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Abstract

Multi-environment trial (METSs) are essential in plant breeding to
assess genotype performance across diverse climatic zones ([2]). Conse-
quently, the key question of the design regarding the optimal allocation
of a fixed total number of trials across climatic zones arises. An optimal
allocation allows for more precise estimates of genotype performance
within each zone, taking into account local environmental conditions
([3]). Their A-optimal design calculation starts with a linear mixed
model (LMM) analysis estimated via residual (restricted) maximum
likelihood (REML). Some variance components may be estimated as
exactly zero when signals are weak, unintentionally removing random
effects and reducing accuracy.

A fully Bayesian reformulation calculated via Markov chain Monte
Carlo (MCMC) methods uses priors on variance components to keep
them positive, yielding more realistic estimates ([6]). This has been
addressed in this study ([1]) applied to the MET data of [4]. The cor-
responding Bayesian Conditional Mixed Model (BCMM) reformulation
incorporates historical prior information and quantifies uncertainty in
the design. To the best of the available knowledge, this study com-
prises one of the first serious attempts to objectively inform priors in
the context of historical MET data subdivided into L successive multi-
year data windows. Following the terminology of [5], this approach is
referred to as the Bayesian updating approach.

It is crucial that the structural assumptions of the variance parameter
priors are maintained throughout the windows to remain within the
Bayesian mixed model framework. Posterior Gibbs samples of vari-
ance components are used to approximate prior distributions for the
next successive data window via maximum likelihood estimation.

Our results indicate that Bayesian methods can enhance the quality
of variance component estimates and consequently of optimal design
strategies. The findings provide insights into improving the efficiency
and accuracy in MET data analysis for more reliable genotype selec-
tion. Key challenges include prior assumptions and residual variance
heterogeneity, which can pose convergence issues in Bayesian poste-
rior sampling. Future research should reformulate design criteria to
address variance heterogeneity, explore alternative prior specifications,



and enhance sampling strategies. Moreover, extending the modeling
to include environmental covariates could lead to a remarkable gain in
accuracy.
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