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What is the estimated impact of Blackleg on Canola and economy ?
A few statistics… 

Blackleg worldwide: 

• global loss estimated “over US$

900M”[1]

Blackleg (Leptosphaeria maculans) in

Australia:

• loss estimation from <10% to 40% [2]

• “up to 90% yield loss” [3]
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What is the estimated impact of Blackleg on Canola and economy ?
A few statistics… 

Specific quantitative assessments, or qualitative 
relationship,  but no quantitative relationship :

➔ Is it possible to quantify this disease-yield relationship ? 
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What is the estimated impact of Blackleg on the Canola plant ?
A bit of biology… 

According to previous studies:

- strong link between stem
canker symptom and yield
loss

- extreme cases : lodging
causing complete yield loss

- disease development :
disease spread ~ rainfall
canker severity ~ temperature

Assessing disease development:
percentage of stem section cankered

S.J Sprague
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Material and methods : data collection 

Yield and disease data from:

- 22 varieties
- 6 genetic resistance rating levels (R ; R-MR ; 

MR ; MR-MS ; MS ; MS-S )
- 13 fungicide treatments (including “Nil” 

control treatment)

- 16 locations
- 4 states
- 4 years ( 2013-2016)

Summarizing 
environmental 
variables

Genetics & cultivation 
practices variables

Parameters sampled:
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Material and methods : data collection 
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Material and methods : presentation of the data set
Yield data:
• Environmental variables
• Genetics & cultivation practices 

variables
• Yield
Total : 1352 observations

Disease data: 
• Environmental variables
• Genetics & cultivation practices 

variables
• Disease severity (CSII)

Total : 33 356 measurements taken 



Disease data: 
• Environmental variables
• Genetics & cultivation practices 

variables
• Disease severity (CSII)

Total : 33 356 measurements taken 
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Material and methods : presentation of the data set

Total : 1352 observations

+ Rainfall data from 
Bureau of Meteorology [4]

• Mean disease severity
• Yield

General data frame, per observation : 
• Location
• Variety
• Genetic resistance rating
• Treatment
• Repetition
• Year
• Rainfall data

Yield data:
• Environmental variables
• Genetics & cultivation practices 

variables
• Yield

Total : 1352 observations



Disease data: 
• Environmental variables
• Genetics & cultivation practices 

variables
• Disease severity (CSII)

Total : 33 356 measurements taken 
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Material and methods : presentation of the data set

Total : 1352 observations

+ Rainfall data from 
Bureau of Meteorology [4]

• Mean disease severity
• Yield

General data frame, per observation : 
• Location
• Variety
• Genetic resistance rating
• Treatment
• Repetition
• Year
• Rainfall data

Yield data:
• Environmental variables
• Genetics & cultivation practices 

variables
• Yield

Total : 1352 observations

Mean disease severity = 
Σ (CSII)/n 
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Questions raised : 

I)   What are the parameters influencing disease severity ?

II) How do those parameters influence the yield-disease relationship ?

III) What is the yield response to disease presence ?
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Results: disease severity and yield across Australia 

Compared to previous data and studies[5] :
- Consistent yield mean between 1,5 and 2 t/ha
- Coherent yield range sampling across Australia 

As a result of data collection :
- A large sampling of disease severity
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I) What are the parameters influencing disease severity ?
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Disease severity varies amongst years

Means comparison test on 
disease severity :

(2014 ~ 2016) < (2013~2015)
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Disease severity varies amongst location

Means comparison test on 
disease severity :

~ 4 groups with significantly 
different disease levels

No obvious link between 
distance and significant 
difference
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Disease severity varies amongst resistance levels

Means comparison test on genetic 
resistance:

(R~R-MR) < MR < MR-MS < (MS~MS-S)
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Disease severity varies amongst fungicide treatments

Fungicide treatments 
allow a large disease 
severity distribution
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Disease severity distribution: importance of genetics, 
environmental factors, and cultivation practices 

In a nutshell:

- Many parameters 
influencing disease level

- Complex interaction 
between those parameters

- Incomplete, unbalanced 
data set
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II) How do those parameters influence 
the yield-disease relationship ?
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“Kitchen sink”/Fully-factorial analysis and sources of 
yield variability
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“Kitchen sink”/Fully-factorial analysis and sources of 
yield variability
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“Kitchen sink”/Fully-factorial analysis and sources of 
yield variability
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Mixed linear model : assessing yield-disease relationship
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Controlling
for a 
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Relationship
assessed by 
the slope :

yield loss 
according to 

disease 
severity
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Sources of yield variability : the impact of genetics and environment

For each genetic resistance category : 
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Sources of yield variability : the impact of genetics and environment

For each genetic resistance category : 
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Sources of yield variability : the impact of genetics and environment

For each “Year” category : 
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Sources of yield variability : the impact of genetics and environment

For each “Year” category : 
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Sources of yield variability : the impact of genetics and environment

For each “Location” category : 
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III) What is the yield response to disease presence ?
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Yield-disease relationship : a distribution across significant observation

For each Year*Location*Variety 
observation : 

lm(Yield..kg.Ha.~Rep.severity.means)

Simple linear equation of the form  :

Y = a + bX

With :
Y representing the yield, and
X the mean severity score 

Distribution of all significant “b” coefficients
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Potential loss i,j (kg/ha) = 
Repetition Disease Severity means i (%age) * Potential relationship slope j (kg/ha/ %age point)

Yield-disease relationship : an estimation of the loss
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Yield-disease relationship : 
a distribution of estimated loss across samples
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Yield-disease relationship : 
a distribution of estimated loss across samples

Potential loss i,j (kg/ha) = 
Repetition Disease Severity means i (%age) * 
Potential relationship slope j (kg/ha/ %age point)

Potential loss i,j (percentage of potential yield) = 
Potential loss i,j (kg/ha) /
( Yield i (kg/ha) + Potential loss i,j (kg/ha) )
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Yield-disease relationship : 
a distribution of estimated loss across samples

Under the assumption of significant 
yield-disease relationship conditions :

Empirical cumulative distribution curve 
of loss close to a linear function of 
log(percentage loss)
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Yield-disease relationship : 
a distribution of estimated loss weighted  by fungicide treatment type

Difference between all
three fungicide treatments
distribution curves is never
greater than the associated
standard error.
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Yield-disease relationship : 
a distribution of estimated loss weighted  by genetic resistance
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Conclusion : 
Effect of Blackleg on Canola

• Disease progression, severity, and yield-disease 
relationship all depend on environmental factors and 
genetics.

• Using this data, we could get economic parameters to 
fit into disease management models.
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