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Abstract

Soybeans must accumulate large amounts of nitrogen (N) during reproductive growth
due to the high protein content of their seeds. Supernodulating soybean lines, which pro-
duce several times more nodules than conventional genotypes, were initially expected to
enhance soybean productivity and reserve more N for subsequent crops through their
higher N-fixing ability. Existing supernodulating lines bearing over 5-10 times as many
nodules as conventional lines have proven inferior, however, to conventional cultivars
in growth and yield. We developed an actively growing, high-yielding supernodulating
soybean cultivar, “Sakukei 4" (previously “En-b0-1-2”, now “Kanto 100”), by improving
conventional supernodulating genotype "En6500". We confirmed the physiological prop-
erties of Sakukei 4, such as its high N-fixing ability through the growing season, its high
leaf N content, and its high photosynthetic rate during seed filling. We also demonstrat-
ed that Sakukel 4 is highly adaptable to no-tillage and narrow-row cultivation in upland
fields converted from paddies, producing a higher yield than in conventional cultivation.

Key words : nitrogen fixation, no-tillage, photosynthesis, root nodule, soybean (Glycine

max L. Merr.), supernodulation, cultivar, yield.
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CTAB:; tF IV ) XF VT EZ L 707 A K (Cetyl trimethyl ammonium bromide)

DNA ; 74 & 2 ) KEBE (Deoxyribonucleic acid)

EMS:; ZF NV A% » 2k (Ethyl methanesulfonate)
IBDU: 4 V7 F VT ITk FiaEIR#%E (Isobutylenediurea)

LAT ; ZEmMETEE (Leaf Area Index)
LAR : ZEmfEI (Leaf Area Ratio)
LRR:; T Al
NAR ; iRz (Net Assimilation Rate)

RGR ; Hix} A E#% (Relative Grouth Rate)
SSR : Hiff AR (Simple Sequence Repeat)

B )] fEhC%) (Leucine-Rich Repeat)

USDA ; 7 X h&KEEEE (United States Department of Agriculture )
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RS 2 G S O AL, A
WEEREEY A X0 % B S 2 HK L
Toho [EFEY A XADHGE % 5 S & THRER
LFRERTA-012F, BmE YA ADOEES
PALD 728 @ fn A K OB H O B 58 A5 T
HETH Do

Tl A ZDOREZSNWALD 72D 12 &2 X
X0h, 5. YA XOEWE L TOER
BEZTCHRIZV, FAZXDTFEHDY 57
Boa=dani, B EMETEET 505 30
~53% (FH40%) & &eEhcicdEv CF
1987) - Sinclair and de Wit (1975) 13F %%
A OEM W E L2 ) OFFHE R
(FHEAEENE) LIEHENL ) OERIK
HCTAMEIIHE L7 8 1T TEEEREN
L BRERkEMP LA A, PyEODOY
7 EOFIET, ZOHEPRLWNEDTE V. 2
TR DS W7D FHEAEER RIS, &
REREIID VIS A, YT % EOE
YEW). 55 SHEIZIRE A 70  FEAERZRILE
W, BRERKENLVWZ Y FY, FI AR
EO< ARHMEY., T LCHEABEIRENS W
oD T FEEEMEMMELS, POoBRERKED
BWHET, SIUET 2ME—DEW A F 4 AT
Hbo FAAXDTFEAEFENFII2AMEOEY .
TH56FH LML, POEREREIIRDLE
Vo D20, A XADLZNLD720121%,
EREE RO DOEMOY R % EAKkd b
B—H. ¥RV EDWRITTETH LEFE T W
PICEEIZERBT DRI LIS (FBE
1986) o

F A XFFE100kgZ A FEST A DIZIEH 7T ~9
kD& F A ET LD T, WFE400kg, 10ad 72
D128 ~ 36kgDERN LT L 70 5 (2 1982)
L2d, ¥4 X3EEMH oY EESR - &
FHEBEI/NES VD, Y IR 2R
BEDT~8HOEBRTHERIELLEND D
(Hanway and Weber 1971. “F3 1961, f13
1984) .
FARICEBINLERIIER SR, HiEs
F.MAEICL2BEEEZO 3FEIZTIToN
bo TD) LEIEERNEERERIEHD LE]

% 8 7 (2007.2)

Aix, g, KREEOFMICE ) KRELEHT
HDY, DHBEOLEIZIIMA 2 ~ 8 E 25546 L.
T 5 & S EREE L VWS (Yoneyama et
al 1986). % < OVEW) TIZZ AR ASUTAE D UL
B EICEBIL CE2D, ¥4 XA0g4E, 8%
JEEL D 2 I Rb G A & S FZFEEDOHEE 4 U,
V9L b ERERME L NEOWINE Ok
W O(FEJE 1986), L7zt o T, A ADOFET
HHRKHOEREEREIE T R AKRIGEHT 5 2
ClE. BELOFMERY 256, ¥4 XD
EEEMESE2HEHRFREEZOND,
T A XN BITHEZREEOHHIZOWT, 1R
B OMA ST AV F—FHRERIE L, &8
FEERET] OB IR O # K & 2 OFAE A
ThitTwad (RE 1989, #EiL - 4 1989)
BlziX, AES (1981) Z=hrurF—tofk
L o THE SN AV F—D—E % [\
T 5% OKEEPR) 2Fo, TR VF—xp%
DEHRIH &8k L 72 RS (1985) 13k
FEGR % RO MR % F578 L 7245 . KSR
WREF 2 CH 2B LA IR, &
FREEER YA AOMEIPIRELL D2 L%
O L7z 72, THEERFNMEAESS
BEALFEITZERT Cld, KFE MG % R oA H
DOFAERN R IR & 2R TE R Z SR L.
AR B & LML Twad (IR 1997)
FERESAR O 2 513, EHREOREINL =6 12
L DBREEOHEE , EREEOHE I Z
DO, BRIKREOEH VAR SR~ 4HH
T&5 L9112, E#RBIE. BHEELEGE. /B
AR, RE IS A S LT\ b,
EFBICIZOWT, &5 (1978) 13&8FEr
ORI, BROE., B ESEE R L. 5
ALY v B 7 RERTHEMGH T4 2
EDS. A ZAONWEN EICHEN L L
HLTWD, ELS (1983) IZBIAERII0OH 212
12gm* DL EIE % 120 FE 12 Kb L 72k K. &
A ZOEPR|IZAER 2253 ), 01 ~ 132
% Thol- L HELTW5E, F7-.0#78(1982)
X EEMEHFIE T b N2 BIEREBR D 7 — %
2 AREE L 7RSSR, 102308 B o BEIRD SR 1% — 17
%~+32% (‘F332%) THH, BEEDS
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gm “PLET, OB IKEOIRE L 7 5 48
JE X D U 25400gm 2L T 3541213, BRI
L BN RN LTV E BTV 5,

R R ARIZ OV, A (1990) TR
1 7 EHE O h LR ICH EIRE S 6gm”
BMERET L2 E12L), ¥4 X510 ~ 16%
WMINL -2 285 L CWwh, 72, - &
& (1989) I RE#EFGAL N 2 T, bk
IBDU# 10 ~ 12gm “3EMEIC 5 2 & T A
ZYNEAHY 3 A TLL% B L 72 & i L C
W5,

RFTEIEL DWW CHA S (1981) 1%, HRAEN
D & AR EE O =5\ 4 TR AR A3
SN, EHRNEHEE O Tl R —1F
RTHERBEHEDI SN L6, EHME
WAL 2 & T, ERETE L OLENTEEIC
b EHERR L T\ 5,

EREHEEICOWT, &@fE (1996) (Z&EmE L
CT100H & M OB B IR 35 % 3 TR AL 1E 2 5 20em
TICET 2 & EREEHEEIHE SN,
MEMEEE R b BRSNS L, ¥4 AEHS
10 ~ 23%3E0n3 5 2 & 2SI L7,

29 Lz, A4 XA 6 g ERE %O
LA E LTHER S NTZDOHS, 19804
X9 6 K FETER S IWRAEAE AR (X —
N—=I)Tal—rarsifg) OFALXTHAH

(Akao and Kouchi 1992, Carroll et al 1985a.
1985b, Gremaud and Harper 1989), ZiL56
AN A |2 T AR RS 5 ~ 1085 2L L
WZET L, T2 BEOY A XTEEEERO
TEAE T CIRALELE, EREERIMET 3 5755,
R A AR 2 9 L7257 C bR A
WA LIZSWEE (EBREE R 8- T
Who ISR S, RS AR IS
WO AR FE MK AR B9 5 B O i
ERNTWDBEEZ LNLTBY ., REZEE O
HEE 2 RIS 2 7200k e LTERTH 5,

F 7o, WgEM R E L CoFRMZIT TR,
% ORI D  mV g R B ERE ) R iH RS
ERMMEE . EBROREIIBITL 514 ADLI
LR HEEZORFITEH 2T 2 &1L WIFEDFF
72N, ZDDDOWZEI M TThNT &7,

L2 Ly AR DSl i Al 0 265 2 1 o [
BRI 75 A2 R O A L AU S A | 2
WHOWHDH S DD, EEEDOERE L EOMR
ix G ET AMRAEAEERMITHE L TEE - IX
EVEELEL L 572, BlAIE WfEBragg
O AEH L 72 ARAH 2 A R 12 D v T, Hus-
sain et al (1992). Song et al (1995). Zhao
et al (1998) &, ZN N E 1T 72
R FFENCE TR AR > R AR R 75 2 R
H>MABELERARONETH -7z & LT
Wb, T/, MEWilliams2: SEH L 72 k7
HEHRATNZ DWW T, Pracht et al (1994). Wu
and Harper (1991) &, MR¥ S 4RO
= (I Williams F 72 13 Williams82 & 1 10 ~41% %5
S 72 ERRT WD,

—J7. BABEARMIE, BELRERDELL
DR EFRBTEIKF L, HIEPLOER
WISV T2 ks, HIERICERLERT
TEIZEY, BIEMOET - NEXLET S
RHDIE S 72 (Hansen et al 1989), T
BEOREREIZOWT, Song et al (1995)
VR AR AL A A R AR X RVED A 4 & F DL
HEHRL VN O E BN & & 72N, kL
AR T ZOMRPHER I NZDIT Y
INT DB DL E DA TH 72 L, Zhao
et al. (1998) (ZARALHE & LR MITZRED L
T AFOWNEEZWINSE LR H o728 L,
Maloney and Oplinger (1997) & [ i AR fr
B BRIIIBIEDO T A FOPE AT 5%
Bld oz LTwhb, 2O LXHIZ, BRE
HHEREOFIEN X - THRIEIZHIE) R0
ENBLEZENDILND, RV LG ELH D L
W) DOWFEINETTO I N FE TOIFSERETH -
725

WAL A RAMOET - WEILBHEK & L
Tl B EW %= OB O & Z D
R CSFBEICKEICHEE SN, Z L, ]
RN SN T2 DN FEST W UK OWILE DI 7
ZEENEZLENT WA (Gremaud and Ha-
rper 1989, Hansen et al 1989, Ohyama et al
1993, Takahashi et al 1995). ¥4 LI
DIFF L BWEIRERPE LT, EFNE
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KFEETWEENW)FHLH D (Pracht et al.
1994) .

FKAETIERHE - dbEr SR ER S F TO
JR IS IS 3 B R R 4 X [ =
YLV A4 ] »5, Akao and Kouchi (1992) I
LoT, ZF VA A)NK U (EMS) %
7o N A 2RI B % RV H L TR K 7 45 R
#% [En6500] 2MEH & ize LrL, 2O%A
WOAEFTEDSE G L VEEZ NS . g
FNZE D, ANTHRKL - LDbRABELHET L%
DFEFTEF-> TWwbh, FEHOLIZX HKBEEER
DifEF. En6500D MR E 2472 1) O fiffkRE & KW
WEEIZ =V LAIZHRTH > TR WnZ &
5. En65000 A4 F & R i ik 7 &2 R W = o HT
21X, RO L B RAKIOHE & -
OO A G- L Twb EEZ b7
(Takahashi et al 1995). L»L. [ U3EEET
AR 2308 L 2 WA T Th, BRI
BB ENE SO0, En6b00DAEF =1 T~
LA XODHGENIHE L7280, En6500T IRk
A DN OAF 20 R RS LT 5 1]
BEMEATRIE SNz DX BRREEFFEOZ L
e, WREHBAEEY A XZZ T CEMLNEL
LTHHEINS Z EE o7,

AKWFZEIE. SO L) E RO LITHRABAE
H A ZRMOFEREEE T2 B TIT- 72,

% 8 7 (2007.2)

FEINETIE, En6500% ToI2 L T A A &
SRR LD, SolWEY R L. B

EWNFERMZED 5 A XGOS % X - 72,
BIMFETIE, FNETEN LR EELE 5 1
ZintE [1ER 4 5] ORKTEO LA R
% - 720 BENETIE, FTDED S 4 ZE
AT HFE D85% % 5 & 2 K HHERIFLAH ~ D 5@ e 4
2R A L L BT, AT HIEAREY
PRAFEDORNRDEE S5 IR IE D 385
AR~ O MG & Z LR %
oL EH & L7z

ARWFZEILEE DS MK EE BENZE > 7 —.
FeSE - AW AR IR o RE SE RN W e AR T 7R P
IS BAROKBESENTSE 2~ 7 — ICTE8E L T\ 5
AT - 72 DT, FREER EIWZAK L7285
% & (Takahashi et al. 2003, &1& 5 2003,
Takahashi et al. 2005a. Takahashi et al. 2005b.
A S 2004) . WEKRFHEE AR LE L2
DTH %o

7B, [FEECEERTR D TEWIFZEET CTlaEAR 4
SIS AHED T HTze DA RITNER
NFEFTHLDT (Nakamura et al. 20052, H
5 2005b. BAT S 2005, EAF S 2006,
WA S 2005). SNExl) CARRIZESESE %
—EBIMEEAEIE L 720

I RAEEESY 1 XmEER 4 SORFE

MRS BRI 7 A X LR R oS A&
FEEZ VS ZITEHT H72OICHFE SN
B3 FEBEIIIRR AR A O s DL d 5
Wk A ERMmIT, EFRWNEDFmiE L)
0, BENICEHSINL TV DE 0o
72 (Herridge et al 1990, Herridge and Rose
2000, Hussain et al 1992. Pracht et al 1994,
Song et al 1995, Wu and Haper 1991. Zhao
et al. 1998) o

OAETIEHET L A 55, EMS% H
V72 N ZRIRZE e I L AR 75 A2 Rt

En650023EH &7z (Akao and Kouchi 1992)
LHhAL. CORMODEFTEN/EEIZ/HNESL
(Takahashi et al 1995, K2 - A 1999).
BRI L o THREL WA ARDLEET
LEDREZF o T\ F 72, Enb500iLiR
D37 A L 72 WK T FE R MK B R RS T b 4R
BwHEFIZH S Z L5 (Takahashi et al
1995), MUk AEA L MR L Z2WE oo
ZHHE 2 o> T A REMEDVR Sz,

Z 2Ty % 1 i TIXEn6500 AR KR 4
BEMEF L 220, 2SN DL - 72 &
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FL, EE - NEFOBRENEPETLR LY
A ARHMOFEE Ao T20 T2, TOREES
N-ifE [ER 4 5] 1I2onwT, @i Tolx
wE - A ESEOIERN R E RS L
Lo &Lz,

—J7. MR 4 5O % RIS 5 720 O FEER
(BINES1IEHRPENLR) OFR, EFAT
— VU DOHMEFTHIRENEGE HREAE AT DA D
En6500 i N> L A LB LB mdd o720 €
ZT. MR 4 5DOENULICE D B BIaE R %
S22 TAH—Bé LT, 452 H#iTIldSSR~ —
H— I & > THER 4 B DR TR 2 72,

1 IRNBEES M XREER4SORRE
Z DEARFFEDIERRA

TV LA D SR S 70t DMK RS A4 R
FEN650012 1%, HAEBEAA LIS ZDAF -
e 2 i3 5 BIEWERPIELTWDH EE 2
5N 7-DT (Takahashi et al 1995), => L A4
EDRLAEIIZE D, BB RRAEEERKD
BREX -7z T2, TOMERESE L7 mHEE
FAFIIONWT, RN YA E, Pt
B TR AT,

1) MEROFE
(LIRKHEAE A 5 4 2 %4 [En-b0-1) K OME
4 5 OF AR

TAXGT LA %8, =L AfT
OEMSHLEIZ X 0 {EH S L7 AR 8 75 A=
D ZEIRTE LA AKEN6500% 4 & L T19924F
WCALKE L, F 72580 % 15720 19944F
FHNCF AR244 R 2 R P gREE L. R
WG EOME %R L7257TERD 9 1 D4l
EHEDOFE T (F,) %19944EE M2/ TR
WG L. EF - WESEN M T #IK
LT [En-b0-1] &4 L7z,

Z OEn-b0-1 (F;) #9001H {4 % 19954
NGk A= DA - SN (XX (K N ls eRaN
T, EBREREHEIZENL, KP
RRECEE T FERRRD T, TS &
MRS L AZHAE L CRIEEE L. &F - I

BEVPRLENDOEEIKL T, Thi
[En-b0-1-2] OR#MAEMN L7z BB
[ % [ o 7288, 20024E 121 % 4 5 1220
L. S ske HEE L 720 S 441320054
(2 TEE100% ) (2&H S, [A4E12H 7
HIC B SN (BE%513531)
(2R fT
BSIC BT LEF L TENEICET 5K
BRlzid, MR BAELEREER4L Ty
LA BT EEb12, R - BISICL -
TI v LA HEDOMOMKEE AR
I LA HROBRIERS A4 [Enl282 ]
(Francisco and Akao 1993) % H\ 72,
(3REE J7 1
PHEBEE 2 3R 1 IR L7z ilBRIT Rk
D LI D B BMOKES BENIEL v 5
— (H4FE) oM @EMmEY REER7 1)
T19964F 7 519984 F T 3 71 FFEJifi L
720 FAERERIEBENE70cm X AR R 10em. 1 #&
1 AR (FAEEEm 720 143ME74K) & L
7o JEAEIZAL R AR R CN-P,0-K,OF L&
NndY720 3.10.10g% FERTIrELRE (B
18emiz®) (Z&MmhEH L7 $EFEIX19964F 6
H18H. 19974F 6 H17H. 19984 6 H16H
AT - 720 REBEIX OB IL, 19964F121.8
nt 2 SO, 1997413150t 3 S48, 19984F 1%
22m 3 AR T, Wi ELIEECHERE L 72
(4R
7 A4 XD BIACH LI O 4 F B B (3 Fehr
et al (1971) 12X 5> CRIADHR8F TH T
LBNTW5S (F2), 1997, 19984 D BHAL
M (EFEROR2) L EmEEL (LAD
DIUTITIRAKNT 2 2 Bl (R RE . R3
~ R4, LITR35E AT 5) M O HEAM
(R8) IZHRHUHAE 21T o 720 BRELL 724E
WikiZFEER, it L-0b, &
LR % L. ZEHAE 2 B B % A E
(AAC-400, #RET) TillE L7z, #HEHZ
75C TASKE M MR, FeWE 2 5E L 720
AL OFRAEIL 19974 DI KRE LI, 1
Y7o 3R x 3 IEZE X 15emE T
PEOHLY . HAATE LR ARASILY |
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£1 FM IESHROHEHE (1996 ~ 1998%F)
1996 1997 1998

Sz il 6.18 6.17 6.16
SAs 2 3 3
1 XM (nd) 18 15 22
BENE (cm) 70 70 70
KR (cm) 10 10 10
BHEE (K m?) 143 143 143
%F (Ngm?) 3 3 3
) U (P05 g m?) 10 10 10
#11) (K0 g m?) 10 10 10
T v T RS R2, R35, R8 R2, R35, R8
I OB (nd) 1.0 26 34

1) AFiZPlant Prod. Sci. (Takahashi et al. 2003) & V) —#% & L L 72,
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B0 BRUSNOIES K OTKIZH D & ORI
EMIIKGET 52D T, BEOKIDRT A XD
HEBICRESRETLHLEEZOLN S,

ARETCTIIMRALIEAE LS T TR 4 5 05@ s
DMLY LA D EORELBEZREOZ LT
NENTze T OREAER ORI G A RIS
HARTER 4 50 E YA ERS LN E RT
CICRELCEboTWA EEZ HNLD,

— . RRIEELEFMHT T, R4 5Tl
YUAITHAR REOS X2 A THRAEH O
FZEREOMEAEB LAY & AW ORIEZ: &
BROENT, INHIET LA &5 L L&
BRIZESWTWLEEZONL, FEHLITZ
DBEDOEEN S, VER 45 OIEHBEP Y <K~
LTHhrI xR0l BEIEE2H). B
Fr & B S DM T CTIER 4 BB DU
WCEEOEREYEL I HHIZOVTIR, ¥
VARV VICHRTDREMEDSH 5 2 & Hfad L
7o (BEIMESE 2H). REITHL MR- 721E
R AFORIFRRTEZEIIOVWTH YV ER~Y L
WCHEL CW A HEEMENEZE Z bbb, ¥k~
LT LA BRI LRy FREROKEE
Tl BAHIC B 2B+ B oW EIL S <

RILPTU LA LN Enor: GEIES 2 Hi.

T, LHITEEOMBETHDL Y VAV
LU LA ORKEIZIZIZFNSGE L EZZ2Z 51D
ZENH, MREZOLDL IR LDOFHLT
LA XD S ozl RESN, ZORENE
R4 T2 NI DEEZ NS,
Do X951z, MkLIERE A4 4k T TEn6500
DIRLTEFBEO/NS L, ER4 5 TIERE
CPFERN, FICEBFTRPEICEZ LA LD K
EL BN ER LTz SIS IIIARRE S £
XN F ~ R~ VHRO B S L
TWABEEZOND, 29 LI-WEDHRA S E
HETDLEMETTHRIEL, (B2 4 504EFIE
DA B L EEZBNA, B2, RED

BERIZFERTOWINEEN 2 EH 5L Z LI12X - T,
FATEIAM OIF R R EHEOEFT 2 W REIC L. BWw
ERFEERNIOFERZHE LT, HWIEEE T
REIC L7728 EZ BN, TNEDMERIE, AL
AL R MEREORMEIC LY, AT, B
IIROEF 2 RIEIZSET L L TEHT L
R L2 OB TH 5,

4 BENOBR

7 A X DORKEAE AR DD H D —
DL LT, Ko TERICERERL, £
VEM DB #ETHIEPIRIBINTVD
(Hansen et al. 1989), & @ % #1122 w T,
Song et al. (1995) &, ML AE B S fE
D2FEFEE O v [ AR 8 25 A AL PR E D A
F AFOTENER L VN7 QY E % B S
WS, BRAEELDSHE D5 ~ 6 5L Lo
R A AR T 2 ORRPMER I N7z0IT T
YN DEMEDOGEDHRTH o2 LT
%o —7Ji. BraggHi RO 4 R AEPSH514
NI DEIEO L F A F O E Z BN S &
LRENH o2 HmE SN TS (Zhao et al.
1998), ZF72.Maloney and Oplinger (1997) &,
FAECMIE8 H 3 D Hy [ B AR A 8 25 A= SRt D 124
IAFOPNEIIHT HRFEE o728 LT
bo 20X ) ITHRAHELEREDPRIEOLET -
WEIZ I T B DOV T, FR G T
W5,

AETTIEHT 7212 BgS L 7oA 5 A i Al R
4 72OV T, TOFEPRIEO Py ET Y
OER., BFWINEIZB LT TEELIHS 2
L& & L7

1) MRRVAE
(1)ZEB& 1 (19994E~ 20004F)

199947 H 2 HH» HHifEE LT, 1% 4
BROT LA TRy NEEE L7z, BT
FIEMESE 2/ L AR CTH L. B, I
FEth, MEWR O EEIE TR 22 72,
BUERIX & LT, H N5 (RR & AR % i CTHL
DFEoT, LRFEURY MCELET KX
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(2)555% 2

TR FERT IR S

(6 [f8) &, WTHEZERL-F T %238
LRy MIHERAET LIX (47) @

QAT 720 RIETHAL My ET Y
HIZP,0; K,OFNZENARy b47202.5¢
PIEBETHAH L. EREHEL 25572,

M ET T OFEIOWTIE, 20004E
D7 HI3HZMFE] 7814 4+ =733G26](118
H¥ A7) 8L, HIFEEHLEIVT, 1
Ry P1IRILE Lz, BEIIHEE. WK
KRl 7 AN THEEE L, KiE 05272
RIED & A ZHREERE & FARIC, 25 2%R T
LawnE )2z Maein T, HiRILE D i
HL72KIER Yy SIZE L 72,

AEFHICE L2 ME L, BRI I3
AN ELY . 75C T4SWF ME R, W
BAWUE L7 T2 B i L 7274,
PR RAGSRIREE — 7 A 7 a i I & B &
FRFONERE (A3 275 7NC-800, 1+
Lttty —) THITL. EXEA%E%
K7z,

(20024F~ 20034E)

HIfES A4 RIZ2WTld, 20020 7 B 2
H o4 5en LA 2872 3K
BEHFEIENESE IR LZEB)., &
1 ,750002a7 7 A )NVKRy b (F&ETL)
AV, S X E S AR R
L7z PR, e TR Y &
D, F—HD 3Ry voTIEZRES -
BHEL T, 1.750002a7 7 AWKy b (F
#33L) 5Ky MZ3kgTOoRFHEL 72,
BIECTH A by ET T HICP,0,. K,0%
NZENRy hY720 2, 5 g & FAETHiH
L7

N7 BT I OHFFIZOWTIE, 20034
D6 H26H 1 ZmfE [734 4+ =73352] (118
H¥ A7) L. ZOMoOEHITFER
1 EFEBRICAT 2 720

AL SEER 1 & AARIC, AT HIIEESL
T BRI B OV T SRR E
EREMMERDEFREHRLMWE L7 51,
g FALR e E B =9 07E (DELTA
plus XP, ¥y —F7 41 =4 %) #HNT

Yo

o

7 (2007.2)

ARt oEFROEEL L, by ERO
VIEMET OEF D) B HIfES A XK
ML 7-EEZREREHOREZHE L.

(3)32B8#3 (20044F)

BIEY A R12 DWW TIZ20044E 0 3 A29H
POVER 45, o LA, RIS E R
Enl282K N vk~ L 245 L 72, $hEs
HEIIHEMES 28 & R CTH 5, IHER,
W FERE HTE ALY 0, AL
T, WURy MCHTELZ, #IENTE
0 a3y HIZP,0. KOFNENRy F47-
0 2.5g% FAECHEM L7

MR I YOFEEICOVTIE, 20044
D7 HBZwmH [+ =T - T4 7
HT] BH¥ A ) ZIFH L7z TDHD
B EFRIIFER L LFRETH - 72,

2) &R

(1)%8Bx 1 (20004F)

BEO MY EO I OELERD L, &
B 74 AMROFLH L OFEIZ» 0
boH9, VER45HO MyET I LD,
ITULABRED 8~ 18emE D » 72 (F£14),
WL LOBEDOEII LD 572,

MO I ORI O FEEZ Y E T,
FA ZIROFEH L OFEIZHh Db 5T,
R 4 5O, =LA I ) K&,
o7 WMEELHLOFMIZLZEIET )5
72 (K14).

MO I Y ORI O M A R LR
=X, Y1 AROFLHLOFEIZL2D
boHF . AER4A FHO M7 ET I DA,
I VABE VLRS- 72, BEED
M LOFEDORZIEETHR P> 720 1ER
4 5OEGEIIIBERLR S 2WEED)
WL WEANZH - 72 (R14),

(2)38% 2 (20034F)

BAE N 'O O OFLITHERESS H 75
LT6HRIZESL T R4 OB
YULAME DV Er o (D), 000
miE e b, A AREROEEKEE S
WA, MU ET IO LAE o T2,
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o ET Oy ORI O M EEEZ Y E L,
HITEY A ZORARE I 0b 5§, 1% 4
FHOBRL Y LAME ) RED»ro7 (F
15)0 1ER 4 5Tl 5 A ZFEERE O Fi
B WHAR N Y ED I O EHK X
Mol T LA TIEZOAEITHL )
Thholz. WEHEMTHEEDE -4
EEED SN ML EAICH o7 (F
15)

T O ORI O B R LR
w1, FifEY A A= IZh b 5T,
VER A SO B LA L ) FEIE
Motz (F16). MmTEME & 7 A4 X35
BEOREEN L W AR N EO T DER
HEREEPRKEVETNICH 72D, BELRE

otz HEEHEMTEHZEbE5
FEEMELF CMEAIH 7245, ¥4 X
BREROHIE SRS WG EZICL 07
(#16) o

FEOIVDERBLZEEZD) . H
VEZ A RIZHiH L -8 FEECHRT 5
HEZRRIAE R IIE~NOEFE R =
H06gTH > 2HEI121E, T LA T45%.
e 4 5 TAT% 2w E$, D T A o
72 (3R16). RifEHiNL & 2524gD 3 A 1213
COEENRLEH LD, FRTH LA
T120% 24 5 TLLI% THh 720 T72.
Efrd 5t LA EDORTEVIZESN
o7z,

R14 FIES A XREOFIZN b EOAISOEBICKIZTTHE (EE 1. 2000F)
F A XIRFRHE HVERE il o R E bR e
450 14" 1330 #%
(cm) (cm) (R4 g) (814 Y mg)
i
{E% 4% 1138 (16) 1570 (0.9) 430 (1.8) 170 (8)
LA 1022 (12) 1442 (21) 335 (1.1) 123 (6)
o)
E% 45 1178 (30) 1518 (3.1) 444 (2.2) 187 (11)
Iy A 995 (46) 1443 (7.0) 316 (1.8) 115 (3)

1) #Hf A%

2) dro TWIIERERE (IR - n=6, A : n=4)

KI5 BIEAA XREORKIENF b EOADEFTICRIZTTRE (EE 2. 2003F)
FIVERGAE S R(E S L5 W T AR
35H %" 56 F 76 H %

(cm) (cm) (cm) (A4 g) (M4 4 g)

NO0.6g
R4+ 789 (10) 84 (13) 941 (31) 200 (06) 256 (0.7)
LA 728 (03) 784 (10) 834 (26) 156 (08) 201 (09)

N24g
fER4s 822 (07) 895 (03) 1023 (20) 236 (08) 309 (12)
I LA 752 (04) 794 (05) 917 (20) 161 (07) 213 (07)

1) #HfR A%

2) dro TWIIEREERE (n=5)



84 Ve sear it se ity 4 8 5 (2007.2)
£16 FIEL A XSEOHEN FYEOILDEBICRITTHE (2. 20035F)
AT fii I H_F &R wFELEEE BERIEER  EsFdsr BirEREIEdsRY
LG == EFMBE EFEHE BEOME
(fE1A 24 mg) (fE 1A Y mg) (1A Y mg) (fE1A 24 mg) (%)
NO0.6g
1E% 4 5 716 (24) 1141 (2.8) 54 (0.2) 1088 (2.6) 47 (0.1)
R 596 (1.1) 90.6 (2.7) 41 (0.3) 865 (25) 45 (0.2)
N24g
5475 789 (6.1) 1259 (4.1) 150 (0.5) 1109 (3.7) 119 (0.1)
R 61.7 (3.3) 101.3 (34) 121 (0.3) 89.2 (3.1) 120 (0.2)
1) mifEMEIEH kR ERER e SRefEfaolt®
2) Mo ZHIIE#ERE (n=5)
R HES A XRFE - RHEDBRIES Y EOISOEBICRIZTHE (£E 3. 2004F)
AIVEAREE - R Wb b2 ) LRI b e ERE EReEMHE
(kY g) (fEfkY4g) (1A Y mg) (fE1K Y mg)
5k 45 397 (24) 478 (29) 146 (6) 201 (8)
B 382 (09) 467 (1.3) 140 (6) 195 (7)
y<hR~v Ll 35.7 (24) 430 (2.8) 133 (13) 185 (13)
Enl282 319 (1.8) 389 (23) 107 (6) 156 (10)
1) 7o ZTWIFHEHERR® (n=5)
(3)5E% 3 (20044E) WE X o72h (F14, F£15, #£16), FE3 T
7RO I OFELOHER Z KINIR L EZ U LA E DENED SN o7z (M19,
720 EFEA0H RED S BilESY A XD F17) o INFETOMETH ., IRAEE LR
BN B LT HENHRI IR o720 B DOIFEDEVEDET - WEIZ KT THREIZOW
WERASH=T VLA > <A~ L Tl EEITHIPN TS, REFTOHE. 3D
SEnl282DNETH - 77 DEBEOHTED X I BREMOEDD - 7200
N7 'O I OB O EEE Y E K B9 Do
O FERE A S b - Eix, Bl FERE L TEZONLDIL, ¥ A AFEEEED
PRICSER 4 BR= o LA B> ¥ <ok VEMIENOERZERFER TFHEINEDEWNIZL S
< LR >Enl2828FDNETH - 72 (FE17). TIEPORAFERREDENTH L, HEWEEK
7RO IO IS RERE N IR nEFEEE (KE, BR2E&8) 13, FEi2
bEbY-EReElE b E LN i E TIER 4513 L £ H131%. B3 Tl
CEBROMEIn R L2 T bbb, 1ER4 143% Tdh o 7> GEIES 2 Hi). FEBR1I12IFE
FHRE L LA E TIEENL L. ¥k FHEBEOT— ¥ D30 WA, BFEOH0% LT
TLUHTIEIINS LD ETA R WEANIZH FICEET 5720 FFENE Tl % &, FEE
0. Enl282WF CldimP Th o7 (FK17). 1 CIIER 41T LA H119%. FEE2 T
1£129% . EE:3 TlX134% Th o720 2D XD
3) ER 12y FEER1, 212HRT, EE3 R 4 51

SHEDFERDH B, ¥4 XDO¥Ex H L.
HWFEHE DY o2& T Tl T A, 1E
ZARHO MY EOOLIIER ] L EE2 Tl
IV VA BRMCHARTHEL, wWE, @FR4EHAE

TENEOZ Y LA PEL, SEOEZ £
HLTWi, 2oz, HiEERETEEY
I LA EREICINL., BRIEDTDIZFL 72
ZBRENL LA EEDL oW EEMED
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BHbo WIZFEE1 T v LA Ik 5B
MBI > 72720, BIEO LB RAER)EH
FE1 ~3DOFTROREDPoTEEZOLN L,
ok, BENY RO Y OAEFIIEIESY
A XOEFWINEITBESIND, L L, KEi
D3 ODFEERIZBNT, R4 713 L A1
HRTRIEOET ZRE. HE5IxENLL R
TAENREZRTIEDPHS L E o7,
EER3IZBIT A <RI LI E ORI TI,
VER A 5O R EO I OEBFTIETE S5
Iz dH - 72 (19, #£17) o ¥ A~ LA
RO EINESLEBREFREIIMER 4 5I12HRT
%o Tz, BREEEIMER4 5L Dk
Wz, X)L oHEEER TR E%EE
WL L7720 &2 b b,
FEER1I2BWT, BfEDF A XD M T HEEE
AR LG E L) RV AE R IR L, Z
OFEFE, WEICRE LE I LD o705 R4
FIZOWTIIH T ERRE DD - 7205, “IED
MY ET Y OEFREFED L WEAICH > 72
(£14) o FT7-. W EHOBREIIARE OERTIE
TRTELH LA, EBEORBGIZBWwTa r
INA VYUHE L 723580 20F. TS ORI
BRI SN 5, HEES, #HTEE H b5
B OMRL 7 ) ERERE L. RESE 1
D20024EDFEEHAERTIX, 1ER 4 FOHHT Y
LA XD ~T2%%H o720 TILHNTIEIC
BICENTHE ., 1ER 4 5O TEDEEH
EREREE D, BIEOEFICESHICEN &%

ZbNb,

FER2 12BVWTIX, ¥ 1 R ZEERIERER
AMEGTAHZ LIk o T, BIFEOET 2T
LON, BiEIEHROERZ O, LR
KDERLOD R E L7z (3£16). ZFORE.
VEZ 4 28R b en a I 3HIERIEEE. +
BHEVWITNOERS, Z L AHE D24~
33%% S ERHELTW2hs, 1ER 4 5HRCBIT S
M ET I VERBRBEEOT Y LA E AR
ariE. 6 ~ 12%2hEAl g FH k. 88 ~ 94%
NHEZEFZHRETHo7 bbb, 1ER4 5
PR CIE RIS HIBHROBEDIREY O LT R
HELTWDLEEZ BN,

140
120 W
110 }ﬂ

= 100 ﬁ/

S

ﬁ%

80
= ER4E
70 / — I LA
60 —o— BRIl
50 §/ —s En1282
40
10 30 50 70
BiEkBEH

X19 BIfES (4 X@iE - RFES P EOI T OESLICKIT
S (EBR 3. 2004%F). HEMUIELERSE (n=5)

V {ER 4 SOKHEEGRAICH 1T DB U LRI IMTOIRES

HIEE F ClIARR A AR 4 5 2 BIFE L.
KD LD R ENT I A S 2T Lz WiZERT
N O 352 B B kB R 51, MR
475 LA BONEEND D . PEKEEH
BWHAIIEIZ Y LA 2z 2MEAICH A L
LI L GBTE), Ky bABRoER
Mo 1R 4 5 I EBATEH DI o 2l 208 U
CTREFTEREIPE N L, FO-OTFFEEK

WOBEN S TEADOER O TEOHERE
TF2ELIZL L HEREEDIE RS
Z b, EFEROwAEREEICER, TEIE
WEWETIZH AL L, /2. EREEENS
W, LR L ISR OWINEN D v
I H Y, HEPICERE RS 2 & TRIEY
DEBE*WETLIIEEDH L X HL 2
L7z (BEIE), 2o % 45088,
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TERIT & A LETED HNT WD o 7ARRBE A 4
iR D RESE T ORI 2 a4 A MifEAH 5 2 &
L TW5,

RETIE, HAE D F A ZVERHFTHFE D85
% % 5 HKHIEHMTIER 4 528G L. €
DINEM 7 ExBFT 52 L1280, Ik
BEEMORE -7, £ 1HTIIMER4 5%
PR U, A, NEn ey
LA LB L 720 55 2 HiCld. KHERIRMIZE
J AR 45 DEELILE S HIZMD 720,
BIWHERREE L TER SN, o, IAE
D% VR 4 5O O BTN
AHFERIREEIREE 1200 AR 4 5 O @I %
L7,

1 JKEEHEEAN OBEICHEDIRE

VE% 4 5 DY TOIEME. SRR
DOWTIEE T EE 1 Hil2 BV THFZERTN O 8
M GREERZ L) T3 rFEME L. B
BoRBEEEOSL SPWHAEFTREO L7 &
D 2 & WEIXHE R OB E A R
En650012 b THR&O TLUNT, dlF O fnflL
LAWATH Y, WEKEMENEEIZIET >
LA EHBLTENAERTZ EEZHLMIC L,

2T, bPEOY A ZEEOHIRE BT
A b L 2003 FEEDOEED Y A XVEA T HE
151,900ha® . 85% 12 4H 24 3~ % 129,000hans 7K
HELIH ChHO 5N T\Wb, T2, HRAE
EHEMEORETOFHEE 2 5 LT, KHix
B CoOBFIZVHETH S,

Z CCAREICTIIER 4 5 &2 KRR O /K H
IR M C 2 APPSR L. EF®
O ERE . NEMEL = LA L L,
K HERHI A~ O S 2 #E ) L 72,

1) MERVAHE
(Dft et
RR A AR 45, L1, 1B
Fr IEAE A R AR EN1282) 38 #H A 1997, 1998
£ 2 AEMR L 720

7 (2007.2)

(235 5%

BEHEOME % RI8IZR L7z, il
RERUF19974F 1ZMENE60cm X £k 10cm. 1998
AEIEEEES0cm X BRF20em T, 2 H4EE D 1
BR1 AR (BHEEEn L7 ) 16.7HE) &
L 720 ALEIER TN-P,0,~K,0% F L Z N
m4720 3, 12, 12gZERETHRA L7z, &
FEIZ19974E6 H15H . 19984E6 H24 H 12T >
720 19974 I EIRE 2 EhE L. 19984E1%
e RS Ok L 7z SBRIX BRI,
19974E1310nd 3 ), 199841311 nd 4 )KAE
Ty WIS AL CEM L 72,

F18 KHEEGHMEICH T2 41 XOHEBE

(TS FARNT BLH 50 1997, 19984F)

1997 1998
1EHEH 6.15 6.24
A5 3 4
1 X (o) 10 11
B (cm ) 60 30
FEM (cm) 10 20
B (R m?) 167 167
2% (N g m? 3 3
1) UM (P05 g m?H 12 12
#1Y (K,0 g m? 12 12
F 7)) v R2, R35, R8 R35, RS
B OFRILIRE (nd) 26 29

1) AFiIPlant Prod. Sci. (Takahashi et al. 2003) & b —

AU LRI L 720

(3 )1 FH [

ARFABRE K EAR AR AR AT (B ARE
) FARHOKHEENER Y (kL.
I+&+) CTHEL, 2B, ZOHMT
(K EA R 2 4E + IR 2 45 o H i it %
Fht L THB Y. 19974 1 3= 2 45 H O
. 19984F 1L MMExI 1 45 H o F¥; % 2 2
W L. BifEmIZVwInd + 4+ 4FThHh

Of:o

AR5

199748 (X B AE 1 (R2) & Fx K&K
(R35) 12, 19984E & R KM I EH
O A% 1T 720 B o &4
OFAIE, 19974E 1% 1 MHX 12D X261,
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19984F 1329 miIc & EN L ¥ A4 X & INHE L
“C’/ﬁo f:o

2) #FR
(VAEF - Wbt

Ve 4 5 ORI LA I2HRT 2
~3HES, AT L AI2HXRT
9~ 11HE»o72 (K19, ER45DE
EEIIZ VLA XD13~21% 505 7275,
FEHBITIT LA X DI4AES <, Ok
¥ ARG 72 0 R RO OSREI BuE — >~
LA EBEEN o7,

19974E D5 4 5 O Hh F#E- Y 1L, B
AEH (R2) 121Z= > L A H53% Td - 72795,
BB O A FEDSHER T, KB
(R35) 121365%. H#I (R8) 121295%
Elrol (£20). T bbb, HIESEI]
F o Em A & RIS, K HEREIC BT 5
ER 4 5OERR~HlosEsIZT L
A EDAZIVD, BFORELREFIZL -
TI VLA EDENHEE - THRIAMNIIXHE

I LA E2% E/NE Do 72D, IKEE
HHZIE = v U A W81 % AR S, 72,
19984E D K ERIIIZ = > L A 1196% D
AR S LTz,

19974E DI AL 2 S I KE KW F T
RGR (MHxf & E#) ENAR (iR L)
F 2 VAR TER 4 5 DD E W i
MIZH-7208, AEEIROSN o7z
(£20)

F 7o, WREKHOEOSEFEEHRIL,
19974 1314 4 5 T508%., T~ L 1463
% 19984F1IMEH 4 5 Th44%., > L A
518% T, fER4 5D H BT LA XD E
molz (F—FHE),

(2R

Vi3 4 5 O T FINE1L19974F & 19984F &
DL LAEHEER P T2DN R
RIL/Z 5 7219984E 12 1Z > LA L D F &0,
B 7Z 5 721997421345 S EIIC B - 72
(#21)o ER 4 51T L A IZH_EFKE
3 F 505 ANENSBMEAIZH -7,

FERE & o7, C OMEEIZ19984E b A% T

Ho77, 3) ER

—7. WKRELH (R35) 1I2BITA1ER Tk LB M 3 T OVER 4 5 DEF O
45 DOREGZWEIT, =LA XVHS  #iL, BIEFrNOE@EHORE & UL Twiz,
MINE Do 7z (F220)0 19974 DE % 4 bbb, ER4 5oEFHOLEEREITT ~
SO (R2) oEmMEL (LAD) 1 LA XD /hEwas, BB (R2) DIk, 2

R19 KEAEGZHRMEICH B L1 XRIE- RIBOMEAIFERVEB X7 — D OHETT (1997, 1998%F)

HFER SR - R FEE TEEI OHEK N FAAEH HHE J S
(R2) (R7) (R8)
(cm) (fEfA:4) (fEfA:4) (FFE 14 H 250
1997
1% 455 604 b 160 a 195 a 355 a 46 a 119 a 130 a
Iy LA 69.8 a 146 b 179 ab 325 ab 43 b 108 b 121 b
Enl1282 630 b 148 b 141 b 289 b 43 b 103 ¢ 116 ¢
1998
1% 455 432 b i 43 a 108 a 120 a
Ty LA 594 a 41 b 9 b 109 b
Enl1282 436 b 42 a 93 ¢ 107 b
1) F—FEOKREHIZBWT, HLETIVT 7 Xy M Tw R W HEIE Tukey DHSDIFEIZ £ 5 5 %KEDF
HEND D

2) KA,
3) AFliFPlant Prod. Sci. (Takahashi et al. 2003) & 0 —#B% 4 Lz L 72,
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F20 KEEGHBMAICH 241 X RFE - RFEOEMEEFE (1997, 1998%F)
H - Rz HEH T EER iR
R R2 R35 R8 WME R2 R35 AR RGR NAR LAR
S - AR R35 R2R35 R2R35 R2R35 R2R35
(gm® (gm® (gm?® (gm? (mm*d")  (gg'd)  (gm’d)  (m’g)
1997
% 4% 141b  357b 82a  0b 273b 528b 0196 a 00709 a 426 a 00167 a
EAVs 268a 546a 830a 7a 524a 654ab 0100a 00545a  364a 00151 b
Enl282 247a 5lla  574b 3b 490a 68la  0147a 00560 a 350 a 00160 ab
1998
%45 =P 416a 543a T4a 471 a
EAVs 603a 566a 133a 492 a
Enl282 423a  252b  63a 420 a

1) A—EO&LHEBICBWT. ALETLVT 7 Xy MW T 2 WS Tukey DHSDMUEIC & 5 5 %KHEDHEED D 5o

2) AR,

3) AFIIPlant Prod. Sci. (Takahashi ef al. 2003) &£ V) —#B% 2 Lz L 72,

=21 KHE&GBEMICH T3 51 XRTE - REOPNERVINEBRESR (1997, 1998%F)
FEX R FHEIGE AR —RRRE A
(gm?) (m®) (g)
1997
%45 475 a 857 a 177 a 312 ab
LA 511 a 781 a 184 a 356 a
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Development of a Supernodulating Soybean Cultivar and
Studies on its Physiological and Agronomic Properties.

Motoki TAKAHASHI*

Summary

Supernodulating soybean genotypes bearing over 5-10 times as many nodules as con-
ventional genotypes were initially expected to enhance soybean productivity and reserve
more nitrogen (N) for subsequent crops through higher N-fixing ability, but yields of ex-
isting supernodulating lines have proven inferior to those of conventional lines.

We attempted to breed promising supernodulating genotypes by improving a conven-
tional supernodulating genotype “En6500", and then succeeded in developing the actively
growing, high-yielding cultivar “Sakukei 4” (previously “En-b0-1-2”, now “Kanto 100" ).
We studied the physiological properties of this cultivar, the adaptability of this cultivar
to cultivation in upland fields converted from paddies, and cultivation maximizing this
cultivar’s advantageous properties. Our results were as follows:

1. Supernodulating soybean cultivar Sakukei 4 development

Supernodulating cultivar Sakukei 4, which features improved growth and yield, was
developed by crossing the supernodulating line “En6500”, a mutant of cultivar “Enrei”,
with conventional nodulating cultivars. We then studied the cultivar's properties in up-
land field cultivation.

1) Three-year field experiments with Sakukei 4 showed that its yield was much great-
er than that of En6500. It even tended to yield more than Enrei when the overall
yield was low.

2) Sakukei 4's improved yield was largely due to (1) better seed filling, (2) vigorous veg-
etative growth during flowering, and (3) a high leaf area index and leaf-N content
enabling it to produce more photosynthates enhancing N fixation and dry matter ac-
cumulation during pod and seed development.

3) Because some properties of Sakukei 4 differed genetically from those of Enrei, in
addition to supernodulation, we studied the difference in genetic background of
Sakukei 4 and Enrei using SSR markers. We found that natural crossing had oc-
curred early in Sakukei 4 breeding and that the pollen parent was the cultivar
“Tamahomare”. This means that Sakukel 4 is the progeny from an Enrei/En6500//

Tamahomare cross.

2. Clarification of physiological and ecological properties of supernodulating soybean

cultivar Sakukei 4
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We studied physiological and ecological properties of Sakukel 4 in detail in pot trials.

1)

3.

Sakukei 4's acetylene reduction activity (ARA) per plant - a good index of N-fixing
— was higher than in Enrei throughout the growing season. After the seed-filling
stage, the difference in ARA between genotypes was especially notable. The
amount of fixed N and the dependence on N fixation were also higher in Sakukei 4
than in Enrei. In contrast, the amount of absorbed N derived from fertilizer and soil
was lower in Sakukei 4 than in Enrei, whereas the amount of N in plant residue was
larger. These results suggest that Sakukei 4 saves more N in the field and benefits
N absorption in subsequent crops.

Leaf-N content after the flowering stage and stem-N content after the seed-filling
stage were higher in Sakukei 4 than in Enrei. Chlorophyll content (SPAD value) in
Enrei and Tamahomare decreased rapidly after the seed-filling stage but remained
high in Sakukei 4 until the late seed-filling stage. Sakukei 4's photosynthetic rate also
tended to be higher than that of Enrei and Tamahomare after seed filling began.
Sakukei 4 may not translocate large amounts of nitrogen from leaves to seeds dur-
ing seed filling because of high N-fixing ability and may thus maintain high photo-
synthetic rate. Sakukei 4's vigorous grain growth during seed filling presumably re-
sults from this high photosynthetic ability, and several genetic factors derived from
Tamahomare. The seed yield and N accumulated in Sakukel 4 were greater than
in Enrei or Tamahomare.

Under non-nodulating conditions by hydroponics without Rhizobium inoculation, the
dry weight of shoots and roots in En6500 and En-b0-1 was lower than those in En-
rei throughout the growing season. In contrast, the dry weight of shoots and roots
in Sakukei 4 was greater than those in Enrei after intermediate growth, although
lower before that stage. Flowering and maturation for Sakukei 4 were later than
those of Enrel, even under non-nodulating conditions. These properties of Sakukei
4 are thought to have come from Tamahomare and to effectively compensate for
reduced shoot and root growth - a common disadvantage in supernodulating geno-
types.

In pot trials conducted to confirm that Sakukei 4 saves more N in soil for subse-
quent crops, maize plants grown after Sakukel 4 accumulated more dry matter and
N than those grown after Enrel, except in cases where Sakukei 4 yielded over 30%
more than Enrei. From 88 to 94% of the increased accumulated N in maize grown
after Sakukei 4 was derived from soil N. These experiments were conducted after
removing all soybean residue. Because the amount of N in residue in Sakukei 4 ex-
ceeded that in Enrei, the promotion by Sakukel 4 of the growth of subsequent crops
1s expected to Increase when soybean residue is plowed in soil.

Development of appropriate Sakukei 4 cultivation techniques in upland fields con-

verted from paddies

The adaptability of Sakukei 4 to upland fields converted from paddies must be con-

firmed because 85 % of Japan’'s soybean crops are planted in such fields. We con-
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ducted experiments to optimize Sakukei 4’s cultivation in upland fields converted from

paddies in Shintone Town (now Inashiki City), Ibaraki Prefecture.

1)

Field experiments with conventional tillage were conducted in 1997- 1999. Sakukel
4’s total dry weight was lower than that of Enrei during early growth, but its total
dry weight at maturity and yield were similar to those of Enrei thanks to its vigor-
ous vegetative growth during flowering. Cultivation had to be optimized, however,
to promote early growth to raise its yield.

Field experiments in 2000-2003 showed that no-tillage, narrow rows, and increased
basal N application effectively enhanced early growth and seed production in
Sakukei 4. Unlike Enrei, the higher Sakukei 4's dry matter production before flow-
ering, the higher its seed yield.

No-tillage helps maintain high soil moisture under dry conditions in upland fields

converted from paddies. Narrow rows, ie., wide interhill spacing, promotes early
plant growth because of decreased interplant competition. Increasing basal N ap-
plication also promotes early soybean growth while controlling excessive nodulation.
The combination of these treatments increased Sakukei 4's early growth to where it
yielded 17% more than Enrei grown the same way and 26% more than Enrei culti-
vated conventionally.
Sakukel 4’s yield has not been shown in field trials to be superior to that of Tamaho-
mare, but it has at least 3 advantages over Tamahomare: (1) Sakukei 4 is easily in-
troduced into soybean-wheat cropping system because it matures earlier; (2) Tama-
homare’s low seed protein content makes it less popular among tofu makers, unlike
Sakukei 4, whose seed protein content is high; (3) pot trials have shown that Sakukel
4 promotes the growth of subsequent crops.

In discussing the potential of Sakukel 4 for commercial cultivation, not only yield,
but also various aspects such as mentioned above should be taken into considera-

tion.

* Japan International Research Center for Agricultural Sciences.






