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2001 19.1 11.5 7.0 6.4 7.2 11.5 16.0 19.9 24.0 8.0 18.0
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(mm) 1999 35 86 14 73 39 119 97 145 310 61 121
2000 92 202 26 113 85 50 62 73 422 68 67

2001 159 123 45 79 32 128 201 254 118 71 227

2002 72 59 79 44 73 104 221 143 415 75 182

SEYfE 108 100 33 68 53 99 137 152 363 63 145




25 p - 1 600
—o— X —~
20 —O— i 1 4t 1°00 =
— d —
O1s 400 =
4 300 o
mg -
= 10
& 4 200 5
-
5 4 100 fﬂ@
0 'l 'l 'l Il 'l 'l 'l 'l 0
104117127 1H 2H 3H 44 583 6A4
25 p 4 15
20 4 14
) 413 2
P15 =
4 12
= 10
o - iz
X =
5 4 10
0 a4 IS Il IS I 'l I 'l 9
104 11H12H 14 28 3H 48 5H 6A4
FIM Aim, FEEHS=EBXOCHEDOHR

SORERBE, E2RITIR L, AETIR, I
TEEEEEE, BEH, B0 3 >0 EERR
WCEH L7, Midgflie &, BEMIR 25138 %
HKEERIOETLBEHDPRL olzhs, Z02ERIE
RIS L % BEDSFED BTz,

DUF, BHEIX & BUERXICBIT 2 8E/#E%, 5
HAEOFIE A VTR T 5, RIEXICBIT 5
BEREESRE, 1714457 CT1H14H, F7
T4 AITI2H23E, A T4 ¥4 FTIdF 2 T4

BRI O 4 F o B X R

129

R30S HEPIEDP o 72A, BEHEFIX TIEA Y
A)FAFT2ATH, F2 T4 AXIT2AH4HE,
ERIEE NS o 7o, RARIXIC BT 2 BB I
THEEIX LD 6 ~8 HREL, 1A/ ¥4 FT4H
11H, F7IA4AXIT4H8HE, A1 T4 54 F
XF 7 T4 X L) RRBh - 7278, EHERX T
A4 5 4FT4HITH, 727 T4 X3IT4H16
HE&, SIS L 228N S h o7z BRI
i & b RAEIX T 5 H22H, BHEREIXT5 H26HTH
D, FREXSEEEX LD S 4 R o720 Thb
B, WianfE & bR 2 E TR T LD 19
HEOZ L, WA 4 HRFE LI L85 - 72,
B, RIEICBWTHBEDFAEDHL N IZFED
LEN7-DIF1I99EFEEDOATH-72 [BEDS
2001b) o

(3) SBRBSLUHEIPRERBICRIZTHE
B0 " EREEERINE CICET A2 RBFHEK
TRFEREEF X LY E L, R TIRA 714/
TAFDBF 7 TLAXILVE,P-7 (B3FK), 2
DM O IR, FHREXEEFX L) 5,
BIFEXIZBWCTIE, A IA 2 5AFHF 2 T4 X3
L bEro7z, TOWBOFHHEICIE, HHED
RHEIC X BRI SN h o7z,
CEEEIEE O AN £ TICET 2B EHEK
&, FIEXEHERX L) R, REXICBWTE
ATA I FAFHRF 7 T4 RI L DEL, EERK

3K FIESBILIURERSICBT 5 a4 ¥ SEFENH, o Kins L PFIHE

7B W N2 ERih E¥IH R
A G S-D D-A A-M S-D D-A A-M S-D D-A A-M
(H) (‘C) (F57)
REEE )8 4F T2 94 43 10.7 7.7 17.2 10.10 11.07 13.29
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Fra 0y 11 72 40 6.9 9.7 18.4 9.98 11.61 13.44
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Fra 42"y 12/18 1/2 1/30 3/8 3/20 4/4 5/21
FEERR 11/24 A48 4% 2/4 2/26 3/5 3/28 4/5 4/18 5/27

EN AN 1/31 2/23 3/4 3/28 4/6 4/17 5/28

1999 Fi LR 10/25 A94)4 4% 1/8 2/2 2/4 3/19 3/29 4/14 5/25
SUEN PN 12/8 1/7 1/15 3/17 3/27 4/11 5/23

g 11/5 AV4)5 4% 1/15 2/14 2/22 3/25 4/4 4/18 5/26

Fra A3 12/24 1/23 2/6 3/19 4/4 4/16 5/217
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AN 2/11 3/5 3/16 4/4 4/17 4/24 6/1

2000 TSRS 10/27 A94)4 4% 1/7 2/5 2/11 3/19 3/25 4/7 5/21
F727 4273 12/12 1/6 1/22 3/9 3/22 4/5 5/20

R 11/7 4945 4% 1/13 2/13 2/21 3/18 4/2 4/11 5/22

FraT ARy 12/24 1/24 2/11 3/19 4/2 4/9 5/22

IEYERE 11/27 A94)4 4% 2/12 3/1 3/15 4/1 4/10 4/16 5/217

FPa A3 2/12 2/28 3/11 3/27 4/9 4/15 5/26

2001 R 11/8 AV4)5 4% 1/16 2/12 2/14 3/14 3/23 4/5 5/18

Fra Ay 12/27 1/24 2/12 3/10 3/22 4/1 5/19
FEUERR 11/22 AV 4F 2/3 2/24 3/1 3/24 4/1 4/11 5/21

FraT 4273 1/28 2/20 2/27 3/21 4/2 4/8 5/21

Mo+ 12/5 49458 4% 2/13 3/8 3/12 3/28 4/6 4/16 5/24
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k7 12/7 A94)5° 4F 2/17 3/11 3/16 4/2 4/10 4/19 5/26
Fra AR 3 2/16 3/7 3/14 4/2 4/12 4/17 5/26
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(A/ ) (g/nd) (cmi/g) (g/g)
1999 AV4)4° 4% 8-3-0 453 2.80 978 246 0.12
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3-3-5 446 2.82 882 274 0.12
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5-0-3-3 474 2.85 805 299 0.12
2001 49454+ 5-3-3 374 3.30 706 282 0.17
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3-3-5 17.2 34.5 27.8 495 16000  43.1 592
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2002 AV4)% 4F 5-3-3 18.8 40. 1 30. 2 423 16900  39.3 501
5-0-3-3 18.5 39.9 32.2 397 15900  38.8 495
Fr2° 4273 5-3-3 15.3 40. 4 37.2 390 15700  37.0 536
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BBHIZBITLA T4 ) 74 FORIEEFEEOFE
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T, FHHEGOBEOZOICHERIEL R, H
FEUIIERRIX TL04%KL/ o, BRIEIX T49%/ m' TH -
720 TEFEXORBERBIIE 2 FOFBXITIR L
LB 0T, 20014EF & CIHEELIAT3 H23H, Bk
BE 5 H18H, 2002474k = Tl midEas4 2 H,
BT 5 A22H TdHh o 720 BHHEX OZHE ##I135E
BEX L IZIZF L CTH o 7275, 20024E4F & TIIRE
A1 HENT,
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EMfget v 4 —  1986) 2SRAO LIS, BEIX O
BERRITEREX L) /NS ho Tz,

(2) EEXEBSUDTODDOERE
FEOEMOIER L AL L, 20014 S TIIEF
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Bz, BRI X2 ERIIEO LN D o7,
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2o 2B, FIFOORE I, IEEICLLAKER
ERIIFD SN o T2,

ST 2001445 =
—— IEIRIXT3H %D

6 —O— [k XT3 )
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—O— BfR X T4 %)
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1/19

2/18
(H/R)

3/20 4/19
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20024E4F &

—— IR XT4H %)
—O— IR X T4 HE 2
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—O0— B X T5 I %h
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H25 BRI O DER ORI KIT TR
THEH, RAZENEZ N EIERX, BEXICH
WTHMIT T D & IR 3T 2 O 3R O AL
T B & R,

3/20
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0 . T
12/20 1/19

215 B EB L OHIES T IS AT OO HBIER B X ORI R e

RS EiE fREE HiEER R
T3 T4 15 T3 T4 T5
2001 5-3-3 s 1.00 0.75 0. 00 0.50 0. 00 0. 00
Bk 1. 00 1.00 0.58 1. 00 0.50 0. 00
5-0-3-3 fE#E 1. 00 0.75 0. 00 0.58 0. 00 0. 00
BiHE 1.00 1.00 0. 08 1.00 0.33 0. 00
2002 5-3-3 Rk 1.00 0.82 0. 09 0.91 0.27 0. 00
Bk 1. 00 1. 00 0.83 1. 00 0.92 0.33
5-0-3-3 AEHE 1. 00 1. 00 0.17 0.92 0.17 0.00
Bk 1.00 1.00 0.75 1. 00 1.00 0.58
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(3) %8 - % - ZOWREMNEY
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720

G, TOWMPIRVEAD RO b7z (5
26[X), 2DHEE A D &, BFFXITERFX & R
LT, fi, EBIERE, ERBICERITEEDS
N7 WA, B O DK - 72 (BE27) o
b, B, 3, ZOREIREICE, BREIZLS
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25 F —O0— i
— E T‘»
250 | —— B

5 b
0 'l 'l Il I '}
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MEARYE  REREE R LB L/l B K BRE EiHK
(cm)  /EERR /MBS NMEEK (cm)
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B 11. 4 20. 6 2.91 59. 9 11.0 81.2 5. 08
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ERIFEFILAERD NP> 72,
(4) FErESRFE

B T OIS, BRI TR & ) 280
A7, LAL, &8%WE S /NS 29> 7275, SPAD fi
IR o7z (5235) . BEMIIZB W TIE, BERX
TR & 0 BEAD 25, LA B X O&i

H23% fREED

.
i

FICEBRIFOOLN G- (24, 2Ok
&, B IIEEX L DY 720 o LA R &
WEIKEVWIEEZRLTWS, £/, BN
SLA (Specific Leaf Area, HEMEAE~IEHE) (IEHF
XX ) BHEX O DNE oo FIEEIZDWTA
bk, 20014F% & TIE5—3—3KEW5—-0—3

MO RE A 2

RS ek BEE E 214 LAI RFYE  SLA LWR SPADfE
(A/ i) (g/m)  (cmi/g) (g/g)
2001 5-3-3 1Rk 862 1.28 75 266 0. 64 —
BiRE 639 0.85 50 245 0. 66 —
5-0-3-3 =k 764 1.08 66 260 0. 63 —
BRRE 531 0. 69 44 243 0. 65 —
PR *ok sk sk * ok
AR * NS NS NS NS
22 HAE NS NS NS NS NS
2002 5-3-3 PR 676 0. 69 43 261 0.61 38.3
R 501 0. 46 31 247 0. 60 41.3
5-0-3-3 =k 729 0.85 53 263 0. 60 37.0
R 491 0. 48 32 245 0.61 41.1
Ty ok sk ok K% NS *%
HE AR NS NS NS NS NS NS
RHAEH NS NS NS NS NS NS

SLA:Specific Leaf Area (ZEMFE+IEHEH), LWR:Leaf Weight Ratio FEHFE -+ WM E).,
—IHE LR o722 L &BRT, %, %k, NSIZ6%, 1WKHETHE, AETRWVWI L2 ThR

ﬁ_O

243K BT DS HRACH O R RIS R T R

B fEiE RREE R LAT EFWE SLA LWR
(/) (g/m)  (cmi/g) (g/g)

2001 5-3-3 1Rk 374 3.30 706 282 0.17
B 298 2.71 613 262 0.17

5-0-3-3  fEk 312 2.41 537 272 0.16

(5315 262 2. 38 551 253 0.17

B Kk NS NS ok NS

T A A *k * *k NS NS

2 HAEH NS NS NS NS NS

2002 5-3-3 ftis — 4. 36 795 321 0.17
B — 3.55 733 287 0.17

5-0-3-3  jEE — 4.18 774 307 0.18

(5315 — 4.31 762 299 0.19

P NS NS o NS

AR NS NS NS NS

2 HAEH NS NS NS NS

SLA:Specific Leaf Area (ZEMmfE+~IELHE), LWR:Leaf Weight Ratio (BEHE -4
WE), —ITFAE LR L ERT, *, wk, NSIIB%, 1%KETHE, AET
BNZ EEENEIRT,
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BLOSEWEIVNE D o 7255, 20024E1% & TIE&
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(5) BEFHEAE D SPAD {ENDHRE

SPAD fiiiZ, WTFNDEXRIZBWTHIEEFEX XD
B X O BB A S @ R L7z (5528
M), REZFEIZOWTHASL &, SPADEIE  20014E4%
ETIE5—-3-3KRLN5-0—-3—-3XDIEIE
CHER L7225, 200243 & CTlE5—3—3K&D5
—0—3—3XDOAENFRRLHNLOD, FOHEREL
R NS 2o 72,

(6) INEd LVNERFERE

EEENRE LIHEOEEEIIOWTAL E (5
253%), 1RUNMEEIE, 20014E4% & CIIFHEEICL D
AEIRD S5 NT, 20024 & TLRBHEX O ) H9E
BIX LD Eh oz 1RUMEBIZWTNOER DS B
X DR LD S 0o 72,
INEMRERE AL L (253), BURXITERE
X&) MBI R <, RIS, THER
A Th o7z, TOMRE, FEATEOLNLZVD
DD, BHFEX O FEEIIHIFX LD KEWEHAAFE
HHNTz, T, MAMERICIE, B2 L LER
FREO SN LD o720 20014EEETIE5 —0—3 —
SKOTHRENS -3 —3KLNVNEhorens, #
NLUANDILE CTIEERDIBO LN o7z,

255  fRHEEDIE -

169
45 p
40 P
w 35 b 20014FHEE
2 —0—5-3-3X.
730 b —e—5-0-3-3%
—O— R X
25 P —mBUEX
20 'l 2 2 '} 2 I'}
3/15 3/25 4/4 4/14 4/24 5/4 5/14
(H/8)
445 P
20024545 =
40 F
=35 F
)
§30 | —0—5-3-3[X
——50-3-3X
25 F R IX
—— BRI
20 I 'l 2 'l '}
3/20  3/30  4/9  4/19  4/29  5/9
(H/8)

281X RAEE & RS SPAD fHIC M 3§

5—3—3X, 5—0—3— 3 KIIEREX, BiE
X DY fE, KX, BiiEXIE5 -3 —-3X, 5
—0—3—-3XDFHHETRL,

I P R T e

B iRk BEE 1B 1 158 B M/NEX THIE EE
NEEEL NMEER R OR/md)  (g/m) (g) (g/m)
2001 5-3-3  fEHE 19.1 41.9 34. 1 372 15700  42.2 535
Bk 19.7 48.0 38.2 333 14300  42.4 540
5-0-3-3 =% 19.2 40.9 33.9 383 12700  39.7 516
B 19.6 49.8 39. 4 330 13000  40.9 530
P& NS *% *ok * NS NS NS
T AEYE NS NS NS NS * ok NS
ZHAEH NS NS NS NS NS NS NS
2002 5-3-3  (E#E 18.8 40. 1 30. 2 423 16900  39.3 501
B 19.7 49.8 37.3 354 17600  38.9 512
5-0-3-3 =g 18.5 39.9 32.2 397 15900  38.8 495
B 19.9 47.9 38.8 349 16800  38.2 517
S *% *% Hok * NS NS NS
T AETE NS NS NS NS NS NS NS
RHAEH NS NS NS NS NS NS NS

%, %k, NSIE6%, IWKHETHE, AETRWVWI LzThThRT,
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554875 (2007)

1 HU/NMER R 1 BVMEBD S {, EREDOTENTE
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AL, BURT A LERHRIVEGVIES DL LEIR
LTBY, BHRYIM O SPADELE S HER L 72
Tk (28 LR L TWB LSS N D, Biff
LEFEOWT NI EICEF TH I D2 b 2
I3 L WS, ARFRICBWTHIET 2 L TEED
EFROLE L RS, ZNLDRRREDN-/2TE
&, BUE L7235 E ORI DERE X 0 DT
WCBWTHEMTHhHo2Z e mEL T\nb,
DARWINKEL (1983) |2 X AU, #id 2 B AER 1%
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BA 4T 57201 MOBREFILETH D, L
L, RWFgefEFRE LTiE, B L 28561080
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245, H255) . HIRT 5 Lk oo SPAD
EAE - 722 L BRI LT, Bk CIlEaE R
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WO TR nWh RSN L, 727210, K%
17272 2 SERMIIBRINE SIEE OB R AN S WET
Hotz (I—1) OT, FHiEE & FEIEEORE %
HAEDLEIZDOVTIE, SHICHFTLILEDLND D,
Dk, 4194754 FORFBEREIHICBNT, B
B, B OBRBTT TIEFE LR L LNV o+
EELGDLEMEMRBY, THEEIIERE L %D
ZNLETHAH ZEATRENT, E 61T, BifFITE
X DB BTV S 2 E 2 HETIUEL, A
TAJE AT OFREEEFEN AR L B L#E L
TWhEEZLN5,

V. RBEZE

ARFZEIE, BEHO T L FIEICB W THRHEZ [
B2 L 255, L b FAFICKES
WrFEHTLIEZHPE L TT->720DTH Y,
ITIRFE LIRS Ea A FREA T4 ) 5
A FOEBFELINERR T L, Zhaizx
T T ) 7 BB HA O BASE IS FLA T, 5l &
e VT, INETIIHONTBRERIENICE
WYL LB, SHBOBEIZOVTHET o

1. O LXEICSE T BINERK DR
B o> 2 2 FEIZ B\ CREIUE & 2E £ I % 7
RRICHEBIT A 7201218, £7, NEOEEEE % B
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L, PEOHIRERNZPHEIZ L TBLEFDH D,

RIFFE T, FHfE LR MERAE 2 2 F I
B O W TR T 21, INERCE S O B 2
NS A Z L R LNICIFgE R D (D) 2O
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THRED KEVD, RIS 2w En) X912,
INEREZE I CADHBEERTROSNE Z LS
%< (I—5), 72, REEES 1R/ L E
INEMREZOKL L RE L TEE L OBKRIEA
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ER/IMERLE ORIIZIEOM BRI SN 72
B, WTNATEE L FEITENDEFNT 501
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B I 2 FEICBWTIE, HEE - BfE 2 R
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Eco-morphological analysis and cultivation techniques of winter
wheat Iwainodaichi when seeded early in southwestern Japan.

Akira FUKUSHIMA

Summary

Early maturity is the most important trait for wheat cultivation in southwestern Japan since
rainfall during the late ripening stage can often cause inferior grain quality. Early sowing
facilitates an early maturity. However, early sowing of conventional spring wheat causes the stem
to elongate rapidly during winter, resulting in frost injury. A new winter wheat, Iwainodaichi,
recently bred in Kyushu Okinawa Agricultural Research Center, is a prospect for early sowing
since stem elongation of winter wheat is not accelerated even if it is seeded early. The growth and
development of winter wheat when seeded early is expected to differ from that of spring wheat
when seeded on the standard date. The aim of this study is to determine eco-morphological traits
and to develop new cultivation techniques for Iwainodaichi when seeded early.

1. Development and yield formation of Iwainodaichi when seeded early
(1) Phenological development of Iwainodaichi.

Winter wheat Iwainodaichi and spring wheat Chikugoizumi were cultivated by early and
standard sowing, and their phenological developments were compared. The maturity of both
cultivars when seeded early was May 22, which was four days earlier than that when seeded at
the standard date. When seeded early, Iwainodaichi developed to the double-ridge stage 22 days
later than Chikugoizumi, but reached anthesis only three days later than Chikugoizumi and
reached maturity at almost the same date as Chikugoizumi. The duration from sowing to the
double-ridge stage in Iwainodaichi was almost constant independent of the mean temperature in
this phase, although the duration of this phase in Chikugoizumi decreased as the mean
temperature in this phase increased. The period from double-ridge formation to anthesis
decreased in both varieties as the mean temperature and photoperiod in this phase increased. The
period from anthesis to maturity decreased as the mean temperature in this phase increased in
both varieties and was shorter in Iwainodaichi than in Chikugoizumi at the same mean
temperature. These results indicate that the temperature responses for the period from sowing to
double-ridge formation and the period from anthesis to maturity differed between Iwainodaichi
and Chikugoizumi. As a result, Iwainodaichi developed to the double-ridge stage later than
Chikugoizumi but reached maturity at the same time as Chikugoizumi when seeded early.

(2) Spike development of Iwainodaichi

Spike development and its relationships with the number of spikelets and florets per spike were
analyzed. The period from sowing to the terminal spikelet stage, which determines the number of
spikelets, was longer in Iwainodaichi than in Chikugoizumi when seeded early. Accordingly,
Iwainodaichi had more spikelets per spike than did Chikugoizumi when seeded early. In contrast,
Iwainodaichi had a shorter period from the terminal spikelet stage to anthesis, which determines
the number of florets, than did Chikugoizumi when seeded early. Accordingly, Iwainodaichi had
fewer florets per spikelet than did Chikugoizumi when seeded early. As a result, Iwainodaichi had
the same number of florets per spike as Chikugoizumi when seeded early. The number of florets
per spike was closely related to the mean temperature from the terminal spikelet stage to
anthesis. This result suggests that the number of florets per spike is apt to decrease when seeded
early since the mean temperature from the terminal spikelet stage to anthesis is lower when
cultivars are seeded early.

(3) Leaf and stem development of Iwainodaichi.

The development of leaves and stems and its relationships with leaf and stem shape were
analyzed. The upper leaf blade and sheath in both Iwainodaichi and Chikugoizumi were shorter
when seeded early than when seeded on the standard date, possibly because low temperature
repressed the elongation of the leaves when seeded early. The culm of both Iwainodaichi and
Chikugoizumi was longer when seeded early than when seeded on the standard date, possibly
because the number of total leaves and internodes per shoot increased when seeded early.
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Iwainodaichi had a smaller flag leaf than Chikugoizumi, and Iwainodaichi’ s upper internodes were
shorter than those of Chikugoizumi although the two cultivars had a similar culm length. These
varietal differences of leaf and stem shapes might be attributed to the double ridge of Iwainodaichi
developing later than that of Chikugoizumi in early sowing but the anthesis of Iwainodaichi being
similar to that of Chikugoizumi.

(4) Tiller development of Iwainodaichi.

The development of tillers was compared among sowing dates and between cultivars. Although
Iwainodaichi produced highly ordered and positioned tillers, most of these became non-productive
when seeded early. Independent of sowing dates and cultivars, tiller emergence ceased around
double-ridge formation, and whether emerged tillers become productive or not was determined
around the terminal spikelet stage or early stem elongation stage. These results suggest that the
tiller development was affected by the spike development and the stem elongation. These changes
of the number of tillers per plant seemed to be correlated with the number of shoots per area.
Iwainodaichi’ s maximum number of shoots per area increased as the sowing date became earlier,
but that of Chikugoizumi did not greatly differ among sowing dates. Iwainodaichi’ s maximum
number of shoot per area exceeded that of Chikugoizumi in both early and standard sowing.
However the number of spikes per area was similar among sowing dates and between cultivars
since the number of nonproductive tillers increases as the number of emerged tillers increases.
(5) Growth and yield formation of Iwainodaichi.

The grain yield of winter wheat Iwainodaichi seeded early and its relationship with the dry
matter production, yield components and environmental factors were investigated. The top dry
weight at anthesis when seeded early slightly exceeded that when seeded on the standard date
because of the longer growth period. However, the leaf area index at anthesis in early and
standard sowing was similar since the ratio of leaf dry weight to total dry weight decreases as the
sowing date becomes earlier. The total dry weight at anthesis of Iwainodaichi was similar to that
of Chikugoizumi when seeded early. Although the number of spikes per area was similar among
sowing dates, the number of florets per spike and the number of grains per spike decreased and
the thousand grain weight increased as the sowing date became earlier. Consequently, the grain
yields in early and standard sowing were similar. The number of spikes per area and the thousand
grain weight of Iwainodaichi slightly exceeded those of Chikugoizumi. However, Iwainodaichi had
fewer grains per spike than did Chikugoizumi, so that the grain yields of Iwainodaichi were
similar to those of Chikugoizumi. The grain yield was closely correlated with LAI at anthesis and
the number of florets per area, but was not correlated with the mean temperature or cumulative
solar radiation during the ripening period. These results suggest that grain yield is mostly
determined before anthesis. In conclusion, the early sowing of both Iwainodaichi and
Chikugoizumi enabled an earlier harvest with almost the same grain yield as compared with the
standard sowing because of the longer growth period to anthesis.

2 . Cultivation techniques for Iwainodaichi when seeded early

(1) Effects of late top-dressing on development and yield of Iwainodaichi.

The effect of late top-dressing on development and grain yield of Iwainodaichi and Chikugoizumi
in early sowing was investigated over a four-year period. The grain yield was increased by late
top-dressing in two of the four years as compared with early or standard top-dressing. In those
two years, late top-dressing did not affect the number of florets per spike but increased the
number of grains per spike and SPAD value during the ripening period. In the plant with late top-
dressing, the number of florets per area and grain yield were greater in Iwainodaichi than in
Chikugoizumi in three of the four years. This seems to be attributed to the larger potential sink
size of Iwainodaichi. These results suggest that in order to get a high grain yield of wheat in early
sowing, a greater number of florets per area and a higher SPAD value during the ripening period
are required, and, in this respect, late top-dressing is advantageous for Iwainodaichi.

(2) Effects of low seeding rate on development and yield of Iwainodaichi.

The effect of low seeding rate on development and grain yield of Iwainodaichi in early sowing was
investigated over a two-year period. Although the number of shoots, LAI and total dry weight at
maximum tiller stage were less for a low seeding rate than for the standard seeding rate, LAIL
total dry weight and the number of floret per area at the flowering stage for a low seeding rate
were similar to those in standard seeding rate. These results demonstrate that a low seeding rate
has almost the same yield potential as a standard seeding rate. The low seeding rate did not affect
the culm length, the number of internodes, or the length of each internode, but increased the



T8 AKIRIE T 2 F O HLER & 3hs

number of spikelets and florets per spike, leaf length and width, and diameter of internodes. The
SPAD value during the ripening period was higher for the low seeding rate. There were fewer
spikes per area for the low seeding rate, but the number of grains per spike was greater for the
low seeding rate than for the standard seeding rate, and the thousand grain weight was similar
between low and standard seeding rates. As a result, the grain yield for the low seeding rate was
equal to or greater than that for the standard seeding rate. A low seeding rate also resulted in
high lodging resistance. These results suggest that a low seeding rate is superior to a standard
seeding rate in early sowing of Iwainodaichi.
3. Conclusion
This study demonstrated that the developmental pattern of winter wheat in early sowing
significantly differed from that of conventional spring wheat in standard sowing and, based on
these results, suggested that late top dressing and a low seeding rate were beneficial for early
sowing of winter wheat Iwainodaichi.
Key words: early sowing, fertilization method, Iwainodaichi, seeding rate, spring wheat, winter
wheat.
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