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Abstract: The mean air temperature from May to September, during which the rice plant is cultured in the
paddy field in Hokkaido, has increased during the four decades from 1980 to 2019. The growth of rice in the
2030s in comparison to the most recent decade (2010—2019) was predicted using two predicted weathers for
the 2030s and the previously reported relational expression. In the 2030s, the critical planting date (early
limit of planting day) will be 8~9 days earlier than that in the 2010s. The early limit of heading date will also
be 1~5 days earlier, and the late limit of heading date will be 1~5 days later. Therefore, the safe heading
period will be 2~10 days longer and the heading date will be 1~3 days earlier. As the period between heading
date and late limit of heading will be 2~9 days longer, cool summer damage due to delayed growth will
decrease slightly. Concerning the weather at different growth stages, the average air temperature will be the
same or lower for the earlier growth during the 30 days after 24 days before heading. During the 40 days
after 10 days before heading and during the 40 days after heading, the average air temperature will be
slightly higher, and the amount of solar radiation will be slightly lower. Then the grain yield will be slightly
lower (96%~98%), and the agroclimatic index for expressing the potential of grain yield will be the same. As
the average air temperature during the critical stage of chilling injury at the booting stage, which is related
with occurrence of male sterility, will be slightly lower or the same, the risk of occurrence of cool weather
damage will remain. On the other hand, the appearance frequency of low temperature, which causes sterility,
will vary depending on the area. The protein content of milled rice will be the same and the amylose content
will be slightly lower. Therefore, the palatability will be slightly better. On the appearance quality of rice
grain, there will be no consistent tendency between the 2030s and the 2010s in the percentages of damaged
grain and of colored grain, and the percentage of immature grain will be slightly higher. Although the whiteness
of milled rice will be the same, the whiteness of brown rice will be slightly higher. The measures to be taken in
response to the above predictions are discussed, for rice growth in the future in the coldest region, Japan.

Key words: global warming; 2030s; heading date; grain yield; occurrence of male sterility; appearance

quality of rice grain; palatability property; cold region
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iR H 0 S5 S 4 BR b VR BT AT T AR
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52010 022 LFH |, CCSR BEAE, K 97%,
CGCMI1 FHEAME, K 99%.

&8 IRHE 2010 FF0 2030 FRFANSKHBEFTHER
HENERERTEURSIHEERERE (ke/10a)
(RTBRIE 17 M X 1 )

2010 4ERS, 2030 AEARTIN A4
.. (2010—2019 4FF-4) CCSR CGCM1
e
WH e s S ok s S VIR S
e SR ey R
Bz Eiz1d Eiz1d
SEHME 568 581 723 553 551 709 562 562 731
CE¥E
> %) (100) (100) (100) (97) (95) (98) (99) (97) (101)

FREmZE 24.8 266 458 224 240 33.8 21.1 234 282
B/ME 532 534 628 502 493 626 511 507 662
BRI 608 617 792 580 591 753 595 601 772

P HEZ I 2030 FARTIM LMV HE S 2010 4F
RAGHFHER R (2010 R RHFHMEA 100) o fE
Ky, t LAt SRR AL 15 ALK 1999—2006
AR, ALFE DL AE N Y 4 B S Y 9 M HBIX 1996—2021 4 Y 4L
AR EIHTRE (F4) , TLEERESE 7.

B R I P SR S s i 21.0 °C
(%4, B 7) M, 2010 4£4CH CGCM1 #2&
21.1 °C, FEAAMFE, CCSR WEK N 20.8 °C. 7F
FFE AT 10 K LUG 1 40 K3 [R]F1HESR 3 1 - 485
b, SREK T DL AR IR R e B
22.1, 21.9 °C (£ 4, K 8) Htk, 2010 1N
20.9 (HEM IR 829~846 °CHIF-H <, LLFAH
[/l ) ~21.5 °C, CCSR %AKK 21.0 (835~848 ) ~
21.5 °C, CGCM1 #ilrH 21.9( 869~880 )~22.2 °C,
H—JriH, fEH RS, 5 2010 FAHEERT 10
KLUJF 40 FH1a] A7 2 B B 15.2 MI/m* L
CCSR, CGCMI1 Bk, 43314 95%. 96%, [FIF:
M5 2010 AERHERIYIM 23T H I 579 MI/m’
HHHCEREAR > R 98% . 99%., AR LL 45
CCSR 11 p i e 5 199 1) ~F- Y <R AR, B AT 10 X
PUR 40 KR LA S HESR I B 5 o 22 D
HEACWIERE (F£7),

AN, H A i 5 1A ( 559 kg/10a,
2010—2021 FERF31E, LUTFAEE D). ARdb 6 4~
B (550~608 kg/10a) LK f i 7= iy ip bt X K
HP L (613 kg/10a ) ixX 8 ~h X £ , % il i

JUHEE RS K 7 B S AR RT 10 KLU R 40 K E]
SRR D K [ 3 ) A P24 A R D G R
FTTHVT (£ 9), dLEE M ROK ™ B7E 8 PMHlIX
Hh e b, HESE S A, b R ) S 3 SR
S 21.8 CHIHEE 7 MHBIX Y 23.5~25.8 °CHHLL,
AR K P B ) 22,1 °C (K 4, K 8).
R, b [ A A2 H IR 16.2 MY/ m?
FIRE K P B 55 2 7 75 AR EL 16.3 MY/ m® —iZ L
HEHEK PR AT 3 AHIX Y 16.8~17.6 MJ/m” E
Ao THL, X8 AL IX Y[R EF 3 H R
HBEK A R (r=0.725", n=8). FFLL, #
o H AT M R = 1 X, b [ 3 1A -2 J
D, X IADK R R R

N

*9 BFILBEENNBALES” 8 MuXAREK
FEMEHTE 10 XEiFHEK 40 XEAE R FHSIEFR
HEE (2010—2021 £ )

HhHEERT 10 KITHRHY 40 K

Pior i W) 17 3408
WX AR () (kg/10a) H P8 H 45 &t/
Ki/°C (MJ/m?)
¥ SD ¥y SD Py SD
b ity 8 559 257 21.8 073 162 1.61

ZAt HAHEE 608 139 235 1.14 163 1.09
Ak AFH 550 87 249 1.06 149 1.68
Rk wIRE 550 0 6.2 246 0.87 154 2.02
ARk BHE 579 186 252 0.86 168 1.62
| I E 608 147 258 087 17.6 1.65
At wmEE 557 43 247 1.02 169 181
Rk EBFH 613 108 246 085 17.6 1.84

s BHIXARLE IR 3, REK IR 4 IR

B

23 ZEELERBKIARNL £ XKL
2030 4FAR¥ FH AR WA F 3] (6 MbIX
SR, g B AR ) 5 2010 AR A
A 21.6.21.1 °CHHLE, CCSR 1925 4-0.3~0 °C,
WK ; CGCMI 28 0~+0.1 °C, JFEAAHHIA (5=
10), FEHEEHEEMLT 6 MM 2010 4F/0F
2030 “FfA 7 AP TSR, B CCSR 1Y
0.2 °C, CGCMI1 1y 0.8 °C., HJEH g 5~7
Ay 3 KR AR BT, R F AR
H 22 E 2010 4RA0HE AT, e miRs EIMRTE T
2010 AFARAF LR IR 19 °CER
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Fz 10 1978—2000 £F1 2010 EFRSKF (2010—2019 F£F ) MUK 2030 ERFAMSZK ( CCSR F1 CGCM1 ) B2 FEH
AEERENEPYNKEURMMEZECRESHRAEREY FHSIE 19 CLLTH 18.5 CULTEMRRILLE
JbHB R FERTFHEMART SRRV R0
1 H M B —— __r 7 TR $\ LA
T BT WIS IR JEL ECHT de3)
0782000 4 e 213 214 214 21.6 21.0 21.5 21.4
1978—200
B 20.8 20.6 20.5 20.5 20.6 20.5 20.6
2010 4t LRl 218 224 213 21.4 21.3 21.3 21.6
VE SR B 20.7 222 20.9 21.6 20.2 21.1 21.1
SRR C R 21.5 21.5 21.6 21.7 21.6 21.4 21.6
2030 45 CCSR .
gl R 209 208  21.0 21.1 20.5 20.7 20.8
=
i 21,7 217 218 21.9 21.6 21.4 21.7
il cgemi
BT 21.1 212 21.4 21.6 20.6 20.8 21.1
19782000 4 el 22 9 4 17 9 4 11
R 17 26 13 17 22 30 21
i i 0 0 0 0 0 0 0
R 19 ¢ 2010 AL R 10 0 10 0 20 0 7
PAF (4R 6y e
2 1o R 9 0 4 4 9 9 6
A% 030 45 COSR
N BT 9 9 0 4 13 13 8
fLrs el 4 4 0 4 9 9 5
il coemi "
T 9 0 0 0 9 13 5
P 17 0 0 0 4 4 4
1978—2000 4E
SR 13 9 9 9 13 17 12
R 0 0 0 0 0 0 0
S i1 A= SEL 2010 4E4¢
PR Wi 10 0 10 0 10 0 5
185 UL Gil 0 0 0 0 4 9 2
AYAEO) LR /% 2030 4 CCSR B
o SR 4 4 0 4 13 13 7
frst ek} 0 0 0 0 4 9 2
Bl coemi H
BT 4 0 0 0 4 13 4

T SR TR E B R 3 MK LRIz AR E R 3 MK . B & EHEEC (DVI) S 1.4~ 1.7 AR 90N 2 R0 A %
EfEERI (F2) o ARFEHH 2030 FECTHIM LA 1978—2000 4 Y AF4F Hds L WL & Ge Wil S SRR FEml B, % EF] 1971—
2000 4 #8522 S8 K AR5 2030 AR AR TN A IR ) 0 IR 25 T8 3

18.5 °CHf, FEJLHR . sy 1 DHIX | S8 K
PEMAHS, —36 3 MbX, MERMRE (AR
HTE ) & AERURL Y KU 5 o T FE 2030 AR 28 X
I o AR A AN R TP R R B, R BT B IX KR
FRA . FEADEAEILES . FEARCE AR AR LL K
FAHB,  HH S KT 8 AR 3 LA K PG g S [] — AR Ay
NS = (3 10 ),
SERTPEM PR LA K P e S L X, M FF 2= ]
HZESWORIBR M ANR, 7 A6 3RS SR
Ko KEEHIXFE 2010 AL ke, (HansR
TEARSC R 2030 A1 R A A2 Bl i3
[ 1978—2000 4G & R AR B TE , X RURL & A=
(R RTE 2030 AFEARMAN 2/, NI UHar, 7E83)
[ 6 A~ HuIX ZRAG AT AE o B0 & A BB SIR, 7E

2030 AEARATIER A & A BRSNS
2.4 BIRREKHSNERRBTH

KKEA TG ETE 2030 AEACAE Pk
JERCE, ARAIET 2010 4E1CAY 7.4% (17 M HBIX
FEy, LUTRERE ). HEEER &5 2010 440
BRI BN 20.4% . 20.2%F0 18 (AR ARIF ),
CCSR M2 }-0.1~0 H 43 ai, EEAM[F; CGCM1
22 H-0.5 Forai, BAR (R 11),

552010 FFARARER B 18.8,19.1 Z 2%, CCSR
H0~+0.1, FAAE ; CGCMI1 N+0.5~+0.6, 3 o
5 2010 FFARGIOKREHBE 37.7. 37.8 225, CCSR
0.1, FEAKAR, CGCM1 J+0.3, Bl (% 12),

52010 FACHARBR R 11.1%. 11.9%2Z
7, CCSR 4 0~+0.2 A4 i, HAAMI; CGCM1
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Fz 11 RIE 2010 EREFUE 2030 ERFANSKF MRS 40 X E HEHRITKBHENHEE

EMESEMAKEZEARSE (KBHREN 17 MHEFEL ) %
2010 4EVS 2 2030 RIS SL
et A (2010—2019 4-F¥ ) CCSR CGCMI
T T B T T
HEE JORE HERE JOKE HEHE OKEA HBHE JOKRED HBEEE SOKEH HiEE SOKENA
moE SR OBSE ORESER OBSE RASE MR BSER O MSE FBSER OBOER O RSE
SEAAE 20.4 7.4 20.2 7.4 20.3 7.4 20.2 7.4 19.9 7.4 19.7 7.4
(Rl E225, B05) - - - - “0.1) (0.0 (0.0 (0.0) (0.5) 0.0) (=05  (0.0)
T i 2 049  0.08 044  0.06 0.48 0.07 0.43 0.05 0.38 0.07 0.34 0.08
/M 19.2 7.4 19.1 7.4 19.4 7.4 19.4 7.4 19.1 7.4 19.1 7.4
RKME 213 7.7 21.0 7.6 213 7.7 21.0 75 20.6 7.6 20.4 7.6

i [ E22508 2030 AT R A3 % 2010 4ERR AP 190 . BURESE R 2 f AIOOK 3 (35 2 A4l 28 X LU B

FEJE 40 KIPIE Y H -2 B3R R 4 T3k 7,

R 12 RIF 2010 FREKURE 2030 FRAAUSKHELEFTHRSKENHERAEMORBE (KBHBH 17 M X EH)

2010 A% 2030 AEARTIIN R4
(2010—2019 4F-1 ) CCSR CGCM1
gt g
oK TR A JE oK NS B oK B KK F
g ) T e R R R O R R T R
- H{E 18.8 19.1 37.8 37.7 18.9 19.1 37.7 37.6 19.4 19.6 38.1 38.0
(Ml E25) - - - - 0.1) 0.0) (-0.1) (-0.1) (0.6 (0.5) (0.3) (0.3)
T T AR 22 0.56 0.51 0.40 0.35 0.55 0.49 0.41 0.37 0.44 0.40 0.35 0.32
/M 17.8 18.2 37.1 37.1 17.8 18.1 36.7 36.7 18.6 18.8 373 373
iGN 20.2 20.3 38.7 38.6 19.9 20.0 38.5 383 20.3 20.3 38.7 38.5

T [ E22508 2030 AN R A E 2010 ER I IIME . BEK F BERIJOK B RE A4 A XL R 6 AR B A4

WRIEHR 4TI 7,

H+2.9~+3.4 HAT L, B (R 13), B AR
RS ASOR B R A R BRL, 5 2010
R ZER LR 3.6%., 4.5%2 2, CCSR N
+1.1~+1.3 B4, CGCM1 A-1.2~-0.8 H 4341,
VA RS 5 2010 0 E AR L 0.11% .
0.12%2 # ,CCSR }+0.02~+0.03 43 /5, CGCM1
H-0.05~-0.04 75, WA MBS,

Zi bRk, 2030 42405 2010 EAUMH L, K
KEF TS AR, EEEVER T EEAL, SIREE
U o A2 HRCRIEE ORI R A B —E s, &K
BRIERE 2 JiAh, ROK I BERG i, JOK EH EEAR TR

AR, 7EVY R B Y R R R AR
SRR R R R = AR, R
A 20 R P4 <R 26~27 °C, H
AR S A 38 o NI SRS K S5 T . B2,
AR 2030 AR G, HESR AR AE = Y
CGCM1 (£ 7) HamAEE 20 KM M7 HE

FEACIFIE BB NIT  23.5 °CL @iy
22.5 °C. JuifpiErg ERAGVL2EHT R 23.3 °C. Jk=}
Wil 23.0 °C, #BLL 26 CERIMLZL . Kk, 7F
2030 AFACP R R R AT, FRBORLIY A& L8
BeoK ST FErfa R AR, R, A2t
TEE 1) AR R AL IE SR A TR E
1, 5 HARZRIC LR 0 G R0 L B 2R R b X
KA AR BRI W] REPE
2.5 WERMELE

7 2030 AL 6-7 H 4y, 5 2010 4EARHF
PR 9K 16.1.20.6 °CHIHL, CCSR . CGCM1
I3 ETET+0.2~+0.3 °C. +0.9 °C, 5 2010 4
R R 86, 122 mm AHILAM S 1.21, 1.54
fif, T 1.20. 1.38 £, Feim A A iE A
20~25 °C, FERIHR T RS IE K S, RAIT
KA B & AP N, REIROR A LR 4
PR, FEIEE 2B 3G Ay JRUBS: AT T ik 3kt 4
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ST — ——— - — - - — — -
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RO PTEORUE BYE ORET b O bl Ol P OMGE PV R b O b h
SR 1.1 119 36 45 011 012 113 120 47 58 013 015 140 153 25 37 007 0.09
I
(f])if"*’ Br o (02) (0.0) (1.1) (1.3) (0.02) (0.03) (2.9) (3.4) (-1.2) (=0.8) (~0.05) (~0.04)
B 2% 301 353 191 176 006 006 253 281 230 211 007 006 3.69 3.75 175 1.86 005 0.05
F/MA 92 93 00 05 0 0 92 93 06 19 000 003 94 100 00 00 000 0.0
TN ! 215 234 70 75 022 022 181 193 103 11.0 030 030 224 233 72 83 020 022
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3.1 A
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AR o PRI, A IS 2 1 7 s A i s i 2 i
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A BRI A SR Rl A H O Hehh A g
IR R, A DA AR Y PR . B AR
DL AR H A TIE
3.2 AR FEEFFNE & AR 2R

SN RE K 7 B 1 PR RO NIRRT 10 RIF4A
S R U ) P R R R A 5 30 1) S 34 IR
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TR, A TR R E, TR B H
o0 1B B E SRR A m® R R, M
TR BBy A IR A R . B,
2030 4R IR A I TD, AR S AR AL R E AR
B R B R A X 23, Ok AR I ) R R A
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I B B i o

IEAN A, USRS AR H X Y 2030 AFAR
IKFEAR S B PR (5-9 A0 B it
i) SERBEFERFEMAAR (£ 1), A
BB Hh A H B R BIE 2010—2019 4R P850

duiiE - 5 H 25 H-7 H 30 H, HF&%E NS5 H 20
H-8 H4H, FALMNMGHHINER 5 X, ikl
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HARLMAETIER 10 Ko teoh, 7 25Nl
HI 10 KIFUH A 40 KIPE] H 5 5 AL g A8 [H
EREK = R EE, RACEER 109% (£ 9), 4
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