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A New Hard Winter Wheat Cultivar, "Koshichikara' : Yoshinori TaNicucur*!) Hiroyuki ITo*!) Sachiko
IKENAGA* ') Toshiki NAKAMURA* ', Goro ISHIKAWA*') Ryo YosHIKAWA*?) Kazuhiro NAKAMURA*?®)
Masato TARA**) Koichi HATTA*®), Hidekazu MaEMA* ), Miwako IT0*®’ Hiro NAKAMURA**’ and
Seiji ITo*™

Abstract : The new winter hard wheat cultivar "Koshichikara" has high bread-baking quality. It has
extremely strong dough properties due to the effect of the glutenin subunit genes Glu-D1d and Glu-
B3g. "Koshichikara" was bred by the derived line method at the NARO Tohoku Agricultural Research
Center in 2013. It was selected from a cross between "Morikei C-138 (Tohoku 209)" and "Tohoku 205
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(Haruibuki)".

"Koshichikara" is an early- to middle-maturing cultivar in the Tohoku region, and its growth habit is
degree IV (winter type). "Koshichikara" has a slightly short culm length (89 cm) with awns and
red glumes. The yield of "Koshichikara" was the same as that of the standard winter wheat cultivar
"Yukichikara" in the Tohoku and Hokuriku regions, though its test weight was higher than that of
"Yukichikara". "Koshichikara" has red and glassy grains. The protein content of "Koshichikara" was
found to be slightly higher than that of "Yukichikara" Compared with "Yukichikara", "Koshichikara"
is characterized by high flour yield, a high farinogram valorimeter value, large dough extension quality
and very strong resistance to extension in extensography. The volume and quality scores of bread
made with "Koshichikara" were slightly greater than those of bread made with "Yukichikara'".
"Koshichikara" has moderate cold tolerance and shows slightly weak snow mold resistance. Its lodging
resistance, sprouting resistance and resistance to yellow mosaic virus are high. Its resistance to scab
and leaf rust are intermediate. Its resistance to powdery mildew is slightly low.

"Koshichikara" is considered to be adapted to growth on the plains with less than 80 days of continuous

snow cover, such as found in the Tohoku and Hokuriku regions of Japan.

Key Words : Winter wheat, extra strong, glutenin subunit, new cultivar, Koshichikara

I #&

il

EENEDL 1) EASDORRE LTHRES
THEY, N E LTIIELTE57,
HAHOBREHOUE/EN RO bNTze 22T, 28
Yo hEEREHGEOTRIE. RAEAGEEHTS
LT NT VRS THLEENTWES TRS
VF =¥ T2z vy bGlu-Did (5+10) (Payne et
al. 1981; 1987) ®OE A % HIEEIZHED SN T & 72,
20014 121X Glu-DIdE 7 v 7 v i ¥ A0 F &
INVT =W Ty N ERALGBMIINE TR
33 ] ARG S Nz (2010%E1Ck ® T (ki
26075 ] & LCamilissk), otk BIIRFTEE %
By s@morirsvr=rvd 7=y ka1
IVTF= v Ty FEOHMEESHLNIISN
(Funatsuki et al 2006). #iRJJ/N& O @i B A
AT, BT NEOH BV TR L, A
CETT HHE A h o 7225, 20054F 12 AT B G5k H I
Shi InF=r7r] (s 2007) TZoAffi
EAFTE B NFRD S, 20084512 RSk H BE X
72 TwdHEH» 5] (HEIS  2011) O¥WRITED,
IS HHND X)o7z,

BLHIE T, 20024 (2B S VDA 45 TRk
B2 LT (32326 ¥ ] 12fUb Y,
BOSV N LVENLIEE N [WEENS

GENS 2009 BEESN, 20Kk, LIS
B AWHNLOE M E R o7ze L2L, [W@
EEho] dMEMRINEOHGICE LT, By
WD CIEE L o 22 e D, 20064128
SN OREER RO [HAL223%5 ] 2R L. &
VA BT % S h Al s A IR L 720 [HEIR223
FlEgie Mo rs ] (OS5 2013) &L
TafEEF SN, AFROFRHMEICRHE SN
A ARSI HBESHE T o722 b H D,
% { OB CIEIERh B Y E R AL T Lz, L
MLEDVL, ZO®% [WHHErs ] O RITL )i
SN EDOHBEMPIL BHEEINDL LI ko7
ZCCHE, MMm)/NEE SR THHMELTL 59
720, Fzl TS0 EH5 | LRRMAELFH L
MR T WL ) FERHIC BV Tw D20
BN G2 R [HAR225% | # B L. 325
Mg Al Lz, Zo/E,. MR comis
PN, ERAMFESNL Z L5, 2014412
(L2 oHT, WMEEFHEEIT- 72,
ARETIE [SLbD0] OB RICET D20, K
ARl O FH AR R RO W TR T S

AR O F L AR E R O LR [SFR254E
JE£ 21 0 7K B ) & At 3 2 v i B e AR AR o
PR ZREHE] 2BV TITbI,

RO FBAI G720 R Bk, RiEIe
PERERER, SRR DO R A & L T 72w



AFH -

7oBIAREER B X UM KA, TV T =
A=y b OBETFIEREE L Tn7z72v 7z R
0T 2 v 61 DY [ R SR 2R o 7 — O E R 1
JEHALI L BB, 7o, HALREMEL Y & —
WFgEsciEt » & — (IHHCL B3 S, 1 3 4 =5 )
EBHE LM () BN R, RN, (%) %
RBOZ. B ChE, HEAT . R —, Y.,
eeficr, G wt, RERH = B, 14 K5
DFERIITEREE AR AT - WA X O S

FEN I TR /N R [ L2 5] OFK 3

FLLCHAMIZIE CHFLE L BT 5.

I RESLUVERREZER

1. BEBESLURE

[ZLB»5] 1319954 (19964E5 H) 12HL
AR Z T TESRC138]) & bke L. [Hk205
Tl 2R ELTALRRZ47\v (BE5C454), Ll
B, IRERMAEMEIC L 28 - BEZHETHRS
7z (K1) [SLH256] L2044 12 mlE ek S

Mz EEHEZOBITICTRA V2w, 222 iz [Umobh s ] EI3HFES 618 F TR
miery — I —
k265 l} B, o) s
e BIC107 5
LK 265
. % BI82 5 BRC138
PRESFBF LT (3 k209%)
PaloDuro
Hope X Timstein I 39-44 (Fo) Stozher —
Fo FZLbNb
ARS8 (F2)
335 HAL118%5
} FYTANF
K275
K275
O b s  gleisTE
Ardito - #2055 -
0% ~ Bk1015 (VA TF)
5
} L7y )
EARL67 Xy HhpIany -
THL267
(RM77) | gilessse
Ardito -
HEH2675 - WIk1955
WAoo (F7)
% K167 } N % JekE495
ZFF oK
} JepELT
KEF49%5
N K18
E%$$6177 - B2 -
Bh g
¢l&ﬁ
R0
o } 1 [E]5575 (F4)
L1 ;ﬁmﬁ . % 10375 -
VAR
*rﬁk%3977
(2R5975)

Ey

[CLbh5] O%EXN



FC-B3900 & #ERC-B3901 & /R L 726
12)

A UL T 2hlikamETH D, MBOFEELE1IC
N L7z. [REFRCA38] 3 ta o [HA2095 ] <4
DET7 I T —ARMWTH 5. [ #2055 | 131
[vA 7% GENS 2004) & LTRSS
7B R &R I ENR N R TH B
[ RC-138] & [HAL205% ] o s i %w o
EHETIZENZN "RRRT T T, WEMEIR L
bz "RREy, WEREEEER R wT
Th Do [BERC-138] @ EHEHTME 1346 2546 00 A
BRTOTHAHH, RS OHIE R T [
2057 ) WX W OFEIC W ThH D, UWITEIR
JIhETIE %R, AGHEOFEREZ HiF L Cwiz7z
O, TEFHAEZET I 0 — A8 & S
L. MR, ZELI WHEEE, ik, #
I, A SMBE R, SRR Rz
HiZE L7z,

2. BRiEE

[ZLb25] OEWFERER2ITIR LIz, Mk
B (Foy DUFFBICHERR) 1Z10M 4k % L% T

4 B EENIIE Y v ¥ —WFsets  45118% (2016)
K1 T2l ] OXRBEHOKM:
% B OBE O ME R g;’; S M BN R T‘i@ i; ;ﬁfﬁ
ZLbE2D RRfiE R 2l SRR A & v R 25y WM H it}
D EAC-138 N ) ~ ‘ , ,
O R R i3 R SRR A & V-V R 2Ry 1 2§y 5
(3A6209%5)
LOARIZSE o vvk ool MR A KV b o%E W @
(VA T F)
%2 [2LHhs] OkiE
AERERE] 1095 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
| & F1 Fs F3 Fy Fs Fe F; Fg Fo Fio Fu Fi2 Fi3 Fu Fis Fis Fir Fig
HEEk B Rt Sk 1 1 1 1 1 2 1 1 1 1 1
E 0EE O 784g637g 272 17 5 3 5 5 10 10 20 10 10 10 10 10
RO BB 1 1 1 1 1 1 1 1 1 1 1
A AN &AL 7 5 1@ 1 1 1 1 2 1 1 1 1 1 1
B |20 0Bk O O 2728 3 5 5 10 10 2 10 10 10 10 10 10
LR E JIRR T T i kR O O O
LR E IR TR o O O O O O O O O
HERGE AR TR 1 1 8 10 12 12 6 10 12 12 9 7
SR ISP R TR 3 5 5 8 0 3
S ih Al e AR AT 15T 3K 9 10 5 4
fig % MR BOE BOE SOk TR B DIk
AR C-454 s H& %% C-B373 #2255
#1) ERTREEZ AW L7225 KRR CTH2LMON, 1R AIZ IS Z 9IRGB RE L. 2 0&M~0 520024512 5%

20014FPBED RIS 13RI 2T L5 ] 127 2 BR3736DMRE & BB O A 2GR L, MWITHIE L 72,

AL, &Rz L 72, F, & Fsld. BRI
IHE L7481 %2 A L CHEIE15cm. 7 kg/10ad ¥k
Tl i CHIGHE U CHFRAE R 2 280 L B IREE RN 2R
D& 7o/, TOM. FI2RET, F.28% 7T 5
Ltk HARELR KD BREAERRE 147 [
L7z
F,OMMEERMZE, & N U AATRE L,
. R, BASLEEL L 22z # kL 72,
Fo (X HIAF BE IR L 72272 2 JRAERfE & LT 4
40cm, HRE25cmD 4T BICHOF FiFfE L, 5
BlAeRE s LCI7RMa K L 720 Fsld7kg/10amd
P B CHRIRLScm, BER S miCHIR L. VL EBWA
TITHRWmP A L% 5 A Bk L7z, SR 4
A 2F7v, WAEERM 292 L &b, AR
#1715 720 F;T5RMICENZIERCBI732~
FRC-B3736 D %4 & 2 THEMR70cm. 4:15cm.
FeM12cm, BER36mO 5T S IEICHE L (F,
DIFed W U, 7272 LRI 4~5m). [
WRF LA R DB A iR 35 & OV 3P Mg e 3l 12



AENE 2 - FE I TN [ Lbn s OFK 5

Lk L7z 209 B, BERC-3736 & B RC-B37347¢
giZIcLers] & THMOLER 5] 1274 %%
THbo Wb RRC-373203 N AE S FEFEE L H
729, WSRCB3735IL BRI S 72720 F , TEEHE
L. BRC-B3733HFs THEHE L 720

FARCB37361k. Fold 1 RfihE 3 R/it. Fo &y
1 RBEHRE S B, FulABEIE 1 RFHE 2 10%48K1C
ML CRMBIH AT L & DIS, Fo LA A
T iR & R OE SRB B X OSRAEE IS PR E i
B i L7z S OM. FuCAEE IR ZED
D HNT272D 2 RARMEN T 7S, BARIZAER O
BWhzkL 1 /HEICKo 720 Fo~FllBIF 5
RN S BESRC-B3736IMEE T, A E AR
ARV LA L2720, FolBEIEERHEZ
T B R S TS VRIS E T L, /20 Fy
TORBTRINVT =722y MR OS5
5, BN @M Em X5 Glu-Dld (5+10) A
THIEPHHAL, CORKSTEINTZ VT
2=y b OBETR S BV % # % Glu-B3g
(Branlard et al 2001) T. )5 ®#EETDOMAE
bEDBMNITH S Z AP L 72 FEBRICF,
DED GRS ZIVT VAT, S8 @ik b
(WELA2L | LKL CHETZEERTWLH
BHO L o270, Uik, BRI/ EE LTHR
HTEE LT SHITHEIRLS K. RZEMHICET
EWS [Fr7anF] @i AR+
G [WELPL] OEMPYERINTVE I L,
JeAT L CHEBLICEAT L T olBis /N [HE
2235 (Mo bHns)] L4 OFEIENL T
7ot BHARR R BEFRRE L, EBITHR
e TR RWIFESRO SN2 Lp b,
20094 FE I, T [HUdb225% | R % LTl
b8 X OB KRBT B S AR P E AT O AR
& L TR L7z,

[HA6225% | (348 I C 92 Mt & A7z SR gh i A
ERATRVEHEi 2157225 RAROEERB LD
ERANO, RRMOFE WIS L ORI N e &
L COMTBEEOFM % 20 5 %EFH ), Rk
P& LT 2 720 1220144F 4 H IS S8 Sk i &
115720

B, BHESE TI320124E B (20134E 8 ). kAR

3FsTHh b,
3. aHOHER

L EFRLIE TR T oo%y - N & L

TOIWT ¥ R R 2 3§ L RIS, B e
Wi H AR (RoE, BHEORIFR~HER) o
JRTHRIE SN D L) IV ERAD 7,

4. ERKR

20144F BRAT & 0 o A IR 7)Y SE R I & R Y
T HIGEISTE & TP O Rl 2 47 - T o

I 4 fic:

1. TEEBRYHFM

[CLbho] ok BBIONOEELGH
1. BE2IIR L. . EEheRBorE
M FF P FR D 2 BT & AL IR O )1 T dH 5
(& HE20 ] LIREORDT 2 [SoL05 ]
ELHICEBITRL, ZOF— % ZInIC MM S
FE AT o SRR (R R K R BOAR I it &
1998) (it~ Tomhk L 7 TEREM A4S D B At & 2 4
VR U720 BRI 472 5 Tl B ) VG o
flixFE e LTHG, &g HESE L L.

[CLE26] 0% OfEEE T 5HH 5 ]
LIZM—TH %, ARBIENEDL X OB &
O [FTo L6 | LoMEMIFHB L. 22T
EEMOWEFNRETHL [WEERNL] LDk
W AT o FEEIZE MO AP HOoE R ) V%
TIE89em T, [WE B2 5] L) 8emH vy, i
BR3bE»IcmuEE T, B dzwy (£3),
MW B CEIRRIR "R, BRI W
WX ENnD (F4). WoFIE W, Kok
YT, Rofld RET ThE (F4). LK
DREPFOME FHRWE) 13 R VETR R 4
Heh b~ [wE L5 ] XhER (F£3),
RGBT [WwE L2528 “ho " T
ENTWaHRZERSL, [ZLEPS] IE “EOT”
KCRGEhs (£4), THEZ [WEHE26] &
ZIZFEESE T, T OIS, ARER [wib
o] XY REL, K KRG EhDE (K3, &
4),

DUF. a2 WL 2 IR 2 5153 %, #
TS “RRME" RO R, B
BThHEH (F4), REEWHOT Y 7 AIF LT
THoHH, o7y 7 23 L T EHOT
EEEE T, Ly COFE - 403 DR
L ThD (Fa). BANE WK, RAHIE X
L EOFE - 0T 4T, ERIE CRRERT
ThHOMIE KB THH (F44), FEOIEL.



6 HALRENT T £ >~ & — el 551187 (2016)

o

| UL U] LS |

[CLb25] (WaHhsl  [Hoshs |

FE2 [ZLlLb2s] ofLy3E

o
B
B
o
B

[CLun»6] TwEbhs] [FiTobHhs ]

FE1 [ZLbH25] ORER

&3 EENIBERBICBT S [Z L5 ] OB

B % RiERE S BE wop moks mown  Amam 0 HHRE
cm cm A/ g g
ZLHENH 89 9.0 587 46 4.6 4.6 =l 38.0 846
FOLVE wExHER2L 97 9.3 678 5.0 5.0 4.3 e 38.3 821
FRIMMOENS 91 9.3 605 46 4.6 4.6 g 375 840
ZLHENH 85 9.2 369 4.8 48 4.7 i b — 378 834
5% DEHLNS 89 94 420 5.3 5.2 44 I 38.2 817
FRIMMOENS 88 94 393 47 4.7 49 i b — 38.1 835
PR

FUVHE © 2005 — 20124F £33, 20114R I3 ER L < FHlE S B L 72,
4 H120em D 654K FRAER250H0/ndo BITEKRR (20054E B /N M) o
HENE100kg/a (20054F 134 L) o % FK 8 kg/a (20054F /%1 6 kg/a) o
I (kg/a) N : 08, P20s: 27, K20 : 20, AEZEWEM04ke a0
20064E £ 7 & Bl Ze A ] ~ A 0 5B iE0.4kg/a D Fht (20074F 1% 120.3kg/a) o
1% 0 2002 — 20124F FE -3, BEM70cm, 3KIE15cmo #EFEE500g/a (2002 — 20034F E12600g/a) o
HfEOZE DD HENE100kg/a (20074EFE 7 S M) o 35 41K 6 kg/a (20064E 755 8 kg/a)o
FENE (kg/a) 20024EFE N : 0.68. P05 : 445, K20 : 068, 20034EFE N : 064, P20s : 458, K20 : 1.6, 2004 —
20054E N : 05, P20s5: 1.69. K20 : 1.25. 20064EEELLRE N : 04, P2Os : 1.35. K20 : 1.00
RLE BN  0.2kg/a. 20024E B O i #1113 K20 : 0.2kg/ad Htill,
A IRIE R 1 () ~3 () ~5 () ~7 (B)~9 (MR, MoK/ 1 () ~3 () ~5 (H)~7 (K)~9 (HK).
ot 1 (k). 2 (3). 3 (¥#). 4 (#). 5 F#E).

el



AENE 2 - FE I TN [ Lbn s OFK

x4 [2LBE25] ORBIRHE

ALk ¥ ZLHENS WELENH oL s
1-1 # 6 (=) 5 () 6 (M)
1-2 o B 6 (R=H) 6 (R=H) 6 (R=H)
1-3 ROt 1 (dE) 1 (dE) 1 (%)
2-4 BOE 4 (RRH) 5 () 5 ()
2-5 oMK 5 () 5 () 5 ()
2-6 O 6 (=) 5 () 6 (=)
2-7 BOT v 7 AD%L 7 (%) 6 (%%%) 7 (%)
3-8 3 Ah 7 () 6 (RRi) 7 ()
3-9 WD T v 7 ADEL 7 (%) 6 ($%%) 7 (%)
3-10 FEWOTOHIEE £ 1 (fE~Hgd) 1 (fE~Hgd) 1 (JE~Hd)
3-11 WY O TR 5 () 6 (RRK) 5 ()
3-12 T sy DREEESY 2 (D) 2 (D) 2 (D)
4-13 R 2 (WhsEIR) 2 (HHsEIR) 2 (HHsEIR)
4-14 M OE 5 () 5 () 5 ()
4-15 Hias DML 5 () 5 () 5 ()
4-16 T 5 () 5 () 5 ()
4-17 W7 v 7 ZAD%A 4 (D) 6 (R%%) 4 (D)
4-18 SEOH 1 (%) 1 (%) 1 (dE)
4-19 ot 1 (i) 1 (i) 1 (%)
5-20 toFEE %A 7 (%) 2 (o) 7 (%)
5-21 ™R 6 (RRE) 2 (M%) 6 (RRE)
6 —22 EN,Y) 5 (48) 2 (#) 5 (1)

7 -23 B 5 () 5 () 5 ()

7 -24 LIADY NN 5 () 5 () 5 ()
7-25 Bt 5 (F18) 5 (4) 5 (4)

7 -26 EEEHIOUNER 5 () 5 () 5 ()

8 —27 WOBRHOFE - %4 1 (fE~Hgd) 1 (fE~Hgd) 1 (JE~Hrd)
9 -28 T4 5 () 5 () 5 ()

9 -29 AE 7 () 6 (RRK) 7 ()
10-30 BRI D BT DG 7 (LoT) 6 (Fol) 7 (LoT)
12-33 355 - b H0R) 1 (9%b) 1 (9%b) 1 (9%b)

) [2Lb»o] OREE [P 9 FEMEEE S BERAR G (19984 3 H) ] oLMEICHt- T, Fmiidtil Gik)
DENGHETH2 [@EEHS | BIUOHEOEMT 2 [FUTo 655 | & il U TR L7

FLEEMDT v 7 AL o<, IHHHTD [Ww
EL05] R [Fry7an¥] 2iELH, #BFho
FERAEEBFEZICXGNTH I LN TE S,

2. SREEE

[SLE25 ] OEERRNE, RS X O
&N ERIEEZ K6 ~KIIIRL, TOT—-5 %
TCNZ T P P 0 A 38 D REHE L) o T L
7RSI 2 5 1R L ze #MEAREIX "V T [w
EbEhol XN 177w (K5). EEIBE
AR Y VIR TIN5 H1I8HT [w& B
5] X 1THRLS I 7HHT [Wwabh
51 X0 1T HEW (6). FMFESE T
WL R E L TwE b6 | EFLE "R 12
Xorahsd (£5).

i 25 0 R AR SRCIL R 26 JE 2 > 4 —  (DLF

HHM) Tid RRET A TREENEE Y Y —
(LT TR T "RRgg~h", JLilEEiz8
EFZERERE LI RSERERY Tk "5 TH Y. [W
ELEN6] LD 1~257 75, (o,
5] LIZIRMARETHL (KT7). HBHRHMESHET
B [WEHhn ] A "Rl T [Hobrs ]
AR THEHOT, [ZLbH] 1k "X
557 LHESND (£5). K7 0 ST & B
FRZ L ZHEBY 5L, FRITIIMEHIHE0H L
WTOHEREIIM~DPTH D, —J5, WEHH0
HZ#Z 5 E2005FD L) I 0WHHEEZITHI L
I BHH, 201140 L H ITREFEMHEI00HHi#£T B
WEREIBICE EE2E0H D WEHIHIOH A
5100H O FIGHEREIITTH 50 & T RIFTIX
HE W MB0OH ~90H T A IX80%LL - TH 5



A3, 110 H Hi & TIEBRA =D 20% M BE IR T 9 % 48
B0 MEFRE S BV, Dl ke bR ae % R 5kE
LIRS WSO H LU F st & LR S b, 7272
L. BBO LI ICHBREOHENTEAELTH, €0
BEEL TR TSRO 2w e bdh ., e
DR EDIEAET 5 WE W H 100 H DL O Hiws £ T
IR RE L RS NS,

THFEVEIC DWW TIE "R Reu”, TR
FFEFMIE DR T [wEHE25] X DH
REEE1T 27, WREFHI3I T 78S (K5).
THERIE Y VI TIE380kg/aT383kg/ad [W &
Lo ] EIFIFE% T, 53 TI347.5kg/aT
50.1kg/a® W& L2 5] X V5% v (%)
25 BRI E T & B0 ] LT " 1254

WA RN T £~ & — Wi ge s

118% (2016)

s (£5)o BEHELOMBELETZ L, B
ZMRZFNLH OB X 5 HHEWATHREDOSE)
FEA: L 7220074F B £ 20084EETH . FHEEIX [W X
L5 ] LIRIEFARETH ), FEEDFRM O
HEFAL TwEErs | LFARETH L.

AR OIRIRPUIE L 2 9 1R L 72 & 9 1 AbifgdE 4
arze e RSB (DT, JERRR) LR
WIRERE b 3 ZE -~ & — (DU, dLENP) <
& CREPIRESEGRRY (DT, BRERRA) T
R Thol [WEEh6] LHRDLE
e R E RIFERKTIR057 73R < JLRAFT
13057 ¥ 785 MREFOERITHRE Lrwv, L
ML FEMEIIACRIECIRIRIZEAE 225, LR
HERFRHATE [Wabes ] Lh)Ththld

RS [ZLH25] OEBIRNE

B % " ZLbEH,5 WELDH MO H 05
13-34 o R 4 (V) 5 (V) 4 (V)
15-36 HiRE I 4 (RRH) 4 (R 4 (RRH)
15-37 JS A 4 (RRH) 4 (R 4 (R
17-41 it Sk 6 (=5h) 7 (3f) 6 (=uh)
17-42 it 25k 4 (RR5) 6 (=uh) 4 (RR5Y)
17-44 it ot bk 6 (=5h) 7 () 6 (Ruh)
18—-45 i B AR A 7 (48) 6 (RRih) 7 (i)
19-46 RlZE 3 8 (M# b ) 5 () 7 ()
2047 Bk 5 () 5 (1) 5 (1)
21-48 R 5 () 5 () 5 ()
23-70 TSR U 7 (3) 7 (3f) 7 (3f)
23-71 R O IEPLTE 5 () 4 (R5) 5 ()
23-72 9 & A IR 4 (RR5) 7 (3f) 5 ()
23-73 RS O IEPLTE 5 () 7 () 5 (1)
W) [2Lb»b] OBEE [P 9 FEEMITIFESEMARES (199843 H) ] oI HE-> T, &5 HMdbit (3e)

DENMHETH 2 [WEHEH5 | BIUOKMOLBT 2 SO 555 | & i UCTRRAI 5 L7z,
TIEOFEE, RIS, MZEMRIKIUIE,. O & A TRIRPIIE, R S O9RIRPUIE 1220034 B2 (REJE 31320014 ) ~
20094F FELZF LTI L 725 MM iRBRARE (BARRY 7 — & 138 W) 122DV TIXor Ly i ol B k13200348 B~
20104 K21 R BPI B S aABRY, T O L - e B (BRI 7 — 2 1 380%) 1T W TG L7ze WEMRIZHRT .
P OHGEF IO &, LN LIMIERETIHE BSHETN FED W CTIX I L 726

K6 EEIMERBICBTL [ZLE25 ] OB, FEELOwE

R Y CES HIRE ] e BR WE ke XA RE W iR
Bk H/H H/H FEEE MR U 2 09 kg/a %
ZLH»H 518 75 19 0.2 0.1 0.0 1.3 0.0 57.2 98

FUVHE @I HEh5 519 74 0.7 16 0.3 0.1 0.2 0.0 58.1 100
gurobhrn 520 7.6 2.0 04 0.1 0.0 1.0 0.0 58.5 101
ZLb»H 5.20 76 11 0.2 0.2 0.1 1.0 12 47.5 95

ESi WELHH 521 75 1.3 0.6 0.4 04 0.1 0.3 50.1 100
gurobh s 521 7.7 1.2 0.2 0.2 0.1 0.9 1.0 51.6 103

PR © 2312 L

FRATILE SR, BIRAREE, W B 0. 13D, 2(4). 301). 4(%). 5(H)



AENE 2 - FE I TN [ Lbn s OFK 9

KT [ZLb»5] ofENE

- fﬁ!ﬁi’@ — %g;—*zaﬁ . * Eﬁbllﬂ%ﬁﬁ
i W RE L W mAR BE me . WA L .
FE o ome " oma s mEome E g orr R

ZLHE2H 2003 - - - 79 85 30 40 Rdasdiiit - - -
2004 81 20 PRy 107 22 83 15 by 141 100 5y
2005 93 38 PRy 124 11 90 10 by 144 87 5y
2006 0] 28 i 118 56 70 20 H 134 99 5y
2008 78 10 PRy 89 84 50 15 ey - - -
2009 76 15 i 111 72 75 30 i 132 84 5y
2010 81 2.3 PRy 116 66 88 10 H 130 98 5y
2011 100 10 i 126 7 95 10 RRhy - - -
2012 101 25 PRy 110 23 95 10 H - - -
SFy 87 2.1 PRy 109 47 75 2 RRyy—h 136 94 5y

WX HENL SFy - 12 =R - 95 17 5 5t - 56 R RHY

FHobLhrs iy - 2.3 PRy - 59 70 2 H - 89 5y

B O O BEREIZ0 (). 1 (B, 2 (). 3 (). 4 (B), 5 (). BEMEIIEELTHOMTZELIHED
TARREETDH S, 2004-06, 2008 — 124RJE 8 7 435, 20064 I3RS H330 H LA L L % 7> o 72O TIRE
HIMNZ 0 7225, Bre 22 A3 HAEE S\ 720 T AREHIH O I A 5 3B L 72,

ATRUE ORAHREE TS, ERNREE GO BB, BEERE SE A 5550 5 BB IRl
WEEREIE 5 MIED A, 10 1 EOMILL/2LUT, 20 - EOMFEL/2LL L, 35 : 13L& A L DIEHDHIBE, 50 1 3%
DKFEL/2LUT, 75 © ZDHFEL/2~2/3, 90 : ZDOMFE2/3LL L, 100 : 13 & A EDEALIE,

LR 1 2003 - 06, 2008 — 124F £ 9 H1 4713y,
SRR R0 (E4r) ~4 (W3E) o5 BRRETHAL. [FEMIE (0~100) = (KIS x HFHE) DA
FRBx25] THRBEZFEM, Fud ) aAFE RRLmWm” & L TmIE~550 6 B IZEHli
2004 —06. 2009 — 104-F£ 5 7 473,

xR8 LENBERBICHEITL [ZLE26] OGN

el PRI E S
il ZLb»b WELNH HIToOLE» 5 ZLb»b DELHND FUToOH P
B TEE .. TEE .. T#EH . TEH . . TEE __ . TEHE __ .
ARBRAE e kg/a FERE ke/a FHE ke/a HHE ke/a HHE ke/a PR ke/a P
2002 - - - - - - 49.8 1.0 53.5 0.5 481 1.3
2003 - - - - - - 52.1 1.0 51.2 0.5 52.9 0.3
2004 - - - - - - 494 25 60.1 1.0 55.5 25
2005 34.0 0.5 336 0.3 32.5 0.5 531 1.3 51.1 0.8 54.5 1.3
2006 371 0.2 384 0.3 36.7 0.2 50.0 0.4 51.1 0.5 55.2 0.4
2007 425 30 42.9 1.0 431 25 49.6 1.5 50.9 0.8 50.5 15
2008 40.6 15 409 0.3 404 1.8 62.8 0.5 594 0.0 67.7 0.3
2009 36.5 28 377 1.0 3538 2.8 44.5 1.0 46.6 0.2 482 1.0
2010 38.3 2.3 38.3 0.8 370 25 50.5 1.8 472 0.5 53.5 18
2011 - - - - - - 375 1.3 44.6 0.5 50.7 1.3
2012 372 3.3 36.5 1.5 36.9 35 230 1.5 35.1 0.8 31.0 1.8
73y 38.0 19 38.3 0.7 375 2.0 475 1.2 50.1 0.5 51.6 12
i L 99 - 100 - 98 - 95 - 100 - 103 -
TR 72 2.8 1.2 3.0 0.5 34 1.2 10.1 0.6 6.9 0.3 8.7 0.7

PHREBEEL © 26312 L
FRAILE SR, BIRAREE, W EBIA 0. 130, 2(4). 301, 4(%). 5(H)



10 WA RN T £~ & — Wi ge s

&9 [ZLbH05 ] Oy OHIEHNE
Al 87N At b R A
WS SIRE CHE SEIRE R SO R

SLb2H 37 b 48 i 36 R
WELHPS 51 RRH-0 47 d-RRR 41 BP0
36 KRR 51 H - -

BWMOHH S
. AL (2005 - 20104F B, 20074F B % Bk <) AL B AT
(2006 — 20104 B2, 20074EFE 2 B < ). EEFEE (2005
—20114F B, 2007, O84EPEA B <) THEME L 7= 4k
MosE SRER KR % SR iR
FERGIENZ0 (fE) ~8 (RHARIZTE9N)

052 a7 AL WHMRIZLT ¥ 7 #2 &k S
Noo [FTobhs | BT 2 LILRERXTIE
R O THMOLNE] X0 1T Y IH LY,
RPTEIELLE " TRILTHL. T/ 5
FEEIZ AL R, ALRIEE BIRIZF L TH % DT
PRI FIFEEE S HIMr S 5o FERES BT [
Ebo | "Ry T IHmobLr5 | A
THLHOT, [TLHEMH]F HT EHES
b (£5)o Mo EHEILIEE LT, fZEHimNiK
PUEIX "R, 9 EA ZHRPITEIE TReReuT. RS
O EHLEIE " TH B (K5).

118% (2016)

3. mEsH

1) RSN SRS X OV R e
ST R R0~ K121, ChboF—5%
TCIZHIE L 72 A RE RV O X 431 % 131 R L 720
RLTAE 3 2%90% & w5 < (K10), KB "W F
B Thb (K13, BWHERIEITI9%T [0EDL
o1 D720% LD EL, T [wEERL] I
HARTEEY) FHHR, I3 7 2a7, IKSBIT
A REWICEBEIENS (F£10), B
BEBICI) U727 OREMEE TwE b
5l o "R L, wWOCKGSEhE (%
13). HEMEHE&E13130%. 60% MM &EHY
HRIXILT% T [WE B2 5] D124%. 11.0% &
DL (K1), BMMITEZ, 60%H8 & b
T R EN, FEE RRET 0 [wEbLH
51 X015 v 220, 60%kiE [waH05 ]
b E" THhEHOTHULXSTHS (K13), FE
BLUC0BHIKTE TWEBLLL] L) eedbi
Ly "ReRed” TR Ehs (1L #13).

[CLHE25] 137 30— A8 WEET O Wx-
Al RLH (K14), o7 I u—20E G

®10 [ZLH26] BB (2005-20104139)

LYo Ed W tEJF  EEYF AFL—F . K55
By A BM# . N4 -
i o L R T BT
% % AaAT
% % % %
ZLbEnb 90 739 26.3 64.3 91.0 042 88.0 534
WELEND 80 72.0 252 64.1 89.7 047 83.6 50.7
FRIMMOENS 86 74.3 26.1 64.3 91.6 042 885 53.3
1CW - 744 222 66.7 91.2 0.50 84.2 50.7
HRW - 730 217 66.1 90.8 047 84.7 49.8

B Sk UK BEEKS016%, 7 4 — FHEL6%/kg, 7 L —F 0 — VIR0 —0.08mm. I Y ¥ 27 1 — L HkR0.05 - 0.02,

7 L — F i H40W — 40W —45W, 10XX - 10XX - 11XX,

I MY ¥ 7l HE60W-70W, 10XX-10XX - 11XX

£11 [ZLED25] OB X U60%FHE (2005 —20104EF)
i 2 60% 4%
il 4 ®E K ®H kG o7 HE Bt (Lab #f%))
a2 am AR s/ AR T—A0HE4g K HEE  RA o WA B2
% % % % % cni/cnt L* a* b* W *
ZLHERH 13.0 151 117 0.39 26.9 1868 87.9 0.71 14.3 81.3
WEXLENH 124 1.58 11.0 043 27.1 2087 88.2 0.62 133 82.2
FMoHEH1 5 127 147 11.3 0.38 27.1 1945 88.2 0.68 12.8 82.6
1CW 138 1.58 12.8 0.46 27.7 1852 88.3 1.66 14.3 81.5
HRW 12.3 147 10.6 043 28.3 2087 884 0.56 152 80.8

a) BofizI vy CM-3500d THE L 72



AENE 2 - FE I TN [ Lbn s OFK 11

xK12 L2565 ] o4 (2005 - 20104E 1)

TrN T TN IXRAF VYT T 5(135%5) TIOTT A

A4 Wk Ao Edo Ao oxmyx e ik ME BRI BMER REkE Re T L—2
S0 %4 WK ZEE §5LE —y— - IoRE Kt E R KRIERE RoRE KE Fo s

% min  min® BU. AJz— e BU m T T BU. BU.

ZLbEHh5 664 114 - 43 73 149 79 150 53 570 892 790 192
WEL)DS 666 35 - 87 49 68 223 207 11 588 893 796 218
Mobrs 647 129 - 33 75 150 742 157 47 574 890 769 204
1CW 674 84 - 27 74 133 483 206 24 591 901 671 166
HRW 620 85 - 21 73 138 627 166 39 598 890 641 144

a) BHWOLERZIE [ZLH05] ORERTHELT, MEAMEK (EROELED0) 1245 5EHDH o 720 TFIEH
HTELhoi

K13 [ZLH25] o

B % ZLHENS WELENH oL s
11-31 JRZ R &R 7 (%) 6 (%%) 6 (%%%)
11-32 JR 22 IR 53 i 4 (D) 5 (#1) 4 (D)
22—-49 LAY TS 7 () 7 (1) 7 ()
22-50 hH 3 (BHTE) 3 (B§T1H) 3 (BHTE)
22-51 B 7 (&) 6 () 7 (&)
22-52 IYrrAar 7 (&) 6 (RRH) 7 (&)
22-53 609K HL & 18 & i 7 (%) 7 (%) 7 (%)
22-54 6093 1K 532 4 (D) 5 (#) 4 (D)
22-55 60%H 7 I 10— A 5 () 5 () 5 ()
22-59 W OWIRE 5 () 6 () 6 (%)
22-60 W OHA 6 (%) 5 (#) 5 ()
22-61 Mo EH 6 (%) 5 (#) 5 ()
22—62 WK F 6 (%) 6 () 6 (%)
22-63 NEY A==\ 12— 6 (%) 6 () 6 (%)
22—64 A DS OFEEE 7 (K) 6 (%K) 7 (K)
22-65 A 3 o> PRI 8 (M b i) 5 (#) 8 (M b i)
2266 A o R EE 4 (RR/N) 5 (#) 4 (%)
2267 A D FRAREL 8 (M) 5 (#) 8 (M)
22-68 R 5 () 5 () 5 ()
22-69 TL—r ¥y 5 () 5 () 5 ()

) [2Lb»o] OoEE [P 9 FEEMEIEE S EERAR S S (19984 3 7) ] oIt T, #miidtil Giik)
DENGETH2 [@EEHS ] LIFEOENT 2 [T bH5 | & ik L TR 5w L7z,

ETEFEMO [WEHL2s] LIZERA%ETHL (F
11)o FlRE TR o M TR Ol A5 /N &
[WEL2L] XIh/hsw ) 2Eh5
R BTSN S (KL K13). HrofmAlid
[(WEHENS | LU THEMEL, AL HEf
ADF (F1Do BERAEIZHEDS T & 555 ]
I 1T U7 T RAREBEEANL T VS
Bl RRE ThD (£13).

2) INFEA Y

[CLBE»6] ORGTFRBIRG TR VT

Zry¥72=v b O#EETRIEGU-DIdE Glu-B3g
ZROBBNMTH L (K)o D7 7))
77 AOEMOFLED [WE H 25 | O8TB.UIC
KL T43BU.L /NS, BV EEOTRETH 5N
0 A —F—flid [WEBEHS] D49xF L T73L
EW (FE12), 22720, TWwEBERS] & [Hob
Mo OBEBEN ReHE THEHOT, [ZLH
o] OBBELFEL e XA L (F
13)0 WK [WEBH,L] LIZIZA LT, Bk
BLFL "W THhs (K12, #13), @S



12 WAL EESERTIE & > & —WFge iy

118% (2016)

K14 [ZLHEPS 0 Wx B XU Glu BIET DR

il 44 Wx-Al Wx-B1 Wx-D1 Glu-Al Glu-B1 Glu-D1 Glu-A3 Glu-B3 Glu-D3
LML b a a a c d e g a
WELEDDL a a a a b c c b a
FUTDOHH 5 b a a a c d e g a

) WxfnF o aldibs, bidxkd,

Glu EARF- D 3 HT 1l i o B DU el JR 378 £ > & — i ki (KR L 720

BT F A7V 75 4T HEFICHN, A
DHOBEN [WEBL2L] ®68cm?iZxt L T
149cm*E 2 500 LR & < MPaRIKHTIZ223B.UIS K
L796B.U.& 3 R5LL Ly (K12)0 i)y, R
[WEBHD25 ] O2007mmicx) L TI50mm& /ME <,
Z D 7= DRI & M RED I TH 2 BIRRE D
@& H25 ] LUK LTE3EWE IS Ww (£
12), B LC [@w&EHE256] 12835 2L
LE0 5] OEMOTOREIZLIT ¥ 7 KE W K,
RIEPUE 3 5 v 7w " D iRT, MR
T rAEN RN BIRBRBE3 T 2K E
WO RDKRT X ENnG (K1), TIUST
TORBHEBLI T L= 8y i3 [@EH R
b1 LFMEET T KRG EINE (K12, #£13).
3) Itk

B v#tk B % 3 AT T o 72 (F15~17),
ZORN, BB LI CIENITIIY Y I F -2 H
WEHE I F D VT RATO . MUKEIEE T
[WELHAL] KDL, LRUITIZFERET,
B, LEFEDIFI VRS [WEbR
5] L2 EoETREY -2 (315, #£16), Mt
BRI TWwab25] XY KR&L, HRRFFMcIk
BHOBEEMs [0EL25] 0455000,
O¥EE, FE. FD. RIEIWFTE b, BERLT
FF72h, LRIFCIZEME MRS S <, GRtad
[WEH6 | X HERMTE7E, JLEc428
Il 572 (15, #16)o HALERY 1 FIHLA (XHER 3
FH—CTEHEIF TV IEMA BRI F Y VI ®AT
ST H TN FENR L, [@EE2H] X1
MARRDZ L, IF VU ZHEEDbT IR (F
17)e 28 DEFE I DT IS L, EiEFHii Tk
FEDE 505 MOFHB X OERIICRETZRS
Ndroie (K17, 3EIORBERIET 2 L5
HIF Y U IR AN VBNV RERTIE TWEHh
5 LIRIFFEBEORSVEME T, BHEIFI VS
TIZ [WEHER6] XYENVEEFIESTBD),

IF YU TMHED R LR S N . 34T
LNy - pEEAR O A TH S [ICW (F
FFENolYVZAF Y - Ly K- AFY 7)) %
[HRW CKEEN—F-Ly K- frs—)] &
2 LN MR LA R, BRIl AR RIS -
TWwiz,

IR Tl T E B0 ] LN, fiK
RS, ., R ORE, ERLPE 5720
HREFEOAR ST TwEH2 5] 741513 L
TT7L8R &R (3£18), Wi A$4HK & D i Tld AP
#FHH & LTl ERCHET S [PH (A=A 5
VTHETTA L - N—F)] LHETLERTOR
& Bk Bz fRHR ([PH] Z7475) HK
WA, 28 g ERE & L CRE K R S hoTw
% [HRW] &1~2 E1HH O E R ERER
K (THRW] 1370084 d &< [TLb2 s ] i
hE#E L LT mBEEA LTS L TS
%o (#£18),

4. [SRAOELS]| EDHEES

[CLB5] & [SToHEH 5] & FREIHEY
T2, [iMobs ] X0 BB, &1
~2HRL (6). BEF1T 7 (%4),
RN L 7 v 7B, 9 EAZHEHEN L T
YI%oTBY (£5), HMEHHEGEIRLRE L,
BOW B SHMEL L KA L EBANE Y (£, £
13)o 72721, BN, eI R TR
L "R X453 hd (#£5),.

FER A D W TR B B0 3l o il iy i o) 72 52
EFYVEET 2em. LT 3emBETEIEDLT D
Thb (#£3) Thix [PMobrs] i [ L
E5 ] LRI HOBTESITOORE S DEREN
REVEEZHELTBY (BHL1), 2ok, H
HIZEBREOEREIV S TH->ThH, FEMHFIZ
RS LR llE S g, B X DRIl
ENETENLNTDTHD, L L. EEEHRE
TUEAT DM E L 724 B 121074551420~ 4604k D



BINEA GBS NERRE [ L5205 ] OFK 13
15 HEICBIZ [ZLb25] of/ev @it (2005-2010)
ki Ixvys oA B R it
i B BARE B B BosE R 325 MG R F) bk

ml k4 B ) B G a0 () () (15 (15  (100)

LR 655 640 461 162 68 32 35 69 34 31 107 103 640
ERY A 646 309 436 137 66 29 30 61 35 32 98 96 583
WMob,s 640 624 467 170 65 33 35 70 36 32 107 103 651
1CW 670 454 545 247 80 40 40 80 40 40 120 120 807
HRW 614 545 521 228 76 36 37 74 37 34 107 104 729

Tk

DRI L OB S B B VIO, A b L — Mk

FEEA - NEML00g. B 2g, WS g, FIA A4 —A b 1lg Ya— b= 5g, 20074EEDIEIE Z 0B % Bl
B OE:FTraFn 100-200g3 FH—H. 20065 EDEIIFERET [ L0 ), T#iMos 5], THRW] &

117rpm. f1390rpm 2% 5%E

J& WE 1 IRIFERE30TS50% — A Ak & — 2 IRIEMEI0CT 309 — 7 A3k & — X ¥ F30C 155 — Wl — & 4 1 3El#38°C 5555

IE1X85%c HWAKEIWE Y —T 4 Y 7 ENT —iH. 20074EBE LAREI 2 RFSIERT IS AR ML 2 2 53]
i 1 200 2545

Potze () WHEMIAEBOR S %77,

K16 JLREATCETZ [ZLH» 6] OB (2006 -2010)

K
HeRFfli - ICW Z#EdE L L, ICW DR R Z i D80% & Lze 72720, WAEMOREIEHAA — A P LR ORI

ks ¥y vr ik aTin HRERTill aral
mi Al 1K f] WAER HE0 Be Bollk R 3§25 Nl & Fh Ok

ml Vi (300 1) (B (6) (10 G () (15 (15  (100)

ZLb»b 65 10.26 500 200 7.0 2.8 30 65 37 34 110 104 678
DEHLNDH 65 4.21 484 187 7.3 25 28 63 34 31 100 96 636
oL h o 64 10.16 493 193 6.8 2.7 29 67 38 34 107 103 666
1CW 66 542 601 282 79 4.0 41 78 39 39 116 115 829
HRW 62 8.04 568 260 74 36 38 72 37 35 112 113 777

BT
AR RS L O 2 s A B VIR OIUEY . X kL — b K

BOSUP S aFv100gI FH—HA L. 1 Hoiiz /M ER100gs Ly A4 — X P2 2 DSHIIZIZE R

LT,

EHERTAM  ICWZFHE L L, ICWOREZ = D80% & Lze HAMD FZBUIHAA — 2 F TEROELEEIZHE - 72,

() WEMHERAHHOREZ R,

R17 HILEBHBFEAEGICBITS [2Lbh 5] 0By @2k (2005 - 2010)

ks Iy vr o8y AR B AEREAl Al
Y C e I 14 R HBC B B0 RE 3L REM Mg &Y K

ml (T2 ml (10) (10) (5) (5 (0 (6) (15 (10) (25  (100)

ZLb»b 668 L3M3{L2M4 1688 75 7.6 35 34 7.1 78 112 71 195 746
DELHND 653 L3M3IL2M3 1707 76 7.6 3.6 3.6 7.3 79 112 71 195 753
FMoOLM 5 652 L3M3{L2M4 1594 7.2 7.2 34 34 7.3 81 112 73 195 746
1CW 66.3 L3M3{L2M5 1839 80 8.0 4.0 4.0 8.0 80 120 80 200 800
HRW 657 L3M3{L2M4 1786 79 7.8 3.6 3.6 7.6 77 114 75 195 765

BT

SRR RS L O gk L M B VIROIREY . A b L — bR BB HRa A

JEURHC G /NEH100%. £241.8%. OHE 5 %, BiBEBFL 2%, A —A F7—F01% A —A 3% ¥a—F=275%

i B30 — by 20064FBELARE20 — b MEHL I FH—fH. IF T U IRMIE RO LB,

(B1) L3M3 | L2M413 3% 3 25+ Ya— by AL TIRE 2 45

o 3 70

ik 4 55

va— b= Y TEANR OB AL ORI A, 24 Rtk o iR I AR & D B
5 720 VI & Rl iko

8
b
or
-

fiE 0 1 KFERE20TC 6045 — 53 HI190 ~ 200g X 2 — N > 71555 — a4 4 T FERE38T 6055 200548 KE LUFE5555
i EKIB0T. Tk210T . 20~254)
Tili : ICWEEEHE L L, ICWORLE 2 rid80% & Lize () WEIHIZAHH O EZI/RT



14 WA RN T £~ & — Wi ge s

P T LuEAS ] 1E759em. [HHT0H 55 |
8l.3cmE VLN TH o7 (FRHOT—%
W)o Z D7z, FHSEETE [HiTob s ]
O HFAKRH L. [SLE2L] X "R 14
aIhad (F£4)

NV #EthsIURELOBES

1. RERIERTEFHEDBIFE

B SR TR £ TUS10UR 1277 It DRFZERE B C 4 4
B2 D72 0 SRR E A AT DAL, D280l
T TbhTz (K19 209 5, WA 2 N,
HEHT L FRE 3120, FTH 800 A6, HE
LA WTH o7z WAL, A LRI PR,
fa IR BRI AR, FRHFIR T H AR oI

118% (2016)

ZARALN, ZUL BRMEKR, SMBUE B2l S
NT W e FTHY0 GRS T, eI
B BRI, EILR. AR, BEFEC. AR
RSO - I, B 25, S
. FILRIIHEBO % SHARB I Wz,

2. ERPBESNZEHETORE

U S AR TSR D [ 7 aa
FlERBLT, [CLE2S ] B3 HE
<y BT 2 HE.C, AR EBRIE DS
Vo BEE -IFETIE) LA IHICERY, TEED
15%% <\ TR EIZDSWAFHEIKRE L, 48
X REND (3£20),

TR OB MR T [Ty 7aax] LR
[CSLBEH0 ] MBS AR 2R . R

®18 [ZLH 6] OREERNENE (2005~20104F - F-39)

i FrvorE fREER ARER RIE T 5tk & oal
i 4 4 H 1 A% 1 B

(10) (20) (20) (20) (10) (20) (100)
ZLb»b 71 146 14.0 145 71 14.6 71.8
DEHPH 75 151 14.6 14.8 74 147 74.1
oL s 6.9 14.1 141 146 7.3 15.0 72.0
PH 7.2 147 151 15.0 7.2 155 74.7
HRW 7.0 14.0 14.0 14.0 7.0 14.0 70.0

i) RS A O RGBS X OVERERERIL /AN O i R -

HREMRAIC X 5D A#TE (1985) FEMKIER S e

(ZHE U720 ERERMMIIHRW 2 58k & L, HRWOR R Z i miD70% & L7z () WO EFHlEH R %R

ED
F19 LRSI A ORI 51 5 AT
; s o ST i
s RS PRt i L 2000 2010 2011 2012
ATREENTEE Y 5 — pRidE WEHERH All5 x100
7] Sl B SR SR T i wEHEh o A104 AlL22
R IR S i wEHEh o A104 292
DGR S i ANy Ty o101 0%
EIE AN Ty 92 102
I RS A TE L > & — PRidE FrT7aAnFE A110 A139  AL05%
%I FrTanFy 132 132 116
RRBILRERG Yy — e ELEY: A All4 O102 A 76 A87
FUViE  ZhddE 87
[ S IR e T i w595 x 8l
ISR IR AT e > & — i JaFanF o112 X 60
BINR RO ER G Bl £ > 7 — REEDIZERT A WwEbHrh
AR EMEAIIE L > & — RSERBRY i FrTan¥ AL06 x103 x107
R IF L RS TR i Fr7an¥ 0139  O105 0O122 O114
TR UP IR R SR i YIARALF x103  -102 ©Ol14

) B EEONEELSR (%)
O: A, O . &0 JHRE,

X CFBAID % FRHERICO Sk



AT S BNl [Z L b5 ] OF K 15
F20 HIHILELEABRY T 5517 B HERIFIES X DU
g BB R U BRORE M BUR O A R THEE BEENR AR TRE ME A2
afidy  EE LH) (HH) (em) (em) (B/nd) 24 2 09 (kg/a) (%) (g)  (g) B¢ %
L5756 2009 428 617 74 92 135 00 00 03 333 139 84 379 35 O
2010 505 617 8 87 53 00 00 00 590 105 83 365 30 O
2011 424 612 8 93 417 00 00 00 654 114 88 396 32 O
2012 422 612 79 94 398 00 00 00 557 114 87 373 30 O
Fr7anF¥ 2009 502 619 78 99 110 00 30 00 240 100 758 418 40 -
2010 507 620 104 103 415 10 20 00 560 100 821 418 35 -
2011 430 615 100 102 43 10 00 00 574 100 82 458 36 -
2012 426 612 98 112 327 00 00 00 439 100 841 413 35
ZLlb»b Py 429 615 82 91 371 00 00 01 534 115 836 378 32 -
FrTaAnF 502 617 95 104 322 05 13 00 466 100 818 427 37 -
BRI
RO, GEEEE  AE ARAEEE160ML/nd

MER] © 5m (2009). 6.5m (2010-11), 55m (2012), #%i : 28cm (2009-11), 30cm (2012)
] 0 10H31H (2009). 10H18H (2010). 10H18H (2011). 10H17H (2012)
HeNEAE L, FME (kg/10a) N : P20s5: K20=3:6:3 (2009—-2011), 3:4:3 (2012)

B (kg/10a @ EHIK 5O HFLIK)
20094F-

AR (11/16) - 4. HZEk (2/22) 3, WIELEAE (3/10) : 2, #E2mH (3/31) : 1

2010-114¢  @4g; (LLH TH) @3, &% (2 TH~3 A W) « 3, B (SRR 7m) : 3, HAEIOH T « 4

20124

AR (11/20) < 3, HZEHE (3/7) 3. FIE (HBEE 7mm) @ 3

ARATHEHE R L O IEBIA 0 (). 1 (). 2 (D). 3 (). 4 (Z). 5 ()
SMBLENEL (BB), 2 (BF). 3 (hk), 4 (i), 5 (FF). 6 (F)

FFRC © 20004F BEISHBF AR RCHAIE LIEL L 727200, WIMIZET 2502 ©. R0, AR, IR E % o 72,
4 AR L IR T, RSO, MM, BEHORLEIA S ah o7,

PO CTRAMIEFARETH L. BERBLEAL
AV IHy7arx] IR, BESEL, B
BEV, [ZLHEM5] OTERFFIETIE [~
TaALF| LKA, o 3FEATIEE V. F 7,
[Fr7asx] L) FREINVNS L, AEEILF
BEMKE W (21, DLk, BUERERO B D %
HaEkBiy & FAR DM 2 7R L7z,

B IR R & FR220T7R L7225, 20094F B |3 A6 ¥
WCEAGED DD 12720, 20104E KA IZ D W
TR T 5, [Fr7arF] OMFEI6E0% (b
WE) L. [TLb»5]1392% T8 &
B0l BEDIKGE [Fr7asFx] Xy
L MOIKGIFBRETH > 720 MABEEREILH
. BEBICRRE Dol BB EIY VTR
TS 2E L BREIERL TV, [F
7 aLF | IIBMENE L, EREREAIRE &%
BoRtzmRLCw/zds, [SLERS] IZBME
A, RN S CHEOREEZRL Tw
oo [Fr7anF] XDHOWPHESRLRLMIL, R
AR E L IR RS 5 Tz BRI
Mo l2h, WEAPNEHW EEEMETS [F07
TAF] LT L EKD o7,

TIOTTLADREMEE T V=7 5T VIFI3E

[FFETH - 720

3. BHRERERAETOEMDEIE

AU CIENE S 72 B il R AR IR & #2231
RL7z BGHTIASEEE SN TWS [WEHp
Ll R [Fr7anF] LH MR & A
BEAFE CAR <, R - BRI D H 5 D00
AL D, BT [wE 6] Ik,
BINbHEbOD, [FrTas¥] IhLw, ¥
EHEIZ [@EbAS5] LREENIEL L, TREIIAS
<V BEEIRE V.

4. FITEH

F ) b Ao e AR AT AR 35 & OV B ki 3 &
UM Uy 2555 L A RN ] 0 9 55 10158 0D THI 20 © 3555 58 Hb
FEG M G - JbkEiIg) o FHEET. RS
W2 & B E O BRI Z W80 H LU T, FRAY
FHEZI00H DL T LR &b,

5. FELOBES

i PSR R EH VO T, MBI O E VAT Tk
FHNZ LD BHZ PR %0

vV E =

BAEOERGHO LN RETHL [FrTasF]
VRN 28 < WHBIRIEIC S 2 T D o [



16 HALREME Y » & — Wik 4511875 (2016)
Fo1 AEHILBLIL AN 51 % M X O
- PN I A R BE ORIE B SR O LA k) FEE N ARE TRE WE
e BE (AH) (HH) (m) (em) (K/nd) 24 2% O (kg/a) (%) (9 (g) AT
WH ZLuE»s 1 424 615 92 91 644 00 0 60.3 86 844 364 HE A
Fr7ar¥ 1 428 619 105 105 400 0.0 0 70.5 100 844 416 Hhk
Bk ZLbhn 1 509  6.23 90 82 429 30 2 465 144 842 385 Hf O
Fr7ar¥ 1 510 623 101 98 282 19 2 324 100 815 48  pk
FiE ZLB25 1 505 618 71 74 312 00 0 782 204 - 353 ki O
Fr7ar¥ 1 505 618 80 89 288 00 0 384 100 - 402 TH
ZM ZLbE2H 1 425 615 95 91 426 03 0 462 131 842 b1 kA
Fr7ar¥x 4 430 615 102 104 368 1.3 0 354 100 828 416 b
PR (i o A 1dkg/10a)
Yok Bl = T
EH O Bt &% &M 25cm AR Okg/10a  HEFEMII0OASH
FEM N :P2Os5:Ko0=123:49:10 B N:P205:KoO=41":41:41 (4/29)
BB LT Y
EURHKARfE WL S8 &M 30em  #EAEET70kg/10a IRFEHIIOA15H  MRFMM4H
M N - P205 : K20=56:56:56
AL N :P205:K20=21:21:21 (11/13). 29:0:0 (3/28), 21:21:21 (4/26), 29:29:29 (5/12)
FHE T AT T

M L
FJE N : Py0Os
RN A %

KRR gL
. N - P205 - K20=138:50: 4.0

cKe0=46:70:28
)|

M M7 0kg/10a FHHIMI0T12H  REWIMI7TH
WBIE N :Po0s5: Ke0=28:28:28% 4 [ (BART, BAf%, HIE2 M)

S M 30cm  EFERT7O0kg/10a EFEIHION 9 H
B N :P05:Ko0=10:10:10 (4/2)

KR © 4 HAEL DD AT FLUTHORERI RS W R o7z,

|22 P RSEGABRY 12 B U 2 e BT

R J5i Ya— 35— 60% ¥y TIOTI A
B, F K mE kB B 1y KRGy EE R Bof(Lab #£8%) k& TL—7

£ fm Hm Ry % a7 G fE R WE Ra WAk KE s
FEO% % % % % % % ci/ed L* a* b* BU. BU.
ZLHE2H 2009 - 162 84 712 203 77.1 053 73 2140 884 046 14.1 721 175
2010 92 180 134 733 281 83.0 047 119 1950 879 077 144 821 178
Fr7anF 2009 - 178 86 687 446 78.0 048 77 3440 886 042 183 893 225
2010 60 187 130 674 406 76.9 048 112 3690 883 071 172 874 188

1) AR R SRR THRE S 72 UHE % 53 HT o

Vao— 3 —WBRoBsEix [2Lo00] WHEEME [ 73 0% ] 3RHZOTREEMAEL L7z,
FRMTERASGHICRE BAEND L7290, FHHIZEH L TWw RV,

UL (W& B0 ] IR OWREPIMES " R055”
TS W ThH D720, BIEMLIHE O
L. SN CTHRP OIRRMIEF RS 5 s D
D E, MEOALREEREZ>TWD, [ZL
Lo b ) OMBERFETEE W BRI
HHRVEE THHOT, TOMTEMEOLZ WL
NV FTUHEINTV D, RBrOHREPHEE
THO, FHN X BPBRAUIHE %2> TV DD,
(WEE2S ] XV iFl1SyrwEINTNS, F
7o PEAKEZ TWEHEH,S | LFEBETH LD
HEREAS R T [W&EBEh5] XD 1575

W ERDH, ZRBRFICL 2N TE %,
—Ji. TSLHE25 ] EMEERs i Lw
IR RH LTV D, FEEREREBROR R0 5133
FIBBR D 22 WA T, BERELM~DICE LD
7201213, B IS0 H LA o s THE§ 2 L
b, UL, BEH T - A e i C
BRI REORENBIG SNIEETH, £
OBHIE L. WL TEEOR TSN h 57z
ZERH, EBIZIED O A LIRFHIH ARV
b RHE AT e & HIBT S D RS BT S
WIFI0H A2 CHETE R VWBESBAEL TV



AENE 2 - FE I TN [ Lbn s OFK 17

23 [ZLHH5 | OREMIERAI BT 285 S X ONEE

A REA RAB MR R BREOBE R KF OB RS O LA R ME FHEE OBE ARE TRE WE
i) a4 (BH) (BH) (m) (m) (/nd) F %4 O i 09 & (kg/a) ¥ (9 (g)  HRAF
it ZLbAS 2009 520 702 8 88 359 10 04 08 00 00 02 462 105 828 370 20
z% WExbas 2010 520 701 88 90 304 05 10 00 00 00 03 441 100 806 394 20
Fy7an%E 522 703 97 103 310 08 23 00 00 00 07 388 88 815 429 40
it ZLBAS 2009 520 709 91 83 600 10 10 00 00 00 03 503 113 849 357 33
;h WExbas 210 523 711 9% 80 668 10 10 00 00 00 03 445 100 834 347 28
Fy7an%E 526 712 83 89 506 10 20 00 00 00 44 297 67 818 370 33
ZLbA5 2009 511 628 074 82 474 00 00 00 03 13 00 514 98 80 380 45
W WwEbHH,S 2010 515 630 8 87 500 00 00 00 00 25 00 522 100 816 380 38
W FyTanE 515 629 90 97 466 00 00 05 03 13 00 495 95 820 438 33
BAOLRD 512 628 76 83 516 00 00 03 05 13 00 500 96 830 376 40
- Luab 2000 522 630 82 84 428 09 18 00 00 05 00 490 99 812 368 25
.- FNYTY 2010 525 701 8 82 439 15 21 00 30 13 00 496 100 784 345 40
Fy7an%E 524 630 100 102 414 10 48 00 00 05 00 426 8 791 417 40
B% S Lba5 2009 525 702 69 75 368 05 05 00 00 03 00 331 9 78 333 30
K ANy T3 2010 528 703 69 80 326 08 05 00 18 08 00 345 100 768 343 30
Ky FrvTan¥ 525 702 88 90 407 03 15 00 00 05 00 405 117 749 428 40
I S Lbas 209 520 628 94 84 540 10 18 00 00 00 00 511 118 87 357 25
WK Fr7an% 2011 521 627 102 98 555 03 35 03 00 00 00 434 100 816 407 33
K 9xHHD 521 627 94 82 607 03 18 00 00 00 00 497 114 818 384 27
B S Lb45 2009 520 630 97 89 552 13 23 00 00 00 00 586 125 83 358 35
WK Fr»7as% 2011 521 629 104 106 588 03 38 03 00 00 00 468 100 802 397 50
K 9EHHS 521 629 95 87 667 03 23 00 00 00 00 575 123 82 371 43
o ZLbAS 2009 508 621 8 89 397 00 13 00 03 00 00 476 91 801 382 1T
. ®ELAS 2011 511 623 91 94 404 00 15 00 03 00 00 418 80 784 379 2
:ﬁi TANATLE 509 622 92 89 444 00 28 00 03 00 00 488 94 787 383 oh-gf
EBbhTE 507 619 81 83 401 00 13 00 03 00 00 522 100 792 396 [h-IF
WE ZLbH,5 2012 506 617 8 96 384 - 10 - - - - 574 8§ 818 401 -
K 9EHHD 509 618 90 93 470 - 10 - - - - 522 8 80 405 -
M) XdbaddE 506 618 83 84 448 - 10 - - - - 657 100 89 419 -
W ZLbH5 2012 517 622 77 100 201 30 00 00 00 00 00 256 81 789 359 30
Sl WEHHS 518 623 8 100 278 20 00 00 00 00 00 315 100 726 350 30
wE ZLbhb 2009 519 627 81 84 313 50 00 - - 00 - 385 8 8l 366 40
AYy ax%an¥ 2010 524 629 76 75 286 45 00 - - 00 - 443 100 861 414 48
@il SLbhs 2011 507 623 81 80 436 00 00 00 00 00 00 486 103 837 369 -
K 9EHHS 508 623 93 85 537 00 00 00 00 00 00 470 100 80 378 -
ANl ZLbahs 2000 502 617 8 91 408 00 00 - - 00 - 556 112 841 373 38
AYy Fr73L4%¥ 2012 504 618 97 108 357 00 00 - - 00 - 495 100 821 439 40
. ZLbA5 209 511 625 79 90 438 00 00 00 00 00 00 603 102 819 369 43
5 yI%as% 2010 513 626 8 80 445 00 00 00 00 03 00 589 100 803 392 43
NFYVFY 508 621 71 85 493 00 00 00 00 00 00 597 101 794 397 40
) OWEBLUGERE O, 1M 2:4, 3 4: %, 50 8

EBEEE 1 Eol, 20 EoTF, 3: ok, 4o, 50T, 61 F. B EEWKRE

Z s, WEHIMIC X 2885 @it H %1374
& LC8OH LI, BREUMIMIIZI00H LI & S &
N5,

Fa IR TR AR O Feft & LT, e+
HRTHBUWE E EREERPLEL TRV &,
BHEPRSISENTHLH 2 L. PO R
[Fr7ar¥| X)RAETHL I L, PHERH A

MER A D IS S & A SR AT "2 0 7
ThbI e, WEMHEPCOHRETHLZ EnD,
BENVLLETREMEE [7 74 N—=2 7| AHAD
MEEEZAHT LI LE2RL TNz, WHETORER
2o [ZLbh5] OFRIE2LEIFTIEVD
OO, [Fr7arFx] ThHS»TE L, FHBLN
Hix "hol" RS ERELTHEY, [Fr7aan
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FlIOVEMEIKRE L, ZITHAM 22 AR
v IR R SR O R 22 LT b,
F 7o, B OREEROE REAE RS Wik X9
CHRFEE 2 )T BV RS
LCWb, WEWkE [77 45— 7] 28 "R
BTO(F—F W) ISR L, RRET L 25 v 2K
Vo LA L, MEWIMBOH £ Tidi3 & A EBEIRH
AL ZRVOT, WEHE60H &\ ) IR OLMET
EREZ W EHRI S NS, 5RAEMIRE L TR
HAEUEETH 0% WO TIZ20104EED
BEAEERIIFEA > 72725 20094 B 13 M2 < 7%
S>Twiz, REAHOER IV O>»EzbN5
A5 20094E FE I BAEIIE DO R IEN 2 1T b e b o 72
HPROREVER LR SN D i O LK T
W [Fr7ar¥] ERABEOEARGETHS
L. BB A EEICERT S L TRELT
BHRAEGENMEONE EEZONS, Db,
[CLBE2S | IR TOEEITHELTwD LY
Wrans,

(L] IV T= ot & LTGu-
DIdt Glu-B3gx K L. 72, TF ATV 7T A
DRI [WEHLH L] D36HREVT L
5, Bl NELEHHRINTWE 7 V=T8T 5
EHBIENG, LA L, BHHODITRNIZ S 2vhb
53, N DIERITE ROV RERT (W&
L2561 X 0025, JLRIF0I6E 72T, B

ffk [ZLHD5]

WA RN T £~ & — Wi ge s

118% (2016)

BinFEMEGORBTIE [WEH06] L)/ irofk
RN EHo7ze WS (2001) (ZBERIIF DS~
AHEE T ORI BERIC R, I F Y U IHE0A
R IR ICEWS & 72, Bt
I XYV T RAT o THEIIBIK & ol 24T 213,
BNy PR B AR AR IR AR
FROZEEWME L THE Y, FILER MG O
BRCIZ I ¥ v MY <L T B AT
ETCWhrof- b INL, —F, BB E IR
WTE+a%3IFy v 7hrbhTwb 25, WER
MEFASFHO [ICW] 2 [HRW] IZRIEHRwoD
. ZF AT V7T AOMRENEN B —H A
HBEEZOLND

IR/ N T S VORI EE T L VR
THI LWL, BXVEEEED B I LEALIEY
S ENTWwD (Yamauchi et al 2001, 1A S
2001) -

BRI TS [CLENL] LZFAT VYT T A
iDL OB EISEML L T 2RI N
[T H2 6] LHERIJNED [@EERL] @
TL Y FRBzIToTwa (ks 2012). #h
WKEBETVY RLIZERBDOZIXF AT VY TTHD
K LM R E MREOW 5T o b0 ]
ETWwxbhs] oEbohHozxRL, HEK
PR R Wb oD [1ICW] ORI L IR L T
7o oo TV Y FLAAMONNVIETL Y FHET

DOFEBEIEFH & HY AL

ABRAERE 1995 1996 1997 1998 1999 2000 2001

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

K 4 # U KEFIF2 F3 F4 Fs Fg F7 Fg Fg Fig F11 Fi2 F13 Fuu Fi5 Fig Fi7 Fig  BUiE
B HHE ] A ifisizid TR PR Sl SR R RE R R AR Ak AR Ak

w1 FE 034.1~138.31 HAER
P G4 15031 i
I #2 0281~138.31 BIEH
ik =1 1241~14831 — B
L I e —  —(x—n—#) BUEH
A G015 — (o BeH
FREA 0341~11930 e
nikE Al 04.4.1~08.3.31 T LA,
ST 004.1~03.3.31 Bld=20)3
Ry #9710.1~99.8.31 —_— VERIE
il 5% 959.1~03331 JC I A
JAH — 959.1~00331 Bld=20)3
g i 9591~97331 —— B 9=20
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A New Soybean Cultivar, “Hatamusume”, with Pest Resistance, Yield Stability and Medium Seed
Size : Akio KixucHr*', Satoshi SHIMAMURA*') Shin KAT0*') Kaori HIRATA* ') Yuhi KoN0*?), Setsuzo
YumoTo**, Yoshitake TAKADA* ¥

Abstract : A new soybean [Glycine max (L.) Merr.] cultivar called “Hatamusume” was developed
at the NARO Tohoku Agricultural Research Center in 2014. This cultivar was selected from a cross
between “Tohoku 156" and “Fukuibuki” with the goal of developing a cultivar of medium seed
size and good quality with resistance to both soybean mosaic virus (SMV) and soybean cyst nematode
(SCN).

“Hatamusume” is classified into group IV based on the date of maturity at Kariwano, Akita (latitude
39° 32" N, longitude 140° 22' E). It has purple flowers, gray pubescence and brown pods at maturity.
It has a medium stem height with determinate growth habit. It is resistant to both SMV strains, A,
B, C and D, and SCN race 3. The seeds of “Hatamusume” are medium-sized, with an only slightly
wrinkled seed appearance and yellowish white seed coats with yellow hila. “Hatamusume” is suitable
for tofu and natto processing. “Hatamusume” shows high productivity and adaptability in the mid-range
and southern areas of Tohoku district.

Key Words : Soybean, New cultivar, Soybean mosaic virus resistance, Soybean cyst nematode resistance,

Wrinkled seed appearance
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“Chihominori” : A New High-yield Rice Cultivar with High Eating Quality and Adaptability to
Direct Seeding : Hisatoshi OuTa*!) Masayuki YAMAGuCHI* 2, Akira FUKUSHIMA*!) Ryota KAJr*?®)
Naoto Tsuba*!, Koji NakacoMmr**, Tomomori KATAOKA*® and Takashi ENDO*®’

Abstract : A new rice cultivar suitable for direct seeding cultivation, “Chihominori”, was developed
from a cross between “Ouu382” and “Aokeil57". The cross was carried out in 2005 and resulted in
a promising line named “Ouu416” that was distributed for performance tests in 2012. The superiority
of “Ouu4l6” was confirmed in these tests, and the line was submitted to the Ministry of Agriculture,
Forestry and Fisheries in 2014 for official registration as “Chihominori”.

“Chihominori” belongs to an early maturation group in the Tohoku region. Its heading date is 3 days
earlier than that of “Akitakomachi” and its ripening date is 2 days earlier than that of “Akitakomachi”.

“Chihominori” has a short culm length and average to above-average panicle numbers, and is classified
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as a semi-panicle-number type plant. Its grain yield is higher than that of “Akitakomachi” Its resistance

to lodging is strong. Its resistance gene to blast is “Pia, Pii”, and its levels of field resistance to blast

on leaves and panicles are strong and medium to strong, respectively. Its cold tolerance is medium.

It has weak-to-medium resistance to bacterial leaf blight and is susceptible to rice stripe virus. Its pre-

harvest sprouting resistance is weak to medium. Its eating quality and the taste of its cooked rice are

excellent, with performance equal to that of “Akitakomachi’. The amylose content in “Chihominori”

endosperm is the same as that of “Akitakomachi”.

the same as that of “Akitakomachi”.

The protein content in “Chihominori” grains is

“Chihominori” is high yielding and adaptable to direct seeding. It is expected that “Chihominori”

can contribute to low-cost production of rice in Japan.

Key Words : paddy rice, high-yield, direct seeding, high eating quality, Chihominori
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Selection of Standard Rice Varieties for Evaluating Grain Quality under High Temperature during
Ripening Stage for Tohoku Region : Ryota Kajr*?, Hisatoshi OHTA*', Akira FUKUSHIMA*', Naoto
Tsuba*!, Shigeharu MorryAmMA*®) Chihomi Kon**) Takashi ENDO*®) Yuusuke Nakacomr*®) Hiroko
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Abstract : We selected standard rice varieties for evaluating grain quality under high temperature
during ripening stage for Tohoku region. Twenty-four varieties were cultivated in greenhouses at 6
breeding stations for 3 years from 2011 to 2013. Judging from the percentage of normal grains and
chalky grains, the following standard varieties were selected. In the very-early heading group, Fukei-227
was selected as moderately tolerant to high temperatures, Mutsuhomare as average in its response
(neither tolerant nor sensitive), and Komanomai as sensitive. In the early heading group, Fusaotome
was selected as tolerant, Satonouta and Kokoromachi, as moderately tolerant, Akitakomachi as average,

and Hatsuboshi for moderately sensitive. In the medium-term heading group, Mineharuka was
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selected as moderately tolerant, Hitomebore and Haenuki as average, and Sasanishiki as sensitive. In

the late-heading group, Eminokizuna was selected as tolerant, Tsuyahime as moderately tolerant, and

Koshihikari as average.

Key Words : Oryza sativa L., grain quality, high temperature during ripening stage, standard varieties
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] 6 PEEMR O B A AR E A R

BRE (%)

FIRARE (%) HsE (2 (Hik) ~ 8 (Higs))

B RERE ;j;ii 4xikBR rdE  AH) 4xikBR B ZW) 4Rl Bl L)
¥ A ARE ¥ A R P mE SRR
» SSR22T 5 5l1a 10.1 199 31.6a 11.3 35.8 4.0 0.6 158
7 TRl 5 224D 149 66.6 45.3a 139 30.6 5.0 14 283
% Lol3EN 14 228b 131 57.6 448a 19.9 44.5 55 0.6 114
By o> % 11 156 b 12.6 80.8 49.5a 187 379 6.9 0.3 4.2
H3BLED 16 485a 182 374 272a 187 68.7 32 0.8 253
o7z 10 46.0 a 20.7 44.9 219a 174 79.7 37 0.9 24.3
TATzHHL 14 399 a 16.7 42.0 304a 179 59.0 41 12 286
NPLY 2 16 424 a 204 482 299a 20.2 67.5 4.3 14 32.5
B A 14 423 a 16.9 39.9 29.5a 137 46.4 44 0.8 19.3
NFIFEY 15 364 a 184 504 351a 19.8 56.4 44 12 273
HE22FH 16 379 a 19.6 51.6 331a 189 57.0 45 11 239
REOLTL 15 330a 216 65.6 432a 182 42.1 5.1 11 212
A 16 297 a 175 589 39.6a 172 43.5 6.5 0.9 144
A % 7 10 457 a 16.7 36.6 17.3a 10.7 61.5 33 0.6 194
OEDIEh 12 454 a 151 332 26.1ab 144 55.1 4.3 0.6 14.0
ERe3 S0 N5} 11 433 a 188 43.6 324ab 17.0 52.7 47 1.0 204
HooERAE 12 363 a 144 39.7 3l4ab 13.0 41.5 5.2 0.6 10.7
ba=v% 11 3lla 20.2 64.9 36.6ab 175 4738 5.7 1.3 224
BEIZwY 6 276 a 204 74.0 482b 15.0 31.2 6.5 0.5 77
= F 12 269 a 17.1 63.5 36.8ab 16.8 45.7 6.3 1.0 16.2
EAHROHKE 10 515a 22.3 434 17.0a 11.7 68.7 31 0.7 22.6
" DR 12 417 a 205 49.2 22.7a 137 60.1 4.3 0.7 172
avehy 12 429 a 218 50.7 285a 19.1 66.9 5.0 0.8 16.3
FXeAY 8 456 a 258 56.5 234a 205 88.0 49 1.2 239
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KBOBEEL BRI S DI+ & HIRLED
ERADKS B 5R 2RE

& V. I BEErD. FHOp T

ar

¥ 8 ORTROBRHEE O e S0 X, BRI R 17 B WSO O L =G
LR BRIV A T D, BROL RGN EFH T ORKYERE OLF I RTINS D 5,
Z TR TRZ M 21T 2B EOBFHIFOEREA b L ZOWREIZOWTRE 217> 720 1EH
130, 600, 1200g/4 & L. i b oME. fEME GRE. BRI, ML) 2252, Mhs
TORET 4 v 2 OB & FEKBHAG LU DR BB D W TG L 7ze BEBHIINIZ B Vv Tid A
55mm® HIEO K & M RO IZH B RIEOFRA A S, IRAFEKREFRE WL, T 72130
T TRBLEOEKIESEE ). MEFRPE L ol BBBRER BV TIRBHORKIE L o
WEICHE BRI SN 205 JofRBidhs o7z (r?=013)c b S BEMEICHS VTl
RPETTEVAT 2RI ERLLEND Y. Theli ClOIil3RREKREDORE L2 ERZ
&L FIEICHINE S 2 2 & SRR 7S &l L 7zo

F—T—F KRR BEL BRI, A ML AL B IEREHERILE, TR

Effects of One-shot Application of Controlled-release Fertilizer According to Water Characteristics
in a Nursery Box for Rice : Tomoki TAKAHASHI*', Mizuhiko NisHIbA* " and Koji YosHIDA*?
Abstract : One-shot application of controlled release fertilizer in a nursery box is an advantageous
technique to decrease the labor cost of rice production. However, heavy application of fertilizer is
considered to cause drought stress because the water-holding capacity of the nursery box decreases.
The objective of this study was to elucidate the possibility of drought injury of rice seedlings in a
nursery box with heavy, one-shot application of controlled-release fertilizer. We examine the drought
stress for three fertilizer application levels (0, 600, 1200 g/box), nine types of potting soils, two periods
(a covered period for retaining heat by plastic film in the initial stage of seedlings and the subsequent
uncovered period with daily watering), and three methods of seeding (seeding on a mixture of soil
and fertilizer and covering with soil; adding potting soil first, applying fertilizer on the potting soil,
seeding on the fertilizer, then covering with soil; and putting down fertilizer first, applying potting soil
on top, seeding on the potting soil, then covering with soil). In the covered period, the water content
of the surface soil had a high correlation with ratio of standing. Using high-water-holding-capacity
potting soil and seeding on soil but not on fertilizer increased the water content of covered soil and
the standing ratio. In the uncovered period, the water content of nursery boxes had a significant
correlation with the dry matter of seedlings, but the coefficient of determination was small (r?=0.13).
We concluded that the most critical period for the risk of drought stress is the covered period, and
that the selection of potting soil with a high water-holding capacity and the application of seeds on
soil rather than fertilizer are important techniques to avoid drought injury.

Key Words : Paddy Rice, Raising seedlings, Single application of fertilizer in nursery box, Water stress,

Potting soil, Controlled-release fertilizer, Soil physics

* 1) BRI RN+ ~ ¥ — (NARO Tohoku Agricultural Research Center, Daisen, Akita 014-0102, Japan)
%2) VA HLTZ)EIETNE (JCAM AGRIL CO., LTD. Sendai, Miyagi 980-0811, Japan)
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2014) o WBH OBHMTE TIX10ad 72 ) OWHIEIL25
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DI LB FEZ 1280/ 1022 B2 12 F TR S 3 B
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R — b= b OFEERE IR 720 Tk
<, B oMECEE O BB EESh
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1. FEASLOYENHE

MRS N T2 8HMOFHHR T (F1) BLU
WBERE (VoA HLT 7). W T HENI00 -
100) OPRAKYE - KOBHIZ22b LK T L LT,
ORARE . KRR, A fufl B X ORI
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x1 HABXoORGE—%
ol TN ¥t omb HLoEY 2014@ 2015515 2014@
g/ 4 g/FH g/fi Cetil] Cetil] Witk
FtAl xf R 0 2,460 760 O
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¥4S Xt i 0 2,660 760 O
¥4U Xt i 0 2,670 760 O
¥10 it B 0 3320 850 O O O
weE 600 2,030 850 O O
IZNN 600 2,030 850 O O O
1,200 1,180 850 O O O
GiEiS 600 2,030 850 O O O
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¥1+M it B 0 4,130 940 O O
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wE 600 1,830 800 O
IZNN 600 1,830 800 O O
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¥4T it B 0 2,590 730 O O O
wE 600 1,830 730 O O
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1,200 1,060 730 O O O
GiEiS 600 1,830 730 O O O
1,200 1,060 730 O O O
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HEBEE L7, RIS — Mo 1 HED 4 J]24
HA 5#15mm/d% 1 H 1 4RI 7 230425 8 @ 00
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xK2-1 FHHELL X OBEEREOWHME
Bk My M AR v b i AR EOREKE BRREKE GRIKG aRkFEEE
% % % % % % g/100g g/mL % (v/v) %
Rt Al 214 254 4638 35.2 179 100 86.3 0.65 59 7.5
Rt A2 273 198 471 318 211 100 83.8 0.63 36 18
Bt S 94 183 278 373 349 100 776 0.66 34 24
H:1U 494 27 521 178 300 100 715 0.63 47 0.3
K10 JIRIN 128 1563 281 308 411 100 51.9 0.54 27 1.0
1M 624 121 744 15.6 100 100 36.8 0.49 6 0.3
b JIRIN 562 83 645 140 215 100 70.7 0.59 8 04
BT 49 80 129 385 486 100 73.6 0.61 31 59
W IR 3% - - - - - - 116.8 1.17 15 -
xR2-2 FHHELLXOBEREOWHE (i)
SRR ﬁﬂﬁ%%yv&wmﬁwé%%mﬁ$
on/sec —0.25kPa —098kPa —31kPa —98kPa —49kPa® -—980kPa -1500kPa —9800kPa
v/v v/v v/v v/v v/v v/v v/v v/v
Rt Al 0.0025 0.650 0.657 0.628 0.336 0.060 0.048 0.043 0.027
Bt A2 0.0332 0.630 0.619 0412 0.327 0.130 0.060 0.051 0.030
Bt S 0.0061 0.660 0.626 0401 0.311 0.129 0.068 0.059 0.029
1 U 0.0472 0.630 0.638 0.531 0.313 0.056 0.061 0.058 0.042
10 0.0807 0.540 0.398 0.334 0.269 0.144 0.066 0.060 0.033
1M 0.0022 0.490 0.503 0.402 0.199 0.065 0.051 0.045 0.023
Bt 0.0672 0.590 0416 0.345 - 0.261 0.280 0.260 0.212
1T 0.0025 0.610 0.580 0484 - 0.254 0.223 0.178 0.097
T ATES - 0.496 0.174 0.182 - 0.054 0.058 0.037 0.022
a) van Genuchten® UMz 2007) %5 D PHHEAH,
100 T T [ —— T T ]
10-1 o il Al — 8 O F+U — e K10 —
o) ¢
1072 ¢ o HtA2 o BT — o Ht1
2 103 I
3 X 1S x FtM X WERE
© 104
g e .
X,
& 10-6
X
10-7 (¢
10-8
10-9
0 10 20 30 40 50 60 O 10 20 30 40 50 60 O 10 20 30 40 50 60
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100 — ®
od O
. e o!) qucf
=l 80 O
2 o o
. " . oed
- B
3 o
iR Py ®
H 40
@) 4 .0
N : @ 20144
= | BNAYCNE D N o $
0F: = W v e
SN W Py () O 20154
0 L L 1 L 1 I 1 J .
I 8 § § 8 8 8 < 0-@— ' ' ' ' '
S S S S S 3 3 B 0] 0.1 0.2 0.3 0.4 05 0.6
FREHEORREKL

B2 i — MBI OKROHER
FERUI L > — FRBENOSR, REIEKRE T X 5 A0

ik

&3 WEMMOMAOKIE (FLHDP3HfHE)

201445 20154
B0 BT 8+0 BT
WERI OKSE(A) g/ 1377 1939 1724 2058
R oREKRE o/Ff 0 0 0 0
WMhOERERE(B) ¢/FF 299 370 315 421
B/A % 217 191 183 205

a) 20144EDF— F 1 ZEH DK E S OGN L 721,
b)  FEKIEHZDT— ¥

1)e REAEMD B - 7220144E DO B TR R % £ E
Wl % & il —Hiit 3 C o R g HIEO KGR+
OMFIZ L o TRECE L, H10, B EMIEH:
T I BETICHRTRWEM 2572 (R4 - 2),
20154FE D ER ROV T D FARIZEE 0L » HF L
TOEKRWAKEDR 72 (F4-3) B0, B
MGG L 728 £ o TR KA REAVN S 2k
+TThYy (FK2), B LoWEE,sRE RO
WCWBELEEZzZoNL, F2E—KLToREA
FEZOWVTOHMER R % A 2D & HKHH O E K
XX EFHEDETH L0 L. BEM, ¥+
T Tl IR1200g/F1 TEREL DTN E TR o720 72
721, JEIR600g /4 & J&IR1200g/4H & B2 A 2 7 74
37 < R ORI R EE ORI E L 2ho
720 B0, B TIZOWTIEZ D XS AL R
LT, SNDGEGHT CREAEH A S 7% A

K3 &tk 7 HEHoRELEOERESKI & FHE
# 9 HHoOMEROER

ThHoHEZEZDOND, H10, Bl Tide dITkiIR
BLThs L)AL, O E SRl
L7238 1O E OB#EIZ O W T4 H T3
LUENRH L, Fo. 20154 b EIREH TlEREO
G AN ) % 7R L 72 H%% LR TR LB 2
HEAE IR D o7,

H3FEHRE R D L2015 A EED R (F5 -
1. £5-3). 20144 TIER L, R AFEB LD
WH DL HAERNC A EED RO b7z (5 - 1),
HiiFRh Rz L mEE L, BT 3ECH 25 1o
M DA% AL L, BRI TR LMo 3R
FZFLLMTFLZ (£5-2), ShICH L THIK
1200g/#i X Tl L oMBEEICAEEIRO O N
el o7z I —8; 2B B R EO B E
W% AL ERETEMIZBW RGN X O 13RO
KTF2ARETHY, ENLPAORE L TIZREIZL 5
WAt 7 A AL B 22 o 726

Db S e R KD/ S B+ &g R oA
AEDLRIIHMFERARDOY A7 2 HD BN H 5 &
Z R ONTzo BERIIEE T & A SaRLE KR
AREW (M1)o ZD72DIZHET I T I ALEAHE
3 2 BIRIEIE TR EBE KW S, ThH25D
KOWMHPET T AL BEEEINE (WK
2009), FEEtEOHEREGKILEALE, 2D XH
ZEIANIIAD LN (F4 - 2), BIRHIETIZERE
HIESIE LR TV E VR Do F BRI Tl R



BEIED  KRFRNOFE

AR AT HIN DR BRBENC G- 2 % 8 63

K4-1 WHEH7HBICBY 2R IEOEREKIL (wt/wt) OB R
20144F 20154F
[ H B Ll F S [ HT B Ll F 1l S
Bt 3 0.31317 148.6 12x10°15 1 0.16792 474 1.7x10°15
e fIE 5 5 0.06535 18.6 15x1077 5 0.05810 33 0.043
ZHAEH 15 0.03733 35 0.0029 5 0.02988 17 0.21
53 24 0.01686 12 0.04247
R4—-2 20M4EIBT2EBLEOERGAKIL (wt/wt) & HMIERROL EILEK
ot YO RARE Y JEIR600 Y JEIKI200 Y HiEE600 Y AfikK1200 Y
10 0.08 c 0.13 c 0.11 c 0.14 b 0.2b b 0.20 b
X b ab b ab a a
¥t M 0.09 c 0.10 c 0.11 c 0.07 c 0.17 b 0.22 b
X bc be bc [ ab a
b 0.26 b 0.22 b 0.22 b 0.25 a 0.30 a 0.31 a
X
LT 0.38 a 0.32 a 0.29 a 0.22 a 0.35 a 0.35 a
X a ab bc [ ab ab

a) Wi OIS 5 K HIE: 0L EILER, 4551 Bonferroni % BRI X o THEEN W & 2R (p<0.05)

FLLIAEER L.

b) HHE T HE OB OL EILE, 5751k Bonferroni DL EILIIC X o THEEDNGZWI L ERT

(p<0.05)

£4-3 0IFCBIFERIIEORERESAL (wt/wt) &% EHEY

*HE AL J& K600 JE4K1200 600 FiJEE1200 I
¥+ 0 0.32 0.30 0.28 0.28 0.31 0.28 0.29b
¥+T 0.55 0.50 043 0.30 0.53 047 0.46a
¥y 043 040 0.35 0.29 042 0.37 0.37

¢) [ 5 1% Bonferroni D% HILIIZ X > THEEN W E%2RT (p<0.05), FEMEAFERICOWTIIAEAESR Lo

TIIEEOE LICE»N 572010, REBHEOHGE
ZITil BROBOKRGEDIKTIC & - T
AMVAZRZIT LD EZ ONS,

20144F & 20154 TIE AT HER IR A ETH > 72
A, BEHEOKSB L OHFERIRKESERY,
201447 D DI IAR IR AT Ar o 720 T OFRHIZH S
PTIEZVD, 2D 2 2 EDRITIENT A DR
Bi, BERORRB X OWRMOMBEENR LR 272
B, FROBENIINSICERNT L EEZZL N5,
B ORBESAIE B EL o728
FITIE 20144FE 0 X 9 12K TR oW R ED 2 &
MAPHEN D, 20144E, 20154E L bICKBHEOE
KEAZIERE L O R R ML E 2B 5 & v )
RIE—HLTBY, RAREKENRGE 2RO,
FIKHA 2179 2 & T FRBOXR G D
SERHEED ) A7 A bz,

3. REY — FREBROEBEADKIIRE OB
PR Y — PBRZEME, BHEHIHE PO ZNB L
T AT 2K B5 - BEOHBEZ K 4I1TR L7,

BHiEHRONT ZANOPIEEIRIZ1I1~18T THR
L. BAMCEANHEETL ~5CHd o720 25EH
i, 0.8~36mm/dOFiPHIC A L7z H HEREE
W& SRR MRPH D H H IR
AREVHIIABHEI S o720 NI ANOHY-
¥ EGE I KT H0.3m/sec & kD TN S WETE - 72
(F—58M), /2. EOXIZBWTHERRBEK
BHREO LN (F— 5 E0E) ., RRERINEET 5
BT ERA TN T\ 2 L AR S 7z,
R} it B A7 18 %2 it FH 2t S HE K i 4 O B AN o 7K
B L OEBMEICG 2 BB %5 1R L
7o WEKBZ DRI A ZHIN§ A 2 7R L7z
A, I T TRLIKG R OER % FH72
APTFOKRGETH Y, WHOARIZL ZFHEOHN
BEENTVL720TH D, #AKNL HEDICHHE
WOKFRIIHEEEAEZ 12O THA LTS
D\ BB O SR PE AT LT~/ S v (K2 - 2)
TLEERRML TV, $72. MEOERNEENIT
WA BRI R, RS RE Tl WA B 72
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118% (2016)

£5-1 #HHEHZIOHBICBITBHIFE (%) OHHHHER
20144F 20154F
[ H B Ll F S [ HT B Ll F 1l S
Bt 3 12304 35.0 6.3x1079 1 1487 59.1 046
e fIE 5 5 8048 137 22%x1076 5 9038 719 0.62
ZHAEH 15 13279 76 80x1076 5 3483 277 0.92
53 24 2811 12 30185
KR5—2 2014FOHEMEHZ I HEIIBITZ5HE (%) LHMERNROL FIHIE
M YD RAHME Y JEIR600 Y JEIRI200 Y K600 Y FEE1200 Y
B+ 21.7 c 78.3 ab 45.0 b 85.0 a 93.3 a 95.0
X @ b a b a a a
Bt M 56.7 b 55.0 b 10.0 c 8.3 c 63.3 b 90.0
X b b c ¢ ab a
f | 100 a 91.7 a 90.0 a 85.0 a 95.0 a 93.3
X
BET 86.7 a 81.7 ab 58.3 b 50.0 b 75.0 ab 68.0
X a ab ab b ab ab

a) BT ORI 2 SHLEDL EHE, 7513 Bonferroni D% HILEIZ & o THEED LW I & 28T (p<0.05)0

BETIEAEESR L.

b) BHAITTEICH T HE OB OL EHEK, %5513 Bonferroni D EILIZ L o THEEN W & 2 RT

(p<0.05), #EkE 1200g/ FEIF A% Lo

#&5—3 2015%FOME% 9 HHIZB T B35 (%)

Xt i RA T J&1R600 J&1R1200 HEE600 1200 I3y
¥10 872 90.0 93.3 86.7 894 87.2 89.0
¥tT 93.3 92.8 92.2 88.3 889 87.8 90.6
¥4 1y 90.3 914 92.8 87.5 89.2 87.5 89.8

D DK EDGNMEINE 5 720 THIIHFIEIBDIL
& MEPRL T 72 0& 1Bk T A58 SRR SRR J5 155
KXo TREZ0RELEZOND, ZOXEDND
B 720, WHIOKS GRS IR OB MESZ T
TIEPETE T, HRME S WO K OB, &
MOFBEORBEZTLIENFHEN, 22
T LIOMRE R L72H, R LT TR
TiZBV T LR FIERREZ - 72,

AR, KRS IR I LA B X [ o 7
& o7z (KW5). LA L, Bc#R L2
RTOMHEX OHERHEOEER LS A D L, #F
HEPKRE R HIIEHABH OIS E0REL RS
MEI A SN Tz T AUIFEIRIRI I3 AR FE O O LB X
BAEDIEARD e R L TWD, BIEHEOIESD
OB, A DL ZAZALLEHTIRRILD
M UZEBHEMET LD, 29 ThWEifHLE D
FEPPR L7220k 2 e RSN D, £ 2 Tl
RAENKEDP-724 H29H, 5H4H. 5H6H®D
SHHMOAEFHEO VYL KDL A, KT

I. ¥4 T Ci3RIR1200g/4 X T2 F B 254 &
NS ol (3R6). F72, WOERDI/NEL
WRFHM O FEAVNE W 4 H24H OF#EKZOHHI O
KomERKKEE L. Lk 3 A o&ISHED
P E OB E ATz 25, WHICIZIEOMED
A B, APKED/N S B W TIEAT BRIV
SWEAEDH -7 (M6 L), T ki3 HM
AR IITHHORAKEIEEL G2 TnwDH T L
EREL TS, SHICHINR TRON O HE &
ik 3 HE OZFRHEOTFHH L OBfRE 2D L,
I DK E Do 22 WA TH OFWEAKR & Wi
M7Zo72 (64 T)e SO ENHMPXIZ X 5
TIEHEEA ML ZIZE > TRV L. 2 hdssE
FEWMEOETE LTBM I NG T, B TR
DA ERET S -RNEho7ceEZLN
720 L2LEZWEDIES D X230 S RAKEKED
FHRIZIZ% LN E o7z (M6 AT, r?=013)c &
DT NS, B oM LS OAF IR
FETHBIGET LS00, bIFNEL kL.
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H P35 5, C

(¢

il 60
Jug]
40 =

RSN

20 -

HHIBER], h

4/23 4/27 5/1

5/5 5/9

4 PREY— FBREGDONT ZANB LT A ¥R X B 50 - REOHE

VURLMDBHZOLDIZOWT, BN ANOBIIME, FERIZT X ¥ A2 OBIE,
VYRV HDHDIIONT, FERO@IINT ANO HEHAIL, AT X ¥ ADHEHAE,. TERO@IINT ANDOH

HRREE, TEROAZT A ¥ AI2BT 5 H HEEER, O

O — Vg L O~y MBI O 72 9 O T
LEOWFIZOWTIETRTOWMT (55 LH%E
Sh, WHEOEZLh o720 FFERLEEOKEE
RKTIWRL7Ze RTPRLOWTHIZLIIZ L > TES
DEPRDHN, FHAHEEBEIZLI D NS F) ¥
TEALT A EIA7E 5720 LA LB o3RI
XaL. Bloff s, EefiEo 3EHE b
W OHPEIEETE L o7z (F— 7 HW),
FRTT. B TEMOFMKHEEIC BV CIEKROMR
Birhrs@igsni (GE2), ZOERIEHS
MNThL SHOMHETH B,

DXy, B oML & o TS
X 2 EORDDTRD HN L DB TH -

O HZAFEE (SRX OTIGH) 2RT.

v A<t
TR T .
15
& o o e
BO8 A

B2 R EMAERALI2000X ] 12350 5 KR O
EEZ 1T
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- A
g
. <:0ne JE1R600
EﬂﬂH
2 —o— J#IK1200
S
® e FIR600
=
—A—  HK1200
<38 ETORHE

mm

HEZK T D HIFHN DK 53 4,

16 04 é’
- 14+ x p
g 12 | » ¥ H03 &
10 ® ;G L o
& 10 *_*-x’ ® R %% Bk
S} ;402 ©
i 6 : ™
2o : 0.1 E
= N
W R il
RS 2 =
0 | | | ] | 0 i;
513 N

4/23 4/28 5/3

5 BHEAZE B X OHEH B AR R R O BTN ORI E £ 72132858 125 R 5508
BEKRT I & OWER BRI RIS TN CIHRRTHAET (A), KRBT B) 2 omi, ot e BEHlS L Oy
DEFEEZGVMH. TOROEIHE (ET) OFERZIZAERE (0=48) OfERAEZ R

£6 4A20H. 5H4HBLU5H 6 HOERKEOTHME (m/d)?
WLAL  bA2  HES  WEU  HEO  WMEM  FEL  BET
X e 3.95 3.87 354 3.36 3.75 3.61 38la 4.19a
J&K600 - - - - 3.67 3.57 3.37bc 3.60ab
J& k1200 - - - - 359 340 3.20c 3.07b
FEE600 - - - - 3.68 3.28 3.55ab 3.37ab
1200 - - - - 3.65 3.07 3.83a 3.36ab

a)

513455 12k L C Bonferroni % EILE 21T\, FfF 5 TRABEEDI LW L 2RT (p<005). Ht O, &
A M HEAE L

CHEER L.
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r=040%*
1 | | | |
0 5 10 15 20
APEAKE, mm
07 07 —
- | (o]
06 é? Oo D 06 oggf o
“ Qb o° 9 “ 0§,
£ o5 o © £ 05} od
S oo o S 6 o
. 09 ) 09
S
5 04| S 04
b N
03 | 03 |-
r=0.37%* r=0.39%*
02 | | | J 0.2 I | | l
0 5 10 15 20 0 5 10 15 20
KPR E, mm AT, . d

B6 It mARKED LR OEYE L OBk

IR MR DIZSDEWKREDP o724 H290, 5H4 0. 5H6 D3 HOFEY. mARKRIZEOEEDHE
ANE W4 H24H DOBEKBFBEDO KR, %%13 1 % T ORBREBETHEIEEZTH DI L EZRT,

RT BUHET-WHICBT 53y PR FRbiEt
Hl Al il A2 S U $10 M Hl T

it HE 30 30 30 25 3.0 1.5 2.3 25
& 1R600 - - - - 3.0 20 3.0 2.3
J&1R1200 - - - - 20 2.8 1.5 25
K600 - - - - 3.0 20 2.8 1.8
#1200 - - - - 3.0 2.0 2.3 1.0

a) R TRED N 3 BB TRl L 72 P,
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720 F7o. BHMERMEICE S~y MREOKT
A E TR {1200g/FBRE T TORAIZOW T
<y MREEICRKRE RREE R eI E 7z,

4. BEHHLBEEL -EBE
LFTICATE L) 124k E L T1200g/4
ORI E TTIEMOWEA L AFFEMN EKE
MBI nwEEZ BNz 72720, BB
FOMEIZBWT, 227 — MRIZR= YR E ]
&, ZOLICREKREZ T ANy M EWHEZERL
7220 44E ISR FRORE LK T 2RO LNz, Z
DT EDPSERIEHVIREA PV AZG| SR TY
A 7 HSHCIER T OV IR S B B B
REEbNL, ZOMMOEREOK#ITEE 1ED
WERASEAT L. MFEARZEZTZLTHY., KK
BREORKEVE L2, FKHEEL1TH) 2L T
FRTEOKGETIIRMENL Z WS 1nL %
5720 AN OFEERTIIRE L ORI ko A%
SHGAZHEIEA b LA %Gl L7225, B0 B W&
ENY AR, BETAVLAOME, Ak, &
., HESOL&MUS A THY, LOEEIc) 2y
AT 212132 ) LB HBREC T 2 I HiUE
ET)VENHLEEZOND,

2)

3)

4)

5)

6)

118% (2016)
51 A X #k
WH . 2009. BHifieRilER GHEHE

M) LB OMEG bR, [RESMAR] fEY
i e +4887120 — He + 4880125,

TIEEB AT R R . 1997, TIRENS
Mridi k.
AMSE—H. 2007. Y. Mualem# [ faf1% 4L
HOBEREBEHET DH 2 HETVIZON
Tl 7% % UNEM. Th. van Genuchten [ASfufll
TIROERRE LT B X OWT .
THEOYEYE 106 : 47-60.

Mohrath, D, Bruckler, L, Bertuzzi, P; Gauduy,
JC.; Bourlet, N. 1997. Error analysis of an evap-
oration method for determining hydrodynamic
properties in unsaturated soil, Soil Sci. Soc.
Am. J. 61: 725-735.

FEMROK A B B 2R B E AR, 1988, A LR T
DEEEIZOWT. BHKES.

HHOLZ, REIER. 2014, X TR E 5
] 2N BT DDNY KTy 7 FALI.
A AT Y.
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RILEARBAIICHWVWCTHEER. BEZES KU 1 HFHH
FAADEBWNEICSADEE

FH Fzr!

¥ 8RN O A X2, R, SRR, 1SR SRR AT BRI 2
L BAENGT Lz THHRHRIE CIIMAELR 22 LA TEL L, FRR, FEHRL EO%E
HERIPEE, BHESESC 22 EHIELSHLVIED LR %205, TOREZBEICI - TRESL
&L 7 H AR E TIRRK TS EIZ300g/ M2 B R B 2%, 7 PR TIE, BB ChHoTH
300g/niz T 5 Z &, BB LIED P RInD v & & /A40% & TR 2 W0 5 2 & hb
Mole 1MRAKOEEZ, [V arRy] OFFEREL200FED [TF530] 2BRITEALONZWT
&L B EIE, [T37800] IV R4 [V avhy] TR R2EINERT I L, SBERD
BEPOSS I AL TT2ARETEIYDRELSHD I L, 1HR2ARVTIIBIT 5 FEEOLEH I/ L) <
fEfR2E720 L %5 2 E3bh ol

F—TU—K: ¥ A4X, BEH, BREE, 1HRARL DU E

Effect of Sowing Time and Planting Pattern on Soybean Yield and Seed Quality in Locations along
the Sea of Japan at Tohoku Region : Hideyuki MocHIDA* "

Abstract : Maturity stage for the soybean variety Ryuhou’ became slower with later sowing time in
terms of vegetative growth, particularly branch characteristics. The calculated maximum yield was
maintained at 300 g/m? until the middle of July. Protein was inversely correlated with accumulated
temperature. It might be less than 40% if it is more than 1800 C. In addition, the influence of sowing

rate per stand was hardly recognized except for in variety ‘Suzusayaka . The optimum density for

69

maximum seed yield for the variety ‘Ryuho’ was higher than that for ‘Suzusayaka’.

Key Words : soybean, sowing time, planting pattern, yield, quality

I #

i

FA R H AW R 57 4 X1k, BB D70k
7% EO AR AERARISEA LIZ »
72O LEIMEE RS TS, LALARDS, EibE
FEAE AR BBE R AN 2 12, Mg a %
W35 5 7 ORI 35 < 7 D Bk & 7% 2 HI G
HMEoTWVD, MikT 5 L, BERERRM & [ Ui
BETIRIL T B fablhdtim < 2 o BUE, BRHEIC X
%8I % B C T2 0 BREFSE A K Lo2H B A5, &
DY E OWERE L L RFEEIWS L %o T

WiV, o, BREYTIE. 4 X% LR 2 AT
TTHEL TVW 2L, 1HR1IALTETS
C LD VIR BRI TR 1 BV B Rkl B R O A
BEALFLIBHATE LW EPBRESNE, —F
T IREEM, BB ERE RS THA X
DMBEERLZ LRI TVEH (Fb
2004). ZOEMILTLIHLNE Lo TRV,

C TR, R 2 R A OB R &
KYFEELERD, AF. WRIPEICG 2 2882 M
L0 720 1HAKOBENYY A XDEE., L
BEAVE R Z ORIV, & SIS & KT

* 1) BRI R MY ~ ¥ — (NARO Tohoku Agricultural Research Center, Daisen, Akita 014-0102, Japan)

20154E11 316 H 528, 20164% 2 J 8 H3Z2 3t
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FIZH 2 D HEEREL, WL OPOMREEZD
THET 5o

B, RFEOFETICY 2o TIX, HBifEL >~
y — KEEMMERIY 7F — 2 (BUKHEN%E
TR CHMEY) L VERMET25HEC L LD
(2 BULKIERERFSEF — 2 (BUKIIERFE st
IR ZEIHY) o TEHEGZ I3 8N 217
Y7o THY B E LR ELTHB L2, 72,
RSB L. Mif%et v & — B 4 F (BRF
KXY vy — KB 3F) MEOE KA 5%
Brze SRR LTBRHOFEZ KT S,

I #MHEBLVHE

ARER AL, WAL REMZEE ~ 7 — KA ZEHL

(9 EHIX) O TR T, 2 A AEER L7z,

HE 1 BERSSYAX [Uayky] OE#E
BELEBNEICSZ 2HE

WAL, 20084E1x6 A5 H (6 A M), 67
18H (6 HA)). 7H2H (7HLA). 7HI8H
(7 AvAg). 7 A31H (7 A FH). 200941k 6 A
9H (6 HEM)., 6 H22H (6 HH4))., 7H6H
(7 B4, 7H17H (7 Adg). 7 H31H (7
ATH) ozhzhshe Lz, faimfiix, kil
BCERPEMIIZESTS [Vavky] 2l
M. ¥ 41 K100kg/10a % 4 i i L& L 72
oy HELE LTN-P,0,-K,0=3-10-10kg/10a
AL IR C AT M L 7ze W6 HUERiBR 7 &2 il
OFEIITBITIC L7225 TEMEL 720

BRI, RN 2 & \CBhE, RN OO 3
K#EZFRIT 720 6 H LAURRREIZ, BRE8OA /i, #
1334 /md, 22248/ m& L7z 6 HHM & 7
A EAE, BR3.3A/nd, BEA22.24 /nd, A
3334K/m. 7 HHA & AL, BURE25.64 /i, B
fi3854 /ni, #AES13AR /& Lizo Wihd 2 K
BHEMRBETERL 720 B, BERHIZOWTIE,
R o R EfEgHEE CPR274E 3 HillE) T5 A
TS 6 H B4y o Em@dks; T133~1684 'mi &
LTBY., KRBT 2Nz 2 L CIRMEIA
B2 EHEEPEL 55 E) ICTHREEE L
L7z,

FME. 6 AR, 6 Af), 7TH B L O7
AH40id75cme Ly 7 A FAIZ65cm T, Wi d
BAAEII E ClomBks L% 1 MG L 72, B, 6
A Ao BfifEl5cm. BEAELIOcm, % 6 cmE 72 D |

118% (2016)

6 Ay, 7H ., 7 AHRHB I AT,
Bifil0cm. A 6 cm. #HE4cm& %,

BB 1 X20ARZ MR D L, kS &1 EF
Wt L O ERE TR L. £/ FED
YU EmiE. A Y N7 2 ) = WVEICTEEEE
BL., TOMICEE - ¥ vy BiRERE%6.25% B
LTkd7z,

B 1L, Duncan (1958) 25k wEm I,
[E]55 - BHH (1985) 3% 4 RlZENENEH L7z TR
DYFHTRKD, ZOROTEEL K THEEL L7z,

FA4ZAOMEYL7-) FEE (y) &RMEE
(p) LOBRIFKRANTETZ LD TE S,

y =k *10p (k; &%, b; BEHHRE)

ZoOWt, B Y72 ) OTEEIL, A%
(p) ZFU/7Y=pk*10°pt i b, ZOX%ZplZ
DWW TAHIEIIED, RTERLE % LR#H
HAHE (Popt) IFKATRD LN S,

Popt=—-1/2.303b

HER2 A MABEBREBEENS 1 XDEBINE

L5238

AT 6 A e L, ftakinfl & U CHhmiA
O [FF8Rn] LRBARD [V awiky] 2
W7z, ML, 3 Ak 100kg/10a% 4 Lk
Lotk M E L CN-P,0,-K,0=3-10—-
10kg/10a% fL A C ARG L 720 9 BUE BB
I L ZOMOFEIITEITIC LD > THEML 720
155301 B3 13 20094F & 20104E 0 2 H4E & L7z, iBEIX
3 TR R 1R 2R 2KHE, SRR EE % Bl
Wi(89A/nd). HEAl (1334 /m) KU % (222
AK/mi) O 3KHEEL L, 2 KEGEIX P THEML
720 BN & ZOBORKTEEORD ) IEH
Br1 & EARICAT o 720

I BRELVEER

BEGSFTAX [V k] OEHE
FBELEBNREICEZ27E

1. BEREEBTRAT -7

WTNOERIZBWTS, 7HTHHEZRE,
SHMICIIFE LRSI Z MR 52 A TE 72 (R
1)o F7z. 82 5 AL TO MR IR H 2%
B3R %505 FAED 5B E TOMH
EFAAE E TOMBICHRTELS 25 EIR/NS <,
THHHE TR LARL 2 A MHINER L7z Y4
Wi Tix, 11 EHCEBEERALNL Z LR 5,

FABR 1



FRA 3L B AN 35 > THRRE,

FAZX[)avky| OBERML, 7HM0ESF
2%

2. {B1EH. BERELFRE

T H A REERVEAICS A 282 AL L, T
ER, BEEE oBETE. oA, FREDITHE
MHAPELS 25 L LB IHELS DL VIRP LR D

XK1 KUOFBHHELEFTAT—Y
Rk WEEH  WBE~PAE PIAEI BHAE~mE gl

2008 6 H5H 52 7 H27H 74 10 9H
6 H19H 46 8H4H 69 10H12H
7TH2H 38 8H9H 68 10H16H
7 H18H 35 8 H22H 80 11511H
7 H31H 34 9H3H - -

2009 6 H9H 50 7 H29H 64 10A1H
6 H22H 45 8H6H 62 104 7H
7H6H 41 8 H16H 62 10H17H
7 H17H 36 8 H22H 65 10H26H
7 H31H 37 9H6H -

E. [ I3RS IYVEENE L o722 E2IRT,

BRI DTS A XTI

52 b 71

#‘%wﬁﬁuigﬁ‘Igﬁﬁ\%kf$é<\
RS “&ﬁfk%#ot(%z #3)o
oo BMEEOREIL, ERRIEENS <&é
Lt#afﬁ(&%# *%& SIAEEIEL R
B, 2RISR, TOREISEHRTRE
W Ebho .

T-HEEIE, 20084FE1% 7 H A LA 20094F 1% 7
H PO B DL A 3 2 I A A S, 5%
B 100REA L DI L. &) bIFsBomd»
BT EEOKTICOHRA - 720 100k HE X, #EFEH
HIEL R BIZONT/RE LD, 2008413 7 H 14D
W E TR OILHEMTH 530gbh LEMERTE
A5, 20094EClk 6 HHHRfEE TL o/ (34,
#5)

R TERIT, HHEHIES 22 L L bRl
Y. 2HEOFHETHRL L. TH iR E T
12300g/mi % e 2 % A5, 7 A AUIREE Tk, A
BHETH->TH300g/mz Thl-7z (K1) F7z.
6 A L 7 A R B 2 @A E I 2 4
S C2TAR /i 2T 6 A RAUIRRE R 5 Sk

£2 IBHH L BHEENATOEFICS 2 5 ME B3 B LRSI T ORI 2 b
(2008) (2009)
W TERE 0B ShE EA W LER | WH | SRH EA
WHH ww ()  TZ K KR (m) W ey () TE R GRK) (m)
6 H5H Bili 726 145 22.8 5.1 83 6 HOH Bk 671 154 279 48 9.2

R 772 146 178 49 8.0
HHL 809 143 168 5.0 7.8

FERE 729 156 237 5.1 88
L 794 146 147 38 7.3

6 H19H Bl 608 129 176 36 6.8
S 670 128 126 33 6.1

w6838 124 100 2.7 59

6 H22H B 665 146 195 49 84
PRl 714 139 146 44 7.3

TR 772 135 122 3.7 6.6

7H2H B 532 121 140 39 6.0
R 615 121 94 33 58

w619 109 8.3 28 5.2

7TH6H BifE 570 128 165 4.0 6.4
PRl 616 123 106 32 59

TR 647 11.8 8.0 2.7 5.1

7 H18H BfifE 46,6 11.6 9.8 32 56
i 523 115 77 26 5.0

% 538 10.6 5.3 1.5 4.2

7HITH B 546 121 101 29 56
PRl 546 114 79 24 5.0

R 600 10.9 5.0 1.7 4.6

J&AE H Kk %ok % stk sk

6H5H (FY) 769a 1452 191a  50a 8la
6 H19H (F¥) 655a 127b 134b 32b  6.3b
TH2H (F¥H) 589b  11.7¢  105c 33b  57c
7THI8H (F¥)  509b  112d  76d 24c 4.9d

&R H %ok *% *% sk ok

6H9H (F¥) 731a  152a 221a 452 84a
6 H22H (F¥) 717a 140b 154b 43a  75b
7TH6H (F¥) 6L1b 123c 11.7c 33b  58c
7TRITH (F¥) 564c  115d  7.7d 2.3c 5.0d

T L Kk %ok % stk sk

Bifi (F3¥)  583a  127a 160a  39a  6.7a
R (1) 645b 127a 119b 35b  6.2b
whE (CF) 664b 120b 10.1c 3.0c 5.8¢c

T e %ok *% *% sk ok

Bk (F¥)  613a  137a 185a  4la  74a
R () 65.1b 133b 14.2b 37b  6.7b
A () 703c 127¢ 100c 30c  59c

TE. Rk I31%RAECTH B W LI TFITIIAEAN %
WZ LR A H & RRARE OIS IE L AR

% Llo

. kR IF1%AKHETHE, W UINCTFICEFEEN 2
WZ L RIRT, O &AL ORI R A
Lo
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R4 WRAH L MFESRKELONREIZS 2 2578 (2008)

S T 100 #ir & - FH EFAEE  EENEE  RATEE
WELOREEL o e R e 0 Rad (g
6 H5H BUAE 444 36.7 1.86 650 435 182 510

TEhH 444 34.5 1.88 683 44.0

P 516 35.1 181 812 447
6 H19H BUAE 438 34.1 1.86 690 44.2 24.3 523

TEhH 546 32.3 1.82 926 43.6

P 483 32.6 1.79 828 44.0
7TH2H BfH 367 30.1 1.85 660 429 245 450

TEhH 491 31.2 1.84 854 441

P 595 304 1.82 1,075 441
7 H18H BUAE 235 26.8 161 545 472 39.8 324

TEhH 290 30.2 1.64 586 46.3

P 327 29.1 1.64 687 459

A H % %% ns. ok *
6 A5 H (F#) 467a 35.5a 1.85 715a 44.1a
6 H19H (F3) 489a 33.0b 1.83 814a 439a
7TH2H (FH) 484a 30.5¢ 1.84 863a 43.7a
7 H18H (F3) 284b 28.7d 1.63 606a 46.5b

T g ns. ns. ns. n.s. ns.
BiRE (SF8) 371 31.9 1.80 636 444
R () 443 32.0 1.80 762 445
" (CF) 480 31.8 1.76 850 447

. kR F1%RETHE. W LINCFICIHEES LW E2RT HHEH & MR EOMIIZHAEM 2 Lo

&5 RN &AM EEDSK OIS 2 2528 (2009)

. THEE 100 R7 . FH BEOERE SPMERE RATHEE
Y T I e 2 I I v T
6 H9H A 354 31.0 1.89 602 42.8 16.3 399

HZEAE 372 28.8 1.90 682 409

Eeyich 384 28.1 1.84 742 415
6 H22H A 366 30.3 192 630 434 32.9 464

HZEAE 380 31.2 1.90 643 44.3

Eeyich 492 30.7 1.94 829 441
7H6H A 281 271 1.99 522 455 271 339

HZEAE 323 28.6 1.95 580 46.8

Eeyich 335 270 192 648 45.7
7 H17H A 211 254 1.87 445 487 31.9 260

HZEAE 255 25.6 1.85 538 49.0

Eeyich 256 23.8 1.89 567 49.0

J&FEH K% sk ns. ok %
6 HIOH (F#) 370a 29.3a 1.88 675a 41.7a
6 H22H (°F39) 413b 30.7ab 192 701b 43.9b
7H6H (FH) 313c 27.5b 1.95 584c 46.0c
7 H17H (°F39) 241d 24.9¢ 1.87 517d 48.9d

ot ns. n.s. ns. ns.
B (CF3) 303a 284 192 550a 45.1
HERH (SF-3) 333b 285 1.90 611b 452
hL (CF) 367¢c 274 1.90 697c 45.1

. kK I3I1%KHE, *II5%RHETH R [ LN TFITEAEEN VI L 2T 1 HRARE BB EOMIZIIZH,
EH 7% Lo
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500 O ATEE 450 50 [
450 1 - ki 40 st y
400 + 140
i 350 - 13 % - 6r
L300 - - 130 % = ul
o950 | / Eand los & 3
i 200 T < {20 zﬁ e 42
o950 4115 I 40r
= — *
100 L | 10 38 b r 0.727
50 | 15
36 : : ' : ,
0 : : 0 900 1100 1300 1500 1700 1900
6/7  6/19 72 7/18
BAED & T TORALN (T)
1R L T
HLo%) RATETG, WHHEIECBY S TETE 2 EAFRLEMPORAREL OBk
eI . *ENISBKRETHETH D I L ERT,
*%) FEEHIEH HTEL. 25 EOFHTRT,
K6 1A EBMBEINRKREOLEEFICE 2 H52 (2009)
. N ES! ECE $53 % IR EYN
e (cn) % e k. H) ()
TEERh  1AYT B 737 17.1 339 49 10.3
i 8238 175 241 42 94
it 872 17.0 137 29 79
2ANVT B 742 17.2 300 44 95
i 80.0 17.0 217 338 838
it 840 159 11.2 24 74
1 BEAR% n.s. n.s. % n.s. n.s.
LATT () 812 17.2 239a 40 92
2K T (F8) 794 167 21.0b 35 86
Fehitige g ns. ns. %ok * *x
B (F3) 740 17.2 3192 462 992
mhE (73) 814 17.3 22.9b 40a 9.1a
W (CF) 85.6 164 124c 27b 77h
Javwky  1AVT Bl 67.1 154 279 48 92
i 729 156 237 5.1 838
it 794 146 147 338 73
2ARNVT B 65.6 151 278 49 94
i 721 154 196 41 84
it 770 147 131 34 73
1R n.s. n.s. n.s. n.s. n.s.
LATT () 731 152 22.1 45 84
2K T (F8) 716 151 20.1 41 84
oA %ok n.s. %k n.s. %
B (F3) 66.3a 153 278a 48 9.3a
i (73) 725b 155 21.6b 46 8.6b
W (CF) 782¢ 147 139¢ 36 73¢

. K I3X1%KHE, *II5%RETHE. W LINTTFITIETEN LTV E 2R T 1 RARE BB OMIIIZH
ERZ Lo



74 FALBENTEL » & —WFgeis  £5118% (2016)

KT 1IHRAREBWMEENIREOAEFICE 2 5558 (2010)

. . R FER % AR EYN
I T (ew) i i G (m)
TTERH 1 ARIT BIRH 57.8 16.1 44.6 7.3 124
A 67.5 16.3 40.8 6.7 116
ELiin 77.2 154 16.2 38 8.3
2K T BIRH 62.1 157 39.2 7.0 11.3
A 65.4 154 299 6.0 104
ELiin 76.9 155 18.3 47 9.0
1 BRAEL ns. ns. ns. ns. n.s.
1 ARV T (F) 67.5 159 339 59 10.8
2R T (K1) 68.2 155 29.1 59 10.2
T P n.s. ns. * * K%
BRE (CF3) 60.0 159 41.9a 7.1a 11.8a
BRI (CF3) 66.5 158 35.3a 6.3a 11.0a
L (CF) 77.1 155 17.2b 4.2b 8.6b
Vawky 1 ARIT BIRH 50.8 144 29.6 5.3 9.2
A 594 145 215 45 8.2
Ediin 63.1 14.0 159 3.7 6.9
2K T BIRH 56.5 14.3 277 48 9.8
A 60.0 14.1 21.0 4.1 84
Ediin 64.8 137 14.8 35 72
1 BRAEL * ns. ns. ns. sk
1 AR T (F) 57.7a 14.3 223 45 8.la
2ART (K1) 60.4b 14.0 212 4.1 8.5b
Fem EE sk ns. Hk % *%
BRE (CF3) 53.6a 144 287a 5.0a 9.5a
BRI (CF3) 59.7b 14.3 21.3b 4.3b 8.3b
L (CF) 63.9¢c 139 154c 3.6¢ 7.1c

. kK I3X1%KHE, *II5%RETH R W LINTFITIAEEN 2V L 2R T 1 RARE BB ORI H,

M7 Lo

Lézorz (1),

3. &R, BETELFROEASELDBER
FTEOBEAGEIIFHEHIECIERECRD,
MBI L D BIH O Thh o7z (4, &
5) BAGRLAL SN L OMRE AL L, B
Hlofaai: EOEEOMICIE, AELADOHE
MR (r =-0727*) A SN, BERKEAEWE,
EREGENWME L LTRD SN 540% % F bl 5 1 HE
WodhsbZehbiroiz (K2), TNETIT, &
FERISNT 25BN OB MMEIC X > TR,
LIENMLENTED (WIS 2004), BEH#TIE
BHRMEORERRIS VI ERAGRIKL 2
D, EREZEALNOBRAERIITHOLE LD
BV EDbroTwd, SHOMEITINE/FE
LTHED, —HDOF A ARFEIZOWTIZIET 5 4E
HEE2L (PS5 1990),

1 RABEREZEDN T4 ADEBINE
L5z 382

1. 1 %EH. BREECRBERTE L OBR
20104E12 5135 [ 2wk | OFER L 20094
O [T 220 ] OGEEEERTIE. wWThol
B 1 MRARBOREIIA LN H o7z, 201050
[Vagky ] id, EERPFIHR2ALTTREL
Bolze Ty 200040 [T 320 Tl 48k
RS LR LA CTTE L 20 SEEIBOREX
BT AR TT2ARYETEDKREL LD W%
Mole (6. £T7)o MHER D B I HAHE R
TRELEHTLIHE L LTHBEEEK. 5HHS%
DOHRBEEEETH LI b TEY il
5 1971). Z OB 2 R T THFICH N L
SZ%

2. 1#AH. BEEECFRELOBR
RITH T2 1 BRABOZEIL, WTIhoRET

B 2
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&8 1 MABDKEDONE K OHEHBAE LG 2 558 (2009)

H | B Fehl T 100 #i & —3 Ei34 Erai EEREEE
il (g /i) (g) IR (fiil,/nt) (%) (& ni)

TTERH 1 AR T B 391 245 2.06 775 42.6 159
B A 382 235 2.08 781 42.8
R 411 227 2.00 907 435

2K T B 362 23.8 204 746 435 14.5
A 362 24.0 201 751 424
ELiin 355 23.0 2.03 760 43.2
1 BRAEL n.s. n.s. ns. n.s. n.s.
1 AR T (F) 395 23.6 2.05 821 43.0
28T (F) 359 236 2.02 752 431
T P n.s. n.s. ns. n.s. n.s.
BRE (CF3) 377 24.2 2.05 760 43.0
B (CF) 372 23.8 2.05 766 42.6
L (CF) 383 22.9 201 834 434

Vawky 1 AR T B 354 31.0 1.89 603 42.8 16.3
B A 372 28.8 1.90 683 40.9
B 384 281 1.84 744 415

2K T B 335 30.3 1.90 581 43.3 187
B A 338 29.5 1.89 609 43.3
ELii! 398 29.5 1.78 759 42.8
1 BRAEL n.s. n.s. ns. n.s. n.s.
1 AT (FH) 370 29.3 1.88 677 417
28T (F) 357 29.7 1.86 650 431
T P * ns. n.s. % n.s.
BRE (CF3) 344a 30.6 1.90 592a 43.0
B (CF) 355ab 29.1 1.89 646a 421
L (CF) 391b 28.8 1.81 752b 421

W #II5%KETHE, [ UIENLFIEIHEEN BN E2RT, L RAK L RMEEOMICIEZHEEM 2 Lo

bALNL o /oS, EHEMEE L, [T38020]
L0 [V avhky] TEL B5ENERT I END
Motz (28, %9). EHs - WIH (1985) &, #A
BN A L ORI RE A A L, WEERINC
P FEEOMNMIAM ST ERE L wHA
HELBHWILEEZRLTBY, [Vavky ] O
BHEEDS [T9780] LV E T LHFE
LCTWwb, F72. 1A KEBEAGEICS R
BEBIALNT, ¥4 XONENEHETO 1 kA
HOBBIRDOONLVWEER b,

3. 1HKAHEFEEDLEE

IR Z2ZARNVTIIBI L FEEOEB AL L,
Wiz <MK 720 & o7z (3210). B - HI3E
(1983) 1. 24 TTId, MRINZEBIAFRHEIZE) X
DIZBPICKREVELTED, KEBOKEIZIZD
BiE L CTwb, &4 RGHERTIEITIEZ
BH BT THET 5720, 4 AFHEY & i LT
W OBEESATHF IS RITTHENIRE N LATRE

NTBY (kzb - B 1981), 17N EA%
EEABNAREL, 77 A POFEAEIZ X B 3R
DETPREZVEINTVDS, TDD. REKMH
Y ClRHNLH RS 5 7280 1 % 2 RARME A FE Nt &
NTWB 7%, AHBROFPHTIIWLZL L L72ha. b
HACCTRME, RN72) FEE, PEICEENZV
EE R %o

NV 1 £

HAL H AR Tk, 7 A gt <& 4 I3
PAdMzHIENTELIE, FEE, FEH
ERL ERBAERBE . BHEOES 2L LD
WL HBVIEP R 2D, TOREIIBEIC X
STHRRLZE, 7THEAHMEE CIIRATFEEIR
300g/mA Mz % Z &\ BAEIILARE O 3 S A5 E
WEBERHEREDM0% % T2 k0 H 5 2 L hvb
Molze Fiz 1RAROEEZ, oM, F
ROBETHLNDA, B HEE I, [T3 3%
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R 1 MRAEIPIKEONED L OEFMEEEICS 2 5028 (2010)
- . Fehl TR 100 A 5 —3 B34 EOai B
mn A 1 HRAEK . . . . .
TR (g /ni) (g) IR (fiil,/ nt) (%) (& i)
TTERH 1 AR T B 339 21.9 1.93 799 40.7 114
B A 401 22.3 1.96 917 40.5
ELii! 271 21.1 1.85 695 40.6
2R3 T B 301 23.9 1.97 641 418 174
B A 315 21.7 1.90 763 40.5
ELii! 343 22.8 1.84 815 415
1 BRAEL ns. ns. n.s. ns. ns.
1 AR T (F) 337 21.8 1.92 804 40.6
2R3 T (F) 320 22.8 191 740 41.3
T g ns. ns. n.s. ns. ns.
BRE (CF3) 320.1 22.9 1.95 873a 412
B (CF3) 358.2 22.0 1.93 985h 40.5
L (CF) 307.3 22.0 1.85 1124b 41.0
Vawky 1 AR T B 307 26.8 1.84 624 41.6 179
B A 324 27.3 1.83 647 41.6
ELii! 357 277 1.77 728 40.9
2R3 T B 328 284 1.89 611 425 164
B A 335 28.7 1.88 623 432
ELii! 357 274 1.84 708 42.7
1 BRAEL ns. ns. n.s. ns. ns.
1 AT (FH) 329 272 1.82 666 414
2R3 T (F) 340 278 1.83 647 42.8
T g ns. ns. n.s. %% ns.
BRE (CF3) 318 276 1.87 617a 42.0
B (CF3) 330 28.0 1.86 635a 424
" (CF) 357 275 181 718b 418

. kK I31%KHE, *II5%RETH R W LINTTFITIAEEN TV E 2R T 1 RARE BB ORI H,

M7 Lo

R0 1 MARDFEEOLBRET 2 5 5EE

Ml XORED [V ayky] TEL &L ER

ok B 2R T L, 1R2ARNTIZBIT S TEEOLTIIMY
L e o) <IBEM7 ) B 7B T & T BB Ao 7,
ERERER A Bk 294 34.3 226
A 29.7 49.3 377
whi 554 715 424
1 ¥ * 38.1 51.7b 34.3 .
R . 2 s Bl A X #
Fhit » 2 AR T
R T
= 1) Duncan,W.G. 1958. The relationship between
JaRy Bk 354 437 171
o 430 458 275 corn population and yield. Agron. J. 50 : 82-84.
H i 514 63.0 42,0 2) URVLIER, TSN, BIEIEHE. 1971 1EW
1 BEAR % * 43.3a 50.8a 28.9b

A W NI HEEEDS RN E2RT,

FRARAE © 2000 41

DFEFFEIZ DWW T OMEHAIBITE 8109 K
A E O a N R I Z R IZ O W T DO EE.
HPER 40 : 230-236.

iz b #E - B HS 1981, EMIOMEFICE
T AT F A XN BIT R &S IE R o
Ji. BAER 50 (3) : 344-350.

4) wRE, RIBIRSC, HPeEE. 20060 74 X

3)
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O - WL HRED T2 O 3Rk 2
T 98 — 1R A I 2 o fll I K
9. HIER 75 (2) 1 132-135.

5) B, WIHIG 1985, KEOFHEEHEELC
35 B o iR (P, HAERIEX
R 28 1 112-115.

6) EIMEE, WAEETHEE 1983, KUFAICBIF
LW IEREARB O 1 H A& RN 72D
AREIZOWT. HIELsCHR 50 @ 80-82.

7) PR, pUUSAIL RESHE. 1990. KEF

EERAGALOHMMINC X L8 N LB E
M. Ju R 26 @ 221231

8) V&R, BRI, T, WE A
2004. KE.ORYMHE & v 87 BHB X OMRE
ERAOEIN B X WY 0B, o
AREMBHE T4 51 (1) @ 3846.

9) WII 15, fEE#, BLHEK. 2004, KHiZ
B 7 A4 ADF 2L SBIEE L2 THES 8
7B EAER E R, B L OBk H
ikt 73 (3) @ 287-292.






B MR Bull Tohoku Agric. Res. Cent. 118, 79—-85 (2016) 79

i=EERZ 20 U I REMEERBF(CHT 2 ERHED Sia5hH
V=X VAPHICS X FES KUEREDSD
MERERFHKY — MK DBEBREDIRBIFEICKIEEIRE

N TR S R I IE R VTS S
Bl B KB B WS Wi

8 IUHa NS Y ORBERRIC X DIER S Wb S (EfRD 5) 3B CHRESSTTEECTH
%o ZD7z®, REEAMUZ & DD O OB L Ao 72 il BT H IR & LCoftigamae s
LLBMTH D, —H TREMMESF LD O 25 LaliFid e v, 72, WlGERAK Y —
MEE Y & iR PE ORI BT 2 Hhe % oAl 2 7Mbb 0 — VB FM TH 2755, HBIIRICBT
O — VN DIREZELR % W TRE L72HiD 5 DT YOG BT 2 BRI O W TIEHRE
EhTwizv, 22°C, BEBMAEELESF B TIERMD S50 7253V — A Y NpHEH B L
IHEATEI~NOFEZ G Lo $72, ERARD O OiluERIAK Y — PEREN S 725 30—V Nk
JEZAL B K OMEUFEI 0§ 258 2 WRT L 72 BATARD 5 & R LTI/ D & O IEIRR%FETH
D, BRERR, KRB LUV — 2 YHpHOZLISEWDB R SN2 WS e bt kol 20
e, REHELEEF BN THITMD S ORBE L LTERMD L 25 TEL I AR, £
7oy WBGERRIK Y — M X ) BB LMD 51370V — 2 — M X ) BB L MR D 5
X0 b O — VNIREE EASEIHR S, SO SRV E V) TEPWH L 2L G o Tz THLERPI K
V= MEGERBIKORRIS LY . RE P ORRIEERREEZ RO 720 T < RO X v IERRD 5
EHBMTEL I EHIRENT,

F—T =K ERAED S, ERPIK Y — b WERE, v — X Y HNpH

Effects of Feeding Macerated Rice Straw on Rumen pH and of covering the Straw with a
Moisture-permeable, Waterproof Sheet on Feeding Preference in Japanese Black Steers : Tokushi
KomATSU* ', Michiru FUKASAWA* ') Yumi HIGASHIYAMA* ', Hiroyuki SEKIYA*', Rei SUGIURA*?)
Ryuji OnTant*!, and Akinori OSHIBE*®

Abstract : In areas with bad weather, macerated rice straw, prepared with a quick-dry technique using
a screw-type threshing combine, is effectively used as roughage for livestock. However, to our knowledge,
no studies have shown the effects of feeding macerated rice straw on Japanese Black steers. Further,
although it is well known that Karatto Sheet® (Mitsubishi Plastics), a covering sheet for round bales
of rice straw, is moisture-permeable and waterproof, its performance in terms of changes in the internal
temperature of the rice straw bales and feeding preferences for rice straw covered with the sheet
has not been investigated. Here, we examined the feeding preference and change in rumen pH of
Japanese Black steers fed macerated rice straw and the change in the internal temperature of macerated
rice straw covered with Karatto Sheet®. No difference was observed in feeding preference between
macerated and conventional rice straw. Further, no difference was observed in rumination time and
rumen pH between macerated and conventional rice straw, although the eating time for macerated

rice straw was shorter than that for conventional rice straw. These results suggest that macerated

k1) PRI EEMIE Y » ¥ — (NARO Tohoku Agricultural Research Center, Morioka, Iwate 020-0198, Japan)

* 2) Z=ZEMIRMRENA1E (Mitsubishi Plastics, Inc. Chiyoda-ku, Tokyo 100-8252, Japan)

% 3) FEFSEMKEEN%EE > % — (Japan International Research Center for Agricultural Sciences, Tsukuba, Ibaraki
305-8686, Japan)
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rice straw can be used as an alternative to conventional rice straw for feeding Japanese Black steers.

The rate of increase in internal temperature of round bales of rice straw covered with Karatto Sheet®

was found to be lower than that of rice straw covered with a standard tarp. In terms of feeding preference,

rice straw covered with Karatto Sheet® was found to be preferable to that covered with a tarp. Therefore,

we conclude that the sheet not only facilitates drying of the rice straw but also enhances its quality,

making it more palatable to the Japanese Black steers.

Key Words : Macerated rice straw, Rumen pH, Feeding preference, Moisture permeable and waterproof
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= VI —xFEUL L7, F7o, HRIEEIC K 2 T — RN R A FEAE L BRI Ze I 1 & T
L 720 20134 BICTEAMED —FEA SNIBBIR AR O 243% (ABXUB) #fiftibe L. A%
HOBEMII G N IEE 2 B T o 7o 201410 ISREFAELMD 4mz 1#HE LT, §XTD
Mor (ARYE 1703885 BHETE 1 2412807) O 7 — 0l NEZ kL 72, FH3EHO T T —
MRERE N L7 —H VSO MBIERE, FREEEHEG L 2 AER%E (15%) 2% #EiEL&2»o72B
H% (57%) LD AHEICEA o7z (GHE. G = 792291, p < 0.001). WMitEHFDO LT —HERIE, HERZE
LI R 2 G DE SN TITHET S L7 — 3@ L Tw7zhs, WBENICHRL 2w 7 — 13 BE%
THRHEMICRO 5Nz, Lol &h bBXMBREICSIT 5 L7 — 1338 RIREI X o TRIREZ2 23]
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Types of Human Errors during the Installation of an Electric Fence for Wild Boars and the Error-
reduction Effects of Extension Activities : Ryusuke FujiMoTo* ! and Masahiko TAKEUCHI*?’
Abstract : To increase the efficiency of electric fences to prevent the passage of wild boars Sus scrofa
into crop fields, we describe the typical human errors during the installation of electric wires, poles,
and insulators. Additionally, we consider methods to avoid these errors by examining the effects of
Extension activities. The investigation was conducted at two settlements (A and B) in Nihonmatsu
City, Fukushima Prefecture, Japan. Electric fences had been introduced concurrently in the city in
2013, and only Settlement A had been advised about the exact ways to set up the fence, at the
beginning of 2013. In October 2014, we investigated the presence or absence of errors and their type
every 4 m along the entire stretches of installed fences (Settlement A: 1,703 segments, Settlement B:
2412 segments). We found 13 types of errors in the study area. The occurrence rate of error seg-
ments in Settlement A was significantly lower than that of Settlement B (A, 15%; B, 57%; G-test, G =
792.291, p < 0.001). The type of errors caused by uneven ground occurred in both settlements while
errors unrelated to the unevenness of the ground were frequently detected in Settlement B. As is clear
from above, we found that human errors during the installation of an electric fence can be significantly
decreased by providing appropriate information. Further, errors caused by uneven ground can still
occur, even with Extension activities.

Key Words : Wildlife damage management, electric fence, Sus scrofa, human error, Extension activities
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