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F1 PEEDB X OMEH,
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. . ALEREA 45 H - WUERBRAG~ Y] Ry P47z

I B REH MR (EAER) ALER B FCOnE A
HD 5/13 24 14
2017 ©<KiE 11715 413 419 HN 5/17 28 15
CT 5/21 32 15
HD 5/ 3 24 12
2018 ©<IE 1113 45 49 HN 57 28 14
CT 5/10 31 15
\ HD 5/ 8 26 18

2020 e 10/24 4/ 2 412
CT 5/23 41 17

HD : /&1 25T /%M 9T, HN : /&1 20T /7% 14T, CT:

fiE1x 3 Ky b OFIGMHE.

HIFZ BT A A FOEHH A2 35C LL R i &
T2 A 2 L 1d# 212 { . Moderately high temperature & I
N AR ERICBWTIE, 224 FThRERMD (Stone
5 1997) ASREEIN TS, FKMRICB W CIEER R
IR TINE R S EAN OB 5 2 LS NT
BY GFFEHES 2002), FFLFIZBWTHEREHROE
BIRRLEEZEZOND.
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1. REFLEREOEEEH T TOERMNMEFERIZR
FTHEORE GRER 1)

2016 4F- 2017 4% (LLF 2017 4F7), 2017 4F /2018 4F (LAF
2018 4F) @ 2 A, B3 - AahESERANRS AT e
JLREMIEY V¥ — (B PHARRENE LV ¥ — KRR
O UEH) 1BV THEBRZIT- 72, ATl FFICRLE
DR WIRY RERE R NHETET IO LT 5. BEIEE
BFEBROANKAT A LF0MME [ 2074 ] 2wz 3K
B2 1/5000 a R v b & Fl V- CHEEAD 5 BASEREH £ TR
TPV, BASERHI DA (Z IR LB 24T 5 72 DS H R/ AL
FebE N TR G5 T o 72, JEARIE 14-14-14 1L AR R}
(N:14% , P,05:14% , K,0:14%) % 2g/ K v t & L, #HHEH]
W L7z, BRI T D R h o 72, %L 2016 4E 11 H 15
H, 2017411 FJ 13 HIZATW, 1Ry M2 6%z FRICHE
Tl L7z, MEFRICHEZIT, 6 &K/ Ky MZRb L9
PR 7z KAEELE, WRFEA S HZET CIX 2 HIC 1K
ATV, HSF HIREABRMG H £ CIIRKER L L7z,

MR, B (LU HD) X - 25T /9T, 1%
@i (U HN) X 20C /14T, #E#EAE (DUF CT) X :
20C/9CE L, 1MHX K720 3Ky T, ERY F&K

5 20°C / 721 9T

e L7z, IEERPIRRENNCHG L, Tri6REB LU
iR 6 BRI ERIREL L OHB M2 0 2. 72,
FEIRIRREIC 2 S v X 912 2~3 HIZ 1 EEAK L.
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&L TER A M L7, B L REIZA R Y b 60~200
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TEF=R OB E I ZFH A R (RN-840, 7 v M RHEIFZERT)
HAWTLIARY bY4720 2[@E L, {CERY 7 BR 5 x
0.5) + iRk I/ ki x 100 o THE L2 F77,
Fhib L OETEIL 80T T3 H MMM R ZICHIEL, T
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FUTRD2, 2017 4EICBWTIE HD X - CT X D5d#
1D R IR EE L 72 Y OR 1~2 f1 12D\ T, ER
TIE - T-PEMEE (S-3400N, Type I 7 — VA 57— U4, HIL
NA T aP—Z LIV SEM) & HwvwC, B QO
BL2EZe (80 Pa) THIOMEMI 2 {52 L 72, BISHHBALILE
Bz Lo Hf AT & L7z,

2. BHISREHETCOERBREICETS2FERSOE
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[ &——F F A FOEIREHI L SO FE 21
23 BHMIN OERAEE AR TE B, R LR E B X T ERSI KR (2017, 2018 4E).
\ wek whmo momm 0 VH TV7Y R SRR
ERA hu %) B/ Hol) OWmg GO EAE SOVEERE 7YTERE S VRERR TV 7GR
(%) (%) (mg) (mg) (mg) (mg)
HD  48.83 4512 28.8D 7.32 55,12 944 7127P 2.102 15.8b
2017 HN  26.9P 5352 30.228b .82  57.32 10872 92822 2.042 17.3
CT  32.7P 4832 30.842 6.43  58.94 951P 8736b 1.972 18.12
HD  74.52 368D 30.54 8§.28  68.04@ 9182 76452 2.503 20. 72
2018 HN  57.03 4553b 31.84 7.08  54.82 10112 79192 2.233 17.52
CT  58.82 4862 31.84 6.92  62.54 10732 96132 2.223 20.03
HD  61.72 4092 29.6b 7.8%  61.52 9312 738623 2.302 18.33
Fotl HN  42.0P 4952 31.0  g.92 56,02 10492 86002 2.132 17. 44
CT  45.8P 4842 31.32 6.72 0.7 10122 91742 2.092 19.14
yusti * ns * T ns ns ns ns ns
A S ER ok ns * ns ns ns ns * ns
“{FU( X %IE ns ns ns ns ns ns ns ns ns

HD : /& 25T /% 9C, HN : /&R 20T /% 14C, CT:
%1 P<0.05, %1 P<0.01, T :P<0.1THESEDY (GHGH).
B SHCHEZED Y GER, R, P<0.05 Tukey ).

& 20T /& 9T
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mgL™) % 1/5000a Ky MIAEL, 1Ry M 6kixHE
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NLRREOFZUHX O HP AL HD X 17. 0T,
HN X :17.0C, CTIX : 14.4CTH o 7. FUHKX DB
OB EHE1FRIR LA HDXIE CT XKIZk~7~8 H
BB Er -7z F72, HNKD CT KIZH~N3~4 H
BHBAYE o 72,

FEB L ORI OFEB %5 2 RITRT. W
12 2017 4£ T 26.9~48.8% 72 - 7273 2018 4E Tl 57. 0~
74.5% L B RAERMZEDFED SNz F 7oA B LB
MO HN, HD X TCT X, HN X X V) 13257
72, THEOY ST EERZFITHD XK TE»o 7z Bh1
REL, HEE RO SN, HDKIZCT X X ) HEIC
INEIpodz. F72, CTIX, HN X & IEX_THD X TiE, Ry
FER7ZZDDY R EEREB LT Y T EAREIFR
AT S 7. CTIX, HN[X & [tXCTHD X T, #
B2 B DS, B LR & Xy BER R
ZEASE A SN B 1ALV 0Ty T ERRIE
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2017 4F12B W T HD X T CT X, HN X & J_THEIZD
Tadro7ohs, 2018 4F TIHALBLR TH E22 1330 b Nz b o
7z.

THEMMTI O SEM B OfE R, HD X Tid CT X & 0/
W72 T U AVNEL R BED A SN, REFROBM T >
ToRE LTERL T2 2R sz (2K A B).
F7HDKTIZTETFA >< N 7 AHDFEL TV B ES

%2 [V a2 v T4 ] OFRFUMHmREE.
A (HD : 2 25T /% # 9C), B (CT: /& 20T /7% 9C) :
EH (2017 4F, £53 1000 £5)
C (HD: /[ 25T /%M 9T), D (CT: /&M 20C /&M 9C) :
BE (2017 4, f55 250 fi%)
E (HD : &R 25C /7% 9C), F (CT : & 20C / & 9T)
S 12 DAA (2020 4F, f53 : 2500 fi5)
A S ME VAN YAV
HWREIZTOTF A < b)) 7 A% FT.

RSN (BB2KA B). 512, $2KC DOWH
Bx T, KKLT v 7 v % BRI DN THHERG ORK
R A MR 40~55 HHIE L 728 24, SFHMEIEHD X T
21.9um, CTIXT19.1um &%V, HD XK CKRALT > 7>
DIRFRKEDE IR E > 72 (P<0. 01, t FR5E).

2. BEERESHTCOERBRICETIFERSDE
EHEBORET (GLER 2)

ANLRBEEOZLWHIX O HHFI5mRIE HD X @ 18.2T,
CTIX :13.3C T, HD X TIZ—M1IZ 31CI2E T 5 HA®
Hotz. BHRHBIIHD X TCTIX XY 15 HiE -7z (4
15).

2020 FE 12 BV, P o BK O 7R, R 1R E
B LOTEBRSE 2017, 2018 4E & FREOME% 7% L, HD
XTCTXEWMRTHWTFENLER L, BRE2HPL, ¥
VR EERREB LR LM ¥ X e E)
WinL7: 83 %), BHWIMTOROFEIRMH O 144
-OKE N&FE CHfA= 7Trv7ryohs Wik
WoAEzH 3N, NEASE, Tr7raas, Wikt
WERRLZHEAMIRT. WINOFHMIZBWTY, 14
LD oORE Nz CHEAR, Ty 7 VyaRzEid12
DAA DIBEIZHD X T CT X & lR_RTEWERZSA S, &
OEAIFE LR RO TL WV EETH 72, —F
T 1R 72 ) O AN & =1E 12 DAA DU&IC HD X T
CT X L IARTAL B EANA LN, NEAFEIIBWY
TIE, VRO - BBV T LA EEN D Sk
Motz FrTryEAEIL WTNOIMMIZBWTY, 12
DAA D2 HD [X T CT X & IR TE <, e A=
KL R EE S A SN, TEIZERTANECOHM
FREARHOPCT 5720, TR0 N & CEHEAEOZAL
w®OL (AN /AC) ZEEHINCHEE L7 (554 3). AN/AC
1% 19 DAA~26 DAA O A & 2 MIRF 2225 541, HD
KTCTIX XD <, 0DAA~ ] £ T ANAC 1Z
HD X CTCTX LW Ero/: (45, MEKRET -2
2% 25k, HD XD 19~26 DAA (%A 345~473C),
CT X Tld 26~33 DAA (FEH X 345~438T) 1ZHHE T %

8535 BN OB [ 2 T4 | OB LTRSS (2020 4).

\ Sy a—— R FE7 RO
Wk wmm wmoms 0N TO7Y R
MR ) Grsaon) Owmg D EEE SoOBEhE TUTVERR S HERR TV EHE
(%) (%) (mg) (mg) (mg) (mg)
HD 71.9 501 36.7 8.7 44 .7 1752 7990 3.19 16.3
CT 59.2 664 37.5 6.1 40.9 1581 9411 2.28 15.3
thE T T ns * ns * ns * ns

HD : /2 25C /&1 9C, CT : &R 20T / % 9T
1 P<0.05 T :P<0.1THEEHH tHE).

R LKLY 20D RVEF R Ty T U EAREIL, BRINELZNENOEEHEL O,
R LRE, & NV HEREB LT Y 7y EA IR e TR E R,
By NU720 Dy Sy EE2ET Y T AL, By P42 OBRE L ZNENOELAERE OFE.
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=1 .- CT —o—1iD & CT —o—1iD & CT

%3 A X % VRE & 14720 B &R s OB~ OEE (2020 4).
HD : & 25C /%K 9C, CT : & 20C /%K 9TC.
%1 P<0.05, % P<0.0l THEAED) (tHE).
0DAA TlX t IEZ AT o TV e\,
TT =N — (IR 5T
FETERO N &4 0 DAA 13K 1E.
RO CEHED CT @ 0DAA B L U5DAA, PRI CEH=D 0DAA, HTEIO C & @ d 0 DAA 3 X U85 DAA 13 /KIAMH.
VRIS L O A7 i 4 TRl B 5 i

EEZONDLD, ZOBMTHELZEA TS ANAC X SEM Tl 12 DAA IBWT, WFENRDKTL/INT Y 7o
HDXTCTIR LY Edr o7z (4. EONEGHEKIL VEEIN (E2KE, F), /M7 > 7Y IZHD X TCT
HD XIZBWTCTX L) MK T LA (5855K). XEDKREL, ZWEAEINAR SN,
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——1) --#-CT —o—1HD

- CT —e—1i) --&-- (T

AN RIS X L THET YTy, EEEB XL O N SEROMEB~OKE (2020 ).
HD : /& 25C /% 9C, CT : /&M 20C / 7% 9.
%1 P<0,05, %% : P<0.01, T :P<0.1 THE®ED) (tHE).

TT — N — (I A FE T
0 DAA 1XAFFHFHT A S
FEFER O N &A% 0 DAA (X /R

B4R BANE OB RLEDEHRR ANAC 1252 5528 (2020 4F).

LR fHiSA 0~5DAA 5~12DAA  12~19DAA  19~26DAA  26~33DAA  33~40DAA 0 DAA~ZAHA
i 0.048 0.021 0.014 0.031 - - 0.087
b Gl 0.036 0.021 0.015 0.028 - - 0.072
o1 £ 0.029 0.011 0.011 0.020 0.013 0.108 0.062
e 0.032 0.024 0.013 0.018 0.014 0.035 0.042
Uil ns ns ns * - - T
AT AL ns ns ns ns - - T
ALEH X ERAL ns ns ns ns - - -

HD : E[H 25C /7K 9C, CT : &fH 20T /&K 9T

HIZAN/AC D FIgMEE T . AN/ACIE, LEEHIM O 12472 ) N & R 2 MO 1R47: ) C &A s s Ch L Cal L7,
%1 1 0~5 DAA @ AN/AC= (5 DAA ® 1 Fi472 ) N &4 % —0 DAA @ 1R47: ) N &45)/(5 DAA ® 1K247-1) C &% —0 DAA @ 1 k472

) CERBR).
AT IOk IET— 5 % L.
*:1P<0.05 T :P<0.1 THEED.

% =

1L 2203541 ITETAEEREBIZLE5 VNV EE
BE BFEOLREZOER
KIFEEDFERN S, [T 2y T4 ] IZEMOEIRTHT

BPRLHFT L ERHS o7z BTRIEY V808
GEERLEOMCIEOHMYES 5 2 EhHEsnTsh) (F
L5 1991, 7K b - /AR 1993, EE B S 2010, 15
2015, s 2021), ABFZET S KBWIC BT 2B O 5
YN EEAEDHD X T CT XX HN X & ) Eh o 72 (56



By &——A & A F O G & B RADEE 25

R (%)

4o 9

N

DAA

—=—[) -cd-- (T
F5 1 BRI 6 BEINC BT 235 O N EHFZ1E (2020 4F).
HD : /& 25T /% 9T, CT : /&M 20T /%[ 9T .

TT =N — (IR A 3T

2%, 3K TN WMTELERICES S EEZLND.
N EEHRPEA L2 ER E LT, BTER 2
ZBME L7 HD X T, BIfEOBWFEE TR £ 5 4
b LBk A L TREME DS D 1), 2 R Faehr
Bosig A UC VRS 72 0 ICHsii§ 5 & v /87 B L 72
EHEREINS.

AR 2 T, BROMPICHD X TCTR L) 7 7~
DERENL L, WEHEGEEE Y kro7:. 3BCTLE
DEIMTIET v 7 v AR O EE T (Hawker and
Jenner 1993) %21 (Thitisaksakul & 2012) A3 5 L5 %5,
KW T - 72 25 CREOSRAHE TIZSEIC T T U &
EEFE DG L AATR X 72 2 L AURIE E /2. —FTHD
KTIZCT XX b#D 12 DAA L&D N &HROET )8
B (5N, HOBIDPEF > TWE I EAVRIRI N,
Sy E R OGNSR L > THEEICET Y,
AEORERE, HAKEEN DK T ZIN# S % (Al-Khatib 5
1984). HD X TIZiE FFIZ X > THEOEL R T Y, [
(LY OB X OF » 7 AR ASE I 1 L Ca i
M L7z (1% LE26Nn5. HD X TlmiEic &
b7 0T VA BGREOBINIR LT, TEOEIIZ L D ER
W oG (5 1K) OREIKEho 72720, Bz
Ry MUY DTV T U ERED CT KIZHRTH R %
D, TRENEAVL-EE2Z6ND B2k $£3%K). —
BT, BRI TEIERT S N & C ORRMEL & D%
fLEDOH U N/ C) »oMEIT4 &, HD XKD 25 CT X
EDAN/MACHFE»oz 432, H B (2017) 13,
BHINFE O & ) FEAOEFEOEGI L TRHIL
W DR E DD 2 oo TY VISV EEFRD LD,
TO5FA4 < )7 ADREERRT L THTEIEE -
72 LTwh, RWFZEICBWTH B, TEOER/ K
AL OB L 722 & T, & v X7 Bt & 7513 T
<, MHEEBHML CTHFREIEML-EZ 6N,

KFRTIE [T 2rT4] 12BWT, BHOEIRIIWHT
RO LA SR 25, KE ORI RO LA
BoHHWZ ERFALMILA (B52%).  HN XT3k
B Lol (25) o, BR1RN-D S~

N7 E R HD X S, ok 1R E O
WL /NE D o722 D8, TN CT X & ORIZZE)
BROENT o T ER EHER ST,

FALXOT VT RAIKRKT Y 7 (AL D 10~35um)
& 14DAA LB SN D /MLT Y 7 (B < 10um)

WZRBIE S (Parker 1985, McDonald 5 1991). 72T,
HD [XC CT [XIZHRTNET v 7o avNEE L, AR
T 7ok LCEREIN WL L, $K0T YT
YHRBEULL TV B T EASSEMIC & W EIgE Sz (352 M A
B). JAFIZBWT, EilZ Ak BROMERESICE
#9472 (Thitisaksakul 5 2012). F7z, 37/17C ORI B I
OFEZIHIL AROKELZT &R L, HELLTA
B R OMBMAREILFE 2 ED S (Hurkman 5 2003). AREFZEClE
12 DAA BT C CT X, HD R IZ BT/ T > 7 U A%
RSNzt (5 2E, F), HDKTCTIXEDEL, K
WD A SN2 728, INKLT v 7 U IERBRAGEEE, [H]
B L <IE HD XASCT X & ) Rh o i hEMEDS 3 5. L
7L HD X CIEE i & » CRMLED Oz sk 5 2 & ©
IO F FRAINEZ IR 5 LR SND, — T TERDI
SERT L KNT Y 7 (Parker 1985) IZWIEHO T 7 &
BRI & > CREUL L 72, & SICARIFZEIC B\ CRITE
BOFH O ANAC 1L, k%@L CHDIXTCTX LY
EWEDS A S, HFIZ 19~26 DAA TIEHD [X T CT X X
DEBICEP-72 (43R). 2F ) HD K TIHEHAFZ IS
F U T EREREDNE L TN T Y T Y AN B —
FT, F N BAOERHEMRIAELR (553 X)), KEL
LKk 7 R OILBRIC 7 a7 4 < b Y 7 AHSEEE
L7-2ETEE2IMA), TP EAL-EHESEESND. —
F, HN[XTld CT K& RTH 2D LHIZA LN D>
7 (BE2%K). ZOERELLT HNXTREREFY 7o
KEULH A SIS, /AINKET > 72 HTHD XIE E/NRE L 7%
Moz (F—F BN T DB LTRSS D 5

3. £&H

KIFFEIZ LY, BEOER»LERICEY [V ar 51 ]
DIWTHENERAT L ENHS 2R o7 25CREDOR
BEAF A FOEBIMIIBLYTLIZLIZEN SN S, £
7o, HWERIEEEALIC X D, 1850~1900 4F & X 72 2080~
2100 fEI2 B B R OFIREIL 1.0~5.7C LA T5 2
ENRTFHENTEY (Aras 5 2021), BEHHAMOFRIC X
5 F AXOMERTIXSHRESICHEE 252 BZNW0H
BT ENS, KRR THES NI A RGBT A
TEO FPARNRHAOR#2) L 2bLEZONL. Bk
2 X BREFER BRI, BRI A R S B LR ) @
7 Ry BEAREOHEINB X OB ANAC OB X
b, YUNRTEGEHEEO LAPFEREHEZ SN —F
TEHROBIIC L VRO T 7 B X OHIFRE 5 > /%
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HEE - ABZEO—EIE, RUEEOF R PIZB T S5
TIRE B MR 2 2 TiT > 72,

51 A XX &

Al-Khatib, K. and Paulsen, G.M. 1984. Mode of high temperature injury
to wheat during grain development. Physiol. Plant. 61: 363-368.

Arias, PA., Bellouin, N., Coppola, E., Jones, R.G., Krinner, G., Marotzke,
J., Naik, V,, Palmer, M.D., Plattner, G.K., Rogelj, J., Rojas, M., Sillmann,
J., Storelvmo, T., Thorne, PW,, Trewin, B., Achuta Rao, K., Adhikary,
B., Allan, R.P, Armour, K., Bala, G., Barimalala, R., Berger, S.,
Canadell, J.G., Cassou, C., Cherchi, A., Collins, W,, Collins, W.D.,
Connors, S.L., Corti, S., Cruz, E, Dentener, EJ., Dereczynski, C., Di
Luca, A., Diongue Niang, A., Doblas-Reyes, EJ., Dosio, A., Douville, H.,
Engelbrecht, E, Eyring, V, Fischer, E., Forster, P, Fox-Kemper, B.,
Fuglestvedt, ].S., Fyfe, J.C., Gillett, N.P, Goldfarb, L., Gorodetskaya, I.,
Gutierrez, J.M., Hamdi, R., Hawkins, E., Hewitt, H.T., Hope, P, Islam,
A.S., Jones, C., Kaufman, D.S., Kopp, R.E., Kosaka, Y., Kossin, J.,
Krakovska, S., Lee, J.Y., Li, J., Mauritsen, T., Maycock, T.K.,
Meinshausen, M., Min, S.K., Monteiro, PM.S., Ngo-Duc, T, Otto, E,
Pinto, L., Pirani, A., Raghavan, K., Ranasinghe, R., Ruane, A.C., Ruiz,
L., Sallée, ]J.B., Samset, B.H., Sathyendranath, S., Seneviratne, S.I.,
Sorensson, A.A., Szopa, S., Takayabu, 1., Tréguier, A.M., van den Hurk,
B., Vautard, R., von Schuckmann, K., Zaehle, S., Zhang, X., and
Zickfeld, K. 2021, Technical Summary. In Climate Change 2021: The
Physical Science Basis. Contribution of Working Group I to the Sixth
Assessment Report of the Intergovernmental Panel on Climate
Change [Masson-Delmotte, V, Zhai, P, Pirani, A., Connors, S.L., Péan,
C., Berger, S., Caud, N., Chen, Y., Goldfarb, L., Gomis, M.I., Huang, M.,
Leitzell, K., Lonnoy, E., Matthews, J.B.R., Maycock, T.K., Waterfield,
T., Yelekgi, O., Yu, R., and Zhou, B. (eds.)]. Cambridge University
Press, Cambridge, United Kingdom and New York, NY, USA. 33-144.

FAO 1970. Amino acid content of foods and biological data on proteins.
Nutritional = Studies, No.24. Food and Agricultural Organization of the
United Nations, Rome. https://www.fao.org/3/ac854t/AC854T03.
htm#chL.1.1(2022 47 FJ 1 H BJ%E).

Garcia, G.A., Serrago, R.A., Dreccer, M.E and Miralles, D, ]J. 2016. Post-
anthesis warm nights reduce grain weight in field-grown wheatand
barley. Field Crops Res. 195: 50-59.

RRERF - R - AT BETS - T)IHG SR - A B 2007, B4 B L
WRE[T7AN=Z/ 7] OREBLONEICEHZ 22, 1
FEVEH: 42: 93-96.

Hawker, J.S. and Jenner, C.E 1993. High Temperature affects the activity
of enzymes in the committed pathway of starch synthesis in
developing wheat endosperm. Aust. J. Plant Physiol. 20: 197-209.

BJINEH - ST 1988. 44 4 A FITBI AHERL (77 Ak)
(22T BYER 57 (Bl 2): 107-108.

Hurkman, WJ., McCue, K.E, Altenbach, S.B., Korn, A., Tanaka, C.K.,
Kothari, K.M., Johnson, E.L., Bechtel, D.B., Wilson, J.D., Anderson,
0.D. and DuPont. EM. 2003. Effect of temperature on expression of
genes encoding enzymes for starch biosynthesis in developing wheat
endosperm. Plant Sci. 164: 873-881.

MksET - ERTERAE - MUIZE 2010, K2k 1 BENICB 1T B 40E &
nE & DBIFRIZ OV BIER 79 (5l 1): 234-235.

Jp bl — - BURNEET- 2017 RZOMFEARIEA I IIETEZR SO0
T I BFARTF DM D 53 Ll F i 52: 52-54.

Mcdonald, A.M.L., Stark, J.R., Morrison, W.R. and Eliss, R.P. 1991. The
Composition of Starch Granules from Developing Barley Genotypes.
J.Cereal Sci. 13: 93-112.

KEWHY - RS — 1993, KEOREZIN Tl & FE & otk (5
THEEEG, KT & OBtk JLEEIEH 28: 66-68.

AREE - HEL - SR — - BREPEZE 2002, w5 AT KA D A
W RAR T8 — SR & BRI OB OE O — . BAER 71:
102-109.

FORTHIGL - B - RIS - ARILE 2008, NGt 4 A FOREEH
JEE B B 0 B R AT & i AR R, BAESESE 10: 49-55.

Okamura, M., Hashida, Y., Hirose, T, Ohsugi, R. and Aoki, N. 2016. A
simple method for squeezing juice from rice stems and its use in the
high-throughput analysis of sugar content in rice stems. Plant Prod.
Sci. 19: 309-314.

LR - WIEEEE] - RSN - Ribise - BRI - g Ok 2021, &
MAFLFGHEY 20 T AIZBITBWTRE B- TV Y EHERD
ZEE)ZE R & RIS X B T E o fEL H /R 90: 194-205.

Parker, M.L. 1985. The relationship between A-type and B-type starch
granules in the developing endosperm of wheat. ]J. Cereal Sci. 3: 271-
278.

ROAHNZ - RIEB - PR - = =00 1991, Bt 44 o+ 4
F OB BT 2 WS, WA B if i 38: 37-58.

Savin, R., Stone, PJ. and Nicolas, M.E. 1996. Response of grain growth
and malting quality of barley to short periods of high temperature in
field studies using portable chambers. Aust. J. Plant Physiol. 47: 465-
477.

Stone, PJ., Gras, PW. and Nicolas, M.E. 1997. The influence of recovery
temperature on the effects of a brief heat shock on wheat. III. Grain
protein composition and dough properties. J. Cereal Sci. 25: 129-141.

Thitisaksakul, M., Jiménez, R.C., Arias, M.C. and Beckles, D.M. 2012.
Effects of environmental factors on cereal starch biosynthesis and
composition. J. Cereal Sci. 56: 67-80.

WU LR - 2 - 3 G - CETET. 20100 AR S LA
T AFOREL MBI RITTHE - I BT OKE & 2R 7 B
BB A FHEMA DR - HIE 79: 296-307.

WEIC— - BINEH - SORT- 5. 1991, NMEA + AF O 7 A BRI
A B LT BEER X OB IR 02, HERIL SR 34:
45-46.

I — - EHR - ARAEE - KR - JETEAZ - R - RAaA
2015. NFHAF A URY OWTERICT AT IED
75 HER 84: 271-278.



[t S——F F LA FOFIBEIAZ L DT EADFE 27

Influence of Moderately High Temperatures during Grain Filling on Glassy Grain Rate of Six-rowed Barley Variety ‘Shunrai’
Natsumi Okamura”, Hiroko Sawapa”, Masato Taira”, Rina SIIINJO:;), Masaki Okamura”, Yumi Saimazaki”, Masako Sexr” and Tatsuya
IkeDA” (” Central Region Agricultural Research Center, NARO, I-2-1, Inada, Joetsu, Niigata 913-0193, Japan; 2)1'<yushu—O.‘zz'nawa Agricultural
Research Center, NARO;” Grad. Sch. of Bioagr. Sci., Nagoya Univ.; "'Western Region Agricultural Research Center, NARO)

Abstract: For barley pearling in Japan, glassy grain rate is an important quality factor. However, the relationship between glassy grain
rate and temperature has not been clarified. We investigated the effects of moderately high daytime and nighttime temperatures
during the ripening period on the glassy grain rate of barley using phytotrons. The barley variety ‘Shunrai’ was tested under three
conditions: high daytime temperature (HD: 25°C / 9°C), high nighttime temperature (HN: 20°C / 14°C), and control (CT: 20°C /
9°C) in 2016 /2017 and 2017 /2018. The HD group showed an increase in the glassy grain rate. This was possibly due to the decrease in
grain weight and increase in grain protein content. The HN group did not show any decrease in grain weight or increase in grain
protein content, and the glassy grain rate was similar to that in the CT group. Based on these results, we investigated the trends of
starch, soluble sugars, N, and C content in the seed during the ripening process in the HD and CT groups in 2019 /2020.
Accumulation of starch and N was accelerated during the first half of ripening in the HD group, but the final starch synthesis per
individual plant was reduced because the ripening period was shortened. The ratio of change in N content to C content (AN /AC)
from flowering to physiological maturity increased. Protein content per grain increased in the HD group. Furthermore, electron
microscopic observation of the endosperm in the HD group revealed that large starch granules became larger while small starch
granules became smaller. These results suggest that the increase in glassy grain rate due to high daytime temperatures is mainly due
to changes in the accumulation pattern of starch and cytoplasmic proteins in the endosperm and the accumulation of more
cytoplasmic proteins. This study may serve as a stepping stone to understanding the factors that increase the glassy grain rate in
barley production sites.

Key words: Barley, Glassy grain rate, Grain filling, High temperature, Protein content.




