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Effects of Rising Temperature on Grain Quality and Palatability of Rice Cultivars

Izumi Oh-e?, Yasuko Kobayashi, Kuniyuki Saitoh?
and Toshiro Kuroda?
(Course of Applied Plant Science)

The effects of high temperatures on grain quality and palatability of cooked rice of four rice cultivars
were examined in a temperature gradient chamber (TGC). Experimental plots going from TG1 (near the
air intake side) to TG3 (near the air exhaust side) along the temperature gradient in TGC, correspond-
ing to low and high temperature, and an open field plot (outside of TGC) were arranged. The mean and
maximum air-temperatures in TG3 were 3.6°C and 7.2°C higher, respectively, than those in TG1. Brown
rice yield per m? in the outside was the highest, and those in the TGC plots were lower than outside in
all cultivars. This yield decline was due to the decrease in the percentage of ripened spikelets. The
increase in the percentage of sterile spikelets due to high temperatures in Nikomaru and Akimasari was
larger than that in Hinohikari and Akebono. The yield difference among TGC plots was not significant.
High temperature increased the white berry grains and white back grains in Hinohikari and Akebono,
respectively. The overall eating quality (+3 to —3) in the outside was in the order of Nikomaru (0.56)
> Akimasari (0.50) > Hinohikari (0.00) > Akebono (—0.06). The overall eating quality in TG3 was lower
than outside, especially in the quality of appearance. However, the decreasing degrees of appearance
quality in Nikomaru and Akimasari were smaller than those in Hinohikari and Akebono. The protein
content of milled rice in TG3 (6.0-7.8%) was higher than that in the outside (8.6-10.4%) in all culti-
vars. The increase in protein content by higher temperature was in the order of Akebono (4.4%) >
Hinohikari (1.9 %) = Akimasari (1.9%) =Nikomaru (0.8%). In terms of grain quality, the cultivation of
new cultivars, Nikomaru and Akimasari are reccommended when air temperature exceeds normal years.
However, yield reductions in Nikomaru and Akimasari caused by high temperatures were larger than
those in the conventional cultivars, Hinohikari and Akebono.

Key words : Grain quality, High temperature, Palatability, Rice (Oryza sativa L.)
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7 BUHELZ 22 2 A F I e fR o & B 508, kAR 4 dn
OPE, LRIV E, REOERIZE XITTEEOM
M S 2 RS L 7.

mhEFE

1. BEEBAEF v+ > /N — (Temperature Gradient

Chamber ; TGC)

20064 12 FRJ LK & AR kL8 LB B 7 1 — L RRF
v F —OKMEIZEE S N7z TGC W THIFEERZ 4T -
7z. TGC 1%, A& - %)Y, Horie 59, =9 % 5%
ELT, £230m, ME2.1m, SE2.1m CTHREAMIZH
BN, BFHoEEEICENZT VL (ALY =5
—80E, WL, &uiEHa93%) THEL. T/,
F X N—OMINTF NI L, BORMEANERIT L TH
0, BACEBICIZE R 3 emfL 2 #9200M8 BA LY 72, @B
FRIC R E L2 774,320 h "o A 7 7~ (EF-

40DTB,, =Z#) 12X D17y, TGC ORE#FIANZIRE
(A R PR Al

2. HBRXOBE EHESE

ARBEX LT v N =N E U 22 ARZ - T, B
HEk2 5 TG1, TG2, TG3 xEE L, TGC #fold—
IR BRI X & 3T 72, iR, R o F 2 fil
Thre /ey, TrR7IMAT, e/ eh), 7
R EASEOPMTH BT L, HEFTESYOLF
4 FAEE MR L 22 B TS TRy VAR LR %,
6 H16H 12 1 #k 3 &R T TGC MIZFA 2, BF/MXITHRM
R L7z, AR ERAR oA & L, B LP #4100
D-80 (N : P,05: K;0=14:14:14) *HT, &%
55 Cl0a 4720 8kgx M L7z, MER, mHEORFR
&, EITICHES 7.
3. 8% P

Al & TGC W& iiE, Thermo Recorder BA & &
) (TR-71S, T AND D#) %MW CHll%E L7, mE
U —FRHOML VM4 mERTHEX VL. TmIZH#
BL, BHE» SIS TOEMEIZhY, 155048
FLERL7-.
4. £ BIRE

AR 7 HIR & K3 5 3R R I 2 Ml L
7o WGERNIC, #RBRIX158k (5 7k 3 KUil) % Hifsh 5
ADEY, # 2 BMENCTIRESE20%, e s N
WEREAFE L 2B, BERITHIEL 8mmll Eo b o
EL, KaEt (54 2% T, 7 FEEMZERTE) Tk
OIKGEARE1A 5%\ E L TRz, £72, £F
FERAENRE LT, 1RICOEBEO LM IR (9K
3RAE) ExtH e LT, ZICL ) ARl - RIREE
LR - Fe W Z L, RieEi kD7,
5. TRNEBRE

IR TR Lok t, £RBaX - EZ LI
Yhitsm VTR 2 g% 3RUEIM L, ZROSMBIE
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AR L7z, HIEE BRI & - TITV, BBk (3%
W), FLERL, (OEkL, SRS (GEF), JEEREGL
(MEF), Tk (FH), HRH? (FX), €ofi
(FEKE) O BRI L, ki, ZoMbyoH%E
o ARBRL & L7z,
6. BEKERERR
ZIFEOBEIX & TG 3 Zxth & L CEMWE iR %
7o 7z BEAZoKkIE, PUHERNZAY B - 722Kk DKk 55 %
14~15%IZFHEE L, BB T VI% T L (LAY 7
HIEAER RS KA VP-31T, IUARBEERTEL), MRA L &
SRERDOIRBTTFENHEI L7217, B, /SR Vg EL6
LCHER L, iR (v e h ) FAX) &L TR
LR, SME, R, FHVE -3 (PARHVARR) ~+3 (B
ROR), HivE—3 (PRVEV) ~+3 (Phhik
W), lidx -3 (PRDFESHV) ~+3 (DR
V) O T7EBBETEEML. 72, CN a—% (MT-700,
Y amghiTER) 2HTERKkD Y v BERH
2lE L 7.

& R

1. 5 P}

Al o I F CoAFIR ko5, FXT
FAEL D Y - EFAIRTENENLZC, 2.1THEL
% o7z (Table 1). RARGURIZ, &% B L TWhawn
T-OREOMEE o7z, FAX E TG 1 OZEITFHAIR
T0.8T, HEAILTL.7C & 2o 72, TGC MDA,
BICIER D TG 1 25 BIO# @ TG 3 12 A » CTHREL A
PHEL, £XROFH - AL TG3 >TG2 >TG1
DONEE 72> 720 EiIX TG 3 T, TG1IZRTHY -
RERIRTEFNENS. 6T, 7.2CEH L.

2. £ ERE

HEINC BT 2 Kl OB/ X O F L, 98.8~110.9
emDFFHTEEL, HEF SV RDEL 2 -7 (Table
2). KT T % &, Weho @il s & BALXIZ
TTG1~TG3®» TGC WTHL, 77K/, e /kh
U, HEFEY, 122 FHTENRENRKASL.6, 26.5,
20.2, 21.5ecmOED RO Sz, L L, TGC NIZH
1 % HERIX M OAE L NS o 7.

Table 1 The mean, maximum and minimum air temperatures
during whole growth season
Normal X
, Outside TGl TG2 TG3 TG3-TG1
Year
Mean 24.2 25.5 26.3  28.6 30.0 3.6

Maximum 284 30.5 32.2 36.6 394 7.2
Minimum 20.6 20.5 205 206 206 0.1

Whole growth season was from transplanting to maturity (134
days after transplanting).
*Average of last decade.
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L OBEANX Ond 4 ) FiBux, 7R (380.04%)
>kt /beH) (32.9K)>HxFS) (257.24K)>12
5 (169.048) OIEEZLRY, TrR/ PRbEL ko
72, KMTHET B E, 77K TIZEIX (380.04)
2T TG1 ~TG3 T4 LAY, TGC N RERIX K]
DOMEIINE ol B 2B )IZBWTY, THE/
LRBDEADS RSNz, HEXFEI VT, TrA/,
v/ i) LEBRICEALX (257.24%) 12T TGC W
TP HMEANZH > 7275, TG2 (105.14) TldfEfk
MWOEEHNKE D> 72720, MOKIZHNTE LViEd
HHELN/Z, 122 F 5 TiE, TG2 (260.54)>TG3
(232.44)>TG1 (182.04) > EpHEIX (169.04%) D)
L, WAMXIZHART TGC WO ERIX THIN 5
Mz o7z, BAXO 1R, 12 F% (143.7H0)
>SHEF SN (127.00) > 77K (91.8k) >k /7
) (87.0%) DIEE o7z, XETHKT AL, 122

LEBWTIEHIXICIENT TGL ~TG3 T4 < o
72. 22 FE AT, FAMX (143.760) I2HART TG1 ~
TG3 THBEIIAL ol mi 4 ) BHEUZ, FAXICH
XTTGCWTIE, 7HE/ v eh) TN, X
FEN LI ELTRFEADTHMEMH 572, KEFED
FFILX DB HAA 1385.3~T1. 1% DFEFHTER L, X
TR LIEL oz, KETHRETAE, Tk

B LR P KTEREOHBRE, BRKICELIFTHE 35

TIXEHX (83.6%)>TG3 (74.4%)>TG2 (72.7%)
>TG1 (58.4%) DAL %), BAMXIZHAT TGC N
DREFX T oo 7z, Moy 3 5T HE/X IR T
TGC NTEHSEAIIEL AR, e /eh) TG3, H&
FEYDTGL, I22%5 TG2 Th/MEZ & Y, LS
L) ZOMANEERE 572, TRE D BEIRA L AL,
WO GHFET S FAHXIZ T TGC WO sERIX T
T L7 TGC WTOTHREDLEFL, 77K 2HEnT
1 TG1IZHNT TG3 TR T ¥ A2MHIMIZH > 72, niY
DREZRIE L, BHRE R TRE & FAERICEAX T
bE <, TGC NOMERX T T L7z, TGC WIZBIT 5
I ARNEORKAMEX, 77K/, v/ eh), &%
XN, I22FHTENREN TG2 (558.3g), TG1 (510.2
g), TG1 (379.5g), TG2 (432.8g) T, IhH &
D D SIRDOEVERERX T T AR 57,
BIXDOAFEEIZL.1~9.2% OHPANTEE L, & &
FEDTHRIEL o7 TGC NORERX I TIlE$ %
L, e/ TIETGL (9.6%) 12T TG3 (13.6
%) CTLEADBHRSNT. ZOMEMIZVTIOGET Y
HHN, FFIZZFES TG3 (20.0%) THLL EHL
7o. Fio, HEF S ORI, BHNXTI.2%, TGC
NORERIX TI1310.9% (TG2) Vb &, fho ShfEz -~
TEWEANZH - 72,

Table 2 Plant length, yield, yield component and percentage of sterile spikelets at maturity

Plant No. of No. of No. of Percentage 1000-grain Brown rice Percentage
Cultivar Plot length panicles spikelets/ spikelets of ripened weight yield of sterile
(cm) (m™?) panicle (m™?) spikelets (2) (gm™®) spikelets

Hinohikari Outside 98.8 332.9 87.0 29.3 81.3 25.5 601.1 5.5
TG1 125.3 285.6 119.5 34.1 72.2 20.7 510.2 6.9

TG2 124.1 254.6 119.4 30.4 70.0 20.8 442.8 8.2

TG3 125.1 269.4 112.7 30.3 69.7 20.3 428.6 12.3

LSDo.s 6.7 40.3 4.8 2.1 4.6 0.4 51.8 34

Akebono Outside 109.0 380.0 91.8 28.3 83.6 23.8 562.8 4.1
TG1 137.6 281.2 116.3 32.6 58.4 21.2 403.3 9.6

TG2 140.6 275.3 126.9 35.0 72.7 22.0 558.3 7.4

TG3 139.9 278.2 114.3 31.8 74.4 21.8 515.6 13.6

LSDos 6.5 30.9 5.9 1.9 4.4 0.3 40.8 3.1

Nikomaru Outside 106.3 169.0 143.7 27.3 85.3 26.5 549.7 44
TG1 125.6 182.0 129.3 23.5 66.4 21.3 332.4 4.9

TG2 127.8 260.5 115.3 30.0 66.2 20.9 432.8 15.3

TG3 126.7 2324 120.5 28.1 60.4 19.9 337.9 20.0

LSDy5 12.2 43.6 10.4 2.6 5.1 0.5 60.4 7.5

Akimasari Outside 110.9 257.2 127.0 37.1 71.1 25.8 599.6 9.2
TG1 131.1 253.1 141.3 35.7 50.4 21.1 379.5 14.2

TG2 128.9 105.1 156.0 15.8 61.6 21.2 207.5 10.9

TG3 130.0 219.0 131.3 28.7 60.9 20.6 361.9 19.7

LSDys 11.3 62.6 9.6 3.6 6.2 0.4 60.6 5.7
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3. TXRIEBRE

RO OB AAIL, 122F 5 (79.8%) > H
X&) (66.8%)>k /b H) (64.3%)>T K/
(56.6%) DIELZY, HEFSH TGl (69.8%) %
v Cid, TGC WICHRTHX TEWEE /R L 72
(Table 3). KM THET 2L, 77K/ TIREIX
(56.6%)>TG1 (50.2%)>TG2 (31.0%)>TG3
(23.6%) DIEE %Y, TG3 TIXEIXICHRTESIZ
33.0% DT AA LN, v ) TiE, BAX (64.3
%) 12T TG1 ~TG 3 0k 41314.1~15.5% &
FZLETL, TG2 (14.1%) TIEEHAMNXIZH~NT50.2
BIET L. HEFENIE TG (69.8%) >EHHHX (66.8
%)>TG2 (47.0%)>TG3 (31.9%) O %21, TG1
THETHIML 7275 TG 3 TIEBEAXIZHART34.9% DK
THAEDSNZ, 122 FHTIE, B (79.8%) >TG 1
(74.2%)>TG2 (67.4%)>TG3 (67.2%) DIEL 7
D, BAXICHART TGC OFKX TERARAIZET L
A%, M SRR IC R TEBNI/N S, TG 3 TIRE/XIZ
HARTI2.6%DIETICE &F o7,
RIFIOFERE R AL E, © A TIHEERDS

Bazmp s

R K EEEREMTHRE  Vol. 97

OF kI, X (19.0%) 12T TGC WNT56.5
~65.6% L L N7z, F72, HEEk b BAMX (0.4
%) ICHARTHEBEIZHMLZ., & FS)HIXTIE
FLERRGERLO & 95 R EARBR OFEA IV o7z d
DD, FXH25.3% A5, TCLIZBWT L FAEICHEKR
DFEDHO SN2 TG2, TG3 T, LEk, ¥H
KOFENFEETH -7z, 122 FHTIE, HHKIZENR
T TGC DHZX T, LEF, BHRORENLL otz
bOD, FOFEREILLEANT3.3~7.6%, HTHKT
8.6~18.4% L /INEh o7z,

4 . BREREFT

/e ) BALX 2 L (0.00) & L7-¥pAbX o &Rk
WAREME, 122F5 (0.56)>HEFEH (0.50)>¢k
/zwumom>7&f/< 0.06) DIEE %Y, v/
EHVIZHARTICZE D, HEFS)TELERE LS
7z (Table 4). BHXOH/BIL, WIhoifEs b TG
WZIRTEL o7 HVE T 7R (0.00), H&F
20 (0.06) TIX, v /e ERI%ETH-7205 122
T2 (—0.38) TS o7, bR, WS I3HdEK b
PRRENEINCH 5 72, KD IFIEERICHART, T

19.9~22.9% % 5%, TG2 TEHHK, TG3 TEAH A/ TESHY, HEXFSNLICTFLTIIELHRL L
K, PR WEHROMMAHEE CH-72. v/ eh) ol TG3ORAFNE, 1c2F% (-0.13)>e /¢
Table 3 Appearance quality of brown rice

Percentage of damaged grain (%)
. Normal R ) . . . R X
Cultivar Plot rain Milky White White White White White Green Other
era white core based belly back side rice

Hinohikari Outside 64.3 3.6 6.9 0.4 0.8 19.0 0.0 2.2 2.9
TG1 15.5 4.2 8.8 3.7 0.9 60.2 0.0 6.1 0.6

TG2 14.1 3.3 7.1 6.9 1.6 65.6 0.0 0.2 1.3

TG3 15.3 5.1 11.7 6.4 1.7 56.5 0.0 15 1.7

LSDy5 5.8 ns ns 2.3 ns 8.4 ns 3.7 1.5

Akebono Outside 56.6 0.7 4.6 0.4 22.9 5.0 0.0 9.7 0.0
TG1 50.2 3.0 6.6 1.3 21.1 1.2 0.0 16.3 0.3

TG2 31.0 1.0 9.5 0.2 21.2 17.8 0.0 18.2 1.1

TG3 23.6 10.8 24.2 5.1 19.9 10.1 0.0 5.3 1.0

LSDy5 7.9 2.0 4.4 1.8 ns 3.7 ns 8.1 ns

Nikomaru Outside 79.8 1.9 3.3 0.0 3.8 8.6 0.0 0.3 2.2
TG1 74.2 0.7 4.3 1.3 4.7 10.8 0.0 0.8 3.1

TG2 67.6 14 7.6 1.2 2.6 16.2 0.0 0.5 2.9

TG3 67.2 2.0 7.2 2.1 1.9 184 0.0 0.0 1.2

LSDg 5 9.2 1.0 3.2 15 ns 6.0 ns ns 1.6

Akimasari Outside 66.8 0.0 0.7 0.4 0.7 4.7 0.0 25.3 1.5
TG1 69.8 0.0 34 0.0 2.6 5.9 0.0 17.8 0.6

TG2 47.0 1.7 12.8 1.0 1.6 24.6 0.0 9.0 2.3

TG3 31.9 34 21.5 2.3 1.1 29.2 0.0 9.4 1.1

LSDo.s 6.1 ns 3.7 ns ns 3.2 ns 3.9 ns

‘Other’ means opaque grain, rusty grain etc.
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#1) (=0.75)>HEFEH (—1.00>T7 7K/ (—
1.25) OEE %Y, BFARKIZHRTE LI T 2580 5
N7z, ZO@EMIEFEYIZBWTLALNR, M8, D
ez, BAMXICHART TG3 TR TFTLZ DD, 122
5 TIEZORTREEIZNE N7, KD, ST, e
Jen) R 3MIET, WAMXIZHART TG3 THD
xR L, #)2E5<, XonL hbEMERL. &
R ) TIEHIIZIEDfEZRL, fh) 25, W R5
fEZd > 72,

FERD Y Y7 BERHRIE, »E2F3) (7.8%)=
225 (7.8%)=zv 2 en) (1.7%)>T77 K7 (6.0
%) OIEE %2 >7z. KMTRERT L, Wihogfls
DIHLXAZIERT TG3 THML, ZOHMBEELT 7
ROD4 4% b EL, e, HETEHYTLI
B role. \ZZFEDLDY SN BEAROBEMIEE X
i FFEL ) /S L, 0.9%ICE & F 57,

% %

FZoRE L, WihomfEs b TGC I B
K25 <, TG1 ~TG 3 DZEHL/NE A5 72 (Table 2).
TG1~TG 3 OFEIUE, BHEEGOETARAMRL T
2. HEFEY, I2Z2FDLTE, TR/, voeRY
AT, AR EFIHE ) Ao EADPBHETH Y,
NS 2 M TIZENEGOEKTICMA T, Mok
AL PWNOER & % - 72,

FH O, RIFZE L KO TGC M CAKRRGIE H AE
2 L - ER AT, ERX TR T L @ o
HoHILERMLEY. HEFEED, 1C2FHIE, T
R, e /eI THEROMETH Y, I
O il 12 R & DR OB NS WEE
bih, REBRICBT 25 X F 30 oL, Mgl
ol TG2 k< &, BHXE TG1, TG3 DX

SB LRSI KTEREOHBRE, BRICHXIEFTRE 37

MASAR S NTz720, REBROHMPTIE, [iREFIZLD
FEEOKMRAHXF XD L2 F 2OWIERE %2 50
BEMEIZNE VL D EE 2 S,

AR EE AL L, TR CIEAK, v/ b
H) TEEHRDSZ R, BRAEGIZET L7z (Table
3). TR, v v UL, WEME RS OFEA D
ZnETLINTTORELIZITHLALEY, HEF
XY OFIXE TG1 TlE, HFRDPL I L7z
FAEAET L7z, BROFEAE, FHIA)I) otz
% B EMBY, BHXE TGL T, XY EYE
N ETE»Po -2 llEbbneEz N7 £z,
TG2, TG3 T, WHHORENL L ozl Lhb,
HETEYOERIIFEIZONTIE, SR &8
FEIZHIWT L CEA T BENH L L EZ LN 122
T 5T, WHADS.6~18.4% OHIPATEE L, Hhisk
AERTOEEREZR-72. LaL, TG3 OBRAAIE
67.2% & o> 3 fHAEIZ AT, SR EFIC & DRSS
DIETFAVNE L, T ToHE L FAEICHERTORN
I TH B Z LA S 7Y,

B X O EWRE AR, 77K/, v e B ) Ik
NC, HEFTEY, LTI TENDIHEREL -T2
(Table 4). ZAUIHMEL, 5D 23FE-7-Z LSRR L T
W, R EFICEAEEE AL L, WTFNOMFEE D,
FAXAC AT TG 3 THRAFHIAME S 2 1), 24l
FRCHBLOZE LR TR 2 L E 2 oz Lo L,
FORTHREZTZR ), v JehJICHRT, H&F
D, L2 EBZTRR/NSWHANIS o 72 KD
X, ZRNBIGE L BB ZBERPREOLN TS
DB R B L AR E O T RESKE 2o
TR, v e TR, KROSMBISERYT 5
BFHEAE LT LD EEZ Sk,

ORI KD 7 V8 HEHRIE, BAX, TG3

NS pod, T2, K2 FELTEESRX THREOY  TENLEN6.0~7.8%, 8.6~10.4% OHiHTLHE L, X
Table 4 Palatability values and protein content of rice

Overall Protein

Cultivar Plot eating Appearance Flavor Taste Stickiness Hardness content
quality (%)
Hinohikari Outside 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 7.7
TG3 —0.75b —1.50b —0.38a —0.44b 0.56ab 0.19a 9.6
Akebono Outside —0.06a 1.38a 0.00a 0.06ab —0.13b 0.19a 6.0
TG3 —1.25bc —1.88b —0.69a —0.56b —0.94b —0.25a 10.4
Nikomaru Outside 0.56a 1.63a —0.38a 0.63a 1.06a 0.06a 7.8
TG3 —0.13ab 1.13a —0.81b —0.06ab —0.50b —1.00b 8.6
Akimasari Outside 0.50a 1.69a 0.06a 0.13ab 0.56ab 0.38a 7.8
TG3 —1.00b —1.50b —0.44a —0.44ab —0.88b —0.50a 9.7

Means followed by the same letter are not significantly different from the 5% level according to Fisher’'s PLSD.

Cultivar, Hinohikari outside was used as the standard for palatability.
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i EFICE o TEL B EmMICH o7z, ¥ VI HER
ROBEIME, ARPETIELZE000%, AEs
FHiiE & X B EAROBRERETT 5 &, WEOM
WX BE OIS (r=0.770%) D 5Nz, RiE
(1981) 13%, KR LEFIZ L > TY v 8y BafR)s
m¥sZezHELTBY, KFEIZBWTL Y %
HEREDO LANKFOER LK T S/ E R TH S &
Zzoh, WMEICKREFICE DY VN HERE
DIAEETARDLE, TrKR/ (44%)>v /i)
1.9%)=bxFsh (1.9%)>122%% (0.8%) DIE
D), ICZFELTEARENRO/NS R0 K
(oK) oy X7 BEFROHIMIE, iR/ T
37 <, fRo@ERRER, 1HL) 0ERFBO% D
LERL TV MY REBROMERTIE, BIXE TGC
WTORMDEE DR SN2, & VT HEHED
L&D, KREAOAILLEDTH L0, FEOWA
LB LS N TR ED o7z Sk, RS
DEMOT TRIBERICE DL KSY U EEHEDOLE
B OWTHE 21T WEDXH L L& 2 b/,
DI, MILRTFEHH~NOHEF ), 2 FL0HE
AZDOWTEZ TAhL, HEOKEBRREHEIITEDOL /v
H, MEOT R THY, PHEEHEEE ) e
LIZZFE AR E, NEMTIEe /e )2~
TETTAIENFHEND, LRLEDS, I22F5
O, EWEHMEilze eV ICHRTED, SiREA
TR L ME, EROETREL NS ho/lo, 4
%, WEMEZZE L) A CTOEANLETHDL EE L
bNa, 7, X2 F 5 0MMGER, EFSE0mMET
Hig L L7 SRR O W T a2 17 ) LD 5
EEZOND., MENEE TR ) oS E T INITE
AAHWER, HEFTEVTRT IR ICHRTRRNE
MEMoT2720, BERIZBWTIET 7R EADINE
AR CTEAIDEEZLNL, LA L, [iREFAICX
B AR OB IR § 2R E 7 7 R L h bR
Edofzizw, NRELFEEATTE, 778712k
NTHNOBRENKREL DI EPBEINL. EEDS
EEIEED TGC % HWWT, ZEOKMGMHEIZ DT HEii
ARIEDKHEERT>TBNY, 77 R IZ2o00TIER
B OREDNL EIREZEMTETH L EHEL T
5. HEFEIDITOVTIEREMEZITo TV RWZD,
Ltk, WO ERATR I E O & AT L7
WEEZTWD, mE, BRA2LHEFTSYOEAE
EZbHE, HEFEHOERBEAEE, /e h )R
TEL, JBEFTIZBOTOERTREINS L, &R
LENTW220, BERICBWTIE, 122 F 512N
THRECAEISNEAT L DR THLEEZD
nab.

Db&y, 12255, 2530, 77K/, v/
A IR THEB LOERHATIRENLTED, Sk

FILKFRFEFME|ME Vol 97

FRICEBHE, AROETRERELNE 2272000,
PHEE S AL &, [k EF T TREIREGOET,
B OFEDL I X o TZMINE %5 2 EDBHAL M E
oz,

E 33

FRBBRO TN 72 ), AR HI R B 7 1 — b R
Yy — L, IR S B,
B35 FE S22 S S B U BRI ) 2 B 72, & ISR
LC#EEET 5.

51 A XX ik

1) R R AR EEER © R IL oK —AEE - il - {§E—. pp. 16~
20, [ (2006)

2) KA - ARE— L KFR&EE 7 7R 1282 EHE
R OFEETA. IR, 20, 1-5 (2002)

3) VPRI 19934 ORI & 19944E 0 & A5 1R B UL o) K il A
DR & AL G- 2 7252, H R, 67, 26-29 (1998)

4) FE—5 - A R - ERES - BRI - FKH
TEH C 19994E O E FEIRAVKIRO B EKRMBEIIRIZT L 725
2, H{ER, 70, 449-458 (2001)

5) BIEEAE KO AREEGEROLE IS 0% 455
LR EE DN IR BRI BT T B AEIR O 528 1 5 R
#, 48, 17-22 (1984)

6) & $IC - XAGE C ZROBRAE - HE - W) T LAEREED
R AR, BLOZNLICKIFTEIIMOREE L2 Eo

HAERS, 49, 199-204 (1980)

7) EILFEAR - FEEES - BRI - SFRE— - B
R - B & BRI BT AKEMEO M - &R0
mE 16T KO ERAD A VIS L B EiREAEOK
5. JLEECEM R, 34, 21-23 (1999)

8) YO EH - FARIEDL - ATl - AR sek - AT - PR
Ffr - R TR FE - KB KRR ICEN LR
oI & B AMOKRRRTE (122 F 2] OFBRICOW T, BN
&, 9, 67-73 (2007)

9) JOF E - RARIELL - HAS - AR suok - AT - AR
T L - VR £ R Z KRR [HE F S
N1 OF. SRR, 47, 43-62 (2006)

10) Oh-e I, K. Saitoh and T. Kuroda : Effect of high temperature
on growth, yield and dry—matter production of rice grown in
the paddy field. Plant Prod. Sci., 10, 412-422 (2007)

11) RILFR - RIRER T - 3k S 07 - AR - AT - B
PRIl &R BT A X ORI, SRR & FHINEICB
FITT . HIER, 76, 433-444 (2007)

12) Oh-e I, K. Saitoh and T. Kuroda : Effects of rising tempera-
ture on growth, yield and dry—matter production of winter
wheat. Sci. Rep. Fac. of Agr. Okayama Univ., 95, 57-62

(2006)

13) RILFIR - ARTLFH W - FREFAT - BHRAL &R A 29K A
DT ARAMBNE, AR & BB XT3 REL MLk
g, 96, 13-18 (2007)

14) REEE - TN D KRFRORE IS0 720 0 TGC
FIH. S RsiR, 33, 7-13 (1996)

15) Horie T., H. Nakagawa, J. Nakano, K. Hamotani and H. Y.
Kim @ Temperature gradient chambers for research on global
environment change. 1. A system designed for rice in Kyoto,
Japan. Plant Cell and Environment, 18, 1064-1069 (1995)

.



February 2008

16) =Rk | S ERA ORI A T 5GEA OFEE. B
B, 46, 721-726 (1971)

17) PrHgiBEs - ko, pp. 125-132, @IAEE, H5t (1995)

18) KILAIR - FFREIEAT - BHMEIL | R A2 R O AT
Ik, TORAMELAENC B X BT, HEh 44, 46, 32-
33 (2005)

19) ¥ IE - A BRI KTROSIFEEIRE L FREE L OH
£, HACEZERZR, 14, 43-45 (1973)

20) MTLH K Kok & BALEMEE I M T RS RS &0
W EKE, 82, 300-311 (2007)

21) MLHER - HEAL - HHEEZ - ALBIUNER O I3
HWE7e 5 3 B DEOELLE KO Bk B L O
PRALA BRI AT 528, HARR, 61, 218-222 (1992)

SBE LA KTEREOHBAE, BRICHXIFTHE 39

22) WUEGERE KO RS EK OLBIC T L% 3
TRY 28 BEEIIB X EASKIRO R, IR R R,
44, 39-44 (1981)

23) KKEE - HHEH - OREER - FHEES KR0S
2K OBEFIRE, 7I0-AGERBLTERIZT R 5%
B, Oz, 59, 38-40 (1992)

24) R¥b— - AW - GhRz - wmab— AL, Fts:
DIECDIRIEDOET R OEROFEIZG 2 228, HIERL, 69

(sl 1), 96-97 (2000)

25) JFR— - Az - L - mA— L FORE SRR
Bl e, mIREOZEOMT. HIEL, 71 (1),
136-137 (2002)



