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KFBIEARR D B 70 b FTEHNEICE T 5 LB R2EMTH D0, TFE, INE,
MENRNLERRWICH D, FOERE LT, REOKEEH), FFIZKIED L
ARHT S, BHICILET AR CTEEIRICHES KBET OLLLPIE, &
BOBKRTAmO CEELRMBEL R>TWVD.

AIFSEIE, SREMICB T D KMONE, MWEOLEMEHENLE LT, £F
THSCEBZW, MEM EEFERFNLZLOTHD. KRR EFICHEIEFA
T OEAEMNT L, RBICKIS LIZAET TR, ZEEZH LT L.
EHIZ, KMEBEAMOBEN KO BEIZE XIEZTHEICONT, KoEHES
REZE, D TAEWEMBAENSHLNILE. ZALOMRITERSELETFTTO
KFG @ E R EEESCREE RIS H AP O RN RRETH D ED, 22
B L LTAETDHZ L E L., 2D OMZEKEE, KFEOILED %R
EALRMmE R FIZEBRT 5 & & b2, KRIZBIT2KEEREOBBEIZKE S
FHETLHZENHREIND.

¥, ARAFIE IR R R R A BRI\ T 1988~1996 R FE i L 723k
BRAAE &, LN RS KRB B & IR BR R 7RI 380 T 2006~2009 412 S i
LB EZ EVELDELDOTHS.

AT OEATICHZY, HfEE, @EEELEO 2N KPR R ER T LA
PR L, FIHIZHE E L b ISR EREH LICESBILEHR L
EF 5.
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JUINIE B AR O 85I E L, JUN AL 5B o4& [ 17 1236 1 245 i ) &KL 16.6 C TR E 72 &
ETHD. KFGITAM ORI EARNDZET4 Anb 6 HIZBMEL, 8 AMD 11 HIZIUH
FTHLIENATRE THD. KFEOEBFTMMICH257 AnH9 A DB EHRIRIL 24-28CTHDHMN, i
FITREDN LA T2 mMICHD. KFBOEFEIZENT, IWEEHICHEITEERIEE THLHA,
BT O [ TR T2 Z Kk A S Tl B LT ITIE FLTERY, M m kT o
NENBEE ThHD. — )7, KFEOLEEFERLT BB OT-OEIEDOIL K2R OLNTEY, &k
S TICBTLKTEOEET TRNERE IR BE B I OMEESLAROLNL TN,

BETHEDPER, FHTHEDICKRVEERERO— D Thb. W D4 I3 R H
HY, BEAMN ZLHE ERREBRLBEATCIREICEB T EEELZITH52L12725 (Dunn b,
1999) . AKFGITE IR I/ D A E N R, 3B e WM 28 E 235 (Katayama, 1995) . K fi
DLEAKBEITIREDOREEZBIZ, FICBEAHHBOKIBEIL KL E IR ETTEENIRKEID
(F27L 1995, Chen+Zhong 2001). & il It TIXZE O MR WER TR EE SN TWDHZEND,
AWFFERTY-TIL, TOHMEZ, 1)KL TE aseh) o By ICB A, T o)
DEF THET VORI T, BB R BRI T K O/ERk, 2) K Fb K E
BRI ICBWT, AR RN ELEREYOMAS DbEICLAEHEIL K, 3) KM E v/t
AV BT DERBINELLRERZ AR, BKA LLOBEBRMALLE.

BRI ATRORESCIEOW D, I AR LK AR O% A& %5 i 29 (Funaba b 2006,
Tanaka ® 2009). F70, @iRIZERGEE L2 E O LN B AWM ZEMEL, 7o 7T OFRENR+ 4312
RO EE D SED. I, @miRIEE K OF A& A I S % (Resurreccion & 1977, Lisle &
2000) . KAE T EHOK B REITEELR2EE ZRTZLTEY (Kamst 5 2002), FFEORFLICHT
LT T O, Ky ORI RCHRVE LT R EE Y OFZFE I E - TR DR I o< EE
1t 4% (Horigane 5, 2001) . /KAl 4 1 0 % B BB 1T 5K 4y B RE 1T, '"H-NMR (k% # & 3t
ML) Z H W T SN A 88 AR R RE ] (T)) LAV 48 FRE R RE ] (T)) bR 328N TE
% (Iwaya-Inoue &, 2001) . W& OK S EVREIL, AR OABEMESCYE L BTEEL
ML TWHEE X B, B0 m HI AR AT S AU HE W H % 12 35105 NMR #% Fn I 6] O 28 16 23
HEEN TS (Iwaya-Inoue © 1993, 2004a, 2004b, Kaku 1993, Maheswari & 2001). ZiuLHD 2k
25, NMRIE T B A BIZB W TR RSB EICE PN EOKGIREDRE A, BEE R E
BEWICHE TN TEXEMFFEND. 22T, KRB TIE, TOEME, 1) A IC
BUSZKME%Z 'H-NMR BB OBLHNICIY RWICZ W+ 5 R 2) &L o R s
R IZB T DT EZOKDIRESCHE I E, B RS R ORI E L.

DI, MIRICISE LT OB a7 X NI EDRBIL~)UN LA L, oA GFOR
BER OIEMEOZ EMEOMERICH LA REE 2R I2LTEBY, ik 2R 2L/ 2 mfE 2B 0T
HSP27 DI BIL ~UL SRR BT LN E SR TS (Joshi B, 1997) . Kl TIXA S/ ARG SN
2T, RERE gy 72 N7 DA FK S L7z (International Rice Genome Sequencing
Project, 2005) . = 2T, /KFg O & i i P fn FlE & R R Z MW TOB T ay 7 Z L RT3 BLO
BEWARFL, Y& & RT-PCRIET—HOB T ay /X RIBEFOFBL V2L,



BIE KMEE 2V CTEBILZEAFTFHETANRBLIOBME, KAERHFAXO
(354

1.1 #&

KGR AT = eh ) TR AR THH, UM O @ W5 (6 A B A TIim #4R M 23
FLONRBENRELE ThHDH. RWHE (4 ABM) CIE, MERERM ELINEDRLZLETLH(BRBED,
1988) Z&nh, @R TIX4 AR ANsS A EABMO R HINLE, ‘aveh )V 0k F
AT —=VIEH AR L TEFEOLEB N RKREND, EFAT—UEIEMHIC T 32506425
5. Horie*Nakagawa (1990) 1%, % 5 5 2 (Developmental Index, DVD) Z W TKFDOAEE T
METH>IEBFETAEEZERLE. ZOETAERH W KRG B AR o H B 7 J0R B, e
KDFEN 6.5 H THHDIZXL 3.5 HDOE W E NSO,

— 07, Tkm Ay ¥ 2 K AE (A, 1987) BN RS, &5 (1987) X207 —#ZH W TIA B R IZ
BIFDAKEGRO H A L A OB EZR B L2, S5, 5 (1993) 1% GIS (M1 X fF #H o AT &)
& AMeDAS (Ml R LB AT L) W, lkmAyY 2 HAL TR AR ICKIT5H B 0¥
R[RUBEHEE T DV AT L2EER L.

COETEHENMBEEEBRARRYE CRESNE aveh )’ OF — 205 H R &k 3 21 1
THETNVEERL, ZOET AEHWTHEM NSRBI ave ) 0oL EF 7Rl 217
WP IS E DR GEERIT o712, EBIT, ZOETF AL TkmAv 2R BEMEA A WT, &M EIcBIT5 2
e OBAE I L OREC A R BR B Ml K AR LT

1.2 MBI BLOF &
1.2.1 BERM B

ABR L 1988-1992 4FE D 5 7247, 4 ] I 2 368 A& S BR 55 (@ [ IR B4R 8P 1) O K TT o7z, ik
A IR A0 aeh )’ T, BHEMITIA4,4 H 425 0,5 H 6-8H,6H 8-10 HD 3 K
L7z, WL 3.0-3.5 EOHMEW A FAE A L, FMi% B IX5 M 30cm, PR 15cm L7, KEH L
BHBRIZAKFEOA B IS U T E £ L7z, IEEHE, EIMELT 10a4720EHE Ske, BIRELTYH)
TR W B L ORIES A 10 ~ 23 1.5kg & I L7=.

1.2.2 @ FH &

% E 45 # (de Wit 5 1970, Horie*Nakagawa 1990) D& 125 S\ T, 2 Rt /v /3T AN w7
DVR (Developmental Rate) i (Takezawa-Tamura, 1991) ZH W CE MO 0L F AT
—VIRETRESCHEOREBEZMATL, E7 VAER LI (B H - KR, 1991) . HBE #2255k
HHZOWTIE 1 Rt /37 AN 27 DVR EEH W TRIR OB AN L, TT VEIEM L. Z
DETINVEHNT1989-1991 4 (248 ] R PN 4 H TR B Sz ‘v e )’ o R, i o1 il %2
TV, PRI EZRAELTZ. S61C, o7 =22 H W TR R 2 icB8 0% aves) o
45 L OV 20 LR 7 0 B & A R L7z

1.3 R
BRSNS oMM I 15 DVR X, K& (DVR-T) & H £ (DVR-L) £ (ZE R OL
— 7%~ L7z (Fig. 1). B OAOHEH ETORBOEERZ1X12.8 H THo7203, 2O DVR-T



EDVR-LEZHWT TR EIT 7286 O 7l K B (RMSE :root-mean-square error) (% 3.1 H Tho
72 (Table 1). A S A O MR IZHB D% IR O DVR(DVR-T) b E R T (Fig. 2), HFE
MO A ETO R B OEAER 1L 3.5 H THo72A, 20 DVR-T ZHWT T EIT-1285 4
OFHKEE1X2.9 H TH 7= (Table 1). 1989 4 (X F4 (Chs L CRAE 1 25 M T AR
KLSHER L7 (Fig. 3), BB &R Bl 1% 5-7 B <272, —J7, 1990 4 138 Hl ] 5> 5k 24
HMETOKIRDFAETVS 720 & <, AW &R 21T 7-10 A R o7z. 1991 4F L F4FE I DK
IR CRGE L, R Lk BN AR Thode. Bl 42 G ICB W, B oS HE o/
YNTAN 7 DVRIEIZED TR AT o786 O FRIFR 2L, 198941524 H, 1990 41X 2.5 H,
1991 #1% 2.7 H Toh-o72. 1990 O Tl B IFXEL, 1991 O Ffll B IX RS O A6 M 237
Do, MEE G A O M k05 T HIERZEIE, 1989 F1%2.2 H, 199041%2.7 H, 1991
HF1%2.6 H CH-o7=(Tables 2, 3, 4).

REHRHIZBNTINGD DVR T AEFHWCTTHESNZBAE M O R 5K R Ek A ED
BAfRZ /R~ L7 (Fig. 4). BB XIERDN 12CORHICBME T8, BASNIE -8 A 17 BiZkdETH
SN2 12CU TORRYICBHEL THOR AT R bR ho7=2 D, SR IR T2 A H
ORI 8 A 17 HEH BT,

1.4 &%

MEHFHOBMBERERARBRBICBONT 3 F/], xR HICBBE LT =205/ 0187
ARy 27 DVRIEZH WTETVEERL, ZOFT L% F W THE [ RN o 42 B 85312360 T H s
BLOKRAM O T MEITo72E2A, PHMEEFZERNHEOAEITELLE 2-3 H Tholo. ZORERITZ
NETOHRSE JI T H 1989, AL 1990) LIZIFR LD THo7-. Bipo7- Ml O il i,
SRR O R ENEAE TIZH2 DO @ W UK 2G5 7203, DVRIEITUKFG O A, A B
PEZE SO TP REIT) FIETIHRWIENS, AFOL S IXTHEENE T 35282005,
FHIEZEIT OB NRBOENTZIEND, ETILOHE BEITHZETT R ENH E+5E
B 250, DVR BT VAW R T5720121F, SHIZAWIEEF B CHikicB W TEohizT —
AEEDTHENTTHLELRDD. KTBORMEESLAETRE, EFBE, FIRELEFTARAT—VIC
WEBLZLIFTEEZLND. THIKER EODIZiE, 20X BER AT RMEICHE TR E L
BHONZTHNENDD.

HEWE 3.0-3.5 HE O KRR HEH O 25 AR E (F B RO ) 1X 12.0-13.0C STV D (R AR I,
1969) . JUMIZEITHKFG OB & IRIRE 1T 12.1°C(HEAD, 1986), 13.0C (55, 1989) DR
ENRHDL. BHEPE NG S ICIIKMICEERSEETHIERNDY, IEERAICKITHRM AL T
WU BN D Lz (M AR D 1986, I35 1989). AHMF2E Tl DVR €T &2 H W TEEDK G4
HETICBTLER THEZIToMER, B ERYIZA EHIIEN 12CEBE 2L THHIENR
SN2 (Fig. 4), IRIRICEDEELCHIN OMERMEEZZ BT 5L, BLENLRBME R IRYILA FEB
KIEB13CEBZDHEEEZE ZOND. 22C, H FHKRIEN 13 CEEXLIHZBMEARIEL T,
TERK LTz /2 73T AR w7 DVR 7 /L& 1km Ay ¥ 2 GG A 24 A b8 T, & ) I 438k o % Al 1
BLOK B R BRM 7 XK E2ER L (Figs. 5, 6). ZO TR 25, & W BB T 58l 7R 1
ERIEFEETIX 4 H 6-10 B, LTIz 4 A 11-15 BT, AR R I/EE T 8 A 8-13 H,
s CiE 8 H 13-18 A THo7= (HH -JFH, 1997).

LrL, ZORIEFEAEDOK G FAFICIHTD T X CHEEOED T TIERV. 84 0EPHEIC



KW TREITOZHITIE, DVR 7 ICE B OKIR T — % (VT V2 A LBLRIME) 2/ A bt
TN T2 E N DD, GIS (M H AT L) & AMeDAS (Mg & G BLI o 27 ) BLEE 2 D
lkm Ay 2B CTRIBRZTHT5LHEO TR A AREICZRS (HFH 1994b, 1995) . Figures.
5,6 (2R ERBICBIL2BEBLOMARIRA 2R LN, &R I HomEN L7z
EHCHEE SN TV, 5%, ZOMTiEEZH oM EICH#E H CE2ET VEER T 284 EHR
bH5.



DVR (/day)

DVR (day)

0.020

- ——DVR

0.015F erpevn Frequency >

i =
0.010} §
0.005F E
0.000

Sl 1100
< J_m_.,nmﬁﬁﬁﬁ%%@mﬁﬁgm N 0
8 10 12 14 16 18 20 22 24 26 28 30 32
Temperature (°C)

0003+ —*—DVR /a/
| ==www Frequency >
o
0.002 | S
o
L [«b}
| -
L
0.001 | /-// .
| o 1500
0.000 L 4 R v v W 077" RE 1 0

120 125 130 135 140 145
Daylength (h)

Fig. 1 DVR of heading from transplanting times of ‘Koshihikari’.



Table 1 The error of estimate value at Fukuoka Agricultural
Research Center Chikushino.

Transplanting ~ Heading Heading ~ Maturity
Days RMSE Days RMSE
12.8 3.1 3.5 2.9

1) 1988 ~ 1992 year.
2) Days is standard deviation, RMSE is root-mean-square error.
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Fig. 2 DVR of maturity from heading times of ‘Koshihikari’.
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Fig. 3 Transition of mean daily air temperature from April to
September in Dazaifu AMeDAS.
® ,1989; A,1990; O, 1991.
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Fig. 4 Relation of mean daily temperature at transplanting
and maturity time of ‘Koshihikari’.



Table 2 Error of estimated value of heading time and maturity time in 1989 .

Place Transplanting  Estimated Error of  Estimated Error of
time Heading  Estimated  Maturity Estimated
time value time time
Ooki machi 4.25 7.19 -1 8.22 +2
Mizuma machi 4.15 7.15 0 8.17 -2
Mizuma machi 4.24 7.19 -1 8.22 +1
Hirokawa machi 4.21 7.19 0 8.22 0
Kurume city 4.25 7.21 -2 8.26 +2
Kaho machi 4.27 7.28 +1 9.4 +2
Shima machi 427 7.24 -3 8.31 +3
Yukuhashi city 4.25 7.24 +1 8.27 0
Munakata city 4.25 7.25 -1 8.31 +5
Nakama city 4.15 7.18 -5 8.26 -1
Nakama city 4.22 7.22 -3 8.28 2
Okagaki machi 4.17 7.20 -4 8.28 0
Shiida machi 4.25 7.24 -1 8.29 +1
RMSE 2.4 2.2

Investigation was carried out in Fukuoka Prefecture. Rice cultivar is ‘Koshihikari’.
Abbreviation:RMSE ; root-mean-square error.



Table 3 Error of estimated value of heading time and maturity time in 1990 .

Transplanting Estimated  Error of  Estimated  Error of

Place time Heading Estimated Maturity  Estimated
time value time time
Takada machi 4.18 7.12 +1 8.11 0
Ooki machi 4.10 7.9 +1 8.8 +1
Ooki machi 4.25 7.13 +1 8.12 +1
Mizuma machi 4.5 7.9 0 8.9 +3
Mizuma machi 4.15 7.11 +1 8.10 +1
Kurume city 4.5 7.9 0 8.9 +5
Kurume city 4.20 7.13 +2 8.11 +2
Kaho machi 4.8 7.13 +1 8.13 -2
Shima machi 4.9 7.13 +4 8.10 -2
Yukuhashi city 4.25 7.18 +5 8.14 +1
Munakata city 4.14 7.14 0 8.15 +2
Munakata city 4.23 7.16 0 8.17 -1
Nakama city 4.10 7.11 -3 8.14 -5
Nakama city 4.18 7.14 ) 8.16 -5
Shiida machi 4.5 7.13 +5 8.9 +1
Shiida machi 4.10 7.14 +2 8.13 0
RMSE 2.5 2.7

Investigation was carried out in Fukuoka Prefecture. Rice cultivar is ‘Koshihikari’.
Abbreviation:RMSE ; root-mean-square error.



Table 4 Error of estimated value of heading time and maturity time in 1991 .

Transplanting  Estimated Error of Estimated Error of
Place time Heading  Estimated Maturity Estimated
time value time time
Takada machi 4.20 7.15 -1 8.19 +1
Ooki machi 4.10 7.9 +2 8.10 +3
Ooki machi 4.25 7.15 -2 8.19 +1
Mizuma machi 4.10 7.10 -3 8.16 +1
Kurume city 4.7 7.10 -1 8.14 +3
Kurume city 4.20 7.15 -1 8.19 +1
Kaho machi 4.14 7.17 -4 8.26 +3
Shima machi 5.2 7.22 -3 8.30 +6
Yukuhashi city 4.25 7.20 0 8.24 +1
Nakama city 4.11 7.13 -4 8.20 -1
Nakama city 4.16 7.15 -6 8.24 0
Shiida machi 4.14 7.16 0 8.20 +4
Shiida machi 4.22 7.19 -1 8.24 +1
RMSE 2.7 2.6

Investigation was carried out in Fukuoka Prefecture. Rice cultivar is ‘Koshihikari’.
Abbreviation:RMSE ; root-mean-square error.
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OApril 11-15
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I’ @ April 21-25
@ April 26-30
O May 1-5

Fig. 5 The early limit map of transplanting time of
‘Koshihikari’ in Fukuoka Prefecture.
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Fig. 6 The early limit map of maturity time of

‘Koshihikari’ in Fukuoka Prefecture.
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FoE AKMEKEBRBCRIDRBELEBEREYMNOMAEORICIDEHIEIE X

2.1 WS

KFEOBEKEREITEEH CBHEAEEDNARNERE NG EIN THL. BEHEEE LS LIEDLD
W20, ZEOWBESCH K, IRl B EENFUCRIICEFLR2WVWED, KBOEY 295 KL
TEEZ20BEELILERHS. UM TIZZHOSTEN 4 Hb 6 H OB ICBMENTEY,
WA AERL, HEICH T THEREEZITOIZETHEYMEOIL KN ATRELE ZOND. N6
(1982) LEEIR 5 (1989) 1%, /NEHZ OWEEKBERFIZBNT, 6 A EANLD T A EWICHEA 0¥ HE
FEHFBLEER, BEYOKEBIX 6 AP ALPS THEREL TS, HH %M (1987) 1T 5
ISR EIRIZ4H EANLTHERELTWD, LvL, 4 A6 6 H OE WK Ik W
THEFELEEOEMZRTF LW S 1372, B LB AR ICBIT2ELLEOBEKRLI LMNIC
LY ANGAYAN

FIT, ZOBETIIINILEICB T HEFEREOEMZH SN THEH2AMELT, Kfg 3 &
FEARWEREY CEREL, 4 Anb6 HOWMICEFEEIIBMEE L3 MEOIEENE
AL, RIS, WEEN 2 OB EICBOWTEB LB R E 2TV, BT —405
A TR O DAEBFAT—VETAEER L. 612, BFEFE BT ESCLZ K RAE
ok, IRERK OB B AR LR L TRE L (H S, 1998).

22 MBBIUOFE
2.2.1 BER B

KFEDIET X 1994-1996 F D 3 F, 1@ [if] 2 i A& 3B (1@ i) R 5148 95 1) o K | C1T
S RS FEIIM RAED FXeH), BRAEDO COLRAE FIED YU RYL O 3 BEEH
WL BB IXE K LK B, B ARSI 3.0-3.5 EOME A, 54,4 H 2427 A,5 A
16-19 H, 6 A 6-10 H, 6 H 20-22 H® 4 [A], B EIIBM L. V7 R~L’ OB E X
1995 4E L 1996 4ED 2 MEDHEN LT-. 512, @ IR B ER AR5 % 08 GE I =%
BB RARHT)IZIBUVNT, 1995 L& 1996 D 2 4, RO A I L. ML FXeh)’, ‘>
LA, “YI7vdR~L’ o3 WHT, £4,5HH31H,6 H10H,6 A 20 HD 3 [, Hf £
B LT,

ELIR AR I T K Lo K B, FE 1% 1024720 3kg #6FE L7-. B Ml 4 5% 13 ME v 2 5 ] 30cm, ¥k
M 15cm OB JETFM ALz, KEFEEPBRITAKTOA BTG U T mFE i Lz, KB IERE,
Y)EORBICHE A L, 1B BRI R B X ORUES A8 (i L=, 2 % i A & 13 Table. 5 (278
L7=.

2.2.2 fBAT 1

2 gt /73T AR 7 DVR (Developmental Rate) i£ (Takezawa+ Tamura, 1991) % H W\ T, £ &
RO OHENOEFTAT —VICAETRIESCH RO EBLMTL, HESBHE Y O H
W z2 T T2ET VEER L. HEMOAOEAMIZOWTIX 1 Rt /73T AN v 27 DVR %
HAWTRIRORBEMEN L, ETLVEERLE. ThoDET VEHWT, B BIOB M IC
BUDHBEI LAY O P AR T, KRG TR AW L, RBEICHBEEN TVEIT-T
ZoKZ 1.8mm B DSDNTER L. KOBEA AL E T L0 KE (ON—L AN, 7Sy bR

_13_



HE) T 90% ETH k24T W, —F7F 74 — M % (BrantLuebbe fLH) T7VIn— 25 F R LXK
UNEEARERELEZ (BITS, 1991). EBI2, T7AFangA—2 GTX-2 B (a5 %2 H v
THERCK O S (H) &R0 (—H), 5 (A) ZiE L7 (EBES, 1980).

2.3 R
2.3.1 BBA ‘FXehY’

Table 6 (Z°FXbHV OFEHEM LI &, A FHK, BERFELOBEFREZRLEZ. EH60 5 H
WCBWTH, RBLIOBMEYI N 4 H 25 Bvb 6 A 21 HO®PE TIX, INEICA EZITBROLN
ot FILBICEFBSLPBM LS A, WEICH THEBFEEBEOEIX3%UNT, i ik
EHZIFROONoT. MAEZERITFOVEREHIZESLD, 4 A 25 A6 5 A 31 A TiE2 HiTk
ol Fe, RUVEHNIEER KO TIn— A5 F R ITE T LD, XUV E &6 FIIx T2 81X
BN oTe. MK DT I ATF v — K HEEITEM RN R WEZESD, 4 A 25 HIZEITH H/-H &
H/A; OMEIZEWES ICHEL TEEIZH -T2, EHIZ, 2 ITORBR B W TEREDOR S 5414
TICBITDREEER O AW T 21T -7= (Fig. 7A) . 4 H TS5 6 H FAICEELEZSE S,
R THICRBUT2R AL 94 EANS10 A AT, k0B IcB I EIE 5-10 A<,
MRk E: vt 8 HEN-TZ.

2.3.2 BA‘oKLRAE’

Table 7 (2 OKLEA OFFEM LI &, MESHK, BR/BELOBEGEZRLE. EHL0HRER
HZEBWTY, #&fE, BN 4 A 25 B5 6 H 21 A O TIE, INEICABEEITROLNR
Dotz 6 A 21 HEERIIMOREREHICHB L TR 4% L7z, $£72, 6 A 21 B BRIk
ICHEART 4% IR L7z. MESRIIEOFEY CHLEHC, P LRESROMIZA E/2ME
RO, BEM P EVWG A, BAOTIn—REFRIIK T LERY L NIE & H R
WEE DR PoT. TI7AF v — R IIEEH PN R WG S IZH M RN ALIT. 4 H THA»H6 H
PAICERE LS A O AT, HEHHTIZOATAN510 H T, AESHETIZIOHA A
25 10 H A THo7= (Fig. 7B). KRB HICBIT A AW 5% 205 L0 4-8 HIEL, B
Iy 7 BENoT-.

2.3.3 A YIVEwL’

Table 8 [TV 7V AR~ OFMM LI &, A FHK, RERAEMEORFRZ L. IWEITHE
B ifi CIIRE N E<RDIZERWA L, 6 H 21 BHEEELS A 17 B22b6 H 8 HEMOMIZAH B =
NIBOENT-. HE DL TES A 17 BB 6 A 21 BEEOMICH BRI EZITRDLNRN-
o M EMAESROBICHBERME IR OLN o7 BMEM AR VWG S, BkoTIo—
AEHERIIETL, X _"V7EEHARIISA 1THEETIZ6 A S HBXU6 A 21 H I
LCHBIZEL kol M ET 7 AF ¥y — R OMIITH B BIXR D LR o7z, il A
B HIZBNTS AP 6 A FACERELESG S, BLXOHEZSHICEWTS A TAH
1H6 AHPAIICEELEZS S, WIihb 10 A EAI2S 10 HH A Tho7- (Fig. 7C) . HE B IC
BUFDMAHNIIHEZ 2% L0 7 RENoT.
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2.4 E5

Table 6 124 A FTHI2H6 A HANCHEEKBEREZIT o7 X D) OFE R AR U, ZOREHIZHE
L2546, IR HHICBITA AT A Fansb 10 H EalHE Sz (Fig. 7A) . UL, &
MEWES, MESRCT VAT ¥ — B IHENL -T2, EEELIL 6 A LanrbTaL
fIMr &7z, Table 7 124 H THIH6 A FANCHAKEIEZIT 72 OLEA O REZRLZ. £D
i R 'fﬁ‘f'é%m BUIFDHRAMIT9 AR5 10 A TR EHEE S (Fig. 7B) . LL, 6 A HAJIC
BRELZGA, OB B LT 4% LIZ2E00, REEES T 4 A FU»rdb 6 A LAk
#IJLﬁént. VIR TIE, 6 A ISR T AL BICHINLIZZEG, Ry 5 A
EPﬁsz% 6 B FAIE WSt (Table 8). 2O ICIRE L= 4, LTI 5 2

3 10 A ERrsh A LHEE Sz (Fig. 7C). [F BICHERELIZIG 6, 516k 05 23 1T D A X8 5

ﬁ;% 4-10 H B EHEE Sz (Fig. 7A, 7B). Ziuid 4 A5 10 H ORI BIT 5 FH GR H
L E T 0.6 CRmWIkizkslE 267 (Fig. 8) .

EMH(1982) 1%, MNEHZBIGICEW TR E A, B4, hAMEEZ6 H SENSLTH S BHOHIH
WCHEKEREL, HBHEMERIT, MPAGEO B 299 5, RALEO HelF , PAEMLEOD
SRV, ‘mME 71 57, CEECILIC 6 AR AIEHE LTV, f&%ﬁ%(ww)m\ﬁf& R A
TR HER LA NRED YL 6 H 5 Anb 26 BICHEHREL, EEGRIXEA LT
X6 A25 B, BAEMETIX6 HHALHEL WD, RS RICBIIEEEIRIZ4 A LAND
HAEHAESILTWD (EE - H, 1987). IR & RIZIUM SIS ELTHY, 4 A OB RIR
IR AL EBICAL B @M IR L0 2.9CHE WIEnDh, B IR IR CidfE i IR Lo 75 fE 5 (R # 2
BWeEzoniz. ZnHofE R0, LM EEicB W Tl FE AL R A, hAREE 4 H TAH 6
AHMIICHEETLET, BEEEORAYEN 8 A TN 10 A R Ay, o725
FEEEE R A G D TEMEZIL K CEHZEDRHOLNITR>T-(HHF B, 1998).

— 5, KOSMEIXZEHELZEH THY, ‘FXeh) L KX LBEA DNELZLAORES L, &
BRAZHOWTC, EREEE B R O A2{T>7-(Table 9). ZOME R, INEEME LK, KO
BRI IT R O BIIFROLN o120, kO TIn—AE F7 R iﬁ:ﬁéﬁiifj:%b
. BRAMOKIEIXITIe—XE ﬁ«p%tﬁéﬁé(mﬁg 1979, fiH 1988) 2%, EF A ICE
TAHHFE X BB LS SIS LT T7-8 BBEWED (F—2E M), HE#FE OB NEEIIE
FEXOHIELRY, TIn—2AE A RN/ INLZEE 2005, EFEHLEICB TS H/-H & H/A; OfE X
B RS LB A BIZE2 o7z, H/-H & H/A EIZBCK OB EMHBE RS LT LA S TEY,
H/-H X° H/A; DEMEL DB L3205 GEBED, 1980). ZOIZEnh, EERKEICTHITLK
ORI, BHEEICBI2RBRICHEBE L THIZLTNEE LN, LXKORELEKE H/-H
& H/A; O, BRIFBEICEHOLOTEEREEI-EIBME LG ANMEN. $72, TIn—AG H %
iﬁ%iﬁ%@if: B LGS ICES o7, TN E XA OIBELHEENHLZENAL

WZENTWD(EFS 1961, KD 1979, figd#: 1988, A 1994). K o5 E &5 2 o KR
@F%%’: WZDWTIE, B4 EEE SHETELETS.
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Table 5 The amount of nitrogen fertilizer application at Fukuoka Agricultural
Research Center Chikushino and Chikugo Experimental Station.

Experimental Transplanting The amount of nitrogen fertilizer application (Nkg/10a)
Station or Seeding time Kinuhikari Tsukushiwase Tsukushihomare
Chikushino 424 ~ 27 6+2+1.5 6+2+1.5 —
5.16 ~ 19 6+2+1.5 6+2+1.5 6+3+2
6.6 ~ 10 5+2+1.5 5+2+1.5 5+3+2
6.20 ~ 22 4+2+1.5 4+2+1.5 4+3+2
Chikugo 5.31 4+1.5+1.5 4+2+1.5 7+3.5+2.5
6.10 4+1.5+1.5 4+2+1.5 7+3.5+2.5
6.20 4+1.5+1.5 4+2+1.5 7+3.5+2.5

The amount of nitrogen fertilizer application : Basal+Panicle formation+Booting stages.

Table 6 The yield, inspection grade and characteristics of palatability in
‘Kinuhikari’ cultivated direct seeding.

Seeding Yield (Brown rice) Inspection grade Milled rice Textural characteristics
time Chikushino Chikugo Chikushino  Chikugo Amylose  Protein H/-H H/A3
(Month.Day)  (yo/n)  Ratio  (kgla) (%) (%)

4.25 554a 97 - 40a - 16.1a 7.7a S55a 198 a
5.17 574a 101 - 43a - 16.5a 7.7a 29b 64b
5.31 — — 474 a — 4.0a — — — —

6.8 57.6a 98 52.5a 35b 33b 17.1b 75a 27b 77b
6.21 56.7a 103 49.0a 23¢ 25¢ 18.7¢ 73a 24c¢ 59b

1) Experiment were performed in 1994~ 1996 (Chikushino), 1995,1996 (Chikugo).
2) Ratio of Yield is the ratio yield of direct seeding / transplanting in the same day (1995, 1996 year).
3) Inspection grade of kernel is evaluated of 9 degrees.; 1st grade (1,2,3), 2nd grade (4,5,6) and 3rd grade (7,8,9).

The less number, the more higher quality.
4) Amylose, Protein and Textural characteristics are Chikushino only (1995, 1996 year).
5) Textural characteristics are the less number, the more higher quality.
6) Values followed by the same letter within a column are not significantly different at 5% level, based on Tukey's multiple range test.
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Fig. 7 Estimated maturity date using DVR model.

Abbreviations: D.S.; direct seeding, T.P.; transplanting

Table 7 The yield, inspection grade and characteristics of palatability in
“Tsukushiwase’ cultivated direct seeding.

Seeding Yield (Brown rice) Inspection grade Milled rice Textural characteristics
time Chikushino Chikugo Chikushino  Chikugo Amylose Protein H/-H H/A3
(Month.Day) (kg/a) Ratio (kg/a) (%) (%)

4.25 61.0a 101 — 25a — 169a 7.2a 36a 113a
5.17 59.7a 97 — 20a — 18.0b 7.2a 30a 79a
5.31 — — 59.1a — 25a — — — —

6. 8 6l.1a 99 59.7a 20a 30a 19.5¢ 7.0a 25a 63 a
6.21 58.0a 96 56.8a 23a 35a 19.7¢ 75a 26a 68a

1) Experiment were performed in 1995,1996 year.
2) Ratio of Yield is the ratio yield of direct seeding / transplanting in the same day.
3) Inspection grade of kernel is evaluated of 9 degrees.; 1st grade (1,2,3), 2nd grade (4,5,6) and 3rd grade (7,8,9).

The less number, the more higher quality.
4) Values followed by the same letter within a column are not significantly different at 5% level, based on Tukey’s multiple range test.
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Table 8 The yield, inspection grade and characteristics of palatability in
“Tsukushihomare’ cultivated direct seeding.

Seeding Yield (Brown rice) Inspection grade Milled rice Textural characteristics
time Chikushino Chikugo Chikushino Chikugo ~ Amylose Protein H/-H H/A3
(Month.Day)  (kg/a) (kg/a) (%) (%)
5.17 66.9 a — 23a — 19.7a 75a 50a 160 a
5.31 — 579a — 23a - — — —
6. 8 64.1a 63.1a 1.7b 35a 21.3b 72b 59a 196 a
6.21 60.5b 60.0a 2.0ab 35a 22.0c 720 49 a 145 a

1) Experiment were performed in 1994~ 1996 (Chikushino), 1995,1996 (Chikugo).
2) Inspection grade of kernel is evaluated of 9 degrees.; 1st grade (1,2,3), 2nd grade (4,5,6) and 3rd grade (7,8,9).

The less number, the more higher quality.
3) Values followed by the same letter within a column are not significantly different at 5% level, based on Tukey’s multiple range test.

Table 9 Effects of cultivation and cropping season on the yield, inspestion
grade and characteristics of palatability.

factor Yield ' Inspection Milled rice Textural characteristics
(Brown rice) grade Amylose Protein H/-H H/A3
(kg/a) (%) (%)
Cultivation
Direct seeding 579a 31a 17.8 a 74a 3la 90 a
Transplanting 585a 30a 17.1b 74a 37b 110b
Seeding or Transplanting time
4.25 59.4a 35a 16.2a 75a 48 a 163 a
5.17 582a 34a 16.9b 7.6a 38D 107 b
6. 8 585a 29b 18.0c¢ 75a 27¢ 7lc
6.21 56.7b 24c¢ 18.8d 7.2b 25¢ 59¢

1) Cultivar are ‘Kinuhikari’ and ‘Tsukushiwase’.
2) Experiment were performed in 1995,1996 (Chikushino only).
3) Inspection grade of kernel is evaluated of 9 degrees.; 1st grade (1,2,3), 2nd grade (4,5,6) and 3rd grade (7,8,9).
The less number, the more higher quality.
4) Values followed by the same letter within a column are not significantly different at 5% level, based on Tukey’s multiple range test.

_18_



Mean daily temperature (°C)

25

20

15

10

—O— Dazaifu
- —@— Kurume

10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30
Apr. May Jun Jul. Aug. Sep. Oct..

Month.Day

Fig. 8 Transition of mean daily air temperature from April

to October in Dazaifu and Kurume AMeDAS.

Dazaifu is near Chikushino station, Kurume is near Chikugo station.
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B3E KMEMTE /W) BTN E, BRWEA LDOIODDERKED

3.1 ¥ &

‘B/EHVE, ‘avehV LEBEORBR T, NEL TOLERE NIRRT A THLIZEND,
UM H B TR BE R L TWARE THD. ‘e hY O&FRHERKREEICOWTITEEICH %4 X
NTHWD(FEES 1989, HH D 1990). KBEOEFZWIN EIZAEFTZW W &, MEOM Ex2KX
LHEEDOEBERIEE THY, A EH(1993) 1%, ‘b h U’ ORI &k B IS I 1T D B i 22 3 RN
BAPHOLICLER, MELEZRINBEOBBRICOVWTIIHRE L TR, —F, ke F+-Eho%
BROXRIBEEGHFIIKBEKOBREAERHEEARDLN, KGOEFRRINELLKOERS
HRBLIOBEREOBERIZOWTIT® S SN TOZ2R (Juliano & 1965, A RS 1974, [U T« A
1974, fig it 1988). 2T, ZOETIX /W) OEERN BELLKDEFEEAHRBLOK M
KDOBEREDORZRERFL, WEELE M EODDREFZRINEOEBEMAHO)NCTSZEER
el 61T, ‘B /e OB OL EM LM O FE L LT LIzl

3.2 MBBLIUFE
3.2.1 BER M B &4 T ¥

AR T ] R R R SRR G (@ i RS R B ) oD EE LK B IZH VT, 1988, 1989, 1990 4
DO3INEFE[E L. KRR /e b’ %, £4, 6 A 14 HBLO6 A 20 HICBM L. #1%3.0-3.5
BEOME T, BB E I Y720 19-22 #REL7Z. FBARIE 10224720 %55 3.0, 4.5, 6.0kg D 3 K#EE
R, PO AL, Iz CERAZ B AT 20 A BT ICE 3 2.0kg, HFEAT 13 B ATZIZ 1.5kg
M L7z, iD=V WAV LD LN A L ME R X ZF T2, 612, BRWOMFEB 225
MIZT DD, ‘b/e ) IR~V A2 199146 A 21 HIZBME L. EEIX10a 720 = 3 4.0,
7.0kg @ 2 KHELLT, IBIEITEFR 4.0kg Z M FEAT 22 B EITHEER 10 BICHAH L. KEHL
B3 B8 13K G o0 28 BT Ul B FE M L7

BAE 35 B &S BB i ) (HE B AT 18-20 A BE), BEAI T, sCFAMI DFF 4 8], &% 10 k&2 7Y
YL, M E M EEARE L. RS, TN —VIETERGAEEREL, EFER
INE (M EXEREAR)ZHEH L. AWML, XA RBEZICHE, WIziTy, X
K% 1.8mm O5DNTEB LI, X KITEDERRICHIEL T ALY —VIETERE A RL2HE
L7 IREBCKOBWIIERTOFSISICESF, ‘AR ZEAERLL T [HIC 7-10 A% 12-18
% DRV E TEAR L7z,

3.3 &
331l ERRWNELHE, NEBLOCZXEREFRLOBRK

Figure 9 \Z BN i FE Y 72V B CU & OB fRZ /R Lz, m 4 7208 20728 32,000 K2 LL T OFiPH T
W, R SN B ICH SR B R O BT, 32,000 KL BB EER DO BITR D b
7eholz. aB VL& 57-60kg (2K IS 5 m X 7208 1% 30,000-32,000 KL Th-o7-. B2k
JHERWIN BT m Y 720 EFE B B O b7 (Fig. 10) . m 47208 31,000 KLkt S 325
EHRWIEIL 10aX4720 10.5kg Tholz. AW OEFZ W E X 10aX4720 11kg BL T O&HiIPH T
W, IWEEORNIICHBENROONTZN, 12kg UL ETIER ORI ->7 (Fig. 11). a4 720 &
57kg (ZxF I T DR A D2 FE WU & 1 10a4 729 11.5kg ThHoT-.
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Figure 12 ICHERIICBU2ERZ NN ELLKERZTEHARLOMEMAEZ R L. EFWILEDN
4.2kg 756 11.8kg OFIFH TIE, EHERINELEMTHIE L KERZ ST A ENEIML, 1%KHET

BN O, Figure 13 ICAMICBII2EZWIN BELE LK EREHELOBGRE
R LTo. 2 E WU BN 4.5kg D 12.6kg D#EIPH TIE, ZEWIL BN THIE LK EHZEGAH R
LML, 1% K¥ETHBERHBERROONT. SHIZ, hEETERH NS H OB IcB TS
ERWMNEELKRERGARLOMICLA ERMABENPR OO (Table 10). Z Ol o H [ I
BULEHERINELZ KR EHEEGAHREOBIIIA ERMEIZR ORI -T-.

332 ZXREBREARLRBAKOARKEDBE IR

Figures 14, 15 ICX KR ER G HRLRBOK O BKEDBERZ R LTZ. 1989 FIXXKERE A
FRHW B0 1.17-1.25% DR WEIFH T, A ERMEBEITRDONRNhoT. —J5, 1990 4 D K K
EREARIL119-1.36%DOH AT, LKRERGHEDEMTHITERKEIBE T L (Fig. 14).
DNEERBETIE, LAREHEGHRERBKDOERITIT 1% KETHERMENEDONT. L
2L, ‘BEHV OLKREREAEN 1.36% 2258, HEXO B A LOMICHEZEZNR
ooz, EHIZ, 1991 FIZ e /e’ LY I vR~L g L. ‘e JeD) O LK DE
FEHFIL 1.18-1.58%, VI AR~L X 1.20-1.47% D H THo77=M, EHLLDOMFEL £ K%
FEHBNREVIZERENE T L (Fig. 15). ‘b/eh) CHEER O A AR LoMIc2ToR
BRIXCHREENBOONTL. 2, ‘BN ORKIL VIV RYL I ARXTEZELTEL, X
KERETHEOEAIIEORKOLEH /NS0T,

!

3.4 %

KRFEOEFRWRIEIL, WESCHER FE2XBEOEETZMBEELLCEEREA THLH.
Wiz HaE R B EHAL Y 7205, BLORAN IR 1T 5% F WX & LI & o 21X
HREPROLZEPIME SN TS (FRILD, 1984). AED (1993) X ‘e /eH ) IZBIT D% E £ PED
T8 O f ji 22 35 W U 0L, BT C 10.5kg/10a, BEAVHI T 12.0kg/10a A LTS ABFIEIC
BOWTHLINODOHE 2L FHT58 NS5 7 (Figs. 9, 10, 11). UL, KoM EICBEL TH
SNTWRNZEND, BEHRRINEELKREREAHEBORBKOEKRLDOBBRIZ OV TR L.

KWEFEDOTIR—AGHERIOLNIEEH R, EFREHFLRHBUK DR RITITH B 22HMHE B
WdHY, ZTRODOME NN T 5L EZE T $5 (Juliano b 1965, AW H 1974, [ T - B K
1974, Fa: 1988). T ROXU NRIVEEAREBR A FITMEIEELEELRHY (AR5 1974,
IR BEAR 1974), ZAOEREHRIIBWKN E2XIBOEERRIELRD. LKEREGH
N 1.3%DEA, ‘B/eh) ORRITEEXRDO AARE BLO Y Z7UhR~L ICHELTHEIC
BENATD, mWBWREAZMER 757201212 1.3% L T IZR S BEENRDOL (Figs. 14, 15). &6
I, EARERZEAFRLERAMYWBIORAMOER RN ELOBICH BRMEBERRBDL, XK
ERGAR13%ICHIIETHE FWILE T, FEH T 11.0kg/10a, LZAW T 12.0kg/10a Th o7
(Figs. 12, 13). ZORE R, WEBEH OB LIZME T, ZRoDOZEND, ‘BB OF
ERZELEEODOEBTZMIEEIL, a Y720 E 57-60kg #HAELLZE A, i 4720
30,000-32,000 k7, FEHi 02 F W UL E 10.5-11.0kg/10a, AKAM D% FE WL & 12.0kg/10a &H
WrEsnsg. ‘e B O R EIFBEICHE STV (D, 1990). LAL, ShETE B 5 2558 Hi
OB ENIE R ITLKEZEGH RIS EH A RENE N E < (Table 10), 18 7258 B
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FERAZETSEL(HF S, 2000). AWFIETIE, WEELE R LOWEMNADAIZ B/ A DE
FWIN EDOHEZEEZHALNICLIZ(HH D 1992, 1994a) . 5%, TNOOFFEAEE IR S LIc%E &
fit NEVE DRESL BB THD.
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Fig. 9 Relation between number of kernel and grain yield
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Fig. 10 Relation between amount of nitrogen uptake in full heading
stage and number of kernel. 0, 1989; @, 1990.
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Fig. 13 Relation between amount of nitrogen uptake in maturity
stage and nitrogen content of brown rice in ‘Hinohikari’.

0, 1989; @ , 1990.

Table 10 Correlation with the amount of nitrogen uptake and the nitrogen

content of brown rice in ‘Hinohikari’.

Growth stage

Correlation coefficient

Transplanting ~ 35 days after transplanting
35 days after transplanting ~ Panicle formation stage

Panicle formation stage ~ Full heading stage

Full heading stage ~ Maturity stage

+0.32
+0.34
+0.60**
+0.06

** is correlationed at 1% level.

_25_



(o)
o] (o]
o]
1.0 | B
o) e
Q \\"‘"-...
8 \““Mn °
% o & S o]
D oy
kS 0 h
P o (o] \m @ @
= [ ] e ¥
g 05 . ¢ T
% [ ] -‘M“‘H..‘
[a
]
— * %k
r =—0.65
0.0 1 1
1.2 1.3 1.4

Nitrogen content of brown rice (%)

Fig. 14 Relation between nitrogen content of brown rice and
palatability of boiled rice in ‘Hinohikari’.
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Fig. 15 Relation between nitrogen content of brown rice and
palatability of boiled rice in ‘Hinohikari’ and
‘Tsukushihomare’.

Experiment was performed in 1991.

Palatability of boiled rice was evaluated by comparing
the standard cultivar ‘Nipponbare’(0.0).
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AT SIRTHMEARSEO 'TH-NMREIZEAE B OB 7k 4> B) BEfiF 4T

4.1 S

BAGERRICBITHIREAN X, EYMOIE R HE OIK T Z# < (Chowdhunry - Wardlaw,
1978). IKIEIX T EDE R HE 2K TS, TEZEOBF AR OIE R ADEIEZH N, FE
MNRREIE T EON EEM EEXE58 555 (Shimono 5, 2002). — 7, & i I1ZKHE (Inaba-
Sato, 1976)<°/]N % (Hawker-Jenner, 1993), KZ (Wallwork ©, 1998) D -FE DA K%L E T 5
TERHMBN TS, T, TV AR EBEBEIEEORK TICLZEnHEINTND
5T, KRR FREOBAY B ICBITLIEE AR R, BLAKEEZT TRt A R EEDE|I
A 5 2 A (Hirotsu &, 2005) .

FEORECKREIL, AIFHOCAEBR TR EEZLED. FEOKISE OB RRIE, MO
FANHTXTRENR G 7 FEHABAERL, BERELEELTWLD &75>$|§iéﬁ/bfb\5(lwaya Inoue &
2001, Funaba & 2006). fxiT, BB ICB W TRE AN RZB IR /e D T EE2 5 R I
NMR #EFR OB/ AT E SN, i 51E, FEOBEYHICENT, 20C THEALEZTEO T, E
1ToE <, 30C TN E LEL B LA 5/ LT (Funaba ©, 2006) . ZiLHDZ &N, KEE
FHEDO T, OFALIL, BRAFHETOKOYMELEHEZIZHELY, [KIRCEIRAN ZADREBEZZ T T
WBHZEBH BN Tz.

VL EDZENG, K CIEAKR O iP5 FEEFEmE R 2% 5, BRAGRRICE TS T %
DT\ OEALICONWTRARDIEEHMELZ., £, TEOREREITBIT D O NMR 5% fn bF i &
LK BEIZONTHOFETHE £ L7 (Tanaka 5, 2008b) .

4.2 MEBIOF &
4.2.1 BERH B

AKFg S ‘B e A LN ED & 2006 £ 5 H 25 HICHEFREL, 6 H 19 HIZ 2.5kg O L %55
72 1/5000 V7 RV ARy MIBAE L-. E660 S M35 F TIUM K2 B 55 (38 [ i ] X) @
B8 TR L, KEHEIPBRITAMOAFT I U T#EE E MLz, il E b ke e
(N-P,0-K,0:16-16-16%) Lfii % (N:21%) %, AR LL TRy MY 7204 £ 0.6g & 0.5gh HL7Z. &5
iz, @ﬁiﬁ%@ﬁ%ﬁiﬂﬁ%;zﬁ%ﬁ%ﬁ,ﬂﬁc:%zzosgb@ﬁﬁu&. ‘e nUIE8 A 21 B, ICZED’
X8 H 24 HICHAEL.. MR ITRAM ETTZ 7 A IT AT, 20, 25, 30°C@37J<£mﬂ%r#
B ZAT o7z, BATETR, 7 B M ICEAE A ICH LB 4 Ry bz tricftsl Lz, JE /%
EELEWER O, s KB CHEEZIT-7-. £ TOWUEILT B EIZITV, BHIEE (DAF, Days After
Flowering) 49 H Tl E &2 # 0k L7z,

4.2.2 '"H-NMR RV FREMEER (T)EAKD, XXM E DS

AHFSE Tl L7- NMR 381X, BB MRE 0.59 725 (1 TA2T7=10" TV R) DK ARG EZPN L
72 25MHz-NMR (Mp25A, JEOL #:#) T, 'H o308 J& ¥ %1% 25MHz ThD. ‘b /eh)’ &2z
50D 2 AR R, HFIRELHEKICBWTHIE 7~49 HET, 7 BEIC T, 201 E L. *}J 20
~24 FiZEFE 10mm O NMR &2 AH<FEH, NMR Yo —7 |28y L7z, 7’mr—7 N O BT
THOME XY 30°CIZE E L THlE L.

T FRFEOEAE =L ¥ — 75>;~tﬁbwmﬁé%( > T AR L T D O R 8% ) I BV 12k
F 5 F 27~ LTk, Saturation recovery 52X, 2NV AR SN (90°-1-90°) TR D=, ZDOFHIET

_28_



1%, 90 ° /L RE VIR L CRib Zfa fn S8, — E ORF (D) FFRE L7-1%, BIE L72BL O R ES%R
D90 NN ATHRIE TS, T, &:i, Mt= My[1—exp(—t/T)IOXNERD LI, & KM TDO Mt O
EAFFRL T ry b 5. Mt 1% © R % OB B, Mo 13-k 2R 3. 8L Sz o
K %#@7@%%%#@/7%»%@“%7@& /N ZRIBEICIDVZEDOMEEZRDIZHON T,
ETHD. MAKDIINTHE — D0 FEEBELOLDIX— 2O/ TRINDD, AR TIHEF2
BN L DK DB 5y 2 D728, #7 F R M ITE B D R4y 1247 Fl D (Iwaya-Inoue B, 2004a) .

BAEX T 4 WO EZITV, JER, 90°C, 20h DFEZBELER 21T\, FKR LY E%
RO, KFITHAEZ S IEE X CHEL, BAE 49 BRI L TR L, BEk, Wk, &
ALER X D Z K 100 RIIZDWT B 5 & %217 > 72 (Funaba &, 2006) .

4.3 R
431 BEBRIIBIDIBEAN RZZ AW FEOEHOERELE KR

3KMEDRE CUBAEITST ICZEL OWEMEEGKEL B/ eIV LWL TH AL
(Fig. 16). ‘t/tﬁv’@ﬁﬂbjiké‘m%@'ﬁﬂ: 1% (Fig. 16A,C), BEL ’Eﬁ%f))Kéh“(b\é(Funaba
5, 2006) . RIRICIE SN2 ICZED O Y EIZFAE 21 B BIZIEE2IZEE LTV, 20°C T
L2 O OE 7}<Jfr I, BRI HNIITOREVMEEZ /R LY, 25°CE 30 CALE X Tl
B T LTz (Fig. 16C, D) 14-21 HTIE, 20°C XD ICZFD O & /KRiTe /e b oE Kk
FIZHARTRp o7, EBIT, WCZED O E LG KFOZELT, BRAMBELEL T 30CK L
25°CIZT“&&/VE%bUf%nﬁﬂot(Flg. 16B, D).

432 BHBRICBIIDIEEAN ZEZZ I AKRFEDOKSERE

KA T E DO NMR FEFBREE(THIE, BRAFHETOKOBRELEBEICEEL TWDLIENMBLN
TV % (Funaba 5, 2006) Z&020, BAMB O MFE - EFP O T, 0Z{bE2di& L. & MM %
WLTUTZED O T (EWER D EE WD) X, WToE E LA XIZBWTHREEDEAL 2R
L7z (Fig. 17B, D). L»L, ‘BE/EHY TiE, X D 25CXIZHE L T20CK DZNLDOHE TR
VMEZR L, 30°CKITEWVEZ R L (Fig. 17A, C). T A 100~3 B oM 2748 41%, 1 Ik

ICHRTI2HHAKBNEFEETLIZEZE KL TW5D (Iwaya-Inoue H 2004a, 2004b, Funaba &
2006) . ZHHDOFERIE, 20CK D ‘e W) OFFIE, 25CR R 30CKOFEEVEL 7 H O,
BEWIZOZVA R AKRZRFLTNDZEZ R LTV,

433 BEANZATOD 2 LBICBITIKSBEEBRRBEBLOXXRGLE OB

NCZFED OSERRLOFIAIE, 20, 25, 30°CAE X IZBWT, & 4, 64, 84, 710% %/~ L7=0, ‘B/
A’ Tk, % %, 13, 61, 4% CTH 7= (Fig. 18). 7=, 30 C CUHEH L= v /eh)’ O AKX
83%LL ET, ° ”ié’ T 13% CTh o7, *ﬂ%ﬁf\ﬂ@ﬂpﬂ%ﬁﬂﬁi‘éb\ﬂ%?ﬂﬁ WTF B R EME T,
AN OREEICEERHLZENMON TS (K2 H 5, 1989). TED OB MBI,
20, 25, 30 C@%&M@E IZBWT, % %, 41, 75, 87%% mu‘_ﬁx I:/l:ij) TIL, 34, 78, 76% T
ol (F—XAEME). INOORERITICIED X e /eh ) B3R, BRWEBEO IR IXE K
MBI BE R XN EERL TN,

_29_



4.4 E 5

IR IIARR T EOEREEEZK TS, 7 EOBAW M OLE R L2 0 iE % # < (Shimono
5, 2002) ZERHMBNTEY, KL TH 20C TLE L IZZEL’ R B /eH) O T E DR EMN
PEIETHZENHERE T, IRIBIIAKTE 7 EOBAKBREZBIESELZEICIVR A ZEIES ST
ENRI BN TS (Hirotsu 5, 2005) . BIIE%R @ 20°CALE I IZEY ‘e e b))’ T RIFEDE DL O
BIENEZY, ZRICE->TKOEEBHENIVE VB IChHEE S TW=EE 2505 (Fig.
16A, 17A). BIG, 20°C CHLERL7=BHIE% 14 HIZBIIAWO T EOZE LWL E 1%, IMIL ORI EL
FEWEKBIZERKRT5EZ 20605 MO T, L5 KEOEELREMSRIL, FFICBEROYHIZIB W TEL
B3Nz M EOEALITHEI FFEOKSERER, TREOBESCEABBELZREIIIMLTNDD
ENHBN TV (Kano 5 1990, Iwaya-Inoue 5 2001) . Kano ©(1990) (%, NMR #&Ffi b5 1%, £
KDLy T OWEPMKIREOR S ICIZZEERESREEZZ TR VD, GEBEOEAITEL
IKTFF2H2EERLIZ. RFFETIE, 20C TAE L ‘B /EHY O 7 FIX, 25C 30CKICHiL
TEABLYECTCEWVW T MHEHERLTOWDIEEZR L. ZHUCXL, I22FE5° 0 T fE1X, L% 14
225 21 HOMIZ 200ms 7235 100ms (/& FL7Z. T, 2% 100ms UL LB A%, HHKOFEEE
R LTEY (Iwaya-Inoue & 2004a, 2004b, Funaba & 2006), K EBROFE RS, 1C2FD 01 FE
WL 20CERIZEY, ‘e eDV T _RTERAYWICH A KEZRKSTZZEZRL TV,

IR FRIZ BT HKFE - FEIRFLO NMR &7 Vi FE O FIiL, SR B AL EE LD
LA MNDOW A ~T T, 7o 7 ERBOEBRMFFEERIEL TVWDHEFE 2 HL5. Horigane b
(2001) 1%, NMR BB 2V, FE P OKMBBEAE 15 BATETICEITFER L IE & LK R EZOfE
BRICIESDALTNWDEILEER L. KRR OTFT 70, FEOFEZEBRBEICBWLTE K RO
DR E DO INELHIT, poVERIRNOIIR ~EELT5. ZOZEALICEY, FEORF O H
IbBLIOERL DO ~EE 5. B, RIFIEICES NMR fEFEERHE T, f[EDOZ L5, 30°C,
25CCHHE LW OB HAKBERAOE Y THAKL, 20CAHE X CTIXA B AKABERFEFIN TN
EEZHND (Fig. 17). ZOZEND, KFEOBRBERICEWTH O T, EIXBRAM IO F I ET
DOEALDBIFIZHE N THY, B LB THIILICIVE G ICREICH T2 MRIE LD
BN o7,

LEDZENG, BIRXIZEB TS e /) FEZOB BHAKDBPRE WY NOHE LT 5203 B AL
R AR O ALHEL TNWHIEE R LTV (Fig. 17A, 18A). MR AN RIE, F+EOT 7
VERMNIE BRI LR HIIC A DL, LM R 0 % 2 AR 352 L3 B A (Hoshikawa 1989,
Tashiro*Wardlaw 1991), H R BRI OFR A LR EL TWDHEE 2 HND (Fig. 18). & E AL Al 4
DNZZEL T, RIBEBIOER CRHRESINEZETRICBTILZT 7 UERHIT, R EFRKICE
KBORALEHIT, AW DOH A ~DIEE N EFITE o TnHEB 26N, KT, FATE®R
30 CTMLEE L7 IC2 %A’ T EOFR ER R T, xFHRX Q5C) LRFFHMICB B AKNHEELELEZ. Z0
ZENS, NMR AR T EIXHEAN A TICBWTHE WL KM E 2/ L TV DEEEY T L
HALTRKEELTCNDEE ZLND.
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Fig.16 Dry weight (A, B) and water content per dry weight (C, D) in ripening
seeds of two rice cultivars exposed to thermal stresses.
A and C, ‘Hinohikari’; B and D, ‘Nikomaru’. Open rhombuses, closed

squares and open triangles, indicate 20, 25, and 30°C treatment, respectively.
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Fig.17 T, values of long fraction (A, B) and short fraction (C, D) in

ripening seeds of two rice cultivars exposed to thermal stresses.
A and C, ‘Hinohikari’; B and D, ‘Nikomaru’. Open rhombuses,
20°C;closed squares, 25°C; open triangles, 30°C treatment , respectively.
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Fig. 18 Influence of thermal stresses on distribution of rice

kernel quality. A, ‘Hinohikari’; B, ‘Nikomaru’.
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HOE BRMOBEIB S HIEM D RRDKMEHEOWAKIEERSCHIME R, XK Bl
H, BbEREICRIETEE

5.1 ¥ 5

HER IR BB AL ICEDEM DI B E OEALIE, FFICdb 7V TICRB W TE KR E L5 2
Db AFHIBRAZBE AT EHIEIEL, KON ESLZKLEEZIK TIED (Peng b, 2004) . X K
BFICxt T AmE RO EIL, HiRAN KT HMEE A OEPHEICER T5(EFL 1961, £
L wE 1965) . K FE B A W OFL A T E R O BN KELS, L oKkOH (LA & (Tashiro
Wardlaw, 1991), BT S @R ICHEUE A CHL (M -FIE 1973, R HD 2004) Tashiro -

Wardlaw (1991) 1%, i BR.EFH HRITE IR E N 27CEB 2R AL, FOREITE AR T
12 30°C, ¥ Hk Tl 33 C’Eﬂxék%b<i§ﬂﬂbf_&Lm Lisle 5 (2000) | ,7k$|a%éi 38°C, &
Q1 CEHTHABTIEESG S, AWK LR/ EINLZERE L. Lk AWK, +EICBITS

TIATTANDERKES, af“ LEoTHEIN, INLOREIZEEHOM D ICIVERD. &
BECBEALLEFEOABM Y EZHEMBE CHBRITIL, TR OB ENMEL, ZRAHDHZDIC
NI E L THB L TR 25 (Tashiro* Wardlaw 1991, Zakaria b 2002). EiE CTEA LK D
FERE LM FEICIVE RS, FI21E, ®IEICBEUE R WA L e /e TR 27TCEaB A58 A H
KIMFEAEL(BERS, 2007), 30CAE AT -7 B/ e A’ @z*i 85% M HRLERY, 5E 4L
IER D LI o7 (Funaba &, 2006) . T4, @R MEICEND IC2FED” OIED, 2007) R LA
0<L’ (FnE 5, 2010) N F R Ehr-.
Funaba 5 (2006) 1X, ‘BE/bEHU’ O 1 FI2HI1F25H NMR £ f1Ef%, 15 E AR A TH;: S 7z KR
TEOWIEO OB LR IHE L IEWERELETHLIEERE L. K 132128175 NMR &
Bk R (T IXBRRAFRHETOKS G EEEERBEMGELBHY, AL -ZAE 8 ik
(TDITEZHEFEESKMEOR VB REIE LD, MH LR EAR AR E L. Ll
R M & T RO KD B EES ﬁE?é WAL 0 R L O BIMR 2R ST oW TR R B O 43 75:53%
LTWb., Z22°C, mikiftE Al 122 ED’ & R oKL BLOE R EZELE /e l) OX
RAYMICBITLEmIRETFEDKY %‘b EOM DN TERE DRI O W TR 21T 7=, ¥R 1B TE
% ORI E D272 2007 4TI, 30°CLI I T2 BABLEINT-ZEN D, 2007 4 O & iR 5
HTIZRBITAINOHEDON NI DWW Tk L7,

5.2 MEBIOFE
5.2.1 #ERH$

2007 4F 5 H 25 HIZ, ‘e/eh 0 22 E D, ‘A oKL O T AL, 6 A 21 HIZ 3.0kg
D TEZFE DT 5000 5D 1 V7 XARYMIBHE L. EORFEG HFET2ETILMN KT E 7
(& T T X)) O 5 CHE Lz, KEFEEYBRIIKTOA B IS Ul E £ L7, i B id &
& U BE AL B IE B (N-P,O-K,0:4-4-4%) ZR v b4 7202 3 0.2g i [ w:. Bz, BEELT
Wi (N:21%) %, ShEE T R BB KL OEIEO ] ICH #2538 0.1g fi fH L7z, oo »<L 71X 8 H 19
H, ‘BB’ 138 A 29 H, ICZF5 X9 A 1 HICHBELE. B & O Y RIE X 27.4CThd
27.6COMTH-7=. BEMICA RN 77 A ha Az A, R ET 25C(£1°C) & 30C (=
1"C)0> 27}%@@#@@%%07‘:. BATET:, 7 H IR 2% I & AL B 3 Ry ha s fricfii il Lz,
& — RO AN BLOZOROEBEIZEELTEWEH W, 5 KETHEZIT . &
f@/ﬁu %7 BmIZAT\V, BATE# (DAF) 7, 14, 21, 28, 35, 42, 49 HIZHFHAE L.
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5.2.2 'H-NMR #8 fn B i) &k 4> D 8l &

NMR O E A 20 RO 2R L2, A -8 T 5% B (T,) 1%, Funaba® (2006) @
J5ETCHIE L7z, NMR % & 13Kk AR 2N ek L7z 25MHz-NMR (Mp25A, JEOL fH84) &2 vhi=.
W20k ZE & 10mm O NMR & IZWP5HFED, NMR r—7 2y, 7 o—7 N OiE E L
30CICRR ELCHIE L.

T, fE % Saturation recovery EZHWT, 7L AR H] (90°-1-90°) THIE L. ZOHETIE, T,
X, Mt= Moll—exp(—1/T) 1O SR DBI, Mt iE © B[ & O BRI B, Mo 13T i
b~ 3. v Kf ] /& @ FID (free induction decay) > 7 7 /LiZ 4 O E R E TRABEI, 45 H D
T [EERFRTIE 3-300ms DfEZ/RLZ. —EHOMERMIX, T/OE WS D 5 FLL EICHERL.
Ta—DY T FNBREEZT oy, IERE ORI/ ZRIETHALT Ty HEEZRHLEZ. 2 Ko
#oiX BE & ( Iwaya-Inoue o, 2004 a ) (23 5 W CTAr o7 . T, EHIZCPMG
(Carr-Purcell-Meiboom-Gill) £721% Solid Echo £ CHIE L7z, TL fE X, Mjy,.=Myexp(-2nt/T,) D
ANHR OB, n X 180° IV ADKE [RIEL, My, £ CPMG (90°x -1-180°y -21-180°y-21...) 1
FRICBT DA D 90° /X)L A% 2nt FE O T 0 M5 B ORBEIEE 2R~ 9. T, X 16 KE DR
FEOL&ELILE 500 =2 —0 n fELEFR SN, 11X 0.7ms 75 1.6ms DO Toh-o7=. Solid Echo
£ (90°-1-90°) DG A 1E, TL A Ims L FTOHAITH W, 11X 8us Thotz. I D Solid Echo
ST IR, 128 KE O BENLE L. Ty M1, M(H=Zaixexp[-(t/T)™] OXNSE 5L, mi
X Weibull Of%%%, ai (3% Ky OfE 5@ E THDH. Koy E A OMXHEO fi 1%, fi=ai/Zai O )
DEM L. ma—ov 7PV EEr7ay b, IEREOR/N ZRIETHALT T, E2HE B L.
KALEE L% 4[| E ATV, NMR JIE K& T % O I%, 90°C T 20 Ff [ #2185 LK 43 Lz ) 8 % 1l /&
L.

523 FENHFHOFREEHE

—WAMICE AL e eh) &2 FED’, ek oKL OBAE 14 H#% O % FAA (Formalin
acetic alcohol: 80% ethanol:100% acetic acid: formalin = 90:5:5) CHEEL, ZUVAF AX vk
(HM-505E, MICROM #1: %) ¢ 20-50 y mDEESDOY) T ZEK LT, 0.1% DI AT U T N —TYefh
Uiz, & FlE O 1 F2 134 B, 59 10 B2 3 oL C, B 8% (ECLISE 80i, == 4L#) Z#H T
N RE a8l LT,

5.2.4 XkDOHMBE LB ZEFHEORE

ETOMIX OB EEETEL, LK 100 AR L CHBLEORELZIT 7. AEIT 4
R T o2, BB S LT R EIT 1.8mm OS50V TEJLZZKEH OVTHAEL, Z KD E
i ‘B 1% Hoshikawa (1993) D3 FICE SWTH B T A L. KOBEALFE R, N—L AT
SRR AR ZHWT 0% BB LI R EH W THAELL. X 0 EEFRLETIn— 28 R
X, RIES (1991) O FIEICEK S5&, & —87F 7 A% — T & (Bran+Luebbe fLH) ZH W THIEL
To. T 7O REEIR, B 56 (1997) O FIEIZESWTIE YR B 22T F 7 4% — (R.V.A.:
Rapid Visco Analyzer, Newport Scientific #1:%4) Z H \WWCTHIE L7z, 4k >k O & (H, Hardness)
ERFEME (CH) X, S (1980) D HIEICHEK SWT, 77AFamA—4— (GTX-2, &6t 8) % H
WTHIE LT,
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5.3 &
531 BRABRICBIID TR oAU OEMEELAKS, NMREBRFBIZBIET®HIEOE
25CHLV 30CTERALIZ /e LA ED’, ‘TR 2L O, i E LKy & f R,
NMR R 2 A L7z, IC2FED L w R oKL 1B TFLINLOME TR O LA 2R L7z,
‘e’ (Funaba b, 2006) L X R0 {bE2 R Lc. 22C, REFELT LR 2L OEA{LE
Fig. 19 12”72, 25CEB LR I0CTER ALt 2L O EIL, BA{E# 21 H (DAF21) %
TIXEMAICHE ML, 2L ORI 2B 1T A B2 o712 (Fig. 19A) . K3 1E 25CH L
V30 CL LY, BATE . 14 A ETIHARICHA L, 2O% 382 12 A L= (Fig. 19B) . & #AY)
HICB T E LK DEACIL 30 CRE D )7 R RED-T2.
KA ENAE DFFHE L7 D MNR £ FIRE ] (T, To) 1%, BRI M 28 L Tl E 21T o7z, EOWE X
IZBWTH, BAERT7H O T, 51X 250ms A1 T, BIEH% 21 B2 50ms #if %2 T T L7z (Fig.
19C). — 4, BAIEH 7TH O T, X 100ms FifZ2 T, HAH OB E® 28 B I TRWIZ 1ms B
T ETHA L7 (Fig. 19D). BRI AT, BAYHICKITOM O T BLO T, 1%, 30°CRAE X
D25 CHUBEXIVBIESHERB L, TLMELOVS T 5O J7 23 B ITHUR IR G L.

53.2 RRAMPOFRIIBIETHEOKE
RS TAR SO Z R AW ONCT 5720, BB OMER 7 B BIOHER 14
HOVFRERICBIETHIEOEEZF AL (Fig. 20). ‘e HY° TlE, @IRICEON Y & D3
JJuL KB, TIEORE WV EE VA5 1L 100ms & 3s O Thoro. 2, EELTHK
BIZHEETOH AHAKDBPRFINTNDHIEEZR LTS (Hills* Remigereau 1997, Iwaya-Inoue*
Nonami 2003, Iwaya-Inoue & 2004a, 2004b, Funaba & 2006). ‘E/EAV OFFEIZEITDH T E

X, AR HIETDIK D @ﬁ#&%ﬁ?ﬁiﬁ%@%# LD BT, PRI ’*ié’@*ﬂﬁi%%%
K471 F‘a?l%@”énﬂﬁlﬁﬁ TE IR OB DN T-. *w0<b @(mr“}iﬁt Jt
BV LN ZFEE ORI ThoT=. BEH 14 A ‘e BIOIZZER’, ‘AL’ @%;@

Téiﬁk'u%ﬁ%&@h E%, 25CHB IO 30 CALEL T #: L7 (Fig. 21) 30CHLEE TlX, “I22FD°

<E TR OKLU DERLFRZICBITDEE OB ITRE ThHo720, ‘e2ehl’ “Ciiﬁk'ui%ﬁéiﬁﬂ%

WCHKR LTV, ZRICR LT, W2 FD L o<KU ok LR IZBREIESL 21 BIZHKLE
(F—2Am) .

533 ZARBERKOEAZHMEICBIETHEROEE

N ERLT R EICKHTHEEOEET, 3 MELLB OO -72. 30 CALE X IZHIT5 122
57 E TR OKU DB ABE AL 85%E 89%, HARBR OFN AL 4.4%E 3.9% TH-7- (Table 11).
REREIIZ, ‘e /BB TIE 92% & 22% T, MIRICEVERAR NI L. ‘e /eH 0 O H K BRL
i, B AR eR Ak, IL Ak, O AR THY, 30°CHLE TIXZOR THRHEMLE.

Table 12 IZHE K OB FRMEZ R L. BAM O EIEIL, 7I0—R5 A F MUK O S
(H), £t (-H, ‘e2eh )’ 2R 2D S8, kB OMNL, KD iadnot. &5IZ, 30°CHL
HTE, @ EETL =703 m L, AR E IR o7z, MIRITKOXRIEER R
IR E, 1971), 7In—RAE A F 2B I (KFHS 1979, Yamakawa & 2007), 5 = k5 B <0
T —IZ O EEMSES (ATE, 1984). S EIHINLOHR E LR EE O RRE LR, KXo
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AR TEER R, 2 ODIRJELFLIX T 5.3%E 5.6%EEN/NELS, HOENREIXRD LN
=

5.4 Z8
541 HFHEONEMESLKSERAR, KnBHRICBIETERNHOREOE

NCZED L R OKU O EITEBEMEE R Lz L, ‘e eV I TEIREZ EE R L
(Table 11). FMIRITBEAVIICBITL T EROAEZMESELN, BRAZKMOAREZMEIL, &
BEIZITR EEAEAD ST (RS -EF 1957, B -{LiE 1965). MRS TIigkiFs nx o<
U O EIL, ZNHOHE LREOHER 2/~ L7 (Fig. 19A).

NMR (252 2 oo Wi, BIAEH 10 HBX O 15 B ORI R @ 2B 55 \ME =5 58 E O %
ZHHEIZ/R LTS (Horigane ©, 2001) . RBFIEIZHBWT, ‘B/eAD L2 FED’, ‘onao<L’
DOBATEH% 14 B OM K 4y & A R LHL ¥ H 21T, Funaba & (2006) LR EEICE 2 BE 2R DLN
7= (Fig. 20). K& 7+ EIZBTHFEMLED OFZEREITKOB B LEE L TWaD. #l 21X, KFE OB 7
H OWEFLITIHITD NMR 1 50 E DR AL, T 7 E MR DI A DO S ~D 2
b=, L AMNLEBEH ~DOZE (L LB L% (Horigane ©, 2001) . BAFE% 15 H BLAT DO T L DK
T, BRHEERREMEE RE2BU TSNS, ILAMNITIEE ICEE T, MALOY A&k E T
LHE R THD (Hong 5, 1995). ZHHDITENE, T B 138 24 #1123 W TR E AR R (2R
SNTKFEFED, KpBRBICETIEENEE CHLILEZRL TS, BLEREWIEIZ, ‘122
F5 OBRYBIZEBNT, W ELK DS AR, NMR(T)EIX, 25CHLFE L 30°CAH X I
AREREZAZLNT, TR DU b REERZ2ME M T, SR e S EoOfREMEEEbs.

5.4.2 WM M BEORRAH BT F EOMB LN Fe ik

FEFH961) 1%, AR OF AL, KR &SHEOSIRESMEICESEICBEELTWDLEREL
7o, RKWF7E Tk, BB DO A ETI0CUE ZIT o256, IC2FzD & ocxmoKL LIS
HRBROBEAEITDTNTHoTN, MIREZMEDO e e TIEIH KRR 22% 3 E LT
(Table 11). MIEBB DL A, KT RICBITDLT 7T Rk O FE P, b ENEBLIRY, BE
7R EBL 3 N+ 5 (Resurreccion & 1977, Lisle ® 2000). MIA T LECEMICAZIH LA
BWRHHAK DA RLENE AR L, MALMIE OB TN ARFA THLZERHE SN TS (R HD,
1989).

B THEALLICZEL L RO OB L £ R IZITEIEOE B IZFR DL - 7 (Fig.
21). L2 L ‘e h 0’ TIE, 30°CALE OB EH 14 HIZER D E R OHENR OO, B AEE
WZBUTHAMA DT L, AR NI ~DFRALPE D LK 5 O & > THEAT T2 (2 1967,
Hoshikawa 1972). He 5 (1990) %, & #hv g ]2 32/27°C (B /4) LB 24T~ 7= ‘a2 e h )’ FFEW
EDOT T ATIRE D BELZZ Tl X TWA. &512, mRNA D FIEEHDHE, KFEOM I EE (2
BIFDHA L2 —F 1 (0sCINL) IZHEE KAk 075 M 00 2, J8 0 M TR A ICHBLLC
BY, R ZEESCEKDEEZICEB TS5 BLLT WV (Hirose 5, 2002) . RAFFEICB T L RI1E, b
DWEEZEMS T TS,

5.4.3 BMIETRIELZ 2007 FizBF2 ‘e ) Xk ALE
BRAYOEEIZT /e FEOAREBESLES, KOBIE, WM, X kMBI
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B BT L7 (Figs. 19-21). ZHHOBL G I O 5 FlE LE Y THHZ I T 5 (Hong b 1995,
Lisle © 2000, Morita ©» 2005, Tahir & 2005). —J, KWL CTiL, ‘B/eHV LU ED’, ‘5t
RAOKL DB A LT KL HE (Table 11), B K DXL R7E & A 2 (Table 12) 121%, @& i D2
MO B/ >72. Funaba ©(2006) @ 2004 F 21D %8 TiX, 30 CAB X D ‘B /e hY’°IZiX
SEARRL DR 85% D HAL Th-o7223%, 2007 FIZHBITHARMIETIL, FIL ‘e /eh)’ THHITH)
NbbT, WHREE A RBKLOEI G 22% CThoto. & -EF (1957) 1%, A BITEE AN
Az e T REOBEREZMEETLIERSE L2, 2004 S22 601 14 BRI EBITER 14 A
Mo B BEFHEIE, & %69, 47Kl THoT-DITKL, 2007 F 134 4 123, 64K [H] &£ 2> 7- (Table
13). 2007 4FOZ MR FIBEEENLOREZEL, ARARNE D LIZEBZ 26ND. ST, B/
AV OBREYIEEAELLIC 8 H 29 H Th-o72n, BIERT 14 A M OFEH KR T, 2004 40
28.0°C, 2007 FN 29.6 CTho/z. MIREZED ‘e /e BV \ZBIT DM AFE D LK B D ZEND
T, 2007 FIEBATERTO @SB NBIER O 30CAE I TAHMEAERH 20 LI-EHREIND.
HSP (Heat Shock Protein, #k a7 & /X278 ) B (5 7 ThDd HSP82 & HSP22 I%, B H D
33/28°C AL ER T B A3 Il L7z (Yamakawa &, 2007) . &51Z, rHSP0 (XK DB AR A i <2
IR RCTE SRR AR CH R AL T ORI, BRARINERB R ERTHILTELL0EE %
K7L TWA (Liu b, 2006). ixilt, ‘©/eW) OF 3 37C, 2 KR OBAN AL AT 722
A, /MR ER-PDI & HSPOOER M BHE ICHI M L7 Z &% 5 L7z (Tanaka ©, 2008a) . ZIH D
fERAE, DR EB RO a2 R TEIZBIT AR B E OF 5 A X, MaE B ko e
BN TE IV EIRICBIE CHHZEERLTWND.

R M R, B X e e T, MRS HICB TR OO B ~DE L B
T, FEFPOKGEARRLEMLEDEHMOW L EHNTWD. KOS EN EOdIl2iX, 4%,
B AR AR TR ay s X R OB AR T 2L ERNHD.
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Fig. 19 Influence of heat stress on physiological characteristics of ‘Genkitsukushi’

rice grains during development and maturation.
(A) dry weight, (B) water content, and NMR (C) T, and (D) T, relaxation time.
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Fig. 20 Influence of heat stress on physiological characteristics (grain dry
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25°C-14DAF 30°C-14DAF
Vascular bundle of dorsal

side o
Nucellar projection R\ A
Nucellar epidermis S

Hinohikari

Endosperm

Fig. 21 Influence of high temperature on the morphological features of

the rice grains at 14 days after flowering.
Left, Illustration of central cross section of a rice grain; Right, Samples

were stained with 0.1% Toluidine Blue.
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Table 11 Effects of high temperature on the proportion of ripened rice grains,

the 1000-grain weight, and the proportions of various types of white

immature kernel.

Cultivar Temp. Grains Ripened IOOQ-grain Milky white White core  White backed White based White immature
(Cc) perpot  grain (%) weight (g) kernel (%)  kernel (%) kernel (%) kernel (%) kernel (%)
Hinohikari 25 1244 88.8 21.8 ab 0.6 a 24a 0.2a 1.4ab 53a
30 1337 91.5 21.6 ab 46D 5.6b 8.6b 3.1b 22.1b
Nikomaru 25 1513 84.1 222D 0.6a 1.5a 0.0a 0.6ab 2.8a
30 1389 84.8 21.7 ab I.la l.6a 13a 0.4ab 44a
Genkitsukushi 25 1473 82.7 21.4 ab 04a 0.0a 0.0a 0.0a 0.4a
30 1494 88.6 209 a I.l1a 0.8a 1.2a 0.6ab 39a
Cultivar (A) ns ns * * ok ok * HE
Temperature (B) ns ns ns wE * ok ns o
AXB ns ns ns * ns * ns *k

White immature kernel includes Milky white, White core, White backed, and White based kernels. ** and * are

significant at 1% and 5% levels, respectively. ns:not significant at 5% level. Values followed by the same letter

within a column are not significantly different at 5% level, based on Tukey’s multiple range test.
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Table 12 Effects of high temperature on protein and amylose contents,

viscosity of milled rice, and on the texture of boiled rice.

Temp. Protein Amylose Amylographic characteristics (R.V.U.) Textural characteristics
Cultivar

C) (%) (%) Max.visco. Min.visco. Break down Final visco.  H -H H/-H

Hinohikari 25 56 173 d 344 a 171 ab 173 a 288 bc 74 0.18bc 43 ab
30 56 148 ab 407 bc 174 ab 233 bc 280 ab 7.3 0.18bc 42 ab
Nikomaru 25 54 175 d 343 a 175 ab 168 a 301 d 7.4 0.19 ¢ 38a
30 54 152 b 391bc 179 Db 212b 293 cd 72 0.13ab  55ab
Genkitsukushi 25 53 162 ¢ 3790 170 ab 208 b 286 bc 7.7 0.13ab 59 bc
30 54 141 a 419¢ 165 a 254 ¢ 269 a 7.4 0.10a 75 ¢

Cultivar (A) ns w3k *% * ek o ns % 5%
Temperature (B) ns *ok *ok ns ok sk * * *
AXB ns ns ns ns ns ns ns ns ns

Abbreviations: R.V.U; rapid visco units, H; hardness, -H; adhesion, H/-H; hardness/adhesion. ** and * are
significant at 1% and 5% levels, respectively. ns:not significant at 5% level. Values followed by the same

letter within a column are not significantly different at 5% level, based on Tukey’s multiple range test.
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Table 13 Air temperature and duration of sunshine during the 14 days before

and after flowering in 2004 and 2007.

14 days
. . after
Year Cultivar F lgx'[x;egréng 14 days before flowering flowering
Max.temp* Min.temp. Ave.temp. Sunshine Sunshine
(C) (C) ) (hour) (hour)
2004 Hinohikari 29.Aug. 31.9 25.3 28.0 68.9 46.5
2007 Hinohikari 29.Aug. 33.8 26.6 29.6 122.5 63.8
Nikomaru 1 .Sep. 33.7 26.1 29.0 86.6 80.8
Genkitsukushi 19.Aug. 34.5 26.7 30.1 128.7 78.4
30 years
— 29.Aug. 31.4 24.3 27.4 85.0 80.9
average

Fukuoka District meteolological Obsevatry.
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BOE KM ME, ‘SIRLD DEBLFRIACKITIIRIBEAN RAOEE

6.1 ¥ 5

Jﬁf{bb‘f)ﬁ TIZHoTHEZENTERVED X, TOH A RAERBEBICEBWTEE 7585
PR, FF ISR ARSI T2 0 BEARH S, EF DA VIR E ST A RO, 3
WY, a0 MITEIZHEL, ZORKRELTAEAREHEEOR TR WM REELZAET
L. @R ANCAD T T, Al fu s B O R E T < —E DX RI7EOT 7 — UK AV
WCHBEIN, FNOEEA gy 7 SELER, Bl gy 7 BB I T2 NETOLLOM LY, 1
E B @& FEC R AF ST Z Y X7 R E IR AR AR OB BEAR RTIRE L CESIZHE ESH
BIENREINTEBY, ZFDOIH7Z L RIB N g9y X /37E (HSP, Heat Shock Protein) & -
5.

BB AR AT 2 C, o, TR, AR, M b AL X, 5 i B LA LB 2 ST E R
ZHAEB DT a7 7 AL THEY) HSP 75:%%%;?“5 HSP [ZARL ABR B FIZBIT A0 M o 4E 17 I8
ThHHIETT2], ffﬁﬂﬁﬂﬂ BUZANIEONNE |EB, Y1074, MRNRTE, o, i
N/NERE OHEFF 2L, ®§£’§%1¢T%EE7K@J%%LTD\6 HSP % HSP100, HSP90,
HSP70, HSP60 1% %) %i HSP O JOIZENLD 0y F LI BE LI E IV HEI TS, —
fi% B9\ HSP X ATP Z /K %) ﬁﬁpwm%ﬁE@&//\&’E’I@?}?@aﬁ%pﬂﬁﬁ?é >y ar LT
BEREL T, B A RI7EOBKBREHERSESRINZARIXTFRIHEALT, miRA
FATCTERLEZZANIZEDOBEZMEIL TV D.

HSP & fx O3 H it E _?ffﬂyayar“A;m/f/M*AI%(HSF) WCEVFREI S CRY, HSF 1%
HSP &5+ D Eifi 7ot —X—ZHDE a7 & =L A MHSE)EFEIEND cis TL AV MR &
THIETHEIZ1TH. EHE O TILE IR, W2 AR AL 15 & 1 65 B K 7 (DREB) 7% 1
fb322LT—HO HSP Bis 28 T2 HE ST 5 (Sakuma 5, 2006) .

ARNTIEY )L BRI EBIE FOMBEINT-EFTLVERBEYWORETHSH. 2 F cDNA ML
HINTRY, SFIFRBEBLRME RERBMZ R T EZERMEIL 7o a0 K E K] H AT R
THY, b AR J8 I3 LT 5. HiER TR I b B TR A7 s 2B W TH B EY O I & R0 B
EHLTHT AL THEIN TV (Horie H 2005). A% HSP Eis 2 EE AL ILND,
HSP101 (Katiya-Agrwal, 2003), HSP90 (Liu &, 2009)X> HSP17 (Sato- Yokoya, 2008) &1s 1 ®
it R BT F R CKTROEY O IR, OB AN ZA~OM AR ETHIENRINT
WAL DDZDFEM 72 AT = X NI MEIZSIL TRV, I AX G fE, “Mustang’ T3 ik K B 5
& HSP, HSP27 ﬁ§%vN/v’G%§fﬁb NN EIRMEICE S L TWAIERREINTND
(Joshi 5, 1997). @R AR RIZK T AL RIRIAL OB BB LM E OB L HSP Lo B84 % 3
R5H120, %%ﬁ@%fﬁ@ié@éﬂoﬁam@ CHAIBEDEWE T EHWTHSPES TORE a7
TAIVERENT LT,

6.2 BBV IE
6.2.1 HERHE

2008 £ 5 H 8 HIT/KFEMTE “S3dled’ & WA AL, 5 H 31 HIZ 1/5000 U7 R/LARyh
B L7, A &S AR T2 F CIUM R % 2 280 (@ [ i B IX) ol 35 Tk Lz, i,
B EFHIC 25 CRBEIV 30 CUB XK I B S TR LB 21T o7, AL %, MM (59 0.5g,
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A EE) 2P Tl IR 22 58 | TEE 1%, -80°CTHRRERIFLTZ.

6.2.2 £ RNA fili i} & cDNA & 5%

KGR 254 RNA % SDS/7 =/ — /V/HALVF U LIEICIVFA R L7, 9 0.5g OA FHL#E 2k
REFR LTI AN T ML, LLLRNA # 5% & ¥ (100mM  Tris-HCI, pH8.0, 10mM
EDTA-NaOH, 100mM LiCl), Iml TE faf1 7= /—/b, Iml Z7ma 74V AZIERIMZ TR A L. £
DR AT TAF 7 F 2—712% LT 10,000xg, 10 43 o O 4y BEEREEZIT VY, BB OKE
PEE 2 NI TAF I F2a—T7 1B L 0.4mITE fAf1 7= /—/L L 0.4ml 77 3 )V A& 2T
BT, HE 10,000xg, 10 43 M OO0 BEERAIEEZIT o7, L@ OKEMEE 5 ZH LWTTAF
I F2a—TIZBLT1/3FED IOM LICl Z N2 TERML, -30CIZHBWT 1 R ELTRNA &
W SE=. TORATRAE 10,000xg,20 45 [ O 05y B E 21T VL RNA [ 4y 270 B SH 7=,
E A EFECTTHRBEIC 1ml @ 2M LCI, 50mM EDTA-NaOH #/z, BE<iE#H L CitEIZIB AL T
WHLPEL DNA Z#IE RS-, B, TORA WA 10,000xg, 20 43 M O O 5 BB EZ21T VO
RNA & teib AR L7-. B RNA OLE % 0.5ml @ 1xTE &R AR L7-1%, 0.3ml TE £ f0
Tz /)=l 03ml ran7 v AENMZTEIEFL TG 10,000xg, 10 43 [ o O 5y B B E 21T
St EEOKBEMEWE 3E2H LWTIAF Y I7F2—T1ZB LT 0.5ml Zua 74V A&l 2 CTHRAL
T, F ¥ 10,000xg, 1047 [ o O 4y BE#REEIT 72, RNA Z & e BB OKIEEE S EH LT
AF 7 F 2—7I1ZF LT 50ml ® 3M FEEE-Na, pH5.2 & 1ml @ 99% =¥ ) — )V &I 2 TR L CTH
FE 10,000xg, 10 43 B 03 04y B /EIC LY RNA 20 B SH 72, EEA2FETTIml O 70% T4 ) —
VN Z TR 2P L C 10,000xg, 5 0 il O DEEEIT o702, EIEEFETTR—1"—&F )L
O I SFITIRETRNA IR 2 8 B XE 72, 100ml 3% F K IZ RNA TR 288 R L, RNA &
FEVXH L U-1800 o e R ERH LA /L E, lem)E H W T £ 260nm 25 44 O WOk 12 X
DR E LT,

1AM 4 DNA(cDNA)IZA X4 RNA, AVU= dT17 BL O Rver Tra Ace Wz B R FE % T
A L7z, Img 4 RNA & 2.5pmol AV= dT Zi{EFIL T 65°C, 5 /3 DAL R EE%, K EiZ 2 5
MEE N CT ==V 7 E8EEITo7-. D%, RNA-AVT AT IREY, &K EE 500mMdINTPs,
SunitRever Tra Ace WHR B R 25 LA & 20ml O KSR IZE W T 42°C,60 43 B O IR D%,
95°C, 5 sy MM E O RIGELE ZITV cDNA 25 L7z,

6.2.3 ¥ EEM RT-PCR f##r

RT-PCR IR FEAHL Mk HFH B L7z RNA KV & L7z ¢cDNA & GoTagDNA R AT — BB L NE s
TR A A VT DNA 7T~ —Z2H W THIEIZEVT 272, 4 F 2—712 10ml, 2xGoTaqgDNA 7R
UAZ—BIR A, 1mlcDNA, &I E 400nM 4 U= DNA 7IA4~—LIREH K EZ M2 Tk KA &
20ml (TSI AR L=, PC-812 el I AHEREH VT, RIRTRES A NVKIE%
1T-72.94°C.,2 43 > (94°C,10 ¥ >58°C,10 ¥ >72°C, 30 #)x 27-30 A2/, >72°C5 43 >4C,
99 4r. KfE actin B G H Kk D RT-PCR FEW ZAZ X —RiEE FELTHWE. PCR HIREEY
DHH 6ml %E KUK Mupid-EX [ZFRE LT 1.5% 7 Aa—A7 VT 77A4L T, 100V, 15 55 [#
DEBXIKE LI, FVZavb =F T 47 LR IZT DNA Y6 L7=%, DNA iz 52 % & FluorChem
ZHWTHE R 302nm £ VBB FT7re—24 LN D PCR EW Ak & ik L.
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6.3 R
6.3.1 TERARMIIBIZEEBEAN RDE &

25CL30CRHIXIZBITDBRAFT OKIEFFE W) OALEEOHB ZMAT L. 0 ANG 14
H (DAF) IZ2MF T WA O AT &L 25CRUBE XIZH T 30 CAE X CIva#ic EF L.
FNT30CKICBWT WA O 4 B & I1X 14DAF I RIEICEL, TD#% 14-21DAF ORFIC—
TEE & > 7=(Fig. 22A). THIZH LT, 25CK TiX 0-21DAF O RICE 5 L CHZE B &AL
., ‘SIBLEDTOMAERL, 25SCRBEIV 30CKIZBWTHIAERIZ 0-14DAF CT—EkIC
RN MZ R L, £D1% 14-21DAF ORIZFERHITHIN L. “F12 O O f KA H &I
25°CIX T 35mg/grain, 30°CIX.C 40mg/grain [ZZEL Tk, ‘WIE ORAERKEBRRIT 25CKX LY
30 CK CHEBFMICE TLTWAIENRBREINT. ‘S3BLED DA, 255CK E 30CKOM TH
D Fe KA H & (38mg/grain) MR FLAE K O @ 12 A2 1T R b - 72(Fig. 22B). MR AR AR T
DR B TZVDOIEIR T 53BED L0 FE TLVBEE Tholo (57 —2E M) . BASE
X WE DA, 30CIX T 5.1%, 25°CIX T 76.9% THY, ‘SZBLD’ DA, 30°CIX T 22.8%,
25CK T 76.0% Chol-. BAMIIBITOMAE R BRELERNEDOHERIL WE L SIBL
D’ OFEIREZEOEVCORREIL, KA REEDOWRTKEMALOT T /B NI EERE DM
FRICHDIEN RSN,

6.3.2 MILAEEHICRBITS HSFA2 DR B Fur7rA)V

K F b ] D @ R AR A DR M O WIZ HSP B A5 T OB BLFHi AT AN 5L TnD
NEIDHBITHET, WE L HSEBLED DM TOWIZEITS HSFA2 DB L L2 L
7o WAL KO OKFEZ 25CE 15 30 CKICE LIcEEIZ, HSFA2 OFBLL ~LT gl & XV
CHEEBEDTEWLULARLE. BLBRIEWE D, 7-14DAF O I 588 ED’ TIL HSFA2 1%
30CKICBWTHFICH WL UL TRIL TWZDIIR LT, “F1ETiE 30°CK TR UREHIC
FEAER SNV PNMERNWIE BLL ~ LA R LTz (Fig. 23) .

6.3.3 MAER HSPI0 BLUVNE AR HSPI0 DR EL a7 AL

R SIBEDTOMIZEWT HSPI0 BHEE R T DI BLL ~VITHIE DN DL BT
T 572D, O fuE % HSPO0 O Bl A& L7=. 7-14DAF O [, 25CX TD 30°CXIZBW
THAM P E A HSPO0 DR BIL ~LL ‘P2 KD S3BLD NIDE W LN/ RINTZ.

AR A HSPOO 134k & 72 B N AR R R ICB W T m ) 2B RB 2B 5§22 & 23
HNTEY, EBIEARAD F THSPI0 #EIx FDORBEL N ER/THMIZ, IEANAEZHITE W
THAM M A TEICHEOEEZEF . Liu bOHE (2006) (2L, Hij g zﬂ HSP90 (X & iR, i,
RIZF Lo 7Va— 0| pH WBLIZIGE LT, B, EPMTOREANEEFIZ EH T2, /3
AR E A HSPO0 Bin 2RI B T 52 TH HFEE R AN BNTER 4 B BEARL ZA~D
Mt 230 B2 e R ENT-. F-ME R HSPI0 Eis F XA ASME T THHE A&V
HEL_NVERLUT, BRaRFVANTEEE A EREBR L TWDLIERH LTV,

KFG AL FE ] B X OVE IR AN A F HE L2/ f R HSP9O0 & (& 1~ D8 BL DE WM DUV TRl
Dz, ‘FE L SIBEDOM T/ A HSPI0 Bin T ORI ST 7 ANV EMNT LT, ‘5
FBED TIL 14DAF IZB W T 25CX E 30CX T/hafk R HSPI0 D% BLITIK WL~ L TlIH o
FKENRBDOONT-. —F, WE TIHREUEEHIC SO ELR X Wb/ adEf HSP9O0
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AR T ORBUIIEF IRV ZEAE B SN e > 7= (Fig.23).

6.3.4 HSP101 O H S ur7rA)V

Y F B A RT-PCR OFF R LV, ‘53BED’ D 7-14DAF OF #2315 HSP101 D3 8L 25°C
X &V, 30 CK TIVmWRBNBEINT. —F ., ‘WA TIiX 7-14DAF O HIZ 25CX & 30C
T HSP101 DR BLL ~)UIZH £ 7 2 1358 o b o7 (Fig. 23).

A% HSP101 %t % Bl 952 & CH ZE B £ 0 & IR M P 2358 b S Hp 2 e, 4 HSP101 135
HARNC AT EICHEEINLDOICKL, HARN R, RIBERT 7 DU B LEE TIRE L LN EN
A SN TS (Katiya-Agrawal &, 2003). — J7, Singla-Grover (1993) (31 % HSP101 23 & {& Ak
VREREBRICIRE, AR AT 7o VUi ChfEandef s L TWD. ZalE, 4% HSP101 1X
B2 RBRBEANN RN E LT AFTEMBBIORE OBEWVICIVR LD - TRAFEIND
ZEDHERIEND., —%IZ HSPL101 XMIRD FCEMR LA N IENERETHORS X, ME
WTH NI EZAEE IR OB EEZL TNDEE 2 DND.

6.3.4 EREBEDFEBEayIF L RIE HSP26 L/ REKR v Ray CaPDIl ORBESurrA
v

CSAEBED DEFEAUL S T BB a2 R0 HSP26 13 TDAF OB 12 30°C X TH#ik
I W BLL ~ L& R L, £ O R 008 E SR Cldi SN2 O DB 72 E W IT RS
epote. — 5, ‘FIEIZEWT 14DAF O Tl 30°CIX T HSP26 1RV L~ L TR BL LS
Nt oD, T OB O FE S TIRIEEA R &N/ o72 (Fig. 23).

CHAIBEDICBWT/NNIARA v Xr CaPDI X TDAF O RS T25CKX IV 30°CIX Ti W
B~V R ST, 14DAF ORf S TIEZFOR B L ~LiE 25CK, 30 CR TZENLE IR FE
BRL LU RSN oTz. —F, “HIEI2BWT HSP26 O BT 25CK, 30CKRBLW
TDAF, 14DAF O W T D EMETHR L AT EA LR TS 2n -7 (Fig. 23).

6.4 &£
6.4.1 ‘FIE L HERBLD’ D HSFA2 BE a7 (/LDEWN

BRI Z SO PR, SEMESEO SESBED 02 A2 WT, RO B
N gy IR R E B T ORBICBIEEB O BERF L. BAOABRELEILLE D
FEATRE D, PR L SIBED OFIEMIEOE W, BRI A REED O IR
CIRH T o T BLOZ LRI B DT HBAT =AMLV TS, AWM BHCH W &
) RT-PCR DO#E R LV, /N fRB HSPOO, /MMafk s v~r CaPDI &Ik K RK 4> F & HSP,
HSP26 DR BT EMMIT, FE LV SZBLED RNE WLV ER LT, FEELAE LY, 2
NODE a7 80 78 58 {a% X 5EBLD TIXBEERB B MEZRLIZOICKL, ‘P12 T
XD IIEER O LR -T2, 25CK, 30°CX DOl F @ TDAF O 5 TlX HSFA2 O3 B34 2
CHEEL T SEBED TIVE WL LaRLTZ. B ay /S & N+ HSF ITEE AN R EL
B a2 VBB TORBFTETCHLORERZFEOIENMONTEY, HSF 1285
HSP E/n T iF B AN =ALDBHY, 819, W 2L CTH#EMICE EICRAFSNA TS, (E5 T,
CHREBLEDTITEWT HSFA2 @ WIEHLL LA R L7-281%, HSFA2 O F it Cillffisns — i
® HSP Eix FREOMELLTZOLL, ZORE, KMENEIRMELZES TLZLIC o0 Noll
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HEE S35, 14DAF OFF S THIE XD 53BED’ D HSP26 DR IBLL LR E WEWHFE R 1T,
HSFA2 ICLVilfEiZ2% 7% HSP &in T DORBE N S3BLD TIE, B AW W 721 T & 28 g #
IZBWTHE WL LR TN TWAZEEZRLTWND.

6.4.2 AR E A HSPIO D& El

HSFA2 DX BLEFFRIC, Ml B AL HSPOO 13" W12 LR L T SR L’ TRMMICIYE <
FEHL CNDIEARE NI, ML B R HSPIO (XLL F il B2 & #% C HSF Z7E ML LT : 1)
FAGAMEO T Tlix HSF AN E B HSPO0 L & IR & T sl L CHIE FIG ME AR 7ok iB L7 o T
WD, 2)FE R AN ALK MR E Z S E B BOR RIS AT 975, 3)HSF/HSPO0 1 & IR i
FU7= HSPOO /825 Bl 2o AU B 1T B 5, 4)18 & M1 L5 16 M 40 1 23R 5 Su7- HSF 13 = & (k¥
RLUTHENIZBIT T2, 5) BEEME(LELA 32 = &K HSFIZ HSP 85 T ® Lifi 7 oE—2—
B OB ay 75K TV AV MHSE)NCH & LTI GIE ka5 SR 9. M E A HSPI0 s
T LESICHSFICED BB AT 5. ZOLICLT, “SE3BLD 2BV THMYIM O HSFA2
DT AV OB HSPOO DR T~ BB MR T AL E, ZORR, K
b L O 1 L T M S A STV D AT REE D 5.

6.4.3 /KA HSP D& &

P EEAM RT-PCR IZLEY, MEAENTHMWME U X7E @ EICEDbYOSH D HSP, /b fia (i
HSP90 L/ Ju A Ca i AMET T AL VAN T ARAY AT —F (CaPDI) D& (s 1 7% TDAF DR 5
THE LV SEBED OFPHBHEEHL LN EFHWIENRINT-. £ 5387128
T25CK XY, 30 CK DT NZENLD/NEARA HSP DR BLL ~JL B E W I EN R E 7=, /) g (R Al
HSPI0 L N REGMANZS 7 F AT FREC KN/ NRIKRES 7 F A EFS, /RN Z2#% h
THHWH R EOPVE T NTND, KFG T ‘e e W) CIEEIE AN RS E L T/MN
(KA HSPO0 NEESNLDITx LT, #lja /g A HSPOO XA B R BB 2 /RS2 (T —XE W) . A
2O IR R RSBV, MR A HSPOO 12N X T/ (R HSPOO & B HI 2L T 5
ZEERBE LTS, Ishiguro ©5(2002) 1%, v uAXFXF O K IZEB W T/NE AT HSP90 D%
BN E ICRFIBREI SR ITIE, BLOVMEAKRR HSPOO £ Bk IxmE LMD T T8
PR L CELWAEBMBI AR EHZE2/R L. Z0OLHICL T, /MaAA HSPI0 DR BlL X
N RE I O LB E OB R OB E BRI RKREREEEZLELTAREERDS.
CaPDI 1% Ca* M AU AR ETF — 70T AL AN T 4RAVAT—BIEWEZE L, Nk D&
WRIBDVAT AN O S-S #5A OMEFFE R ICE 5 LTRY, sy 7B 0/MMafk—=a v
U EN LTI B OSBRI TS BRI O AF R ICEB VT PDI OF Bl L
AUV D LT ZER SN TV, E5IT PDI XU 87 B3 B O IR FL THE AL 2514,
EIRANZZMEDONTNICE W THEZF ICEE 7526805, PDI EHLL ~LITIEAR A5
X0 E IR M T F L CWA(Hurkman 5, 1998). ZDO XL T, I DT 8 ¥ DIk B8 (2 B
THMEL S 2Kk T5 PDI R B O B 1%, mRNA X RI7E O 5 OFT —2%2 AWl 352
ETHRIEEIZRD.

6.4.4 B HSP26 D% &
INETOT —EMOHE R E 3Lt FIRICEIE Lz HSP & s 7 A& iR AR RITHHSE L
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F M E EB BB RICE 5L TWAZEN RSN, ZICINAT, “5S3BEHITHBWVTHSP26 23
25CKID 30CKICBWNTIDE WL AL TREILLTHLIDIZK LT, “FIE TIE25CKE30CK
T HSP26 OFBLITITEA L ZE N7,

HSP26 |34 4 F¢ A DK 43 F & HSP THY, ERKIK IR IE T H. HSP26 1T FERK IR A~ N D&
NI O L EACITEHNTEY, ZoTIE B OT 7oA BB FE DN AEL T\, HSP26 I
ILF 5 R Mustang’ TR D2y 72w I M & S 0@ <R K s 7 THY, @ik sk THI LS
THZENHEINTWD.

BEOL, MALME, E0bIT o7 E o iR B I LT, MiaE TE< HSPIO0cyt X°
HSP101 MR H LV, e LAERIKICHD HSP26 DR BL L NEE THHILEEZOND. B F %
B O G, " SEZBED ILEIBAR ATHE LG E LT HSP26 Z# X B ML TWDHIEAUR
Shiz.

_50_



Table 14 A set of oligo DNA primers used for RT-PCR

HS5FA42e, AKC068660  Fw: 5-ATCCTGAGTTCATACGCCAGUCTGTT-3

Rev: 5- AAGTACTCAAGGGTCGTTGGAGCTC-3
HSPI01, AF332981 Fw: 5-CGTGACCTTTGTCATGCAGGAGGTGAGG-3

Rev: 5-CTACTCTTCGTCCATGCCGTCCTCGTC-3
H5P9%0cyt AB11180  Fw: 5-GAAGGTCTGAAGCTTGATGAGAGTGAG-3

Tev: 5-TTAGTCGACCCTCCTCCATCTTGCTCTCTCGCC-3
HSP90ER, AB037681 Fwr: 5-GACTCTAAGCTCAAGGACCTCAAGGAGTCC—3

Rev: 5-CTACAGCTCGTCCTTATCATACGACGACGG-3
II5FP26,AB020973  T'wr: 5- GTGGGATCCGCGCGCGCAGCGAGAACAGGGAC -3

Rev: 5-ATTCCGTCGACTGGACCTGCACGTCGATGAC -3
FDI, AK072941 Fwr: 5-AAGGGCCAAGTGAAGCTAGGTCATGTG-3

Rev: 5-TCACGTTGTGAGCAACCATCGCTGGATAGC-3
aclin, AY212324 Fuwii-TCCATCTTGGCATCTCTCAG -3

Rev: 5-GTACCCGCATCAGGCATCTG-3

Sizes of PCR products with gene specific primers are ranging from 500 to 600bp.
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Fig.22 Changes of fresh weight of rice grains after flowering.

(A) ‘Hatsuboshi’, (B) ‘Fusaotome’.
Rice plants were incubated at 25°C or 30°C at grain filling
stage. Open circle (25°C), Closed circle (30°C).
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Hatsuboshi Fusaotome
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l ] | ] | ] | |

7daf 14daf fdaf 14daf

Fig.23 Expression profiles of ER-HSP90, HSP26 and PDI in rice

grains.
After flowering, ‘Hatsuboshi’ and ’Fusaotome’ plants were
subjected to heat treatment (30°C).
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IPCC (KMEE BB T DE M S 0) O Hr LA —1(2007) Tid, 21 il d o H Bk 2 i R
FED 1.1~64C EH T2 THINTWD. RBEAICK P T DN LU T, 1220 R T A0k
BOHIEE, WIEALDS] S ZFREEICR T 28802 2R EF 2605, JUINIE B AR HE OB
LB THIENBIEBIALOEENE K THY, BN SR ITEELZR BT 5720, @RI
WIS L7 B IO BB RN AREN G ETHH. SIRIIEDOALEEZREL, 1EH
EEALSED. F0, AROAFTHBZBA-EEIL, AROBAZBINSE, NESCHEZKT
SHLH(EFD 1961, 77 7T 1965, Tashiro-Wardlaw 1991, Katayama 1995, Satake 1995,
Peng 5 2004). ABFZEICBWT, lFEA S e O, RAH TH OO EBTAT—Y
TTFVEERL, BERERESRICBIIBEBIORA BRI~ 7 E2ERLEZ(E 1 7). S5,
BEKBERFHLZ BT, AWM ORZRZ 3 MELIEEWVERENZHAEbEAEBTAT—VET IV
PUERRLIZ (5 2 3). 26T DVR EEHWEET L THY, TETFNVCELEFTAT =Y FHIR
lkm Ay ¥ aK A ZM A DEHIET lkm Ay =2 AL TORBAH K AR IR I~y 7 OIERk %
iTo7. DVR E7 VIEEINRET L THY@mIRCIRIREFICBIL2EFT I IaL —ay BT
HDWEIL-F ), 1990) . 22T, GIS(MIKF M AT L) L AMeDAS (HiJik 5 G Ll o A7 4) 8l
WA Z T Tkm Ay 2 AL TY T VS A DO T MW Gk RN R o & DEH VIalb—va
VEATV, BBEALICK S TEDEF T AT LAEBRE L.

KD SEIIATEAEE LEOBERBERER THAH0, WINICTBIT 58U 10 224E O Z Kk O R A 4%k
I, W EICHEBLTELLS D, AR T, HAKEBERE TSI ECRES &, &0k
WEEZBREBAEE LU THOLMNILE(F 2 5). EKERLBHERSE 2R T ESLHE
TR OS2 LL, ZKOBRESZERSEKOTIR—AGHE, MPKOTIAF %
—HEPEME (H/-H, H/A) X, BER (B 56 1961, 8K 5 1979, FéiE 1988, [l A 1994) LR £k I
BAMMORIREOHBENEDONT. 22T, & 5 B CIEBEAW M O EIRE KO M E AL
FHEICBIIZTREELHOLICUZ. MIRITARBRLOFR A ZH NS, KECK KONV RED A
KTFLE. IS T2 IR, BRI EIVS S EICH T2 BN RE N LA B
L7z, SHIT, KBOERRINEELKOERETHE, KB KORBKLOBEGLERFIL, ‘B /EDY’
DWW EEHE M EOT-ODOREZRINED BAEEZHALNILEZ (B 3 &), ZNHLOMMENL, Lo
W E T, MRS BTANESCHE N ISR R DN T

EIREFICBI2KOMER FERK LS EZMERF 7520100, GRMEEZHT8HOF
AR BRI THD. AT T, MRS HEESERZELELH VT, BAYM oS IR
ETEOKSBHEOREBRAERTL, MEORMBEIZOVWTRHFLIEZGHE 4,5 ®). KO T £
TIE, FALFEY OB % 13K OB S LBE N E V. "TH-NMR (T) 13, BB &R ICm;shi-
KRG T EIZBITOKSEBBEZTEENIORTHIETHY, HER 14 BITBITOIWOKS EREE
MEBRELOBIZIEE WAHBE 2R O 5172 (Funaba & 2006, Tanaka © 2009) . 30°CALFLZ4T 7=
NWCZED OB RN O ELK Y EH F, 'H-NMR (T 25 CRE LA B 272 1370<,
TR OKL B IAEE OB E T, TAUD I IR SR R L s

E5IT, iR e fE e S IR M EAA VT, FEONEIERE LS BN OBIR 2 A
L2 (8 5 2). BIRIIKM FEZEOT U TR OFEEV T 2HELL, i EZK T8, BE 70 %k
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%iﬁéﬁﬂéﬁé(Resurreccion 5 1977, Lisle & 2000). BAAE% IZ 30°CALBE 24T 9 &, & L imi ME &h Fl
TEDLE TR O TIHBRL B R OWH R DEN-STZDOICHL, @MiBEZEREO veh
) T, BRI 14 BRZRICE KR Lz, RREFHHFRICLDE, BB ICBITAM A D%
X, FENEE~DORIEFED K G Ok 2> THE4T 95 (&)l 1967, Hoshikawa 1972). =
ECDH%S'H O, MIBARATIZBWTH IZ2FD L ki 2<KL TR ‘e /e WY I U TIR L
DT T BNH A DO R ~ DAL IR T, T FEOKIITFES K 4y 'NMR % Fi1 i i o
?)ﬂ‘zfl\io‘otzﬁﬂ{Bfﬁ%wﬁﬁﬁiﬁﬂ%mf%é*JszﬁﬁﬁE)z)%iﬁot
RT-PCR 43 #7 T, @ iR M ME 5 53607128175 HSFAZ%HSP 900yt ER-type HSP ®
Bia 7RI, mEEZEO PR tl:ﬁxl/fminot. ‘SEIBEDTIZEITSH HSFA2 OB
Vi, BAAER 7 BIZBIT525C, 30 CALEOWT IZHBWTE ‘P2’ ot%m< HSP 90cyt M 3§
BUNAUHEB EhoTo. ZOZEND, “SIBED TIE, BRI IZEITS HSFA2 DR BlL X
VMR E IZE L, ZOZENHLIRIIC HSP 90cyt ORBLL SV Z L E<HEFLTWDHEE XD
A, 2O BAR F S IR M P O S ] 22 R LB L T D RN HLHEE 2 b,
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=
HIERFCRBIIAMOEET TR, AFZHBIVGER LICE T 5

EYWoOBmBICLIKAMOETCEMOLEL, MEK T AREALTREY, FICIRE 2N H
WMCIHEEIBEOEEBENBEL2> TS, Z2T, KFEOHE1OH ML, 1) KFEOAEEBT AT —
VERR OB AT LCTAEBTET AVEERL, IR EZELITH IS ATHE T 1km Ay = AL TK
FRAT —CEHE CEHAEE FTHMIEZHLNICTHIE, 2) KMBHEEKEFREZEALEE A
OEHHE P&, MERFEEZHLONICLT, LN OEE 2K EEZIE LS N 2E F
HEEOFEHMEEZHALNICTLIE, 3) KOOI E LR ZW T8N TEDHEF B i # 7
7o, KFGoABFTREMBZEFRNEOBEMEAHOIILT, SIREFICHEH T HM
REBLWEBEEMBAEPAONICTHIZETHD. &I, H20 H WX, KFt o5 2l o8k 45 8
BeZ, JEANEE T A TX% 'H-NMR B2 WTHAL, BAHoOER kTl &R ZSh5 %
KEE AR T O M ERZFEAN T2 THY, HoIEH AR ST E R I R oA
DNT, OKGENECEYE, NEERE, B 738, koS8l E B Z R 0 HRE
THILETHS.

FI1E KMHERE 2PV ICBI2EE FAETAVRBIOBME, AR RE T H K OERK

M EAOKFELFE eV FHPAREICHKRLTETAT—VOEE N KE, BED
VR, AW PRIERNLEEN TN, ZZ2C, DVR EEZHWTAEEFT TR ET VEIERL,
fa B RN ORI IZ BT Tkm Ay o BN CHURE, A O R IR M &2 E 527 1 XA 1E
L7z, ZOAE THIET VESFEMICOEVEM BN O 42 BIGICBWTHRIAELIZEZA,
R, BCRAHIIEIZ 2~3 HOEWKE CTTHIATEE CTholz. SHIZZDET NMEAY Y 2 K5l %
MANT, B EHRIR 3CEBA2H 2B M ARBELZG GO, RAMEZHE L. Z0O
WO, B R IREIE M R T4 A 6~10 B, dLEETIX4 A 11~15 B T, ZORHICB
FELZ8 A, A I E M IR ik 8 H 8~13 H, k¥ T8 H 13~18 H THHIENHL
Mol ZOEFB TR ETVE LB SICBTH LHRIBST AL AOB R T — 205
lkm Ay 2B CHESNERIR T =22 WHZET, UTVEALDAE T Tl A4 i I 4 4
IZBWT lkm Ay v a AL TITHZEN A HE THS.

F2E AMEAKEBRREZICBIZGBELBEREHOMALE ORICLAEHEILX
KFGHAKBEFERIZIIEEOCBHAEEX LG CEL2E TR ETHL. BFEREEZE A
LTHBILREZKD7-0121E, ZBEONHESCH R, R2EZEDOEENE P LRWIOEBE 248
RKIDHDIEBAARTHD. 22T, A ORLL 3 MFEEAEMEANO 2 SDORER B 5120\ T
4 AH6 HOMICEFEL, DVRIEICEDAEFTET VEAER L TEMEZHE E L. 612, &
RMEEABMEARE LR LT, EAKEEFEREOFEMELZH ML, 2O, R4, 7
B, ED3 BTEEZ 4 H TR 6 HR RIS T75624T, lAHEZ 8 A NA»6 10 A
W OPHIIE R TELZEEZA LN L. MURHICHEREELIIBME LGS, K E 7 S
WA ON BECREER, KOXRIEEHFITITEDALNRP ST, XOTIn—2R
GAERLCHEKOMVIIHBESEMEH EOMBEANE, BRABEORENIREINVEE 26N
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7z

FIE KM E/eV) IZBITINE, BREWM EOTZODOERRED

KFEOEZWINEIFIEFTZHONE, BN E2XLIBEOEBRIFEE THD. KDFL R
TT@%#—%E%‘@%@ R K OB BEEHH B AN VS, A R E EDO B AR ITH 5Tk e
o, FZT, K ‘e e W) OEFRMBERRINELROE FEH A E, ﬁ&%@ﬁ%%
FJOWEEOBBERF LT, WEEME @ mNOATKkEERZRINEELZH LML, ‘B
AV ORBREMFF TOODICITLRERZEGAERL 13%U FTICMALILERNBOLN, LK
EEEAE 13%Ix IS T o8 M o F WU E T 11.0kg/10a, AP H 02 F WL & 1T
12.0kg/10a Th-o7-. HIEN &% 570~600kg/10a L= G, m Y 720 & i W 2% 30,000~
32,000 K7, FERIHI O FWIULE 10.5~11.0kg/10a, KA D% FWIL & 12.0kg/10a ThH-o
o, ZOMEAZ BRI E T2 T e /e ) ORBKAKR FSELZ RN &2 MR T22L030]
RETHD.

BAE EIRMMEARELED 'TH-NMREIZXD 2 2 H O K45 B BB ET

BRAMOBEAN ZZEDONERSLRBEICE R ELL5 25, TEOKAITK S DK TIZ
EOML R DAL ), A B AL LB E L TWAN, KT FEDKS B EEITX "TH-NMR & THl
ETHIENARETHD. 22 C, BERZHEOS W /e EEWICZEL 2R LT, &
AHNIRE AN 2% 5 272840 "H-NMR(T) B OB E2RAEL, ZAABLEED
BB ZH LML, BAMOEIEICEIY e /eh) T RAPOHBHKITREWVEEH LWL,
NWRBEARCHLAKROEAER O —2LEZE LN, ICZFD TIEBEAH O JENELT
LT EOH R KDZENNEL, Iﬂft%%@iﬁ%ﬂ%ﬂ;ﬁﬁ DR BV ~ DAL DR TH o T,
ZOZENBAWITIEEAN ZAZZ TG 6 TOME OIR TRV RWER O —2EF 2607,

HBHE BRHOREIFEEMEDCRRLIKMHEON KIS BSANTER, L ANEBRE,

HAEFECRITTER

BEIREFICBISKMOI ESLCHEEIIIEIBICH TIEICEANREE LTS, 22T, &k
M DRV B eB ) L@V ICZED’, TEROKU ZR LU THRAAEM MO A ET 30CH L
R25CHLER 24T VN, B B 00 i 1R 28K 0 Kk 43 B e ("H-NMR % il 5 ) Lz ¥ B, N fE, K
DI ’féf%aiﬂ'éfh%t% IR H BA2FAN L7z, 30 CKICHITD AR ORI AIX, B/
V7Tl 22%, 122F57, ‘SR OKL  TlEEbiZ4% Tho7. miIR XK TIL, ‘e /e BV 1 XBATE®%R 7
~14 H@*}Jﬁa%émﬁﬁﬂug% H-NMR fﬁ%uﬂ%‘F’aﬁ@{ﬂé/J\& NREL, E%IT”%% 14 BIZi3pE D@
%kﬁéﬁk»u?@&@ B Bl ST, ZhicxtL, ZFED, e R KL Tl E IR O BT/
&<, BAEE 14 B Téiﬁi%u%%&@kfhwf%m&#ot. IV HET% OFRA T, &IRICEY3 M
L kDT tz~;<a.ﬁ¢7bs1£&TL B EST L — XTI L, 5K Ok DO S AMEK
TULER, BT L ERBR B AEREOEIIKBINRNoT-. DL EORE RN, R OFEIRIC
LB E DR T /NS E R, mIE S ICB BRI O K5 O TR "H-NMR #%
FERE O D BRI THDLIENBH Bt/ oT-.

FBOE AMAE’, SIBLD DB LFEIACBITIIHIEAIN RDOEE
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BAMOE R AN RZLY, BT EOBR T RIDEACTHIENTLNIZINTNDD,
BERSHOMBER ZRZLEOT A=A NTII AR RS NRNL W, F2C, &R MoKy
fﬁ)]!é EEW SSBED EMR L THAEI OO A ET 30CBLID 25 CRELZ1T VB AL %

, 143 HOWAEE LT, RT-PCR 12XV F 2 HSP (Heat Shock Protein, B av X RJ7H)
F‘%J@@ RTRBEZRHELL. S3BED X WE LT, BIE% 7 H B ® HSPI0ER,
HSP26, CaPDl D3 HNLL, ¥ IZ30CIK TORRIE N L holz. ZOZEND, ZNHDE R F M
BRSO ZEOMFER ZREEEL TWDLARBENHLEE DL,

C i

AR IEDZRAT 2D ONIA G L OIERRIZHTZY, #ARBE LM 5 B LM £ 2 > 72U K2
KB %, #L%fif@t (LN SREH OE 2R T D, A L ORI H IO B & & H 722
RREW ST IUIN R R P #H R, FR I LRI R RZ e e 2, Bk m b
EICEHELAL LSS,

TN R RZFFRICBIT DM O 25 A TIHE, G728 F LW 215 - 7@ W R R ZE R
HRBRG EWILE R L, 555 R E B R L, Hﬁ?iﬁﬁﬁ%ﬁjtﬁﬁﬁ& Sl % R
WA IO E L ETS. £, ABFIE OB IT I U S8 T 7o i) IR 26
B BRI e B ONTIUIN R A2 ) B BT Al Fil o 2 — D RR WaﬁTOD%%i'%?Lé.é%_, 2N A
FATICHT I EE2ILITL, M AEELENRPoT-mIA REERERBRGORARSEE L, N
JIMETE £, B AT K, UM RZRFZHAEY U IEEORE # K, 705K, Iﬁi“ﬂ@iﬁ
K, B &, AM# XKL CIHER EM R EOFRIEHILBL LTS, Ain X
P XM Z2 0 > & E LR, R BIAE I s o i ﬁﬂﬁﬁ@b\tﬁﬂ%r%ﬁmﬁ%%

TR SR S i e AR O AR ’ETZEET@%‘%%@“ZQ KBICART IR OEITICHIVEOH T ERNLE
RupWp DX a2z, TR L TL L EELH L E Té.

¥, KRN TE SR G ORNEIL, UM RS FA A G S (F £ &%) IStudies on Growth
Prediction, Diagnosis and Quality Improvement in Rice Plants under High Temperature
Conditions ] Z# f1 LR L 72b O TH D . #F & F L aw X (M £ &%) URL
http://mars.lib.kyushu-u.ac.jp/infolib/meta_pub/G0000002GAKUISYOSI 18133) % .
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Studies on Growth Prediction, Diagnosis and Quality Improvement in Rice
Plants under High Temperature Conditions

Summary

Since the growth stage in ‘Koshihikari’, an extremely early maturing rice cultivar, varies
enormously compared to middle maturing cultivars, a growth stage model was created to estimate
heading and maturity stages of ‘Koshihikari’ by using the DVR method. The differences in the date
of between the observed and estimated heading and maturity stages were less than 2-3 days when
this growth estimate model was verified at 42 paddy fields in Fukuoka Prefecture for three years.
The accuracy of prediction was superior though the prediction was performed in for a wide range of
temperature, various areas and transplanting times. Then, the maps of early limit of transplanting
and maturity in Fukuoka Prefecture were drawn which limits were estimated, by using DVR model
and one-km grid climatic data when the early limit of transplanting was the day with temperatures
over 13 °C. The early limit for the transplanting date was during April 6-10 in the southern part of
Fukuoka Prefecture, and during April 11-15 in the northern part. The early limit for the maturity
date was during August 8-13 in the south, and during August 13-18 in the north.

The direct seeding in flooded paddy field of rice is labor-saving cultivation as seeding and
transplanting are not necessary. In order to expand the scale of the direct seeding, it is essential to
extend cropping seasons of rice to disperse workforce so that farm practices such as harvesting of
wheat, plowing, puddling and leveling should not be centered on the same period. Therefore, |
examined the yield and grain quality of three cultivars in the direct seeding and transplanting during
April and June. Then I developed the growth stage model for estimating maturity dates in the direct
seeding and transplanting cultivations in two experimental stations in Fukuoka Prefecture. It was
clearly shown that the potential to extend maturing dates in direct seeding during late in August and
middle of October by using extremely early maturing cultivar, and early maturing and middle
maturing cultivars seeded late April to middle June in northern part of Kyushu District. There were
no significant differences between direct seeding and transplanting in the yield, inspection grade
and protein content of milled rice, whereas the amylose content of the milled rice was higher
according to late seeding and transplanting cultivation.

The amount of nitrogen uptake in rice plants is one of the important index for growth diagnosis,
yield and quality improvement. It was known that protein and nitrogen content rates in rice grain

are significantly correlated with the palatability of boiled rice, whereas the relationships between
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the amount of nitrogen uptake, the nitrogen content rates in brown rice and palatability of boiled
rice was not cleared. Therefore, the relationships between the amount of nitrogen uptake, the
content of brown rice and palatability of boiled rice were examined in ‘Hinohikari’. The nitrogen
content of brown rice must be kept under 1.3% for superior palatability, and the content at 1.3%
was corresponding to the amount of nitrogen uptake of 11.0kg/10a and 12.0kg/10a in full heading
stage and maturity stage, respectively. It is considered that the optimum number of kernel is
30,000-32,000 in case of target yield is 570-600kg/10a, the most suitable amount of nitrogen uptake
in full heading stage is 10.5-11.0kg/10a, in maturity stage is 12.0kg/10a for stability production and
superior palatability in ‘Hinohikari’. The amount of nitrogen uptake in ‘Hinohikari’ clearly showed
the index for yield and quality improvement.

Thermal stress during the grain-filling stage usually causes deleterious effects on the yield and
quality of crop products. Grain maturation is associated with biochemical and physiological
changes in tissues along with dehydration. The water status of rice grains exposed to thermal stress
was evaluated by NMR relaxation times. Therefore, I evaluated the undertaken changing pattern of
NMR T, of grains of sensitive (‘Hinohikari’) and insensitive (‘Nikomaru’) rice cultivars against
thermal stress during grain maturation. Furthermore, the profiles of NMR relaxation times of grains
in relation to kernel quality during the development and maturation periods were examined. It was
suggested that the early reduction of free water in ‘Hinohikari’ grains at a higher temperature
caused the formation of a higher number of white-back or chalky grains during maturation. In the
thermal stress-resistant cultivar, ‘Nikomaru’, starch accumulation in grains grown at low/high
temperature normally changed from a fluid state to a doughy state accompanied by a decrease in
water content. Especially, the free water in the developing grains diminished as similarly in grains
grown at 25°C. This caused the production of higher quality rice under thermal stress.

Rice productivity is related to the ability of plants to adapt to heat stress. The heat-tolerant
cultivars ‘Nikomaru’ and ‘Genkitsukushi’ and heat-sensitive cultivar ‘Hinohikari’ were grown at
30°C and 25°C for 49 days after flowering. At 30°C, only a few white immature kernels were
produced in ‘Nikomaru’ and ‘Genkitsukushi’, but about 22% of grains had immature kernels in
‘Hinohikari’. The high temperature(30°C) caused no significant changes in grain dry weight, water
content, and the NMR T, value during the early ripening stage in ‘Nikomaru’ and ““Genkitsukushi’.
Grain development was also not affected by the high temperature, especially with respect to the
nucellar epidermis, in ‘Nikomaru’ and “Genkitsukushi’, but the temperature caused clear cessation
of development of the nucellar epidermis at 14 days after flowering in ‘Hinohikari’. In addition,
high temperature decreased the amylose content and increased hardness vs. adhesion ratio of cooked

rice in both ‘Nikomaru’ and “Genkitsukushi’, resulting in a softer, less sticky texture, but not in
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‘Hinohikari’. The maximum viscosity and breakdown values were increased, and final viscosity
decreased at 30°C in all three cultivars. These results suggested that starch in the endosperm of
grains changed from a fluid state to a doughy state more slowly in ‘Nikomaru’ and ““Genkitsukushi’
than in ‘Hinohikari’, in which the water content and NMR relaxation time decreased, and
transported assimilates were accumulated slowly during grain development.

RT-PCR with rice kernels showed that expression of a set of HSP genes were higher in
Fusaotome than those in Hatsuboshi and that heat treatment induced up-regulation of HSP101 and
PDI in ‘Fusaotome’ but not in ‘Hatsuboshi’. In both 25°C and 30°C treatments at 7DAF, expression
levels of HSFA2 were higher in ‘Fusaotome’ than in cv. ‘Hatsuboshi’. Base on the expresson
analysis, there is a possibility that higher expression of HSFA2 in ‘Fusaotome’ contributes to its
thermotolerant phenotype by increasing a set of HSPs regulated at downstream of HSFA2. The
direct linkage between HSPs genes and thermotolerance among rice cultivars remains to be clarified
by real time RT-PCR and/or DNA array using lines of rice cultivars with broad ranging

thermo-sensitivities.
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