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ABSTRACT

The objective of this study was to analyze the impact of climate change on rice yield and
quality. Experiments were conducted using SPAR(Soil-Plant-Atmosphere-Research) chambers,
which was designed to create virtual future climate conditions, in the National Institute of
Crop Science, Jeonju, Korea, in 2016. In the future climate conditions(+2.8C temp, 580 ppm
CO,) of year 2051~2060 according to RCP 8.5 scenario, elevated temperature and CO,
accelerated the heading date by about five days than the present climate conditions, resulted
in a high temperature environment during grain filling stage. Rice yield decreased sharply in
the future climate conditions due to the high temperature induced poor ripening. And the
spikelet numbers, ripening ratio, and 1000-grain weight of brown rice were significantly
decreased compared to control. The rice grain quality was also decreased sharply, especially
due to the increased immature grains. In the future climate conditions, expression of starch
biosynthesis-related genes such as granule-bound starch synthase(GBSSI, GBSSII, SSIlla, SSIIb,
SSIla), starch branching enzyme(BEIIb) and ADP-glucose pyrophosphorylase(4GPS1, AGPS2,
AGPL2) were repressed in developing seeds, whereas starch degradation related genes such as
a-amylase(AmylC, Amy3D, Amy3E) were induced. These results suggest that the reduction in
yield and quality of rice in the future climate conditions is likely caused mainly by the poor
grain filling by high temperature. Therefore, it is suggested to develop tolerant cultivars to
high temperature during grain filling period and a new cropping system in order to ensure a
high quality of rice in the future climate conditions.
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Fig. 1. A SPAR unit (A) and experimental condition(average temperature, air CO, concentration) during the

growth period of rice (B).
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Table 1. List of starch metabolism-related genes used for RT-PCR gene expression analysis

Property Synonymous  Gene accession Description
AGPS1 0s09g0298200 ADP-glucose pyrophosphorylase small subunit.
ADP-glucose AGPS2 0s08g0345800 Glucose-1-phosphate adenylyltransferase small subunit
pytophosphorylase AGPLI 0s05g0580000 Glucose-1-phosphate adenylyltransferase large subunit 1
AGPL2 0s01g0633100 ADP-glucose pyrophosphorylase large subunit
GBSSI 0s06g0133000 Granule-bound starch synthase I
GBSSII 0s07g0412100 Granule-bound starch synthase I
SS1 050620160700 Starch synthase I
SSila 050620229800 Starch synthase isoform
Starch synthesis SS11b 0s02g0744700 Starch synthase isoform
SSlic 0s10g0437600 Soluble starch synthase
SSlila 0s08g0191500 Starch synthase isoform
BEI 0s06g0726400 Starch-branching enzyme I
BEIIb 05020528200 Starch-branching enzyme
AmylA 05020765600 1,4-alpha-D-glucan glucanohydrolase
. AmylC 0s02g0765300 1,4-alpha-D-glucan glucanohydrolase
Starch degradation
Amy3D 0s08g0473900 Alpha-amylase type B
Amy3E 0s08g0473600 1,4-alpha-D-glucan glucanohydrolase
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Fig. 2. Yield components and grain yield at present and in the future climate conditions. Spikelets number
(A), panicle number (B), ripening rate (C), 1000 grain weight (D), Yield (E), harvest index (F).

Table 2. Present and future climate conditions and heading date

Temperature(C) )
Treatment Moaxi A duri Average CO, Heading Date
Average temp. aximun temp. ver.age.temp. L}l)rmg (ppm) (m.d)
at heading stage ripening stage
Control" 23.8 317 24.1 425 8.16
E[CO,]+2.8C? 26.6 35.4 27.8 578 8.10

Y Present climate(2000~2010) in Joenju
? Future climate according to RCP 8.5 scenario(2050~2060) in Joenju
) Average temperature of 40 days after heading date
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