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Potato Late Blight



Phylogenetic tree (van de Peer and de Wachter, 1997)

Phytophthora infestans

▪ Phytophthora infestans :

● Looks and behaves like a fungus .. 

(hyphae, expanding circular colonies, spores, ..)

● Oomycete

● Biotrophic

● Heterothallic (two mating types: A1 and A2)

● Diploid / triploid



P. infestans disease cycle



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

● Globally: $3 billion annually (including losses)

▪ Cost on Tomato: similar



Late blight: a “rain disease”?
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P. infestans: Primary sources



Late blight outbreak 2000

April



P. infestans: genetic variation & adaptation



Phytophthora infestans

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

▪ “2 speed genome”

● House keeping genes (conserved)

● Infection related genes (extremely “flexible”)

Haas & Kamoun et al., 2009



Susceptible 
crop

Resistant / Sprayed crop 

4 x 1012

sporangia / ha

Infected crop

Adaptation by P. infestans: Mutation & Selection



The Dutch P. infestans population 2000 - 2009 



Dutch population splits in 3 parts

3 groups were distinguished
based on “PCA” & “STRUCTURE”

Dutch population 
(2000-2009)

311 genotypes 652 isolates

Blue = Group 1
Red = Group 2
Green = Group 3



Dynamics of dominant clonal lines 2000 - 2009
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EU Population 2014



Consequences of population change: 

The virulence spectrum of Blue13

Virulentie van genotype 8- A1

R1 R2 R6R3 R5R4 R7 R8 R10 R11

Virulentie van blue 13

Data: David Cooke & Alison Lees (SCRI)

Stirling

2_A1 6_A1 8_A1 10_A2
Blue 13



Consequences of population change:

Resistance to fluazinam



2012

Green33 in the Netherlands

2011201020092008 ▪ Green33

● NL2010: 20%

● NL2011: 22%

● NL2012: 6%



Green33 in 2013



Green33 in 2013



Europe: continuous population changes

Dr David Cooke, JHI



EU36 & EU37 2013 - 2018

2013 2014 2015

20182017
2016



P. infestans population 2020 DK & NL
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P. infestans clonal line characteristics

▪ EU_13_A2 (Blue 13)

● Highly aggressive

● Resistant Metalaxyl

▪ EU_33_A2 (Green 33)

● Not so aggressive

● Resistant to Fluazinam

▪ EU_6_A1 (Pink 6)

● Highly aggressive

▪ EU_37_A2

● Highly aggressive

● Resistant Fluazinam

▪ EU_36_A2

● Highly aggressive

● .... ?

▪ EU_41_A2

● ?

▪ EU_43_?

● ?

June 2017



Host resistance

Host Environment

Pathogen



Late blight R genes from related wild species

S. berthaultii

S. edinense

cv  Bintje
(S. tuberosum)
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Host resistance

Phytophthora
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Potato late blight R gene mapping and cloning

Rpi-chc1
Rpi-chc2

1 2 3 4 5 6

7 8 9 10 11 12

R genes mapped
R genes cloned

R2, R2-like, Rpi-
blb3, Rpi-abpt

Rpi-mcd1

RB, Rpi-blb1
Rpi-pta1
Rpi-sto1

Rpi-smira2, R8 Rpi-ber2

Rpi-smira1
R3a, R3b

R10 

Rpi-dlc1
Rpi-vnt1

Rpi-mcq1
Rpi-edn2, R9a

R1 Rpi-blb2

Rpi-pnt1
Rpi-mch1

Ph-1

Rpi-ber1
Rpi-ber

R4
Rpi-avl1
Rpi-cap1

Rpi-dlc2
Rpi-rzc1

ELR1
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P. infestans isolates (2008-2014) virulent 

towards late blight R genes (%)

R1 Rpi-

blb3

R3a R3b Rpi-

edn2

R8 Rpi-

chc1

Rpi-

vnt1

Rpi-

blb2

Rpi-

blb1

Rpi-

sto1

100 47 98 96 2 7 9 2 7 7 2

Narrow Inter

mediate

narrow narrow broad broad broad broad broad broad broad
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Rpi-chc2

Rpi-blb2

Rpi-ber

Redundancy elimination among clone R genes
Rpi-abpt
Rpi-blb3

Rpi-edn1
Rpi-hjt1

R2

Rpi-vnt1

Rpi-mcq1
Rpi-edn2
Tm2^2
R1
Prf1

Bs2

Rx
Mi1.2 

Hero
Sw5a

Rpi-sto1
Rpi-blb1

Rpi-chc1

R3a
I-2

R3b
BS4
N
Gro1.4

Gpa2

R8

Avr2
Avr2
Avr2
Avr2

Avr2

Avrvnt1
Avr2
Avredn2

Avr1

Avrblb2

Avr8

Avrsto1

Avrsto1

Avr3a
Avr3b

Avrchc1
Avrchc1
Avrchc2

Rpi-blb3

Rpi-vnt1

Rpi-chc1

Rpi-sto1

Rpi-edn2

R3a

R3b

R1

Rpi-blb2

R8
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Trap nursery 2011; delay of infection

Lelystad



Robust potato varieties 2019 (organic, table)
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Current disease management

Host Environment

Pathogen



Current common practice late blight control

Fixed spray schedules very common around the world.



Considerations before spraying

▪ Why? (Preventive, curative?, stop-sprays?)

▪ When?

● Every Monday?

● Intelligent “weekly” spray schedule?

● DSS?



Considerations before spraying

▪ Which fungicide? 
→ Spray strategy (NL: Revus, Zorvec+, Infinito, Ranman)

▪ Crop phase? Fast growth?, tuber protection?, → Euroblight table

▪ Other diseases? → Alternaria, sclerotinia, ... ?

▪ Resistance management? → Alternate, ... (no more mancozeb)

▪ Availability of fungicides



De Euroblight table P. infestans



Future disease management



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



Small scale, resilient agriculture. 

Agro-ecology + high tech support

Pesticides only when unavoidable



Solutions ???



Integrated crop protection: from IPM to ICM



IPM/ICM for Potato Late Blight

5

Best

Practises



The future of late blight control?

Additions to the IPM toolbox:

● Resistant varieties, preferably R gene 
stacks, zero tolerance

● Pathogen monitoring

● Data driven decision support systems 

● Do not spray unless:

● Resistance is vulnerable (monitoring)

● Infection event predicted (DSS)

● Previous spray insufficient

● Late start (August instead of May, under high disease pressure only)

● Precision spraying (25 cm nozzels, VRA, ..)

● Specific, low impact fungicides

● ...

50



Environmental impact on susceptible and 

resistant varieties
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5 field trials, 2 countries (IE & NL), 3 years



Precision spraying: VRA in de BlightApp
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1) Satellite (NDVI) 2) Prescription map (Revus)

3) Task map (39m sprayer)

4) Summary of result (25% saving)



Pitfalls for future disease management



Host resistance 
54



The susceptibility of single R genes,

The 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/m2

Potato

Acreage in NL 160000 ha 140000 170000

1 ha 1.00E+04 m2

Avg LAI 4 m2 foliage / m2 soil 3 5

Potato foliage in NL 6.40E+09 m2

Combined Potato & P. infestans:

Percentage foliage destroyed 100% 0 100

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

Number of virulent mutants to a double R gene: 64



Stacking R genes, a simulation study



Invasion at landscape level while 

Stacking R genes

Host 

diversity 

Pathogen population diversity Potato destroyed in landscape 

20% R0, + 

20% R1, + 

20% R12, + 

20% R123, + 

20% R1234 

  
20% R0, + 

20% R1, + 

20% R12, + 

20% R123, + 

20% R1234 

            + 

Protectant 

fungicides 

 

  

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 0: ◼, race 01: ◼. 
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Resistance management .. 



Tak for din

opmærksomhed!

Spørgsmål?


