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Evaluation of dense planting adaptability in main stem type cultivars
with long raceme and semi-determinate traits and Identification
of related traits to lodging resistance in main stem cultivars,

which contribute to stable high-yield cultivation of soybean.
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1. ARDODERELEAM

A RZHENECBIT O EERY RIE, IBERE LTHID2LEE SN TS
LorL, ZOIEIE, HILSMW E LT WA KEE KT 5 &b TR, 2019 4
DT TIEKE O ¥ A RHUL T 4 [FE ) 349kg/10a (USDA 2020) THHDZx LT, H
RO H A XD EIT2E ) 152kg/10a IR E L TE EE > T D (BMKFES 2020).
T, XARXFaLXNT oA, NbAvarlothoFEEMEY & ik L CTIED
FREBDRKE L (BE - MHE 1960, N - AH 1974), ZE L& A XL NG
MURNZHH L TROBN TN D.

BARXDF I E A W LIz E LI OB E LTE LA THARD X A XDKIL
FRZEZ DL, WHERBUIRZHIZHES L, 1k, ZINMHBEL L TEHEINT
7= (B 1968). LL, ¥4 XM L E MmO EE/EMICHITHD
7o (FKH 1984), INFEFR#, kKX om BIC K2 E WA 5 2 L ITIZRA
Nd D (Er 1988). —H CHL B EITBEAE Y D W E B LD &S LT
KT ZENTE, EHA (1988) ICEXNITMHEAE Y mAEEENKNE A4 XIZEB W
TEEYAERZEINSEDI20E, AR EZBNSEL 2L, TRbLEME
BRAESTHDLELTND.

BB N ZINORZBIWCHAN TH D &0 ) MEIZZ < (HED 1986, i H - £ 1990,
M5 1992, FHsE 1992, 1996, 1998), FEHEMEZIC L v mfE Y v #ikk, FE NN
LCUEAINT 5 L3252 OWENH L (ME - L 1990, HHF S 1992, +HER

1992). F7=, BHRET IR FAERMEO L5, RHIZFKFIET 7SI X0 BN HE E



PERFEED EESNTVWD (HED 1986, HHF B 1992, +HEF 1992, 1996, EH & 2015)
E51T, TRER (1996) BLOFER S (2015) 1Z LAUIE, Sem: Al 5% 134 T 0 ofl
WRNBHICTE LY, MELONFEAITBOTAHAICRY, BREOLERBIHD TS
TeDEIMICETHS.

L LED—FT, BHIZL>THLTLLEBRLARNWET2HE L H D (Beatty H
1982, HEH® 1992, +ER 1996, BEHE S 2015). BHG (1992), FEH L (2015) I
KL, PR IR E R ORI ETHEIMIZIEF ST 50, oL < 4
THEMEEANVD &, BEARBHEICE O TIOECHY » ok, SR L L, ©
DD BRENRKRE WG TR LR TE T, 2262, £z, KH (1968), 7%
D (2012), BEH © (2015) 12 KAuiX, TEkO AR E MM CITEM SR T CRIRRRE
PHIINE 5. O OEMBETIC L5 RELINEZFEBITIT, —EOMEREEZET L2
ERHIRE SND.

A XD EITERZIE & HEUNEN G250, LS (1971) I XX, oA
BIIRELZH N RE L, (LA (1974) BXOd bl - % (1981) (2 XX, B
KD R RL I & O P 8 K E . [E5r (1988) XN Z EELL - BB ER L L
T, AR OBIEF O K E WD EITERFEE T, 2 omBERMEZ A T 5 EFM G
DEMEBIEICLDZNET VERELTND.

72, XA XOWEOEREBCOVTIFE L LTRESM L DI OV THRF S
NTWDHA (R 1960, 1964, =4y— « %% 1969, =18 1976, HT' 5 1978a), HH 5
(1978a, 1978b) (2L 5 &, FRENBEBOFEREMIFBEOEIICK LB ELIND.

LbZaSEZDE, BRIEICE D4 A4 XORELISE 2 Ratd 2 9 2 TlxOFB M

FMTB N THRE LA S 0 RO Rk & @AW 22 MR 2 5 & L 72387 in il



DERPMLETHDLEZ2 NS, ARTIEO, Q07 7Fr—FICEFH L TRRE ZT
L7z.
2. REERHICEHITIBMEOMRERE

E4y (1988) @ EXA O BEAIEIZ L D2 ZESINE T VL, EEIITEEHRE O
ROBFHETH Y, TR THD LHEIUIFK RO RNEZEZbND. T OFXEM
SRR D BERIEIC L D RESWNE FBRT H-00HFRO—>2L LT, —HixKEOMMmL
KTV LORROERANREZ b D.

ZO—EIFRBEOEMOT e —F & LT, EEENRWVRE (RABEERE) ICEFB Lz,
Yamaguchi & (2014a) |2 XiuiE, EAEHERMEL DX A XL —HY4 0 BEH»Z W
BEmicd o, T bleo T—HY Y REE L MR TE 5. Bramel © (1984), Kilen
(1989) (2 k% &, FEERMEME LIV TIE, XELFEOHEIC LV IECHEEK
MTRFRETH D, XA XROFH L BAEEITEHICBET 5 (DS 1998) Z &0 b,
FTEEMREORWEXMGHEOFMRICLY, —HiM Y OFRELBEIML, BEHESEMETTO
IWERm LT ERTHIND.

(a5 (2008) 1%, EFEEICEET 5 2 DO &MWL E &S 1 EAL (QTRL18-1, qTRL11-1)
ERTLHREBRFEEZER LTz, L, 26 RMEOETER 72 2L INNVE % i KIRIZ 7
S D 72 8 O R E O EFPHITH &2 STV R,

3. ¥HMBEFRICHTIMEOHARLRE

A RXOZEMEMICIE, BERICEZOMREMEILT 2R RMEEE, BAEZ MR
Aofoe T HERMME M, W& ORI CH D LERHEMENH D (Bernard 1972). A [RAH
BHYEZIT Dt (ERR) /dtl (FFR) 8BS 725, FHERMBEMEICIT D2 CRER) /d2 (ER) 23

B 5 L, D2 1% Dtl OFFE F CHEIRMHEM:Z M7 % (Bernard 1972).



RSS2 2N A FEBT 57201 — KNS 0 REOMRRMNEECTH DM, 16K
DORADOHRMEMEMHFECIX, MBHEMELEICH T, EEYRER, e bic
DI VEMBIZH Y (Bernard 1972, Hartung © 1981, Curtis 5 2000), FAEAZLOEE NI
KO AEMEEL Z IR AN S 5. ERBBFEELFEIIFEAE b FEZXOME N
KT, HRMEEMFEICHSTRERNAZ S, BRI THRENHEAEIND & TR
D, R (1964) IZ XD &, ERMEMELFEITARMEMEMLTEE L T E R
T <, IWEOFREB I L UMK ZER /I,

— 5 C, EIRMEMESFEIIARMEELEE i L CHELDNE L R T 0Nz,
RBFEAELRLTVWEEZ B S, Bernard (1972), Foley © (1986), Abelett & (1989) IZ
FiE, DR (FERMEEEMFEO EZOMEZIE L, BHEEOMERESBIRTE S,
22T, ERMEEMLMEIC DR 245 UFERMPEME S T, EEREREENs T
O, FBHEREOMEREZ®EODARBENRODL EEZ NS, LL, BEfFO M0 FE

R BE LB AL, £ O RS DWW TR B 2 FE i L 726113 720,
4. MHEREICETIREOHARLERE

BRI EDOFERM AR EZRELS T LI ENMONTWD. HEDS (2012) 12 Liuid,
EHH, FREEREHOBEIRIT 24~34 %REORE 2PN EZRT. £, EFEETa AN
A VNHENEWE 720, BAURFEATINHE e R 2B RKIE 5720, K0 FRWIEIRME 2 K
HHNTND. WD (2006) 1%, = /3o VUHEZ I T 2 UL 1 A (3~ S F8 FE O IR
FARFIZH 20%ICH ED L LTVWD. ZhbnZ &b, MERMEOR BiX, INED%
EME & BB ER RO O EERBEREAETH D.

MR PE DR IE, @ TSRS CTERBETLIARBEOMEIZLVITONADY

BANELEALETHD. Ll RMETICB T DEREEL, [RERMEICRESER



EN, BRPEEDBZER, WITIZLEALEDMEB L OZMBERLTLEIBAER L,
EREGBNRKE < (REES 1984), FETOERREMIAECTCHL. 2T, Bliko
FAEBRVAER TS, BEEPEAZNET 5 2 & CIREMRMERRFE % ffi 5 1ICE T X 5 Fik
DERABEPLETH 5.

R[EFRMNLEL SR OVTHERIEREAE 132 < OEBICB W THRFT SN TE 2. FRig,
A X, ALF, PUERIATRLED 3 RIEMITBO THEREDHIZENEAL TN D . E
W OMERER, MWEOERBLIOCELOBS L, RABLVCEXOBEL DT R
WEoTREESND. EAS (1985 BLUOFEES (1992) T4 XITBWT, BADL
(1990) X hUER a2 NZBWT, RPN HIERD) 5 —E L B < Reofif B & 12D < #f
BL BIEIL) EE— A b EHEDEE RO EMBEEE— A FOmRFOKIZLED,
TR ) R 14 2 B4 L 7

S5, MHEMRMEICE#E S 2 FEMBE E L X, Mk E X2 2MRICETBE
WZOWTEZL DIEMIZBWNTHE SN TS, A RITHBWT, HHBERME SR o %R
B 2 0f S AEEIICH D GFE D 1994, M4 2007). /-2 AF 2BV,
RO R AMAE & MHERME & OBRRIER SN TR Y, ROMEMEN RO EmHE
IRPEAEMEBIZ S D (Pinthus 1967, /IS 2001).

7o, MHERMEICBIE T 28 EMEE & L CiE, #IFRARICKRELSEDLL EX0Y
BAOMEIZOVWTHREIN TS, A RXICBNT, ERGETH > THHITHREIRIC
SR EARIE, FROBPTIFE — 2 > R SERVMEANC S D (KRJI - AR 1992).

A XDOMERMEICEE T 2781%, 3 KIEWIZEHEHR L B0 DD, SFEH
(2001) 12 LAviE, MHEREOFRVKEO X A AFITEREN L, BV LEEBEO D

MR ZFESELEMCHD. £, FHEED (2001) 1%, HITRERIRVRERET, 3%



i o W T EIE 2 RIS S D Z & AR L TV D, BEFBRE AL SRV ER
PEFEMIEIC DWW T, BHS (2002) NEOHBERZ X AL LTEEDO FE% ML B e
THEE & VT, MRS IR 2 S T E EIS % L 45 FEE < & & DR RTEICE S <
LA LB LE— A FERA WD HIEZREL TS,

Yamaguchi © (2014b) 1%, BURDORAENL < AL D FELFE b 3 AR A & MHER
fnfE N I oL b O/ 2 BIERREEIC T D QTL AT 21772\, A RIL, 2
BFYEICED B ARV IHERMERDE QTL (qLS19-1) ZMt Lz, &5, hI L hic b =
LAARAZRLAEEL, £ QTL Oz AN k3 v A CTH 5 UeF - E s 1Rk
(NILs) Z1ER L7=. L2 L, Zh b I B HEEOMERME QTL N ED X 5 REE %
O L CTIHEREZ R T ONTONT, WEEBALMZSIN TRV, h I bl ik
DIERYE QTL 23 6 72 & FMHER HEBELERE DO IRE L, 4% OMHER M 4 584k L 72 dnfil
BROTDIZR KON TND.

5. F4AXNDREZMRIEICET S, REEFH LI REBHRELELZFTTIRED
FREGCHIMGS K OCHBREEEREOREO#F

A TIL, A XOFHEIZIZE W T EXRLOMRICEE L ORAHENE L Q-1
[REBEMEICONT, EARESZINE KBTS 720K A K 2@ R ME I D T4
W70 B - R0 2 50 L 7= (Table -1, Figure I -1).

FIMETIE, OIZHOW TR RIS XOMERO EFXRGFEAL VT 2 7 FOFAEE
FERRBR & T L, & ORME LU T OEBEEISEZB 62 L&) & Le GRBr.

BIVE T, QI OWTRRD XA R R L OCERRMEN 2 A LR E s 1
T AT 2 o O ERBR A F 0 L, & OFMEE BSOS F5 KOV R 3 i % B

ST LED L L (3B 2).



FHVETE, @OIZoWT 2 SOMBGMERZHEN L, LLTFOFIET b I L Ok
PEREEE A FEL Lo & Lie BB 3, 4).

WO, BHHEHD (2002) ODE— A MLOFAETTEZHNT, § I L7 Ot ER MR
HIEE ZFRE L, b3 v ARmER M QTL (qLS19-1) #4325 k3 L A A D NILs %
W QTL ORR Z R MERMEREEE 2 5202 L K 9 & Le B 3).

WA, TMHERYE QTL 24+ 5 NILs # VT, qLS19-1 A&+ 5% 19 etk EoiE

RIS DALV AT~ B FiEt L2 GRER 4).



BIE. MBBLUHE

HA XOEERIGEIC KL DEELNZ FEB T D700, B IGME & M E RIS
A4 2mMESELZHLNCT L2720, BETRERFIEMEERAT — 3 (L5
SR B AEET 582-1, LA, /LRI B H) (T4 oG Rk 1, 2, 3, 4) %
F2 Il ER L. ik, B3, 41200 TR LS W e B
R By CGREMTH AR oM 2 FH, IT, FERKBRH) BT BELGR
B A e L7

WL, 2L LT, BHEKOMEEL) TXRBEOMEERICE T 2 RN E 21X
PMBEHEEEL AL EEZMNY A XRFEOBEEISHEZFM LUz, A1 & LT

[RAEHE QTL 2 A U7z EZEM & o X 5 FE o % JG MEFEAm ) & 2013, 2015 4o
2y IO Ef L. B2 & LT TPEERMEELA L EXRLY A4
T B Al S PEREAf ) A 2013, 2014 40D 2 » 4EICH -0 FEhi L 7-.

MR 3,44 LT, PIALBRMERME QTL ZAH T 5 3 LA AD NILs = M
WT, EXME A XRFEOMBEREFEEEZRE L. B3 LT I3 A
AAEL FIANTEBRIRN I AT HREERME QTL #F L7z b3 A X XA DYER
BB TR L ORI RS BRI ETEE O FEl ) & 2014, 2015 Fo 2
FEIZDLE VTR o W B4 & LTl b3 v AR PE QTL 2 4 L 72 6NILs
B O Mg (2 B 5 < BRI B TR B O REA ) & 2015, 2016 £ 2 » F (272 Y &

L7



1. REBEQILZH LI ERSFAAGEOTHEELHEOTEME GEK 1)

(1) #HERREELIUERH

Table 1 -1(ZfEfFEZ /R L7z, 2013, 2015 O MFEICBNT ha b L+
F 1122 SE MW, I AR ERME, MatEicEALL EXRLETH D
(HF 5 2015) . +55% 1122 5 iEBe A O RAEBRE 11532-1) I I B %2R
LCHIEIPARAEEZ RT bOZRELERZRM TH D (1LO 5 2008, Yamaguchi ©
2014a, Kitabatake & 2020).

INHORERE XORKO BBV b Maturity Group I O 14 i F T &
LD, 5% 1122 ZlE Fa A B L0 bHRERRLLSREELIMMICTH D (FFED
2015b).

2) BEAFE

JLRFABR I T, 20134 5 H 23 BB LUV 2015 4 5 A 12 HICHEMEEKE 3om,
BEM Y 2~4 KiFk & CHRE Lo, FMEZ BEIE, 2013 4FI2 DWW TIXmERM 60cm, K fH
10cm, 7.5cm, S5cm @ 1 AT, F X OVH:fE] 50cm, 40cm, #K[ 10cm @ 1 AT
DS EREE L, BRMEBE LS L TIX 16~33 K m2OFHZHE L. 2015 Fl2o
W T X R 60cm, BRI 10em @ 1 AKSZTFR L2 RS2 T, B 40cm, R 10cm
DIARMLETHEBIO2ARLTO 4 BEREE L, FMHEEEL L TL 16~50 K m?2DFi
FEZRE L., RBXOEEIIERMEELZ EX, Wl RmRLAIXKE T 53 KE
DayEIXIEE Lz, 0%, PIEERBARICHIIWTIASLETE L., HFLR
Mo T RICIXBEBE R O 5] & P RER AR L, REEOBOEEE &2 (FER LT,

AR, EEE L CEEELZMBRT v T=U L, VoBzmY) VBAIK, U D

LEEE S U 7 LI X D N-2, P20s-12, KyO-8gm?2 &Ml L. £/~ HELRE



e LULTHERY VIEIZLD P0s-5.3, MgO-4g m2 % il L 7=.

Fo, ABFEHMAEL TEAREICADMELPEBR L. WERRE LT,
FEANT, TTITLy, XXV LVICLOIEFLL 27 v —HF —MAXX % fill
F®BAM L. DWLHICHER LR ITEERY BRWie., WEROBRENS LD
bRIEIZX, 77 eX Y UHH, F=hvoroar7 7N, PLRCVHLAL, 7
FA A, TV A, AITFACAMEEE, 2 A EZRBHLT 6 H LA
58 H BRI THEEZBAML .

(3) WMEAHE
1) IRERE

20139 A 23 HB L N20154F 10 H 1 HICIX&FRA HELRY 72X,
NEFEZT R, TNLENAEFTRER20BAELEXNLFMD L, & 5IT4
BHRER8MAEEZEE L. 0O b 3MEMEKITEXL DEBIICKE, KE, 5
HE, S EERIEXR, Sk *% wrEE B < FTEEZRELETE
HAEMRN, TENE, BREZHELE. —H{iXk, —XKNREZEEXITROoO, @
REVEHLE. FENREBIOHREZ20EAEAOS T HERELEZFEEND
R 7=

FEIE (g m?)

=M EH R E (g m?) xIXHER I (%)

= KRB (m2) xBR 2 Y Fi o — Fi s ox — ZE PRI < T RL . (g) +100

—HI I =R R HR Y Ei K - - @
— N R £ = - FEULE (g m?2) + (FeEL (m2) xThiE (g) +100) )

10



2) FENEEROEER

AN EFHELZITo @ADL, EFERFERIMEAEKEZHVWTEEXD

N
%
Sm

HoOfEOR S ZH/E L.
3) EmEK

T EIERFEHL (RS CHEXLAEFTRHR 2 MHAELFNY L, ELxEXLH
BBNC o, TR (AU 74— A% L1-3200) X W 2ok
mREAZREL, EmEELREREH L.
2. ¥ EBEHEREZEALLIEZERSAASBEOTHELEOTE FHEK2)

(1) HEARKESIURH

Table I -1 (ZfEFEZ /R L7z, 2013, 2014 FFOMFEICB N TaFAR~ L &+
F156 s HWZ., 2aFx A~ i3l E FEEHRLECH DL (HF S 2003). +
E! ik, PERMBEERL 5% 758 5 (Dt1/Dt2) & AR EHERRK + R
977 %5 (dtl/dt2) Z BRI LV (BRI ERM T O K2 BT 5 Dl &
RFFORMEZIH T2 D2 OBIEFZHEALZFERMFERRL THDL. 20
O OFE - RHEOFEME X VT 4L S Maturity Group Il OHF AR TH 5.

(2) FEAHE

JLAEREBRHLIZ T, 201345 H 23 HIB LUV 2014 42 5 A 22 HICHEFERE 3em,
BRM Y 2~4 i ff < CHRAE L7z, FOBE L, 2013 £ D TITBERM 60cm, i
10cm, 7.5cm, 5cm @ 1 A3 T, X OBEM 50cm, 40cm, KM 10cm @ 1 AT
DS BEHEL, BRMBEEELTIE16~33 K m2OfEMAEZZE L. 2014 F2o
W CIE MR 60cm, BRI 10em @ 1 RS2 TIF KO 2 RS2 T, MM 50cm, B 10cm

D 2 AN T, BEM 40cm, FRR 10cm O 1 AN TE L2 RS T, B 30cm, ¥

11



il 10cm @ 1 KL TOFF 6 Bt & L, HAEHE & LTI 16~50 &K m=2 0 #i[H % &
E L., RBRXOEIHRMEEEZ EX, ML RARZRAIKE T2 3 EDSE
KL Lz, 20k, PIAERBARICHEIVWTIASLZTE L., HFELRI-T
RICITBE R O M5 S RER L L, REOBENFER Z(ER L 2.

BE AR E, BRABR 1 & REEIC, N-2, P20s-12, KoO0-8gm2Z i/ L7z, £/ 8
BEMELTHERY VIBICXED P0s5-5.3, MgO-4gm2 &M L=, £7-4AFHM
B L C, ARBR 1 &[RRI E M R I KOV E BB BR 24T o 72
3) HAEHE
1) IRERE

B C RN B 2 LM L7-. 2013 4F1X 9 A 23 BHIZ, 2014 4E1% 9 A 30
AICXE Y 24778 > 7.

3. FPILRAERINLABEVFINLABRBERE QTLEZALIZFI LR
ADEREEEFRMEOEBICE I MBERKBEEREOTME (B 3)

(1) #HERESLIURHR

Table I -1 ICHMAEZ /R L72. 2014, 2015 FO M4BT ha s, b
SARAA, LRI BE2 MW, b3 AXATTEMTEMEN G <, BRI A
LT WHETHD (Ex A5 1988). F7=, +% 1180 5ix, I ALARAXIZhH
SNV ERER L, I LI REEOMmERYE QTL (qLS19-1) #FJ AL, 2[HH
DRLRE %17 o572 ha LA AD NILs Th 5

Table I -1 (Zi& s A H EIWCH VW72 DNA ~— % —BARCSOYSSR 19 1212,
BARCSOYSSR 19 1248 , Sat 099 , BARCSOYSSR 19 1255 , & X O

BARCSOYSSR 19 1260 D7 + U — R 754 ~v~—B LV I N—2FF5 4 v — 0D

12



Flar L7z, 25O DNA ~—F — Wb mERE QTL qLS19-1 @ ¥ %1
L& L, qLS19-1 ® LOD f @ ¥ — 7 % Sat 099 ICfFfET 5.

Table M -2 (Z+% 1180 5281 5 qLS19-1 OEFITALET H DNA ~—H—D
s 7R &R U712, qLS19-1 T D SDNA ~ —H — {22\, +5% 1180 F X\
b ha v i MoOEBETREET S.

(2) #EAHE

JLR BRI T, 20144 5 H 1S BB XUV 2015 4 5 A 11 HICHEREEE 3cm,
FEY D 2 RifEE THRIELE.FERBRMICE VT, 20144 5 A 22 BB LU 2015
S H 21 BICHEMEERE 3em, KM 0 2 ki E CHREE L. MRBRH & b 12 AR
AUXMEM 60cm, R[] 10cm & L7z, BB ORE X3 KEOHMEZH W, £
D%, PIAEERBAFICHGIWT IR TE L., HIFELR» S ERICITBEEKD
Mol ERREARZMEL, REOENFEEZIFERL .

FEAE X, BB 1B X2 ERBEIC, N-2, P0s-12, KoO-8gm?2 a2 L7z, &
B RBEME L TERY VIBIC LY P0s-5.3, MgO-4gm?2 %M L. £7-
ABHMABLC, RBR1IBLIO2 LHEKIC, EEMERXIOHELYBRET-
7.

FEABRMICB O TIE, @BEICEE LERIBRBELLEBRBEAERX L, &M@
WIS EZRELFEL 7 ) vy 7 CTEREZB I L EBR X 25 E L.

3) MWMEAHE
1) BIREE
WA ER M (Z d T, RV (R) ICEIMRRE 2 A L. BIRFEEIZE 0, D

1, F:2, 2:3, H£:4, TNETNEREEICHTIEOME 0 (AR, 22.5° ,
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45° , 67.5° , 90° (SEMI{R) @ SEETRAM L7z, o FERBHMICHE WV T
HHRAEW (R3), TFEIEKMY (R6) ICBWTHHEREEZHE L.
2) MEIREEERE

LR BRI W T, BIAEAG I 2 S BHAEH (R1 22 B R2), &KW (R4), 75F
JERH (R6) ICBWTHRDOAET PREREEE 8 8RO\ CTHE LY, H i
AE, BEOEBIO I RMABKREZRE L. TR EN2014F1X7H15H, 8A 7
H, 9H8H, 201541X7H24H, 8H6H, 8H 21 HICHAELL. M LHMAE
EELOEE, B LERNEZOR Y L EERNICHLAAFAE L. B

B, YU EHBERRECHRICLTTI2DL 1ATEZ, #1046 o780
O OWEECTaR Lz, 1 RAREKIE, R6FAEROME LEBEZOR — V>~
TV DR E P L, B ORE%E top root, basal root, lateral root (/3 L= H
(Zobel and Waisel 2010), basal root & top root 7> & [H #2324 L 7= lateral root & 1 ¥k
MR E LT, 209 HEE 0.5mm UL EORAZHE L.

e LERFLOPEIZRBES (2002) OFIEIHES TITRY, FREEKICOWT, HE
D llem OFm S (@) T, |ENIX LT 45° oMK £ THE MO KK
WS T VN T = AT =Y (AREEY RS- FGP-5) (2 &0 HlE
L 7= (Figure II-1, 2). 28, TLO@OXICLVHHE LEIE—A L FE2RTL
7z

B LIERE— 2> (g cm)

=M LIS (g) @ & (1lem) NN E)

F, TROOXIZL VM EHMBAEET—A L ME2RM L.

MEMBEE—A2 M (g cm)
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= EEAE (g) xE LM (cm) RERNCY

Flo, MEILE—A L PEAETRHROORICE Y EH L.

HEILE—RA Mh=HMEMAEE—A 2 (g cm)

A LT — A2 b (g cm) RN G)

FERBRMICHEWTIE, 2014 FOLMELZER L. 5 6 HEH (VT), HHK
M (R3), FEREKRBBE RS 2, ThLh 201447 H 40, 7H31H, 9
H 2 BICIER B L & [RIAR IR A& L 7.
3) RERE

W1 BI U2 LRBRICIERAEZ I L7, Ll BRI v T, 2014 4
129 H 30 HIZ,20154F1L 10 A 1 HIZHER Y 214772 o 7o FFEEERHIC W T,
2004 13 10 A 1 HIZ, 2015412 10 A 7 HIZHELY 24772 o 7.

4. FANLHEMHEIRYE QTL 28 L 1= 6NILs IO L& (I E 5 < i Bl K 1 B8E R
Bl ER4)

(1) #ERESLIURHR

Table I -1 (ZHtRMmAEAZ /R L7z, 20154, 2016 FOMEITIBNT, F I LR R
W ha B EZZE L, I B lkd 5 mERME QTL (qLS19-1) #EH AL,
2 HDOR LRBELZ{T/ 272 b3 A A A NILs Tdh 5 NIL-A~F O 6 Rt & ik
L7. ZH 5 NIL-A~F (%, MERME QTL OB ICfiE T 54 19 Rtk Lo 3
2> ®» DNA ~ — # — T & % BARCSOYSSR_19 1248 , Sat 099 ,
BARCSOYSSR 19 1255 OB+ (I BB E1T F 3 &2 2By NEZAp
DAL A A EEFEO NILs TH 5. NIL-A LT _XT ha BB NIL-F 29T

NI ARARABDZRFETHD. NIL-A~F IZWFT A EH 2015 4120 U T 1L 28 4 o 5
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8 f (BC2Fs), 2016 T DWW TILAZHEMEFEES 9 /R (BCoFo) THDH. T H D L -
T8 O Bl Pk 13 = T Maturity Group I ® /A RETH 5 .

Figure I -3 {2 NIL-A~F @ qLS19-1 L F7#ICA7{E 3 2 5 19 YAk £ DNA v —
J1—Td % BARCSOYSSR 19 1248, Sat 099, BARCSOYSSR 19 1255 O i {5+
o L7c. NIL-A (T3 _XTha BB, NIL-FIZT_XTha AR AMDORHKT
H» v , NIL-B ¥ BARCSOYSSR 19 1248 & Sat 099 75 , NIL-C I3
BARCSOYSSR 19 1248 7%, NIL-D /¥ BARCSOYSSR 19 1255 %%, NIL-E (% Sat 099
& BARCSOYSSR_19 1255 ZZnZ 4 kI~ Bl % R4,

2) BEAFE

LR FABR I T, 2015 4F 5 H 11 HIB LU 2016 4 5 A 24 HIZHEFEZREE 3com,
MY 2R E CRELE. FERBMICEWTIE, 2016 4F 5 A 17 HIZHERERE
J£ 3em, BRE D 2RI & THRFF L 72, maBRM & b ISR AT 60cm, #KH
10cm & L7z, BAIXOBREIL 2 KEOEREEL Wz, 0%, FIAEERERIC
MBIWT1IARSETE Le., HEEL R o RICIZBEEERE O 5] & 3 G 1K % i fl
L, RKEOENEERE Z/ER L.

fE AR, RBR 1, 2, BXO3 L REEEIC, N-2, P,0s-12, K,0-8g m2 % Jii f L
T EEEHKEEME L THERY VIEIZ XY P0s5-5.3, MgO-4g m2 % Jifi F L 7=,
FEAFTHMABBLT, ®BR1, 2, BXO3 LRMEIC, BEMERES LOHEELY
br %47 > 72
(3) MEAE
1) BIREE

MBI IZ W T, A (R8) ICHER 3 L RRICBREEZFHAL -,
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2) MEIREEERE

LRI BRI IZ BT, 2015 FIZHOW T FEBEKRH (R6) 2BV ToO HRER 3
ERIBRICIHA 2TV, 2016 T DWW T T IRAR B oo 2 81E L72. 20154 8 A 6
A, 2016 - 8 H 3 HIZZENENHEL EM L7-. FERBMIZIEW TTHAEEZE
Wi L 72 2o 72
3) RERE

HFRHABHICEBWT, BB 1, 2, BXO3 LFEEEIC 2016 4E 10 H 11 HIZIN &

Tl
Zh]

A2 % Lo, EHlEBRHICES D TITIEMAEZ EhE Lo,
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FONE. REE QILZALLIZRFAIGEOBTHERSETMEEE 1

1. SRBE

Table -1 (2 2013 436 LT 2015 FEDOKEME 278 L7z, 2013 4 O FH5KIE 1X
SAZRE, AFWMAZBEL T 2015 FICEXTHESHEBE L. £72 2013 F0H
BPEIT 2015 I AT REBEREYMICHYE T2 6 HD 7THIZHT TRRES
Hefe U, AAERE MM Y T 28 A D 10 A2 T TIEHEOE S HER L 72,2013
FEORBKEIT, 6 AZRWT 2015 FICH_XTESHERE Lz, 2013 F X 5% O
ERBLOZHREMN, 2015 FIXEAWMMORIBELS T OLHREHF L L TERLZ IR
BoFoni.

2. EERT—UBLUHRHOEZR

Table M-2, 3 ICPHAEH B L OAH 2R Lz, BAEHIC O W TIE % 1122 &
MEIAAMHIZHRTHEPLG 2 HEVWEECTIZERNEE CH . +FK 1122 5D
A I WA DT T NORMEEEICE TS M I A BITH TRV
WZhbv, BRAKL 6 BN 8 HBREMEN .

Figure M -1 12 2015 4R (2B 2l SO RAM OB L EZ /R L1z, 254K m2Ll k
DRMEEEIZIBWT, FIanAho—Hielis LOMEEY Y FBITEMIC L bk
WA Lz, — 5T, TR 1122 50 —HiFHds L OMER Y 0 e BUT B IZ B W
THHERF SN TEY, BREICELRIEELEVKBEOMPDBET NI A VIITHT
XT/hEShoi.

3. FEPREICHTHIHBEEFERD

Table M-2, 322013 FEB LN 2015 FICB T AWM EO FHENEEL R L. T
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FINEIL, MECBWTRHERZELBEERZE, BLXOZTOmMEBEOMICAERZR
ERRERE SN, 16.7 K m? OIEMERMEEZIZB W CIImMmED 7RI EIZH
BhMEMERALN oD IZxt L, 222K m2 L EOBEMRIZE W TIE+
F N2 5OFRINEN NI ANAADICHRTHREICE > WML bHEICE
WTEMIZE LRV TENESM L. BREEEE 167 K m2H» 5 33.3 K m?
(2013 4F) E£721% 50.0 & m2 (2015 4) M SEZ L T FFEREO LT,
AL A M 275g m 25 339g m? (2013 4F), B LR 197g m 25 353g m? (2015
£y Tholzdlzxt L, +55% 1122 5% 282g m2 /75 397g m2 (2013 %), B LY
212gm2 05 407gm2 (2015 4F) TH Y, BHIZ & b 70 5 7 FIE O BNE I+
F 1122 508 I ANV TITHXTRKRE > 7 (Figure MM-2).
4. NERBHERICETIBREETEERIS

Table IM-2,3 122013 B L2015 FEICB T 2 MO EHREREZ R~ L.
R EIL, WA BICAEMESEEMZEZ, BLXOZomMEAFOMICA ER
REERAR Db, FENELFEEIZ, 25K m?2 Ul EOBEMKITE N Tt
RU2 5B ha A BERBLTHARICEP - M B EIEEHEE M
EIZBWTEMICE LR WL . 2 OEMEREIT 2013280 Tik+5% 1122
BRIV TITHRTRKRE N7, 2015 FIZIEENE LD > 7= (Figure
m-2) .

INHEFE BT, WEICB W TRERZLBEEME, BLOZOmMEOMIZHER
RHAER NS E O BT (Table -2, 3). 2013 £ D 16.7 & m?2 XK ZRW\W T+ %
1122 R RNAANAAIZHRTHEBIZE? > TZ. +% 1122 SOUNHEREEIL b 3

gL L TR EE I T 2N DR, BHEBIIBWTORMLLETDH
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- 7= (Figure 1M-2) .

Y, WMFEICBWTRERZEEERZE, BLXOZ0omMEOMICAERLZE
TER N L O L= (Table -2, 3). 2015 4D 16.7 & m2 X %R\ T+% 1122
BORBMN N ANV HICHERTHBEICSE o7, FEI@ELEE bHAEICBNT
BRIZE BV LD, ZO8MBEEIZ+R 1122 58 b a3 AL BT TH
ino 7= (Figure IM-3).

HidkiL, 2013 FOEEMIB LV 2015 O MM L BERMICHEEEN AL DL
NTeh, MEEBEEOMICIEMEICEWTAHRRRAFEHRIZIALED NS T2
(Table M-2, 3). 2013 4™ 25 K m2 Ll EOEMXE L2015 D3 T O HAH
BEXIZEBWNT, ha v hoEN %R 1122 BICHE_XTHEICE M- 2.

— KL, 2015 FOBEMAEEZRV T, WEICE W TREMNZE & 5 M E,
BIOZOWMBEOMICAEBERLHEAFEHNARZ LD LI/ (Table M-2, 3). 2015 4
D167 K m?XEZRWT, 1% 1122 50 —HHFELII M I AV DITHENTHEI
o T

—RWNREIL, MECENTmEMAELBERE, BLOZTomMEOMICAE
IR HAEAN I E D BN H o 7= (Table -2, 3). WA B VT E Ok
FEIZBWT S — RN BICH B2 M 2RI b ey > 72 (Figure 1I-3).

ERLE T, 2013 FEOMFEMZE L EEMZE, BLV 2015 FOmEMAEICHONT
FABEERZEOOREZS, BEEHEEOMICEMEICBY TAHERLZLAEMRZ
L bR o (Table M-2, 3). WAEDOT R TORMEEIZENT ~I L

DO ERLEN R 1122 5 X THEICHE D - 72 (Figure MI-3).
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5. TENBUINNOFRRESLIVEIECSTINERBREZROBEBERD
Figure IM-4 (22013 F 3 KON 2015 F 10T 5 i f FE 0 = ZE 3 A 0 F F2UL & &
FTRENEOEXHGEZ R L., EXOTRNEIT, 2O FENELE FKIZ, W
ELOMMETHEMICE RV FRENENHEMLZ., ZOMMBEIZ R 1122
FR BRI AT TEN ST,

73

,
o
S
_H

FIEIE, MAFE L b 2013 FOFFENEN 2015 FIZHXTHENP- 2
D, A ESIC —EOMEMZERIIALON RN T

THENEOEZE AT, I D TIRRMEEEICST 5 BB IEFIT/H S0
ST L, TR 125 TEEMICELRWVWERTIMHEMIZH - .

Figure M-5(Z 2013 B KO 2015F BT 2 MifmfE O EXH LB LN EX—H
KA Le., EXHBOIMEL WA CHEMICE SRV L, o
FREFT NI AV R 5% 1122 52X TE NS 7.

T, FR 1122 50 EX iR DB FEXIZIB VT~ I LT
RTE Mo T,

6. TENEEHROEEROBEEERES I VETEO—HEREOMBR

Figure MM-6 (22013 B KO 2015FICHB T oM MTEO FXDOXTHH O LR K &

i

FTEXO—ERBEOMEBERLEZ. TXOXEHOMAFEB L O EX 0 —HxEHIX
MEODTRTORMEEIZBNTHFR 2 BRI ANAALDIZHRTE LT, b
ANV HIZEWVWTEEEEXZOEXEROAFEE L ETEXO —HiRKEOMIC—EDOMHEIE

BRIBD N0, +F 1122 5128 W TIX 2013 4, 2015 FF N FNICEH

HEeEOMBBEMR (r=0.92%,0.98*%) NEH LT
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7. FPREBAFABRPOEABOBREEERLSS S UFRRELOBR

Figure TM-7a, b {2 2013 435 L T 2015 = O Fo bl 5 & & 1 52 AE K BA 4h 1 oo fill (4 24
DEmHmBOMMRZ R L., WMEOMICIZ2013F0 ha b e +% 1122 58 &
W 2015 ORI AT EFFR 1122 FONTRICBW TS A ERAO MBI
(r=-0.95%,-0.93* , -0.98* , -0.99%* ) NA LI 7. EHIZ & b7 5 EAEY 5 miE
OWADFEEIT R 1122 58 R I AL BITHERT/HIE ho iz,

Figure M-7c, d IZFREKRBFEHHOEmBfE R L FENE L OEFKEZ L.
W ORIZIE 2015 F D +5% 1122 5 &2FRE, 2013 F Fa b e 5% 1122 58
FO2015FED I3 DIZBWTHERIEOMERELR (r=0.88*%, 0.94% , 0.95* )

NHE BT,
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EVE. $REBHEHZELELIZERIAIAGEOBHEECKHTME EFHER2)

1. SRBE

Table IV-1 {2 2013 B L 2014 EFDOKEME 278 L 72, 2013 4 O F B KR X
2014 IR TRHEEMOHEHEMICEL ETOREREMBICOCKLS HRE
L, A LI O AT R WMo m <SHERB Lo, £72 2013 20 H & 813 2014
AN TREBERENE LN O AEEEMICHYE T2 7HNE 9 HIZhT TR
BCHB L., 203 FOBRAKBIAEFTYMZE L T 2014 FITHETEHIER L
72 2013 SR BRI O BRI KOS WERME, 2014 £ 3AEFHH 2B L2 RE
LFORBREMMOGERBLELE L TERLENEE ST L.

2. EERT—UBLUHRHOEZR

Table IV-2, 3 ICBHAEM B K OB 2R L7z, + % 1156 5 OBHEAELH B X 2013
FIBOWTIEAXIAYLVICHERT 282 5 AR, RAML 4820 6 B EH
o7z, 2014 FIZHEBWTCEBEABICRERAERIIALNT, +5R 1156 5O A
MR~ VIR T3IALL S BHRENo7Z. Lo T, +5% 1156 5 DB
BEIZ3 A6 5 AREE» - 7.

Figure IV-1 {2 2014 4F 2B DM MO KA O R EEZ R L. +% 1156 5O
TEAR Y DRI T Do REOE R T2 F R~ LICHRTENL-T2. XK
<~ L OEERYE KT, 334K m?2 M EOBMX TIEoEIcBWTRELIEAD L
BN, TEREBLIORERIEMICBWLWTbLMFES2EmICH 7. Zhicx
LTH% 1156 5OMAEYE Y HREBIEL, 1K 1 AR TORMEEIXIZH W TIE 33 K

M2 THEOERENLL, ERFKE LT A LICEHEXTEN2T=0N, 12K
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NTIZ X DEMEXIZE W TE O TREAHA L, FIZ 50 K m?2 K THLED
L, 23 A~ LI TERWER 2R L7,
3. FRNEICHETIHBEEERG

Table V-2, 312 ZALE 4 2013 3 L OV 2014 12351 5 i 5h FlE O 7 F UL & % 7R~
L7z, FENEOSBOORE, WEZHL THEEMAEL LU MR L E O H
WCRZBERICHBER A LZ. 2013 28T 2 5% 1156 5 O 1 FE I & 135 E
TEHRVHEINL, 167 Am2X T259gm?2 TH oD% L33.3AKA m?2X CT317g
m2ThV, 333 K m2KXKTixbZILE o7 (Figure IV-2). ZhicxL T, =
FARY VORI 25K m2 L FTOBAEKIZE W TIEEMICE b2RWEEIL, 16.7
Am2XT24gm?2ThHo7=DIZXH L25AK m?2T376gm2 &b B E 72 o 7208,
333K m2 X TiE 266g m2 & UL L 7= (Figure IV-2).

2014 FEITHB T DR 1156 5 OUEIE, | AV TIZ XD 334K m2LL T O
FEXTIE16.7Am2X T335gm2TH-o72DICx L 33.3AK m2XT37lgm?Th

DEREIC L bR WL L7 (Figure IV-2) . ZAICHR L 2 RS2 TIC X 5 il

®

FEFTILS500 K m2XT318¢gm?2ThV, BEICELRWEA L., ZHiTx L
TaFXF A~V LVONEIT 167 AmM2KX T305gm2THo7ZDIZHkL 500K m?2X T
360gm2TH Y, BRIZE LRV L 7 (Figure IV-2).

4. DEBRERICATI2HBEEERE

Table V-2, 3 ICZ L E 4 2013 43 KL O 2014 F 12 35 1T 5 1l fh Fl oD I & 4 Bl 22 55
or Lo, M B E T, o ORI, WA 2R U Cah iR 22 &R R A
WCHBEEALNR oW, MEFEDORXEERIZITARBEENA LD LIV (Table

IV-2, 3). 2013 4EICB T D +F% 1156 5o Ml L@y EITBEMICE B 2RWEML,
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333 A m2RKCicbmEmholz. 2 XA~ L OM EHEZHMESL 25 A m2 UL FOH
FEEE X CTIEEMICEBRWEML, 25K mKTRHZIE o722, 333 K
m?2 X T L7 (Figure IV-2). 2014 2817 2 +FK 1156 5 Ot B &Y EIL,
LBR1TARSETO 33K m2 LT ORAEE X TIZEAIC & bRV LZDICR L
T, 1R 2ARVETICE2mEHEEFETTIERAD L., 2%~ L oM FiiaYE
IXEBRIC &b 22 Wl L2 (Figure IV-2).

I HEFE R, WO ORER, MECBOTHEMELHEME, BLOBZTO
WEORAAERICHEBEEIIALN o7, 2013 2B 1T 5 1% 1156 5 O UL
BEEEMICEBRWEFLE., Zhlcst LT, 2% F~ L OINEEREITERIC
EH RN B L7z, 2014 FI2 BT 2 W dn Tl 0D I HE F5 $ o BAE 2 B BOSIZ 13 —
TEDOE A SRR T & 72 o 7= (Figure IV-2).

RENL, OO E, WECBWTHEMZLEEERZ, BIOZOoWMHE
DREEAERICHBERHR S L7z, 2013 FI2HB T 5+ 5K 1156 5 O F BT E I
EBLRWVEEBEML, 333 A m?2 KTHbmMLo. XK~ LORKIT 25
R m2L FORMBERX CIZEMICEBRVHEML 25 K m2 KOFKEI KD
Mo T2y, 333K m2K T L7z (Figure IV-3). 2014 FEi2H1F 5 1% 1156 5
DFEHNT, 3348 m2 LA T ORI E CIEEMICE 2RV LZDIR LT,40.0
A m?2l EOESFEMEHETTIIEMICEbRWVWEAD L., 2R LaFR~ L
DHFRBITETORMEEX ZE L TEMIZE D RWEEML7Z (Figure IV-3).

i, SBAOMOBE, MEBL CREMELEEMZE, BLOZOmWHE O
RHAERICHEENHER S (Table IV-2, 3). 2013 2B 5% 1156 5D

T BRI L2 WEE AL, 333 A m2 ORBEEBEEX THEbEmNo -,
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XA LUOHBUT 25K m2 L T ORMEEX TEMIZLEbR20WEML, 25K
m2 X Tib@EmN-o7D, 333K m2 K Ti4A L7z (Figure IV-3). 2014 FIi2 1S
5% 1156 5 OHEHIT, 33 K m2LAF ORMEE TIEEMICE b RVEML
DX LT, 40,08 m? L EO@EBEMAEMF T TIEEMICE bRV EI L. Zh
W LaF R~ LOHBITETORMBEEXZE LU THEMIZEBRWEINLZ
(Figure IV-3).

— R, DO OME, MECBOTHBEMELHEEME, BLOZTO
W E DR BEAERICH BN S L7z (Table IV-2, 3). L2 L, i 4F o 5l H 2%,
BEMZEIC - EOMPILA LR Do 7= (Figure IV-4).

—HRPNRLEIL, O ORE, MECETHEREZELHEEMRZE, BIUOZ
OMHFEDORZHEERICAHEENHER S /- (Table IV-2, 3). L2 L, 405 HEM
=, BEMEIC -EOMMIXA L) > 72 (Figure 1IV-4).

ERLEIE, OO, 2013 FICB W TR E S BEMEIC, 2014
FECITMEREEEEMZ, BIXORZOMBOXAEFEHICENZNA BT
I {7z (Table IV-2, 3). 2013 28T 5+ % 1156 5O HR.EIL, & TORMMER
FETaXh~LDOEREE FE -7~ (Figure IV-4). 2014 FF12B 1T 5 5% 1156 =
DEPED IKR2ALTICELD BIAM?XKEBRVWERBEEEX TR~ LD
BB E % Al - 7= (Figure IV-4).

5. TENBANOFRENESLUDRHICETINERRERORBEFEERIS

Figure IV-5(2 2013 F B L2014 FE BT MmO EX o O +EINES
JFORTENEDOSEEHAGZR L., FEXOTENEITIWMMAEE SWFEZEL THE

FEIZE LRV L., ZOBEMREEIX 2013 FI2BWTIE % 1156 508 2 F K
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v L EHE L TRED- 72N, 2014 F 3B EICHEMERIAO N - 2.
SO T EREIIHBEE QWHELZBEL TEMICE LR WD ET TH o7
ZOWOREEIT 2013 FIZBWTCIEMAFECTRRERE CThH o728, 2014 FlIZBWNT

T+R 1156 R 2F A~ L i L TRE Mo 7.

Wi FE D+ RN EO DB GIXEELZE L CTEMICE L R2WED Lz, £l
DREIT 2013 FICBWTIEImM M TRRE TH o722, 2014 FiZB 0TI 5K
1156 BN 2F AR~ L L TRENo T2,

Figure IV-6 (2 2013 4E35 L OV 2014 4E 1T B 1T 2 W 5 Bl 0D 45 B 36 5 b6 & OV4) b i %%
Foar Uiz, WSRO REIIWAFEZEBL CTEMICE bR WEDET TH -2
+ R 1156 STOEMITE 72D KRB ORMARET, 2013 FiIZB N TiE2F&K
v L L TS, 204 FIZBV TR~ L EHRLTRENSTZ. +
%1156 5 OOy B AKIE, 2013 X HAIC & bR WEIIN L7223, 2014 X E IS
EHRWEA L., —F, 2% R~ L OogHEIL, 2013 FIXEMIZE bRV

DUT=R, 2014 FFITERIZE B 2 WEEINE R TH - 72
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BVE. FIZERF/ARBEOMBRECEHET IHEHNREE FEK3, 49

1. FIALARAEFINLABEIVFINLAEREREQILZAELEFILR

JDEREEEFRHEOLBIC L IMAERMEBEEREDOTME B 3)

1) RESLIVNEEERE

Table V-1 (2 2014, 2015 4FICB T D hIa b b Fha AAABLO+% 1180
oD 2RBRHE D 2 rAEOIER IOV EEREE 2R L. (LR R ER o 55 R
BHDHE, 20144, 2015 FOWMERBNT, FI AL OEHHIT NI LR R LB
LTHBEICEN>72. 2015 4FED FIAATO—FHFERITFILAALY EHEEIC
Moo, 2014FED I ANVAOEREL, AEMEIEZAEOON RN ST HDOD
FIAZXAHA_TEP-oTo. TEINE, M EHEzwE, WEEK, &, —*
WHIE B L OCEREICITIAERMEREZRIIAON R oT. TR 1180 5 & =
AAAZBHWT H L, L2014 FI2BNT I ARANR+FR 1180 5 IZH AT
AEWCE Moo, FRERINE, # b wwE, WEER, KEABLIOHEREIZOWD
TEHMELBICAERMEMEZRIIAON RN ST,

IR LB 2 il L 72 FERBMORE R E 25 &, 2014 4FI2FBWT, FI b
B OFFI R, B E, B, R T AR AR THREICEN 7.
015 F B WTIX, FIaI ALV TOHEIT NI AARXE Pl o722, FERNE, H
EE L E, IRERE S, M, IR, —RNRIR B X O ER EICH B R
MZERIALN RN -T2, 2014 B WT % 1180 5O HKIX b3 A& AICk
RTHEBICE o, TRINE, H By E, WERR, AL OHRE

WCOWTIEMEL BICAERMEREZRIZ N RN T,
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Figure V-1 |[ZFERBEH O 2014 FITB T 2 BREAEXOEREE OHER 2R
L7, T BLIORBEOBRIZT A TR ELBOZ., FILAAABLD
+% 1180 1%, 7 A 31 B bERCERL, KAHICEWTHRIEST L Z L
mhrole, FIAALTOERBEIZTTIA BICBNTIXO0TEREIZE EED, K
HRHIZBONTH20RETH- -

Table V-2 IZHEIRFBEAEXICHIT HINEL X OIEMKER &, BRIk X2k
TEWOLERE R L., FENEE, FI A B ERILAZABILO+F 1180 50
MCTRERERTAONR Do, HRBEOR /NI Dol b I AT ORI

X, BIRBEORE LT M AR RITHAND E/NENoTn, [FUEIRE

+

EOE»ro+% 1180 5 L RIRE CTh o7 i B E, IR K> T,
R AAZDOWYEN NI ANLD, +R 1180 F LB L TREN -, HRED
BWAORIZONWTRHEL L ORMHER TR 2T,

2) MERKMEEERER

Table V-3, 4T 20144, 2015 F BT 2K AEFRHOMBLE—A L B
FOZroEEREZ R L. BHUROFAE LR o LBz >\»W T, I
LHOHELE—AY NIEWEICBNTRILRRA LB LTHEICEL .
Fo+FR 1180 T OMEI LE— AL U@ FIZIBWT FIT AR X LR L TK
WIS & 1, 2014 4D R1 3 KO 2015 4F D R4 Z BN T E 72 b Fl [H 22 23 2
biviz.

Fa AL OB LEHE A MEIFNITLAALEBELTHEWVEMIZH Y,
2014 FD R1 ZBR W THERMHER ZRNZ B2, R 1180 5 O fE LK E

— AL MIE 2014 D R6HICEBWVWTIT NI LA ARALEHEL TCHAEIZENS TN,
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ZOMORAERPICE N TIEAERMEMER IR -T2,

Fa AT ERILAAOELHIZBWTIHEHEDT XTOFERMIZLBWNT

FERMEMZERENAEO N2> 72, +5 1180 B ELEIL 2014 £ D R6 B X

M22WISHEDREIFENT, NILAARA LWL THEZICIE»-T-.

i EEAEICIIMEOT N TOFMERMICEWTHFERMEMERTIALAR

Mmol-. M EMBEET— A2 MX 2014 0 R4 B 2015 D R6 1E+% 1180

BN PRI LRAA LB L THEBEICE TN, TOMOFEERICAHEZ 725 FEM

ERITAELNIR o T

RIWCBIRNEAELEZFERBRMICONT, I AL DTBLORTF 1180 5

BILE—A L M, BIREARTO RIICBWTIZT NI LAZARXLHEBELTHEIC

B’mo=n, RO A L7z R3 URKRIZT—E0 MM ZROMBEBITA LR -

7. FARIE, hIa AL TBIO+% 1180 5o fE LKL — A v M, #IRFEAE

AIDO RIWCEBWTIE NI LARRACHURTHREIZEGE» TN, BUROFRAE L7Z R3 LA

Bl —EomMERZROBERIZIALR RN T,

Table V -512 2014 4, 2015 4EI2 B 5 R6 OERFREE, 1 RMIRE B K O 4E)

LE— A P ZTOBA#EREZ R L.

I RAAAR BT S EICABERMAEERPER SN, I~ ho 1 RAMR

BIEWEICBWNTRFILAAA LB L THEICE 272, 5% 1180 5 D 1 IR

BIZWMEICBEWT I AL A E NI ARAOFMBETHY, WiLfEEAE 725N

M AR TR RN T,

FELE—A Y PHITMERELERMZE, BXOZOWGICHERMEAEEN

NHERINTZ., Pa L IoMELE—XA2 FRIIWMAEICBWT I A X X|ITH
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RTHEBICE» o FAERIC R 1180 5 OME LE— A > MELIEMEICIBNT B
TALARALLB L CTHBEICENL- 2.

e LEFLE— A MIRERE S FERMECHERMAEFER P ER S L.
FI AT OHE LERT— A MEWEICBWTRI AZRXLHEBELTHER
B oTo. R 1180 HOMMB LE— AL I 2014 FI2B N TIE I AR X2
HARTHBEICE -7, 2015FFT Fa 22X ERBETH 2.

HOMITMEMZECERMZE, BLXOZOMWGTICHE M EAEH LR S
Moo, FIAAADELEIT 2015 FIZEBNT FIANAALTEILU+% 1180 5 &
texTHBIZEP 2T,

M EESAEEIL MR A SR ZE, BXOZOMmMIGIZHE M AEAEM R
Nl FaLAAAOH EMAREIT 2015 FICBWNTRIANALTE LT 1% 1180 =
WX THEERIZE P TZ.

HEHBABEE—AL MZOWT, MEMEZEEFERMZE, BLXOZomFICHE
A BEAERAHRINT. I LA AOM BB EET— A2 ML 2015 FITB T
FIALTBELOTTR 1180 5 &L TAHEICEN- 2.

2. FPANLHETRERE QTLEZAH L NILs MOERKICK ZMEREEERE
DRl (KB 4)

(1 mERHEEERE
Table V-6 (24 NILs OfEMRFEE, 1 RABHEIBS LI OME LE— A FEZRL
72. 2016 FDOFERBFHIZIK T 54 NILs OEMRBE 2 A 5 &, NIL-A, B. E 2
NIL-C, D, F & ledg UL TIRWERIRFEE 2 7” L 7.

2015 2B VT, NIL-B,E @ 1 WI4R #i% NIL-F & lbdg L TH B2 % < ,NIL-A
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D1 WMRE D NIL-FIZHRXTE o7, £72 2016 4FI2FB VT, NIL-E @ 1 KA
R NIL-F & bl L THEICEZ o fo. E7ME LE— X MHiE, NIL-A, B,
E 73 NIL-C, D, F & leig L TR o 7.

Figure V-2 (24 NILs O FER{BRHITIH T 2 2016 FOEURRIE &, FRENED
BIfR (a), 1 MRS & FERBHIC I T 5 BREE OBMR (b), I X UL A B
HIZBTLH2MHE LE— A M EFERBRHMICH T 2BREEORELE (¢) 27
L7z, 2016 EDHFERBRMICK T DMERBE L FENELORICITATRADH
BIREFR (r=-0.64* ) BA LT, F7= 2016 FOFERHEHICI T 2 BRERE &
2015 3 KON 2016 A OILAIEERHIIC I 1T D 1 AR E oM IIC1X, WMELE A X
A DOMHBBEMFR (1=-0.84% , -0.90*%) BNA L. X HIT 2016 F D HFE KR HIIZ

BULIERBEEHALET— A2 FEOMICIZAE R EOMBEBEGE (r=0.81% )
NH BT,

Figure V-3 (2 2015 £ 81F 54 NILs @ 1 MR E L, #HE LE— 2> i,
ELERE—A N, MEHFRAEE—A N, HMEFARESIOCELE E DM
RERLUE. 1 RARE L, i LE— A FEEBIOWELERNE—X 2 O
I ZENENHERAOMBBELE (r=-0.88***), EDOMHBERMER (1=0.75%) &
bihle., HMEMABEE— A b, MEMAELSLOCELEIT 1 RAEKR LS FER
R Z RS oz,

Table V-7 |24 DNA ~— W —IZBT 5 | RABRE DO 3B OFEREZ R L.
DNA ~— W —ZticAHh2e, | RURBEOEBETFRBOERNALNTZOD
Sat 099 DA THh o7, FRMOZBRIZITXTODNAY— T —IZONTHETH

Sh, B FHMEEROBMEORICAEERRXAEERITHER I N2> 7.
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BVIE EE

1. REBEQILZEFLALEERIFIAMIASEOTREELE BB

T EINE DB ESISIZHONWTHD &, 5% 1122 5 OFFINEITHEEIZ & b e
MU, FOBEMBREIZFR 22BN I AATITHRTRE Lo, FHEREY D #EHK
2013 4D 16.7 A m?2 KARWTHR 1122 5B I AL HIZHRTHEIZELS, €D
BRI S 1% 1122 528 R I AL HITHRTRE D o7z, — /st 2015 0 16.7 K
m?2XERNT, +R 25N I ANABITHEXTHECE -T2, £, R 1122 5
DERIZE B2 ) BRI EIZED D2 FENERIGO EAIT NI AT TREDNS
To. THOOIER L OFRBOEMEIZ & b o BMRE O RFERERIE, Skl il
TEXIZBWTHE T, DLEXY, R 122 SiE@mEHREFTICBWTY, £X
ERODIIEW—HRM AR TN TE, ZOZ ERBERHKIZENWTEHWEES Y
KB AEGTEOL, BHBEOZINEZEI TE L LRI,

FELEXOXTEMOARRIT, MEMKMETTH R 1122 528 b I LB IZH~TH

\ZE 2> 72, Yamaguchi 5 (2014a) (2 XX, EAERRFILBAIEHIC 25O %

R L, AMIZZ OFREE b T. £, HED (1998) 1& KX, REudsEsE
KL EBICBRS RELZ T D, AR TITELEELS L OBERRIZONTIRFAT
Holed, R N2 ZOXHEHFOHHREDOR SN —HiH Y OFLREEINEE, —HiK
BomSxzbeb L, ZAUCK D BEHEFFOERY D RED RSN EBEL2ND. 4
BIXBIEREIC O W T H A L, +5% 1122 B OBEMEREIEMEIC DV T, —HiFeEk o miri
AL LFE LGS 20ERH 5.

BRHIZE B2 ) TRIBKHEBHOBAEY v ERE OB REEIL, +% 1122 52
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M AABICHRT/IE o7, ZIOEBIIT Y 7 BFEOEN, T7bbiEK,
R OHEIMO A TR, V—ARBOM ERARARTHDH. RFETIE, BRI OLE
DEEFEREERS KOS REIZ O TIRAETH 523, WA OERMEMELFEILHAD
ARBBEMELFEIZE STV NEZ A L, BT O NHMOFESREIMET LIZ<
VMEIZSH D (IS 1996, 1997, FIdEEAR S 2015) . 5% 1122 OB RKIBREICITA
J & FE [Harosoy] 284 £/ TCH Y (Yamaguchi 5 2014a, Kitabatake & 2020), k=
A UTCNEEEN NSV, O Z ERZNRES A M X, BN TG SR
BLOEAHHERFSN, Y—AEExmEIEEHREIND.

Fio, KEMFEILAARLFEICHESTHRAFHZDENE S (Kawasaki H 2016), KALE
EAREL, BRAMMICE WA EKEZ AT D MmN LV (Tanaka & 2010). & 512
Yamaguchi & (2019) (2 XAviE, 7 & I AL E O FEFERE B W T b ALl LRI
EEARTIRERN S WS FENZ AT D, £, I X RO F o 7 HFH2%HE
i, dEEE SIS R TE W SRS SR TWDS (HRE - #F 2018). bz &0, +
#1122 FOFMEEIGMEIC S Y —RAREOM L& LTHELTWD EEbhb.

PLEXDY, +3% 1122 EOEMIFO LN, Yo 7 OFERKE LT, RWETEEHOIE
MREZAL, BRI A MR CX 22 LIk 0, B OIH O INER
ERRENZ L, FREEMERE LTI T AIRGEENLEEEE Y —AGEE2 A
HZE, ZOMHEIZED b EINTWVD LHEE LT,

2. ¥EBHBFHLZALL-FZERSAAMAGBEOREELYE ER 2)

+3% 1156 B O 1 FEI R 33 R m?2 UL FOFMBEERICE W TIE, BHICE b0

MEmZRL, 22X R~ VIR TEDPo7ZRN, 1HR2ARLTZE S 33K m?2 Lk

DERESRAETIFRINICE L, 2F R~ L EHE L TRINTH > 7. 2 OFFENEOHHE
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BERSZ BN ERICOM L TER D &, mEY D B LOEHIL33 K m2 T
DIMEFE FE AT BV TUTERIC & b 22 W L7223, 1RR2 ARSZTER L B89 33 K
m? UL EOBBESEETIEREAD Lz, 2o E0n, 155 1156 5% 33 A m2 fRJE D%
RS TICB WM O EREY V #HiB L 0% ERL, 2Fh~ L LB L TENE
AT OICK LT, 1R 2 AR TE MV 33 8K m? LU oo fE 4 B BEEE O BV B A S T
ICBW TS ORAER L OME 26 L, fitks X OSEEBS KIBICH L, BT 5 &
Babile. EXEOERIONERSLLE 22 &, +R 1156 5O HIET 33 & m
LLEOEREE T T A~ L EHBRL TRELSFEOL, TRICE bARVEKREIC S
LGN EE SO RELSPFD L., —FTEXNEITHOBINEOHAD ZHETE 51F
EHIM U ho 7z,
Agudamu 5 (2016), Yoshihira 5 (2020) 1%, AEE I 50kl ¥AME &, BlRE R
IO EREIC R E L EXNEORD 2 0B E THE TE 52 E & LTERL, XM
5T Dtl 24T 2 MR MBEEMEIL, dtl 2483 2 G RMEEMLREE Lk Lol
AEAMEANE W E Lz, S HICFEEDS (2015a) 12 LiE, Dtl OIFELE T TERME M2 8
fil9 % BA5 T D2 ZFFO MR E ML, MR E MR TR R M &
fil9 225, ARRMEMESTE L T D &bl YED @y, S b Al BVE DS i il
B ARG RO 2R BAR RIS 1 D I ERAR T 2l 24 0 5eE o e Lo #hifg L 5 223,
BRSSO R ORARL L OMEDMEERERE IR TRTFTT2 e PRIND. C
DIz, EEY D Fidkds L O AR E WAL, BRAK ORI X IR 235
BT WNWEBZBILD. LR T, HIRMEEMFEL R~ LIS TEOAR 1156
SYRCATEBVEDS, S0 R m? REOBEBEMAEFICEVWTAROIERE LTRELE, 4

BoFRERL L OMMEZ I Lo EZ K TS 2 L2, BeEMRfficksnTad
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R L EH_RTRIE oL ENTH L EHELZ ST,

Kato 5 (2019) (& LA, J-MEFR M B R 5 FE I MR B M RIS e TR SR L
W<V, ENEE (2020) 12 LAV, BB EHY RIERRBMEREZEAT L LI
L0, MERES Z R REEEZEZ S 2 2, WEEICEN MR IR AIEET
b, TEFO TE BB IR T 20BN B D L, PERMEFEZA L
T FEMEESMEL RO D Z EIXNETH Y, BHEKME T CTHERM T DA ML IE
M52 LICBALTE, BEMNEROERIIMAZBE LETEORMNNPULATHD &
BEXbND.

— 5T, F, RKEZBWTTIETFAAEELTRY, mESVFEELZED S,
FFREMR DI LD TE LB SHET SN TS (Rigsby and Board 2003, FA 6
2011). AARICBWTHAEERICBIT 2EE &I EABIHTHY (BIKES 2018), X
I 7S HEB AR < 72 0 o7 A L T i Se K R HA IR IS d 1 DK = R b TS 7 3085 5 1k
LT, BEEELPAD THDL LEBEZX NS, RUFFETHW I FERMEERFIL, &
TR BT D HEBAEX TH 5 16.7 A m2 XKIZEBWT 259g m? (2013 4F), 335g m? (2014
) LHETEHWFENELZ R L. ARMEEGEICE S TE WO TEEZTER L
7o, PR E ML 2 W72 B I K 2K = 2 S UGG HOR IS ifF T & 5 AlRE
Pnd 5o & Bbni.

3. FALRAERAINLABEUFINLHBHEKE QTILZALFI LR
JDEREEGEFRHEOLBRICKIMEREEERLEZOREM L8 3)

BURDIFEAE U 72 > o T (LRI BUBR H O G A CTUIAE R DA IZ B W, THERMEZ A7

LEHER SN F I AT EBEOR 80 5 OFME LE—A L FHIA I AR ATHA

T o7, FBRABAE L FERBRMOPFETIE, MELE—A L MUIC—ED
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I A Lo, TR0 Z Db, MEMKMEL EMICKBRTE 5E LE—A
v MO, ERABEELRVWEETICRY, SEREMURICERT D 2 LREE
LWeEEZ b,

FREIERKHOMERIEREEE 225 &, ha A BBLO+% 1180 5D 1 kAR
BREIOWE LERE—A L PR FIARARCHARTRELTREL, HLE—2
MK o772, 26D Z e, I L HRMERE QTL 1%, @V 1 IRk %
H7eo L, MEILEIE—A L M2 A SE, WRILE—2A LV FEARIERTEIELZET
EOMMEREZ B LTV D RIS, £, 1 IRARESS L O Likhie— 2~
N EFE LE— A 2 M, ERPEEOFERICIENT b X A X O HHERYE 2 2 &
BB U, MRV S L CHTH D Z L RSN,

4. FPINLHEHERYE QTLZH L/ 6NILs MO LEIC & HHERMEREERE
Ol (HER 4)

% NILs O ERMERETEE 2 6, FFIE & BFIC 1T 2 ERBE & ofIciEEmnAa
OMBERARE R L2 2 E2n, BHROFEAITEERN 2B FE ROV TN D Z & D3RIE
SNTo. F7o, 1 RARE & M52 8600 2 BEURFEE & OMIZ b iRWA DOFHBEBAR A - & 0
bl Z &b, bI I HREREDEHITIT 1 RUBREARESEEGLTWD L
Bz b,

EHIT, 1 RMAMREIHE LIRFLE— AV FB XU LE— A v e, TR EE
WIEBLOEOMBEEREZ R L. 202 Enb, bIa o BEERE QTL B E T 5
1 AR E DL SIT@mWIFE LIRPLE— A 2o L, M LE— 2 MEEERT X
w, EAmEREZ RTEZ b,

F 72, DNA ~—%— Sat 099 2% b I /LB AIOZRHF T 1 WAKRE S SV MEENIZ S > 7=
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Z b, MERME QTL qLS19-1 13X Sat 099 DUTEFITALE T 2 & Mk T & 7-.
Dbz e, ba v BOERYE, Sat 099 OITFF AL E T D ifE R QTL
qLS19-1 73 1 MR AL < BAESEL Z LIk o TEWEMKR R hE2A L, fife L

TERWHE LE— A FPHEZRTZEICED L INTWND EHEZE LT,
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1. BERBOREZNIZET S, REEREOBEAICKSI VUV IFTEDEKLE,

ThEXHTIYV—XEORLEICHETIHE

B E 2 A L2 EXR A A ZRFHIT O T 2 M A5 BBk & 0 L 7= 5%
B, BRICHEREIT 84S 0 0B ERE NS, —HREoZs2b70 L, BHEFO
EAYS e 2 MERr 925 2 LIS R D BIFRF O ZINZ FEH L T\, ¥4 XAOFRINED
FERBLIOEREZHMEITTE L L TRBEOEBHICE > Thleband (HFDH 1978a). A
WEFEIC W T b RAGE R XA IR IS8R Y 0 R a2 L L E S, YU I RBEDLE
MERICE T D4 L L THIRFCE D LIl TE 5.

LovL, ZIOFEBITIET 7 OERIZE b7 5 7210 O NG RFEY OERTE A R A KT
b5, RACERGE T+F% 1122 %) OMEEY Y EERL, (kO EZRHBFIC TR
BrETHFF SN DERICH o7, £, HR N2 ST EFGRE [ a3 ) 2l

BRMEA 6 Bb 8 AREEWVICHE DL, MI A AITHART33 A m2 L
FOEMX TINERENoTe. 2O &G, +FR 1122 5iE b I LTI HA TR
MOmMWKERIEE LD, 22X 2BAMBOE WY — ZABOMER N & 5 & HE
BEND. ZOBRMMICH T DEW Y — AREOHERFICIX, BT F D S Z Tk
NERBO/NE ST %R OR EE ARFADEOR S GFRE - FF 2018) 3B

HLTWaETPHEND. 5%, ZNOLOEIZOVWTHFEMIZHAEL TW MLERNH A

U

2. ¥EBHBEHFMBACLISIVVIVRERKORE L TN

MR FEMEZE A L7 EEA A A R FITOWT 2 A1 O Foms 5 B bk 2 3k L 7=
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R, R E ML 33 AR m2 LLF OFAER FE K2 W TIEEIC & b 22 W Eid & 50

H, FEAEME S, Lol 33K m? DL - fE AR BBk O 8\ BB &R T izl

IREDFRAEB I OMMEZKE <MEIL, Hilks X032 KIS S w7,

ARHEZE TG U 7 R BRI SR T T AL~ T, 33 K

m2 LA O BRI I (50 A FT BN R4 S, BB HERE O > v 7 R B KRITIT D23 B 72
molo LRSI HD (1996), B EARS (2015) (2 k2 L, HERMRF M5 TE
THEMICE bRWEZRESRNRAFC/2 Y, BALEEY Y 2RSS, EEb S
(2006) 1%, MERRAHF MR OB BIMIC I 1T D 0E AR I A IR B ISR~ TER
D e LT, RIFFETITFERMBEERTOBEREICE 7RO T 7 HEROERD 4312358
HEIhhotoiz, PERRBHEEICLIENTZ Y —AREEN LTEZWNOEBLX, &
BRE RO R 2 BEREM OFRETOHRMEERDOETIZ LD v 7 BEEDOHRIZHONT
DRt 72 < LTIINREETH A 5.

—HT, MW A AT L ERME ML, ALY BRI S, T
REMALZEDTE LTI L D2 LELNOFEIRPIFFTE 5. S%IT LIRS
BYEMFEOBMEISEL Y S, e LAEWIRRTEM 2 E ) LB IcEIC A B L,
R AZ EHRL TS ZEDREHEETHA .

3. AMRTHEBEINE-MEREREEE SLUTAhZAALTRESAME
REBEERAEORHERBHALTRFG

BEFBRELICEA S A ZAOMHERIERIR A IS W T, #EES (2001), 5D
(2001), HHH (2002) IZXVEEEOHRER SN TWDS. LarL, DFELL L 7= s 1
B ROV TE, SRR O L2 O Fi A 0 1B FE RIS O W T OEN O SR IXIER

W70 RAFZE T, Il LE— A > b A EXR A 4 G FER L OCRKEME T L,
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BURDBFEAE LR WS T T, EREHLEOM A EE— A b2 &R b & WA R
W LRIt — A U M Z2FET 2 2 LI L0 MERMED X EfERFEMAAIEETH D
ZEMIRE I N

FERELRBMEICET 5 4 4 AOMERMEREBZEIZ OV TX, TS5 (1987), &b
5 (2004), #E% - B (2008) (2L ZEOBEDOHRE N H L. AWIETIE I~ LR
DOMHERMET 1 RARRE D FEZEIC K DMK SR I om Btk ThlebanTng &
HEZX T & /2. Yamaguchi 5 (2014b), 1A (2020) 1%, b =~ 0 BIGHER M QTL qLS19-1

T EREBME, EER, NEMEFOREVEIC

?\*‘3

WA TICmEREZ I EsE, RRIPEO

DR BEFESOFHANEL THL L LTS, EROM BEIZE &38R 5l

HI

TEHOMERMEREEEOBTEAREZ R L AL, FREFHICERIREVWEEZZL
no.

—J5°C, FEEED (2001), FREE - B (2008) 12 LAUiE, #AITRIEIR I X OV A OBEMEIR
IZBWTEXMmEN KE <, EXOMMMEN RO MEOMERMEREND. FEH D (2015,
2016) &, BIAAATIFERITLRRALIEG L CTEXETOMEIS DN G, ZERmfEN
REWZ EZP NI L. BB TIE, b I~ BB 2 A9 2% NILs O XK
RO DL EWH A IIRFAE CTH L2, FI v e b I AR A OMmMBERMED LR
MARIIIINSOXOYHNPEOAZE LG L TS ETRINDS. 41%I13 qLS19-1
DEDOYHIEIZKIFTEEIZONVWTHLRFTOIMLERDH A 9.

4. FHRTHLMELG - FEBASHICETIHENEES L URENKRYE QTL
BEEFMACETSISEORE
Figure VI-1 IZARER CH O ROMELZ R L.

RACEERAPE T RO F BT, B bhnw s v I RE2HNsE5
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ZEnn, BEADIEHNESG ThDHEEZLNT. LL, BENERICH T X5
PDEBAIN TS ZEIZEY, BRENE XEIVHEMICHEITNENOT, A LE
JEFHHLEEZ TR T DD OFREMM & LTORBITHELWNEBZ LS.

—7, EERRZLA XORBRMFEED 50%LL L& TARNSEOTE 0 (BHKE
H 2014), wHE PR AEAE AW CTEFHAREOFTRIZOVWTHERFT SN TWD (HH
2010, i@ 2017). R KICKDEEOERNSDZ2WVEEHEH WL CHIVL, HEESE
Db 5 R EZETHZINMEO RO DO EFEREAM & L THMHAETH D & E
phd.

ERME M, BEHEFO S 7 BEROERICOWTIRER A L0, ARME
PERFRICHEANTEND Y — ARIZOW T EO#E 2% % . Cober and Morrison (2010),
Kato & (2019), M (2020) (2 XAV, MERR{HE M F 7o 13 MR B MO8 AN 7 F2UL
BICKETHEETECRHT RICL > TRESERY, FEAFHICHZ > TTBETE
BORENBO CTEETHD. HETEEOBROIEMEZEE LY 2T, BHEMEICE
WT bR A IRIZ D W EXR L2 FEMMICT 570, BEMNY RE BR
ALTHEBRHMEEZEAT LI ENTENIE, B Y —ABEIE L -5
FRAR B M L FE IS & 2 AR E LN A RBLTE L alietEr d 5 L Bbivr.

MHERPEIZ DV, HERYE QTL qLS19-1 @ EH{E#E s 11X DNA ~— 77— Sat 099
DITFFICERT 2 LHER S, BRIBKICAIAAIETH D LB X BND. /MRS (2020),
(E (2020) (2K D&, EEEMEHAME (& X E 2] @ gLsS19-1 OBEMLE AT b= v
ARTH Y, ESWIERMEZ R 7. £ 728U, qLS19-1 OE AL X 2 HERME o sifkiX &
L FE EDLLAMT b ALEE L AL T O O BRI BN TRHAES N TN D, difFE T

X ERME SR T X R0 ) ~OBEADNKRGTTSILTWD (IHE 2020). & HIZE RS
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DNA v —#— D L & bICMEURMETE~DO LY ~EOIEHAMEFEIND.

PLEXD, RIFFECELNIZRERICE SO EHAES I L2 LR ESLINEBICHE LR
#1x, FACRE QTL (QTRL18-1 38 X OV qTRL11-1) #74 L, DNA ~— % — Sat 099 %% 4
D2 &L b A LA RIEHERE QTL (qLS19-1) % fFeRe>BE R & ERL L, &
WG LT BERELZRE LZERRM THLEEZOND. ZORME AWz 33~
50 A m2 B OB 2 EMT D 2 LIk Y, KOEMARELNNERTE S
ATREME D D & b,

SBIIK 2 B = T IZB T DB FEDO N RIZONTOREE, B X OARBZE TR
THETH - = RICH R OBITERESS Y — A BE, qLS19-1 (2 X 2 MBI R #E D 2 D i B

RPEZR Sl2 o0 T, SR OMAT L TS LERDH S D .
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BEWME. EH

B A RXDZEZINFEEHM & L CEMBEEN AN THDL LT 2R ENHDH—FHT, #
ROFACEAEY D oy Edk, T, FHEOWDIT L > TRT L H I L2\ &3 5 i
bR .

AT, A XOBHEBIFIZEWV T EEXRBROMIMRICERERRAMERE GUR 1) &
PR EME G 2), BEZINZ EBLT D7D AR RRMERYE G 3, 4) 1220
THEEFIZ DT BIE 700 2 i L7z,

1. REEQILZEFLALEERIFIAIASEOTREELE BB

FEBGHE [ Il ) BRXOREEREL I A BITHEA LR T3 1122 75
R CRhE s R RBR 2 FE i U, RAEFEARMED N & 3 3 OV S Bl B 58 0 e 25 B2 B s
B XIETEELHLNILE S & L.

+R 1122 FIEWTHORMEE EIZIB N TS I AT T—HREL % <, FFiC
3BA m2LL EOBIEXIZBNT I AATIZHTEWEREY Y INES XL R~ L
7.

2. ¥EBHBFHLZALL-FZERSAAMAGBEOREELYE ER 2)

et RS TR~ L) LRERMEELA L7 [5% 1156 5] & Hv TRl
BRIk U, PIERRE M I & K OV B A AR SR O RO I3 KIET
LW LML E) LT,

% 1156 B3 1 Bk 1 RIS TO 33 K m?2 FBEOFEMEM T\ TEATY 0 Jilni iy
T HMEIICH Y, XA~ VIS TEWIREZ R LR, 2 R 2 CE AV @EmEiisg

ISR T R A R S L 7m - 7.
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3. FIALARAERINLABEIVCFIANLIBEHEREQTLEALLFILR
COEFRNBEGFRHELOLRICIIMBEREEERLEOM GE 3)

GEURMESTE T ha AR A ) EERMESFE [ ha vl B I L AIZHR
T A MHAERME QTL TqLS19-1) #EA L7 b3 LR X DYERIEEs R (135 1180 5
ZHRAWT, BEHD (2002) DT — A > MEOREITEICESE b 3 v B ORI
QTL DN R % i b /R T MHERER S E 2 6 L L 5 & L.

1 AR SRS J OB LIRFLE— A o FEMBILE— A PHUE, FEa B IO
F 1180 53 M H AR AZHARTLEEL THEN- 7. 1 RIARHE L OFE Lkt —
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XI. Abstract

In soybean, the use of narrow-row cultivation has been suggested to improve yield.
However, narrow-row cultivation often results in heavy lodging, and low-branching
cultivars produce limited flowers, nodes and pods per plant. Consequently, dense
planting does not always result in a yield increase, especially in northern Japan.

In this study, we investigated using cultivars with long terminal racemes (Exp. 1)
and with a semi-determinate growth habit (Exp. 2) to increase the pod number per
main stem under high-density planting conditions. We also examined lodging
tolerance (Exps. 3 and 4) for stable soybean production.

1. Planting density effects of a low-branching soybean breeding line having
quantitative trait loci (QTLs) for long terminal racemes on yield (Exp. 1).

2

We planted the low-branching soybean cultivar ‘Toyoharuka ’ and breeding line
‘Tokei 1122°, which contains QTLs for long terminal racemes derived from
Toyoharuka, and studied the effects of the planting density of long terminal racemes
on yield and related traits.

Tokei 1122 produced more pods per node at all planting densities, and it produced
greater yields and pod numbers at planting densities > 33 plants m—2 compared with
Toyoharuka.

2. Planting density effects of a low-branching soybean breeding line with a

semi-determinate growth habit (Exp. 2).

We planted the major cultivar in Hokkaido, ‘Yukihomare’, and breeding line
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‘Tokei 1156’ with a semi-determinate growth habit, and studied the effects at
different planting densities on yield and related traits

Tokei 1156 produced a greater yield and pod number at a planting density of 33
plants m—2 with individual plants compared with Yukihomare, but the yield was low
under paired planting conditions.

3. Evaluation of lodging tolerance by comparing Toyomusume, Toyoharuka, and
a near isogenic line (NIL) of Toyomusume having the QTL for lodging tolerance
derived from Toyoharuka (Exp. 3).

We planted soybean cultivar ‘Toyomusume’, lodging-tolerant cultivar Toyoharuka ,
and a NIL of Toyomusume, ‘Tokei 1180°, which contains the QTL for lodging
tolerance derived from Toyoharuka, and studied the QTL’s effects using the
evaluation method of Shimada et al. (2002).

Toyoharuka and Tokei 1180 developed more primary lateral roots and had greater
pushing resistance moments compared with Toyomusume. Lodging tolerance may be
evaluated by measuring primary lateral root numbers or pushing resistance moments
after Full pod stage.

4. Evaluation of lodging tolerance by comparing six NILs having the QTL for
lodging tolerance derived from Toyoharuka (Exp. 4).

We planted six NILs developed from a Toyomusume-backcrossed line having
heterozygous genotypes at BARCSOYSSR 19 1248, Sat 099, and
BARCSOYSSR 19 1255, and studied the proximal region of the lodging

tolerance-associated QTL.
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Lines containing the Toyoharuka genotype for Sat 099 developed more primary
lateral roots than the other lines, which indicated that the QTL for lodging tolerance
is located near Sat_099.

5. Conclusion

Cultivars having long terminal racemes had increased pod numbers per node
compared with cultivars lacking such racemes, and the presence of the lodging
tolerance-associated QTL from Toyoharuka resulted in the production of more
primary lateral roots and a greater pushing resistance moment compared with the
other tested lines. Thus, we speculated that the introgression of the associated QTLs
is important for breeding new high-yielding soybean cultivars.

In conclusion, we suggest that stable high-yielding soybean cultivation can be
achieved through high-density planting with narrow-row cultivation, using long
terminal raceme-producing cultivars harboring the QTL for lodging tolerance derived

from Toyoharuka.
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Table I-1. Experimental summary.

No The Title of Experiment Year Place  Cultivars and Lines Test Contents
Yield and related traits for a soybean 2013 Ebets Toyoharuka Yield, Yield component,
L . u ) .
| breeding line with QTLs for long terminal Tokei 1122 Teminal raceme length
racemes under high planting density 2015 Ebetsu Toyoharuka Yield, Yield component,
conditions Tokei 1122 Teminal raceme length
Yield and related trats for semideteminate 2013 Ebetsu . <nomare Yield, Yield component
L . . Tokei 1156
2 soybean breeding line under high planting
density conditi 2014 Ebetsu ) Ukihomare Yield, Yield component
ensity conditions Tokei 1156 : P
Toyoharuka ﬁ(lid’-Yleld :orrl@{p;t?entt,‘
Ebetsu Toyomusume pusinggmregsiss::nz;: mor(;leont
Tokei 1180 ’
2014 oxet Number of primary lateral root
Identification of the lodging-related traits Toyoharuka Yleld’, Yield compogent,
. Memuro Toyomusume Lodging score, Ratio of
comparison among Toyohruka, . . .
. - Tokei 1180 pusing resistance moment
3 Toyomusume and the near-isogenic lines > -
) Yield, Yield component,
of Toyomusume background with the Toyoharuka . .
. . Lodging score, Ratio of
QTL for lodging score in Toyoharuka Ebetsu Toyomusume . .
Tokei 1180 pusing resistance moment,
2015 Number of primary lateral root
Toyoharuka Yield, Yield component,
Memuro Toyomusume Lodeing score
Tokei 1180 ne
NIL-A, NIL-B Ratio of pusing resistance
Evaluation of the lodging-related traits 2015 Ebetsu NIL-C, NIL-D moment, Number of
4 comparisonamong the 6 near-isogenic NIL-E, NIL-F primary lateral root
lines with the QTL for lodging score in NIL-A, NIL-B Ratio of pusing resistance
Toyoharuka 2016 Ebetsu NIL-C, NIL-D moment, Number of
NIL-E, NIL-F primary lateral root
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High yield-associated traits of low-branching
soybean cultivars at a high planting density.

|

| 1
Increase in No. of pod Breeding for high-lodging
on the main stem. tolerant cultivars.

—— {

Evaluation of lodging tolerance

Increase in Increase in without lodging score under filed
No. of pod per node No. of node .
) . condition, and effects of the
on the main stem. on the main stem.

lodging tolerance-associated QTL

ﬂ ﬂ (Exp 3).

Introduction of breeding  Use of breeding line ﬂ
line with long terminal  with a semi-determinate

Identification of the proximal
racemes (Exp 1). growth habit (Exp. 2).

region of the lodging
tolerance-associated QTL
by evaluation in Exp 3
(Exp 4).

Figure I-1. The hypothesis model for high yielding cultivation
of soybean by high planting density.
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Table II-1. DNA markers used in experiments 3 and 4.

Chromosome
DNA Marker start position Forward primer (5°-3°) Reverse primer (5-3%)

(Glyma 2.0)

bp
BARIC9$102Y1§SR 43011830 TCGAAGATACATGTGGTCTTTAAGT ATTCTAAATCTTCGTACAACATTCTTT
BARSSIOZZZSR 43631942 TTAAGGCGTGTTTCAATCGT GCTCCTTTTGAATTTAGTGATGA
Sat 099 43727123 GCGAAAATGGCAGAGATAA AATGCTAAAAGAGGAATGAAATAA

BAR1C98 (1)2Y5§ SR 43856142 CATGATTTAGCTTGATTTTCGTTG TCGATCCATTCATAATTTCCA
BARIC98102Y6§SR 43988075 CACCAACCCAATCCTAGTGG TGGAGAATCAATTGGAACATAAAA
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Table II-2. Marker genotypes in the proximal region of qLS19-1
of the parental cultivars and backcrossed line used in experiment 3.

Marker genotype
Cultivar or line
BARC19 1212 BARC19_1248 Sat 099 BARC19 1255 BARC19 1260
Toyoharuka A A A A A
Toyomusume B B B B B
Tokei 1180 A A A A A

T A: Toyoharuka allele, B: Toyomusume allele
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Digital Force Gauge

45°

Figure II-1. Method for measuring of pushing resistance (Exp. 3, 4).
We used Digital Force Gauge ‘FGP-5" made by Nidec-Simpo Corpolation.
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Figure [I-2. Measuring instrument of pushing tolerance(Exp. 3, 4).
We used Digital Force Gauge ‘FGP-5" made by Nidec-Simpo Corpolation.
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Figure I1-3. Marker genotypes in the proximal region

of 6 near isogenic lines in Experiment 4.

mmm : Toyoharuka allele

— : Toyomusume allele
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Table III-1. Average air temperature, solar radiation
and Precipitation during the growing seasons (Exp. 1).

Average air Solar radiation .
PR Precipitation (mm)
Month temperature (°C) (MJm"~ day )
2013 2015 2004-2012* 2013 2015 2004-2012* 2013 2015 2004-2012*
5 10.5 12.4 11.2 518 719 576 62 56 67
6 16.6 15.2 16.1 693 557 586 77 112 62
7 20.9 19.6 19.5 602 576 536 81 69 114
8 22.0 20.5 21.8 447 541 487 205 95 109
9 17.9 16.7 18.1 366 400 387 196 184 120
10 120 94 11.4 290 326 296 116 79 88

Total 16.7 15.6 16.4 2915 3118 2867 736 594 560

* indicates mean value of 2004-2012.
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Table III-2. Planting density, growth development, seed yield and related traits in 2013 (Exp. 1).

Number Plant Flowering Maturity Ripening Total No. of No. of
Row  Spacing of  density Cultivar beginning days Seed  dry matter Harvest No.of No. of pod seed 100-seed
width seedlings (RD) (R8) (R1-8) yield weight  index pod nod  pernod perpod weight
(cm)  (em) perhil (m®) —~Mont/day) - () (gm?) (gm?D) %) (@) (@@mD) (2
60 10 1 16.7 T22 717 923 68 a 2822 5662 498a 714b  3l4a  23b |5a 264a
Toyoharuka  7/17 929 74 b 275a s64a 488a 586a 3l15a  19a 14a 325b
50 10 1 20.0 T22 7/18 922 66 @ 329a 590a 557b  735b  366a  20b 17a 268a
Toyoharuka  7/17 926 71 b 296 a 5712 5182 632a 404a 162 14a 332b
60 7.5 1 222 T22 717 922 67 a 311b 594a  524b  746b  38la  20b 15a 282a
Toyoharuka  7/17 928 73 b 285a  577a 495a 532 406a  jea 13a 337b
40 10 1 25.0 T22 7/18 922 66 a 376 b 637b 514b 844b 378a 22b 16a 277a
Toyoharuka 7/17 927 72 b 282 a 574a 42.7a 658a 457D l4a 12a 343b
60 5 1 33.3 T22 7/18 922 66 a 397b 684b 505b 965b 471a 20b 14 a 285a
Toyoharuka  7/16 928 74 b 339a 63la 467a 715a 530b 13a 14 a 344b
ANOVA Cultivar (C) ok ok ok * Hok ns Hok ns Hok
Density (D) ns skokok *k * *okk *okk *k ns *okk
CxD ns * T * ok ns * ns ns

Means followed by the same lowercase letters in a column were not significantly different at the 5% level as assessed
by the Tukey—Kramer test.
F, *,*¥*, *** and ns indicate significant at the 10, 5, 1 and 0.1% levels and not significant, respectively.

TH: Toyoharuka, T22: Tokei 1122

R1:Flowering beginning stage, R8 : Maturity stage
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Table III-3. Planting density, growth development, seed yield and related traits in 2015 (Exp. 1).

Number Plant Flowering Maturity Ripening Total No. of No. of
Row  Spacing of density Cultivar beginning days Seed dry matter Harvest No.of No. of pod seed 100-seed
width seedlings (R1) (R8) (R1-8) yield weight  index pod nod pernod perpod weight

(cm)  (em)  perhil (m”) --(Month/day) -- (d) em) @Em) %) ) ) (2)
60 10 1 16.7 T22 7/20 9/17 59 a 2122 362a 584b 4652 209a 22a 16a 287a
Toyoharuka  7/18 921 65 b 1972 3662 540a 491a 274b jg8a [3a 305b
40 10 1 25.0 T22 7120 9/17 59 a 275 b 473b 581b  683b 299a 23 b 14a 282a
Toyoharuka  7/18 921 65 b 211a 397a 531a  609a 332b 18a 11a 305b
60 10 2 333 T22 7120 9/17 59 a 299 b 519b 501b  778b 3622 21b 14a 284a
Toyoharuka  7/18 9/23 67 b 253a 4662 473a 7582 532b l4a j0a 327b
40 10 2 50.0 T22 7120 9/17 59 a 407 b 663b 53.4b  97;2b 4902 20b 13 a 314a
Toyoharuka  7/18 9/23 671 b 3532 654a 469a 930a e55b l4a 12a 329b

ANOVA Cultivar (C) ks Skekok ks Skeskeok ks * ek ns sk

Density (D) ns sokok ok * ok ok ns ns ns

CxD ns * T * * ns T ns ns

Means followed by the same lowercase letters in a column were not significantly different at the 5% level as assessed
by the Tukey—Kramer test.

+, *,**, *** and ns indicate significant at the 10, 5, 1 and 0.1% levels and not significant, respectively.
TH: Toyoharuka, T22: Tokei 1122

R1:Flowering beginning stage, R8: Maturity stage
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Sparse planting Dense planting

< 17 25 33 50 >

(plant m2)
6010 40X 10
40X 10
60X 10cm %1 plant X2 plants X2 plants *

Figure III-1. Plant shape at maturity stage in 2015 (Exp. 1).
TH : Toyoharuka, T22: Tokei 1122

* Indicate row spacing, width and number of seedlings per hill.
Arrows show terminal raceme lengths.
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Figure II1-2. Effects of planting density on seed yield,
total dry matter weight and harvest index (Exp. 1).

@ : Toyoharuka (TH), A : Tokei 1122 (T22).

T, * and ** indicate significant at the 10, 5 and 1% levels, respectively.

We omitted non-significant regression lines.
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Figure II1-3. Effects of planting density on number of pod,
number of seed per pod and 100-seed weight (Exp. 1).

@ : Toyoharuka (TH), A : Tokei 1122 (T22).
T, * and ** indicate significant at the 10, 5 and 1 % levels, respectively.

We omitted non-significant regression lines.
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Figure I11-4. Effects of planting density on seed yield on the main stem
or on the blanch and ratio of seed yield on the main stem

to total seed yield (Exp. 1).
@ : Yukihomare (YH), A : Tokei 1122 (T22).
, ¥, ¥* and *** indicate significant at the 10, 5, 1 and 0.1 % levels, respectively.
We omitted non-significant regression lines.
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Figure I1I-5. Effects of planting density on number of pod and
number of pod per node on the main stem (Exp. 1).

@ : Toyoharuka (TH), A : Tokei 1122 (T22).

t, *and ** indicate significant at the 10, 5 and 1 % levels, respectively.

We omitted non-significant regression lines.
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Figure II1-6. Relationship between length of terminal raceme and

number of pod per node on the main stem (Exp. 1).
@ : Toyoharuka (TH), A : Tokei 1122 (T22).

* indicate significant at the 5 % levels.

We omitted non-significant regression lines.
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Figure I1I-7. Relationship between planting density and leaf area per

plant at beginning seed growth stage (R5), and relationship
between leaf area index at RS stage and seed yield (Exp. 1).
@ : Toyoharuka (TH), A : Tokei 1122 (T22).

* and ** indicate significant at the 5 and 1% levels, respectively.
We omitted non-significant regression lines.
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Table IV-1. Average air temperature, solar radiation
and Precipitation during the growing seasons (Exp. 2).

Average air Solar radiation L
DI Precipitation (mm)
Month temperature (°C) MJm” day )
2013 2014 2004-2012* 2013 2014 2004-2012* 2013 2014 2004-2012*

5 10.5 124 11.2 518 614 576 62 43 67
6 16.6 17.4 16.1 693 607 586 77 72 62
7 209 21.1 19.5 602 667 536 8L 72 114
8 220 214 218 447 502 487 205 169 109
9 179 16.9 18.1 366 450 387 196 138 120
10 12.0 10.3 11.4 290 307 296 116 97 88

Total 16.7 16.6 16.4 2915 3148 2867 736 590 560

* indicates mean value of 2004-2012.
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Table IV-2. Planting density, growth development, seed yield and related traits in 2013 (Exp. 2).

Number Plant Flowering Maturity Ripening Total No. of No. of
Row  Spacing of density  Cultivar beginning days Seed dry matter Harvest No.of No. of pod seed 100-seed
width seedlings (RD) (RY) (R1-8) yield weight  index pod node pernode perpod weight
(cm)  (cm) perhill (m®) ~-(Month/day) - (d)  (gm?) (gm?) (%) (@) (@m) (2
60 10 1 16.7 T56 7/12 916 66 259 a 413a  62.8b ee4b  538Db 12a 15a 253a
YH 7/16 9/22 68 294 b 563b 523a  s87a  432a 1.4b 15a 36b
50 10 1 20.0 T56 7/12 914 64 249 a 454a  549b  701b  651b l.1a 15a 23¢6a
YH 7/16 918 &4 2422 5118  474a  515a  355a 1.5b 17b 277a
60 7.5 1 222 T56 7/12 915 65 308 a 509a e06a 8l6b 66lb 122 15a 2564
YH 7/14 919 67 315a 597a sp7a  e40a  48la 1.3a  l16a 312b
40 10 1 25.0 T56 712 9/16 66 310 @ 35a 579a 815b 688b 1.2a 14a 275a
YH 717 9/20 65 376 b 664 b  56.6a 652 a 543 a 1.2a 18b 3210
60 5 1 333 T56 712 9/15 65 317 a 654b 485a 900b 833b l.la 14a 254a
YH 7/16 9/19 65 266 b 470a 56.5b 607a 3%a 1.5b 13 a 324b
ANOVA Cultivar (C) T ns ns ok ook ok * ok
Density (D) sk ns ns sk sokk * sokk sk
CxD sksksk T ns skekk skakok skskk sksksk ns

Means followed by the same lowercase letters in a column were not significantly different at the 5% level as assessed

T, *,%*, *** and ns indicate significant at the 10, 5, 1 and 0.1% levels and not significant, respectively.

YH: Yukihomare, T56: Tokei 1156

R1:Flowering beginning stage, R8: Maturity stage

79
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Table IV-3. Planting density, growth development, seed yield and related traits in 2014 (Exp. 2).

Number  Plant Flowering Maturity Ripening Total No. of No. of
Row  Spacing of density Cultivar beginning days Seed dry matter Harvest No. of No. of pod seed 100-seed
width seedlings (R1) (R8) (R1-8) yield weight  index pod node pernode perpod weight
(ecm)  (cm)  perhill  (m?) --(Month/day) - (d) (gm?) (gm) (%) (@) (@m) ()
60 10 1 16.7 Ts6 7/12 9/20 70 335b 634b s528a 709b 634b 112 14a 347a
YH 7/12 924 74 305 a 5614 543a  584a 421a  14b 15b 343a
40 10 1 25.0 Ts6 7/13 921 70 376 b 757b 497a 738b 8s5b 09 a 15b 3502
YH 7/13 924 73 336 2 592a 567b 71082 7708 09 a 12a 380b
30 10 1 33.3 T56 7/14 921 69 371a 724a 513a  800b 9psa 09 b 13a 3452
YH 7/14 9/25 73 3772 7062 53.4a 7422 913a 08 a 13a 380b
60 10 2 333 Ts6 717 9/20 65 3322 631a 527a 783b go9b 10 a 12a 344a
YH 717 924 69 348 b 619b 563b 7308 e54a L1 b 15a 318b
50 10 2 40.0 Ts6 7/16 921 67 320b 607a 526a 729a 664a lLla 13b  348a
YH 7/16 9/26 72 304 @ 584a 521a 785b ggsb 09 a 11a 356b
40 10 2 50.0 Ts6 715 921 68 3182 662a 48la 7732 6752 L1b 12b 334a
YH 7/15 9/26 73 360 b 658b 547b  gopa 752b Ll a 12a 338b
ANOVA Cultivar (C) ns ns T o R * * ok
Density (D) koK * ns kokk koK KoKk koK *%
CXD seokok -|!- ns seokok seokok sk seokeok *

Means followed by the same lowercase letters in a column were not significantly different at the 5% level as assessed

T, *,**, *** and ns indicate significant at the 10, 5, 1 and 0.1% levels and not significant, respectively.

YH: Yukihomare, T56: Tokei 1156

R1:Flowering beginning stage, R8 : Maturity stage

80

by the Tukey—Kramer test.
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Figure IV-1. Plant shape at maturity stage in 2014 (Exp. 2).
YH: Yukihomare, T56: Tokei 1156

* indicate row spacing, width and number of seedlings per hill.
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Figure IV-2. Effects of planting density on seed yield,
total dry matter weight and harvest index (Exp. 2).

@ : Yukihomare (YH), A : Tokei 1156 (T56).

1 and ** indicate significant at the 10 and 1% levels, respectively.

We omitted non-significant regression lines.
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Figure IV-3. Effects of planting density on number of pod

and number of node (Exp. 2).
@ : Yukihomare (YH), A : Tokei 1156 (T56).

* and ** indicate significant at the 5 and 1 % levels, respectively.

We omitted non-significant regression lines.
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Figure IV-4. Effects of planting density on number of pod per node,
number of seed per pod and 100-seed weight (Exp. 2).
@ : Yukihomare (YH), A :Tokei 1156 (T56).

indicate significant at the 10 % levels.
T g

We omitted non-significant regression lines.
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Figure IV-5. Effects of planting density on seed yield
on the main stem or on the blanch and ratio
of seed yield on the blanch to total seed yield (Exp. 2).
@ : Yukihomare (YH), A : Tokei 1156 (T56).
*, %% and *** indicate significant at the 5, 1 and 0.1 % levels, respectively.

We omitted non-significant regression lines.
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Figure IV-6. Effects of planting density on number of pod
and number of node, on the blanch (Exp. 2).
@ : Yukihomare (YH), A : Tokei 1156 (T56).

* indicate significant at the 5 % levels.

We omitted non-significant regression lines.
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Table V-1. Seed yield and related traits in 2014, 2015 (Exp. 3).

Seed Total Hervest No. of No. of No. of No. of 100-seed
Place Year Cultivar yield dlyn'latter index pod nod pod seed weight
weight pernod  per pod
@m)  (@m) (% m) () ©®
Ebetsu 2014 TH 475 a 805 a 64.2 a 664 a 534 a 1.2 a 2.0 a 39.1 a
™ 459 a 797 a 67.0 a 790 a 700 ¢ 1.1 a 1.8 a 36.6 a
T1180 477 a 801 a 61.6 a 727 a 588 b 1.2 a 1.8 a 37.8 a
2015 TH 339 a 652 a 46.0 a 623 a 414 a 1.5 b 1.8 a 345 a
™ 369 a 693 a 472 a 681 a 544 b 1.3 a 1.8 a 347 a
T1180 369 a 694 a 472 a 656 a 522 b 1.3 a 1.9 a 359 a
Memuro 2014 TH 434 a 706 a 69.7 a 671 a 543 a 1.2 a 2.0 a 369 a
™ 576 b 1064 b 57.0 a 867 b 766 b 1.1 a 19 a 372 a
T1180 530 ab 832 ab  65.9 a 741 ab 627 a 1.2 a 2.0 a 375 a
2015 TH 363 a 640 a 50.2 a 560 a 426 a 1.3 b 2.0 a 343 a
™ 353 a 674 a 46.4 a 561 a 552 b 1.0 a 1.9 a 36.5 a
T1180 365 a 658 a 493 a 560 a 524 b 1.1 a 2.0 a 36.0 a

Means followed by the same lowercase letters in a column were not significantly
different at the 5% level as assessed by the Tukey—Kramer test.

TH: Toyoharuka, TM : Toyomusume, T1180:Tokei 1180
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Figure V-1. Changes in lodging score (Exp. 3, Memuro, 2014).
Lodging score: 0 (no lodging)—4 (completely lodged).

Table V-2. Seed yield, related traits and ratio of yield loss
by lodging in 2014 (Exp. 3, Memuro).

Total
Seed ota Hervest 100-seed  Lodging
: , dry matter . .
Cultivar yield . index weight score
weight
2 2
(gem ) (grm ) (%) (2) (0-4)
TH 332 a 631 a 52.7b 374 b 20a
(24) (11) (24) (1)
™ 337 a 701 a 48.0 a 356 a 40D
(41) (34) (16) (-4)
T1180 381 a 753 a 50.7 ab 37.2 b 40D
(28) (10) (23) (1)

Means followed by the same lowercase letters in a column were not significantly
different at the 5% level as assessed by the Tukey—Kramer test.

TH:Toyoharuka, TM : Toyomusume, T1180: Tokei 1180
In “ () isratio of yield loss.
Ratio of yield loss (%) = [1-(’Score under lodging’-’Score under no lodging’ )] X 100
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Table V-3. Changes in lodging-related traits in 2014 (Exp. 3).

Ratio of pushing ~ Pushing

. . Height of Top fresh  Top weight
resistance resistance gh P p weigh

Place Stage Cultivar moment moment gravity center weight moment
(g-cm) (cm) (2) (g-cm)
Ebetsu  RI TH 0.167 a 8219 a 26.3 ab 50 a 1318 a
™ 0.238 b 7242 a 27.7b 57 a 1611 a
T1180 0.222 ab 6273 a 249 a 53a 1370 a

R4 TH 0.179 a 28325 b 36.70b 136 a 5006 ab
™ 0.273 b 21986 a 3750 153 a 5739 b
T1180 0.215 a 22133 a 34.1 a 135 a 4651 a
R6 TH 0.251 a 27737 b 344 a 203 a 6973 a
™ 0.306 b 22678 a 349 a 199 a 6937 a
T1180 0.250 a 27265 b 350 a 195 a 6825 a
Memuro V7 TH 0.117 a 3317 b 18.6 a 20 a 365 a
™ 0.231 ¢ 2739 a 20.6 c 30b 610 b
T1180 0.186 b 3010 b 19.6 b 27 ab 539b
R3 TH 0.627 a 11803 a 54.6 ¢ 128 a 7001 a
™ 0.756 a 11727 a 5260 150 b 7894 a
T1180 0.668 a 12605 a 503 a 142 ab 7146 a
RS TH 0.589 a 18953 a 54.0b 199 a 10713 a
™ 0.529 a 18647 a 489 a 195 a 9610 a
T1180 0.549 a 16776 a 479 a 185 a 8948 a

Means followed by the same lowercase letters in a column were not significantly
different at the 5% level as assessed by the Tukey—Kramer test.

TH: Toyoharuka, TM : Tyomusume, T1180: Tokei 1180
V7:Seventh trifoliolate stage, R1: Beginning flowering stage, R3: Beginning pod stage,
R4 :Full pod stage, RS : Beginning seed stage, R6: Full seed stage

Pushing resistance moment (g cm) = Pushing resistance (g) x Pushing height (11 cm)
Top weight moment (g cm) = Top fresh weight (g) x Height of center of gravity (cm)
Ratio of pushing resistance moment = Top weight moment (g cm)/Pushing resistance (g cm)
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Table V-4.  Changes in lodging-related traits in 2015 (Exp. 3).
Ratio 9f pushing Pl}shing Height of  Top fresh Tf)p
Stage  Cultivar resistance resistance gravity weight weight
moment moment center moment
(g-cm) (cm) (g) (g cm)
R2 TH 0.130 a 11791 b 29.1 ab Sla 1497 a
™ 0.195 b 8602 a 300b Sla 1532 a
T1180 0.148 a 10011 ab 27.7 a 52 a 1442 a
R4 TH 0.132 a 24280 b 335a 93 a 3148 a
™ 0.182 b 20176 a 343 a 105 a 3637 a
T1180 0.153 ab 23191 ab 334 a 104 a 3499 a
R6 TH 0.170 a 28633 b 353 ab 136 a 4854 a
™ 0.230 b 25839 a 36.2 b 162 b 5829 b
T1180 0.179 a 25659 a 32.7 a 143 a 4712 a

Means followed by the same lowercase letters in a column were not significantly
different at the 5% level as assessed by the Tukey—Kramer test.

TH: Toyoharuka, TM : Tyomusume, T1180: Tokei 1180
R2:Full flowering stage, R4 : Full pod stage, RS : Beginning seed stage, R6: Full seed stage

Pushing resistance moment (g cm) = Pushing resistance (g) x Pushing height (11 cm)
Top weight moment (g cm) = Top fresh weight (g) x Height of center of gravity (cm)

Ratio of pushing resistance moment = Top weight moment (g cm)/Pushing resistance (g cm)
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Table V-5. Lodging-related traits in full seed stage (Exp. 3, 2014, 2015).

Number of ; ; -
@ er o Rath of Pgshmg Helgh't of Top fresh  Top weight
. primary pushing resistance gravity .
Year Cultivar . weight moment
lateral root  resistance moment center
1 , (2 (grem)
(plant ) moment (grem) (cm)
2014  Toyoharuka 23.9a 0.251b 27737a 34.4a 203a 6973a
Toyomusume 20.0b 0.306a 22678b 34.9a 199a 6937a
Tokei 1180 22.0ab 0.250b 27265a 35.0a 195a 6825a
2015  Toyoharuka 24.9a 0.170b 28633a 35.3ab 138b 4870b
Toyomusume 18.7b 0.230a 258390 36.2a 165a 5953a
Tokei 1180 21.6ab 0.179b 25659 32.6b 141b 4595b
ANOVA Cultivar *k ok ok ns ok *
Year ns Kk sk ns sk sk
Cultivar x year ns dk ns ns *k *

Means followed by the same lowercase letters in a column were not significantly

different at the 5% level as assessed by the Tukey—Kramer test.
* ** and ns indicate significant at the 5% and 1% levels, and not significant, respectively.

Lodging score: 0 (no lodging)—4 (completely lodged).

Pushing resistance moment (g cm) = Pushing resistance (g) x Pushing height (11 cm)
Top weight moment (g cm) = Top fresh weight (g) x Height of center of gravity (cm)

Ratio of pushing resistance moment = Top weight moment (g cm)/Pushing resistance (g cm)
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Table V-6. Lodging score, number of primary lateral roots,
and ratio pushing resistance moment
of six nearisogenic lines (Exp. 4).

Lodging Number of primary Rat19 of
score lateral root pu'sinng
: q resistanse
Le -4 (plant ) moment
2016 2015 2016 2015
BC,F BC,Fg BC,Fo BC,Fs
NIL-A 2.6 a 22.1 ab 17.6 ab 0.20 abc
NIL-B 23 a 22.6 ab 17.2 ab 0.17 ¢
NIL-C 30a 20.9 ab 16.7 b 0.21 a
NIL-D 34a 20.6 ab 17.3 ab 0.21 a
NIL-E 1.7 a 22.6 a 23.3 ab 0.19 bc
NIL-F 33a 19.9 a 156 b 0.21 ab

Means followed by the same lowercase letters in a column were not significantly different
at the 5% level as assessed by the Tukey—Kramer test.

Lodging score in 2016 at the Tokachi Agricultural Experiment Station.
The lodging score was recorded as: 0 (almost all plants erect) to 4 (almost all plants down).
Ratio of pushing resistance moment = Top weight moment (g cm)/Pushing resistance (g cm)
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Figure V-2. Relationships among lodging-related traits (Exp. 4).

(a) Lodging score and seed yield in 2016 at the Tokachi Agricultural Experiment
Station (TAES). The lodging score was recorded as: 0 (almost all plants erect)
to 4 (almost all plants down).

(b) Numbers of primary lateral roots in 2015 and 2016 at Rakuno Gakuen
University (RGU) and lodging scores in 2016 at TAES. @: 2015; [1: 2016.

(c) Ratios of the pushing resistance moments in 2015 at RGU and lodging scores
in 2016 at TAES.

* indicate significance at the 5 levels.
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Figure V-3. Relationships among lodging-related traits (Exp. 4).

(a) Numbers of primary lateral roots and ratios of the pushing resistance moment.

(b) Numbers of primary lateral roots and pushing resistance moments.
(c) Numbers of primary lateral roots and top weightmoments.

(d) Numbers of primary lateral roots and top fresh weights.

(e) Numbers of primary lateral roots and heights of gravity centers.

in 2015 at RGU, respectively.

* and ** indicate significance at the 5% and 1% levels, respectively.
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Table V-7. Analysis of variance of number of primary lateral roots
for each DNA marker (Exp. 4).

Marker
Factor
BARC19 1248 Sat 099 BARC19 1255
Genotype ns * ns
Year % %k kek
Genotype x year ns ns ns

*, **and ns indicate significance at the 5% and 1% levels, and not significant, respectively.
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High yield-associated traits of low-branching soybean cultivars
at a high planting density.

i |
Increase in No. of pod Breeding for high-lodging tolerant cultivars.
the main stem. ﬂ
I 1 Evaluation of lodging tolerance

without lodging score under filed

Increase in Increase in condition, and effects of the lodging
No. of pod per node No. of node tolerance-associated QTL (Exp 3).
on the main stem. on the main stem.

1 1 v

Line containing QTL for lodging

Introduction of breeding  Use of breeding line tolerance produced more primary
line with long terminal with a semi-determinate lateral roots and a greater pushing
racemes (Exp 1). growth habit (Exp. 2). resistgnce moment.

- Lodging tolerance may be evaluated
by measuring primary lateral roots
or the pushing resistance moment
after R4.

Breeding line with long terminal
racemes had increased No. of pods

per node, this line produced

a greater yield and No. of pods
at planting densities > 33 plants m™. Identification of the proximal region
of the lodging tolerance-associated

QTL for lodging tolerance by
evaluation in Exp 3 (Exp 4).

‘V'
Breeding line with a semi-determinate

growth habit produced a greater yield and No. of
pods at planting densities of 33 plants m 2 with

individual plant, but not with paired plants. QTL for lodging tolerance is

located near Sat_099.

Figure VII-1. Results and relevance of each experiment.
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