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Impacts of Climate Change and Follow—up Cropping Season Shift on Growing
Period and Temperature in Different Rice Maturity Types
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*National Institute of Crop Science, RDA, Suwon 441-857, Korea
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ABSTRACT This experiment was conducted to investigate
the effect of future climate change on growing period and
temperature in different rice maturity types as global warming
progressed, where Odaebyeo, Hwaseongbyeo, [lpumbyeo were
used as a representative cultivar of early, medium, and
medium-late rice maturity type, respectively, and A1B scenario
was applied to weather data for future climate change at
57 sites in Korea. When cropping season was not adjusted
to climate change, entire growing period and growing
temperature were shorten and risen, respectively, as global
warming progressed. On the other side, when cropping
season was adjusted to climate change, growing period and
temperature after heading date were not changed in contrast
to growing period and growing temperature before heading
which were more seriously shortened and risen as global
warming progressed than in not adjusted cropping season.
It is supposed that adjusting cropping season to climate
change can alleviate rice yield reduction and quality
deterioration to some degree by improving growing
temperature condition during grain-filling period, but also
still have a limit such as seriously shortened growing period
indicating that there need to develope actively new rice
cultivation methods and varieties for future climate change.

Keywords : rice, climate change, global warming, growing
period, growing temperature
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Table 1. Data set for validation of development stage estimation by ORYZA2000.

Cultivar Year Local site Sowing time No. of treatment
Odae 2002~2004  Suwon, Chuncheon, Cheolwon, Jecheon 4 time with 10 days interval 48
Suwon, Chuncheon, Cheolwon, Cheonju, Jecheon, . . .
Hwaseong  2002~2004 Dacjeon, Yesan, Tksan, Imsil, Naju, Haenam 4 time with 10 days interval 132
Tlpum 2002~2004  Suwon, Chuncheon, Cheolwon 4 time with 10 days interval 36
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Table 2. Agroclimatic regions and local sites analyzed in this study.

Agroclimatic region Local sites in each agroclimatic region Codes of Agroclimatic region
Taebaek alpine Daegwallyeong, Taebaek 1
Taebaek semi alpine Inje, Hongcheon, Jecheon 2
Sobaek mountainous Boeun 3
Noryeong-Sobaek mountainous Imsil, Jangsu 4
Yeongnam inland mountainous Mungyeong, Andong, Yeongju 5
Northern-central inland Yangpyeong, Chuncheon, Cheolwon 6
Central inland Ichon, Wonju, Chungju 7
Western Sobaek inland Cheongju, Geumsan, Daejeon, Cheonan 8
Noryeong east-western inland Namwon, Sancheong, Geochang 9
Honam inland Gwangju, Suncheon, Jangheung 10
Yeongnam basin Daegu, Gumi, Yeongcheon, Uiseong 11
Yeongnam inland Milyang, Jinju, Hapcheon 12
Eastern central plain Seoul, Incheon, Suwon, Seosan, Boryeong 13
Southern Charyeong plain Jeonju, Gunsan, Buan, Jeongeup 14
South-western coastal Mokpo, Haenam, Goheung 15
Southern coastal Yeosu, Busan, Masan, Geoje, Namhae 16
North-eastern coastal Gangleung, Sokcho 17
Central-eastern coastal Yeongdeok, Uljin 18
South-eastern coastal Ulsan, Pohang 19
Total 57 sites
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different sowing date (medium-late rice maturity
type in Cheolwon), where there was no optimum
sowing date in 1971~2000 because of cold weather.
Arrows in figure indicates optimum sowing date
when average temperature for 40 days after heading
become 22.5C.

from sowing to heading date, where days from
sowing to heading date were estimated by using
development stage estimation module in the rice
simulation model ‘ORYZA2000’.
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Fig. 3. Relationship between accumulated effect temperature
during seedling and error of days from sowing to
heading which is difference of days from sowing to
heading between observed and predicted in Fig. 2.
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Table 3. Change of average temperature which were calculated by climate change scenario ‘A1B’ as global warming progresses.
The values in the table are average values of 57 local sites for 30 years.

Weather conditions Difference
Weather factor
1971~2000(A) 2011~2040(B) 2041~2070(C) 2071~2100(D) B-A C-A D-A
Average temperature (C) 12.6 13.8 15.3 16.9 1.2 2.7 4.2
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Table 4. Optimum sowing dates and local sites in each agroclimatic region, where optimum sowing dates could be calculated
by the method such as in Fig. 1.

Rice maturing Code of L N . Optimum sowing date(month.day)
S . Local sites in each agroclimatic region
type agroclimatic region 1971~2000  2011~2040  2041~2070  2071~2100
2 Inje, Hongcheon, Jecheon 5.06 522 6.06 6.14
3 Boeun 5.12 5.26 6.08 6.16
4 Imsil, Jangsu 5.02 5.24 6.09 6.18
5 Mungyeong, Andong, Yeongju 5.20 5.31 6.11 6.18
6 Yangpyeong, Chuncheon, Cheolwon 5.17 5.29 6.11 6.18
7 Ichon, Wonju, Chungju 5.22 6.02 6.12 6.18
8 Cheongju, Geumsan, Daejeon, Cheonan 5.27 6.06 6.16 6.22
9 Namwon, Sancheong, Geochang 5.25 6.06 6.16 6.23
Farly 10 Gwangju, Suncheon, Jangheung 6.04 6.15 6.23 6.29
11 Daegu, Gumi, Yeongcheon, Uiseong 5.27 6.06 6.15 6.22
12 Milyang, Jinju, Hapcheon 6.02 6.13 6.21 6.27
13 Seoul, Incheon, Suwon, Seosan, Boryeong 5.28 6.09 6.21 6.27
14 Jeonju, Gunsan, Buan, Jeongeup 6.02 6.13 6.22 6.28
15 Mokpo, Haenam, Goheung 6.08 6.18 6.28 7.03
16 Yeosu, Busan, Masan, Geoje, Namhae 6.11 6.23 7.02 7.09
17 Gangleung, Sokcho 5.03 5.24 6.15 6.26
18 Yeongdeok, Uljin 5.05 5.26 6.13 6.23
19 Ulsan, Pohang 6.05 6.14 6.25 7.02
55 sites 5.25 6.07 6.18 6.25
2 Hongcheon, Jecheon 4.16 5.12 5.29 6.07
3 Boeun 4.16 5.13 5.30 6.09
4 Imsil 4.20 5.19 6.04 6.13
5 Mungyeong, Andong, Yeongju 5.03 5.20 6.03 6.12
6 Yangpyeong, Chuncheon, Cheolwon 4.24 5.17 6.02 6.12
7 Ichon, Wonju, Chungju 5.06 5.22 6.04 6.11
8 Cheongju, Geumsan, Daejeon, Cheonan 5.13 5.28 6.09 6.16
9 Namwon, Sancheong, Geochang 5.13 5.31 6.13 6.21
Medium 10 Gwangju, Suncheon, Jangheung 5.25 6.08 6.18 6.24
11 Daegu, Gumi, Yeongcheon, Uiseong 5.14 5.28 6.08 6.16
12 Milyang, Jinju, Hapcheon 5.22 6.05 6.15 6.22
13 Seoul, Incheon, Suwon, Seosan, Boryeong 5.12 5.31 6.14 6.22
14 Jeonju, Gunsan, Buan, Jeongeup 5.23 6.05 6.17 6.23
15 Mokpo, Haenam, Goheung 5.30 6.12 6.23 6.29
16 Yeosu, Busan, Masan, Geoje, Namhae 6.01 6.14 6.26 7.03
17 Gangleung, Sokcho 4.27 5.19 6.11 6.20
18 Yeongdeok 4.25 5.18 6.07 6.18
19 Ulsan, Pohang 5.23 6.06 6.20 6.28
51 sites 5.13 5.30 6.12 6.20
5 Mungyeong, Andong 4.09 5.07 5.24 6.02
6 Yangpyeong 3.28 5.04 5.23 6.02
7 Ichon, Chungju 4.05 5.07 5.24 6.03
8 Cheongju, Geumsan, Daejeon, Cheonan 4.19 5.14 5.29 6.06
9 Namwon, Sancheong 5.01 5.25 6.07 6.16
10 Gwangju, Suncheon, Jangheung 5.07 5.26 6.07 6.15
Medium-late 11 Daegu, Gumi, Yeongcheon, Uiseong 4.20 5.13 5.28 6.05
12 Milyang, Jinju, Hapcheon 5.03 5.23 6.04 6.13
13 Seoul, Incheon, Suwon, Seosan, Boryeong 4.13 5.16 6.03 6.12
14 Jeonju, Gunsan, Buan, Jeongeup 5.04 5.24 6.06 6.14
15 Mokpo, Haenam, Goheung 5.12 5.30 6.12 6.20
16 Yeosu, Busan, Masan, Geoje, Namhae 5.18 6.04 6.16 6.24
191 Ulsan, Pohang 5.05 5.25 6.10 6.19

40 sites 4.27 5.20 6.04 6.13
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Table 5. Growing period and temperature in different rice maturity types as global warming progressed when sowing date was
fixed. The values in the table are average value of all local sites, where 55 sites at early, 51 sites at medium and 40
sites at medium-late rice maturity type were analyzed.

Rice Sowing Heading Growing period(days) Growing temperature(C)

maturity Year date date Before After Before After
type (month.day) (month.day)  Heading Heading Total Heading Heading

1971~2000 5.25 8.16 83 43 127 24.3 22.6
2011~2040 5.25 8.13 80 38 118 254 24.4
Early 2041~2070 5.25 8.12 78 35 113 26.5 26.5
2071~2100 5.25 8.11 78 34 112 27.8 28.2
LSD(0.05) - - 2.4 0.2 2.5 0.68 0.08
1971~2000 5.13 8.17 96 43 139 23.6 22.6
2011~2040 5.13 8.14 92 38 130 24.6 24.5
Medium 2041~2070 5.13 8.11 89 35 124 25.8 26.8
2071~2100 5.13 8.09 88 34 122 27.0 28.5
LSD(0.05) - - 33 0.3 33 0.70 0.13
1971~2000 4.27 8.19 114 44 158 22.7 22.5
) 2011~2040 4.27 8.15 110 38 148 23.7 24.7
Mﬁjizm 2041~2070 427 8.12 107 34 141 24.8 27.0
2071~2100 4.27 8.09 104 34 138 25.9 28.9
LSD(0.05) - - 49 0.4 4.9 0.75 0.16

Table 6. Growing period and temperature in different rice maturity types as global warming progressed when sowing date was
changed with year. The values in the table are average value of all local sites, where 55 sites at early, 51 sites at medium

and 40 sites at medium-late rice maturity type were analyzed.

Rice Sowing Heading Growing period(days) Growing temperature (C)
maturity Year date date Before After Before After
type (month.day) (month.day)  Heading Heading Total Heading Heading
1971~2000 5.25 8.16 83 43 127 24.3 22.6
2011~2040 6.07 8.23 77 43 121 26.3 22.6
Early 2041~2070 6.18 8.31 74 43 117 28.2 22.7
2071~2100 6.25 9.07 74 43 117 29.8 22.7
LSD(0.05) - - 1.8 ns 1.9 0.46 ns
1971~2000 5.13 8.17 96 43 139 23.6 22.6
2011~2040 5.30 8.24 86 44 129 26.0 22.6
Medium 2041~2070 6.12 9.01 81 44 125 28.0 22.6
2071~2100 6.20 9.08 80 44 124 29.6 22.6
LSD(0.05) - - 2.4 ns 2.5 0.46 ns
1971~2000 4.27 8.19 114 44 158 22.7 22.5
) 2011~2040 5.20 8.26 98 44 142 25.5 22.5
M_el‘ii‘e‘m 2041~2070 6.04 9.03 91 44 135 27.7 225
2071~2100 6.13 9.10 90 45 135 29.4 22.5
LSD(0.05) - - 32 ns 33 0.46 ns
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Table 7. Change of growing period and growing temperature before heading as global warming progressed when sowing date
was changed with year, where change rate was calculated as slope of growing period and growing temperature to year,

respectively.
Rice Code of Growing temperature before heading (C) Growing period before heading (days)
maturity agroclimatic
type region 1971~2000 2011~2040 2041~2070 2071~2100 Change rate 1971~2000 2011~2040 2041~2070 2071~2100 Change rate
2 21.9 243 26.7 28.5 0.067 95 84 78 76 -0.19
3 22.5 24.8 27.0 28.7 0.063 91 82 76 75 -0.17
4 21.2 24.3 26.7 28.4 0.072 98 83 76 75 -0.24
5 23.8 25.7 27.6 29.1 0.054 85 80 76 75 -0.11
6 23.5 25.5 27.5 29.1 0.058 87 80 76 76 -0.12
7 24.3 26.1 27.9 29.5 0.053 83 79 76 75 -0.08
8 249 26.7 28.4 30.0 0.052 81 77 75 75 -0.07
9 24.4 26.5 28.2 29.8 0.055 83 77 75 75 -0.08
10 25.6 27.5 20.1 30.6 0.050 77 74 73 74 -0.03
Early 11 248 26.6 28.4 299 0.051 82 77 75 76 -0.06
12 25.4 27.3 28.9 30.4 0.050 78 75 74 75 -0.04
13 24.6 26.5 28.3 29.8 0.053 81 75 73 73 -0.09
14 25.6 274 29.1 30.5 0.050 78 75 73 74 -0.04
15 25.7 27.6 29.2 30.6 0.050 76 72 72 73 -0.03
16 25.7 27.6 29.2 30.7 0.051 75 71 71 72 -0.03
17 21.5 23.9 26.7 28.5 0.072 99 85 75 72 -0.28
18 21.4 23.9 26.5 28.5 0.072 98 84 75 72 -0.27
19 25.3 26.9 28.7 30.2 0.049 78 74 72 73 -0.05
Average 243 26.3 28.2 29.8 0.055 83 77 74 74 -0.09
2 20.6 23.8 26.5 28.4 0.079 116 96 87 84 -0.32
3 20.4 23.8 26.4 28.3 0.081 115 95 85 83 -0.33
4 20.7 244 26.8 28.6 0.079 112 92 83 81 -0.32
5 22.5 24.9 27.1 28.9 0.064 103 90 84 82 -0.21
6 21.6 24.6 27.0 28.9 0.073 109 92 85 82 -0.27
7 23.0 253 27.5 29.2 0.063 99 89 84 82 -0.17
8 23.9 26.1 28.1 29.7 0.059 95 86 82 82 -0.13
9 23.6 26.0 27.9 29.5 0.060 95 86 82 82 -0.14
Medium 10 249 27.1 28.8 30.3 0.054 88 81 79 80 -0.08
11 24.0 26.0 28.0 29.6 0.057 95 87 83 82 -0.13
12 24.7 26.8 28.6 30.1 0.055 89 82 80 80 -0.09
13 234 259 27.9 29.6 0.063 96 85 79 78 -0.18
14 24.9 27.0 28.7 30.2 0.054 89 82 79 80 -0.10
15 25.0 27.2 28.9 30.4 0.054 85 79 78 78 -0.07
16 25.0 27.1 28.9 30.4 0.054 85 78 76 77 -0.08
17 21.9 24.4 27.1 28.8 0.070 107 92 80 78 -0.30
18 21.2 239 26.6 28.6 0.075 109 93 82 79 -0.31
19 24.5 26.4 28.4 29.9 0.055 89 82 78 78 -0.12
Average 23.6 26.0 28.0 29.6 0.061 96 86 81 80 -0.16
5 21.1 242 26.6 28.6 0.076 128 106 97 93 -0.35
6 19.7 23.9 26.6 28.6 0.090 140 109 97 94 -0.47
7 20.6 24.3 26.9 28.8 0.083 131 105 95 93 -0.39
8 22.0 25.1 27.4 29.2 0.073 120 101 93 91 -0.29
9 23.1 26.0 27.8 29.4 0.064 110 96 93 92 -0.18
. 10 23.6 26.3 28.2 29.8 0.062 106 94 90 90 -0.17
Mi‘;zm 1 222 25.0 273 29.1 0.070 119 102 95 93 -0.26
12 234 26.0 28.0 29.7 0.063 108 96 91 90 -0.18
13 21.1 24.8 27.3 29.1 0.081 126 100 90 88 -0.38
14 23.5 26.1 28.1 29.7 0.063 108 95 90 90 -0.18
15 23.9 26.4 28.3 29.9 0.061 103 93 88 88 -0.16
16 24.2 26.5 28.3 29.9 0.058 101 90 86 86 -0.15
191 234 25.7 27.8 29.5 0.062 108 95 88 86 -0.22

Average 22.7 25.5 27.1 29.4 0.068 114 98 91 90 -0.25
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