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Potato, Potato, Solanum tuberosum,Solanum tuberosum, and Late Blightand Late Blight

� Late blight caused by 
fungus  Phytophtora
infestansis the most 
serious potato disease.

� Initial Symptoms:
lesions on the infected 
leaves.

� Cause of Irish Famine 
160 years ago.
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Potato Late Blight TrialPotato Late Blight Trial

� Conducted every two years at Pukekohe by 
Crop and Food Institute for over 20 years.

� Field screening trial with minimal spray 
protection.

� Goal:
Assessing resistance of new cultivars to late 
blight.
Detecting new strains of blight fungus.

� Latinised row and column design.
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Concurrence of varietiesConcurrence of varieties

� 1983: 20 1993: 40 2003: 90 varieties
� Cultivars in common

1983 – 2005: 3
1993 – 2005: 13
2003 – 2005: 50
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36 rows
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4 tubers/plot
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Disease severity scaleDisease severity scale

� Disease severity repeated assessed 5 times

Dead141 – 60%6

> 90%226 – 40%7

81 – 90%311 – 25%8

71 – 80%4< 10% necrotic 
tissue

9

61 – 70% necrotic tissue5No visible 
symptoms
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Disease Progress, 2003 TrialDisease Progress, 2003 Trial
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Typical Disease PatternsTypical Disease Patterns
Good resistance

Medium resistance

Low resistance
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HistoryHistory

� Russet Burbank consistently worst cultivar
� Some cultivars show breakdown of resistance

White Delight, Kiwitea, Karaka
showed early promise,
Resistance now lost

� Consistent resistant cultivars
Red Rascal, Red Ruby

Parentage from Pentland Dell and 3 other Scottish lines
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Summary Summary 

� Trials have got (much) larger
� Designs more sophisticated
� Variance components

Year to year: 0.40 (0.044)
Year.column 0.027 (0.0060)
Year.row 0.084 (0.0018)
Year.col.row 0.149 (0.0078)
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Disease severity by yearDisease severity by year
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A Bayesian Hierarchical Model for A Bayesian Hierarchical Model for 
Repeated Continuous OutcomesRepeated Continuous Outcomes
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i: index for column, i=1…10
j: index for row, j=1…36
t: index for time, t=1…5
v: index for variety, v=1…90
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Typical Disease PatternsTypical Disease Patterns

Good resistance

Medium resistance
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A Model for RepeatedA Model for Repeated
Ordinal OutcomesOrdinal Outcomes

� Bayesian hierarchical model 
based on McCullagh’s
ordinal regression:

Underlying continuous
latent variable
Use of cut points to define 
ordinal categories
Modeling the probability
of ordinal score
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A Model for RepeatedA Model for Repeated
Ordinal OutcomesOrdinal Outcomes

� Let          be the underlying continuous variable, i.e. 
percentage of necrotic tissue.

� With logit link, the cumulative probability  that 
plotij at time t scored k or below is

� Ordinal scores: multinomial
� Cut points, row, column, variety effect: normal 

distribution with gamma priors
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Results from WinBUGSResults from WinBUGS……

Cultivar Means
Observed vs Ordinal Model

Plot Means
Ordinal Model vs Continuous Model

Posterior Means
Posterior Means
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Modified Ordinal ScaleModified Ordinal Scale

Percentage of necrotic tissue
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New ResultNew Result

Cultivar Means
Observed vs Continuous Model

Cultivar Means
Observed vs Ordinal Model

Posterior Means
Posterior Means
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Plot MeansPlot Means
Ordinal Ordinal vsvs Continuous ModelContinuous Model
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ConclusionConclusion

� Developed working MCMC model for field 
experiments with repeated ordinal outcomes.

� When scores on ordinal scale distributed evenly with 
respect to underlying latent variable

little difference between modeling outcome as 
continuous or ordinal variable.

� Distribution of the ordinal scale can have big impact 
on the result.
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