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F1E HREABECHS TS FIEOOHKE
(1) #HFAIZHETSH F7EQD S

cEBR Y (Zea mays L.) 134 %, T LAXFEWOHR ZKREDO 1 DEHINTND.
JRPEH IR 22 PR T A U hTH D (Wilkes 2004), ITHE, Z OFEFHIBIIMEE 30 ° 2>
555 ° OFPAIZE THA > TS (Shaw 1988). FFFIEAHIIE LM 2 HElT TRV, 2014 4F
([ZIL 40 FRTE AR TEB L Z 250K 2 ha L7e>T% (Figure 1—1). AEpERED AL 3
HENXT AV AEFKE, FEARIGHE, 77 OVIEMET, Znb 3 AETHRORARE
BOBXZ60%% 5D TS (Ranum & 2014). 7 A U B AREIFHARKKO hyEr 3>

WHETHH 5.
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Figure 1—1. Transition of maize (grain) harvested area in the world. (Source: USDA
FAS, 2015).

MyER A VEFEIBEAFHIND E), EEEEH, 2 — A —FF7IT_RHHO
BEER 72 EoMTEE, S BRI =% 7 —VEEHE L THRIH S5 (Watson 1988).

WX, BREVH= % 7 — LA ORI AR ML CTE Y, 2013 4F121%, 7 AU W TIXENEE



B B3%NREH T2 ) —VEREEDT-DICHE SN D X 91278 ->7- Ranum & 2014). D
— 5T, T AV AERNOFEE T OHEEIL 30 FIE LN D RE ITED->TE LT,
FUErmavOfEs LTI b b RERFIGZ LTS (Watson 1988, Ranum &
2014). FUEw T OMREROAFE - BHETHL 7 A Y BIZEBWT FUER I AT
2R REHLERN ) ICRBEICHAVW DD X ) ICRo kbR, MR hUEn a0

BITEBE LOoOdH 5. BHOKES (2015a) (I2X D&, FUER 3 OEERMEET 2012 412

=

B EREEAR L, 2013 4E 7 H USRI HERA R BRI L TH®EBICTH L H DD, 2015 4

i@ ERT (2006 4EFK) D 1. TfEDKRUEL 75TV B,

(2) EAMIZEITA FoEO IS

~ U oV EEMOE BB ORE L K E <X DO 101, dLiEERSIHE D K 5
1HZB U TEREITMET, BENREDTELRFE L o TH DM H T b D
(CLF, &mie925). 295 LIcHilsko EERAEWITT €S — (Phleumpratensel.) 72 &
DM EETH 575, ALHRERBES (2005) 12X 2 &, WA FORBERELTIZT 720
X1 s 1HHTEVHES A L—U 28 kg DIFNMTERIVOF— LT 0y T A L—
V25 kg, MUERITVEERENEE SNTRESE 6 kg 5T OMNENH D (HEIT
B_—R). D7, ARICEITDEEOT.LHO 1S TH HIRHIHIETIE, imhhiien
O RhUERITEEDEALTHD.

L2, hUEoa 38T 1 ha 720K 30 T 5 B RENESERBRY 2013),
WERTIEEEHI R M Ch o 7eizd, L LT hyErav ¥4 L—Yoih &R
WD 1HH 1 Hdizb 256 kg WO KEEITENTE LT, WHFIZL > TRRET D REE
BB ITRERE 2 2465 Z L Ic Lo Tl TV 5. T4, b U E o U EFEOEEMmE
DELE T L7122 &, HmEN OB ERZ - Bk b vEn avP 4 L— U058 GRE i)

PHSRPZE ) L LTWA. 2oFRNLE LT, AARSIED 2014 0 b v E 0 o 55 ILRTE



& b 600 ha i L7212t U, ALHRE OB HAZ 1 L2 500 ha #4072 (EEAOKFEE 2015
b).

RNk D HIFRA S 2302 &, B CTd 2 BN AL 2 K FEICHE LT b 7
W, BFRIIRERIFOREZ LI L7207, LEIIXLIE AN #H 2> TWAH T2, &

IR < AEPE JEUIARSIHIRIC BT 2 £ TlILKRa R, LD BN OBFHAIBIRIC LY
B LVMKIR & 72 5. 20728, HHEREEAY 20 em LA E DR SIZE TA D (RIE AR 2015).
T 1T 14 1L TGS DS R RS T D F TSI RV 2D, (EEA EISIC AN D K

T B DT 5 A FAUMETHD. S5IC, 10 A EAICITRENKED 5. 20720, Rl
B~ vEraOERITS AhRns 10 HHRROMIZIRLbNS.

Shaw (1988) (X, FUEm a v RERIICEEMITHIRT L7 DICITEFEOLLE KRN
19 CLLETH > EFHEMM 2 120 BLL EXZEE LTW 5. REIHR O gL, 55 (7 H
—8 ) OWHFIRIT 17.0 CTH Y, dLEFLIRT I XL ORMIRHS < EH o 21,4 CH IV
24.7 CITHAF LRV (KAZR)T 2016). £7o, RIEKUROFHEEL 4 CLLED B #%

FHIH L A7 LCEIRT D &, IR OBEHIMIL 145 A LHEESND. ZNHDRET
—ZNH AT, RYMBIIEFYF CAL L hUyER a v OFKEHIEETH 503 E DKL)
RIRND A D EREEDNEHE LD W2 5. & - 1) (2009) 1%, F—w v/ GEEO B
Fra HIEEAE L 69 HOVEKIR & OBRZF, FHIFOFEEKIRD 16 ‘CLL T O[E

T RUERavIFIEAEHEE SN TV W &R L. 20 ETH O, BRI
[FHITEI O PR AY 16.6 CTH D Z b, HAMICAT U Er 2 2 OREFRA M T
bHHE LTS,

RPN D - 7 F 7 = B EAE T 1980 SEAFTHI B — 7 2 A 7208, £ OBEEKIN D
Luvwnd (EBFEE) ([CREDN (RHIRERERY 1984) Z & TREL<EA Lz (Figure
—2). ZDk, 1995 FEMNE 2004 FLEIZNT TE, RBOTLODOE=— < LF & iz

REHEIZ L0 —EORRFEMENMERF S 72, 2004 FFE L0 %, AR OMIE SIS L0~



NF 7R LT OB AR AN ER - BASNTZ L 2%, MUEr o U
SIITHIM L T 5. ABHEEAS 2011 ARISRE Lz TIRHEEEE R - R AR AR pEr (R LatE ) ©
(X, 4B O AGRIEETE OG54 2020 4 F TIZ 2008 L THI 20%IH 3 & & Hig, s
JHCORBHEFERR (FVEra T E2EEL TWDH EE X HILD) ZIF L < 2008 L1
THRI21%MSEH 2 L2 AEE LD (iifEiE 2011). BB fGERM Lo, REIH

i ST b e w S RIS SRS WEINT LTI H L EEZXBND.
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Figure 1—2. Transition of maize cultivation area and accumulated temperature in Nemuro district (a
part of the Konsen region). Data source: cultivation area, MAFF for 1965— 2004 and Nemuro
Agricultural Extension Center (unpublished data) for 2005—2010, accumulated temperature, Japan
Meteorological Agency. Accumulated temperature is sum of daily mean temperature for 1 May to 30
September in Nakashibetsu, Konsen region.

3) FHOEOILOESMADIGHRE BTSN
Moo avNERMTHELFEEIND X o =R, F o' o IEawny
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(Troyer 2004). F72bH, FMUERAvOBEFAIIRKE 7Y > ME (flint) &7 2 b
i (dent) IZ43F HHD, 7 U v MEIZE HIZ, REALHGH T Y > M (northern flint)
EH YT Y M (Caribbean flint) (20 bivd. L7 U o M 7 AL LA
ZAET A U B A HUARHE LA T, BATEICRIT D B REUGHEDS S, B -k O KECE
H, SWEMIC#EG L CW5D (Camus—Kulandaivelu & 2006, Frei 2000). 7> ME 16
felz A aTRWEsh, Z0%IET AV DB LRRCHETICB WAL S d X
N7 o T2 BAE T (Troyer 2004), 7 U & MEIZHAE L Tl CHRIE 72 s 23 i L,
ZINCThHol. TAVIOEER NyERa VEEMTHL a3 — L MIF T, ZoH
HUC#E S 2 k5 RRRAE ks T v ME (7—2 UL M7 M, Corn Belt dent) 7238
WHATND.

FyEBITOT A Y IKEDNA ORI OEREIT T —a v 3T, 16 Rz U 7D
BET CREF SN TWe 7 U o MER I — 1 o "EE (F Y 7)) bbb anick s
ALTW% (Troyer 2004). D%, A&7 AU A7 Y o MR g —w v LI b 72
bEh, B0 A EBSHESLREWIBIEMEN 7 T A, RV EoMBIMAICES LT, %
HlZIKE o 72 (Gouesnard & 2005, Dubreuil & 2006). = —w v/ STiE, JElTiailt L7-mEE
D7 Y MEEENLTEM L7 AbE 0 b R 7 U o MR 235338 E L CIERFRIL L, 3 —1m v
/X7 1 M (European flint) & PRI HEMZ IR L 72 (Camus—Kulandaivelu & 2006).

TIOTNETZV o MEO M ERaYRNId—a vy "B El L2 E S TEY (Troyer
2004), HAIZIZ16 Al H Y €77 U > MERFRL R HLVANICL>Theb s n
bivTnd (78 2005). L2rL, HARTRTER I URARKICEIEFIAIND X 95127
ST DIEINERFRLIET, WREICT A Y b RADT o MEL AT U o MEDFR S
RENTHLTHD (P 2005). ZnbDH b, RATRKIESET COEENENLL LT
B7 Y MRS, ALVRE O MBS E S LIERAE S L CES L.

T D AERAE T ALEE N T OB FRB S (T W CHEEREE 2 Rz Lz, B2, 1979 4



(CALMEE SR R (HBRR) TR SR L LTI b RAEDFR— L ay
THA L=V [TeA~L) T, fErglcdbmEfe kot 8 7 U o Ml E R
BHWSE (W5 1979). F£7-, 2007 B S RGIHIE T A — L7 vy 7 a1
L=V SRR NEOW 2y TR, BEERHEO 1| o dbEEEROI TR T U v METH -
7z (RE D 2007a). 723, AMEEWN TOFGFEBEIEI, 1999 4% TR L OEAK
KEEAGRE RS (BAIEOESIFEBRIEN B3 - BN PEERITR S B Jerrs i
WM ¥ — AR 2 —> ) P TE . BIECIHALEME L ¥ —B L0 —
oo RS AL B OBRR 217> T\ 5.

BEMERAEHTHEE SN TS hyEra O %<0, HREBS (~Tavx) &2Ff|
AT 572, HIEZ#DIE L GEEMICHEE LR (BRI FLZ20T6be iz i
Moo DVIE =R L > TR EN TV D, KERAT BV AR EED 20T R 5~

< Bk D H

N

HRE 2T 20N TN E STV DAY, 1950 LI, ERMICER T
HHra—myRT7 ) MNEE =L N T N E ORMERFEOG FME (FRIC 2 & R
APEDTNL) AFE8®H LA (Barriere 5 2006), 7 A Y ARed—nr v O EHERF G A — B —
MWT o ML T Y MEE DRI L > TEZL O—RMEELEL B L T 5. BifE, il

H TR STV B BFOS < 1, IVEE S CHER SN LOTHS.

(4) EAMICH TS boEOIDRIEORE

N E R 3 ORETHLDS IV W s~ LR D DS Uiy, BIEHORIEIC X D
e FARIEC T A DRSS, £ BV OIKIRIZ X 24 B ERB L OEORENMELE 2o T T,
72, EORAMIFETOKIERIC L 2EDORAMENDE T IOENIT L b 5 EFEFHT
BRI OIRIRIC L D FULEM O FEA~OERFHR GME L o TE 72, 200, Znbo
AR RN D ERIRT 2720 O BRI GIECET RN HIThbTE L (Mock

and McNeill 1979, Lee and Estes 1982, Greaves 1996, Frei 2000, Revilla & 2000, Marton



2005, Marocco & 2005, Sowirski & 2005, Bhosale 5 2007, Bano 5 2015). Zil HEE#H %
WET D&, TR R S D EEARREL, UMK R E A~ D
LRV, KRMEME REDRESM T ToOMEN), BAME (REIBHEME) B X OMRiR R
PE (KOIRIRSEE T CH FEA~OYERRPEDRRE) Lz 5. BRHICBIT5Z08)
TR A RO MR O EEMIE, BAMRE AR SRR S TIRIESR G T COMATIZL Y
RBiFCTholoZ &, FRANEOINEITIRE CTHET 2 & XVBEDREL Y D720
DOFEMBHTIZ LV BpAED TR L [FRRE L7252 & (Lee and Estes 1982) 2RI TS,
—J, EHHITEIS L2 TH-Th, RRICHEEBT 2 LAFNEBIE L THERARR L 72
L. ZORPLE LT, bUEraTOEORMEESCHEMMHIIEAEQIETCLIHHTE
% Z & (Tollenaar 5 1979, Warrington and Kanemasu 1983, Dwyer and Stewart 1986, Ellis
5 1992, Padilla and Otegui 2005) <°, BHHAOHER AR TLIHHTE L2 Z2L0H
Fohsd, AH - KA (1969) [ ZHAEHIFICE W CHBERBR 21T\, hvEna s o
25 FESR I = CORIER K OWER I S B £ CoMIREIZZ O O A A KR
(B S 2 IR EERPHITATE CTlX 10—25 °C, %& TIL1-23 C) THREDLLTWD. Hi
51 (1979¢, 1980) 1FALE N OEEMLS TG SN 3E T — & gt L, kil <l B F
BKIREZ O F FAEF T 5 HAMBRRIE O 7 DA NREEHEIH O 2 2 TR L2 AEF KR L
D LTS L OMEROZE RIS, AFEBIUOBRAOETE I KTLLTWD. Zh
DOFHEN D, bUER 3RO AR R E D DI ER R SRS X o TF
ENDHZENRZV. BRTHRIZHN DL TOV S AMIEEL, THXRE (RM) | (relative
maturity) Td 5. RMIL, FEEDDAEPARICE D £ TICHERA IR KR Z W FEE L
M 2 BEHRIETEH > TR SND BEN/NSWIEERETHL Z L aRT. BHAL
[XH) (7§ 2005). 7 AU BT, BREINDREHAZ 10-30 CE LGRS
£ < HWHN TS (Hicks and Thomison 2004).

RIEABARNEZ b6 LW OMERIE, GRS T 5 b U ' v 2 2@ B o A



WEL 7o TV D, BRI T, mEAME RNT5 B 27 7 AHiE) HNA—Lray
YA L —CHOUNHEEY Td 2 EWAINTET 2 72 0IITHEFEE A 2> 5 o iR HE &R C
1948 CULERMETH D Z LGNS, —EOIEHNIZZE DIRE 2135 D HERD
lkm A>3 =2 THR/RINTWD (GRIIFRZERERY 2013). 7Zrds, ARSIHUIE N PR o> g HHT
Ti%, 5425 H—9 H 30 BICHAMEE IR 1948 ‘CLLE L 22 BHERIT 50%RE TH - 7=,
EHFEEEGESL, hUER 2 ORI H T o TR O R RIRICIE Uiz dhiE a2 F A+ 5
Tl BROEMEREART TS 2 L ARG RS LTARLTWD  (ALiE R BOH

2015) .

(5) 2003 F(ZIRFIE THRE LI-FETRE

2003 ARIXFEEEATICHIT 5 5 H 20 H—9 A 30 A OBAME IR 1842 CTL 72 b (F4E
131988 C), LM RIKBAETH 72, D, HIART RV Era v OAEFR LU
BUTIRIE L7223, ARSI T Sz iflia i, BRARZZT Tidk],
Figure 1—3 I2& 5 X 9 RFEOWHRKITRKRORTeNFAE L. 29 LIeFREARRITFFE DOHE
KGR > THRAELIE DO TIE RS, HIRAERDZ S ORI THRAE L. Yk, HKT
Ji < FhF ST e i Z OISR RS (2RI Rk 2 MR I & O E)
2 20—30%FREIZE EE LML LA BT (Table 1—1). 7ok, YHUR OB 4 O wHERE
HEAIL55% TH D (RFIFRERABRY 2015).

RPN 1983 ££72 BT ERRMEFICAEDIIZN, Z OBEOHEHE ORI RIE 7213
MEOKIEIZ L 2 LWEBEREZIIMETH o 72 (IRHIEERERYS 1984). 1986 121X
TR TR ENEAE LA, byt ad CREMBEREKESTE L2 LIC K HIERE

TIDOWENRE SN TG (TR AR 1982).
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Figure 1—3. Ears of cultivar ‘39B29’ observed in the fields in the Konsen region in 2003.

\

Photos taken on: (A), 16 September; (B), 24 September; (C), 10 October; (D), 26 September.

Table 1—1. Yield survey data on the farm fields in Konsen region in 2003.

Number of Dry matter yield (g m?) Ear to top ratio (%)
Cultivar ~ observation Mean Min. Max CV(%) Mean Min. Max CV(%)
39B29 20 1395 932 1909 17.7 324 135 439 283
39F83 9 1402 1074 1650 14.4 331 206 427 207
Tiberius 1722 1432 1924 124 402 271 481 237
Norda 1520 1438 1636 5.6 406 384 434 51

Data are collected by the courtesy of Nemuro Agricultural Extension Center.

Ear to top ratio (%): percentage of ear dry matter to top dry matter.



E2H BEDFRHARLELUVAETHAR
(1) FOEOILOFETRRICET S

F7ERIVICBIT L FEARORRK E LTE, AMARMOSEIEE 2T TIEXD, KRB
B LR IO, BRXOETELREBEE N MOLNA TS, £7, @MiEA ML AE
TAEFED (KA PV R) IZB LTI IO L 9 ZeliE #1238 % . Herrero and Johnson
(1980) 1%, 32 CHHMZ LD EiRIC L VIEHORENIH S D & Liz. Edreira & (2011)
X, MRIEHIRTO SRR N VRIS K 0 /NMER, IR KO EFEE AT 5 2
ER, EIRA DL AOEEIIMRE L Y ERIC L0 RESREBLT 22 L2 8E L. Herrero
and Johnson (1981) I%, HMEREBHFEMAE DAY A b L 2IZ X 0 MR IS HERRBRAES X v
BNDZ AR LT, Hall b (1982) 1%, HERERhHIATOAK Y X b LRI X0 HEREBRIEH] &
FRRT I O RAREA LN Y, D OTETREE DS B35 2 & 234 L7z, Schoper & (1986)

X, (7)) =Rtk 3 A MICHERE AFEDO KK T v LA —1.3 MPa 7> —1.8 MPa D
(272D &9 RIEAK Gy A b b AL BR A 52T TR R TR AR DSRERE MR T4 2, () F UK
KA b LR ZZ T TR T B I RE I 2R >, (7) 38/32 C (BY/#&) DEiRA k
L A %2 T T ffATIIAER ORFEREN AR E KT+ 5 2 L 2 L7z Cicchino & (2010)
&, MSRHIHEEIRTO @R A LA I 0 RN E <Eh, KEMER K OMEEO R F b
NEZHZ EERLT.

KEREBHAEI & ARR BT & O T HUIC K 22 BEE R L OTEMRBE R R IZHE B Lol
XL FDO X 972 b D03 %H 5. Bassetti and Westgate (1994) 1%, FHskfh 123 MERERH 16 191
DT HUERBIZARD ETEREEMET TS E L. Uribelarrea © (2002) 1%, 1-3fesk
R ISU%LUEEFD 201 1 B H 72 OB AEEIT 227 KL/cm® MEET, ZHUTIAER L7=1E
By DI FRE S ORI A R 2 EHE%R L Kb 7o 10k 2 Wil FITHY 5 Z L 2@t L
7. Westgate © (2003) (X, BREEE 72ITHEMEARTRRH AL W CBERBR 21TV, (EmREE

DR 1 ARBHT-0 3000 BILL T2/ 5 & FHEENBAOTDHE L, ZOWREEIZHERD 50% L0 T

10



LOMERTRERE N2 b o TV e Z IR B L LT-.

EY EDHMEE LI HOWTIE, UFD & D 2 dH 5. Stinson and Moss (1960) (3,
BRI S B 70 D ShFRRE LT 6F LECALER U7 R, BREE S /N S 0 el C VAR 1 3Rk
> LTE N E O BERITHERE Y A XD TIHER L FERFEZLORX T TCholo L HfE LT,
Andrade & (2000) ¥, #ESRHIHHIORT 10 B2x5H1% 20 B ORIEYCAER 24T\, fEEY 7=

RN 0.31M)/ H & FlEl D & FFEFRFERMET 5 L& L7z, Early & (1967) 13,
AFEARIIC 21 BRICH 7 DR 60%LL LTI LA IC T RIRFERMET LIZZ &
A L7z, Kiniry and Ritchie (1985) 1%, =¥tk 1—2 MO MIRNIEESLALER L =841
FHEROFENEIND Z L ZP 52T L. Sass and Loeffel (1959) 36 L U Wooley & (1962)
1T, BERERER T XV HERES X OMERE O 0L BRI BT b b oo, fik oflit

AL, FERIEENMETT L MG L.

R LT 258 b LN, TEORELFLEDRE L OBREIRY EiF 7@
bdd. AH (1973) 1%, BEREERTICE T 2 A RetEREds L OMEHERIE (KO R A ZRIZ DWW T
ML, ZHOITEMEEE DI & ble-> THINT 2 2 &, B TRAET D A Fahild
SREHORILEM AR RICE 2D THD Z L, S HITHEAMH ORI 20 A O &R A
AR L ORI A O RAICRR T2 2 L 2B o nic Lo, S (2001) 1%, 1999
ARV ALHEE Y TRAE L e AR FFIC OV TEDFEDORREUEN DL EREZBZL, Ffan
B LTz S CIIRERERAEE L AR & ORIBRR R EL RO R L ThHoTmZ & &, Il
FIAEHIEIC @RI AR & R o e TR Z R T DM A AN Z LD, ®iRT

BAMEES NI H DL LKA R TERILED AR ZE Lo 7o ORI L CRRAR O
SAGHREEDME T Lo wRetED 8 5 & i LTz,

TEARESEE T ZOMOERE LT, THESL (1995) X777 AT OFARE (k
UEr 3 OMEKICZET 2 FAEEREORN) L BFEHER (R, iR, B o3

ARG L ORICIZEWVHBEBR S H 2 Z L2 AL, TORRITEFICT 77 LU NEHFLEL

11



722 LI XA NEKREETH D M2 LT\ 5. Below B (2009) 1%, #FZKEHIO—FfE
DIFK & 7o THEFREERER W (Rf) DEZAHAENHHZ E2WE LTS,

U ED X SIC hyEr a0 ARICET DERIIZEAET 225, KR n

@
3
e

K45 & LIcimE BT RS 725720,

2) tOEYIZHE T EFREDORE

MU ER Y TIHRIBIZ L > THFERRPEET D L OWMEFB AL TR0\, 22
TIIMOIEMIZ T HARIR & AFRUICPAT 2 MEZ R LTz, A% (Oryza satival.) TIL, 1K
RAIZ E > THEBDBIE L TKBIZ L > TRRAN AR50 F FINHERE S5 % 2 W ER R
MEOIZD, XD BB & o 2R E ORI OARIRIC & 0 BTN 4 F 7213520
RA7p EORENE X ZRENMNE, SO EROmMBAME LCRAMAENEED Z &
WEHNTND (B 1984). FEFERGEIL, HEEAT 11 BEIC 12 CRRE ORIRIC 4 B HLL
FEoansz bickoTHA— MRS REEKREZLZ L, FELBRRESED L TR
IZo7e R D H D (Hayase B 1969, Satake 1991), 35 X OBAIEMIC 12—15 CREE DOKIRIZ
HIFLLES B D 2 L2 Ko THEMFEFRBIDMET L TRRIZ D232 H D (Satake and
Koike 1983) MENHALTWND. 7Zods, MM TH 2 ALl TEVHFFE D A R D3FET ATRE & 72
ST BRI, B 1ICEAED TH DA X OB Z B 5 720 B REUSHEI NS e
AENRIKSNTELLZENRH L. 20 ET, BURTIINE - B EOREREICEND
ZEiFb & L EEMGERGMEZ SO I EN SO TR ED ST D (b
MREK RS R ey 2011).

YV VH I (Sorghum bicolor (L.) Moench) “Cl, B 28 ORKIRAEE (10 °C 5 HH)
(K> THEMERRS DS AR S LD 2 &0, /MU DIEFF 2IRIZ 7 B 2 R ARSI AL BRI
Lo CHFEENRE WA T5 2L (Brooking 1976), & BIZBIEMIO 15/10 °C (B/#K)

DOEBELHIZ LV ER I OCWEH -V OFEHIIRKELEADTSHZ & (Maulana and

12



Tesso 2013) MWE SN TWD. I AX (Triticum aestivum L.) TiX, 15/10 ‘C (B/#K)
OARIRAERI K0 FRFEAERAEPEIZ D2 BEDMER T2 2 & (Qian & 1986) <2, KIRIZ &
O BEMEARFR N & TR EIZ 272235 Z & (Saulescu and Braun 2001) 23S TV 5
S A X (Glycine max (L.) Merr) TiX, BIEHIOIKIRIC X 28 FHOWD H3 - & 72> T
B, 2RET, 15 C (B/K) ORIBAEIC X - CTEREMNWADT 52 L (Saito & 1970)
<, 18/13 C (BR/1R) DMFRIZ K 0 EFRHNWAT 5 Z & (Kurosaki B 2003) A3 X
TW5b. £7z, BAfED 12.5 HETE 2% 3—4 AATORIRLE (15/10 C <B/#&> ) 2L - T
TP EE IR ETTERREMETT 52 L (Ohnishi 5 2010) BHESH WD, T XF
(Vigna angularis (Willd.) Ohwi et Ohashi) T, BH{ED 9—14 HANZ 7 A# 14 CHIX
RIZS O SNTIEICBNWTEREB IO RENRE LN ESLS holcZ b, BIUBIERRIC
7T A 14 COMIESMHICIE EXMEODMET T2 2 LamEsn T s (B 1997). 7z,
BHAEHILARE I 7 AR, BoOfmAii%E 156 CICHET 202175 Z & C, 7 XXM (B
LA REEM G 23T 2 FERXREEINLTWD (FIl - 5H 2014). e~ Y
(Helianthus annuus L.) TiX, /MMEOZEHNC 14 B 19 CLLF ORI & T75E

EEHNBHEE DT HE W0 8ENH D (Chimenti and Hall 2001).

EIH MFAEETIFEELAHENOEH
() BFZETHFE

FUERAVICEBWTHIRIRIZEE L THFERRBBET DL LEZLXONIEHEE (T XD X
IR EMEENEAT 25E), ZHMTO U Er 2 VR, RRFITITRRAFEDIZ
DICTFERRFL WO RO EICERETARENHDH 2 LI 5. BT RIZHRZY
TR 3 VR A CERICRET TV 2ozl 11T, 2003 SRR TR Z 572 &

IMRFEARDERL LR 2 - #E L TR LERH L. |EIL, FvEravi
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BV TRIRIZBE S 5 A FaDMEFI N 202 o 72D, RO X 5 1B 210k LV MEIRIC
RIEEDND ATREM N S A MK CTO b v Em a VOB ENE N T=OE L. DF D,
FHH TR, RRICED FEARENEIDD 25 L LTH ZILE TR S TR T
TR T-rlREtEnd 5.

212, PUERaUIZBWTHIKIRICEE L TARRBEET L B2 LIS, 20
[FIEED 72 DI S TR E D) D O FHADBFIRENE O MEH ONITH2MERHH. hUEr
IUIRRAWENH T D728, AFAERICA Y SRS £ o 72 BRECIRIES D=9
i 52O RN Z1T D 2 LIXREETH D, FRCERFIC L DB O%A 1L, B
FEBIEKeZ &b oo GEMOE A Z T Tl L IXRA DHEFET5 2 LB 2
W L7eh o T RIRICE KT 2 A FaF 20T 5 72 DI FEIRE D O OXPRPNEE L 70 5.
BIZITEA R, IYNTDETHA AT, EEUGE~OMMEOBGIC T - FREAEA T
W5 (FFEF S 2000, Brooking 1979, FIL « S 2014). U B 2 UIIHAWEBIAE B
WD EENTREY, BHMA~OBEIEEILRKICE L THEENZERICOW T Uz RE 3%
VN (Greaves 1996, Marocco 5 2005, Marton 2005, Camus-Kulandaivelu & 2006, Bhosale
5 2007). FUEBEIUIZENTHFEREICHE UKROPEZZ T < WBRE IR MFE
TOHRREMEDN D D, 7ok, PUERa T, FIAIFERFIHAZERL LOFIX MM S0

THEIBEERNH AL LM BN TS (Betran 5 2003, Gallais and Coque 2005).

(2) XBAEDEH

AWFFED BITEGHIZ T 5 N U Er a2 VB ORENE R T D791, 2003 42k
WREAR SIS THA L7z FEARRORAER LRI L, EoEREHI AT 72m Rz R4 5 2
LThD. FTH 2 EIBWT, 2003 FOIMRERYIMIKIZ KT 5 FVERr a L OFFERER
DERELEHT L & &b, TORAEFRZHME Lz, FEROEHIZHI- > TS, HloR

E(UREREF—DH 0L L, BREELICE TS FYERr a v OAFTRIEZRHET D &
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LB, BEIEDNE, BRHEBIONEDRT =22 NE L. £z, FEARBAE

KOMFHZ Do > T, ALHRESLREHHEMRIRERERY (UUT, RIRRET D) 5

[53>

N O ERIERRE RS T 5 A B0 BELGRARE R4 L O E B35 351T 2 RSB TE
BLORAEHT -2 28 A L7z, SHI, MIVERENICRBE SNEKEITOT A XA
[REBRH R ORET — & o, 8 3 B TE, 2003 FIHRIIHIE CHRAE Lo A ez L fE
BEOHEMNHEREETE 20RF Lz, 207, 2003 FEOEGEIFICET 5 FEALRB LW
AH R ORARREOMERZER A L2, £, By RIS TRIBAER IS4 5 fh il
TLORIGEFHEL, ERICERT 2 AFREICET D MR ZER R EORE 2R T,
B ABETIE, FEARPBE LIS WREOHBICE T 5720, MRIRIZT DS/ E
7R REOBIRIE R OWTRET L7z, Z07=Hls, mIRSHER X OBRAE R HE % VT
IR R T 2 F R ORAEREO MR - RHARLZRHE L. £z, HACE B R

e T LA SR DA M A BB L, ARIRIRSZ M DO BARRI S R E 95 SR 7 2 45
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F£28 2003 FOFRRDRERELREER

F1H TRELEROKRIBELZLZRDOETE

2003 12, ALMEERSIHIRIZ IV TRERT KT 2 B S i I SRR S V72 O 1B R il ]
ZE 729 AR RLURETH o 7. B TOFEEFEIT L DORICFEM I 72720, 2003 EDOHE
BEBRAL F 72138 R IH O e L O N LARTOAEBRUUCE T 2 1F I 220, Sidnz,
AWFFE TITHIB D EEL RS v 7 =D o b &, RIS O v E v = 2 @E5O
R, BEEERLONET -2 2 AFT LN TE . £z, RIBAGHNTHAES
AUTZBRAEHRRM:, HEREBHIERT D hUEn a v EF AT —VOETIRN, S HICRET —FBA

FTEZ, ZNHOE®RND, 2003 FEOFEARREORAEERNZ2ELLT-.

(1) MPEHE

2003 212, ALMEEREEER RS KT v ¥ —B L OEE I RS R Lt v ¥ — O
Nob L, EFREY BHFEMEIISREZOBEITIECL D) (28T, MR TR b2
SHIFESNTWIZATETH 5 139B29) OFEFE A, AR B L O EDOH/ T —F UL L7z,
INHDOT—FE# AFTELBMBGEIL 20 Thodo. 139B29] 1Z7 A U I ORA F=T R E
R L72T > b X7V b 1 REEFET, RM75 B ¥ A 7 OBREAMFETHSH Pk 15 4FEL
MR R S BB E S B B KNI ED ).

RGN PN O SRR E B 512 35\ C, 39829 OREREBRIEHIF X ORI — % (BH
TERET — %) ZUE UTe. ARGIERITAEE TAERT O dbfE 43 B 33 47, HURR 144 FE 59
53, B 50 m \ZALE L, SERES O THIIRA Y L Ch 5. BIERHET — #1220\ T, 2003
FEORYIBERLGNIC BT 2 FHAERE RO, 2001—2002 40D RN O SLFERE B3I BT 5
A T L Ok E N Mo R 3EEBR Y O SRR E B S T D IRAERE R A Ve CERR

15 AR FEEREHEY Sn il FLEGABR RS CNERERD ). 2 2 T2%5 & LciBrgS, S5 39B29)
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kR LT BN ERSERER S KA Sy (ElEnET, AUk 45 B 7 45, BGRE 142 J 21 57, 4%
w18 m, THEX A T t), FRSRSERERY, GFERT, dbfi 42 B 54 43, GRS 143 £ 3 47,
T 90 m, TEEX A FITRAR S 1) BROULREEREYS GIFRRT, Jb 43 B 454y, R
T 143 B 43 47, BEE 195m, TEEXY A FITERI 1) ThDH. ZnodH b, BJIEERR
B RALGE, EREOKGRMDMRIMITI AL L - ilfi o sr LT .

RN O SR E B ORF I, 2001 421X 5 A 16 H, 2002 451X 5 A 22 H, 2003 4
X5 H 22 HCTho7-. kX, g 72 cm, ¥R 18 em D 7.7 A/nd T, BERIT 4 m &
L1 RKEEEE 4 & L7e, BRBRIXIT 4 R ELSIIEIC CRLE U7z, FRRURICIZERHEIR % 40 t/ha
T XIAR, FEREFCIEFEIERZ AV, N, PO, K0 TENEN4g, 21g, 6¢g/nifif L7
BAEE LT, 9EWE, N, KOZZTNTN 4 ¢/ndT oMM L. 257 — X 2L LTI-ARE
KRBT, BSOEITIETRICER I LTV

HEREBRTES 3 X ORI IE, KN 50% DR CHEREBRTE (o320 e/ VI C b #5 % il
H U7RAE) F 2 i13Me il (BEEDE BRI O AL L7oRAE) BNAashizA L
L7-. HEREBATEM & ARk 07 (LUF, ASI <anthesis—silking interval> &9°%) %,
FRSRHHH 2 O HEREPBRIE 25\ o e L TR L. K7 — 213, SRERBRGNE-
T FRICRRE STV D RGBS (7 A ZR) (KEUT 2015) HIUE LT,

AST AR ZIT/TEIHTIC X0 fRAT Lz, 3BT i1 2 0 i &4E O 3 BR IX 1 5%
BN KEE Lo, SEHEisEty 7 v =7 [R) (/3—3 3 2 2.14. 2 <R Foundation

for Statistical Computing, Vienna, Austria>)Zz W TiT-7-.

(2) #E8
2003 AE M, AEBILE TIIE =— L~ AV FHIENEFR TH Y, FERRNEE LT-EFH
BDEL TCE=— A< LFRHNLNTW-., FyEraOREYIT S A TA)T, R

EIX8—9 A/ THo7z (Table2—1). 9 HICHERLI-L 24, HFEOEKEIT I/
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FERI RN E WS TERERFE 3 bz (Figure 2—1).

RGN F=RAE PN O i AR E 1355 (2 36 1 2 HEREPHAE 46 L OMH Rl ] 2 Table 2—2 (TR L 72,
2001 AR T IEREBHAE N IAR R P K v 2 B2 & 0, 2002 121X 1ER H Th - 7z,
—J7, 2003 I HEREBRAEIN MR L v K& <i#Bh, ASIIX7 HITEL7Z. 2003 0

AST 1Z, 2001 B L2002 EDOFN LV FEIZEN-T-.

Table 2—1. Sowing date and planting density at the farm fields in Konsen
region in 2003.

Number of Sowing date (date of May)  Planting density (plants m?)

Cultivar observation Mean Min. Max. Mean Min. Max  CV(%)

39B29 20 23 14 28 818 727 985 7.2

Data are collected through the courtesy of Nemuro Agricultural Extension
Center.

Figure 2—1. Maize tassels of cultivar 39B29 observed in the farmers' fields in Konsen region in 2003.
Photos taken on: (A), 10 October; (B), 16 September.
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RINEFIBENOT A X 2 THIRESNT 6—9 Ao HFEHRIER X OMKEZ Figure 2—2
R LT, Ee, FBIRORRNCERT L7 B REFE A Table 2—3 2R L7, HEHAIREIL 6
H A (HEFERRTER D 50 HIE E D) 12 10 CIEKIZETIEKTL, Z0%b 7T AFAIETI5 C
SOEETHER L, 7H TA (HEREBIEHO 30 HIZ LRI ITIXHON10 Chig L 7ro7-. &
Bz, 8 AHA) (RSO ERD) 126 10 CHifg L o7, BKEEZA D E, 8 A EHA)
(ZBERDMEN T2 2 E DRI T o 7228, 8 AHAICIZRERA 2V H 23 5 H BV Tz,
HEFEBRAE I O I AN XM 2R B & > 7228, T OBITMER A2V BB AW =, B
Rl 7 A AN FAINCNT TR D E<, T OB OSFEFED 20%FRE Lo h o 7.

RGN I T 2 FR ) & HEREBRAEI & oo B &R 1T, 2003 4E1% 1382 “CC, 2001
LD 43 CTE< 2002450 50 Ch7ehotz (Table2—2). F7z, FEREWIA 5 FERfh H
F COHMBRAIEIE, 2003 413 1270 °CT, 2001 XY 28 CH72< 2002 4£ 51 162 C
W Ip o T BN GEIER, 2EEESS X OFIF) To 139B29) OBIFEFRHESE 4% & (Table
2—4), 2003 4F\ZIZAEFERRAEIA DS AR R L 0 B BT (AST AR E < e BMEA) ABAD
NIZbO?d, 2001 3 L2002 FITITZE DO L 5 el x4 oy, Zian 3 Hillko 2003 44
D AST VARG X 0 /NS o 7=, R O HEFEBRAEI & Co MM R KR, RER O
2002 4F35 KON 2003 AR OFECHIRIZ R Zh o 2. FRFEHID O AR & C o BAE

IEIE, RO 2002 1200 0> 726 DD 2001 4F L 2003 41X FIFLE T, o Hikk <

ZJT

A
L, FIZEDEBEWVZEAERA LN DT

HREEEE O 37 2] (1978 —2014 4F) @D 7 A DRGSEM% 2003 O L LT & =
7 (Figure 2—3), 2003 4 & [RIFREE ARIR/N IR AR L 2o 4RI, STHEMD I B 1L R
oo RPN O EHWERRE (WRERERSIC CRE. & T=~<)) 2ks L, b
vET ORI, 6 H 20 BIZ5.648,7H 20 BIZ 10. 8 Kt TH - 7= (HRENEL 3 ERY 2003)

CEB O Z TFIIARFIEDOARZSE 2 €& [H U <Figure 2—4 #Z5H> ).
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Table 2—2. Date of anthesis and silking, and anthesis-silking interval (ASI) of
cultivar ‘39B29’ in the test field of Konsen Agricultural Experiment Station.

Year Date of anthesis Date of silking ASI (d) teAmi)Zl;?tﬁlrzt(idC)

anthesis  silking
2001 24 August 22 August 2 + 082 a 1339 1298
2002 30 August 30 August 0 £ 025 a 1432 1432
2003 28 August 21 August 7041 Db 1382 1270

ASI: (date of anthesis)—(date of silking), values are the means £ S.E. of 4
replications. Values followed by the same letters are not different at the 1%
confidence level by Tukey's HSD test (n = 4). Accumulated temperature: sum of
daily mean air temperature from the next day of sowing date to the anthesis or silking
date.

Precipitation (mm)

25 - == Precipitation (2003) s A 1 120
—~ —=— Air temperature (2003)
£ 20 vy 100
e ey T J A G . P
Sl s e A N S e N 80
2 15
T N VAR A "o 60
3 10 0
=
3 20
0 ' 0
< o & <& & X & 5,
& ¢ ¢ W x&‘% f\c\"\" xo}“\ & \)4,9" & {f;&z’
RN S S A AT A L
D S

Figure 2—2. Daily mean air temperature and daily precipitation in Nakashibetsu in
2003 and the average year (average of 1979-2000). S and A indicate the dates of silking
and anthesis of the cultivar ‘39B29” in the test field at Konsen Agricultural Experiment
Station respectively.

Table 2—3. Sunshine hours for 10 d span accumulations at the pre-flowering season of maize.

June July August
year First Middle Last First Middle Last First Middle Last
Sunshine hours 2003 67 47 31 48 3 9 20 13 19
(hr) Average 37 32 34 31 26 28 28 29 35

Average year data are averages of 1986-2000.
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Table 2—4. Date of anthesis and silking, and anthesis-silking interval (ASI) of cultivar ‘39B29’
in the test fields of the other regions in Hokkaido.

Location Year Date of anthesis Date of silking  ASI (d) teﬁ;gf;?ﬂ:zt(ig
anthesis  silking

Hamatonbetsu 2001 16 August 17 August -1 1290 1307
2002 30 August 30 August 0 1473 1473

2003 22 August 18 August 4 1388 1305

Memuro 2001 26 July 27 July -1 1205 1224
2002 28 July 28 July 0 1178 1178

2003 6 August 4 August 2 1253 1210

Kun'neppu 2001 4 August 7 August -3 1221 1267
2002 3 August 4 August -1 1185 1202

2003 5 August 5 August 0 1231 1231

Hamatonbetsu, Memuro and Kun'neppu are the locations of Kamikawa Agricultural Experiment
Station (AES) Tenpoku branch, Tokachi AES and Kitami AES, respectively. Accumulated
temperature: sum of daily mean air temperature from the next day of sowing date to the anthesis
or silking date. Temperature in Kun’neppu is observed at Sakaino AMeDAS Station.

# Air temperature O Sunshine hours

*
* * e o ””’

L)
o . *
15 Feg ‘e TN e % .

°C, h
L]

10 -

year

Figure 2—3. Daily mean air temperature and daily sunshine hours for July in 1978 —
2014 in Nakashibetsu. The data are averages of 1 July to 31 July. Horizontal lines
indicate the levels in 2003.
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Q) BR

FUER YT, BEOEMEBIHIMHEORERAREZLZOL L, FEARORREE 2D
& &N TS (Sass and Loeffel 1959, Stinson and Moss 1960). L7>L, 2003 £4EDMEF
B30T DAMEE L 7. 3—9. 8 A/ md DFHIZ & V), FeE5 11T 9. 5 A/ iR DRI 2
HEENDHE=— L~ L TFHIE BAIED 1995) MFELAETH-Z L, B EIT
Azl ZFEEm <IERh o7z, 2003 FEIHRSIHIE TR SN 7o EARFOREREDS, MEFE
DIZERARTIF R FROEERRE TH-Z DY, ARaOFRITIEE OBERALL: Tl
RNEBZBND.
TEREERREZEZTERO 1 5L LT, MRHEO Y 77 A v ORERAEDRE
SNTND (THES 1995). Fiz, FRICI VAR EEZEAELZ T 255055, Ll
TERRRPFEAE L TZBHOFE (Figure 1—3) IZA LD K 1T, FERRRIIEAE LIZEY
TT7 77 LB REFRELTERIMRINT, EBRITRELZT DL LR
RLTW=ZEMnD, 2003 FORFMIRFICL D bDOTIERWVWEB X b D, BRI
DREMPEMRBAE LT, SHEELI SR THERH D2, 2003 FOREREBRIEHIE (8
HTA) IR < HfE L2 BERIE R0 o 7o, BRI O iRISIER O FELHEL, Zh
EEDRK E 72578 (BEdreira © 2011, Cicchino & 2010, Schoper © 1986, Herrero and
Johnson 1980), AR$IHE (FPHEEE) D 2003 4 H FITPARIZHAMEIRICHER L T oo,
ZORIFMEIZIT R B0, ZRE# O H BREISER T 5 RULEY R RN T FEOFZER LT
DIRMND EDHEND D (Andrade B 2000, FEBED 2001), 2003 DO ARFRIT T FE Mk )
WICEET DM TH T2 L 05 (Figure 1—3), 2003 (EDORFRTZIER ORIETIZ 2L,
ZHELZMBENEFRIATON T\ RhoTetEX LS.

JEREBRTEE) & AR L 3 5 ARLET D &, FRSRYSHE rTRE R BB 2 AR S IR NI+
SIRAEMMRMELR R LT, MREORERETNEZ 2L 0D TS (Bassetti and

Westgate 1994). 2003 FEDIRFNZFAIG N OO S FHIRE B35 TI, HEFIBIAEM & ARk hhti oo
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MET BISEL T\, 2072, HERBIED &R & o R & e Has, 2003 £o1
FEARFRD—RK Eleo Tz LHEZSLD. —J7, Uribelarrea © (2002) 1%, 95%Lh o1
ERRFETLHEDITIT 1 BHLEVIER 1 RIZHOSAEH 2 KPKEZE LTS, £,
Westgate & (2003) 1%, FERFIZRAMERFTE DHR/DROEHEIT L > — X UITHAR 1 ARIZ
D 3000 KL & L TRV, ZiuE, BELEEED 20%OEE L@ E &0 2 FEA L TV 7R
VIRBLIZH 725 & LTS, 2003 1213, ARG DZ < o [#155 THEF IME D & AR B3 7
BTz, ZOROEMREEN V72 o T2 EBE 2 b, L FEAROFE & 2o

TV L HEER L 7=,

\

2003 AEOARIHI T ik o> I 5 72 BRIERRE D B 36 L OMERIERE O JH 3 3842 L 7 22X
ERETTHICHIZ0, EPEETNE 2 LIE, 2003 FEICITHERBITE 2SRRI & v Kig
BN ETHD. MUER I UIAKREEERAOED TH Y, @E TR BE LIER O
TREAEE > T B4l 3% (Bolafios and Edmeades 1993, Westgate © 2004). 2003
EORERHETZED U E R a VARORHEICK L2 b D ThH o7, 2003 4ED Z DOBIGIZ
LT, MR ERE ICRho7z, & U < ITHEFEBEM N RE B o728 H 2 DD
TRNBZ DD, RO, LGOS XOWAEER SO4AF AT — P OETTIX
FASE CTESHHTES CEH - KA 1969, Tollenaar & 1979, 5| 1979¢, 1980,
AT S 1989, Ellis & 1992, Stewart and Dwyer 1994). %72, ZOZ L IZRFKIEETYH
BTEEs LTS (FiE - BRI 1983). FEEE, 2001—2003 40 4 BRI OFEFED S
RSB £ T oo AR R AURIL, 2002 FORIER I L ONRTERZ 615k & L, 1200—
1300 CTIZIE—ETH o7 (Table 2—2, Table 2—4). Z DI Lnb, 2003 4T HEFEBISE
WIDSER R L 0 B oo, SRS R EIC R o 20D K0 HEREOBRFEA S E
IZENTEZ Tk D EHER LT

HEREDBERN BN &) 2 &iE, AT (22 TIIEmORERE) S T

& IR 5. ARER TIIHERIBIAE NI D2 UL LR BHA Lo H & LTt L7
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0, TOBE, MR LD 2 —Eo/NEREZ A L25E & RRBBRK LG a L iTail L
TV, DE D, 2003 FOMEREBRIEHI OFEEICIE, EEL L Tidb 37/ E L3 % il
HLTWRpoI2Ganad £ Tuni.

R OERE (MEOEFEERR) PWELTEZ LI, HREOSEINC, MR~
SR I B X D BIGNRAEL TV Z &N I8 % 5. Moss and Helsop-Harrison
(1968) 1%, BHSKMICB W M UEr 3 ERT, SAE (AR THE: Lo ERIc
HANTHREOAERN R E D —T7, MR CTIIEEENRBA L, S OICA bk fim Lz &
WELTWD., £, brEnavoRGRRTIE, Ky bRADOKIRRBRERORR,
BB LTz & O 5% (Bechoux 2000, Tranel & 2009).

ARARERIZI T DIEREDIE R DD INR D RMFC KV RAE LT DNELT D72, 2003 £4£
DREHB L NUERa v OAEFARAT—V L OBR (—HfEEZET) e L7c. Rt
BTIL 2003 0 6 A FHIAD 7T AT T, &0 biF 7 AN, @EICHZ RiWEED
ZELWVMRERS X OMEARSMETH 72 (Figure 2—2, Table 2—3, Figure 2—3). RIER
OYFFOMERFAAEMTE [T~ ORELGEIENOIE, 7 X bUEr a0k 6 FEM L& 9 W
DRENZH->T-bD RSN, U w a s OERMEENE, B SR ToH
MO 1/3 ORI TH 5 & DOHENH D (Warrington and Kanemasu 1983). 2003 4EDFRH
HIRICHB T 2 M UEna v OfFERIZ5 H NUTHY, MERBEYIIMRs A FaTho
T2 e, BRI e A TR b LIZEEZONS. Lo T, ZORKHO huEr o
VIO RFICH Y, KIBSOBREA b L AOEBEEZITOTWVIRIEBICH o 70 & HES
L.

LD Z LoD, 2003 DO FEARFAT, 7TADOF LWKIREBS I OMEH RN &4 L7
> THEFEBRIEIAASHR R I L v K& <, o/ MERRERAE2EZEI L2 Lick

O, SNt Lirol-T-bLHELT-.
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E28 AIMAEINEC K DZFRERORKRE

AIEIDOFEFDN D, 2003 FEITARSIHIR THA L7e F3EARRIE, 7 A 0F LWEIRBS K OMKH
FRICHER IR~ 2 HERE S 1S4 (HEREBRAE & MR T o0 Kibg 72 37003 K OMER pEAE B D 18
WX TREEEHEL. LL, ZRETIZAMSNTWD F7ER I ORFROJRAIL,
HiR, T2, @AM EESENET, KIRICBEET 2 b OETRS7Z 5720,

AEITIEA TR 21TV, B TR LG, 37eb b 2003 4EOARFRT 7 A D3
LVMEIR S KL OME H BN 5| & 4 & 7 o THEREBHEH 3 R L 0 K& <Bh, 2ol
INEDIBIENEZ o722 21285, MR LIS & L. LanL, buEr a3 B
BRI THD 120, BERM THEMESEIIRELAIEZ1T 5 Z L 138 LY. Adams and
Thompson (1973) 1%, BHEMIOEIRNMEL 2257 AV HERE DT XV 2B NT, H
5.2 T2 FEBRAHE O - O MR- DMK A, T HEE L7 L 24, MR T 7.5—46cm D
LR A A KT 4 CRE T2 2R TE, #ik10emd hyEr a v XRES
HEALERIX D 33 Cnb 27T CHERTIFLZENTELLLE LTS, LinL, 2O L9 7R
HR X OREZITH120E, KRR NN L 72 5.

AN THZRIRIRAABGERII R v SRS THT O OB — K TH D, MOEmICBN TS, HE
BRENED AR AR E IS ST 72DIEAR v MRBREIT O HANRE L, 1 ETRLIM
TEIZ BT DARRICER T A2 R FHFI DT E A EXR Yy NEETITORIZHDTHSD.

AT P VER AT ARy MGG TRIREAEE L, 2003 4RSI T & 417z &
9 7R BITERAE R K OERET B DAL ML = B O Et LTz, F£72, (RIBENEREES X
OMERERMEIC &0 & 5 2B % KT T OB L7z, 723, RV T L < KR
OEBABTH 72200307 AIZ hUEB 2 ORERN ED X 5 7R REBEMEIZH > 7= DT

R CTH - T=7=%, RIELEITEE ORI T 72,
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(1) MPERHE

AR ARFE T 2003 RIS ARFRANFEAE LTz T39B29) & L, RERIGANIRINERGNO T T A=
ORMERE : 9 mX5m) & L7z, 1/2000 a U7 LRy MZ, RIIERGNO 1L E— M E
2% 13 DEGTIRG LI b DE2 2w, ff4 3R o L7z, 3BT 2004 4£ & 2009—
2014 2TV, MR IZENEN5 A 19H, 8 H13H, 5A18H, 5H27H, 6 A 18H,
5H14H, 6 5 HE L. 3% 14—18 HHICHAIE LTI AR TE L7z, #FHERFZHEAD
&L TEFERET, N, PO;, KO ZFNENAE 14g, 20g, 14g/mT D4R v MREIZRM L.
BEE LT, BB DEEAHE ORI AAIEEI TN, KO0 2L b2 7 ¢/nifif L. TR
FENOKIRIFAMTOKIRIS L OHBREFRNIZIS U TE{E L7223, 20 CLLEIZAR D KO IZEE L
7o, FEAKITEIHZE BTV, AFPOMEERTESREBICR LRV E SFE L.

RIEALEE, FUEn o HIERE A HVERER b LA HERERE IS M IE T B A A L
7= Bechoux © (2000) #&&(C, 10 CT7HRE Lz, IRy FZE 10 C (BR) I
BROE SIVARIR AT 7 2% (0§ 2m, BATE 3m. /ANSREWERT, k. DIF, RIREELT5) I
BEd 2 2 & TiTole. RIR=ITIE, PREICIST 2 A& HIREMED 30%REICR D X
9 RKIFF L OMABESR /7RIS & T 72, 2 O AL I HRIEE N O H §1 5544 % 2003 FE DK
IRFFIZITE DT 2720 DIEDy, KIRGME N CHHEN+210H 5 L 3AET 2 RN & 5 Kk
EER 2B oI E L, (RIRSITEER 0 HmREREH L, A UEER O FE 5
NREZRVIATLEETH Y, KEENNSNWZ EbH-oT, Ry FOMBEICKHEROTS
X720 7o (RIRSEEERS 3 DR L OWRES 1| AT C 10 B EICIRE ARk LR, 57—
2 EWE) .

IRIRALEL D BARIIFIEIZLL T D L B0 Th 5. T AENT, LBEFTOMEEI K U T 6 %
W, 7, 8TEH], IEMIC D HL, HHUHZEORHICLEES 5 X 5 FI VT ThW»
7o 4 B (2004 47, 2009—2010 4), F721% 3 fE{A (2011 —2014 ) ZARIR=ICBH) L7-. 2011

—2014 FITIT 9 FEHDIBRIC BARIRAER 21T o 7. 9 LI OER X, 7T A ENOLIH]
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OfEAED 9 EHNCE L2 A HBEERTE T, a2, 3 AR =2 3 ERT RR=ICBEI T
HZ LTI, IRIERICBEI LI-Ry M 7T BRICTONT T ARIZRE L. Ry hOBHE)
LRI 8 BEDN B 10 FEDIZATVY, BEhOE I, Bl Lo K B 2o %pT (s i o8 i)
(10 A ER Y FEEE, EWERSERREZCEZT RIS RE Lz, e LT,
EAFEOERZ 4 B (2004 45, 2009—2010 4F) F7-1% 3 8K (20112014 4F), £FHIM
ZIBUTHT ARNTHEIE L2, 2011—2013 4E121F, 2003 FEOKIRSMAICITVVLEL L LT,
8IEMNC 13 CT 16 A E 1L 21 HRIDWLIR AT o7 (FKALEE 3 E{A).

{RIRALERBRAARED T Er 2V AEFAT — U, BEEAOE, 37200 EMN NG
1 RIED DI EAIZEE COARERSE UTHIE L7 (BUF, T3EH) F721% TLS) <leaf stage>
ET5). I EALEEOPHAI BRI T OIEIC OV T, T EAEEN D BRI L TR
B - R LI - B C, e FEEE OR S OIC k0, /RS 1AL s LCEERICZ /2.
¥, R EAEELITEAICHE L E o8, b LUTHEET TH - THES DBV IRE
THEYAENTMELFRRE LR, Po/MURE T REREHENNR SR L2 ZE L
L7z (Figure 2—4 (ZH7R).

728, KEREEORE L FERERTETONEKE CTH DN, TOIDIZITNBK THD
TERZALER X = LI PREERRE T 2 MR H D . £ < DX DWW TENE RIS T 5
ZLEFFERELERNETH L0, AR TIE, BERMEDOZE B K OHERR OB (LB s L
CARIR B DR 4 34 L 7=

ARy MRBRIZI T B HEFEBRAE H IR 1| SO/ MERS# 2 L7z B & U, #sRdh B3R
1K 1 AORAPSHERICH A DI LB & Uiz, AST %, 1 i & RIERICHEREBAIE B 2> 548
SAHE 25 TRE L7z, 2010—2014 4R1213 7—8 IEHNC TR 2—3 8 2 fig) L <L
FERERDLATRAE LT, HEREBRIE DN E BRI Do o FFIICERE 2 OIBR L, HEREER (KERE =ik
BLOBEREICOWT, /IMEREA LIRS ORS) 36 JORER Lo/ Mg £E% (2011—2014

FDH) it Lo, BEFRRNE R L OVIMEEGEH Ox 5 & Lio/MEE, @zt T 58
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JFEOREZZIDOLDE LTz, 7272 L, HEFEEREURFIC T CITREDBE L W iR S o 72720,
FEREIZHE R U772/ ME IR L T e, (RIRALFE A RS R 12 R IT T80 B A AE R T h
W92 720, IKIRALER X U 7= (B O HEFE = 2 SEALERAEN (R O L IERE R CFha L THExHE L 7= (BA

T, THEFERE L) $£7-1% TRTL) <relative tassel length> &9 3%).

Figure 2—4. An illustration of leaf number counting. The plant represents 7.7-leaf
stage. Leaf number is counted, beginning with the lowermost short true leaf and
ending with the uppermost developed leaf. The uppermost developed leaf (A) is
determined as the leaf of which the tip comes up to the top, when the leaves are
stretched to upright position. The leaf just above the uppermost developed leaf (B)
is used for determining the decimal number, which is the ratio of the length of
elongated part of the leaf B to that of the leaf A.

2013 FEFB LN 2014 AR ICITHERE N D IRE L= 28Rl L7=. fEmEE D=, it L7
HERE (BRAERD) Ok %E 7 v /RICE D KOt e 7 7 07 4 L A B FEEN R X AT,
VRVIUA Y —BLIO~AXZ T —72HWCHEE L. BfEE#ickEr 7707 4 LA

EEIMTTEHT LY TTHRZORL, {EhesffEory— LB L. {Ehidtn
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T T AN ADOF TR H RGN oI, v — LB L% 70 CT 1 FFH
WS ET-. Z0%, VU B NVERMLZEHRICAIVRIE L.

ik Z & DItk BT B (pollen quantity index) & L THE L. fEMEREEIT,
R Z L ITEMEDN R b Do T BRI T 5 RKE 1) L LTERLE. OB,
AFRERLIS OAER A U 7= AR & RIRFZREM L7272, 10K &4k 1 O AR it
SHTEEREITR S 220 FAEIZEHETITY, ETHERENRZOREEHELZ RO L TER
Bt M) L LEEET, 206D T5%REDEDMILRE, 50%FRE O &O[EIKHE 2 ED
HLCEhZEndEtk 0.75), [ 10.5) & L7z, WRWT, $8%50.5 OEEEH- /=L L
TED T5%FEEDEOREREE, 50%FREOEOFEMRIEZ UM L TELiiEE 10.375],
[[10.25) & L7z, LURIREERIC, & COEIKICHREA M LT, FRELRRIE (pollen fertility)
X, BEESEIN L2 OWT—HZ IR0 21 T3 vHFI vkl U v LEiEE VT
geta L, fEK 50 Kith DR < Yefa S nic b DA FFEMRH & A7 LTEHIL 72 2 BIRRA L7
Pl 2 MRZ R OFER & L7z) . ARIRAAEE AN HERE DT ERE N5 2 D B2 T 572, 1K
R ALER S A7 (B R DA R IRTRALER S U TR MBIROFER 2 5 0 1 7o, MERRI X3RRI DA
PRI HE L, fER 2 & I CHERE R S & D F R A & R e FERIE A Gl L T ERaE R
(ear fertility) ZEH L7~

Tt ROFFHTIZ BT - T, RIELBRBH AR EES ek & LT, HERER & o BIfRICH
WA X E L OEVR AT IS T A ET Uiz, 72720, (RIRAHEBRAARE D THERT) 230
FCRFIE & 7 1S ER BRI AT T B 2 M 2 BRI, SRRSOV TR IEIICE T 5|
K& & LT Bt 24T o 7o, BEE B 2 5E8IE, ARIEEMARFORREREW Tid
<, REEMARICER SN EM A UEREA L TRE L. 207D, SBOITICE TS
TEIH B SR B A E K R R L ARIR SR SV BB (R & 1T — B L 2 W 5a 1S 5. #iat
FRIE, RON—Tay 2.14.2) Z W To 72, O OfER, AEMEPRO b HE

(21X, TukeyHSD V£ (fEBR=E 5%) IZ K HLHEHE AT o7, iR (BEABEK) & Oxtbs
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T A1, Dunnett ®FHE (Hothorn & 2008, Hi#E 2009) # W TCLEHEE{T-T-.

(2) #R

HEFERAAE B 3 XL OMESRAIH B, IR S 7o (B CIR BB EIR L v BNz, Eho
FRELITARBRAEIC K 0 Bip o728, 2012 FE 2R, HEREBI/EO Hosikiiii L0 RE<END
B Tholz. TORERE LT, (KIRLIR S 7B TIX AST KT 54~ L (Table
2—5), FriT 7 BEMI F 721 % 8 FEMIEIARIR AL R S AV 7 (B R oD AST |3 MEQUERE 4 5 72 13t oD IRE H]
(ARIR AR S LT D AST KD RE L R DM TH 7. Z OfMOEARRLIE S/
B D AST |TERLHE (A & [FIFEE CTh - 7z,

Figure 2—5 (2, {RJEALBEBHARKFIEN] & MEFIR L & ORfR zoR Lo, KRR S L7 fE A
ORERE T, BRERERPEL 2D & L bIMNERREA L R DM NA B, MR E L
Ipofe. HEREEDR b < 7o B 0HRRR KO < 7 DR EITRBRAFIC L o TR o 7
0, T—8 FEHIEH O H CHEFE R ITIHE I 2 Y, ZOROMERERIIB L T60%U T TH
ofc. M, 6 FEMEE 71T 10 FEHURIARRAIE S Lo IR O BERER I, 16 2&E 3K
EPoT2b DD 100%HIE Th o7z, T—8 FEWNTHIE 1 Z=M 2N 2 72 6 —9 FEH DOFiHH T, (K
IRALER B AR B ] 2 S 28 5 & LIERER A2 B9 e L CT—REFET V& ZIRERET
R LIZE A, —RENFET VITITIAEMEITERO Do o b OO ZREFET
NTHE—HE, “REEBICHEEICARERY, SHICETVARLEEICARE LR ST-
(Table 2—6).

RIRALERBH A B 7> & HEREBHAE A £ CORMBAE IR Z B & U, MR 2 Htm & L TH
Mz RN & 2 A, AFERIZD D ST HRMBEE IR 500—600 CO & & (ZHERR ) i
% & 5 X 5 BRI A S (Figure 2—6). FEHAUR 500—600 CHIfL & 1%, =
WOKIRSME (20 CLLRICHER:) TITHEREBAIE R @ 25—30 ARRERNCH T2 5.

HERG R & RERV VR ORI, DUERRER (R ®) 0.866 D mELICA B2 EFBALRAFED 5
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iz (Figure 2—17). Table 2—7 |ZAKIRAAEEBHAGREEES] = & O/l 7 0 DAL =FF 5K

(pollen quantity index per spikelet), FFEILMPRIZI KLOVFERFERL R L. MlD
72 0 O EAEHUT P ER TR H 2% <, RIRAB SN EERTITHR L Th <otz
ZAUZOW TR AL BRAAREIE I = & 12 A B &, 2 WEORBROD 9 5 1 WAFETIE—E DA
RO LNt DOD, 9 1 IHFETIE 8—10 MR X 717 8K ¢ MALERE A&
6 L OML O RFHN AR AR S LT BR L 0 D72 < 2R D AHM N A BTz, FRFEERIRIT 8—
10 FEH AR ALER & 40 7o 8 R C BEALERE R £ 721X O BREIN AR LB S 7= @R L 0 /b &
R DM BV, FrIZ 2013 FEARERICIT, 9 BEMNTALEE S 7o (R D SR ALBRE (A K 72 1A
DOFFHNARIRAAIE S - BR L ISP S WEE R Lz, FERIERIIMIRS T O
B L OIEYE R T 10% /I L& 7o - b 00, 7 BEHEICAKIE AR AN BRAE S A7 (E R A
HEAVPR AR F 7o 13 O N AR B S AR K 0 /S < Ze DM DN B LTz,

BHEMNIZ 13 “CT15 A E 71T 21 B MALEE S 7- (R CILEEREBRTE A 23 8%t B X 0 B8
IR, AST X 15 HREAEETIX 3.6 H, 21 HRLEETIX 2.9 H 7o o7-. HMEREELIT 15
A [AALERCIE 20%, 21 AT 22% & 72> 72 (Table 2—8). 8 FEHNHIM KA fiFd] L
THEROR B 2B LI L 24, FMCIVMENEERNZMEEZET LTERY, T

VPSR T W ENL I N DO T RER ) 72 3k N h £ - 72 & 2 AT o 7= (Figure 2—8).

31



Table 2—5. Effects of the low temperature treatment on the days to anthesis and
silking, and anthesis-silking interval (ASI).

Test Treatment Anthesis  Silking ASI
year A€Mt N pAg) (DAS)  (d+SE)
2004 Control 4 56.8 565 03 + 025 a
6-leaf stage 5 62.0 614 0.6 £ 040 a
7-leaf stage 3  62.0 61.0 1.0 £ 0.00 a
8-leafstage 3  61.3 60.3 1.0 £ 0.00 a
9-leaf stage 5 60.6 60.0 0.6 £ 0.24 a
2009 Control 4 465 470 -05 £ 065 b
6-leaf stage 4 53.3 505 28 £ 025 a
7-leaf stage 4  54.3 51.0 33 + 048 a
8-leaf stage 3 54.3 50.0 43 £ 0.67 a
9-leaf stage 5 53.0 50.8 2.2 + 0.58 a
2010 Control 4 60.8 61.3 0.5 £ 0.29 b
6-leaf stage 4  66.0 66.0 0.0 £ 0.71 ab
7-leaf stage 4 645 645 0.0 £ 058 ab
8-leaf stage 4 67.3 65.3 2.0 £ 0.00 a
O-leaf stage 4 67.5 67.3 0.3 + 048 ab
2011 Control 3 587 50.3 -0.7 £ 0.88 a
6-leaf stage 3 62.3 62.3 0.0 £ 0.00 a
7-leaf stage 2 63.5 63.5 0.0 £ 0.00 a
8-leaf stage 4 62.0 620 0.0 £ 041 a
9-leaf stage 3 63.3 63.7 —-03 + 0.33 a
2012 Control 3 73.3 750 -1.7 £ 0.33 ab
6-leaf stage 2 77.0 8l5 45+ 067 b
7-leaf stage 4 75.5 765 -1.0 £ 058 a
8-leaf stage 3 78.7 78.7 0.0 £ 0.00 a
O-leafstage 3 817 80.3 13 + 048 a
2013 Control 3 687 69.7 -1.0 £ 1.00 a
6-leaf stage 3 75.3 76.0 -0.7 £ 0.67 a
7-leaf stage 3 74.0 740 0.0 + 058 a
8-leaf stage 2 77.0 76.0 1.0 £ 0.00 a
O-leafstage 4  76.3 750 13 + 048 a
2014 Control 3 603 50.7 0.7 + 0.33 ab
6-leaf stage 3 63.3 63.3 0.0 = 0.00 ab
7-leaf stage 3  65.0 647 03 £ 033 ab
8-leafstage 3  64.7 627 2.0 £ 058 a
O-leaf stage 3 64.7 65.3 0.7 £ 0.67 b
Average Control 60.7 61.2 -0.5 a
6-leaf stage 65.6 65.9 —-0.3 a
7-leaf stage 65.5 65.0 0.5 a
8-leaf stage 66.5 65.0 1.5 a
9-leaf stage 66.7 66.1 0.7 a

Treatment indicates the starting period of the low temperature treatment. n: number
of observation. DAS: days after sowing. ASI: values are the means + S.E. Values
followed by the same letters are not different at the 5% confidence level by Tukey's
HSD test. The data may contain rounding errors. Source of variances are individual
plant for the analysis for each year and test year for the analysis for the average.
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Figure 2—5. Effects of the starting stage of low temperature treatment on tassel length. Relative
tassel length was calculated by determining the ratio of the tassel length of treated plants to the mean
length of control plants for each test. The mean lengths of the control plants were 149.7 cm in 2004,
79.5cm in 2009, 110.3 cm in 2010, 174.4 cm in 2011, 118.3 cm in 2012, 102.2 cm in 2013, and
143.7 cm in 2014.

Table 2—6. Comparison of two regression models for the relationship between the leaf
stage (LS) at the starting of the low temperature treatment and relative tassel length (RTL)

(n=96).
p -value of the parameter of Coefficient of determination
the explanatory factor(s) (5 or ,) of the regression model
Model linear predictor  parameter p -value R? p -value
Linear a+pLS S 0.167 0.010 0.167
. p <0.0001
Quadratic a+BLS+B,LS? 0.173 p <0.0001

B, p <0.0001

Models are estimated through the data of 6-LS to 9-LS in Figure 2—5.
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Figure 2—6. Relationship between accumulated temperature from the starting date of the low
temperature treatment to date of anthesis and relative tassel length. Relative tassel length was
calculated by determining the ratio of the tassel length of treated plants to the mean length of
control plants for each test. The mean lengths of the control plants were same as in Figure 2—
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Figure 2—7. Relationship between tassel length (cm) and
spikelet number in cultivar ‘39B29’. *** indicates significance at
0.1% confidence level.
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Table 2—7. Effects of the low temperature treatment on the pollen production and ear
fertility.

Test Pollen quantity Pollen fertility Ear fertility

Treatment n ] 4
r per spikelet (x10™) (%) (%)

2013 Control 3 6.7 £ 35 a 100 £ 03 a 86 + 47 a
6-leaf stage 3 39 £ 97 a 100 £ 0.0 a 82 + 59 a
7-leaf stage 3 38 + 17 a 9 + 00 a 61 + 48 a
8-leaf stage 2 45 + 165 a 97 + 25 ab 80 + 22 a
O-leaf stage 2 27 £ 50 a 92 £ 30 b 89 £ 94 a
10-leaf stage 7 48 + 31 a 9% + 0.0 ab 74 + 64 a
11-leaf stage 3 47 £ 27 a 98 + 1.7 a 8l + 44 a
12-leaf stage 5 44 + 60 a 9 + 04 a 8l + 44 a
13-leaf stage 5 43 + 48 a 100 £ 0.2 a 79 £ 22 a
14-leaf stage 0O nd nd nd

2014 Control 3 77 £+ 44 ab 100 £ 0.0 a 75 £ 37 ab
6-leaf stage 3 15+ 10 ab 100 + 0.0 a 77 £ 22 ab
7-leaf stage 3 11 +£ 10 ab 100 £ 0.3 a 63 £ 24 b
8-leaf stage 3 02 £ 00 b 100 £+ 00 a 75 £ 29 ab
O-leaf stage 4 11 £ 07 b 98 + 06 a 74 £ 25 ab
10-leaf stage 4 11 +£08 b 9% £ 23 a 76 £ 29 ab
11-leaf stage 4 16 + 0.7 ab 98 + 12 a 78 £ 42 ab
12-leaf stage 4 22 £ 0.7 ab 100 £ 0.0 a 80 =+ 56 ab
13-leaf stage 3 28 £ 21 ab 100 £ 0.0 a 87 + 27 a
14-leaf stage 2 9.2 £ 27 a 100 + 0.0 a 73 £ 0.1 ab

Treatment indicates the starting period of the low temperature treatment.

n: number of observation. Pollen quantity per spikelet: pollen quantity index divided by the
number of spikelets. Values are the means + S.E. Different letters in the same column
indicate significantly different at the 5% confidence level by Tukey's HSD test.

Table 2—8. Effects of the low temperature treatment (13 °C for 15 or 21 days) on the flowering
characteristics and tassel morphogenesis of cultivar ‘39B29°.

Anthesis Silking ASI Tassel length  Relative tassel

(DAS) (DAS) (d) (cm) length (%)
Control 63.6 £ 2.9 647 £ 30 1.1 £ 0.3 132 £+ 22 (100)
15days 77.3 = 4.0 73.8 + 45 36+ 06* 30+ 9** 20+ 52
2ldays 796 £ 39 * 767 + 4.1 29 £ 12 * 25+ 13* 22 + 133

DAS: days after sowing. ASI : anthesis-silking interval. Relative tassel length is determined
as the ratio of tassel length to the average of that of control plants. Values are the means +
S.E of 3 years. * and ** indicate significantly different from control at 5% and 1%
confidence level by Dunnett's test (n = 3), respectively.
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Figure 2—8. Tassels of cutivar ‘39B29’ at 8-leaf stage. The ruler in the photos is graduated
in millimeters. The length of the tassel central axis was different depending on individual
plants.

Q) ER

il [39B29) Tl 8 BEHIOIRIE AN HEREBRTE R L ORI RIS B A RIET & B 2 biT.
TROL,ARBR TR YER 2D 6—9EMT 10 CTT7 HREOKIRAE A FHE L= & 2 A,
HEREBRAE A 2SR I B L 0, AST KR E e BN A bz, £z, 8 FEMEICIKIR
SLER ST EAR T, HERER T AL B A & 72 I3t O RN AARIR LB S L7 R L 0 < 72 B
2358 Sl ARIEAAPEBRAAREES] & HERER L & OBIRIZIWT, —RENFET VITH
BEERoT, ZREURETADBEEICHEE L7257 (Table2—6). ZDZ L1E, MR
TFFEOR (Z 054, 8 HEMIE) OMRIBAIICL W /INEL 2D L0 ) 2 2l REd

2.
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8 HEHNC 13 CT 15 AMIEIT 21 A LR, HERBAE B 23R A X0 3—4
HiEL7z (AST1X3—4 H) (Table 2—8). MEAFREROMERBIE B IR MHIA LY 1 AR
mofe (ASTIE—1H) Z&a2Ex5L, 8 EMEHOMIRALIIIHEFEFITEZ 2003 F D54
PRz ok HE (AST I 7 H) ICETELED Z MR INT. £, F UL TIIMEERE
X MEERE R D 20%FEEIZE TR L, ZiuE, 2003 FOMBGERE (Figure 2—1) & [FfR
E ORI ERE LB 2 b,

8 TEMNCHMIRZ M5 L CHERE D R EEBRE A BIE2 LT & 2 A, 0 X v /MEITTERERIC
IIRFEETH -7 (Figure 2—8). F7o, HEFER & MR/ RS OMICITEEICABERED
FHBIBIR R 2 STz (Figure 2—7). ZHHDZ &b, 8 BEHEHOMKIEA b L A IFHET
O/INEORLESIEEZ T D LB b, 7ok, HRERIIHERBALER £ COMAKIRT
500—600 ‘CORFHIRIELIE SN2 GE I R HHmRH bz Z & v D (Figure 2—6),
AR TO 8 NI Z OBARIRORF L SV 5 2 L3 TE L EEZ b,

OMEY THEEDOROMKIEA F L ANAFAERICEEZ RITTZ ENMLATNS.
FEEABLOPEAITK LTI, BRONZHIFOA L ARKRERREFFO LI TEY

(Thakur % 2010, Zinn & 2010), B2 1A 1 CTIT/METRFIHORIRIC & > THRELBRLD
D L CARRRIC DR 5 Z & (Satake B 1969, Satake 1991), /L ATl 24 o
IRIRIZ K o THEMEARTRRD AT D 2 LBV TWD  (Brooking 1976).

FUER YD 8 FEHINMEFRITEZED EDBERETH 2 OIATER TITH 58I TE 220,
Mock and Frey (1970) (X, EHAIEIRICT 52 LT hUERr 2 v OSSR ZEE R H#
ETEDLLTWDON, FELRME A BNBEZ T, SR JORERIFICE > TR D
& LTS, Tranel ©H (2008) 1%, MEHNZNEIN 20 B LT 1THO FVER 3 HEE
R 2 R E AW AIT, #O5EIX VT 725 V9 (V-stage 1%, B TEZ 2EHOEK
<Ritchie & 1993> ) /T TEHEE Y, ER RO ZNT VI 255 VI2 12T ThEE 5

ELTz. OCHMERREZT D L, BB 1T HRORKD VI EITREHRD 50% L E2sERE L
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TZIREHIC, TRIEH 20 LD RAED V12 L ITHHEEEL D 60%30 < AR L 72 REH & HEE 41 5.
AR CHER L7z [39B29) OFMIEET 14 KAl Th H 726, 139B29) TIiE 7.4—8. 4 HEHILT
(ZIE Sy 2 2 TV FTREMEDN B 5

KEREBAAE ATV 10 BEHIDIRRIC & IRIRAAER A St L7 & 2 A, /MEd 7 oIk E4e 80
8—10 EHOIKIELEZ L VIR T T 55 H 0 o7 (Table2—7). Tranel & (2008) (%, #
BRI TR P RO T DI EN S, Z ORIAREBFED/NENFEZET D & LTV 5.
AR T/IMEDH T2 0 DI R L OFEEERIRN 10 FEHE E TRIRICERSZEEZ R L
722 80T, HEFEOEALIC & 0/ INEOREEPE N R T2 LT R D EHEE LT
FIHERRFERIL T EMRELEL S NG AR TS M A R L. hUE e v AR
HClE, SMEERTOKIRIC X 0 HEFEA /A4 (abortion) ZEIZTHENH D Z & NG
ETW% (Lejeune and Bernier 1996). Z Mk, AR C 7 FEHOIBLIIZ L > T
TIFEREENMET LB 2 EHEICHIT 2 & O TRV, MEMEOFE SRR I3 LK
SHEEFOLGENHLZLERL TS, —F, A RBIORY VT LTIE, EMEAICKE
DD L9 I AKIRALEL 2 52 T - A T S MEME ORI X RIED 72 v o 7o 2 E Sl ST
% (Hayase & 1969, Brooking 1976). & 51T, 2003 40 BG4 ClrImERE NEE A9
%70 CIERICBRE R ENRAE L TV Z LD, 2003 4O EAFRIMEREIC RN & - T
FAELEZLOTIERWEHELE L.

LLEX Y, 2003 E0F LW FERREL, 8 HEHE, JAbbREENOFE LWKIEIC
Ko THlEEZ SN DBIEFRNEDZE( (HEEATDRA) 36 KX OB MER OB 2 L 55
FEIOIREEREDNIRN TH o 72 & B 2. AR ClE Z 0BG % RERR = O KR

PEICERT AARE LS EI2T 5.
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BIE HREEHOEERZMEICEHT IAEMER

E 18 2003 FEICHITIHBHES L URERTEORERZR

ATEEC, ALVREARSIHUEIC 35U T 2003 FFRIZHAE L2 b UE R 2 v O FERFRTAEEVIM (8
TEWI) OfFRIE, KA RIC L0 HEREBHAE 2SR R I L 0 R & SBdv, Ao RERE VRS N R
MLIEZ ERFREREZZ b, 20X ) RIKIERS (HERERE OIRIREZ L X 5 Ak
E) ~OFERE LTETEZONDLOIE, MWMERRKE VR (b L IHRIRESMED /S
SR OFATH S,

AR, XAX, TAX, YLVHTLABIOa AXTIE, REICK D 4EHAROREICINLE
MZERNH DL Z NN TS (Fex K - Fifl 1975, Brooking 1979, Schmid and Keller
1980, Qian © 1986, /& H 1997, Kurosaki & 2003, Maulana and Tesso 2013, & [+ B H 2014).
DX DI DIEMIT B W TAEFRER IS T D ARIRESZ RIS SRR ZZ R MFAET 2 Z L3
HONTWDZ &b, hyERaRMEMETS MR ERDFEET 2 RN H 2 & 48
ESN. FPUERI TR, FIATHERERHATOEAKS X b LT K0 e R ERE A D
THRE (Hall & 1982) <0, HEREHNHER ORERIT KT 2 miR QBRI TETaIE I KT 5
(Schoper & 1986) (ZinfRFIZESPMFIET D Z LN BTV D
AEITIE, FUER 3 AHEMTEC U TRERESS ) O RIRE S MR AR 2R AN E S
DME D DEETT D72, 2003 FEORFIHIBIT 51T 2 855504 TOBIERE, +FEFadEfe
FER X ORI RED SRR OF W AR L. S 51T, 2003 FEICFEARRN SR L%
Gie 3 fAEA AV, Ao hEIEIZT 2003 ORGSR 2 U7 ARKIRALEERER 2 17\, IR

KT BT OILDOENE R LT,
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(1) MPERHE
1) ES A

2003 E|ZAnfE 139B29) B XL TV v 2 RIRIC, WSS TORERTERES X OBITE
Rt did L7z, NIEO0 2o 13db@mre v # —FlRo 7V X7V b 1 R T,
39B29] L [A U RM75 H % A 7O RALE TH L (RIES 2007a). FESZINEL, b 2
diFE A ks LW BRI | B (RSIER OB 10 kn IZM7ET 5. LUF, BEES L
T5) BLORHIRRGN O M ERERSE & L.

JRREES CIIREREYURE K7 —0 1o b & TS O FERERNE B
B CRieT 5 L & bis, IHEIIITINELHE Lo, A SIIES R ROAFFE
S e L, KEIZER T 2otz BREBG CIIHERIEOT-D E=— < LT RNHV B,
FEHIE 2003 42 5 1 256 AT, HHEBIZEITYZBRHEOBEITIETH -T2,

AR RIS PN O iR E [ Cid T39B29) d6 KO8 TIXTN 2~ ) O REREBRFE I K OMERdih
M2 A Lo, MEZMSIE 4 i/ (1 XKiEfs 11,4 nd) O 4 OFEBRERCE & L, FRAH
SIS L Le, ZOESTIE 1 K\ NS <, 0”3 (EREBIEH) 2387 %
BEOGFEPEE SN TN Z &, FERERDUTHE L2 o72. 2, hUER
2 DO ERITALETH Y 100 m FREFEEN 7RIS S AHET D & STV 5 (Luna B 2001,
Beck 2004) Z &IC X%, HEFEBASEH], MCRPHHBIF X OVAST IE, 552 EE 1 §iohiE TMA
L7z, 2O TIE, 2001 43 KU 2002 4 OREFIBA/EW & iR o7 — 2 HIEE L 72,
FAEOFEFEH 1T 2001 4£5 A 22 H, 200245 H 16 H, 200345 H 16 HC, fEACEiTIEAE 8
—20—6 (N—P,0,—K,0, kg/10a), iBAE 4—0—4 (N—P,0,—K,0, kg/10a) T -o7=. FHFEFIE

FRIZHERE Z 40 t/ha T ZAATS. BREZ OMMOE R FIEIIRIIEROEITIE S L.

2) v MakBR

2011—2013 12, RYIERAGNO T T 28 L OMRIRE TV T 2003 FEOEEROKIRIZ
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VBRI Z BT A FE 2 & ORSE A Lz, SR NIXTN0 26, T39B29) B8N [
TAR]ELIE 7T 4 A RA YD TA T Y L= F (KWS) B RM73
HZZADT Y X7V b 1 RHEFET, FAM R X OUEMEICEN, @ ToRE Iz
E<ET D EEZ BN GRIIEERBRE 2008) 7-OARRBRICHRA L. ok, 177 4 2
13 2003 4RI A2 EHLIG 36 K ORI O i Hif & 135 T Il ST e o 72728, 2003
FORBEIENBAIER MR L ORI LETREIIRMTH .

(IR 2 BOMRICHSE, bruera o 8 BEMICHENM L=, #E 1% 2011 41X
527 H, 201242135 4 22 B (139B29] A4 6 H 1 H), 2013 4E1Z5 H 14 A (77 ¢ A
DH*6 A5 H) T, Ry NOFBEETFE 2HEORy FRBREF UL Lz, KIEOREIT 13 C
&L, JERHARNIE 16 A ET 21 B E Lz, KIBRFFTENESHDICHD &, h
BRI & > TREREFTORREIC/R D LB X b2, KIRE TIERIHF L OMHIEE
IZHEMIS & T, IRIRE RIS 1T D B R 2 A 72 WIGE O 30% I 5 L7z,
Z ORI, IR EN OB A 2003 FOMKIRREO HGEMHISEST 5 L VWI B b H o 7.
RNy FOT T AR EAEE & ORI OB, Fll 8 Kb 10 RrDMIZAT - 7o, MR 7
REZEZTD0E <D, Ay FOBEBOERPIIZRE L O LWHEOEFT (i
DHRE) 1T 10 438 BnWie. xHRTH 2 MALEREIAR 3 iR, BRI A B LTI AET

B LTe. BEAPLEE, RON—=va 214 2) T T~ 72

(2) #R

1) [E5 A

JREEGIC BT, [39B29) TIEH 2 & & AR O HER MO B AR RIS L O AR
H oz, NERY 2y TIHHRERIMNENRELE L, TEREIIBRGTH -7 (Figure3
—1). EFEBONMERO MRS, 39B29] T 26%72->7-0zxt L, NEURY ) T

X 47% T o712 (F—Z KigiHk).
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RGN O ST E B2 BV T, 2003 40> 39829 OMERBRIESITME R L v 7
HENTZ (AST X T) DIt L, HEOY 2> OREFEPHAEII IR/ L 0 1 B F.2> o7z (Table
3—1). 2001 43 LT 2002 FFI21E, T39B29) DOREFEBRFEHIAR /AN & [ H 2> 2 HED >
el L, NI ) OREFEBIAEIIIME AR L R H 2> 1 B R 2vo 72, 139B29) & NiE

RO 2] @ AST 1L, 2003 FEIC D BHEEICH EICE 7> T,

Figure 3—1. Tassel morphogenesis and ear fertility of
cultivar ‘Papirika’ in a farm field in 2003. Photos were
taken at 16 September 2003.
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Table 3—1. Flowering characteristics in the test field of the Konsen
Agricultural Experiment Station.

Year Cultivar Anthesis Silking ASI -value
(DAS) (DAS) (d) P

2001  39B29 100 98 2 £ 082
0.048

Papirika 94 9% -1 + 0.29

2002  39B29 100 100 + 0.25
N 0.391

Papirika 95 95 + 0.00

2003  39B29 98 91 + 041
. <0.001

Papirika 88 89 -1 £ 0.29

DAS: days after sowing. ASI: anthesis-silking interval; culculated as (date of
anthesis) — (date of silking). Values are the means * S.E. of 4 replications.
P-value was culculated for ASI by Welch two sample t-test (n = 4). The days
may contain rounding errors.

Table 3—2. Effects of the low temperature treatment (13 °C for 15 or 21 days) on the flowering
characteristics and tassel morphogenesis.

Chilling Cultivar Anthesis Silking ASI Relative tassel
treatment (DAS) (DAS) (d) length (%)
Control 39B29 63.6 + 2.9 64.7 + 3.0 -1.1 £ 03 a
Papirika 58.1 £ 2.6 63.7 £ 25 -56 + 03 b
Kwiss 61.6 + 2.3 622 + 2.4 —0.7 £ 02 a
15 days 39B29 773 £ 4.0 734 + 45 38+ 06 a 20 £ 52ab
Papirika 68.1 + 2.7 704 + 22 -23 £ 05 b 71 + 190a
Kwiss 658 + 4.9 63.4 + 4.8 29 + 05 a 20 £+ 58b
21 days 39B29 79.6 + 39 76.7 £ 4.1 29 + 12 a 22 £+ 133b
Papirika 708 £ 2.7 75.0 £ 3.2 -34 £ 05 b 83 + 170a
Kwiss 714 + 34 674 + 3.7 42 £ 02 a 12 + 27b

Data for cultivar <39B29’ are same as Table 2—8. DAS: days after sowing. ASI is described in
Table 3—1. Relative tassel length is determined as the ratio of tassel length to the average of
that of control plants. Values are the means + S.E. of 3 years. Different letters in the same
column indicate significant difference at 5% confidence level by Tukey's HSD test (n = 3).

2) Ny Mk
S WEHAIZ 13 CT 15 HMFE/21% 21 HFAEE U755, 39829 CIIMERERHAE B 2358/ 4 H
HXV 3—4 HiEh, HEFERIZIEREIRD 20%FREIZFE T o7 (Table 3—2). [FU

ERT, O ) TR EOENITBR ST (AST IFADME), HERER I
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KD 10—80%FEEZR> Tz, 7o ¢ x ] T, AENZ XV BEFEEFE B 38/ B &
W 3—4 HiEd, AST [3tho 2 SfE LV K& <20, HEFEE I LEER D 10—20%I12 F T

LT,

Q) B

2003 FEDEFI S TIX, 139B29) TIIMER/IMEDEERRN A DI, FloikiT RO 1%
AEaRHHINT-DIZRE L, TEOY ) TIHHERERICET I3 <, FERERIIIRG TH
o7 (Figure 3—1). IR TIZ, 39B29) THEREPREHIAFELHIHE XL v KX < 2
NI L, NI 22 TEZED X5 ZRBAERIEDZALITFE L7227~ 72 (Table 3—1).
2003 FEMIFICBIT D20 2 MEORHET — TR TWD b0, THETY 7y 1 3R
FEYS, RGN L GICHFEOIRZICE T 2 8% (HEREBREOBN E I MEDEERR)
ERERhoT=Z Enn, NERY A 13 2003 FEORGLEM T CHIERIZEICRENEZY
WIS WFETH D LB X b,

R BT 2003 FEOXKGHER (Figure 2—2) A LA (13 “CT 156 HE 71X 21
H) % 8 BEMNCSENE L7 & 2 A, NEUD 2 TIIHERERIFEN & MR i O F TR 497,
FIHRERE OB b A O holo. FURAEA L7z [39B29] BEO 177 ¢ ) TIX
AST DHERE X OHEFER OO R A LT s, NECRY 25 13 8 HEH ORI % LA
PED/NSWEWR Tz, [7 D0 A 1% 139B29) LRIUL, 8 EHIDOMRIRIZK LB N K E
WeEE 2 bz,

7e12L, T2 TR I L7 DIXE 2 B Cor Lz 139B29) (Z361T 2 ARIRIES MR 28 =i VOV IRE
B BEH) DA TH-T. NEVY 7] ORREERIT 12— 13 BT 2 dnfliod 14— 15 f &
W2 b (F—2 KM, £z NECD ») OREFREBITEHIIMO 2 fHFE L 0 LR
ST &b, 8 EMIIR T HHFEO B ERISIT MBI L > TR ZENBESNTZ. b

TED Y ORI TOEN S UK X T 5513 % (Bonnett 1948, Irish and Nelson
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1991) 728, ‘il Z & DRREBOEDT, EHEBEOEBRICH IS LELXLND. DFD,

NERD 2y OIRIRESZEDR b mWOEREIE 8 TEHI L IFR ST, KHiORERTZ %21 - T,
NERY 73] 13 T39B29) BEN 1270 ¢ 2] KRR MED/ NS W BTz 720, Z o
BUTKHIS T H720121%, 8 FEMLS O R 2 5 L O R ARIRAL L 21T 5 WENRH 5.

Tk, X0 < oM TR EMNORBEZEICOWTHRAELZIT I HE, 1 REZTIC
IRIRALER 2 Jif U C S AR MO A 22T NS TERWEZE X b s, HEFRR O
KB AL TH DN, L0 Z < OmFEE AW BRI OKIRLEEZ, 15 AMd 50
21 B L W o T RHIMT 5 2 S IHMRIRE O OO 2% F, BIEM TRV, 20
7%, SFE D L ORERREEM ORIRIESZ A £ 0 S OAE TR T & 2 AR K

DHID.

E2H REMERORHE

RSN CIE, ARIRES M o S A ] 22 528 2 B ISR 97 2 72 O I B O e AR AL B 21 T
IWMENDH D L L. 2003 2%, 6 H FAND 7 H FAICHT THFEEKIED 13 Chi
L EEDHBNTWER, ZOX I RREEEE ATHICHEIRL XS &3k, (RiRE
D &9 ik A EIRBEE S 208N H 5. KIRELY S < OREO - DICEE ORI, »
DOEOBOEMMIC bz TB@ X2 Z &1, sk 0BT 110 805 MER 2.
FUER I IR OREN 2—3n Il 5 KIMDIEM TH L7280, R THWD AR Y MI
1/2000 a U 7RV y RIENUL EORE S L5, (RIRAEMAZ 16 A& T25&, Z
DEIRBRRESORy FEZHINAETE HIKEELHET O2LENHS.

A X TIMATHIHIC 12 CT 4 ARMKIEAEE AT 9 2 & THYREOATRE B EIED
NDHZERHLMNE/IRS>TED (Satake B 1969), Z DOLMFORERIC LV IKIRIC & b RS

NE W 2B 5023572 F (Hayase © 1969, Satake and Hayase 1970), FEIX O AHE D
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A PE 2 DR RIAT 2 Hefli 23Sz L T B, 7 X% T, BAITERILIRRIC 15/10 C (B/
&) T 10 HAREE L, BRESE L OMLERRE T 10—13 HERICBHAE L= fED B S s & fidr 9
% Z L TRV D [BITEAE HEBEEM Mk 27l 2 FIEMRES N TV D (Fil-&H 2014).
k7' oy OB ER ORIBRZEIC OV T, B RMKEAREIC L v SRR =R A
MRETE DR H 5.

ARHEITIE, 156 RRTE 213 21 B & 0 EOEIH TORBL TS 2003 ££(Z [5G RETH L

AR O HEFZ RIS K OBHIERFE D 2R3 T & 2 O ET L7z,

(1) MPERHE

ABRIE 2011 —2014 4R 12TV, BEEAAEIE T39B29), NERU ) B 704X &L
72, 1/2000 a U 7 Ry hE WAy FRBRE L, RINERGAO T 7 25k L OMKIR
BCEMLE. RNy FORIESRMITH 2 HmFE 2HEFACE L. fFREIZ 201145 A 27 H,
20124F5 A 22 B (139B29) ™46 A 1 H), 201345 A 14 H (7w A &6 A5 H),
201445 H 28 H (139B29] ™#4 6 A5 H) 1Z4T7-o72. &ARy MIo&E 23 ki L, FIF
% 14—18 HBEICMFIE LTI AR TE L7z, H 7 AENOZIRIFA IR L OVH BREFR IS
UCEL LD, 20 CUL I X5 ICEE Uiz, BEAKILERECHE &7V, B OMAERN
FIEORREIC A BN K S ITHE L.

fIBALER Y, Bechoux & (2000) #£&(2 10 CT7 HRE & L, 6—9 BEH (2011 FFRB LW
2012 FF) FE 7213 6 FEH G BEERT (2013 B L2014 4F) IZEME L7z, KFLH, 6—9
EWOMIT 1 BN 28E, TOEMLIET L2 L42H 60 UDEID T TRV 3 {#
B4 10 C (BfR) ICRRE LT RESRICBE S ¥ 7. 9 EWLIKIT 2, 3 HBXIZ, H6000
DENAFT TRV 3 kA 10 CICERE LIRS ICBE S 7. RESIITELDZ K
B L OBEmICRE L, TR ORWGEIZH A HNREL 30%FREICH U7z, ERoHZ

T2 EFE 28 LR U & Lc ARIREA~OIRATS L UHHITFAT8 B & 10 FFORIZATL,
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B8 O@ P CIIEm IR S 2RRBREE A LA Z e X 5 AR R Lo L\WiGT (s o
) 1210 0L EE W, BRI OEIRIZTEOH 7 AERICRE L TAER I E 72, RO ML
A (e 3 EA) IFAEBWIM P28 L TH I RENICTERT S E .

HEFEERES L OB BOMRE HFIEIIE 2 HE 2 ML MU & Uiz, BIRKEZR~L L&, BITb#
AR Z & I HERE 2 SR L, HMERER B L OVIMEES AR L 7. MERER o328l L -
THp oo, R ZRT L. EHREROMAIL 2013 4£& 2014 HITfTo 72, 72721,
NI ) TIEHEFES B L & 2802 (REEOFUZ 2T ENIIRRET) BEN M E -
Toiew, EEREILTE 20 o7, LavL, NEWRY 2y O Z OBIFEORFEIT &0EE T A
HALTZIED TIERY ) OB EIIMATEICHARZWMHA N H 72D T, 2o 23k
2 LTHRBOMRITFMICTE 2 L& 2 bz, ks, NIEVD ) CTHERED SERIChh T
HENCHTIET 2 &0 ) BGUIEG R CIEA LN T, T 7 AENFFREOABHELE B2 b
7o, B L 72BN T, 26 2 BE 2 Hi & [A] U715 CHEl B455ds & OV Ak bk 2
E L7z,

WEEHENTIEZ, R (3—Pa v 2.14.2) ZHWTIT- 7=, (RIE B AR IE I N & A TS
CRIET IR ERFT DD, BB EIToT2. SEOICHTZY, BEOIRIRLH
BHAARESERI O i CIEAARIR AL PEBR A REBE N B DR A 3B & L, 4 WEDOFEEHE
M OME TITRBRFERZBIR E Lc. Bt OfER, AEENRO bAHEITE,
TukeyHSD ¥ (fEfR3E 5%) \C KDL EEM AT o7z, KR (BQABEGE) & OxHElT 55

A1Z1%, Dunnett D HiEEHWTLELEK AT 72,

(2) #ER
10 ‘CT7 HHMEIRALEE U 7o R, 4T oAl CREBEBHAE A do IO RAhi B 23 HEALBRA {4
KV EL I ooy, ZOBRN ORI IHEREBIE A O 23R A L REWEHmTH - 7-.

iz 8 TEHA ITARIEALER S 7= [39B29) BN 17 w7 ¢ ) TiE, HEFERRTE S E-R i L v
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BENARENRKEL, ASINKEL RO NBBLTH-o7- (Table 3—3). NIV 73] TlX, 6—
9 TEHOWT N O R ITARIRALEE 2 52 1 728K Th > T HHEREBAE B IR B K0 7.,
AST IFEDfEE 7o 7=. 7ok, 3K 3 WL &, MELEER CIIHEREERIE B IR B &

D ENoT- (ASTIZAEDOETH-T-).

Table 3—3. Effects of the low temperature treatment (10 °C for 7 days) on the anthesis-silking
interval (ASI) of the three cultivars in four year tests.

Test year
Cultivar ~ Treatment 2011 2012 2013 2014 Average
39B29 Control -0.7 a —1.7 ab -1.0a 0.7 abc -0.7 a
6-leaf stage 0.0a —4.5b —0.7 a 0.0 abc -13a
7-leaf stage 0.0a -1.0a 0.0a 0.3 abc -0.2a
8-leaf stage 0.0a 0.0a 10a 200D 0.8a
O-leaf stage 0.3 a 13a 13a —0.7 ¢ -1.2 a
Papirika  Control -5.7b —6.0 b -5.0a -4.0a -52a
6-leaf stage 3.3 a —4.0a —4.5a -5.0a —4.2a
7-leaf stage 3.7 ab -33a -4.8 a —4.3a —4.0a
8-leaf stage -3.0a -2.8a -3.7a —4.7 a -3.6a
O-leaf stage 3.8 ab —4.5 ab -5.0a -3.7a -4.3a
Kwiss Control -0.3a -1.0a -0.7b -0.3a -0.6 b
6-leaf stage 03a 03a —0.5b 00a 0.0 ab
7-leaf stage 0.5a 0.0a 160b 0.8 a 0.7 ab
8-leaf stage 10a 10a 55a 0.8a 2.1a
9-leaf stage 0.7 a 0.0a 000D 0.7a 0.3 ab

Treatment indicates the leaf stage at the start of the treatment. ASI is calculated as: (date of
anthesis) — (date of silking). Different letters in the same column indicate significant
difference at 5% confidence level by Tukey's HSD test. Source of variances are individual
plant for the analysis for each year and test year for the analysis for the average.

IR AR BR AARE O FE DS HERE R AT KT T 8B % Figure 3—2 (Z/n L7z, [39B29) T, 6
BN G 9 BEH O AP CTHALHREA X 0 HERER NV < A MM A B4y, 7—8 BEHIEH DML
THRAKEZ R L7z, X0 23] 1% 6 EEH2 5 9 FEHI OB CHERE 2 < 22 DM 2R LTz
OO, FFEOHEMOMRILIE CHBRDZFRHCELS 2D LW ) Z Lidheh ol 70 4 2]

X T39B29) & FIBEDR G Z = LT-7, 8 FEHID WL CREFEE N MEALEE(R D 20%LL T & 70 %
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FENRED o T, RBRERINCHD &, 2012 OB CIIKIRAAHEBRMARF O SEW L R & o
BRSO T o 7223, 2011 4, 2013 453 L O 2014 “E OB I3 Bk o 23 @
LTHBNTZ. 9 EHLEOLIIC X HHEFIR L, X0 NREDN-STZH DD, #H4F,
F A L b 100%R12IC 50 LTz,

Z 2T, 6—9 FEHNTRIRAH S - IR 2 e 1T, HERER IR UARIRALERBR e RF O BEH] 4
FKHEE LERE B L LT Bt 21T o7 L 24, [39B29) Tid 7 HEMI LT 8 HEH]
OARIRALEE CHEFE R I TR L 0 A EICE LS 2D, £ OO BER] o0 QUER C I3 LB E A
EORNCHERZERIIRO Lo T- (Table 3—4). NERY 23] TIRWTFHOIER O
IR T HERE R IT A ER E FRICR 2 O o7, [0 4 2] TliE, 8 HEHOKIE
SUFR CHERER (T HEALER AR ISR LA BICE LS 220, ZOMOZER O IR T ITELIRE R & D
MICHBEREZRIIRO NIRRT,

Table 3—5 1T, {RIRALEEBRAGIFIER] =& - S & ORI A i LR AR LT,
6 MO T, 3 ML LRI 80—90% CTho7c. 7 FEHOIRIELHE TIL,
[39B29) B L N7 0 4 A ] OHEFER I 60%FEEE L 72 > T=DITx L, NETD 2] TiE 80%
REZMER Lo, S MBI TIE, 77U 4 | OMRERIIZT 32%ICETIERTL, NiE
VD] DBL%ICK LAREIZ/hE L, 139B29) 1X54% &, NIEU0n & 7942 o
BRI 7l & 2p o 7=, 9 TEHIOMKIRAHE TIX, 39B29) BX O [/ v 1 2] OHEFEEHIT 70—
BOY%RREE & 720, NETND v) TIX 100%FREE & 7e o 7=, JLPRBHAAREIEN 4 o 7° & fh Al O It
FEREORARMEARBE L& 2 A, 139B29) 1% 8 FEHOARIRMLIIT K 5 60%55, XD 7]
137 BEHOMIRALIIZ X D 80%53, 17 7 A )13 8 FEWDIRIRALERIZ K 5 30%5B TH > 7-.
il O TR R L D B ARMEIC SV T BT 21T o 72 & 25, NEDY ) OREFER DK
EAEIE T2 ¢ 2] OFRLVEEICKEL, 39B29) ORERLE HEIREIZW T o 5L fE &

bABEIAELNZ»oT2 (ERO ) & 1700 A OFBRELR-72).
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Leaf stage at the start of the low temperature treatment
Figure 3—2. Effects of the leaf stage at the start of the low temperature treatment on relative
tassel length (RTL). O; <39B29°, [; ‘Papirika’, A; ‘Kwiss’. RTL was calculated by
determining the ratio of the tassel length of treated plants to the mean tassel length in control
plants. The mean lengths in the control plants in 2011, 2012, 2013 and 2014 were: 174.4,
118.3, 102.1 and 143.7 cm in ‘39B29’, 220.7, 198.7, 271.4 and 228.9 ¢cm in ‘Papirika’, and
140.8, 114.8, 100.2 and 110.7 cm in ‘Kwiss’.
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Table 3—4. Total tassel length (cm) among the leaf stage at the
start of the low temperature treatment.

Tassellength " ~value for
Cultivar Treatment comparison to
(cm)
the control
39B29 Control 135
6-leaf stage 120 0.762
7-leaf stage 85 0.024
8-leaf stage 71 0.004
9-leaf stage 99 0.128
Papirika Control 217
6-leaf stage 173 0.242
7-leaf stage 166 0.146
8-leaf stage 177 0.306
O-leaf stage 224 0.995
Kwiss Control 117
6-leaf stage 97 0.690
7-leaf stage 77 0.154
8-leaf stage 38 0.003
9-leaf stage 79 0.189

Data are the average of 4 test years. P-value for comparison to
control is adjusted by Dunnett’s test (n = 4).

Table 3—5. Relative tassel length (RTL) in the plants treated at 10 °C
for 7d starting at different leaf stages (LS).

Relative tassel length

Treatment Cultivar (%) n
6-leaf stage 39B29 93 a
Papirika 79 a
Kwiss 83 a
7-leaf stage 39B29 64 a
Papirika 76 a — a
Kwiss 64 a
8-leaf stage 39B29 54 ab ab
Papirika 81 a
Kwiss 32 b b
O-leaf stage 39B29 76 a
Papirika 103 a
Kwiss 69 a

The same letter in the same column indicates not significantly
different (p>0.05) with Tukey’s HSD test (n = 4). : comparison
between the lowest values of each cultivar.
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Table 3—6 12, 7 B L8 FEMNCHHAE L R ElhR 208 Uiz, R MR (3B
HIXDDOEMAH LI, [39B29) BLW 170 0 2 TII7HEMMT5—10 mm F2EE, 8
TEHNTIE 30—40 m FRE TH o7z, NETD H2) T 7 ZEHIT 40 mm F2EE, 8 HEHNZIT 130 mm
FBETH-T-. 139B29) BLO 771 2] @ 8 EMOMERE TR, X0 2> o 7 HEW
OREFEEHE & HEHICH BICR R S o Tz
Figure 3—3 T, {RIRMMEDSIERPEAIZ RIETRBEZ R LTz, /IMEH T2 OfEhEHEEIT
39B29] TiX 2 WEDWED 9B 1 HHFITITFRBE OIS B2 T2y, oo 1 EIZ
1, 8 FEMNARIRALERSBAGE S AT B A T OZEDN AR ALER S B AA S LT BRI B Tl
WS T DEMBH B NECD 2 TiE, 9 BENCRE BB kA S - B R T
BEHN AR TR ALER AN BR AR S T BRI RTINS 72 0 DT EFR S/ N & < 72 DA 72 5
Ao, ARIEAAE B AGFRFEEHRIC A B 2T b o7-. [7 0 0 2 TiX, 8 WK
TRAER S B A S T (B R i O RN AR AL ER A BR AR S V72 BRI AR T/NEYS 72 0 O FER)
BRI E < o, IRIEABRBRAARFEEIIC A BRSO biveh o 1o, FEELKKL
, B U7z 3 dhfE & 1T 8— 10 ZEMNCARIRALERE A3 Bl AA S A 7 AR C BEALERE (4 & 72 14tk
DRFHNARIRAL IR S 7l iR L 0 EAV NS < 22 2M1m1C, FRIC 9 BERNTARIRALPE 3B 4G S

TR T O JERN AR LB S Bl hp ST BIR L VAV NS S R D a1z,

Table 3—6. The length of the tassel central axis (mm) at 7- and 8-leaf stage (LS).

Cultivar ~ Leaf  Test year

stage 2010 2011 2012 2014 mean
39B29 7 5 15 9 6 9 ¢
8 22 28 54 14 29 bc
Papirika 7 20 52 49 22 36 bc
8 123 162 120 98 126 a
Kwiss 7 3 7 9 6 6 ¢
8 44 43 48 43 44 b

Two to three plants were dissected at each LS and test year. Different letters indicate
significantly different (p< 0.05) with Tukey's HSD test (n = 4).
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Figure 3—3. Effect of low temperature treatment on the pollen quantity index per spikelet and
pollen fertility among cultivars. Color of bars indicates the test year (dark, 2013, pale, 2014).
Treatment means the leaf stage (LS) at the start of the low temperature treatment (C: control).
Number of observations varies among observed traits and treatment, because the actual LS at
the start of the treatment differs, or pollen collection is insufficient, or pollen fertility cannot be
recorded due to insufficient pollen collection (). Same letters above bars for each year are not
different at the 5% confidence level by Tukey's HSD test. Bars without letters above did not
differ significantly among the treatments.

Q) ER

1) MR ORIELERIC X 5 SR 2= R oM

10 CT7 HREOKIRMLIFEDOFER, 139829 Tlk 8 FEHZ L SN 7= 54 IS HEREBITE B 3R
SAhiH A X 0BRSS, X0 2 TIEW T OENALEE X 70T b HERRBHAE 1
IR H X0 Bnodz. 29 LR Z & OIS, B Ca L7z 2003 0 M54 T

B A M L OBEEME (Table 3—1) AL TV, 7=, HEFEEIL, 39B29] T
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I3 8 HEMIG T ALEE & 7o 3560 | AL B (RO Ath O RV ALBE S 7356 12 0 < 7 D AT 3
HHAL, X ) TIEWT ORI S 728556 T BB ERIZ TR E S 72
5z LideoT- (Figure 3—2, Table 3—4). Z#Lh, 2003 fEDEBEME T2 2 MfE
T L OHFIREORMEGBE L T\, 2D &b, 10 CTT7 HRELETHZ Lick

->TC, BHRFEAEROMEZ LORBEZHATEILbDOEELLNT.

2) ARIR S M oD R 2

AIERC, XY 2> ORI YED e b REWRRNE, 8 ML TH D Alrettni @ &
L7- ARBAC 7T BB KOS N F v 3 U A LR S E A L2 2 5,
NEY ) o 7 EMOMEREERREIX T39B29) BX W 17 D ¢ 2] @ 8 FEH DO MEFE TR &
AR T, SO CIXEWCARICR 2N ERRE e (Table 3—6). HEFEDOFEE
TR EIR O R E DWW E - Tillr & SN TWDH Z &7vD (Bonnett 1948), NEXUY 73]
(37T IEINC T39B29) 7213 T2 7 4 A1 D 8 TEH & FIEROMERE R B IC >~ 7o L HEZR LT,
F7o, DX 2 © 7 ML, HEFEBRE B ATOREKIR TR T L4 570 CTTHY (F—#
HWE), AT/ Lz [39B29) OARIRESZMEN @R (500—600 °C) DOHEFHNIZH > 7-.
Lo, NECY 23 13 7 A2 S0 T OB OIRIELRLC X - T b HEREBIE B 134
P E X 0BT, HERRIIEABER L IIAERICR R O Rho7. Ko, NERY 2y 1%
RERER M OARIRESZ DS NS WRFETH D L HEE Sz, Eiz, XY D) OREEMED /)
S L, HERERSEN ORIRIZX LEREICS D £ 9 (BIEAER DO AT —UPMho fhfl & K&
KHELD) TETREINLIOTIIRLS, B, AHMICHEEIN TV HDLEEZI BN
7=,

[39B29] 1%, % 2 FET/R L7z & B Y BRI IEH ORIRERZ PRI R E W, T2 7 ¢ 21132003
FEIITHEE SN TEB ST, 2003 F£DOKEGEM N TORIERHE £ 72 I THEFRTERIIARH TH 523,

8 HEHIZRIT S 13 CT? 15 A7V L 21 HE O (Fifizie) B X OREEHICET S
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10 ‘CTO 7 HHEOQAHIZ X 0 MEREBASE H ISR B LV B sl 8 s 0, £72, Zhb
DRERNT K o THEFER DS BB ERIC LB o T2 2 & D, HEREFS = DRI
ZHEIX T39B29) ERMRICKE WL D L H#ELZZ LTz,

/NS T2 0 OTER EFEEE X O RAEKRIRIL, 3 3 W & 12 8— 10 FEHIH D IKIRAL
FLIC X VAR T3 2 AN B (Figure 3—3) . HEREREMOMKIRESZEN M WEE 2 5
5 XN D) THREEMREDNOBENNHDH Z L1225, NEUD 7 1 TRES
TR U CH/MNEEDI D T, TEMEARDSIERICEZ W (MEDH T OTEh EfaEMho
2L D REV) WHETH D0, 2003 0 X 5 REAGHEB OETH > THIEMMRBED

TR S, AR EL ol b D EHEZE LT,

3) fnfl I & OIRIRES M OHEE 1A

AL FE & OREREREEEIA OIRESZ PE OE Y, 6—9 FEHAIC 10 “CT7 B MEE L 7= B ol
BREOZEICESENT., T7205, 2003 FFICFEATR, RO I L OBHERHED
Byl snieh otz NEKRY 2 1, ZOMOWTNOEROMIRLIRIC & > TH KR
F X E (R D 80% LA | 2 BERafR; L 7= dloxt L, 2003 MR RED Bes, BRAEARIED
BB X OT-ERRRALH L7 139B29) TI, 8 HEHIOLLERIC X v IEFER 2N IEALERE K D 60%
L 7o o7 (Table 3—5). F£7z, 8FEMITIIT S 13 CT 15 HME/IT 21 HHDOLET
AST 78 T39B29) LA RITHIR L, 2 o/ERERE DS ELFRER D 10—20%REICE TR L T2
U4 A T, RRHNCRIT S 10 CT7 AFEOAFRIC X0 HEFER LI EIKR D 30% R
Lipoiz.

INHOZEND, il Z L ORERFEY ORI EOHEEIC BT > TE, 6—9 FEHIC
PFTCLERIT LT 10 CTT HREAE L, ZOFE, WIThOEHORIEQAHE T MR
DNEALERE (RS D 80% LA T & 72 & 722\ b Al T ERE S s B OARIRA S kb3 2 s s /h S

& B, A 60% NN I/ 2 iR TEZEN R E WL E AR D LB R T
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722U, A% 2 RN T, 6—9 MO MIKREZ S b @O A% 5 &
IR D 72, ARBRCHE Lok, MBS 12— 15 L TR RI73—75 HZ 7 A DLl
ThD. WEHN LD ZVEES, B2 L0 BEOSEOKIEEZEEZHET 256101,
HEREEENE (40 mm mUF%) F 72 ITALERBHAA B 2> S BHIE £ COREE AR (500—600 C) M b,
WLPRZAT 5 NERF A RET RE LB OND.

7235, 2012 FFE0D X O IALBR DB RN & 72 2121, Ay MEEHEEO AT R HELS
DM B OB (F 213 RABEGIAR T £7213 EH L TH I AEHNO KRN
20 CxE TS E/1L 32 Cx LA L) BHAELTWEZ EngEbd. 4% 29 Lo
ILORAEFERNHE SN, IIETED L D270 F T, RIS MEOHEE SR BRI I EUELT
INRELEZOLND.

AGERTIE NEOD 22 OBELEER O R B 23 HEREBRAE B~ FRY B 72 (ASI
W—5 itk L ro7z). TIEO 2> 1ZE S S CIIma A h I REREBHEH & v BR BV
WED (BHEOASTIZ—2 A) (RSIRERERY; 2015). R bR TRAA LN R I2E
NIZREIEHAME TRV SO0, NEY 22 IIARRBRORESRIFICNIET 2MH DA kL

IZ X VR ORI B AL Z T OT W CTh o AR H 5. BESNDERD 1o
ELTC, BT7ABNOKIRIIEROHFIZIX 35 CEBRZIGAENH-T22 & (T —2 K
#H) BHITF D, Cicchino b (2010) 1%, MARHHBIERTIC 36 CRED SRR LRI
Sbhahd L, BAn R X o TR EN S Z L 28 & LT\ 5. Duvick (2005)
I, AV LD ISR TEREERRE L TII I o COBREEA R L RIT XY AR
HHEIAENCT N LIRS TN D, T 23 1, FBICHW STV D BRItk
WREAESRFEIC R LTV D720 (B D 2007¢), EARRIITIZR0R0 b W LR TS - 72 ATREME DY &
L. b0 ENnG, KRBROMGFES NI 2 THRARHEIA R E B0
El A R LT D OGO MR ZED RN TH 5 AIREME G V. £ O, Ky MdER S

TIXOABHEFZER (FZITRIEY ORIREITERDO LT I) BRE & 7o 7o AraetElx
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RENTWD., S%EREORBRZIT O BICIIA 7 ABO=REN 20 Cx2 FEIS R, £7-0%
35 CULEIZCER LWL ICT AL, WHADEREA F L ARBAE LRV ) AFERES

RHCERZIIO ) ZLNEELEIOND.

57



FA4E HMEBEEREHOERRZMEICET IECHHR

E1H EAHhETEEREO LR

% 3 B CHEREI I ORIRRSZ IR ZER N D 5 2 L 2oRm LIy, Zivk TOER
T, RIREEZEDN NSV EHEE ST X0 2y oA TH-7-. FyEra T
FBERIC L DN EMR LOMHREEOR B2 ZE L, B RAFEOBE S #O) BSHEICEZ 5.
R, EEAREE DR E © TV D 2 HLm T O S FERE ClE, FAMEOWR R B I NI 720,
TR0 (Setosphaeria turcica (Luttrell) Leonard et Suggs) MRJIEIR (Pythium
graminicola Subramanian) (219 2HPIMERTHA2EAE NS 0, EHMEREOR T2 L1
F VR AT OE D Y A3, NI 2 1T ENEE O OREICEN T2 &5 2005
A E B B RIS B gk S T2, £ OB IRDOYR (Gibberella zeae (Schweinitz) Petch)
TR LT &0 D Jkls EERZR R B2 & 72 0, 2010 I AE R AL O Bk &
BEIl X iv7e (Al BREGH A FE R IR & PEIR BULER 2015) .

FMHTO ~ U E v 3 U2 Z BNk S 5 72011, HEFEFS N ORI MED
INSWERFEEEZ KB L, FIHLTWS ZEREELEZ NS, T, KHiCIIBE
17 Pl O JERE R W ORI M 2 HEE U, IR MO/ S I3 80 X ) 2R i

HASL DONELRLT-.

(1) MPERHE

HEERAARI TN T AL D RM76—80 H 2 7 A [IEWRY 7>, [39B29), (70 ¢ R, [F a1 A,
(7250 Hr, TLG3215) BEOY TV U — K (Anjou227) | & L7=. #BRIX 2010, 2011, 2012
BLO2014 FIfT o7 (RIS L o THERGFIZR 2 D). [T 2B A I RA Y O KIS #E Rk
DO RMBO HZ 7 ADMFETH L (FHHS 2006). [7oHURY 2 13RI v Z — N ER L7

RM75—80 HZ 7 ADSLFETH S (B S 2012a). [163215] BLR TV U —F (Anjou227) |
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X770 ADY T LA HERERLIZRT5 A7 ZAORFETHL (EEDS 2007, FXiH
2013). HMEREFESEMIORIRSZ 25 2 B 2 fio Hikic L e Lz, @iz b5 L,
1/2000a U 7 xRy &R, 20 CLULEICRD X ORELIET T AETAFTESE, 69
BT T 1 IEMET L 2H D U Z ORMICAEEZBIMAT 2 L 5B (i TRz
3ER%E 10 CloakE LIARiR=ICE) Lo, IR 7 B & L, LBE% OEERIIeo T
TABTHEFTIHET.
FAHE 2 WU ERBRL (1720 2] BEXOTY U — R (Anjou227) | 1X 1 BHFEDHHER),
55 3 B 2 B0 BYE (ERE R O HEALPRE (RSB EE S 80% PA L o> il & s M/, 60% LA T &
dn A RS MR & T 2HE o THEREIS M O IRIRIRSE A HEE L7z, Ao
R O BARRV R, & RIS U728l SR 2 DU L7z, FFHLEix, R(OX—T g v

2.14.2) # W TITo7-.

(2) #HR

Table 4—1 12, IKIRAEEEAOHERE S LOMEREE L Z/ R Lz, TIEN0 2>y, 39829 ¥
FO 7420 0%, BI3IEF2HEFAROERL koo, [T aW A 131 WFEOHOHR
THDHN T HHF LU 8 M OIRIRALH CHERRR I I IR EA L 0 B IS 220, TEfER
X 1704 2 WENLL FOMEICE ThEL< 2ofz, TIebUN0 2y BEO TL63215) 13
7 BEW F 7213 8 FEH O RIRALEE CREFER 1 X IALERE (R I L _RORR L AR DA B B o 1278,

HEFER FE O RARAEI L TR 2] & 0 R0/ N S VR (T0%59) Tdh - 72. [V U — R (Anjou227) |
(X1 HEOHOUETH 2 53 8 FEH O RIR LB CHEFE R I X LB E (R 0 50% B2 F TR L
lz. INBHORRNG, 139B29), 794 ), [TaBA] BLOY [V —F (Anjou22?) |
(RO MRIREZEN KR E L, XY vy, 172U 2y B8EO TL63215) (XHERFE
BRI ORIREZ NN SN EBZ 2 bz (Table 4—2).

IRIRRSZPEA R E W EHEE Sz 4 AT, WRBLIC T > MO BIRHLAME DT
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7= (Table 4—2). —7F, &I

N TLG3215) 137V v MEBEERMEFE LORMEMLFETH > 72,

BEMED NS W EHEE ST X0 ), TTebT 0 BX

JEN

Table 4—1. Tassel length (TL, cm) and relative tassel length (RTL, %) of commercial cultivars
treated at 10 °C for 7 days at various leaf stages.

Test year Treatment Cultivar

group 39B29 Papirika Kwiss Ducas
TL RTL TL RTL TL RTL TL RTL
2010 Control 110 237 122 120
6-LS 100 ns 91 182 ns 77 70 ns 57 90 ns 75
7-LS 118 ns 107 203 ns 86 60 ns 49 35 *** 30
8-LS 65 + 59 243 ns 103 69 ** 57 36 *** 30
9-LS 82 ns 74 243 ns 102 47 ** 39 104 ns 87
2011 Control 174 221 141 nt
6-LS 126 * 72 198 ns 90 115 ns 82 nt
7-LS 114 ** 65 174 ns 79 108 ns 77 nt
8-LS 87 *** 50 159 + 72 34 F** 24 nt
9-LS 110 ** 63 230 ns 104 85 * 60 nt
2012 Control 118 199 115 nt
6-LS 149 ns 126 131 ** 66 99 ns 86 nt
7-LS 101 ns 85 107 *** 54 61 + 53 nt
8-LS 78 ns 66 149 * 75 59 * 52 nt
9-LS 106 ns 90 165 ns 83 40 ** 35 nt
2014 Control 144 229 111 nt
6-LS 99 ns 69 177 ns 77 101 ns 91 nt
7-LS 62 * 43 162 + 71 109 ns 98 nt
8-LS 52 ** 36 190 ns 83 55 ** 50 nt
9-LS 97 ns 67 234 ns 102 105 ns 95 nt
Average Control 137 221 122 120
6-LS 118 ns 87 172 ns 78 96 ns 79 90 ns 75
7-LS 99 + 72 161 ns 73 85 ns 69 35 *** 30
8-LS 70 ** 51 185 ns 84 55 ns 45 36 *** 30
9-LS 99 + 72 218 ns 98 69 ns 57 104 ns 87

Continue to the next page.
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Table 4—1. (Continued).

Test year Treatment

group Tachipirika LG3215 Anjou227
TL RTL TL RTL TL RTL
2010 Control 153 133 nt
6-LS 125 ns 82 121 ns 92 nt
7-LS 108 + 71 87 * 65 nt
8-LS 108 + 71 102 ns 77 nt
9-LS 136 ns 89 142 ns 107 nt
2011 Control 137 200 nt
6-LS 138 ns 100 171 ns 86 nt
7-LS 118 ns 86 142 ns 71 nt
8-LS 103 ns 75 156 ns 78 nt
9-LS 126 ns 92 163 ns 82 nt
2012 Control 115 nt nt
6-LS 105 ns 92 nt nt
7-LS 107 ns 93 nt nt
8-LS 53 ** 46 nt nt
9-LS 92 ns 80 nt nt
2014 Control nt nt 154
6-LS nt nt 125 ns 81
7-LS nt nt 121 ns 78
8-LS nt nt 85 * 55
9-LS nt nt 126 ns 81
Average Control 135 166 154
6-LS 123 ns 91 146 ns 88 125 ns 81
7-LS 111 ns 82 114 ns 69 121 ns 78
8-LS 88 ns 65 129 ns 78 85 * 55
9-LS 118 ns 87 153 ns 92 126 ns 81

Treatment group indicates the leaf stage (LS) at the starting of low temperature
treatment. RTL is the ratio of TL to that of control. ns: not significant, +, *, and
***: significant at 10%, 5%, 1% confidence level, respectively. nt: not tested.
Source of variances are individual plant for the analysis for each year and test year
for the analysis for the average. Italic values in the average rows means that the
cultivar was tested only for one year.
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Table 4—2. List of the lowest values of the relative tassel length (RTL),sensitivity to low
temperature at the tassel development stage and the cross combination of the hybrids.

Cultivar
39B29  Papirika  Kwiss Ducas Tachipirika LG3215 Anjou227

RTL (%)

6-LS 87 78 79 75 91 88 81

7-LS 72 73 69 30 82 69 78

8-LS 51 84 45 30 65 78 55

9-LS 72 98 57 87 87 92 81
Sensitivity 1 3 1 1 3 3 1
Cross combination ~ DxF FxF FxD  (FxD)xD  FxF  (FxF)xF  DxF

The lowest value is highlighted. Sensitivity means the sensitivity to low temperature at the tassel
development stage. 1: sensitive, 3: less sensitive (according to the results of Chapter 3). D and F
in the 'cross combination' row mean dent inbred and flint inbred, respectively. Sensitivities of
‘Ducas’ and ‘Anjou227’ are estimations based on a single year experiment.

Q) ER

I BELMERL TRV L H D2 &0 D, 22 TO/RRE D > TRETOMRLED
R E O IRIRRSZ L2 T E S5 b O TIHAR WD, FEROMITICH 7 0 £SO
B MEZ RO X SIZFM L7z, T39B29), T7 v 4R, [FahR) BIXO®TVY—F
(Anjou227) | 13ARIRALERIC K 5 HEFER FL O RARAE DS 60% 2 FIE1 D Z & 7 & HEREFE ] DK
TR MEII R EHEE Lz, 72BN v 38 KL OV TLG3215 ) 1 MRS R FE D B ARAB A TIETRD 2y
(Do 72 2 & B IEREFS I ORISR T/ N E HEE L7 (Table 4—2).

728, AREORER CIIATE E COMEN SRR NS W EBZ LD TEUY Dy
THHERIR L (53 4 DAEDOFEIHE) OFARMED 73% & 722 0, IKIRES M/ o FEHE (80 BA )
FV/hE< otz ZhuE, BBFEICE > TE XU ) THRERERD 60— T0%FEHE T
FTCIRTTALEERH -T2 THD (Tabled—1). LL, BREETLICAHAD L, 1| VIE
(2012 ) %A BREERER L O BARMEIX T0—80%Rit2 A HERF L Tz, —7, BRI E TORER

SRR EH ORIEEZ N REWEEZ S50 139B29) BX O [/ 7 ¢ A T,
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IZEEE OB CHFIR L ORAKMEIL 60% LU T &g oz, R E LT, AfioRBRTH NI
WY | OHEFER I OFRAMEIIER SRR ThH o722 Lnnd, NERY 2 135 & &K
RS/ NO TR E Ble D EFE X T2,

MERE S M D IRIRE S PEN R EHEE S FRIT AT, TV MEE 7Y MED BHERHE
IR DRMERFECH o7 (Table 4—2). —J7, KEREREM OIKIRIESZIEA /N & HEE S L7z 5
I gis 7 U MEHERER LOZHESE Ch o7z, 7 U > MEIXT v MEIZH )
L CRATRKEMBEECEND 2 E, HBiEMc L <@#S L7 THD (Frei 2000, Troyer
2004). 7V v ML TV MEE OBISAIZREERET, 5 2 O BRI 10 24 L T D
HERESREA N E L TR, BISHIAT OSREDIZE A C1XZ O AEGHERERIC X - TEH
INTWDHZ & (Barriere B 2006), HHWMEZ OMEAEOETIEHTRE LI TS Z
& (Moreno—Gonzalez & 2000) IZRALTWAH. LLEND, [RONMEMENC L 2B TIX
b, HEREIEENOKERZEO/NS 137V > MEBEFLRFA b OBAEH R SRR
LEZBZ BN, F, RREEZMEN/ NS W EZ X SN AEOHPIZITERE B L OEKY
I D NG EN TN Z L d, (KIRESZ NN SWERIXERE DMEA T 2 8
EIRIIRAFE L TBNLD LW D KV 7V o MEAFRKFE LORMESFEE LTHND EEZD
iz, ek, KRBROMSHATIE, 7V > MEDRS ED K 5 B s R RIS ] 0
RIRBZMEICER T 200, £72137 2 MEOBHERHENSAVLND Z &L 0 7B HERDE
EOREEZMEL LR LTLE > ONTIAMICTE Y. ZOREZMBHTL720120E, 4

B O EHSR, & 5 WITBARFIITE ORE 2 FEICE S SKHREIR RO b 5.

E28 HREERMNVALHNERERRDLE
HIETC, HERERE M ORIRRSZ MO/ S 3BT TV 2] SRRSO TR

mNEEZONDT L, o, THLEMMITTY v MERIEORZMERTETH 72 2 & AR

63



L7-. A1k, HEREFEES ORI/ N & W LT 2 2hRAICBIZE L TV oI, &
B DIIREZ DWW TH BARHED ORES) « DIREPIO NI THZLENAERTHD
EEZOLND.

HERERE I DRI MED & 5 e BRI E OBCE A T4 2 72901213, BIERHE &
D2 DHRE WS T2 ZBOME 2 OB AT 5 MR H D (& 2003). E7z, xt5&
THREOIMEITEGSE TH D Z ENEEND. LiL, brEn 2B E ok
B 27 DIZIIABENRRE VAR v EBREET, B OHKIN D 1 RO TELE OB
AT 5 Z LIINETH D, T, HERFSEM OIRRIES O FHANE 2@ e T 5 72
WITHER R ZFIRHT 5 2 e 0362 EZ 2 06N 50, HEELORERE L&D 5 7-DI2iE
WPR S & OE GRS AT LER S D, AEITIE, RO R - BREcoRBRT

& % e OBACHRADIEIRICITES 2N b DO, AT « Rt ORI PRI 63 2 8 B Al

Eﬁ

N

DR DWW T DI 22 E 21T o 72

(1) MPEHE

HEAMBHIAL RN o & — CFRE ST ASHERHE 16 Rt & Lz (fl X0 v B &
O 72HT0 2 2ale). BERKE L £ OB AEARM Z Table 4—3 TR L7z, WTNo%k
M, ABEITREIC NERY 2y 720X 72500 2y ORERCH BRGS0 T
Wo, NETD ) BRO T2 U0 ) OB ARG 3 RO RKELMR T 5 &, [Ho87)
X7 7V ADY T LA B F i H K, [To85 ) IXALHEE/E A H 3k, % L C [Ho90
X7 7V ADRAF=THBERD F, b flE & ALRETE R & O %Rk Th D (RED
2007b, 2007c, 2012b).

BEIARMOBIEHIE RITOWTIE, ZNENORENOHEE L7z (Table 4—4). K HIA
Ria 7Y Nl T MEOEL L ERBRTNIONTIE, AR THIUTESGHRE (EE

5 2007a) F B G FELZHAWT (Enoki & 2005) HETHLENHS. LL,
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AR Tl AR DB R ELEIIT > TN, BB RNLHATT Y v MEOE
BN 50%LL EOBAERGIE (77U MRY, &9 TROVWEIERKIT [T MR EHBIC
SR LT, ZOfER, BRERKE TA), B, [C) BLO D) (Zh b 4 RFtiIFAFEE S
TWRVWDO TS TRILL) 137 MREDESN, ZTOMOBIERHIZT U FRESD

HIhi-.

Table 4—3. List of the test hybrids and their parental inbreds.

Parental inbred

Hybrid No. Female Male Remarks
1 A Ho87 Test cross
2 Ho87 B Test cross
3 C Ho87 Test cross
4 Ho87 D Test cross
5 A To85 Test cross
6 To85 B Test cross
7 C To85 Test cross
8 To85 D Test cross
9 A Ho90 Test cross
10 B Ho90 Test cross
11 C Ho90 Test cross
12 D Ho90 Test cross
13 To85 Ho90 Test cross
14 Ho87 To85 Papirika
15 Ho87 Ho90 Tachipirika

Names of four inbreds (A, B, C and D) are masked
because they are not registered genotypes.
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Table 4—4. Genotypic background of the parental
inbreds used in the test.

Inbreds Genotypic background (%)

Cornbelt Dent European Northern
Dent (earlier)  Flint Flint

To85 100.00

Ho87 50.00 50.00

Ho90 50.00 50.00

A 75.00 25.00

B 25.00 62.50 12.50

C 18.00 74.00 8.00

D 31.25 43.75 25.00

Names of four inbreds are masked as they are not
registered genotypes. Genotypic background was
estimated by their original cultivar or crossing. Dent
(earlier) means a dent genotype with improved
earliness by crossing Corn Belt dent and northern
flint genotypes.

SR DIEREFR W OIRIR B A HEE IS T 272012, 3 EH 2HOFIEIZI VAR Y b
R AT 7. g ZFLR 32 &, 1/2000a U7 3 LR y &2, 20 ‘CLLEIZ/RD X H%
ELTZH T AEBTERSH, 69 FEHNIHIT T 1 IEMETL T LI12H 52 UdZ ORI LB
AT D L OFNY T TRV 3ERE 10 CIZERE L7 IRIR=ICBE) L. IR 7
HiH & LALERE OEIRIIITE DO H T A TAF I W72, BAERINTHERE 2 AR THIFR L ClalIY
L, HREAWNE Lz, BRI (RTL) (%, HEFEE O SUEREAES L & LRI L.

FRBRIT 2015 420D 1 DEEDHFEN L7zT=, MRS IE ORIRRS MR E R HEE L7z,
Fo, RRESMEIIRND 2 KT 3RDICHE L. T7hbh, MR ORI
25 80% LA LT F o 7o RFITARIRIESEME /N, BEFER L D B ARMEDS 61% LA 80% A 72 -
7oL Ty, BU< 60% LA FEo Rl TR) EaMii L7z, 7235, HERER O AARE
I TARIRALERBR AR FEE ) Z & O EAE W), BRI 2E DR REWVEEZ I HNZR
BT, AR 2 & OIRIREEBA AR R & HERER LL & OB 2 2B ITHIEZAT O a1 b

> 7.
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(2) #HR

MR L7z 16 RifEh 8 RFITHERER L D RARMEDAT 80% & 70  IRIRAEZMEIT/ N S HIE S 1
7. FERIS, 4 RFIHMRIRESEMET, 3 RAITRIRESZ PR & flE S vz (Figure 4—1).

Table 4—51Z, NIEXRY 2 BEI T2 H R0 M IZHW B ZBLE FERHE (THo87J, To85)
FBE THo90) @ 35%ME) ZEIZHEB LRI Z R LI, 7V FREBRLICAER
FMOZHERINE, WTN B IRREZ M NS ol 7V » FRXT V hROHERIED
T, [To85) ZRMEBIZ W RHLTIE 3 KRBt ( TAJ, TBJ, D) 2MHFHH) TR M
WREL, 1R (IC] BHFAB) THRREZ MR /NS o7z, THo87) KT [Ho90) %
AEHEBUNZ TN SR8 TIMRIRIESZPEA A U TN E < Ae o 7283, THo90) % ZZHEBLIZ FIV N 7= R/t

TIHMRIREESZ DN S K 7R DR o Tz

Q) B

T RREBRLEEBIERHED AW ON MR TIE, 7V FRERR LI BIERHK
) £ D AZHERA K 0 ARIREZ PER KR EWE Th o7z (Table4—5). ZDZ &%, AifinH
ERER, T70bb 7 U v MERLORMERILT > MEE W T MRS L 0 HEREFS ]
RIREZERN NS NWE W) ZEZERTDHHDOTH T

NECY ) BEO TT2bH U0 ) OBEGGRH ([To85), THo87) I KT THo90)) 12745
H L CTHRMRRORIBESZ EZE 2T L 25, £, [To85) ITHAH 2 AARMIC L - T
DRHEREDIRIEREZ IR E < IEB 20z (Table 4—5). 2D Z £, [To85) (FFHA
HDOHFIZE > THIO TIRIBESZMEDO/NS SR T LB F2 b o> TWD Z LRI

C

%

bﬁ‘(ﬁ;

9‘?)

7=, M5, THo90) Z W= AZMERMIE, L7 T o IR & DORREFLAS
TR ME/ NS 757 (Table 4—5). Z D= Lk, THo90 | | ZHERFS I DK IE K
ZPEZE L TN WHRIZER T 2 — A ERE /1 2 & DRl REMED R X 4u7=. THo87) M H

W DIV AHERENE THo90 ) (BRI AR PED /NS & 2 584 L 72,
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Figure 4—1. Relationship between leaf stage at the start of the low temperature treatment
and the relative tassel length (RTL) for the test hybrids. SI: Sensitivity Index (1: sensitive, 2:
intermediately sensitive, 3: less sensitive).

68



Table 4—5. Lowest values of relative tassel length (RTL) of the
hybrids re-ordered to evaluate the effect of inbreds.

Picked-up Hybrid Cross combination RTL  Average
inbred No. Female  Male (CV%)
To85 5 A To85 60 62.5
6 To85 B 60 (17.4)
7 C To85 80
13 To85 Ho90 80
14 Ho87 To85 90
Ho87 1 A Ho87 70 72.5
2 Ho87 B 80 (6.0
3 C Ho87 70
4] Ho87 D 70
14 Ho87 To85 90
15 Ho87 Ho90 80
Ho90 9 A Ho90 80 775
10 B Ho90 80 (5.6)
11 C Ho90 80
12 D Ho% 70
13 To85 Ho90 80
15 Ho87 Ho90 80

Hybrid number is as same as in Table 4—3. Inbreds A, B, C and D are
the same as in Table 4—4. Picked-up inbreds are the inbreds used in
Papirika and Tachipirika. RTL indicates the lowest value of the
relative tassel length. Average is the average of hybrids using inbreds
A, B, Cand D.

B - TR (2000) (X, b UER YOI ROEBEGEGUEC T8 S T OISR O1F A
(MR E L TnD EEXbNDLZ &, BINBHAYRES), FrEMEEEIE D
RSN Z EEWmE L, B - 2A (1986) 1%, b UEwr Yol EERFEREIEC
DWW TEBRKZMAE LIS, N eH 2 WITEMEI R OFE LR, KEEcEN S B
SR & FEMR A I W e RBL 2 AT 9 2 & THRPUEICEN - ZHER DO BRS FIREE LTz, M
g1 (1979b) 1%, b+ UERr 2 OMERMEFMANZREERRE R L L, IEIRMEICE T
FARMOBRNEE TH D & LTS, BRI E ORIREZEIZ W TS Bfo k5 72
HEDOMAD KD BND.

AR RIS YD 2 a TED 5518 3 B & D70 <, FrED BIERMICKT LA AT L

WERZAT-TobDTHRL, S BITHBIRRAHEAS LT w7y, BakUTEmE



TR T X 22, L L, BEREREM ORI PEIZ B 2 BRI I f A G RE )
BLOBHHAEREES & BITAFET DA[BEMENRH D Z e BRI 7. ok, KRBT,
REALARIZ BT DB RO IEY (FE1-8 & BB OR) 13 5HER M DARIRIRZPET
Brbh2nwehpLTWD ., REOES PR ZE ORIRRZ I RIT T2 (B
D) 1ZOWVWTUE, ARBROFHLA TIIHLMNITITTERWZD, SBROBFPLETH
L. 2L, BRXIEMTHD FyEra v T, Ry B 1 RS-0 OfGRE A E SIF

ELIITERWED, SBROMIEOHAERPEEND.
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F1E FUEAIVICETRERICERT AFRORE

(1) 2003 FDFEEER

2003 £R|Z FEARFDIEAE LT B Tl RS ITEIEZKEEIZH Y, K RIFICRIEIT
%<, S HICREZOMFERRNGEE L RFTHERORBETRno72. £, FEARIT
REIHUE AIK THA L T elow, FEEOMGE I3 E B HENRR TH D L1TEZ B
NiRote, —J5, TERRPFEA LB CILMERERE SR H ) L 0 ks 5%
LD LBE (7T B T8N, [FRFICIEREEAETAL Ch 2 RV NEDN R ER S (IMEERD
J) L Z LT, 2003 FEOMREIHIE TIX, 7 AIZH FEHKIED 13 Chit% & 72 5 KR
FAEP AR X, £ AR b EN o7 2 BRI ThH o 72

FHEPEZSE 1L Thakur & (2010) (2H B2 KD ITIKEA P L ADRELZ T W0EGE Th
5. FRZ, ANATATEAE R R ORI R & W o 7o A b b A DR DRI S O
HOMKIRIZIE, 22 ZNDRARETH-o THRERFELZITSD (Satake H 1969,
Brooking 1976, Satake 1991). F7z, HEREBAEH] & RO R & e CtEm A &
W, FERRROFREZY 5% (Bassetti and Westgate 1994, Uribelarrea & 2002,
Westgate B 2003). BALEDZ &M, 2003 FOFFEAFRIL, 7HOFE LVMEIE - KA B35
LMo THEROEICRFENEEL, FRE L TREEIIEH R EI B Lzl
cHEERIND.

ek, MO U Er 3 DRI A RIRREEL, HHFEE RE) OERICK LA
BIEMETIIME, H D5 WVITERIIOKBIC LA BAARNRICEAT 20NN TEY, F
FEARRICEE T 2 EIT RN 57220, LA, 200340 7 A IR TH LR L D 7
IR - K H BRI L 30 FFRREDRGT — X 2T L T HlE L A LA LT, BTN

BRI EF LW D s W2 Tz, WARIEDS IR T D FHEAREOREFI N /2o T2
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DI, HFAICH TS ZAUF EFE TITEE LWVMERIR - KB RS T CoORREFFI0 D727
eHEEZLND.

ABFFECIE 7 HEHNARIR AR & A0 7 B (R Tl oo B I AVER S 7= (A & 0 7R R TR AMK
TT MmN BNTD, ZOEEWTNSL, EFEEEMOIXLSENREDSTZZ &
SWTHOER b BELIE K L ORI ITH BEZITH DR -T2, A R TIEFELBRIE
TEAREEZTIFE LD T2 L) A RIRAEZ 2 R T, KRAE STV
BRI 22 S5 L FEREROKTFIFEALEI LRV E STV (Hayase H
1969). £7z, YA L THIEMEARIZEZENHD & 9 2IKIRAFRIFIZI W T, MErEORaME
WZIERREN A U720 & STV D (Brooking 1976). X 512, 2003 4 ORI C 13 HERHBR
TEHOBNSLHERE NEDIRL & W o 7o RO RTESHBRICRBLL T e, 2o Z &b,

2003 FEDOF-EARFRNMEFEDOEIZ L » TRRAEL CW RIS WEE X B A.

(2) RAEHEORE (ERRATEH MBAMERLYEN-C L) OREER

HEREBIAE N S AR 1 0 KIE ISR &0 D &1, HEPERRR 3384 L TR 2
Mo TWeZ AR d 5. AT T D HERBITEH OERIL, 50%LL LA 1 /1
THHA Lz & LR, EL LT, Z0%BEREERIZHIZ 2NN A LR WRERX
Wi olz. HEMERRRITRFE ORI OMKIRA ML AR o TRAET D Z EBRMBNTVDEH
(Satake © 1969, Brooking 1976), AHFFEDOAR v FNERERTIL 8 FEMHIAIRMLEL S /- (B
CHEREBRTE B 23 ER A B £ 0 B A BIAAVRENTZZ &0 D, 2003 I HEMATRAFEAE L
TWe T 258, SEMOIEIEA L ANRZDG| & e Lol mREMENRZ X N, Lol
2003 FE D 7 AIZIRPIHI D b vER a VN EDAEFT AT —UIZH - T2O0E, FFEOFHAEDN
REN TR S T2 IEMIZIZ D, 2T ET, 2003407 HIZhvEra Y
X8 M o7 L N2 DDMBELEL, RWT 8 EHAMOIEY THIS N TV D IKIR~DEZ

PER W & R E D DINELR LT,
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RENER TS (RIEERERYE 2003) 2L b &, WfE =~ (AT T
2UNIX 6 A TRICIT 6 BEHICIXEL TR LT 7 A TAICIT 10 /A4 # X T 2 L 23k
ENTWD. AFEHS TN, Co— <L TFE2ANLEERL TR TV (2
DOFEEVETIT 7, 8 THIRIZIZIT /LT 72 LITHEARTERDS 1 -2 %< 72D ARIIERG NI
BT % 2006 FEDOFRARE R, RIEFE> ), 200340 7 H FANCITZE < OIS T 8 I/~ T
Wz EHEE ST

Tranel & (2008) 1, MIEHAH 17 D F 7 E 1 2 v HIERH TILH O IL V8 525 V9

(Ritchie & 1993) (22T THEE Y, LRI OREZIT VIO 225 VI2 12T TR 5
ELTWND. ZNETICHMAZRFRE AT 2 L, BER 1T HORFD V10 & ITHREEKD 59%
PSR U7-HEH & HEE T 5. ARRBR TR L 72 139B29) ORIEEIT 14 /it ThH D729
Z D 59% DHEHIT 8—9 WL 70D, Lo T, 39B29) 1% 8 BEMARTHEICIER /Y ZLM 02 DRl
#% OIEFER R PRI & o - ATREPEAY S 5. Warrington and Kanemasu (1983) 1%, hwEw=
> OHEFESALINIRERE D © HEREBAAE £ COMIM DK 1/3 DRI TH 2 LHE L TWD. 2003
FEORHIMITIZI T D N e a v OfFFEIL5 A THTHY, HREEEYIRs ART
HATh-7Z b, buErmafde A TAUBRICHERN 2Ll TWEEHEETE 5. 7
1, HERSHMEBRAG D SIEH AR OME 2 E Co BEUE, RMLI0 H Rl O B HERHE Tid
F2—3 & INTVD (ZOBREE, x5 L LTeBEFRICL > TEDY 5 57-0H< F
TZETH D) (Tranel b 2008) Z &b, (RIZ 6 H TAIZHEFEDO LD MG E > Tz &
FUE, 7T AR E T H N 2 B2 T EHEETE D, 2D OHEEN D, ffE[39B29)
Tl 8 BEMRTZ AL R AL OIS 0 202 ORI ORI &2l 2 TW e b D L HEZR S 5.

Ry MiBRTIE, 8—10 HEHOIRIEAIIC L W BEMEWKRRMET T 28808 b-71-. £
7=, 8—10 ZFEHAE DRI L 0 /NEH 72 0 OfEkr & (RIS TR ERIC K 2 &2 K% 1
& LT3ETHE L) DS EEQUEE (K S 72 134t 0 B SRR ALER S 7= (B & 0 33 % )

DAL, Ry FNEHIZBT 2 206 OfERIE, 2003 40D M52 5 HEFEB LI o
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BIVIEMEATRIC L 20D ThH oo L THREFHORINZIF LTS, 22d, Ry Mk
BRI B\ CRFEMBRIES LOVMES 72 0 OB EED LR 8—10 FEHI L g H -
= DIX, HEREO/NEIZ A RIRHCIEET S O Tldre < TR oL T 53 E L T
Z DRNARAAE CHET D (Tranel H 2008) Z &R0, /MEN ML LE DB SEFET
% (Bonnett 1948, Tranel 5 2008) Z riZkbEExHND.

AIFFRDOR v NRBR CITHEEARTRZ DO b OIIBIE I N ol ZOHEBE LT, filx
IRy PSR TIHMRIRAABE AR LM A3 IR T T A THIEE SN D 2 &, TRy
N COEBRMERSHH Z ENBEZ DD, Tranel 5 (2009) X, FTVERIUIEIRY b
FAFTHRIET D L BRI A A I LR L COIRRM L IXR e 2472 (ERT D)
EIRARTND A, AT HRERORIMD 2 BTz, By MEERA OEBE R EZBRN 5
DIFHEEEE 2 DM, hUEaaUIZBWTHEERRZ N THICHETE 28BS0
fRBADMF T2 %

7B, HEEARRORBAERD 12 LT, ~RMETHD NV r 2 R I
A FE D T2 HFE T BRME CIIMEMERFRRA A A HA1 5 (Skibbe and Schnable 2005) Z &A%
HIFHiLd. T AFITBWT, BREOMIEREERTRME & TN ZIUER T DR ERIE RS
T L AT RBROMER, MIE & Rt R F R OME I K o TERRa L 7213# 5
AERBO LN ENME SN THD (RRIFES 1986). 7€ 2o O T 13 FaE
B DNEASNTWDEA, RIS, YEEo [39B29) CRatkmIEEn - OREANRELET
bolel T D&, TN 2003 FEICBIT HEMMBENROIRIK & 72> TWIZ R REMENH 5.
L2aL, 2003 4T [39B29) Z 45 L TV ARSI LIS OB M ClI R AFeA 84 L7z
& OWEIT Ao Tz CEAL 16 B AL RE 2R iR A EHED B ERE 2003 <NEE R
> ). AR D = AFITEIT LR TIE, fetEOEIERREIZITEBR ML TIC X 58V idH o7
TENMEESNTEY (RED 1986), RIZ 2003 4EDIEMTRE BA L ORI A FRE 1 O A

BEIIZH-T-E LTH, 2003 FEORPIHIR D K 5 72wk LWMERIRSAEDR B - THIOH TED
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BELLZbDEEZBND.
LLEX D, 2003 42 dhFE [39B29) CHREREBHAEHI AR L v K& <BRZoiX, 1
W FEARRG OWEL S ZLANZ ORIE ORI L E 2 S5 8 BEHIC 2 LUVMEIR A b L A& 1T,

KEVERFRNFEAE LT 2 ST kD EHER LT,

Q) HRERETE (MEDELETFE) ORLEER

HERE/VE D FEER 2T, Z ORRENS B O SEIITITWERSNE EINEDE AN L 72 5
BTHoTZ EMBHRT, M h oo /MER M L2 LItk b B bk,
FEEE, T39B29) D 8 FEMDOMERIT FM T/ MENTERERICITIZIZRR L TB Y, ¥ TIriss
(I W ERAL T/ IMED TG BB A8 TR M E o T2 & 2 A TH o1 HEREDO /3 LA R T
L7z D Z &, HEREA~DRULED DGR T Z L ZRET 5.

FUER T 15 CUTOMRIRA MV AZ%ZT 5 EHAMENDRTT 5 ERMbN
TW5% (Fracheboud 5 1999, Foyer & 2002, Sowinski & 2005). k&1 2 43 AMKK
JRZH T D VIR DRI D EEED D CALEHTITRL CALEMTH D Z L6 Cfl
W LT TV D, C i TIE v B v BN HEAT 3 2 MEE I PN C L IRR IR A Y
RRIEFMELVEEDID, —KD CAHEDOICA SR TR Z 0 235 726 3 72 < ARk
IRV, RFA W & BER MG & HEE SRR & O TEWICHEE T 5 72 DA UK
JMZIE G K 0 BN R VX — 2 LT 5. T D ORI G, C L CAEMIZ L~
TRV EIRREREICET 2 & SN TNWD (T4 - F A H— 2004). (KBS T C Y
DHAKREINT CHEME VLD Z BN TNDD, ZORKE L TLE R afERORE
DENR R RE SN TS (Kubien and Sage 2004). C, Al D h THIKIESE T TONE
FREENZIZZR RS D & Sh, BIZIXT YA T v hI AB W R (MiscanthusX giganteus)
EMYERAVEAHET AL, FYERaATOFNNARENOR FTRENKREWE SN

T3 (Naidu & 2003).
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LLEX Y, HEREC/MERAERRAREAE LR, 3F LVMEKIRIC X0 MR = i R

A CIRLEER R B BAVRIE L, HERE~00 UL B8 o 7 72ab & 52 L7

@) EERZFUIEVEHOHTE

ABFE TIIARIR AV HERE S 222 B8 A RT3 R 8 ZEMIRI. & L7o7d, W& 2 W
AR CH -T2 b D & B2 D356 RRCREERCCRIIN R 556) 121E, 8 EHLISI DR
WIPMEIRESZ M E DR WK & 72 5 Z E R RESND.

A TIHRIRA~ DR MR @O CMEFHIH) 23 HFE TRT Z L’ TE S (Satake
and Hayase 1970) 73, FUE®R a I TIEmiEELMOT, ORI L S THER O ZERE =
D PEITRRRE ST, 375, Mock and Frey (1970) 1%, HEHZfREICTL &
ThUERIVORBMNAEMEEERSHEETE DL LT0DA, TR B 2358k 248
MDIMEB L OBRESREIC L > TR S EBRRTWD. —F, bryEoasoABERIIH
FARTESHMATE D LS TV DHI1ED (5] 1979¢, 1980), HERED b E 72T A&
FEHESI TN TE 5728 (Tollenaar & 1979, Warrington and Kanemasu 1983, Dwyer and
Stewart 1986, Ellis & 1992, Padilla and Otegui 2005), AEIR~0DESZMEAN &\ MR |3
FEPEHIRIOAERKIE TRE L B2 b 5.

AWFZEDR > FaRBRORER, HEREBRIERT ORI 500—600 °C & 72 2 R ARIR S
PR bEmED EEZLN. Tk 2003 FEORPIFLR O SFERER S (/LT 78 L)
IR LY TUED THD & (2003 4RI HEFEBIAE 1T B H IS 72 T AR fh ] & v & LRt
B, BLUWRIRSEIFICH 727 H 12—20 BEIZREY LTz, ~ A TFREEN Lo T EPEBLY,;
TIIRIERO MR ERSG LV AEB X R EBEINDGD, RIC EFERBE LY 1 #EM
FN 7 A 5—13 HENEESY CRIBRZEORWEHHZ 572 & LTH, Zhd 2003 412
LUWMERIRGAME L 2o TV O#FEN TH 5.

FEDEBAT —VaRTTZOIT, £ OREOEELZ £ O MEOMIEL TR L THXHES
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HZENBD. L, MUERaTORIERTL, RIIEERBY IR T ORE

EFFOFERE & OFIUCHBILD L HIC GREIERERS 2015), EFERREICEI-T1H#K
P 5L WD, ZODR, MR HHERBIEY £ CoMMIT@E OEBF ST T
T—ETHDEHETE D0 UMET—HONMLBREE ~T, B2 IERBE#T S L5
ZDDONAKRTH D), HEFEREE M OIRIRIRSZEA B O R 2 R348 & U CITMEREBE
FCOMARIENE T2 B2 6D, —J7, [39B29) O 8 FEHOMER FHIREIE 40 mm Fijf
Tholo. HREOFKZIIHETMEOMELHE - THEDLEZEXOLNDZ &5 (Bonnett
1948), T b HMERER M ORI S W 2R TR L 0 5 5.

LIEX Y, 2003 FEDORPIMUE TH SN2 FFEAFEIL, FUERaT O 3EMEDH D VT
KEREBAAE AT OFERL IR A 500—600 “C THERE T8l 2% 40 mm §if% & 72 2 BpH o035 LV MR 2
N LRI K0 BEREBRAEIAAS KRR L 0 K& B, & BB EEATIL C b 2 JERE/ NVl
ZDOLONEY Uizl L HEE LT,

RN AT HRAHTO FUEr a TFEEEORELIIHRNEE R GNDT, FEFHug)
PERT DIZONTRERM BN TV RS ARIBHE, TR S TIXOABRE N
ETHRREMER S SH. BHHITO MUE e a3 UEE T, RRE (BERGE) oAb T
FEAfRREGIEE T L) RIKEREE (FEEMGE) CHEELZ LTV RERD D EWVZ

2.

E28 SEMEZEEOGFESSUVZOMEE

(1) HRFEEHOEERZHEICET LHEBHMZEDOFR

2003 FFDOMEIGRMCENT, ffE NEV ) TIEFEMRRIIBE ST, £z, HEER
falBEZON 258G (MEREBRIEH ORI T 238 0) 36 X ORIV INED B AR R IT

Bgsnahotz. Ry FREBRICK T 2B EEE O 6, NERY 20 @ 7 I ORERR
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FERERPHT [39B29) KL N7 04 2] D8 EHDEN L BBt EZ b, £2 T
Y ) O 7 FERNIHEFEBIERTOFEEKIR TE T &/ 570 CTH Y, Ziudk 139829 TH
B &g o TARIRESZ MEN RO O®IPANICH o 72, 20 1T, XV ) TIX 7 EH %
BB OEMIARRALH SN 558 T b MEFEBHAE B3R B X0 Bh -, KR MED
BHERBGIAE LD o7, DLEDZ &6, T39B29) IR TR LT & B0 MRS ES O
IR ER REZ DIz L, DX 2 1Thanknzxiz, £z, NED ) 1F, HERE
FEM ORI LRSS D F 9 (BIHARDOAT—UMMomfE s REERD) O
TIEe <, AR (BEH) [ZEZMEN NSO EEZ BT,

h T 3T, IR T CRE LZEEOA AR IXE T O&MF TR LZ3EIC
ARV (Foyer & 2002), O TMREICITEEFRMTERRH DL ERMLNATVD
(Fracheboud & 1999). F7-, MKIESRMT TONAGKEES, HlAIET 0o ZDFALHM
FVER DOFBED R/NZHOWTEIENER RS H 2 LB BTN D (Dolstra B 1988, 1994).

, KRS TICBIT 25T L OFEAEDOWI AR ICITIHIERTKR CTERERRNH S Z
ENFMBN TS (Maryam and Jones 1983, Revilla & 2000, 2003).

RIEA b L AICHEET 5 LHMENTIZT 7P B (ABA) 2, H50EP_LY v
AR HZ LT, ERRIEREADHESND LD TS (Saini & 1984, Thakur
5 2010, Sakata & 2014). FE7=, (EIERZ b LI L0 IERRIEME T+ 585 7R TIX
IRIRSAE T TIE 2~ — MHJEE T DA L & —PREE DTG GRIZ T OXB) N E £ b7,
B = NIRA~DOT U ERENEE RN AL TS (Oliver © 2005). ZiAuH D
IR A b LR K D ARNE o E T TEERIEEO R EB ORE I TE TS ER DR H 5
ZERMBNTWS (0liver & 2005, Sanghera & 2011). b wEw 2RI D MRS E
W OKIRRS O SFER =R, RRIZEE L oA KEES F 72 13 AV E - OMERFRE

IS EHEREINDD, FEMEBLNICT B0, A REED I3 R LE D

(ZA5 H LIEIERN BT H 5.
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PLEDS, HERERSEM OIS MEICOW TS, MEMEEANGFET DL VWS, P,
AR HIT 5 MR OREFNE, A LR —EDORET TORBROMERIETFEL TV 5.
fn il T L ORERESE ORI PRI O W TIE IS HERIERE A 51 L L TR LT W AT D,

S%lE, EBREOFERRRE THEL LN RO LS.

(2) REMERBHZEORE

2003 FET A B LTz i fE 2 & OIRIRESMEDEWE, 6—9 FEHICHIT S 10 ‘CTT7 HREOK
IR X 2 MR o2 bic Rk 7z, RS CITatii 4 i L Tz, 10 CT
D7 B E W ORI D R & TN E RN S DD, Bechoux & (2000) 728 Z OMLEE A
ANWT R UERr a2y HILRROMFIEREROZLICOWTHRE L2 &b, ZORBREIZ K
D L7 < & BARIRRSNEDS BV OGBS CHRERE MEEO D T 2R 2 B T&E 5 L B2 D
no.

AHFZECE T, 10 ‘CT7 B BALEE L 72RO JERU NME O BUO R E 1, RBREEIC L - T3
TIEEOWIER, WADRREOMEMOFINIAFE L bIZTED L R o7, KIRAIC X D
KERER EE D BRARAEIE, 2003 FFIZHEFETERE D R, BIAERFED BB L OFERRPBIE I
otz TERY v TIX 80%FRI14 & 720, 2003 4EICFFEAFES K OVHEREBRAE 54 25 23 7%
A U7z T39B29) Tl 60%FRE L7 o7-. F£72, 2003 YRR ILBHEE EAEI TR0 o2 b
OO, 8 FEMIT 13 CT 16 A FE72id 21 H LR S 7B HEREBRE 25 /8 R i L v
39829 LA RIZH#EAL, M ORERER LAY 10%RREICE TR Le [7 040 ) Tix, 8HEHIC
10 CT 7 HFMEIEAE S M7 5B I TR R T IR B (R 0D 30%FEJE & 7e o 7.

7272 L, AR THR LA (RM73—75 HZ 7 AT, HIEHN 12— 15 BEO#HMICH
HinfE) R0 EOEM,  F I ITREEA L0 2 FEIC O TR I O IR IR M A R
BT DB, AR 2 ST 2 R 2 BRGET T DR EN D D B A B D. BRI,

F1EICRLIEEEA2SE1C, FHMMALERRAE B 25 BIAE £ TORBESIEDY 500—600 CRLE
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D LD R A B O L LT AR L LoD, ZORI% 1 BEMILL L ORI I et
BITORELEZOND. MOEENOWD &, HERETERE D 40 mm fitg ORI Z iz L
O, TORFTE 1 ML EORFIAI AT ) R&E LZEX OND. WTNOREEZ WS
LTh, MHEEHCTHERZ O S0 S L, HERORERNZ DL TR 2 REE L
V.

72d, RBRAAT O BRI OREEE L L CIIENZHWTELLZRNWEZEZX LN,
EWVH DL, WBEBHIRIFOAET AT — I, KD & OB DR A Gk 3 D FRREEA 72
PRI & T2 TR AL S0 2 EARRE D MERRIZIE £, 2 DORITHEITER CHE A Z & O/LEEBE
IE BN HEREBAIE £ COMRRIR L W o TLfRIRICE TE 26 Th 5. MROMTIZHT-
S TR THERE R L DR ARE A i T AU L <, RICETE 2 & ITRIRE S 7S m W IE
WINE2 -7 LT, ZORFHIIMEIRABE O FEREFIFH IZA > T LT L.

2012 A0 K 5 (AR EEAHIR & Urruy (IR ALER (8 (AR D RS 1= 0 AL A (43222 % i
RDTEMHD) FRHDIW, MBUIEEFIT I ZENEE L. 2012 FITERIELE O L)
FEDHIRE LIgho 72D, WS OBREEA b L ARMEREIRIC o Tofzd L HE SN S.
ZD, MBI DOEREA U ANREEERIZ B0 E 5, T AEOREEH, EE
TR ERIIT D EET DR ENDH 5.

UbzaF Lo, MREEEYORRRZMEORETIEZROLEBVREL. (T7) 6—9 %
B (HEREBAAE T £ COBABEHE KIS 500—600 CORMY & 72 1 2R TdhR 2% 40 mm §if4 O
EH 2 2 R D EEH) (2 AT T L EEHI 2 & 12 10 COIRIEAS B RS T 7 BT 5, (1)
WO EEH OARIR AL T & JERE R 2N EALFE R D 80% LA T & 72 & 72 v dn Fill | I ERESE
I OIRIRESZ D/ NS W EHEE L, HERLERE DSBS D 60% )Z LA FIZ 78 2 flfl
ITHERERGE O IRIREZ MR R E W L HEE T D, (7)) LSO R b L ZADMERIZ D30 5

RN TR Lo oBRII BT O .
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E3H HEREFHCHE T HEREETOEEE
(1) REIMSOREDEEN

A X TIE, EMPFEAICE > CEERIICHKIEREZIT) Z L TERRZKR L5 H
i HESL L T2 (Satake © 1988). UL hvEra v ZEKUEOIEM THL -, £F
WHIHRZARIR N D IRET 2 K 0 iz & 5 Z L IIR#ECTH D, 22T, 95 %
LI DRAEL b 7 E v 2 2 OIRIRBSED B O RFNTARIR IS S 3 2 FTREME MR < 72 5 &
IEMIZRBEISEHZ L THDH. LanL, A TIHRKIRICES T SR 2 H 57 COEE
THZEFELW. RIS, BELVMRIRSEEIC R DL 25 60 UDEETE L LT
b, FEMHICIIHHEFTRE R IR & S KRG A L CAEE B L OIS L B R R RUR 2 et L
TV, FREMEZEE L VESTHZEITRAY A7 2RI EHZ LIChY, AEE
BCIEATE Y. hutnatvobFERESE LD =— L~V T E2HEHTS &,
RIS DS B ORI SRR A~ B E D Z L1220, x> Tk LUWMKIRSFICEEB T 5 /]
REEREEDLIEEZEZLLND. E=— v LT E2HWTGEES LELATYH, BN 2 it
T 5 IO HEREBHAE XM OFkts & W UR £ Cloillz 2 KO ISR 975 2 LI b7,
fitim, RIS MED B ORHIOE R L 1T R 6N EZ 2 65,

B2 OHEL LT, MWFVE L OREREBAMNEZDND. KR FE 2 ITEIRIC X D HEMERE
REDRFNZIL, Hx RAEY R VE O ED B> TWD Z EHI BT S (Cheikh and
Jones 1994, Thakur & 2010). Bz (X, 4 X TETXVL Y R EH~OT 7 EREICE S
LTWLZERHMBNTEY, FERRPEAET DL RRRLIOWM IOV %
AT UT-BIETIE, FEBRERD —ERERETS 2 ERMESNL TS (Sakata &
2014). A (2013) 1F, @IRA N U ARG T COREERTROBBUCEI L, BN EO R
DIEERNTH —F v o 2 EET LB FOBI M SN TS Z LIZER L, ZORHY
DA I LXK (Hordeum vulgare (L.) emend. Lam.) {E{KIZA—F > 2HEHEWATDHZ LT

EF RIS/ LTS, L, IR HEMEZKa A F TEHTA2LERD
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5 k' a oy O REEBRSICR O T, BEESR LRV AR S PR R b
HHN WA+ 52 L IIREEEEZ HND.

B3 OHE, poRbAMEBEZ LN FIEE LT, KIRESZMEO/NS e itlaE g 2
ERBIT oD, BlzIE, TIROEI LTE, KSR FEORIHNE | OFBLE L THELE
S TS (Lipps and Mills 2002). HERERS I OMIRESZEICR L TYH, EZMEo/hS e

pnfEZ R3S, ZoMOTTiEE &L DM ERITRL R EEBABND.

(2) HERZFHOEBEZEINSHREORK L RETHEMSE

AZHE TR O MEREISE OARIRIRSZ MEIT, Bl LRMOBIRE RIS K-> TRIlE 7z, T/
pbH, 7V N B GERER L OARHE S FRITHE U CREFER ZEH ORIRESZ EDN /NS Dr o 7o D
Zxt L, HERCBLICT » MEO BIERF NS £ 5 M CIIRIRES N R E D o7z, 7
U MEBFGRFEOFEFS LD X O IR IR R ] O RIREZ O/ NS S 2 b e b
L 72 DODNIARFFE TIIMFT L TR, 7 U v MR L O HE T C b U s I RIR K
SRS EEFEIETE V. UL, 7V MNEITT V MEICHEAKIRSE T To g

HIMENDIEDIEEREEN N E 72 & (Sowinski B 2005, Bhosale & 2007) #&4ihE 7=
IEADNE VRIS T 282 Ff o TV D Z 8D, ZOERAD 1 DL LT, HEFURSEY
DIRIREZERN NS NWH D EBE X HLD.

UbDZ &b, HEREREMORREZ %2 mfEEOmNOMIET 57012l 77U v
I~ T [ R O A 2 PN T2 A8 2 FEAR A I E T2 Z ENARNE B A bILD. 7eds, 2015
R EE B RO S LTV 2 RO 5 BRI TRAEOR] (RM80 A7 7 2 L1 R
O & INTWD 6 LD 5 6 2 hflEN 7 U 2 ME B GERAEE O MM FE (1 5hfE
IS EN B FE, © 5 1 SIS D OEARLTE) Th oz (AbiE R A pER

R PEARBEGE 2015). BURATFRIAEZR 7 U > MR L D MM FE NI D B RC THRR S 4L

s

TV Z L, 29 Lifdsiksb —E0HRETHE - EASNDARABNBHH T L 2w
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L Cn5D.

LITW R, HEREFSEM ORIRERSZ RO /N S 22 S Z TR B L TS 2 & b E s
A2 HND. AR TIE, MR EY ORI N SRR ORI H > THORE LT
%128, KRS OB EERIC OV THIBIN R 21T 72, 7 SO BIRKESHVC LR
7o 16 MR AR & LIZICRE R WD, BEHEXZObOEHET H 2 LT TER
WA, SEROBHERBIZAT TEBELRDIUTOLI REREGLZ N TE . £7, H
KintHT7 Y v MEOBARAIEIG A B B ARG L OSMERFIE, RIREZ /NS0
DR TE L. DI, AT DT L o TREERT ORI A B 72 5 B AR
DA, ZOZ L%, RIRESZMED/N S SITITFFE DA X o THID TRIR D FEL
THBEBHRANEGE L TWD Z e a2rmled 5. £70, BROWBESZEEZR T ThSL<T5
FAERAE S R DAL, 20 HARIEEN O BEEE 2R, &2 WIRIRERZ M2 /N S
T DHMORIEL 5228, PHEOICERFLTND LW ) 2 DDOFREENB 2 HiLb.
IHRHEDOEERLNCTDHREOIIL, FRHEOHBBRTHS FL,LoFEMEFRL, KR
SMED KN T 2 HERI 2R ET 2 0ERNH S, LLEL Y, MR EY ORIRES I
B3 2 eI iE, BEMATRENB L O BHAERE & BICHFIET D ATREMERH D 2
PRI I T,

RS (1995) 1%, A FOFIE S MMM RS 2 BIc FIXFEIC 2 DOBIsFHEIC
THHENTEY, WTNSEEE IR EREEE TR EHmEL TS, PUERrRa Y
RMESFE T, T BN IREIME £ 72T BRI & vy o 72 EAYTEE IS IRV CUIEL B JER#E DR
TN K DM RN D2 Z ENRBRINTNWD (&S - T 2000, #i5] 1979b). KERE
FEH ORI OV T H BB 50 720, VRN FEIED LD 2
EINEEND.

¥k, 7V v MERIE-RICHEFEO BN T o MRIZHANENZ L0, INEMENR T MEIC

%5729 (Frei 2000), 7 VU MEZKROZMEGEZ BT 2I2He->TIE, Zo L
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RRgEndEE SN 7 U MEBFRTO BRI RO 5D, 7eds, (KIELBEOREDK
T &L, T MEDPHW LN T AR OM TH ERB B LN (17 7 ¢ 2] >T39B92)).
T, T MEHFERFKEOH T HRIRESZMEIEDN DR H L0, EIIZMEFTHL 7Y
v MNEBERFORECENRH D Z LICk b EBEZOND. T MEBERKEO FICKIR
JRZMEIZ BT 2 BRI IE WS D MW T, T o MEIR O AZHE R A VT IRTR

SFRZABRIZ L VA O NS T DM ERH S .

EAH FPREE

A, hUERa s TIIMEEOEEMEE I C 2 Hn~OFFENEAL TN D, BRI,
B O N U E R 2 VRIS OV THERB R A 8 U 5 7 N8R kA4 0 I L7262, JToHK
L EREBEERSLORFHSENM EL TR E R ERHREINLTND
(Fischer & 1987). &7z, M ULKEHDO FUER IR T, b UET 2 OREREEREH
SRR O Gook, HEREBRAEINIAEA I X 0 KIEIC R V) 2/hs < T 51N
BRABORLIZEZA, TEREENRFESTZILPHREIN TS (Bolafos and
Edmeades 1993). Carcova & (2000) 1%, #A-cfH#4MEREBIIEHIC TE 57210505 2
EN, BB 2RO EIT 27 DEE L EHRE L.

29 LI-BREERIE OFER, JTEO b YT w o o SRR ER B AL 2SR & R A e
REND LI o T D (REIFRFERRY RIER) . HEPEOEIIEZI 5 710 O BARHY
WRIL, BRSO FEZIECREREFZRIZL WD EEX LN HOO, HERFEE
WOKIERZEORE SITH 2N Z LR EIND.

UTAE, MEREBUE CIRBE L+ 2MHAICH D L Vb T 5 (IPCC 2014). RBELAHED XK
FIIWD EEZDHZ L HTEDN, FTE (2008) 1%, HARENTIEEE 70 4£/H D A BIEARIE

DEAVMER 2 AT L7242k, 7—8 H O&UR LFAMHMIIM O HIZl~T/hE <, FRIZIERAT
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(XA BRI DR bR olo 2 E 2 WE LTS, £, Kurihara & (2005) (3,
IPCC AMERRL L 72T M IS & 2081 —2100 EORG TR E1T 1= & 2 5, LB ARDORIRIX
BIAE (1981 —20004F) L tb_XC1—5 H L 10—12 5113 CRELF T L RAEND —F,
6—9 HIZIIMOA L2 CRED EFICE EELEHEL TS, 2F Y, 7T AHDIK
BABEET 2 N UEr oy OREREREHORIBEZ YL OV T, FERICOE D IEENLE
LWz 5D,

FAHUCEBWT MU ERr IV EAEL K9 LT DRBFIE, BT 2 M A I EMED
HTESOTIT /L, MHRHECHHEIRIEZ &R REE~OMMEE HEE L TRATH D, 4

L1, MR ORREZ S MR EICH T > TBB L TRE/BED | SlcBNEhb
ZENEEND. TOIDIT, FEEHIET ORI, —R~OWRIBEORNIH 2 HiTR Lk
B K VKIS ENHEE SN D& LB XD, £, BEHISHEIS U7z il 2
B - BT D700, [RBEEMEN BRI MEERM (LRt ¥ —%) ToMELIITL
T, HFEMIR0 N EaME RIS ([ZIW TEROPIBIE ) &K - HEDT
PDZENEE LY. R EH ORI/ NS 20 X 2y BEO [T2bT
D2y 1E, ALERIE 2 — ORBRASE R A IRSIRR O M TRk L, BRESNAETH
% (JEE D 2007a, 2012a).

2%, AW TR LTARIRALHRBR Tl 1 MBS0 Z< DRy 2T 2720, 1 [
DOFERCTHIE T X DMEHIT D 20, A RILRFE D & ORERISE ORI M & MR &
D, DOREDT-DIERE TORBEEINCTE DT ARERIBE (] : B5 CONHEE &
MGG L) BRHEND ZENEEND. £, 5%, bUER I ORI EY
DRI I BIfR T 2 BRI EEE T (QTL) BB 62U, Blaf~—h—%
TR IR R S FTREL 722 L B 2 B d . A X TIL, BIE O A MmAPEC BT % QIL
DN EATEY, ZROOEBIRICL D 62 5MmMEOR EA#GFEATnD (B

A 2011). FUEBIUNIBWTS, (KIS X 2 HERBRIE OB -CRERE NMEB DR 1B
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% QL DREN =D, £z, 7V v MESFOKIREZ O SICBT 57 L5Eiks
FrEcEiUL, Tha7 v MERERRICEETFBAT LI LT, RRESMEN NS NT
X7 U2 PR EH T2 2 ENTE D0 Lveu.

PAED R 7 E w3 VSR EROBINT, ZAVE TREEND Do T LU AN S 2 Ty
D L9 A (USDAERS 2015) 3%, HAMICEEFFEHAEE L TR T TIiE, 4%
b b UE T oY ORISR IERBESRME N B L O~ SRR L TV B DND. Eh
HTO R vEr o kY, BREEEROKIEICER T2 FERREICAEDNS Z & 72<
ML CTX 2 L HICT B2, HEREREMOMRIREZ N NE <, 2 oBUUEZ OMURERM

(CENRENZEFR SN, EEIGICERSN TS Z 2L TRHUET 5.
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Studies on the Sensitivity to the Low Temperature Stress during

the Tassel Development Stage in Hybrid Maize

Taku HAYASHI

Summary
Maize (Zea mays L.) is widely grown in the Konsen region in Hokkaido, one of the coldest
areas in Japan, despite climatic conditions characterized by cool summers and a short
growing season. In 2003, a year with a very cool summer, severe barrenness of maize
occurred in farmers’ fields in the Konsen region. However, no barrenness associated with low
temperatures was reported in hybrid maize. This study attempted to clarify the causes of
barrenness in maize in the Konsen region in 2003 and to highlight the effects of genotypic

differences on the occurrence of barrenness.

1. The cause of barrenness in the Konsen region in 2003

The occurrence of barrenness in 2003 appeared to be caused by a failure of pollination. It
was significant that, in 2003, anthesis delayed from silking and that tassel length reduced
(number of spikelets decreased). The climatic conditions in the summer of 2003 in the
Konsen region were characterized by continued cool and cloudy days in July (with
temperatures around 13 °C for nearly 3 weeks), when maize plants were at or near the 8-leaf
stage (LS).

Greenhouse experiments were conducted to examine the effects of low air temperature and
low solar radiation from the 6- to 9-LS on tassel development using the most common

cultivar in the Konsen region in 2003 (‘39B29’: a dent x flint hybrid with a relative maturity
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of 75 days). A low-temperature treatment of 10 °C for 7 d, begun at the 8-LS, resulted in a
reduction in tassel length and an increase in the anthesis—silking interval. When the plants at
the 8-LS were subjected to 13 °C treatment for 15 d or 21 d, the reduction in tassel length and
the delay of anthesis relative to silking were nearly equal to those observed in the field in
2003.

The long anthesis—silking interval leads to the failure of pollination. The delay of anthesis
relative to silking suggests the occurrence of male sterility. In addition, the reduction of
spikelets directly affects the amount of pollen shed. The tassels of ‘39B29’ at the 8-LS were
under developing as most of the spikelets on the main axis appeared to be developed and
those on the tassel branches did not. Based on the above, the cause of barrenness in the
Konsen region in 2003 considered as the failure of tassel development due to the severe low
temperature and low solar radiation during the tassel development stage (around the 8-LS of

maize plants).

2. Varietal differences in low-temperature sensitivity during the tassel development
stage

In the cultivar ‘39B29’, severe barrenness, delay of anthesis from silking, and reduced tassel
length were observed in the field in the Konsen region in 2003. In contrast, in the cultivar
‘Papirika’ (a flint x flint hybrid with a relative maturity of 75 days), such abnormalities were
not observed in the field in 2003, nor the low-temperature treatment that simulated the field
conditions of 2003 (13 °C for 15 or 21 d starting at the 8-LS). However, the 8-LS in ‘Papirika’
might not be the most sensitive stage. The maximum leaf number was smaller in ‘Papirika’
than in <39B29’, suggesting that ‘Papirika’ reaches the sensitive stage earlier than cultivar

‘39B29°.
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The length of the central axis of the tassel in ‘Papirika’ at the 7-LS was similar to that of
‘39B29’ at the 8-LS. Thus, ‘Papirika’ was assumed to be at the same developmental stage at
the 7-LS as was the ‘39B29’ at the 8-LS. This stage was represented by the accumulated
temperature of 500-600 °C from the beginning date of the low-temperature treatment to the
anthesis date.

Since the effects on all cultivars of the first treatment described above (10 °C for 7 d
between the 6-LS and 9-LS) coincided with the varietal differences in the field in 2003, this
treatment is considered suitable for estimating the varietal differences in low-temperature
sensitivity. The results showed that, on average over three test years, the lowest value of
relative tassel length (RTL, the ratio of total tassel length of the treated plants to that of the
control plants) was approximately 54 in the plants treated at the 8-LS in ‘39B29” and 76 in
the plants treated between the 7- and 8-LS in ‘Papirika’. However, it was considered that the
low-temperature treatment needed to be conducted over several years because it was
suggested that unexpected environmental conditions could affect the final tassel length of
pot-raised plants.

The present study showed that there is a varietal difference in the sensitivity to
low-temperature stress during the tassel development stage, and that this sensitivity can be
estimated by the following procedure. First, subject cultivars to a low-temperature treatment
of 10 °C for 7 d starting (a) at 6- to 9-LS, (b) when accumulated temperature to the anthesis
period is 500-600 °C, or (c) when the length of the central axis of the tassel is approximately
40 mm. Next, repeat the procedure for more than two years. Finally, assume that cultivars
with tassel lengths more than 80% of the lengths of untreated control plants are less sensitive,
while cultivars with tassel lengths less than 60% of the lengths of untreated control plants are

sensitive.
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3. Developing a variety with low sensitivity to low-temperature stress during the tassel
development stage

Sensitivity to low-temperature stress during the tassel development stage varied among
currently distributed cultivars. The cultivars with low sensitivity were the hybrids between
flint inbreds in common. The flint genotype generally shows better adaptability to regions
with cool summers compared to the dent genotype (i.e., earlier maturity and better seedling
growth). Thus, it is considered that a favorable genetic background in flint genotypes,
providing characteristics such as adaptability to regions with cool summers, may be the cause
of the lower sensitivity to low-temperature stress during the tassel development stage in the
hybrids between flint inbreds.

During estimation of the sensitivity to low-temperature stress of the test-cross hybrids
whose parental inbreds were known, the hybrids of flint inbreds were classified as having
low-sensitivity to the low-temperature stress during the tassel development stage. In addition,
our results suggested that both general combining ability and specific combining ability are
involved in low-temperature sensitivity in maize inbreds. However, this could not be explored

in depth because only a small number of hybrids were tested.

The present study revealed that low-temperature stress during the tassel development stage
led to barrenness in maize hybrids. To prevent the occurrence of barrenness in the regions
with cool summers, using less-sensitive cultivars is the best approach because other tactics
are not applicable in the field. The results suggested that varietal differences exist in the
sensitivity to low-temperature stress during the tassel development stage. Thus, it can be said

that farmers in regions with cool summers should use less-sensitive cultivars. Less-sensitive
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cultivars may be obtained by performing crosses between flint inbreds. In addition, for
low-temperature sensitivity, it is suggested that both general combining ability and specific
combining ability will be involved in occurrence of low-temperature sensitivity in maize
inbreds. It is expected that a large number of less-sensitive cultivars will be developed and

distributed to regions with cool summers.
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Figure A—1. Daily mean air temperature, sunshine hours and precipitation from 1 May to 30
September in Nakashibetsu in 2001-2003. Average data are the averages of 1980-2010.
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Figure A—2. Daily mean air temperature, sunshine hours and precipitation from 1 May to 30

September in Hamatonbetsu in 2001-2003. Average data are the averages of 1980-2010.
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Figure A—3. Daily mean air temperature, sunshine hours and precipitation from 1 May to 30
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September in Memuro in 2001-2003. Average data are the averages of 1980-2010.
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