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Norms of reaction 

 From ANOVA model to Finlay-Wilkinson model 

 Interpretation of the model parameters 

● Mean performance 

● Adaptability 

● Stability 

 Example on Durum wheat Algeria 
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● When norms of reaction are not parallel between 
genotypes  GxE 

 

Norms of reaction 

Issue: What to put on the X-axis?  

Regression on the environmental mean (E) 

Finlay-Wilkinson model 

 
> 1400 citations 
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 Environmental variable = the  average yield across genotypes 
for each environment (quality of environment). 

 

Finlay Wilkinson model 

From ANOVA to Finlay Wilkinson model 

 The environmental main effect 𝐸𝑗 is used as regressor. 

Uses environmental information present in the data: 

● 𝐸𝑗 is a measure of the environmental quality, 

● ... but no information of why. 

𝑦𝑖𝑗 = 𝜇 + 𝐺𝑖 + 𝐸𝑗 + 𝐺𝐸𝑖𝑗 + 𝑒𝑖𝑗  

𝑦𝑖𝑗 = 𝜇 + 𝐺𝑖 + 𝐸𝑗 + 𝛽𝑖𝐸𝑗 + 𝜖𝑖𝑗 

𝑦𝑖𝑗 = 𝜇 + 𝐺𝑖 + (1 − 𝛽𝑖)𝐸𝑗 + 𝜖𝑖𝑗  

𝑦𝑖𝑗 = 𝜇 + 𝐺𝑖 + 𝛽𝑖
∗𝐸𝑗 + 𝜖𝑖𝑗 

           Ej          

y 
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 Environmental variable = the  average yield across genotypes 
for each environment (quality of environment). 

 

𝑦𝑖𝑗 = 𝜇 + 𝐺𝑖 + 𝛽𝑖
∗𝐸𝑗 + 𝜖𝑖𝑗 

 

 A popular method for estimating adaptability 

● Slope (*) of this regression is a measure for adaptability 

● Intercept ( + Gi) is a measure for general performance 

 The average slope =1 

● genotypes with slopes > 1 have higher than average 
adaptability 

● genotypes with slopes < 1 have lower than average 
adaptability 

Finlay Wilkinson model 

In the following,  is *  

(i.e. we drop the * from the notation for simplicity) 

Notation: 
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 𝜇𝑖 (intercept): the expected performance of genotype 𝑖 in 
the “average” environment. 

 𝛽𝑖 (slope) = the sensitivity of genotype 𝑖 to the 
improvement in the quality of the environment 
(adaptability). 

Finlay-Wilkinson model parameters 

𝑦𝑖𝑗 = 𝜇 + 𝐺𝑖 + 𝛽𝑖𝐸𝑗 + 𝜀𝑖𝑗 

 
𝑦𝑖𝑗 =      𝜇𝑖    + 𝛽𝑖𝐸𝑗 + 𝜀𝑖𝑗 

 Eberhart and Russell stability (type 3): deviation from 
predicted performance given environment 

● stable genotype = low residual variance (𝜎𝜀𝑖𝑗
2 ) from the 

regression line (predicted response). 

 

Finlay Wilkinson model and stability 

E 
E 

y 
y 

Stable, 𝜎𝜀𝑖𝑗
2  is small Unstable, 𝜎𝜀𝑖𝑗

2  is large 
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FW parameters plotted together  

(from F&W 1963 paper) 

Good 
genotype for 
low 
environment 

Good 
genotype 
for high 
environment 

Good 
general 
adaptation 

G 

 

 24 genotypes  

 22 trials (environments), each one designed as RCBD. 

● 11 sites 

● 2 years 

Grain yield (ton/ha) 

Example durum wheat Algeria 
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Data set: two-way table of means 

Environments 

G
e
n
o
ty

p
e
s
 

 Environment = Soil properties, weather conditions, 
incidence pest/diseases, etc... 

 E = Mean performance in a particular environment 

 Environmental variable = 
Environmental main effect (Ej). 

● As a deviation from the average 

 

 

 Environments can be ranked on E: 

● E > 0: better than average 

● E < 0: worse than average 

 

 E = “Environmental Index” 

Environmental index 
E 

𝑦𝑖𝑗 = 𝜇 + 𝐺𝑖 + 𝐸𝑗 + 𝐺𝐸𝑖𝑗 + 𝑒𝑖𝑗  
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 Three genotypic responses 

● Differences / similarities? 

Yield versus environmental index (E) 

FW model for genotype POLONICU 

Interpretation of the 
model parameters? 

i 

 

var() 
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   POLONICU         vs       ARDENTE  

ARDENTE (slightly) higher general adaptation (i)  

ARDENTE higher adaptability ()  

ARDENTE higher stability (smaller var())  

ARDENTE better than POLONICU ? 

It depends!  
In high quality 
environments yes, 
but not in low 
quality 
environments… 
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 Partition of the ANOVA “residual” (GxE+error) into: 

● Heterogeneity of slopes (=“sensitivities”) 

● Residual 

 (a little) part of the GxE has become predictable 

From ANOVA to FW model 

What would happen 
with these 
parameters if we 
remove some of 
the genotypes? 

Full results 

 i 

Var() 

𝑦𝑖𝑗 =   𝜇𝑖  + 𝛽𝑖𝐸𝑗 + 𝜀𝑖𝑗 
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 In FW-regression the environments is the mean 
performance of all genotypes in that environment (E) 

Genotypes are characterized in terms of: 

● intercept (general performance, i) 

● slope (adaptability, ) 

● deviations from regression (stability, var()) 

 Prediction of variety performance in unobserved 
environment is possible when E is known 

Summary: Finlay-Wilkinson model 


