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Climate Change Impacts on Optimum Ripening Periods of
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ABSTRACT

It was unusual crop weather for 1998 and 1999 compared with normal in Korea. The consecutive days
of the optimum ripening period for rice plant that had daily mean temperature 21~23°C for 40 days
after flowering, increased with long anomalies in 1998~99. The air temperature during ripening
period was much higher than the optimum temperature and lower sunshine hour than norm in the
local adaptability tests of newly developed rice lines during those years. In response of rice cultivation
to warming and cloudy weather during crop season, the yield shall be decreased. Most scientists agree
that the rate of heating is accelerating and temperature change could become increasingly disruptive.
Weather patterns should also become more erratic. Agrometeorologists could be analyzed yearly vari-
ations of temperature, sunshine hour and rainfall pattern focused on transient agroclimate change for
last a decade. Rice agronomists could be established taking advantage of real time agricultural mete-
orology information system for fertilization, irrigation, pest control and harvest. Also they could be
analyzed the characteristics of flowering response of the recommended and newly bred rice cultivars
for suitable cropping plan such as cultural patterns and sowing or transplanting date. Rice breeders
should be deeply considered introducing the characteristics of basic vegetative type of flowering
response like Tongil rices as prospective rice cultivars corresponding to global warming because of the
rices needed higher temperature at ripening stage than japonica rices, photoperiod-sensitive and
thermo-sensitive ecotypes.

Key words : agroclimate change, rice, ripening of rice
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Fig. 1. Annual Northen Hemisphere, Southern Hemisphere,
and global surface air temperature as a departure from the
1961~90 mean (Tiempo Climate cyberlibrary, 1999).
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Fig. 2. Rice yield response to daily mean air temperature for
duration of 40 days after flowering in japonica and Tongil
type cultivars.
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Table 1. Distribution of optimum flowering dates and its consecutive days in agroclimate zone for rice cultivation in Korea
(month. date)

Norm (1961-90) 1998 1999
Agroclimate . e in- ;
one | Site i‘;ﬁg‘ End  Period %ﬁﬁ‘gﬂ End  Period ieirgl‘g“ End  Period
0, 0 0,
orey QIO @y pE QIO (@) g6 (IO (@)
1. Taebaek Yeongweol - - - 85 8.20 16 8.9 8.22 14
Alpine
2. Taebaek Inje 7. 28 8. 9 13 7.20 8.19 31 8 7 8.20 14
Semi-Alpine Hongcheon 8. 2 8.13 12 8. 7 8.21 16 8. 11 8.22 12
Jecheon 8. 2 8. 14 12 8 2 8.17 16 8 5 8.17 13
3. Sobaek Boeun 8 3 8.14 12 8 4 8.22 19 8.11 8.23 13
Moutainous Chupun- 8. 6 8. 17 12 8. 7 8.21 15 8. 10 8.23 14
gryeong
4. Noryeong  Imsil 8 4 8.15 12 7.24 8. 14 22 7.23 8.19 28
Sobaek Jangsu - - - .26 8.13 19 7.27 8. 18 23
Mountainous
5. Yeongnam  Yeongju 8 4 12 7.29 8. 18 21 8 9 8.25 17
Inland Mungyeong 8 9 11 7.23 8. 15 24 8.10 8.23 14
Mountainous Andong - - 8.11 8.27 17 8.14 8.27 14
6. Northern Yangpyong 8. 6 8.16 11 8. 14 8.30 17 8.15 8.26 12
Central Dongducheon - - - - - - 8.16 8.25 10
Inland Cheolweon - - - - 8.19 - 8.12 8.22 11
Chuncheon 8. 15 12 7.28 8.24 23 8. 14 8.25 12
7. Central Icheon 8.18 11 8 5 8.20 16 8.12 8.23 12
Inland Weonju - - - 8.13 8.27 15 8. 14 8.27 14
Chungju 8 8.18 11 8.10 8.24 15 7.30 8.16 18
8. Western Cheongju 8.1 8.20 10 8.20 9.5 17 8.22 8.31 10
Sobaek Daejon 8.1 8.22 11 8.19 9.5 18 8.18 8.30 13
Inland Geumsan 8. 8.17 10 8 6 8.21 16 8.13 8.26 14
Cheonan - - - - - 8.12 8.23 12
9. Noryeong ~ Namweon L12 8.22 11 8.13 8.28 16 8.19 8.30 12
Estern & Sancheong 8. 11 8.21 11 8. 14 8.29 16 8. 13 8.27 15
Western Geochang 4 8. 15 12 8. 4 8.18 15 8. 4 8.22 19
Inland
10. Honam Gwangju 8.17 8.27 10 8.27 9. 9 14 8.25 G. 5 12
Inland Jangheung 8. 14 8.24 11 8.17 9. 5 20 8.18 9. 2 16
Suncheon 8. 11 8.21 11 8.13 8.18 16 8.18 8.31 14
11.Yeongnam Gumi 8. 8 8.18 11 8.15 8.31 17 8.16 8.25 12
Basin Daegu 8.16 8.26 11 8.25 9. 9 16 8.24 9. 5 13
Yeongcheon 8 9 8.20 12 8. 10 8.25 16 8.11 8.25 15
Uiseong 8. 7 8.17 11 8 6 8.21 16 8.12 8.25 12
12.Yeongnam Milyang 8.14 8.24 11 8.16 9.5 21 8.17 9.1 16
Inland Jinju 8.15 8.25 11 8.22 9. 7 17 8.20 9. 4 16
Hapcheon 8.12 8.22 11 8.16 9. 2 18 8. 16 8.29 14
13. Weatern Ganghwa 8. 6 8.17 12 8 7 8.23 17 8.12 8.23 12
Central Plain Seoul 8.13 8.24 12 8.23 9. 8 17 8.23 9. 1 10
Inchon 8. 11 8.23 13 8.21 9. 7 18 8.19 8.30 12
Suweon 8.10 8.20 11 8.24 9 8 16 8.23 9.1 10
Asan 8 9 8.20 12 8. 7 8.20 14 - - -
Seosan 8. 10 8.21 12 8. 15 9. 2 19 8. 8.27 14
Boryeong 8. 11 8.22 12 8.19 9.5 18 8.1 8.29 13
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Table 1. Continued

Norm (1961-90) 1998 1999
Agroclimate . ~ ; ;

one | Site Begin- 54 Period BB"  End  Period ™  End  Period
TS (QI°C)  (day) g (21°C)  (day) o0& (21°C)  (day)

(23°0) Y (@230 Y (@230 Y

14. Southern ~ Buyeo 8 1 8.20 11 8.17 9. 4 19 8.19 8.30 12

Charyeong  Gunsan 8. 15 8.26 12 8.23 9. 17 16 8.21 9. 1 12

Plain Jeonju 8.17 8.26 10 8.26 9. 8 14 8.25 9 4 11

Buan 8.12 8.22 11 8. 15 8.31 17 8.17 8.29 13

Jeongeup 8.14 8.25 13 8.18 9.3 17 8.17 8.30 14

15. South Mokpo 8.20 9. 1 13 8.25 9.9 16 8.24 9.5 13

Western Muan - - - 8.25 9. 9 16 8.24 9. 5 13

Coastal Haenam 8.27 12 8.18 9. 6 20 8.25 9. 6 13

Goheung 8.29 12 8.18 9.7 21 8.18 9. 4 17

16. Southern ~ Yeosu 8.20 9.1 13 9. 1 9.13 13 8.27 9. 8 13

Coastal Nambhae 8. 18 8.29 12 8.21 9. 8 19 7.22 8. 27 37

Tongyeong 8.20 9. 1 13 9. 2 9.13 12 8.27 9. 8 13

Busan 8.19 8.31 13 9.5 9.14 10 8.28 9. 9 13

Masan - - - 9. 7 9.17 11 9.1 9. 9 9

17. North East- Sokcho 8 1 8.16 16 7.20 8.24 36 8. 11 8.25 15

ern Coastal Gangreung 8. 6 8.18 13 8.13 9. 5 24 8.13 8.30 18

18. Central Donghae - - - 8 4 8.24 21 8 3 8.22 19

Eastern Samcheok 8 3 8.16 14 - - - - - -

Coastal Uljin 8 3 8.17 15 8 8 8.25 18 8.8 8.24 17

Yeongdeok 8 8 8.17 13 8 1 8. 21 21 7.24 8.21 29

19. South East- Pohang 8. 14 8.26 13 8.25 9.10 17 8.19 9.5 18

ern Coastal  Ulsan - - - 8.26 9.10 16 8.22 9. 6 16
Range 7.28-820 8.9-9.1 10-16 72097 8.139.17 1036 7.22-9.1 8.16-99 9-37

Mean 8.10 8.21 12 8.13 8.30 18 8.15 8.28 15

*The flowering dates could be keeping at 21~23°C of daily mean air temperature for duration 40 days after

flowering.
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Fig. 3. Comparison of optimum flowering period for ripen-
ing of rice in 1998, 1999, and norm (1961~90) at Imshil
(Lai. 35°37' N, Alt. 246.9 m).
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Fig. 5. Comparison of optimum flowering period for
ripening of rice in 1998, 1999, and norm (1961~90) at
Soweon (Lat. 37° 16' N, Alt. 33.6 m).
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Fig. 4. Comparison of optimum flowering period for ripen-
ing of rice in 1998, 1999, and norm (1961~90) at Jecheon
(Lat. 37°09' N, Alt. 264.4 m)

Fig. 6. Comparison of optimum flowering period for
ripening of rice in 1998, 1999, and norm (1961~90) at
Jeonju (Lat. 35° 49' N, Alt. 53.5 m).
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Fig. 7. Comparisort of optimum flowering period for
ripening of rice in 1998, 1999, and norm (1961~90) at
Daegu (Lat. 35° 53' N, Alt. 57.6 m).
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Fig. 9. Comparison of optimum flowering period for
ripening of rice in 1998, 1999, and norm (1961~90) at Jinju
(Lat. 35° 12'N, Alt. 21.3 m).
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Fig. 8. Comparison of optimum flowering period for
ripening of rice in 1998, 1999, and norm (1961~90) at
Milyang (Lat. 35° 29" N, Alt. 12.6 m).
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Fig. 10. Comparison of optimum flowering period for rip-
ening of rice in 1998, 1999, and norm (1961~90) at Gangre-
ung (Lat. 37° 45' N, Alt. 25.9 m).
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Fig. 11. Comparison of optimum flowering period for ripen-
ing of rice in 1998, 1999, and norm (1961~90) at Buan
(Lat. 35°44' N, Alt. 10.7 m).
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Fig. 12. Comparison of optimum flowering period for ripen-
ing of rice in 1998, 1999, and norm (1961~90) at Yeong-
deok (Lat. 36° 32' N, Alt. 41.2 m).
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Table 2. Distribution of sunshine hours for optimum ripening period® in agroclimate zone for rice cultivation in

Kcrea (hour)
Norm (1961-90) 1998 1999
Azroclimate zone Site
Range Mean Range Mean Range Mean

1. Taebaek Alpine Yeongweol - - 201-244 225 161-219 183
2. Taebaek Semi-Alpine  Inje 256-264 260 126-246 192 145-204 169
Hongcheon 259-267 263 209-249 233 160-201 173
Jecheon 235-244 239 172-238 210 153-231 196
3. Sobaek Moutainous Boeun 267-276 271 199-260 234 163-206 175
Chupungryeong* 217-220 218 203-242 229 123-162 136
4. Noryeong Sobaek Imsil 284-296 289 115-202 156 170-214 190
Mountainous Jangsu - - 134-205 170 153-183 166
5. Yeongnam Inland Yeongju 283-292 286 163-256 220 140-190 162
Mountainous Mungyeong 273-280 272 155-257 209 168-219 184
Andong - - 215-244 232 117-152 136
6. Northern Central Inland Yangpyeong 273-276 274 229-247 236 170-188 178
Dongducheon - - 235-264 249 170-181 177
Cheolweon - - 201-285 254 205-239 213
Chuncheon* 221-224 222 236-263 253 197-208 199
7. Central Inland Icheon 294-300 297 188-237 219 166-209 179
Weonju 288-291 289 214-237 227 176-200 190
Chungju 270-274 272 252-281 264 163-234 213
8. Western Sobaek Inland Cheongju* 229-251 237 248-278 266 185-206 199
Dagejon* 227-237 231 232-262 248 169-198 182
Geumsan 262-268 264 184-234 215 144-169 155
Cheonan - - - - 137-169 144
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Table 2. Continued

Norm (1961-90) 1998 1999
Agroclimate zone Site
Range Mean Range Mean Range Mean
9. Noryeong Estern & Namweon 239-245 241 220-245 233 163-179 169
Western Inland Sancheong 241-247 244 216-243 231 153-179 166
Geochang 256-268 261 192-237 216 144-185 162
10. Honam Inland Gwangju* 242-250 246 232-278 256 181-196 187
Jangheung 223-231 227 213-245 229 127-165 146
Suncheon 210-214 211 212-238 224 136-167 152
11.Yeongnam Basin Gumi 241-249 244 241-268 258 149-175 163
Daegu* 222-231 227 201-243 226 148-169 158
Yongcheon 241-247 243 241-268 226 153-181 165
Uisong 241-249 244 196-228 217 141-171 156
12.Yeongnam Inland Milyang 253-259 256 220-246 234 165-201 182
Jinju* 212-221 216 201-253 235 174-204 189
Hapcheon 263-271 266 214-243 228 150-160 156
13. Weatern Central Plain Ganghwa 286-293 290 294-254 280 181-226 198
Seoul* 209-232 221 259-281 270 143-162 155
Incheon* 243-257 250 264-314 292 193-206 200
Suweon* 237-250 242 240-272 260 195-205 201
Asan 305-310 307 214-268 248 - -
Seosan* 237-249 242 255-287 274 204-219 214
Boryeong 299-306 302 255-311 292 203-215 144
14. Southern Charyeong  Buyeo 333-337 334 220-252 241 169-190 179
Plain Gunsan* 240-249 245 199-249 229 181-194 189
Jeonju* 229-237 233 201-248 228 165-196 184
Buan 315-317 316 246-277 261 191-201 198
Jeongeup 288-290 290 212-250 232 152-174 163
15. South Western Coastal Mokpo* 248-254 251 229-273 251 193-205 198
Muan - - 188-224 206 171-199 185
Haenam 291-294 292 217-261 242 164-190 178
Goheung 304-307 305 208-268 243 171-214 195
16. Southern Coastal Yeosu* 256-264 260 202-242 218 206-225 213
Nambhae 268-273 271 218-268 253 147-216 172
Tongyeong* 217-226 222 211-235 222 194-210 200
Busan* 229-232 231 212-240 221 198-220 206
Masan - - 179-196 189 182-196 187
17. North Eastern Coastal Sokcho* 199-206 202 117-238 197 173-187 180
Gangreung* 189-197 192 187-234 214 180-197 188
18. Central Eastern Coastal Donghae - - 223-255 239 184-228 204
Samcheok 263-276 268 - - - -
Uljin* 243-258 249 242-269 259 175-231 196
Yeongdeok 280-289 284 233-285 270 148-201 175
19. South Eastern Coastal Pohang* 201-212 206 185-239 215 151-177 164
Ulsan* 212-219 215 185-224 207 163-187 173
Mean 189-337 255 115-314 234 123-239 179

*Jordan sunshine recorder; the other sites are bimetal sunshine recorder.
Source: Climatological Standard Normals of Korea (1961~90); Annual Climatological Reports (1998 and 1999).
JOptimum ripening period: It could be keeping at 21~23°C of daily mean air temperature for duration 40 days

after flowering.
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Table 3. Distribution of flowering dates and daily mean air temperature for ripening period of ordinary cultivation in Local

Adaptability Tests of Newly Developed Rice Lines

1998 1999
Site Flowering date Daily mean air temperature Flowering date  Daily mean air temperature for
(month. date) for ripening period (°C) (month. date) ripening period (°C)
Tongyeong 8. 9-8.20 242-254 8. 9-818 23.8-248.
Dazjeon 8.12-8.22 225-239 8. 5-8.16 234-253
Milyang 8.11-8.27 21.7-236 8.11-8.20 22.6-239
Dazgu 8.12-8.31 224-247 8.14-8.21 232-241
Gumi 8.13-8.29 21.2-233 8. 9-8.18 22.6-24.0
Jinju 8. 8-8.22 23.0-248 8. 8-8.20 23.0-24.7
Suweon 7.28-8.24 229-253 8 3-8.21 23.2-26.0
Chuancheon 7.22-8.24 21.1-242 8. 4-8.20 22.1-24.6
Chongju 7.25-8.21 229-254 7.29-8.16 23.7-25.1
Boeun 7.28-8.21 21.1-233 7.27-8.13 22.6-239
Andong 7.24-8.21 21.8-242 7.31-8.16 22.6-24.6
Yeongdeok 8.15-8.27 203-214 8.16-8.24 20.7-21.5
Cheolweon 7.21-8.18 21.1-234 7.20-8. 4 242-243
Gangreung 7.27-8.24 22.0-239 7.24-8. 3 24.1-24.5
Jecheon 7.24-8.11 21.9-237 7.19-7.28 232-240

Source: Rural Development Administration 1998 and 1999.

BuSQ, WFE 2340ke g PR AU,
19990lle 123X EE)FE] 230ARNEA A &
FalEar, HFS 17980 E 19983 RS 5581710]
293t

3.4. 199843} 1999:42] X|E AN S7(9 BE

199833 1999:30)] ARG ¥ FATATH-SAIH
o FAIE T35 AlsEe] AA vl BE 55
717¥e] 255 B3 492 FEEE(21~23°0)9) of
H 2JolE HP=A| gokr iz} st

2ukAfulol A 19980l F57] 3R] 23°C o4
o= Aud AZo] TAIE AL 5o, IF, Ui,
4, AT, £, obF, AE, Y AlA, Be 5F9)

t}. o] 7hed A AlBo] BF 23°C o) & F
Foldar, UM AHEL gk 5571 ¥l
Ehebivel=d

199939 199837} H|S=3t Aot FAIE Als
o} Fo] BF 23°C olde] $571S Bl AY
£ A, AE, 59, 35, uiF, 4, uF, A,
5 AR 1998dET} Boyrh 1E]al 4ok 55
7123 AR NG ", 71, 24, B,
SAGEE aey 99 20.7-21.5°CE E3xFHo] ¢
e T4 WECl Bold XYgo= Jehdtt
UAZ 19993 19983H L} & T4a25ol YA
e Ae AulE A=Ak Table 3).

3 AgAwAulell FAE FFEL 1998~99: 4]

Table 4. Distribution of flowering dates and daily mean air temperature for ripening period of dry land direct seeding
cultivation in Local Adaptability Tests of Newly Developed Rice Lines

1998 1999
Site Flowering date  Daily mean air temperature ~ Flowering date ~ Daily mean air temperature for
(month. date) for ripening period (°C) (month. date) ripening period (°C)
Suweon 8.18-8.30 22.3-237 8.16-8.30 214-23.8
Milyang 8.11-8.21 22.6-23.6 8. 9-8.24 22.2-24.0
Chuncheon 8.15-8.29 204-224 8.16-8.28 204-225
Cheongju 8. 9-8.21 229-243 8 7-8.23 22.8-255
Daegu 8.15-8.30 225-242 8.16-9. 2 21.5-239

Source: Rural Development Administration, 1998 and 1999.
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Table 5. Distribution of flowering dates and daily mean air temperature for ripening period of ordinary cultivation of super

rice in Local Adaptability Tests of Newly Developed Rice Lines

1998 1999
Site Flowering date Daily mean air temperature Flowering date Daily mean air temperature
(month. date) for ripening period (°C) (month. date) for ripening period (°C)

Suweon 8.13-8.17 23.8-243 8.10-8.16 236-254
Milyang 8.11-8.18 22.8-23.6 8 8-8. 16 232-24.1
Cheongju 8.10-8.19 232-242 8. 9-8.1 23.7-25.2
Daejeon 8. 8-8.14 23.6-24.1 8 6-8. 14 23.8-252

Daegu 8.10-8.18 24.0-24.9 8. 8-8.20 23.3-25.1

Jinju 8 7-8.14 24.2-25.1 8. 7-8.15 23.8-249

Source: Rural Development Administration, 1998 and 1999.
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Table 6. Rice varietal characteristics of ideotype for climate change in Korea

Characteristics

Present ideotype

Ideotype for climate change

Remark

1. Flowering and
ripening

- Appeared weakness of photope-

riod sensitive varieties.

o Flowering - Photoperiod-sensitive - Photoperiod and thermo sensi- - Correspond to rising temperature
response (intermediate and late japonica) tive during ripening.
- Thermo-sensitive - basic vegetative type (Tongil - To consider introduction the
(early japonica) rice) characteristics of super rice.
o Optimum - 21-23°C for japonica - Above 24°C,
temperature for - Wide adaptability
ripening
2. Component of
productivity
o Harvest index - Above 0.5. -0.3-04 - Biomass production
e Biomass - Not important. - Important - Source of soil organic matter

o Response of

- Tolerance to heavy manuring

fertilization
e Plant type - Erect, lodging tolerance.
o Tillering - Intermediate (Heavy panicle

e Evaluation of

type)

- High economic yield per unit

- High tillering (Panicle number

- Conservation of agroenviron-

- Low fertilizer

- Erect, straw stiffness and lodg-

ing tolerance.

type)

- High biomass yield per unit area -

ment

- Heat stress, poor sunshine dura-

tion, and typhoon
Increase primary production

productivity area and time and time (CO, fixation)
3. Morphogenesis
@ Root activity - Maintaining to late stage - Maintaining to late stage - Good yield
@ Root distribution - Shallow or intermediate - Deep - Propping up plant
o Grain type - Large and short grain - Intermediate and medium grain - Shortening ripening period
o Grain number - Intermediate - Intermediate - High temperature and lack of
sunshine hour
o Ripening - Good - Excellence - Transporting of carbohydrate

e Viviparous

- Anti-viviparous

- Anti-viviparous surely

easily

- Rainy days and lodging during

ripening
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