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ABSTRACT
Maize (Zea mays) is one of the three main crops grown and consumed in the world, but highly
affected by abiotic stresses, such as heat and drought. Differentbreeding studies have been
evaluating the impact of soil and edaphoclimaticcovariates in maize production, trying
to:understand their effects on genotype-by-environment interaction;select genotypes with
environment-specific adaptability; and properly definemega-environments (ME).Additionally,
maize breedersare often monitoring genetic gains over breeding cycles, trying to detect direct
and indirecteffects of abiotic effects in grainyield, using genetic-statistical models that can
also be used to provide accurate genomic predictions for hybrid yield performance under a
wide range of environments. In this context, the goalsof this study were to:use edaphoclimatic
covariates for theidentification ofmega-environments;estimate genetic gains over breeding
cycles; and perform genomic predictions of single-cross hybrids for grain yield, using
appropriate genetic-statistical models. Thefielddata was obtained by the maize breeding
program ofEmbrapa(Sete Lagoas, State of Minas Gerais, Brazil), and comprisel 1yearsof
hybrid testinghistorical data, including 76locations, distributed from North to South, and from
East to West of the Brazilian territory, and representing the first and secondmaize crop
seasons in Brazil. Geographic, soil and climate covariateswere obtained posteriorly for the
whole experimental period ineach location-year combination (trial). Based on these
edaphoclimatic covariates and on the water balance of maize crop, the MEs were separately
identifiedforfirst and secondcrop seasons, resulting in 5 and 4 MEs, respectively. Based on
these and other additional information, 8 crop scenarios were defined,forwhich the genetic
gains over breeding cyclesranged from 1 to 5% per year.Moreover, genomic prediction
models incorporating edaphoclimatic covariates showed predictive accuraciesvarying from0
to 70% according to the crop scenarios. Thus, thisstudypresentedsome genomic prediction
scenarios that could be used to improve the predictive ability of genetic-statistical models,

contributing forthe development of more adapted maizecultivars to unfavorable environmnts.

Keyword:Plant breeding; Zea mays; Genotype-by-environment interaction;genomic

prediction.
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GENERAL INTRODUCTION

The agricultural sector is under constant change, facing routine pressures caused by: rapid
population growth (Borlaug, 2007; Cairns et al., 2013; Davis et al., 2017; Myers et al., 2017);
specific demands of the market (Davis et al., 2017; Santeramo et al., 2018); biotic (Cairns et
al., 2013; Douglas, 2018; Myers et al., 2017) and abiotic stresses (Asseng et al., 2015; Li et
al., 2019; Myers et al., 2017; Pinke and Lovei, 2017). Abiotic stresses have being considered
the main drivers of these pressures (Wheeler and Von Braun, 2013), with emphasis on the
climatic effects that cause annual crop yield losses (Lesk et al., 2016; Stutts et al., 2018;
Zarrouk et al., 2018b). These abiotic effects are complex to understand (Marchin et al., 2015),
due to their rapid changes and low predictability.

Plant breeding often aims at minimizing the negative impacts of climate change on crop
productivity, by developing abiotic stress tolerant genotypes (Borlaug, 2007; Chenu et al.,
2011) and by studying genotype-by-environment interaction (GxE) (Chaves et al., 2017; Das
et al., 2019; Gillberg et al., 2019; Heslot et al., 2014; Mathieu and Aires, 2018). In this
context, some questions are commonly raised: i) Can the definition of mega-environments
(MEs) be a good strategy to reduce GxE? ii) The annual genetic gain of maize cultivation
currently occurs? and iii) Are there techniques capable to maxime genetic gains without
increasing breeding costs and time?

MEs are defined as locations with similar geographic, soil and climatic conditions that are
grouped to maximize the genotypic effects (Chenu et al., 2011), and to identify ME-specific
germoplams (Chauhan and Rachaputi, 2014), which may help to minimize risks of severe
yield losses due to edaphoclimatic effects (Cooper et al., 2016). The rapid population grow
this a question that will last for decades, and that could still remain disturbing for many years
(Ramankutty et al., 2018).

Molecular breeding allied with studies that aim to understand the effect of edaphoclimatic
covariates on crop productivity, can be applied to develop high-yielding environment-specific
cultivars, which may help to provide enough food to attend current and future market’s
demand (Benny et al., 2019; Muthuramalingam et al., 2017; Sharma et al., 2019). In this
context, genomic prediction (GP) models, incorporating geographic, soil and climatic
covariates, have been considered as an efficient tool to accelerate genetic gains within MEs
(Das et al., 2019; S. L. Krishnamurthy et al., 2017; Millet et al., 2019; Zdziarski et al., 2019).
In addition to the edaphoclimatic covariates, these GP models simultaneously consider the

information of thousands or millions single nucleotide polymorphisms (SNPs) to predict yet



to be seen genetic responses for a quantitative trait under a given ME (Basnet et al., 2019;
Howard et al., 2019; Jarquin et al., 2014; Millet et al., 2019). In addition, from marker profiles
can be predicted the genotypic sensitivities to environmental conditions (Millet et al., 2019).

Breeding programs are usually structured according to the crop reproductive aspects, market
demands, biotic/abiotic stresses, trait inheritance, institution/company’s interests and
facilities, which directly interfere in the designof institution/company-specific GP programs.
For example, because of breeding program’s structure and trait inheritance, multi-
environment genetic-statistical models should be used to predict the yield performance of
maize single-cross hybrids within and between MEs, considering additive and dominance
genetic effects. However, some modelling strategies may provide higher predictive accuracies
of GP models. Thus, this study aimed to investigate the use ofedaphoclimatic covariates, from
several locations and years of hybrid testing to: i) define MEs; ii) estimate the crop genetic

progress; and iii) predictthe yield performance of maize single-cross hybrids.
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