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Outline of the work:

Global warming in association with the increase in the concentration of greenhouse gases is anticipated
to give a large impact on the production of rice, which is the staple food of most Asian people. In order to
clarify these impacts on rice production in Asia and develop countermeasures, Dr. Takeshi Horie conducted
network field experiments across Asia using a diversity of rice genotypes and that in a temperature gradient
chambers (TGC) with an enriched carbon dioxide (CO,) concentration. In this way, basic data on genotype-
by-environment (GxE) interactions in rice growth and yield formation processes were obtained. Data were
analyzed using a systems analytical method, and he successfully developed a dynamic process model to
simulate the growth and yield of major rice genotypes grown under diverse atmospheric environmental
conditions. Using this model and global warming climates presented by general circulation models, he
clarified the potential effects of global warming on rice production in different rice-producing areas in Asia.
He then explored plant traits and the genetic resources necessary for the development of rice genotypes that
are adaptable to global warming climate given the increasing food demands in the near future. Through these
pioneering studies, he made significant contributions to the research of global climate change and food
production as well as for the development of agricultural systems analysis.

1. Development of a dynamic process model for the prediction of rice growth and yield

Dr. Horie conducted network field experiments to assess rice growth and yield across Japan and Asia,
which covered major rice-producing climates to develop a GXE interaction database on the growth and yield
formation processes. He also constructed a daily climate database that covered the major rice-producing areas
in Asia. Using these databases and the Simplex method for optimizing non-linear functions, he developed two
dynamic process models that consisted of simultaneous differential equations for simulating rice growth and
yield based on the environment. The first model, named SIMRIW, which predicts climatically potential
growth and yields of various rice genotypes grown at different locations, well simulated the year-to-year and
spatial variations in rice yield recorded in Japan and USA based on climate. The second model, named
GEMRICE, modeled more basic physiological and physical processes of photosynthesis, nitrogen uptake and
assimilation than SIMRIW, and successfully explained rice growth and yield observed in the Asian network
experiments based on climate and soil conditions.

2. Prediction of the potential effects of global warming on rice production in Asia

Dr. Horie developed a CO,-enriched TGC, cultivated various rice genotypes under different CO,
temperature regimes in the TGC, and showed that doubling CO, under the current climate conditions
increased rice yield by a maximum of approximately 30%. He reported that there is a large genotypic
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difference in the effect of CO, on rice yield and that the positive effect of CO, decreases with increasing
temperature and becomes negative above a certain temperature. By parametrizing these data and incorporating
them into SIMRIW, he predicted rice yields for the major rice-producing areas in Asia under doubled CO,
climates that are presented by GFDL, GISS, and UKMO general circulation models. The results indicated
that although the effect of a future climate on rice yield would be different depending on the general
circulation model employed, a doubled CO, climate will generally positively affect rice yield in the northern
and near-equatorial regions in Asia, but will negatively affect rice yield in the inner regions of China and
India and some southeast Asian regions; therefore, climate change will have an enormous influence on rice
production in Asia.

3. Plant traits governing rice adaptability to global warming and genetic resources

Based on model analyses and experiments, Dr. Horie indicated that rice genotypes with a higher
adaptability to anticipated global warming are those that have a higher tolerance to high temperature-induced
spikelet sterility and have a higher productivity under increased atmospheric CO,. He found that a rice
genotype having superiority in the former ability has a larger cavity for anther dehiscence at the anther
septum and that genotypes having superiority in the latter ability exhibit traits of higher stomatal CO,
conductance and higher nitrogen use efficiency in spikelet production which is associated with a
morphological trait of a larger number of spikelets per secondary rachis branch of the panicle. He explored
superior genotypes that exhibit these traits among the rice diversity research set of germplasm developed by
the National Institute of Agrobiological Science. He identified a local variety from Bangladesh and one from
China that have a higher stomatal conductance and aus type indica varieties that have a higher spikelet
production efficiency. These are the genetic resources that can be used to breed adaptable rice genotypes for
future climates.

As described above, Dr. Horie has pioneered systems analytical studies on the effect of global warming
on rice production in Asia and produced some outstanding work. His results contributed to forming a
consensus on the prevention of global warming through many reports, including that of the Intergovernmental
Panel on Climate Change, and have also been widely utilized in research on global climate change and food
production. Additionally, he made significant contributions to international agricultural research organizations
as a member of the Board of Trustees for the Africa Rice Center and the Independent Science Panel for the
International Research Program: Climate Change, Agriculture, and Food Security. Due to these significant
contributions, he was awarded the Prize of the Society of Agricultural Meteorology of Japan, the Japan Prize
of Agriculture Science, and the Nippon Agricultural Research Institute Prize.
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