Testing improved modeling solutions for cold-induced spikelet sterility in rice
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Rice is very sensitive to cold stress during the reproductive phase, especially at booting stage,
during microsporogenesis (Hayashi et al 2006, Andaya et al., 2003). Flowering also is affected,
as low temperatures hampered fertilization and seed set (Sanchez et al., 2014; da Cruz et al.,
2013). In temperate growing areas, such as Northern Italy, North Japan, South Australia and
Korea, yield losses due to cold-induced spikelet sterility can reach values up to 30-40% (da
Cruz et al., 2013; Imin et al., 2004). Modelling approaches accounting for cold stress events
during the pre-flowering period are available, as those implemented in the crop model WARM
(Confalonieri et al., 2009). Instead, the MODEXTREME component, implementing a library
of approaches for the impact of weather extremes, provides approaches to reproduce the impact
of cold stress occurring around anthesis.
The objective of the study was to evaluate whether the inclusion of the MODEXTREME
component in the WARM modeling solution would lead to an improvement of the estimates of
rice yield losses due to cold-induced spikelet sterility.
Data provided by Ente Nazionale Risi – field trials carried out in five years, with Indica and
Japonica varieties, in two locations in Northern Italy (nine datasets) – were used for the
evaluation. The inclusion of the MODEXTREME component improved the estimates of yield
losses for cold-induced spikelet sterility in seven datasets out of nine (up to 20%; R2 between
simulated and measured values: 0.76), highlighting the relevance of considering also the impact
of cold stress around flowering. The models implemented in the MODEXTREME component
showed a high responsiveness to temperatures, estimating significant yield losses when
temperatures are slightly below the temperature threshold for spikelet sterility. Further
improvement may thus involve the inclusion of dedicated functions to modulate the intensity
of the simulated damage.
References
Andaya VC, Mackill DJ (2003) QTLs conferring cold tolerance at the booting stage of rice using recombinant inbred lines from a
japonica×indica cross. Theor Appl Genet 106:1084-1090
Confalonieri R, Rosenmund AS, Baruth B (2009) An improved model to simulate rice yield. Agr. Sustain. Dev. 29, 463-474
da Cruz RP, Sperotto RA, Cargnelutti D, Adamski JM, de FreitasTerra T, Fett JP (2013) Avoiding damage and achieving cold tolerance in rice
plants. Food and Energy Security, 2, 96-119
Hayashi T, Yamaguchi T, Nakayama K, Komatsu S, Koike S (2006) Susceptibility to coolness at the young microspore stage under high
nitrogen supply in rice (Oryza Sativa L.). Proteome analysis of mature anthers. Plant Prod. Sci., 9, 212-218
Imin N, Kerim T, Rolfe BG, Weinman JJ (2004) Effect of early cold stress on the maturation of rice anthers. Proteomics, 4, 1873-1882
Sanchez B, Rasmussen A, Porter JR (2014) Temperatures and the growth and development of maize and rice: a review. Glob. Change Biol.
20, 408-417

