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Changes in the Growth and Yield of Early—Growing Rice Varieties in Mid—Mountain
Areas Based on Climate Change
Jeong Ju Kim', Woo Jae Kim', Hyun Soo Park', Un Cheol Shin?, Do Yeon Kwak', and Jun Hyeon Cho"'

ABSTRACT To review active climate change responses, especially adjustments to the transplanting time, seven varieties of
early-maturing ecotypes grown at Sangju sub-station, located in a mid-mountainous region, were studied from 2007 to 2022. During
the ripening stage (July 29 to October 17), the average temperature was 23.2°C, which was a relatively disadvantageous
environment compared to the optimal ripening temperature of 20 to 22°C. The heading date of early-growing cultivars was greatly
shortened by 10 days for both normal (May 20) and late (June 5) transplanting. In an analysis of the growth characteristics and yield
components, the culm and panicle length, number of spikelets/panicles, and the ripening rate showed high variation without a
constant tendency over the study period. However, the number of panicles/plants and the ratio of brown rice increased, regardless of
the transplanting time, while the 1,000-grain weight tended to decrease. There were no significant differences in yield observed
between the two transplanting times, except for some years. Therefore, based on various variables, such as growth, yield, and quality
(although not assessed in this study), the shift in transplanting time for early-maturing varieties in the mid-mountainous region from
the current time (May 20) to a later time (June 2) needs to be considered to cope with the future impacts of climate change.
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Table 1. Average temperature, rain, and sunlight at sangju sub-staion by years (2007-2022).

Group 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Avg.

Jan. -18 -28 -39 -50 -78 -35 50 -22 -20 -33 27 -49 -22 05 -35 3.1 -3.3

Feb. 1.8 -32 1.7 -07 -01 -3.6 -1.8 02 -05 -07 -09 -28 0.1 1.2 14 -23 -06

Mar. 4.6 5.2 5.0 2.9 2.8 3.7 4.8 5.7 4.7 54 4.6 6.3 5.5 6.2 7.2 6.0 5.0

Apr.. 100 11.6 11.0 80 10.0 11.1 8.4 57 108 127 126 11.8 10.6 93 120 129 105

May 164 162 169 159 163 17.1 168 172 17,5 17.7 175 169 174 168 152 173 168

Ave. Jun. 205 192 209 215 217 210 21.8 207 211 217 211 212 204 222 210 217 21.1

Temp. Jul. 22.1 249 223 240 243 242 248 236 23.1 240 248 256 235 214 254 250 239

°0) Aug. 244 229 227 254 240 248 253 219 237 254 237 261 248 253 234 240 242

Sep. 195 194 191 199 191 183 188 188 184 199 185 185 20.1 185 197 196 19.1

Oct. 126 129 126 120 11.5 116 13.0 12,0 129 136 133 103 133 114 13.0 122 124

Nov. 4.5 5.2 5.0 4.6 8.4 4.0 4.2 6.1 7.7 5.2 4.1 53 6.4 6.2 6.3 7.9 5.7

Dec. 03 -10 -22 -20 -22 -49 -1.0 -39 1.2 05 29 -1.7 00 -24 -02 41 -l16

Mean 11.3 109 109 105 107 103 108 105 115 11.8 111 111 117 114 11.7 114 11.1

Jan. 7.5 415 9.0 30.0 2.5 9.5 53.0 100 245 202 9.0 235 0.0 825 15.0 3.0 213

Feb. 48.0 5.0 29.0 45.0 505 5.5 39.0 5.0 350 772 46.0 360 405 785 120 25 347

Mar. 110.0 31.5 455 74.0 19.0 825 56.0 845 440 455 195 1195 285 16.0 94.0 1125 o614

Apr.. 49.0 420 41.0 68.0 125.0 1155 820 845 985 161.0 56.0 161.5 100.0 26.0 685 655 84.0

May 105.5 62.0 1340 128.0 1750 655 129.0 400 28.0 69.5 26.0 1285 495 88.0 175.0 5.0 88.0

. Jun. 163.6 127.0 202.3 38.5 4105 69.0 1545 133.0 103.5 445 465 76.0 855 214.0 835 1235 129.7

(1::;1) Jul.  290.5 176.5 445.5 205.5 562.5 319.0 168.5 27.5 43.5 4425 491.0 175.0 212.5 515.0 189.5 193.0 278.6

Aug. 438.5 208.0 108.5 415.5 456.0 442.0 151.0 213.0 29.0 85.0 177.0 367.5 99.5 375.5 271.5 330.0 260.5

Sep. 364.5 63.0 57.0 133.5 120.0 289.5 128.0 93.0 46.0 117.5 955 116.5 189.5 1845 210.5 89.5 143.6

Oct. 215 395 225 295 625 650 325 190.0 129.5 262.8 40.5 147.0 1325 1.5 315 82.0 80.6

Nov. 11.5 85 435 13.0 1125 605 705 535 0.0 245 100 425 455 375 415 340 38.1

Dec. 180 135 365 41.0 135 600 245 165 645 51.0 245 285 26.0 0.5 1.0 25 264

Mean 1357 682 979 101.8 1758 1320 90.7 79.2 53.8 1168 868 1185 84.1 135.0 995 869 103.9

Jan. 159.7 1334 1585 167.7 217.0 160.6 1449 1745 1553 155.1 1682 164.1 1924 121.1 159.0 193.4 164.1

Feb. 1763 198.6 1229 127.6 168.2 1663 140.1 1252 143.0 156.1 193.8 180.2 168.7 1557 1835 1944 162.5

Mar. 149.0 182.6 1909 126.5 256.1 161.5 228.6 188.4 240.5 199.5 214.7 1935 1922 2228 1859 1629 193.5

Apr.. 211.0 198.0 208.3 174.0 206.5 229.1 182.7 188.4 157.8 193.0 229.5 2143 1753 253.8 208.5 2374 2042

May 2273 2333 2404 2165 175.8 226.0 236.8 286.5 272.7 267.6 2662 1934 281.0 207.5 176.8 299.7 238.0

Sun- Jun. 195.0 151.0 71.0 210.5 187.3 1613 157.3 151.1 1879 1857 238.7 192.7 204.0 196.2 190.2 185.0 179.1

light Jul. 963 137.1 112.0 118.7 93.1 147.7 96.7 1423 1445 133.8 1163 230.1 132.7 81.1 207.7 1483 133.6

(Hour) Aug. 137.1 181.1 1339 102.8 843 119.6 202.6 945 1803 2483 162.7 196.6 1969 1356 1124 1155 1502

Sep. 87.6 168.6 174.5 134.6 1455 133.4 1550 170.0 197.2 1125 1932 1539 120.1 1429 123.8 1599 1483

Oct. 1734 1825 2239 163.0 1773 207.9 1983 202.7 162.9 110.2 157.0 189.0 168.9 204.8 171.8 180.2 179.6

Nov. 156.8 143.1 122.4 204.8 126.0 1252 139.1 149.7 625 1455 1787 151.5 164.7 159.7 1525 173.1 147.2

Dec. 949 1582 137.2 1739 1943 1523 1304 1389 1232 133.6 1633 1593 1514 166.7 156.6 141.1 148.5

Mean 1554 1723 158.0 160.1 169.3 1659 167.7 167.7 169.0 170.1 190.2 184.9 179.0 170.6 169.0 182.6 170.7
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Table 2. Average temperature, rain, and sunlight during the rice growing stage by years (2007-2022).
Group 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Mean DS; cv
Temp. (°C) 193 188 193 195 221 203 207 202 207 209 202 199 195 210 192 206 20.1
(\,Sf.ezgl‘f?.izvf) Sunlight (Hour) 176.7 121.5 135.9 245.1 211.4 227.8 209.9 2023 282.1 243.0 316.8 260.8 283.7 2682 2132 2865 230.3
Rain (mm) 2424 167.8 2155 96.5 269.5 56.5 2055 1450 365 58.5 425 31.0 69.0 123.5 1350 110.5 1253
Temp. (°C) 222 240 225 23.6 260 234 245 234 225 235 246 249 229 211 246 250 237
R(zpzrgf‘;c%e Sunlight (Hour) 124.4 1745 112.9 131.6 104.7 142.4 122.3 173.6 149.4 154.6 141.3 224.6 130.7 97.0 217.5 152.9 147.1
Rain (mm) 3024 191.0 488.8 21.5 566.5 362.5 164.0 130.0 158.0 440.0 449.5 249.5 251.5 515.0 184.5 184.0 291.2
Temp. (°C) 227 224 217 245 256 232 232 214 222 241 221 242 239 235 226 232 232
(7]21;‘1“;"‘1*%7) Sunlight (Hour) 202.8 308.8 273.0 181.5 163.3 213.9 288.4 216.9 309.8 331.6 266.6 302.8 273.9 1953 200.4 197.8 245.4
Rain (mm) 7865 243.0 120.5 512.0 446.5 728.5 251.5 237.0 105.5 179.5 282.0 449.0 162.5 652.0 413.5 443.5 375.8
Temp. (°C) 214 217 212 225 246 223 228 217 218 228 223 230 221 219 221 229 223 083 3.70
(5;;[?9‘.‘17) Sunlight (Hour) 168.0 201.6 173.9 186.1 159.8 194.7 206.9 197.6 247.1 243.1 241.6 262.7 229.4 186.8 210.4 212.4 207.3 313 15.1
Rain (mm) 4438 200.6 274.9 210.0 427.5 382.5 207.0 170.7 100.0 226.0 258.0 2432 161.0 4302 2443 246.0 2653 106.7 402

Table 3. The highest and lowest temperatures(°C)

during the rice growing period by years (2007-2022).

G 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
roups
P High. Low. High. Low. High. Low. High. Low. High. Low. High. Low. High. Low. High. Low. High. Low. High. Low. High. Low. High. Low. High. Low. High. Low. High. Low. High. Low.
May 227 107 233 95 244 99 230 90 222 108 236 112 234 105 243 105 244 102 249 106 248 104 228 11.0 250 95 232 11.0 2.1 95 245 97
Jun. 260 159 248 148 272 152 282 155 276 167 262 166 269 174 256 165 269 158 273 167 278 150 27.1 162 266 151 281 174 265 165 273 168
Jul. 260 192 300 213 274 186 288 207 286 212 286 208 29.1 21.8 282 20.1 274 196 290 202 294 217 308 213 280 199 253 184 309 212 298 215
Aug. 289 213 284 186 280 186 303 223 283 212 292 216 30.5 212 256 192 292 196 315 207 284 201 315 217 30.1 207 302 220 282 203 283 207
Sep. 236 163 260 143 260 137 261 155 247 146 234 140 244 143 246 141 250 127 247 161 247 128 234 138 250 161 240 139 244 160 255 149
Mean 254 167 265 157 266 152 273 166 263 169 262 168 269 170 257 161 266 156 275 169 270 160 27.1 168 269 163 262 166 262 167 271 16.7
Average temperature(5.21-9.17, °C) Heading date (5.20)
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Fig. 1. Changes of annual average temperature, rain and sunlight Fig. 2. Changes of heading date based on transplanting time by

during the growing period by year. Trend(slope) is
represent of annual average temperature in normal
transplanting (5.20) according to the linear trend line.

year. Trends (slopes) are represent of heading date in
normal (5.20) and late (6.05) transplanting according to
the linear trend line.
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Table 4. Major agronomic characteristics of seven early heading cultivars by years (2007-2022).

Trans- Heading Culm Panicle No. of No. of  Ripening Weight of Rate of Yield
planting  Year date length length panicles/  spikelets/ ratio 1,000  brown rice (ke/10a)
(m.d) (m.d) (cm) (cm) plant pan.icle (%) grains (g) (%)
2022 7.25 63 19 11 84 82.8 23.1 82.5 485
2021 7.28 67 20 14 95 83.1 22.7 80.6 632
2020 8.03 68 18 16 91 77.8 21.3 81.0 511
2019 7.31 71 19 16 85 88.6 21.6 81.9 571
2018 7.27 68 20 14 84 90.5 21.1 80.5 559
2017 7.29 73 20 17 108 77.2 23.0 81.8 636
2016 7.31 68 18 16 107 85.4 21.6 81.7 669
2015 7.27 64 18 14 87 87.3 20.6 82.4 592
5.20 2014 7.26 68 19 16 82 82.6 23.5 78.9 602
2013 7.26 72 19 16 84 78.7 22.3 81.6 561
2012 7.28 60 19 14 86 76.9 21.3 79.6 450
2011 8.06 70 20 14 86 90.0 24.9 81.0 530
2010 7.30 70 20 13 106 69.7 21.8 75.6 503
2009 8.03 67 19 14 91 81.3 22.7 83.6 685
2008 7.30 - - - 100 92.3 242 82.7 577
2007 8.03 64 19 11 88 86.0 22.4 81.9 507
Mean 7.3 68 19 14 92 83.1 224 81.1 567
2022 8.04 77 19 15 94 79.9 22.1 82.9 537
2021 8.03 72 19 17 84 82.8 22.4 81.0 630
2020 - - - - - - - - -
2019 8.06 70 20 15 85 87.3 22.9 81.9 565
2018 8.04 70 20 14 94 84.1 21.7 80.8 560
2017 8.07 78 19 15 102 87.8 234 83.1 633
2016 8.05 64 19 13 102 87.9 21.6 80.9 539
6.05 2015 8.07 62 18 12 80 89.2 222 82.0 458
2014 8.10 70 19 15 89 87.2 232 78.0 619
2013 8.16 80 21 12 111 90.4 234 82.4 565
2012 8.14 73 19 15 88 76.4 22.5 78.5 462
2011 - 69 21 10 98 89.6 24.7 81.4 456
2010 - 75 21 11 134 66.4 21.8 74.3 517
2009 - 69 20 11 133 78.3 22.7 83.4 624
Mean 8.08 72 20 14 99 83.6 22.7 80.8 551
97 ol9] F YA FUAAL e AAE Bl SR BASE JUELS oltaot ol o Yol
G, 79 A% QAL ol 2 A0 Uelka 20158 Alelsi it B4 ol 71 9e] 2] FRe we A
20169 Xﬂﬂﬁh 54209 i‘%ﬂ ojgel wish 6d 5 =2 LA Sd=ti(Kwak & Yeo, 2004), & AlH o] HF-
A 7] Aol A 7ol 235]8 & ACR etk vk FHee FlE S HolAl kew, 22 24 A9
of4F o= 20141 0|7k w7 XHHHOM 2 golgot 3 S olgh7]e BAGle] FUbeke Agolgon

11 o]F ofY7Iel wE Aol7} A4 ¢Ftet, ole T
Ao E4717F A @SEEA Ao|7t HojAs Ao
B H(Table 4, Fig. 3). 3td 1 Folo] 49 A
FAST 2011 o Aul A]7]|3F Hol7} 22 o= v
ERtom, 201449 o] 7R = HE7] o] YR 6USY )
ojgelM E2 FepE Holurt 20144 o] FHE = oY
Al7100 dagle] wlseet F¥S B It(Table 4, Fig. 3).
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Fig. 3. Changes of culm and panicle length, No. of panicles/plant and spikelets/panicle by year. Trends (slopes) are represent
of agronomical characteristics in normal transplanting (5.20) according to the linear trend line.

Rate of brown rice(%)

8 520
83 6.05

y-=0.0308x + 18.959
77 R = 0.0061

Rate of brown rice(%)
~I
w

Ripening ratio(%)
95
90

g
2 85
580
£
£ 75
o y = -0.0077x + 98.721 ggg
& 70
£ R? = 4E-05
65
A & O O N O D O oA DO DN A
FTEFTETETETTSE S S S S

Year

Weight of 1,000 grains(g)
™
IN]

700
650
600
550
500
450
400

Yield(kg/10a)

Weight of 1,000 grains(g)

5.20
6.05

y = -000737x + 17077

R? =0.0875
SRR IR RN N A S RS I SR i
A58 V578 870 50T
Year
Yield(kg/10a)
5.20
6.05

R? = 0.003

Fig. 4. Changes of rate of brown rice, ripening ratio, weight of 1,000 grains and yield by year. Trends (slopes) are represent
of agronomical characteristics in normal transplanting (5.20) according to the linear trend line.

2 e 5489 g4 Fust i ujujsigln 4
gHo W] Aol o }1 wlol7} Aot 53
201099 A9 AR uje e ELES nYLy
ol B u] 8-9% 547] 7] Lo ATjHOR ot

g Ao gy

] %itiTable 3, Fig. 4).

A& Al Al7]ol Aglo] AR Wolvh A

at7]

RS "11
oAIsHAl S7Fshs W AEESS AR dadte AdeR
A

At 2E7] Aol A YT da



140 SHEIX|(KOREAN J. CROP SCL.), 69(3), 2024

=)
ox
N
e
o2

© 2 el tiTable 4, Fig. 4). $AHX
A Al E 2AE FEEY oS B ARt
H37E 2 HolRlaL, 2015~2016E H-F7] Aufjoll A Zth
o8 =24 e B AZ ARk 2E7]et v A
Hj7F 4220 H]2:at 70 & Ul tH(Table 4, Fig. 4). Shin
e al. (2019)€ A ST | 9 Q15 Aol A4 9
ZuEe] S0l 20009 245U HFRCE 7-18%7}
A F7Fstl o, ol 9l FaEo| 5 St A 9
o ST BAST ET 20dke] sl 24
NN Y A= F57] dRARE STV S 2A
S7HAIZAL, ShEollA = YY) ke S 24
2 FHAZY e SRS Skelth S3] di ¢
¢HE A9 20W7E Bt o T 74 A9
=

o|N
r
N
lu
D)
5
2
i
o,
Jo
rr e
ol
A
N
o,
A
N
o rfo
1o
o
ol
e A o

X
T =
o]
°
T

5o

oﬂiﬁ
ol ot i wH 18 © O oL gt

Y3 HoNA EE2H JEE AMESH AoE wtt
Sttt Lee & Lee (2008)-2 1988~2006F 7] A= 23

o

ARE B AT FEAY 2AF B fopel 2ad
B A8 SEFALLE GOt 7)o g BAe)

o

TR Helrh | Aoz deE ATk s Al7]ef w
& 2= 257 2 A4S 54 5 e 3A 9% vl
A AT AL A 24 2 giFEe FAoM FH
S BEde HolA ¢ AeR Uehylth Iy o
FAE7) 227t w2 e S8R AT
== S7hke 2718 A 95 AzleH, 557 & 5

% &

F & 47 AN 2APF YA gFot EA o ol
ol Ao FAF HiE Y TR LFE oA S
7l BE7] Hv] 7)Aol A mEA G5Ee el
A, e % AES 2 dARE Holrh Aglen
HE7] 9 wb7] AEjeFa] ol F3igt B HolAl objk
o E3 iR A ST di EHos S
Rl ~dF ol A Al FAZE "oz} 2 HolRlal = FF 2
7 AARE Apele T UM dadHe dde 2

(Table 5).

J15tst oS SAMZIXIC 0l27| MZHo that Dt
Bo] 79 71 5usto] e S T Aol ey A
719 13 24 BE 9o W S4B 2% B 7]

L 2 Aol HEoU QAR W Sl AY 9%
2 FA E5F Ao Z Bl HQthLee ef al., 2012). o] 23t
A DA B 3 Fat mgo] o3t B F7t

>
1P
"
rir
N
ol
0%
o
o
o
&
ko

2 Pl T3 #e] A
kot S4ES B AHF T 7| SANEE o 2A YERs
t}. Lee et al. (2012)2 Z-FAFo) w3l SFWAYFo] G
Aol SHEA ol vls] B Ajo] =5 Havt Z Ao
2 Busiged o 53 24 & 2E7t FUAE &

B Adjol|A FA S8R o] 5

T 55 AdiolA ZA A 7] HE A5}

1=}

‘:IT

o /\g

%

th. Lee ef al. (2014)8 90’9} ‘A=A’ L 0] & CO, HE
|

<

[e)

s

=

=3
2

<
o 2mAtgo] S Aol X JFS EAgH
I AL & Aol ‘et CO, + 2% A
ToA s gAakeko] S8t AL B astgit) o]y
A= gutygo g w7t opylof what B fekAdo|
2 s Ba g 2 Ay 2ot o Z23E ok
%3t Lee et al. (2012)2 7| W3t 2708 24 957E
zAsto] B3 A3t 7|3t 270l 238 ol
S7F7| % ShAIE B ekl 27t Aol whah A4
2O g ZAsHAL CO, 5 F7hol| wetA = AAdH o=z
S7kete] W ko] tfdt 2% AsanEc=E AEeR
CO, 5&9] AAH FFo] T AoR HYr 2rfx]H <)
FARES 257} 1~3°C FolA Y AAkeFo] F7FshA|TE 1
oo R FolAH Fagtthal 54 e w(IPCC, 2007), A]
T2zt W &7 2EAGoR JE SR
20~30% FrAast Ao 2 of| 3 tHYun ef al., 2001). Lee
et al. (2012) ORYZA 2000/AIB 7|3 A2 Qo4 &
TSl e W S-S Bt A 2Lt Adsdtol ot
g B $EE AdHor Fasiglon, 2E7t 1°C &5
o AejFgolut 7] x| dofl whet ¥ e 6.7~10.6%7}
2] 7Fasls AE Bt 88 Kim er al. (2015)2
ORYZA 2000 29-& o]g¢ W& Hokx| kA A|Ed o]
A Ad 202049 o7 = W f=RFo] Stk Aol
O} 2020 o] % ZHE e A3 g Aol 544l
L J

2}
=, 1% s da

o



7|2l ME He =¥y 54 Hst 141

Table 5. Major agronomic characteristics of mid (Daebo) and late (Ilpum) heading cultivars by years (2007-2022).

Heading Culm Panicle No. of No. of Ripening Weight of Rate of Yield
Tran.s- date length length panicles/ spikelets/ ratio 1,000 grains brown rice (ke/10a)
P(amg)lg Year (m.d) (cm) (cm) plant panicle (%) (g) (%) &
m.

Daebo Ilpum Daebo Ilpum Daebo Ilpum Daebo Ilpum Daebo Ilpum Daebo Ilpum Daebo Ilpum Daebo Ilpum Daebo Ilpum

2022 8.15 822 65 71 19 20 15 12 91 88 90.7 93.0 22.6 213 84.6 824 572 474
2021 - - 64 69 20 20 16 15 85 81 903 927 21.6 220 838 822 651 631
2020 - 8.15 - 56 - 19 - 15 - 83 - 85.0 - 22.0 - 83.5 - 641
2019 8.11 815 62 69 20 21 16 15 83 84 842 829 231 227 838 823 659 623
2018 8.07 8.14 64 69 19 20 15 15 105 90 77.0 814 246 24.0 - - - -
2017 8.09 814 71 78 20 21 18 18 118 83 8l1.1 899 224 222 842 831 784 732
520 2016 - - - - - - - - - - - - - - - - - -
2015 8.10 8.14 57 65 17 20 15 12 67 79 933 93.0 228 224 84.0 82,6 532 494
2014 8.12 820 60 64 19 20 16 14 81 74 91.8 951 22,6 225 829 831 576 543

2013 8.13 - 64 - 18 - 14 - 90 - 85.7 - 22.6 - 84.8 - 585 -
2012 8.11 823 66 - 21 - 17 - 106 92 721 - 21.8 - 803 75.0 611 557
2007 - 8.18 - 68 - 19 - 12 - 75 - 84.7 - 23.8 - 82.1 - 644

Mean 8.11 8.17 64 68 19 20 16 14 92 83 850 89.0 23.0 23.0 84.0 82.0 621 593

2022 824 824 63 62 19 18 14 14 68 81 86.0 833 214 213 83.0 82.6 457 441

2021 - - 64 67 19 21 12 13 82 78  91.1 920 22.6 222 83.1 81.6 645 627
2020 - 8.15 - 56 - 19 - 15 - 83 - 85.0 - 22.0 - 83.5 - 641
2019 8.17 8.19 60 66 19 19 14 16 90 94 86.6 89.5 237 23.0 822 821 569 632
2018 8.16 822 68 71 22 23 12 14 - 114 86.1 828 220 225 - - - -
6.05 2017 821 824 72 79 20 20 17 17 116 111 717 724 222 213 839 827 708 710
2016 - - - - - - - - - - - - - - - - - -
2015 8.20 8.21 57 64 17 20 15 12 82 83 89.8 89.5 235 226 829 81.6 525 418
2014 825 830 63 64 20 19 16 12 87 82 902 90.2 231 21.8 81.1 76.1 675 533
2013 - - 72 - 20 - 11 - 136 - 69.4 - 20.1 - 80.8 - 552 -
2012 8.21 - 68 73 20 20 15 14 95 92 73.6 744 238 27.1 795 750 558 557
Mean 8.21 822 65 67 20 20 14 14 94 91 827 843 225 226 821 80.7 586 570
aolel sheirh ERF 417 REAGOR FaBol ol F4 7l2e] 21°CHT I°C % 20°C7h H 4L
WOl uA 4 AVt 3 A0 AT oleld B RO 7% A4S 23°C B} 1°C & 24°C7) HH
TE A HA FHLE 20-22°CHT 2 49 WYF e GFOR 5%} P4tk stgon, teby 7%
W48 BWF FIK(Yoshida, 1981)2} A 3Hsict. wsko] g 4 G BEL VRGP 24 B
Kim of al. Q02)& ¥ A%7174F D22 ol44, ofdF B /HI B B4 LEQSC ADE AT FUY
G GEke PgaE Zeste] ARAGE F47000 P 9§ EFol mEAsirha shck
Fol A1 F4YURT AYFS P2AUGL Sk w A2 |FHa] thedtel B4v19k S W EQ
eb japonica ¥ AS] 7P 2 ATE BH7I0k AR AA G AL AAY] 2ol o we AT 1
A7l Agrchs 1 AEdAQS Atk S Rk Okada ef al 01D ¥ F2 U AL 2L
Ho] gL Aeol o WAt AoR delA glovk T ol§at 715 Mst A 2o dE HAR X el(Kyushu)
o 715 usto] WE Be AEdATE S47I0 QAT 9 o] BALS GofskA Holxul, Lxyse] og M
o 71§ G AL A0 DS vkl o] ol Avurh: 5471719 o)Fel €3t g A Eurt
gt 4 £UE B4 AAH P A AYFE A4vh o Ackn sk 58 44RO o] ol9g] o)
S ek Shck W 9] neol M o] of o gtk stgon] RO o]gE RFLR
AZ ga AT oA Bk FHE sl d o] |FMsl] 245 tfgak Flolet shsick 3 Kobata
Pl RES WAGOE SHo] ot LEANE FAS & Uemuki (2004 A 471 2T A9 25 A A
£ 22 A7%E Busteh Yun & Lee Q000 Hopx & o] whe} 330 -gA|Source & Sink) B g
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Fig. 5. Correlations of traits during the growth stage. Trends(slopes) are calculated according to the linear trend line.
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