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BHHMOERABICLBEANEFTLFT (aI910] O
TR EAEZOHENK

FMAEEY - BHETFY - PIRAY - FrEFHIZY - FERY - BIgHEY - WETY - hEEsk Y
(V TR AT e o v — P TR LA AR TE v 7 —, Y iR KRR R A iy A SRR
YRR TY O A R 5 —)

B ANTRREZZHWTEAMMICEIT 2 8MB L OEMOEIRI T + A FOMTRICZTTHEL T L. i
Al [ 2 74] &L, 2016 4F /2017 4, 2017 4F /2018 4F (2B M & i (HD X @ 25T /9TC), #H&ER (AN X :
20C /14TC), EH#ELIR (CT X : 20T /9T) @ 3 X%\ CTRAEEL 2 SIRELE %47 572, HD X T TFZEH» LA
L7z, TR INEOHLBLOSY YV EEERO LAPKE LI EZE2 b/, —J, HNXKTIZ 1 HED
WALy R BERED LAEALNT, HFRIFARESE 7. ZoEEE51F, 20192020 412 HD X & CT
X TEHBRICBITEFEPOT Y T - WIEMHRE - €% (N) - &kFE (C) 8FEOWR LA L. HD KTILE#H
IR T Y 72 - NERESINE S NS DY, BRIMDENES 5 72 ORI R BERL720 7 TV EREN DR %D,
FiE~KAW o C EAROZILREICH T2 NEAEOZLLEDIL UNAC) ’EE -7, F72, HD KTt 1h47:
D U EEREMEML. E518, AL EERETFHEMEE CHE LR, HD KTlI KT v 7 v avKH
b+ 2—HT, MFTY Ty INRULT 2BEN A LN, COKREPS, BHERIC L AHTFRO EFIZ, KL
FUTRMNAE Y YN EDERENY — BT HE DI, MBS Sy B BT A EATERE
Ez2oNz AWIZEIE A& AFOEEBICBIT AWM FROMMEROFHOEHMN) L2 LEZ N5,
F—T—F A LF, TR RE FoNTHEHERE B

FEEHDRET I LFIZBWT, MRS & B shock (Fzi&l 35~40T ), Moderately high temperature (15
il OKL - /K 1993) RHEZEEE OKE - /MK 1993, HifS ~30C) T 5. Heat shock IZ2WTIZIHREHNE L, TL
52008) ICEDEER 52 570, WHTFRIIEELRNEHE FTT v 7 ABEEOGEMIKT (Hawker and Jenner
BHTHY, SWET Y 7REHIIBWT/MIEE+LF (REH 1993, Thitisaksakul % 2012), # 74 & F THE KA (Savin
7 LK) O TRIZIEEMEAT40% LT, FFAMEDS50% LT 5 1996) 2SR H T EBHL NI R o TWAA, B - JblE
EEDLNTWAS, L LW 6IE, SEICHT-EN
EH UMM T S FBED ER T & R VHBIH5E
ALTBY, BT EAT 250 O M R 5 T2
WO KD LN TV D,

PRI, FEOS V7 EERE (BRCKH 1991, K
b NAK 1993, S5 BB S 2010, LT 5 2015, il S
2021), ZEMIEE (RLES 2007) & IEOHED D 5 2 EH
HwESINTBY, FEOMFERSTIET ¥ 7 RO H
PEMRIED L T O 74 < M) 7 APEEIN TS
(RS 1988, s 1991). )y, Fli1IE & Ay 738

4~5 A FHRIE (C)

EOMICIEDOMHBEAA SN S Z & (LS 2015) %, FiE 6 , . . . . ,
7.7§J§-':b‘6i &ﬁﬁ%g’gﬁ%&b; (7J(_t % /J\H\ 1993) %J L< Li_r'é':]\/‘ 2010 2012 2014 2016 2018 2020 2022
ek o i st . s R —e— @I GEIET) AR ~o- @I () 7TR
(k5 2010) Z & MESNTBY, & UV HERAHE B LR G ) IR a5 LR R ) AR
s < P PR S - BZSR A T, T 4 = AR G L) R A=A G L) &R
EFThC, BREOTRIPEE RITTEMESHTT S - B GBI GBI BIR) - MIF (RFEIR (R BR)
HERINA. -- ;gﬁz (ESLULEE(WEH? BRif) -- gﬁz (Esmua«ﬁmi) gm
— B AR O R —— % (AR G #iR)
s ; s - bR O BB ©
IJ’\*&Fﬁﬁﬂif%‘ﬁg% iLLH”_Z o kﬁﬁaﬁ?% W1 2010 £~2021 4 (4~5 1) DEEIB 5 BROWE.
5 4~5 H @QFB%@R(M‘iﬂiLﬁﬂE@Ls ﬁ)f (55 1 IZJ) SEBIFT AV AF—% & ) EH.
Garcia & (2016) 13 2 FEOZEPIIZ BT 5 HiRLH O H BRI 6 1 00~18 00 DIFRIMEZ FIVy, KAED 4~5 A O
2oV, RETFICL > TRIC2FEBEICHE L7 Heat Wik 7oy b L7

2022 47 A 11 Ha28, ST © WA T 943-0193 #irif b Blkdifg 1-2-1
TEL 025-523-3235, FAX 025-524-8578, makin@affrc.go.jp



20 HAREY ZSESE $£92% (2023)

£1 BEEBLUHEH, B#H & LEBROREE

. SLPRBASEH i SLEBRSE~BAE Ry P&
FR REBM HEH Rl () mE R N—— o
HD 5/13 24 14
2017 2KiE 11415 4/13 4/19 HN 5/17 28 15
CT 5/21 32 15
HD 5/ 3 24 12
2018 o< 1113 45 49 HN 5/ 7 28 14
CT 5/10 31 15
2020 ot 10/24 4/ 2 412 HD 58 26 18
CT 5/23 41 17
HD : B 25T /7% 9T, HN : B 20T /%[ 14C, CT : B/ 20T /8™ 9C

fEiX 3 Ry b DOFIHHE.

HBIcBWTH A LA FOBERIMFICBCULEOFERE
B Z EE#E 212 { . Moderately high temperature & ¢
N LB EERICBVTIE, IAFTHRERD (Stone
5 1997) PME SN TS, T W TIIERER
CEEERIINERHENDOHEPERLZ LML NT
BY GHS2002), #4+LFIBNTHRRLKRNOE
BIIRRDEEZOND. '

7 TAMEIC BT, BerhBReET COER
AUNRLA S B X O THRICRITT HEZ R L T =R
BHMEHRETHOOEBHMA LB EEHL
L, BH#IAEICRT 2 B8 723 EEORR 02 SiRAHY
FRIZRIZTEEYRETTHE LD, BHOERH»LE
BT EDBFEBRICRITTHEIZOWTRET L 72,

R EFE

1. RRFEIREOSEEHT TOERNEFEIZR
FETEEORE B

2016 £ 2017 4 (LLF 2017 45), 2017 45 /2018 4F (LLF
2018 4F) D 2 BRI, B - BREERMR G I E S
REEMAEL VY — (B FEHREENRL Y Y — KRE
DTH) BV THEBREITo 7. AR THE, HIZRER
DORVREYABRERFIHETETIOET S, RERE
BEEROANEFALFHE [ 2T 4] 2RV #K
R 1/5000 a R v b & WD O BRERE § ciES
TV, FATEREHIDRITEE R 21T 208K/ AT
KHEABMATRRETITo 72, BRI 14-14-14 {L TR
(N:14% , P,05:14% ,K,0:14%) % 2g/ Ry b & L, BRI
IR L7z, BT hd o7z EEIZ 2016411 A 15
H, 20174E11 A 13 HIZ4TVv, 18y M6k E I
FEL7z. HERICHEZITY, 68K/ Ky M2kb LD
FREEL 7. KEHIX, BENFrOHFTTIZ2HICLEEK
TV, HEFED SIRBEFERGE $ CITRKERELE L.
REMEX Y, BHEER (LT HD) X @ 25C AT, %M
B (BUFHN) X 20T /14T, E#ESE (UTCD) K
20T/9C &L, 1MEXY-) 3Ry T, ZBKRy FEK

B L. REMIEIIFEIRAICHEGEL, FR6EBIV
FReBFICERBEL L UHERGRT VL. /2,
ERRBIZIRLRWE S 2~3 HIZ 1 KR L7

T 7)) TR AT o RB L UHEEOELE
bo THRBEIE A L, HEWEL MR, SR, fEY
HITEELORVERTHHCBRERSETr S, it
BRI Z ATV, 2.2 mm O} HEFIZ A T Lo 7% Bk
ELTERHEARE L, B 1INEIZERY  60~200
POBROES % 1T OWUELFH L. FEOKGE
BEEKRFAGSE (54 2% m, v NRHERIZRT) 28
WTATW, By I N EISEYREMEE %5 X ) ITHIELZ.
T EDOBIEIC TSR FIZE (RN-840, & v MRHEERFZEAT)
FHVWCTLIARy b4z 2mAIEL, {CEHFEREX
0.5) +HEFEREL/ &M X 100 DX THEB L2 7,
BB L OEEIT 0T T3 HEEREZBREICHEL, T
FEHWEE JM300ON/CN, YA - ATV - FK) T
ZX WN) EAEBIUPRE O &FRzHlEL:. B
Ni-ZBFEHRICHRERES5.83 (FA0 1970) 2FE L CFE
FUNRIVBEFREEN L. 512, RLFERRY 2
T Okamura 5 (2016) OHFEICEI L CTF TV E&F
REHEL. BRIKNYS-Y)OEE, RE V908
FRRT VT UERRIL, BRINEZEZREhOEER
FRUTRDE. RNy VS5 378ty
VEBEEIL, Ky N UL OENBICFNENOEERE
FLTRD/. 2017 FIZBWTITHD X - CT XD5agdH
1O RIBICEE L2 EFIOR 1~2KIZDOWT, EE
RIE F 53 (S-3400N, Type I 27 —VAF—I4, HIZ
NAFr/aY—X, PITSEM) % HwT, S,
HZe5AF (80 Pa) TRIDIEWITH % 8182 L7, SIS IZR
B &R EOPEfFE S L

2. BEBEEGTCORBMBEICEITE2FERSDE
BB OB GIER 2)

2019 4F /2020 4E (LAF 2020 4F) 12, B - BREERM

BT D A A BRI v & — BB RE (Gig



R b——F Z LA X OBREHI L B HTFE~OFE 21
FE2R FHHOBRMEIHTFE, BHH BN INES L CFERSCRITTEE (2017, 2018 4F).
. s e, FTG TS Ry p7eh R oY AL
FR LHE m(;z)?‘ (ﬁ%ﬂﬁf” %;f,vll;ig;i ERE  EAE ywHeRE TVTVERR SV BERER TV ERR
(%) (%) (mg) (mg) (mg) (mg)
HD  48.82 4512 28.8P 7.3%2 55,18 944b 7127b 2.102 15.8b
2017 HN  26.9P 5352 30.238b .82  57.32 10872 92822 2.042 17.3ab
CT  32.7° 4832 30.82 6.42  58.92 951b 87363b 1.972 18.12
HD 74 .52 368D 30.52 8.22 68.02 9182 76452 2.504 20.74
2018 HN  57.02 4553 31.82 7.02  54.82 10112 79192 2.232 17.52
CT  58.8% 4862 31.83 6.92  62.52 10732 96133 2.222 20.02
HD  61.73 4002 29.6P 7.82  61.58 9312 73862 2.302 18.32
Ty HN  42.0b 4952 31.08  §.92  56.02 10492 86002 2.132 17.42
CT  45.8P 4842 31.32 6.72  60.72 10122 91742 2.092 19.12
AILER * ns * i ns ns ns ns ns
SWAEH ER x ns * ns ns ns ns * ns
FRXWE  ns ns ns ns ns ns ns s ns
HD : B/ 25C /%K 9C, HN : 2B 20C /%M 14T, CT : &M 20T /7& 9T
%1 P<0.05,* 1 P<0.01, T :P<0.1THEEEDY (GHHH).
BENEECTHEEED Y (R, H5HEE, P<0.05 Tukey#:).
BROLKSADDS S0 BELIT VT UVERRIE, BN INELEFNEFROEEELOR.
BH IHE, VNI EEREBLIUTF YT UVEERIETHNEREM.
Ry VULV DFT R BELB TV UERFRE, Ry b ALYV OBREBEL N EFhOEERLE DK,
B LEBH) CBWCRBE T REIE [Ya2r94] BB EABOKRAORELEEL.

Wz ERAYVEERELS (FAERLALS, FEa—
77 7, N:200mg L™, P,0s:3750 mg L™, K,0: 150
mgL™) % 1/5000a Ry MIFEL, 1Ry M6tz MHE
IR L 7., BREAOBEITEER 1 SRR 72
BEMLEIZHD X 25T 0T), CTK (20C HC) @2
MEE L, RE1EBLRIARNBEATERE (24 + 1
T 4S-135A $55kE], 2 VET) THEE L % 5
BRL7z. BRIREXTRI6 B LU R6 I D B X 72,
SHATCAL, OO LB EEEE & LT,
BfE% A% (DAA) 0, 5, 12, 19, 26, 33, 41 OFIFHY
THIMER, B EEICE - B TIZ3ES L, BAE
BTCHBERICBOCTRELLY Y IV EHW, THE
BHEREERELOBICHELE:. FY T VERE, Wk
EEAR NEBEESHIL L NENERICHRL-FE
BHER L2 FY S UEAREOSIIERAER 1 L REICITo
7o, EMESEEOSNIE, Okamura & (2016) O FEE
THVEMEEE 2 HE U725, Fructanase (£ X F—¥ &L
INF—F) A T40T T30 5 E &, FDHkid Fkit
#716260 (O o - ¥AT T I AT 4 v 7 ARREHR) &~
42707 L— 1) —4%— (EPOCH2TC, BioTek Instruments)
PRV o7, NEARIREE EFERICHIE L. 78
T2, BRI 1EL YY) Y X2 iTThhholz
Ry DOEYERE TCTRIL, B & FERICHE, J
ExATolz. T72, 12 DAA TRELHTVEDOY VTV E
BN B MIICOX 1EY V) U L THRAEETH
R, Bdip s FEICEE L EFIORIZDOWT

3. HRETHEMRT

MEMWE Y 7 b (JMPILO, SAS Institute Inc.) % FVC,
2 BT Tukey DS ERBIMELTo72. 2B, BFE,
¥y BEHE, FUTVERE CEHE NEFE
\ZBI L Tl arcsine ZH % 1T o 214 IHEHBAT 21T o 72,

# e

1. BEFELRREOBRESE T TOERNSHFRICR
T EE0RE GE1)

ALRSEEZOZNEX O HFEHRIEITHD X 17.0T,
HNX :17.0C, CTX : 14.4CTh o7, ZFREXDE
PHEEE1IRIIRLZ. HDRIECTRIZH~N7~8H
BRABIEr o7, 72, HNEKD CTRIZH~R3~4 H
BB HEDEr o7

BFEBLURIIIOFERS L HE 2 RITIRT. HTFE
1% 2017 4T 26.9~48.8% 75 o 72 4% 2018 4E T3 57. 0~
74.5% L FERERMEIDD STz, F/-FELUHE
=rRBobh, HDXTCT K, HN K L D ETFEIE» -
7o, FEOY U EEERIIHAD K TE»P -7 B 1
MEL, UHEEENEDOON, HDRIEICTR L DEER
INEhoFe, F/2, CTX, HN R & IERTHD X Tid, R
FNUDDY VNI EEFERBIUT Y TV EARIREN
fEmAdssA LN, CTX, HNR &L IE_RTHD KTk, %
MBI RIS, BRLRLD F ORSBEEFRIR
SWEMDB AL N, BR 1INL: D07y 7 U EEEIL



22 HARMEW % & /& F F2% (2023)

2017 FFIZBVWTHD X TCT X, HN X & Ib_THEIZA
o 72h3, 2018 4E TIRALILH CHEEIIFRO b )5
(i

TIEMEWTE O SEM 5 05 %, HD X Tid CT X & h/h
BT T U HNE L e BN A BN, ANEROHM T >
TURE LTERL AT OBIgE SN GE2IKA B).
FAHD XTIE7Tar A < M) 7 ANEEL TWBLESS

52 [V 2> T4 OIEFLAHIREE.
A (HD: /2fH 25C /% 9C), B (CT: /2 20T /% 9TC) :
BEH (2017 4E, £i538 1000 %)
C (HD: /&M 25C /1&[# 9C), D (CT:/&M 20T /& [H 9T) :
BRI (2017 4, £ 0 250 %)
E (HD : 2 25T /7% [# 9C), F (CT : &M 20T /& 9T)
S 12 DAA (2020 4, f53 2500 f5)
BOWRENINR T v 7V BT
FWEEIETaF A v~ M) 7 Ak FET.

HEESN B2XA B). 512, H2XC DO
BEHNT, KRT V7 % KR D W CTEER S Ok
B2 A2 40~55 g L7z & 2 A, I HD X T
21.9um, CTIXC19.1um &%V, HD X CTKRRF > 7>~
DIKFEPA IR E o7z (P<0. 0L, t H5E).

2. BHISEBEGT COERBRICET2FERIDE
B OB G 2)

NLRREZEOLUIIX O H ISR HD X : 18.2T,
CTX :13.3C T, HD K Tld—MYIZ 31CIZ#E T 5 HAS
Hotz BHRAFIIHD XTCTX LY 15 v -7 (5
155).

2020 £ 12 BT, WA OER O TR, Bk 1R E
B L OTFERS1E 2017, 2018 4E & FEkO@EN 275 L, HD
XTCTXEWRTHFENPLEAL, BRESHAIL, ¥
YN BEREB LUK 1RN20 ¥ v BEREDS
HWimL7z (53 3%). BHM bR OBETAR O 1424
ToOKE N&fA=m CEfm TrY7rvEfm, Wintk
HEEEEZHE 3N, NEEER, Ty UyaR®E, WKk
WEEARLZEANIRT. WITNOEAIZBNTDH, 14
Lo oNE NegHm CEERE, Tr7/vEhAmi12
DAA DI HD X T CT X & R TEWEB A S, &
OAEANIFE LR REBOR T L VEETH 7. —F
T 1R 72 ) OF MRS A R 12 DAA LIFEIZ HD X T
CT REARTEL 2 HmDSHA SN, NEAEIIBWY
TiE, WTFNOE - B BW T LA EENBD LN
holz, FrT7UERRIE, WTNOEMIZBWTY, 12
DAA LIFEIZ HD X T CT K & T, WAt aa =
3L R B ASN. TEICERTANE CHOHM
FREEAOPICT B0, 1H472) N & CEHERFROZE(L
=D AN/AC) ZEEBNCEH Lz (5845). ANAC
1% 19 DAA~26 DAA O IZA B 2 LB ZE A3 A 5 41, HD
KTCTX LD HE L, 0DAA~ KA T T AN/AC &
HD XTCTX XD Fmhorz (B43K). BAKRY N—2A
2% 2% E, HD XD 19~26 DAA (Fifi4E 345~473T),
CT X Tid 26~33 DAA (FiH. 5 345~438C) 1ZAHAT 5

3R BHNMORRLIE [ 2> T4 | OMTFRB L OFERTIRITTHE (2020 4).

o WTE BEE SRR SR vy AvhoR) | SMIbewh
%) (H/FvF) (DWmg) ZECRS BAEE  yLUBEER FUTVEAR  YUUBRSER TUTVEER
(%) (%) (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
t BiE i} T ns & ns * ns * ns
HD : /& 25T /4 9C, CT : & 20C / %[ 9T
*#1P<0.05 T :P<0.1THEEDYH (tHIE).

FRARE YV DY VT EFET Uy T UERRIE, B INEL ZNENOEER L O
k1 HE, ¥ N EEARB LT Y T U EE RIS T EIR G,
Ry NU720V DI Vs EE Ty 7 UoERRR, By P4 )OBKNE L FNFNOEEERL O,
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—o—1D --&- CT

%3 ERAMBEIC LD 1REE 1S )V RSEFREOHB~DEE (2020 ).
HD : B/ 25C /%M 9C, CT : B/ 20T /&R 9T.

# 1 P<0.,05,* : P<0.0l THEZH Y
O0DAA TRt REZTo TRV,

LT —N-HERFELRT.
BT N E&EFED 0 DAA I/RIEME.

(t #esE).
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BWEHOCEHEEDCT ®ODAA BXU5DAA, BHEHO CEFRED O0DAA, BTEO CEFED 0DAA B X U 5DAA II/RIAMHE.
IHNEBLIUEBRSEABILTHEYEREHE.

EEZLNDD,

O THE LA TS ANAC 1
HDEXTCCTRXIVEDP o7z (45,
HDXIZBWTCTR L) S EMBICET LA (B5K).

EONSERZ

SEM Tt 12 DAA I2BWT, WTFRDORTH/MEF Y S
PEEEIN (B2HE, F), MIFVy 7@ HDRTCT
XL KREL, ZVWERNAS R,
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il R BTH
L8 L8 18
RN Wy LS L5
g2 J g2 Be
woeor e -, g0 0.9
o6 T g6 .6
4 R 40
Z 0.3 = 0.3 <0.3

o R %
2 g 2
H # L
i i b
4 41 s
N N 1N
N N N
Y D b\
iN N iN
1000 g 1000 wx o
¥ 800 & 800 w
¥ 600 ¥ 600 + s %
knm 400 51?1 400 N e
& 5 LN £

200 #2006 00000 el le.g Ed
% > ... " &
F 0 e 0 : — =

0 7 14 21 28 35 42
DAA
——HD -4 CT —e—HD --&- CT ~——HD -4 CT

F4N BRLUBICLDZTFETFT VTV, THEEEB LU NEEROER~OEZE (2020 4F).
HD : 2 25T /%K 9T, CT: &R 20T /%M 9T.
# 1 P<0,05, %+ 1 P<0.01, T :P<0.1 THEEDY LRE).
I TN R EE R RT
0 DAA I3AKEHRAT R T M.
BT O N EHEO 0 DAA X RIEMHE.

FEAR BHHHOBIRLEBSEN ANACILE X 528 (2020 4F).

JLER ERAL 0~5DAA 5~12DAA  12~19DAA  19~26DAA  26~33DAA  33~40DAA 0 DAA~R#Y

HD = 0.048 0.021 0.014 0.031 - - 0.087

H 0.036 0.021 0.015 0.028 - - 0.072

CT i 0.029 0.011 0.011 0.020 0.013 0.108 0.062

H 0.032 0.024 0.013 0.018 0.014 0.035 0.042
g ns ns ns * - - T
Vo Gaxiiy i g1vA ns ns ns ns - - T
AT X ERA7 ns ns ns ns - - -

HD : &/ 25C /&M 9T, CT : &M 20T /%M 9T

fHiX AN/AC DFEERY. ANACIE, LM O 1AL ) NEEFREMBZHHO 1Y) CEFREMETHRL THEH L.

%11 0~5 DAA D AN/AC=(5 DAA @ 18 %7: ) NEHE -0 DAA O 1 {4729 N &H8)/(5 DAA O 1 jH47:1) CEHE -0 DAA O 17
hCERRE.

AT TR ORI T — 5 & L.

*:P<0.05, T :P<0.1 THEEDY.

BREFTLEHLPIC o7 BEFRIEY V30

il = EHEREOMICEOHBENH A EFFEINRTEY (B
1. 1220541 I28H5EBNBIZLE2 V0 EBE T 1991, K b - /KK 1993, EEE S 2010, 1LO S
AR, HEFROLRELZFOER 2015, il S 2021), AREFFETLRAGICBITAEND Y

KROKERNPD, [Yar T4 ] BREOERTHTF YT BEERRPHD RTCTRRLHN K& ) &Ero 7z (58



[ 5——F + AFOBREIIC L LB FEADE 25

NEFR (%)

0 5 12 19 26 33 41
DAA

——HD -~ CT

#5 X B SEAICBY AESO N SHERZE(L (2020 48).
HD : B 25C /%M 9T, CT: B 20T /&M 9C.
I —N— [ JERREELRT.

2E H3E) P WIFRLARZBS-LEZLND.
¥ BERERNPEMLUALERE LT, BRI
ZBME L7 HD KTk, BEOBVEETHRIERIC L 27

d L IZESEILARAE LTSNS ), FofREN
BB LT LRS- ICEIT 5 5 /X7 B L7
LHEEINS.

SER2 TlE, BROMLIICHD RTCCTR LY Fr 7>
DEBENES L, HAUESEENI o7z, 3BCTLLE
DBBTIETVY TV EARBEREOEMEET (Hawker and
Jenner 1993) %°25i% (Thitisaksakul & 2012) A3& 515 75,
AFETIT- 7 B5CREREOSELUE RN Ty 7 e
BEERDIER L AR E -2 L ATRRE N/, —HFTHD
XTIl CTR &) bED 12 DAA LIED N EHRDOET A
B (8E5X), BOESRE - TW5EI LATRBEI NI,
¥ Ny B RBEOERIIERICE - THEEIZETY,
HEOEER, FEREIOET 2ET 2% (Al-Khatb 5
1984). HD X CIHBELFIC L o TEDZILART Y, F
CEYDERB L OF v 7 AR R E LR L TR
MAEm L (1% LE26N5. HD RTCIEEIRICE
BT UABREOBINCIR LT, EoBIC L 5B
B O (B 1R) OBBPREPo 2720, I
Ry NELYOF Uy TV EBEI CT RICHTHRL R
D, TRENBDLIZEEZONS (2K, #£3%). —
HC, BRI FEICERT SN & COMBREEZIENE
{tEDOH. WA N/AC) »oME+5L, HD KDOFHCT X
LD AN/ACHEPro7z (BB4K). FHE-BH (2017) i,
BHIRLOERIC L ) FEAOEROEIICH L CRME
EYOEREV VR 2o TH Y EEFENLNY
TUFA < M) P ADRERRT I L CHTENEE o
e LTwh, REFEICBWTHRMRIC, FEOER/ K
KL O L7228 T, ¥ U EOENEZT TR
{, ENELHML CTRHFENEMLI-LEZOLND.

AT [Varsd] izBnwT, BlEoOERITHT
RO LRAEFIERITH, KEOBRIIHTRO LEFITE
VBEHRWZ EEHLMICILA (B2K). HNXTIHIEN
B Lirdrolz (B25K) 720, B 1NLZD S Y

N7 BEFES HD KiZEHIMEY, 2o 1 EOF,
DRED /NS ol EB, WTFER)CT K& ORIZED
Aoz o RBREHER I N

2. T MHOBEAEFECRIZTTEE

FFLEDF YT UREKAT T (AR 10~35um)
& 4DAAENSEE SN /MLT Y7y B <10um)
IZRBIEN S (Parker 1985, McDonald & 1991). AHFFETid,
HD X C CT RIZHT/INELTF > 7V AVNEIE L, RERO
W7y 7R LTERESNTWAI L, SR T YT
YHIRBEYEL TV B Z EHSEMIC L DS (E2HA,
B). ZAFIZBWT, BiRIZANE BROKERE S
#4-7 (Thitisaksakul 5 2012). F7:, 37/17COERIL B A
OFEZMEL ARNOKELRE&RIL, #HRELTY
B R OBARELRELED S (Hurkman 5 2003). RAIZE T
12DAA B ECCT X, HD XKW AIZBWT/NILT > 7 V48
FERRENZH (52 KE, F), HDRTCTRLDEL, K
EVERD A SN0, WNRT VT R BIEREI, R
BT LSIEHD RASCT XK & ) B o T REMN D 5. L
2L HD R CIEBIRIC & - TEALER DERASILEE A2 & T
MNEDOFTRBIE AL D L WEEIND, — T TERGEI»
SERT HRKT V7 (Parker 1985) #0770 &
BRI & o TREME L7z S 5ICARRIZEI B\ CRTfE
BOBHR D ANAC I, &F%BLTCHDXTCTRED
BWERD A SN, ##IZ 19~26 DAA Tid HD X T CT K &
DNEEICE,o (B4FK). 2% HD K TREHFZPLIC
T EREREAE L TN Y T NS B —
HT, 537 BEOERVERICEAR (BE3H), KB
LKk v 7 R OIS a5 4 = M) 7 AHDFE
L7-ZeT (B2HA), WFESLALLHERSND. —
7%, HNRXTid CT REHRTHIFRD ERIZA SN2 Do
72 (2%). ZOERLLT, ENRTRARTY7vD
KEAEAA SN, MRT Y 72 HD KiF &/MNYE L 72
Dol (F—y W) ZEDHE L TREND S

3. £¢&6H

AHEICL Y, BHOBRPRERICEY) [Y2rF1]
DWFEPLERTHIEFHLRICR 7. BTEEOR
Bt AaXoBFHMIIBYT LI LB S NS. £
7o, HWEKIEERALIC X b, 1850~1900 4F & Ik X7z 2080~
2100 FBIF A HFOFHFIRIZ1.0~5. 7TCLRTH
EDTFREENTEY (Ardas 5 2021), BHIMOEIRIZ L
54+ LFOMBRTIISHIOIHEL 2B BENID
BT END, KR TELNMBIZEERS BT A
FROLAERBHOREIY L2 EZONE. BiR
WL BFEERE, BRI B LS )O
N7 BEREBOBEMB X UM ANAC o8Nz &
5, FUNIHEAEOLAVEER LRI —F
TEROBRPLICL WRADOT V7V BIUHIBE S » /3
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TEOEBRENY — AL, KTy T voRE bR E
IEALOBHRIBED LT 5 2 L DS E N, T DEALATY
FEO LR ICEbLTREEIRE SN 2720, KBS
TRENLEFEOEENL, NECWHMAEDY VI /Y —2A
DOING Y ADEDL L O ICBROFHPEEICL - TES
LU EEED D BH. SHRIEIEBROBERFICB W TEMOBIRIC
LBHFROLFIZOWTIRIEZAT) L & BT, HIRDKE
B L OREORERLMEMZEIC OV T O RIET 2 4EDS
H5BH. MAT, FHROHERD» LEEOBIEIC & )T
BERLBZWI EATRENTN, AERHNEL EOEE
REICRIZT R LR T 5 LERD 5.

Bl - AWEO—EIZ, BRUMRHOF R PICBIT HHi%E
EREBEREEMBZ X TTo 7.
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Influence of Moderately High Temperatures during Grain Filling on Glassy Grain Rate of Six-rowed Barley Variety ‘Shunrai’
Natsumi Oxamura”, Hiroko Sawapa”, Masato Taira”, Rina SHINjO”, Masaki Oxamura”, Yumi SHiMazak1”, Masako Sexi” and Tatsuya
IkepA” (”Centml Region Agricultural Research Center, NARO, I-2-1, Inada, Joetsu, Niigata 943-0193, Japan; 2)Kyuslzu-Ol’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.
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