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Study description

Research sample

Sampling strategy

Data collection

Simulated yield data are available in Supplementary Source data and genotypic parameters used in APSIM are available in Supplementary Table 3. Soil data and
downscaled climate datasets are available online (https://github.com/KeLiu7/Waterlogging-Barley).

N/A

N/A

N/A

N/A

This study combined genetic, physiological and biophysical knowledge to evaluate the impact of waterlogging stress on barley
production on a global scale. We also assess genotypic and management prospects for alleviating crop waterlogging under future
climates. First, we develop a method that provides new insight into common stress patterns across sites, genotypes, climate
projections and management. We then applied the improved model and clustering paradigm for major barley production zones
across the world with the specific objectives of (1) quantifying effects of climate change on waterlogging, (2) characterising common
waterlogging stress patterns and frequencies across environments, (3) determining the extent to which common stress patterns
change under future climates, (4) quantifying the extent to which waterlogging tolerance genotypes, genotypic phenology and
sowing time mitigate effects of waterlogging under future climates. Our method for clustering stress trajectories into common
groups could be applied generically to any crop improvement programme or study. Measured data used for model development and
validation was obtained from previous experiments conducted in five countries under field and/or controlled conditions (Exp1-Exp5).

To validate our new algorithms across a broad array of global cropping environments, we collected measured data from five previous
two-year barley waterlogging experiments (details are described in the Data collection below). These represent contemporary barley
genotypes with varying waterlogging tolerance (n=36). The selection criteria is that experiments were conducted with two years at
least, and recorded waterlogging timing and duration, phenology, yield variance and soil water dynamic across genotypes and
treatments.
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MXZ provided the barley germplasm and KL collected datasets for model development and validation in this study. Part of the data
used (e.g. Exp2-5) was from previous studies (for details, see "ref52 (https://doi.org/10.1007/s11104-014-2028-6)" for Exp2, "ref53
(https://doi.org/10.3389/fpls.2021.711654)" for Exp3, "ref54 (https://doi.org/10.1016/j.eja.2021.126432)" for Exp4 and "ref55
(https://doi.org/10.1631/jzus.B0900332)" for Exp5. Measured data from five previous two-year experiments (Exp1, Exp2, Exp3, Exp4,
Exp5) conducted in five countries (Australia, Argentina, Canada, China and Ireland) were used for watelogging calibration and
validation. Exp1 was conducted under controlled conditions (Mt Pleasant Laboratories, Launceston, Tasmania, Australia) with four
waterlogging treatments using six contemporary Australian barley genotypes differing in their waterlogging tolerance from 2019 to
2020 (see refs 34, 35). In Exp2, barley yields were measured under five waterlogging treatments in the greenhouse and field
conditions at the School of Agronomy, University of Buenos Aires, Argentina during 2010 (see ref.52). In Exp3, barley genotypes were
evaluated for waterlogging tolerance in controlled field conditions at Brandon Research and Development Centre, Brandon,




