamide + cymoxanil) + fluazinam (0.45+0.4)

(zoxamide + dimethomorph) + fluazinam (1.0+04)

mandiprapamid + cymoxanil (0.6)

(pyraclostrobin + dimethomorph) + adjuvant (2.5+1.0)

benalaxyl-M + mancozeb®

metalaxyl-M + mancozeb?

metalaxyl-M + fluazinam?

propamocarb + cymoxanil + cyazofamid ((2.0)+0.5)

propamocarb + cymoxanil (2.0)

propamocarb-HCI + fenamidane (2.0)

propamocarb-HCI + fluopicolide (1.6) . g 2006
oxathiapiprolin (0.15) m7
oxathiapiprolin + famoxadone (0.5) J - 2018
oxathiapiprolin + amisulbrom (0.15+0.3) . 2018
oxathiapiprolin + benthiavalicarb (0.4) X 2019
! Includes maneb, mancozeb, propineb and metiram. 2 See proceedings for comments on phenylamide resistance. 3 Based on FuroBlight field test in 2006-2015. 4 Based on

EuroBlight field trials 2009-2012. 5 Based on limited data. © In some trials there were indications that the rating was 1%. 7 A provisional rating based on 5 EurcBlight
experiments. £ Observations from several trials indicated that both New growth and Stem blight were ++. © In some trials the curative activity was +++.

(®EuroBlight ~ See

~
A potato Late blight network for Europe
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Farm2Fork Strategy

" At heart of EU Green Deal:
fair, healthy and environmentally-friendly
food production

" Linked to the EU biodiversity strategy

" A few objectives:

° 50% reduction of overall use and risk from

chemical pesticides by 2030

° > = 50% reduction of nutrient losses by
2030

° >= 20% reduction of use of fertilizers by
2030

° 25% EU’s agricultural land organic

PLANT RESEARCH INTERNATIONAL
WASBERMINGENIEE

Food Loss
& Waste
Prevention

Sustainable
food consumption

Sustainable
Food Production

Sustainable

Food
Processing &
Distribution




Small scale, resilient agriculture.
Agro-ecology + high tech support
Pesticides only when unavoidable
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Solutions 777




Integrated crop protection: from IPM to ICM

Biolagical contrel measures

Physical control measures

PLANT RESEARCH INTERNATIONAL
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IPM/ICM for Potato Late Blight

& EuroBlight

A potato late blight network for Europe

Home Partners > Pathogens ~ Fungicides ~ Publications =
DSS systems overview

Case - Denmark ontrel strategy for late Blight in Europe presented and
xpert judgement) for implementation. barrers and contribution nout recuction are

Compare submodels

Best Practice

Contribution to Organic
input reductson

csnomic/coats AND Intermediate

> Emited influence on farmeng
Rotation countries plight
':'] AR Qnly on best farms/in gconomic/costs AND rmadiate Apgiicable In arganic
by 44 20 risk peccepbion farming
inacutusy countries
sources -

Apglicable In crganic

3 Planting Qnly on best farms/in Economic/costs AND Applicable In organic

Casa A: In Denmark farmers have been using some reglonafin soine | Nenitsd § Grrring

reduced dosages for years. :::.'n:;"’ countrias slight

|
in Denmars, data from the national monkcnng -, ree
[ y , Umi # . "
netnoris, reather Dased infe .;] Fertilization T:-‘r’..o:. t:,“ it ;.:n:.“ [fluenes en :.’,ﬂ'(::“ organic
resistance and crop growth stage determine ”u‘m'.? ghe vng

atrategies wmith reduced dosages,

s ¥ . . Widespread in Dractice Umited influence ca Asplicable arganic
ult "] ._] Irrigation blight farming
\ 3 Coltivar Only on best farms/in Ecanomic/costs AND Apglicable in organic
Cases - the Netherlands ol Ty ome regicne/in some nizks AND nak on chamicals AND farming
countries cercesbon —arge

A Widespread in sractice Ecanomic/ceats AND Intermad Not applicable in erganic
Fungicides risk perception
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countries fungizide medules et
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nomiz/zosts  [E Apglicable In organic
farming

™ Videspresd a2
Teat of control stategias including use of & OS5 .J Harvest
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The future of late blight control?

Additions to the IPM toolbox:

e Resistant varieties, preferably R gene
stacks, zero tolerance

e Pathogen monitoring
e Data driven decision support systems

® Do not spray unless:
® Resistance is vulnerable (monitoring)
e Infection event predicted (DSS)

® Previous spray insufficient
e Late start (August instead of May, under high disease pressure only)
® Precision spraying (25 cm nozzels, VRA, ..)

e Specific, low impact fungicides

PLANT RESEARCH INTERNATIONAL
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Environmental impact on susceptible and
resistant varieties

o
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Precision spraying: VRA in de BlightApp

Tomaal wat

4) Summary of result (25% saving) i«







Host resistance

MOECULAR PLANT PATHOLOGY [2008) 93], 385-403

Review
Plant diseases that changed the world
Phytophthora infestans: the plant (and R gene) destroyer

WILLIAM FRY*
Comell University, Department of Plant Pathology, ithaca, NY 14853, USA

SUMMARY
Phytophthora infestans remains a problem to production agriculture.

Historically there have been many controversies concemning
its biology and pathogenicity, some of which remain today.
Advances in molecular biclogy and genomics promise to reveal
fascinating insight into its pathogenicity and biology. However,
the plasticity of its genome as revealed in population diversity
and in the abundance of putative effectors means that this
oomycete remains a formidable foe,

PLANT RESEARCH INTERNATIONAL
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DO 10911101 3643703, 2007 .00465.X

Scholar identified 13 400 articles, with 4450 since 2002—and
this search did not find all of the contributions. There are many
books (e.q. Dowley et al, 1995 Ingram and Williams, 1991 Lucas
et al, 1991), thousands of research articles and thousands of popular
reports, and many historical treatments (e.q. Turner, 2005). The
‘romance’ occurs because many, many scientists have had high
hopes that their investigations would lead to control of this dan-
gerous pathogen. The ‘controversies’ (some continuing to today)
develop from differences in method/interpretation—aided by eqo.
The vast literature creates a special challenge in writing a short
overview of this organism and mandates that it be highly selective.




"he susceptibility of single R genes,
"he power of stacking of R genes

P. infestans Minimum Maximum
Mutation Frequency: 1.00E-08 - 1.00E-07 1.00E-09

Sporulation Density: 100 sp/mm2 10 1000
1.00E+08 sp/m?2

Acreage in NL 160000 ha 140000 170000
1ha 1.00E+04 m2

Avg LAI 4 m2 foliage / m2 soil 3

Potato foliage in NL 6.40E+09 m?2

Combined Potato & P. infestans:

Percentage foliage destroyed 100%

Number of virulent mutants to a single R gene: 6.40E+09
Number of virulent mutants to a double R gene: 64

PLANT RESEARCH INTERNATIONAL
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Invasion at landscape level while
Stacking R genes

Host
diversity

20% RO, +
20% R1, +
20% R12, +
20% R123, +
20% R1234

20% RO, +
20% R1, +
20% R12, +
20% R123, +
20% R1234
+

Protectant
fungicides

Pathogen population diversity Potato destroyed in landscape

Fraction in Population

Fraction in Population
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Figure 1. The effect of providing R genes as stepping stones in the landscape with or without
application of additional protectant fungicides. Pathogen races: race O0: W, race 01: m,
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Resistance management ..
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prakujk wooe', swlr Rissel, ‘Mear
het s 230k om peist bij dese onbe-
keade stammen erveor te scogen dat
de melectncruk lsag bl De basis
wn  oed  ressentiemamagement
0 des behond van de resisteaties 1=
ervoar porgen dat de samwezighesd
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De WUR-caderzocker banadeukt
006 Ak dat e et eindeloos veel
sesistentiégenen  ®egen  phytoph-
thoea beschikbaar zijn. “We moeten
bet woorlopag doen met de pesisten
oehronmen die nn Dekend 2o, Resd
stentiegenesn 2o xeldzaam en daar
mee waardevol. Des e meer redets
om hier 2ulnig mee o te goan in de
sardappettoelr.”
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