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Abstract

During the recent decades, he problem of climate variability and change has
been in the forefront of scientific problems. The objective of this study was to
assess the impact of climate variability on crop growth and yield. The growth
duration was the main impact of climate variability on crop yield. Phyllochron
nterval was shortened in the global worming situations. A simple model to
describe developmental traits was provided from heading data of directly seeded
rice cultivars and temperature data. Daily mean development rate could be
explained by the average temperature during the growth stage. Simple
regression equation between daily mean development rate(x) and the average
temperature(y) during the growth period as y = ax + b, It can be simply
modified as x= 1/a * (y-b). The parameters of the model could depict the
thermo sensitivity of the cultivars. On the base of this model, the three doubled
CO2 GCM scenarios were assessed. The average of these would suggest a
decline in rice production of about 119 if we maintained the current cultivars.
Future cultivar's developmental traits could be suggested by the two model
parameters.
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A2 J1Fuse} o414 BAe] WE BAL B @R B opfe} BE
B8 Bobe] FAAT A sHo} 231 ok el @A ol WE FAAY ]

F g E EAZ HAT AF F7F 2 JAFH AYs 1 iE sHMdAs AE
59 W& d7] F 24 729 FUte AF 29dFe FHoEZ FAAHIL 3
ouv oz 200d F9 2020d0= W7l CO: w=7F @A vzt & ZHold 4
3 dEo] old W& o8 sA giy] £FEAGCM) +F A et
e FHE FHAE AW 2E7t 2-5C A5ty Aol 37 2 Ao
Wiz gt o9t 2 Anrt zustd Aoz EGFE Hrt fad
I, HAFHY Aed 28 U & 3AFH 12 @Y, 5, FL Fol doje R
tH(Hought et al., 1996).

71FHgE RE U AA &5 4%S vA oy REAY Fd A=A
UA e ¥ 7HE dstn HFY Aolth ofF AAL FHL TR AT
g FAFold Z1FAAd AdiFez o&Esn gued 2 A G

((Downing, 1996; Watson et al., 1996). 71 £ sle] 25 A o 4L o
Aol FAHold A HHold FylHold HAZHQ AN I FoAL w$¢ =
SH(Freckleton et al., 1999; Gagil et al,, 1999). A% g9 +FL 2% 25
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22 7148903 g3, T4, "HE, Y 22 I3 43 B9 vixd M AA
goa 2o, 2o 71EEste g ALY vl G dd dtE g9
EE AAAZY] AN & A7/ = L(Harrison et al, 1995, Watson et
al, 1996; Adams et al, 1999) WM = LHo] AAHE 7HAL AFE v ot
(°] %, 1992, & %, 1991).
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%7]%% TAse TREOEZN FEY JFHAEFE A2EA o] f

of 983 3F9 AoVl o). FHFALLS EZ YU
2t go)7] wio) B3P T&o] Folobwt FEY Ao F/iEY. dir|FY
}7h F7te AT 29 FPez FAAHL ded Keeling et
al.(1976)2 3ol A 1957d0lA 19713742 AH 7 8ppme] /Ai7t: F=7F S0t
Hol stttz BuEHI oy FFL HEFAME BEHUSH EIdAes 4
lppm 4 Z71E 0tk i (Machta, 1979; Keeling et al, 1982). &y} €47t
k5o A% WHE 6ppm olAolan e ButRoA o9t ge W= F2 B
FA7 SFN 9% RAeolgrn sivh(Hall et al, 1975).

Allen et al.(1964)E S5 ¥ 80m 71549 37133 L 49 @2 E
Fedga sy gt oz diy] F dabstAFErt Fetd Aol wax
3, iAo AXY Bz X FHo] &Gty FAjd do] FH W Ko Y
sty RAGR/AER Hlgo] F/EL olgy HWEFol F7FEhH(Ford and
Thorne, 1967; Gifford, 1977; Hofstra et al,1977; Knecht, 1975, Krig, 1986;
Madson, 1968; Tognor et al., 1967; Baker et al., 1983, Acock and allen, 1985). &
o A&Hog BANE FFEIAE o 45t FU HAW FY RPGFole A
o} g3¥o] ¢l 3} (Brun and Cooper, 1967; Cooper and Brun, 1967, Hardman
and Brun, 1971; Hardy and Havelka, 1977). ¥t o] FgA o) 9sly gilrtx&
AFHR G B FAREe 93te r|Foez R H wAYinT =& Sivt: g5
dqAE 7189 ArEr ZAHY R 2Ed28 BUAvn & (Rogers et al,
1981) @A7kx X F7ld @& g9 Agutge uIsiA BruHx ok @
< BaoA gartas FEE FAAIE AEA EBolEEES FUHHAT
(Wittwer, 1980; Rogers et al, 1981) A¥ & AR%e Fddvdxn - (Moriso
and Gifford, 1984).
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(Nevins and Loomis, 1970). &, &3}, &4 2 FE9 YoAxe 257 0T
&t Y7tA] £ FL A4HoE FUHgYa e (Brown and Thomas, 1980) o
229 A7/t ¢ 0CTAAE ¢E7 £REFE IFL AF5Fo2 FVE G
3 Husn glch

FH e B FBAE IS viAcd FE P WSS od
Aol FAo] HAJvkd wet 7] d2A Busa gt 15T ddAE =
ol o vbE 15T oldtel A& F3bo] wrgrh(Acock, 1988). & &5 #F
BA7t2 FE oo E el FFAY o Aol Bt FYAHEEE
SE7t oA E FFolY FAVtE B A 9FE vEY 3FS 2
STE GFoly A R L ¥ ¥ AFFHY F/HE A H
FWY SEE 2 ZANAL AHY 3AE dehim S8 Fo) FEaAY
CO; #=7t Yo 2x7} ®olX v W BgA &x9 Frigo] v$ as
A got. =7t 384 £24 TFd 8% 4FE vE RLE EEAYY
Atz ez g B8] SEE FHAAY, n2ME W FA A x5
gA . FBENLH JAAZIITL0) 47 FolANBR FHE/ L 6C Aeslnz
AE717ke] ¢ 10d @=HATd T FtH(Baker et al, 1989). Weta A F 23}
0 S| 2xAFE AA SIS GEAA 3L 90 I
3 3 YH(Shin and Lee, 1995; & &, 1991; o] %, 1992).
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Fig 1. Relationship between relative daily development and mean average

temperature during vagitative growth in various rice cultivars.
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Table 1 Cultivars used to parameterize for development model and sowing dates.

Sowing Date

Cultivar 1998 1999

Daeanbyeo, Ansanbyeo May 1 April 25
Nonganbyeo, Daesanbyeo May 10 May 5
Juanbyeo, Hwaseongbyeo May 15 May 15
Donganbyeo, Obongbyeo May 25 May 25
Kwanganbyeo, Hwayongbyeo June 5 June 5
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Tabble 2. Varietal and seasonal variability of the duration from germination to panicle Initiation , mean

davelogmental rate and mean dai!z average temperature in rice . —

Cultivar Sowing date Days to P.1. _Mean DVR Mean Daily average _ Sum tempt. To P.I.
1999

— 2000 1999 2000 1999 2000 1999 2000 1998 2000
oy 122 116 = 72 75 0.0097 0.0093 214 = 211 1606.3 1521.6
131 126 © 75 67 0.0093 0.0104 22.6 22.5 1514.7 1688.3.
136 136 84 60 0.0109 0.0117 238 22.5. 1420.9 14374
146 146 59 53 0.0119 0.0132 250 23.6 1325.4 1394.3
167 157 48 49 0.0146 0.0143 _ 26.2 24.8 12846  1192.6
&eh 122 116 84 70 0.0109 0.0100 20.7 21.0 1325.5 1467.5
131 126 50 62 0.0140 0.0113 210 22.3 1051.0 1379.6
. 138 136 59 56 0.0119 0.0128 22.2 23.7 13100 13259
146 148 52 . 51 0.0135 0.0137 23.2 24.9 1206.5 1270.7
157 167 45 47 0.0156 _0.0148 _ 24.7 26.2 11415 1231.9
o e 122 116 84 87 0.0083 0.0080 219 . 223 1838.3 1937.3
131 126 76 78 0.0092 0.0090 22.6 23.3 1718.0  1820.3
136 136 72 70 0.0097 - 0.0100 - 23.0 24.4 1658.0 1708.3
146 146 63 83 0.0111  0.0111 23.9 25.5 1507.2 1603.8
157 167 60 56 0.0117 0.0125 _ 25.1 26.3 1505.4  1473.6
of ot 122 1186 77 79 0.0081 0.0089 21.4 1.7 1648.4 1711.3-
131 . 128 69 70 0.0101 0.0100 22.1 22.8 1526.1 1594.6
136 136 67 63 0.0104 0.0111 22.7 4.0 1520.8 15118
146 146 59 58 0.0119 0.0126 23.8 25.2 13843 141256
— 157 157 58 53 0.0121 _ 0.0132 251 26.3 1457.5 _ 1395.1
e 122 116 80 84 0.0088 0.0083 21.6 22.0 1729.0 18497
131 126 74 75 0.0095 0.0093 22.5 23.1 1662.1  1734.5
1368 136 70 87 0.0100 0.0104 228 24.3 1699.2  1628.7
148 146 83 60 0.0111  0.0117  23.9 25.4 1507.2 - " 1621.8
157 157 58 54 0.0121 0.0130 __ 25.1 26.4 1457.5 1423.6
oHA 122 116 61 66 . 0.0115 0.0108 20.5 20.6 1249.7  1356.5
131 126 54 57 0.0130 0.0128 21.3 .17 1162.4 1238.3
136 136 53 54 0.0132 0.0130. 22.0 23.5 - 116858 1271.2
146 148 52 49 0.0136 0.0143 23.2 24.8 1208.5 1216.3
157 157 42 49 0.0187  0.0143 245 26.2 1030.9  1284.8
224 122 116 54 57 0.0130 0.0123 19.8 19.9 1071.3 11349
131 126 50 49 0.0140 0.0143 21.0 21.2 1051.0 1038.3
136 138 46 45 0.0152 0.0156 21.5 22.7 987.9  1023.1
148 148 41 40 0.0171. 0.0176 22.8 24.3 935.2 872.4
157 157 36 39 0.0194 00179 245 25.8 881.1 1006.2
Foh 122 1186 73 77 0.0096 0.0091 21.2 21.5 15471 1658.7
131 126 68 69 0.0103 0.0101 22.1 2.7 1500.4 1567.3
136 136 85 61 0.0108 0.0115 225 23.9 1463.7 14571
146 148 57 55 0.0123 0.0127 - 235 25.2 1342.1 1383.4
157 157 52 49 0.0135 0.0143 _ 25.1 _28.2 1305.5 1284.8
B 122 116 80 83 0.0088 0.0084 21.6 21.9 1720.0 1820.5
131 126 74 75- 0.0095 0.0083 225 23.1 1662.1  1734.5
136 136 1Al 67 0.0099 0.0104 229 24.3 1626.9 1628.7
148 146 85 60 0.0108 0.0117  24.0 25.4 1658.0 1521.8
157 157 82 54 0.0113 0.0130 _ 25.2 26.4 1560.1 _ 1423.6
R 122 116 74 0.0099 0.0095 21.1 21.3 1498.6 1579.8
131 126 64 69 0.0109 0.010% 21.9 22.7 1399.1  1567.3
136 136 -84 61 0.0109 0.0115 22,5 23.9 14371 145741
- 146 146 56 55 0.01256 0.0127 23.5 25.2 1313.2  1383.4
157 157 . 51 51 0.0137  0.0137 ___25.0 26.2 1275.6  1337.9

£ 12 EAQD oA AYeR »Y BojdA AFste) Wde WFE AN
34 1o] G, dzlol WololX &5Y WANE KP4 oAH F2 Uk
of olde FYARIIT, FE ANARNIRLE el 4AY & don A
Mol 87 sholA FFARINE 0%, AHAF 71HE 0% BohE A9
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& 15%2 MR T 0%l AUA HKVAE 0157 HE Aoz ARY £

30 A e
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Table 3. The relationship between average temterature during vegitative growth and
relative developmental rate in the major rice cultivars

Cultivar Regression R% RTR
Kwanganbyeo y = 782.35x + 14.339 0.867 0.00128
Nonganbyeo y =907.19x + 11.69 0.827 0.00110
Daesanbyeo y = 923.37x + 14.527 0.864 0.00108
Daeanbyeo y =1091.7x + 11.565 0.929 0.00092
Donganbyeo y = 995.03x + 13.354 0.925 0.00100
Ansanbyeo y = 957.59x + 10.143 0.757 0.00104
Obongbyeo y =811.97x + 9.6681 0.870 0.00123
Juanbyeo y = 940.21x + 12.664 0.933 0.00106
Hwamyeongbyeo y = 1089.5x + 12.503 0.949 0.00092
Hwaseongbyeo y=1031.4x+ 11.41 0.853 0.00097

RTR refers the relative response to heat unit{(/°C)

Mo SSUAS dshiE PHoE 43S, 435 5 Assed 9ud
o2 Yol 2E9 YF] HF A YPL BlAE el 2k st
AMGAR BN F olAA FEYAAA Aok ol SIdkE B 19
DHEE, Yol A §5Y4VIAAS BEVIeS AN R 1 v\e AGRIL
2 4T Rolth T FIUEF & UY YT LIEEE FF ©PA 27
tze 24%F, FAF % BAZS 24sE 8dolth 28y RFAN F5434
A 4 BRENLE FFDN S Aot Y& Usdh WRe) HFA]7 £
AW 2E FF9 47105 QARINLE Fohde ¢ £ AT FFAN 2

29 18 F4 ¥ F3e 4eA4N B AT 283 1 ANEL o
B2A2ol HEAAS BAS G Aol YR WEBH VIR AL 3
AHQ BAE Yehin Qo 13402 Yed 4 e E36] Holst ¥
R3S L F Ak o 2YlA e 1844 y = ax + b 9 QWA Teto]
B ash bt 2% ouE 2ty o8 TeH ol WY + ot

K=Y =DI*1/8 oeoeeeeeeeeeeceeeeree s (1
o] Aol at= 0°] ofur] Wi x7F 0¥ W F o HTF WASFo) Qe AL
y=b7}F "} o]RL BKo] AFHE 257 bCHUE AL onldn wd 3l
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Fig. 2 Comparison of the heading dates between
actual and simulated in 10 rice cultivars.
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Fig. Spatial analysis of heading date of
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5. 713 g YA W%
7h. GCM A Y2l st o Aiky wix
FAGE WAt £330 AGzre] Wolsb ATk o WolB wms] 9
A FATAAP LN RS Oryzal(Kropff et al, 1993) <2lpar Ezof
HYSHES NFAShin and Lee(1995)9] $8 & o435t TP BE usl
Ze] A5 ojg Aol Ay A=A} o}F I YN k.
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Fig. 10 Simulated and observed total dry weight and panicle

dry weight in relation to development stage for rice cultivar
"Hwaseongby | “(after Shin and Lee, 1995)
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Table 11 Predicted change in potential rkce yields in different Agroecological zones
with change in COZ2 level only, temperature only and under scenarios predicted by
the GFDL, GISS and UKMO GCMs.(Shin and Lee, 1995)

Effect of CO, Effect of temperature Effect of GCM

AEZ 15x(C0, 2xCO, +1C +2°C +4°C GFDL  GISS  UKMO

I 202 314 -0 -197 -350 -128 31 -322

i 186 289 -76 -125 -233 0.0 95 -113

v 162 246 -59 -108 -182 61 118 0.6
gaztA ¥E9 F7bd whet 154 F7blAE BE 183%9 FEHFE oy
20} Z7Alol e oF 283%F7tEte Aoz vetEo. Wde E7F Aeger 5
Fe 43 ZadHE AL YERY, 9 @ivtaer 227 FAA Aest
A GG E FHFo] ZAsn FEAYANE AFRAE Y FALAN
v FEFo] Fotste Aoz JvEyo

Table . Predicted effect of climate change under the three doubled
CO2 GCM scenarios on overal production of rice stratified according
to provinces,

GFDL GISS UKMO
Current
Province ) % incr. (t) % incr. {t) % incr. ®
Kyeonggi-do 995,883 2.8 1023604 120 1,115876 1.2 1,007,961
Kangweon-do 325,127 2.9 334611 96 356,179 6.5 303,984
Chungbuk-do 448,043 08 451,658 116 500,119 -165 373,944

Chungnam-do 1,219,625 -9.2 1,107,970 00 1,219,061 -27.5 884,775
Cheonbuk-do 1,206,649 -11.8 1,064,533 2.1 1,231,790 -306 837,799
Cheonnam-do 1,402,648 -9.0 1277074 -04 1395478 -249 1,053,046
Kyeongbuk-do 1,188,958 -23.9 904,692 -14.9 1,012,278 -44.7 657,132
Kyeongnam-do 938,452 -88 855644 0.1 939789 -298 658,594

Total 7,725,385 7,019,786 7,771,570 5,777,235
Overall change (%) -9.1 06 -25.2
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