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Phenotypic data analysis  

The combined analysis across environments was conducted following model (1) from 

Galán et al. (2020). For the combined analysis across locations, this mixed model is as 

follows:  

𝛾𝛾 =  𝐺𝐺: 𝐿𝐿 + 𝑌𝑌 

          +𝐿𝐿 · 𝐺𝐺 + 𝑌𝑌 · 𝐺𝐺 + 𝑌𝑌 · 𝐿𝐿 +  𝐿𝐿 · 𝑌𝑌 · 𝐺𝐺  

          + 𝐸𝐸𝐸𝐸𝐸𝐸 · 𝑇𝑇 + 𝐸𝐸𝐸𝐸𝐸𝐸 · 𝑇𝑇 · 𝑅𝑅 + 𝐸𝐸𝐸𝐸𝐸𝐸 · 𝑇𝑇 · 𝑅𝑅 · 𝐵𝐵 + 𝑒𝑒   (1) 

where 𝛾𝛾 is the observed genotype performance, 𝐺𝐺 denotes the genotypes, 𝐿𝐿 the 

locations, 𝑌𝑌 the years, 𝑇𝑇 the trials within environments 𝐸𝐸𝐸𝐸𝐸𝐸 (equivalent to year-location 

combinations), 𝑅𝑅 the replicates within trials, 𝐵𝐵 the blocks within replicates, and 𝑒𝑒 the 

error associated with the observation 𝛾𝛾. Error, trial, block, and replicate variances were 

assumed heterogeneous among environments. In model (1), the dot operator (·) 

specifies crossed effects (A·B) and fixed and random terms are separated by a colon (:), 

with fixed terms appearing first (Piepho et al. 2003). Variance components and pairwise 

variances of genotype mean (BLUEs) differences (needed for heritability estimation) 

were estimated by restricted maximum likelihood (REML) for all random effects in model 

(1). This also holds for estimation of the genotypic variance (𝜎𝜎𝑔𝑔 
2), which required an 

additional analysis fitting the above model with random genotypic effects. Significance of 

variance component estimates was tested by model comparisons using likelihood ratio 

tests (Stram and Lee 1994). 

Within environments, BLUEs of genotypes were analyzed following model (2) also from 

Galán et al. (2020). This mixed model is described as follows: 

𝛾𝛾 =  𝐺𝐺: 𝑇𝑇 + 𝑇𝑇 · 𝑅𝑅 +  𝑇𝑇 · 𝑅𝑅 · 𝐵𝐵 +  𝑒𝑒  (2) 

This model (2) differs from the first model (1) only in dropping the year and location main 

effects and corresponding interactions with genotypes. Variance components for single 

environments were estimated as described previously for model (1).  
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