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【Purpose and Background of the Research】 
Rice is the most important food crop in the world, 

accounting for more than 20% of global food 
production. Breeding of semi-dwarf rice varieties 
in the 1960s made a great contribution to 
increasing yield potential, which is called as the 
Green Revolution. The success in semi-dwarf 
breeding was caused by photosynthetic 
enhancement and enlargement of sink capacity 
depending on large input of N fertilizer. On the 
other hand, large inputs of N fertilizer in turn 
have drawn much attention to the environmental 
impact of N application practices. Therefore, it is 
important how the yield potential should be 
increased while limiting the environmental impact 
of N management practices.  

After the success in semi-dwarf breeding, the 
main targets of rice improvement have moved to 
the introduction of disease and insect resistance, 
grain-quality improvements and shortened growth 
duration. Concerning yield potential, developing 
hybrid rice and new-plant-type rice with large 
panicle has been focused. However, there has been 
no actual increase in the yield potential since the 
release of the first semi-dwarf cultivars. 

The purpose of this study is to construct super 
high-yielding rice plants with both improvements 
in source and sink capacities (Figure). To enhance 
photosynthesis, Rubisco efficiency should be 
optimized and enhanced. To enlarge sink capacity, 
the large-grain alleles will be introduced. 
 

【Research Methods】 
We will first produce transgenic rice plants with 
overproduced key components of electron 

transport system and Calvin-Benson cycle and 
Rubisco activase, and then their traits will be 
introduced into the Rubisco-overproduced rice 
plants. At the same time, we will also construct 
near-isogenic lines with the large-grain alleles of 
a high-yielding cultivar, Akita 63 and crossbreed 
them with the rice plants with enhanced 
photosynthetic capacities. Lastly, we will evaluate 
biomass production and yield of the final rice 
lines using the isolated fields at the P1P level. 
  

【Expected Research Achievements and 
Scientific Significance】 

The demand for rice food is projected to increase 
by more than 30% by 2025 because of an 
exponential increase in the population of Asian 
and Africa. Therefore, we must construct super 
high-yielding rice plants as the Green Evolution 
II while limiting the environmental impact of N 
management practices. 
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