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Method for evaluating and agronomic factors related to varietal
differences in soybean branching plasticity in response to

planting density

FEEF B 21133004 F K (Agudamu)

BB MWEWRAEPES Bz 27 K6
BE B e [ K KB B e if g R



BIE ®WE

1. A4 ZHEINOHKRKEL, REKXNE OBEMEICE T 5 RH 1

[\

HoKRICE T D & A B o BAm kA & BAE

B

BEROS BT 5 BE
1 O B 58 2

3. M DMEY Ll LTS E DX A X OFAEE G O R 5

4. SETEBEOEXR L TORENER, B X OEAHE 7
5. Sy BRI BT D fil B R A o> 4 B 10
6. 4y ke A VEME o FEAm & 7 oo B BE R\ BY 4 B iR BT o FIE 10
BIE #MBEBIUVAE 12
1. B EERISICBIT 2 Ak miEEZZGER 1) 13
(1) 5K 5 Ff 13
(2) HHH® 14
(3) ATk 15
)y EEAT —V 15
2) & AR L OEIREE 15
(4) XEM=E 17
2. G B Rr ¥VE o FE A E GRER 2) 17
(1) Bt FE 17

(2) # 55k 18



(3) ATk

(4) 53 B mT 8l o B R 5 1B

(5) [B M=

3. IR 2R DS I T2 5y B v BB E 0D % TE M (
(1) BEEL AL FE & FEs )7 ik

(2) 53 A Rl P8 B O B 5 15

(3) XL =

4. Gy B AR o £ B FF Al vE GUBR 4)

(1) ftaK il

(2) #&: H ik

(3) ATk

1) BRI B P J6 1T 2 43 b vl YE 4 il oD #E E

2) JiE & P E FIE

i

5. AR EVEN BT AL BT R GUER 5)
(1) BERASHHE & s 5 ik

(2) 53 BRI BEPEAE O R T I

BRI & BN D BT, SR

¥ o 9 R iR 4T (R 6)
(1) #E3 &5 fE

(2) #HE: 5k

AR 3)

18

19

19

20

20

21

21

22

22

22

23

23

24

24

24

24

BT D b FE ] 72

25

25

25



(3) W& ik 26
1) J& Rl X v 26
2) AH X R B d X OVIN & A 26
(4) FENE - INEMLERE OIS E N, F & U5 B 8 M o 3 i
WIRFS 27
(5) AWM= 27
EME HEFERKICBITI2AXRAEMZR

1. AFAT—V, FENEBIOCNEMEEE 29
2. FMEE FE s 30
3. & % 32

FVE SHETEROFME

l. AFAT7T—V, FENEL IO EFEEY 34
2. RhE R RO 36
3. [H Yy oy BRI R D 5 TR EL B 38
4. Oy BRI VR MEAE & R IEME o0 B 4R 38
5. 8 % 39

FEVE SREEZEEISA-OBHAEHENEEN
1. B ml 8 M oo Bk ] 7= 43

2. & % 45



BEVIE HBETEEOEHZEMME

1. 7 FENE KRB (RS)IC R T 55 BRI & 2 o0 B rT % o HEE
48

(1) &nfE 72 52 48

(2) SR C K D HEEAME &, [ 3 o b T MR AE & o B AR 48

(3) HifZl b RIC X DHEEME &, WG o ByiE & oKk 49

2. FRAHI(R)IZE T 5 HERIREIC X D 0B vl B o HEE 49
(1) i Ff ] 722 A2 49

(2) S RFMEEIC XD HEEME &, MBS o BEMEE s o % 50
3) SifiBl o EIC L DHEME, BE o TEMEMEE OBEKE 51
3. & % 52

FUE SHEATEEORERMEZERZELSELSHEYVFEHNER

1. XM EEB X OCRBEM L, obw] 8o E&K 55
() AEEAT —V 55
(2) THRINEL L O &BEEEE 56
(3) HAE % B SR 57
(4) BT & RptE, B X OXMEMNE L O BF% 59
(5) % % 60

2. R R L RICEE NS BT, SE AR T 5 X ME M

] 7= % o FL K fiF Ay 61



(1) AEAT VB IXONREREREH 61
(2) HAH % B RS & 43 B AT 3 M fE 62
(3) o3 B i It e 64
(4) =tRE 66
(5) ZHEHB L OSE M ERER L O BK 68
(6) & % 68

FWE KREHRE
Lo AT R F5 1T % dh L [A] 22 5 O 77 1E & AR R HF %k & o B o
2. DB OE GO & b5 WR 76

3. MBENRELD AT B0 MEREZR N ELC LR L,

ZOMEZ BN DKM RER 78
4. AL RBEEICBIT 5% ORYE 79
5 Bl P D UL B 22 EVE~ O HBRE O FEFED LBV, HIET

oy hg A] P R T 80
B 82
o 88
51 A X E 89
RXERN 103

X & 112



"
i
e
i

1. FAXBROBRBEEL, BEKRI OB ESICEA TR

BA X, HL< X R RBM OB E L TRAEE, AKX
b X254 A RRIEMTHD. LirL, HROEERIT 25 T t
EHRBED 0.1%THB L THEY, HEE 400 Tt D5 H 90%U L
ZKENOE AL TWDURMKRKEE 2014). BHAEDO X A X HEFED
Ot 1 POERE LT, HINOKRERH T 5D, Fig. I -1 TR
TR, 1950 FLIBE, BARX A ZHPITIZ & A LM ERH LT,
SEEY 17t ha' ICBE AR Vo lax LT, KEDZ A XL
I B0, 2 SO AE TN Lk i Tk 0, AL E6E M 12 B8 W T X 3.0t ha!
Bz, A RXHEINOHBHKEETIERDO —RE2ZE>T0DE (D
2009, USDA-ARS 1997).

DA XZHEIN O H KA OHER L Katsura 5 (201112 X i, &
ELTHAROEFTHHMOBHEOEZRTHD, NEXRT ¥ ¥ L
DRESLEZNICHIELEREBEZFEOEE LB S LTS, o
KIZOWTHBAAELMITLNEIT O TWDLR, ZOMLBE DM
AL ISR TZ .

U, KEREOT ALZHBENAABBICHXTERL TS Z &

IR LT U 5 (Tanaka et al. 2010). & 52, KEMSMEIXZH AR M EIC



T, i EHHWEIRETOOIZELD LT, ERID 72 H
MIZH D (FFEDH 2009). KEMFEOZLZEN 72 &I &I, P
EOHENBRBEBEIZRSTObEWT AXHBELHFFTE, BKRORBEE
PEHBTHD I EICHXAON TV EHBRIND. 20 K5 2EEHK
DOMEIZH T DOCMHEICEIT 2 B KMHEE O ZERED, EF ORI
ZDIRIZHNboTWAH ETHIND.

Bk EO KRR Z T 2 &, KEOF A4 X0 E T id e
i 40cm 2 BE O K [E 0 & A X AL FE HCIX BENE 40em B E O 20 A m7?
LLb, <03 24~25 A m? L Lo AR E N E K L T 5 (A
B O 201Dk LT, H A O HER 7 okl vk 23 b i il T o e
60cm, KK 20cm @ 2 AT 16.7 A& m>(W H 1986), ¥ H A Tl
8 70cm, #KR 15cm @ 1 AT 9.5AK m? (WIS 2004)TH Y, %k
OB BEN 1.5~25FRES . ZORMBEEOERN L
A XBEINDOHAREZDILRIZRZALNPORETHEE LTS EEbR
% .

2. BRIZEGAFAARBEORERAEBEEBTERCICEHATIRED

B

AHARDE A XMW T, BHEICKD2HEEYE D O E O
ZELARVRE S, KEAMEML, TEREFAAETLIENI KRS

S OMENH D (P - % 1981, Miura and Gemma 1986, i H



2000). £72, T DL OBMEBLE L, (Miura et al. 1987)I12 X uix,
MaE< T2 X0, HIEZENET L5 EEYS I E DB REED
M, MIRHIRELRZD D . iz, B S995)IC I, MEHD
/IBE LR CIX IR HE R A 25 16.7 4K m 2% L C 2/ DM 334K m™
TINS5, 3/B0 50 A m?2 Lk TIEBIT S .

— 05, PERES (2008)1%, SFE Y = v AR U A2 W CTRERE AT & e
FEoMBREEZERL, EEREX IV ABTEOLD RS R 2BEXRICE
WTEMICEDZHNENES L, HMRKOGANRLETDHLELTND.
6, EHA98)IZINIE, TNLOEMIZX DN R ERE
MIC T 212013, ZEBOZ VoI EICE S T, Foli A S o $#n
DESE, WMIICHOSE, REARELAMEROH G LV R WHER

IhHEXRGHEOEANFEHTH 5.

INDOBERIZE DI R 2 I B> S FEM ISR L
Bl LTlL, BHLA)ICKDE, FvFA~v L EXTFRXAXF VI
BT AEMIZE b o BIUL, X & SBIEMN OIKWIERE O35 5
DEMIZEV bbb, BESQRIONDIZEINIET, = AICE
TOEMIC L DM ITHER EBICEEBELZ < oML THWREER
Brn/hs<, Rzt 2Tt 2EETL. HHEL
(2008)i%, VT2 X BB T HHIVITBRAGMOZIESE O M L &K

R OFEEBEIFER 44~5.0 L m<HERFRIND ZEPEKTLLELT



WD, INLBEREOAMMENSHL NS, ITE, —EERIC
BWTHRHEEMEZENEL Lo oH D (FERBS 2005, k5 2003,
FEHE D 2015).

L L, BREHEMEEEICEBW I ERNBEICR-TZLITLD
BARRCH 72 ENUMEVEE 2> TS ORE 1980). % 7=, ji#
H 520152 XL, REFEMEZICIVBEROZ T B 2R
LHEBELOBRAICE L TAHAICRZRY  REMFEEIBRB I — T,
WEOE FXabewn. £, 25K m? Ll ko R e 58RI
B, —KPHEERT I, 2o THR L% L 2004), ZOHAE
TEHFEMA LD GIEFBMEZ O N, TAE OMIERNDEE ML T,
WU &2 Bk X (P E S 2001). S 51, mWERMEICEH D MENE
Lo TWDEMGER 201)°, HEARMEN oI

ZWEMOBE CTIX, KA LELT, BVWELLABEIZT 2 HLER
H DO (KA 1980), FeBEFE: D E KRN WEE O 2011).

— %, KEMFEICEWTHREEERISICET 2% < 0o@E»l
< MBbHEBND. Wilcox(197NDIZ I niE, ¥4 X & sz 25 &K
m? L EICEBBELTH, ThiCE bVt EEEwEAEMNT 5 —
5T, IR RIE IR FIZ A bR, I N
5. 30 KA mPREREL EOREESMETIE, WEOHIMITA LT,

IFI1E — EIZ#E T 5 (Duncan  1986)2%, I & & X HE 8 B 28 fh o B X (2



KXV AREZEICHRY, E#E LT < 72 % (Spaeth et al 1984, Donald
1963). Cooper(1971a, 1971b)iIZ L+ i, EEELRME T O &, IHE
BEORZESICTEHBERSSETINOZEEN/E S+ 5. & 512, Board
et al.(1990a, 1990b)iL, BEEET AL AT E R ENEETH Y,
Wh R e W Bk BT IC K D AT, Ay BR U R s K UMy Bl oo I A Rl B SR oD
BEKIENES WS GICLTE6 35, 72, Coast 5 (1987)I12 L i,
e EM I, MUBMEE L, MBEEZHERD D X0 b RkEEREIC
EAWMINZER, BICRERFBICBWVWTEY. Zhb0®MEIL, XK
[E 1T 2 A B 20~25 K m™> THEME 40~ 50cm O B lE 3 55 0 I
K& @ %% (Heatherly and Elmore 2004) & 72> CTWH EE 2 b 5.
Ll X 2B kMEE IS, ¥4 XOKMBEERKISICET 2%
KOBRERLINTWVWDLR, BMBERILCDO ETZDLERTH L 0K
DEALTRE (R R O pEFTBEENCER L, ThziMil T, &M
FtEE LE S & LEMBEITIEEAERL R,
3. DM EMELBLIZBEDTAADORKIER E R IE O M
—RICHED O BB EO DI T @Y R REBEENEETHY,
BAMFEOZNMEZS EHT OO HE OFMEERXBRN I
T&E. £#H - ZEHMALE )Y FHlZ2F 00, EFEMIEDO N Y
FTray, aAX, XA XOM T, T OFHMEEKIGO R % L

LTHD.



PALV—VHMUER I NTBWTIE, A0 R B A xR
(Relative maturity) T X 43 & v, i B4 (RM73) 2 & iz B A4 5 fl
(RM130)E THRIEMELUWEHEDS  2010), b A AR TEZE A A, A4l
fE (RM85, 100)D #e il % 1%, 1980 U E TIiE 6,500~7,500 A /10a
EINTECGERE 1973). 4, BELER, fRE A G ERM75)0
B, shm:, TREEKERLEOHFLVHEMEEOE LiICL b Ry,
fix B A R (RM75), B2 R (RM85), W14 dh B (RM100)Z 1L 2 1
10,000~12,000, 9,000~10,000, 8,000~9,000 A /10a A% 1E #k fif % £ &
L THRINMGED 2006, FF 2015), R LIV 2N ERDL -
BHEBENERL LooH5. Zo0oko1c, hryEva Y TIEAHEED
FBEE & E A ORI S TH D DI LT, [A LA
AEOMBTHEBEL, TORMEERGOMBEHREZRZRH D L)
WA, LM THEANTELAE2RWVWT, FLAEALRARY.
X, A4 X, aAXICHXT, hUERaY, KFIZT ha—v

IBWTHT SORENIFFIZD R, HEEEIIRT 58D
BKEPXBMLTWLIFRTHL EEbND.

TLAFICBNTS, 1980 FRLLERIC B U R BE 25 % M L T LUK,
BRI, A MO T HRE = L X01T 340 b m?, K = A X3 250
BLom? A UE(E A 2018 Sh, RESHMOEDOERELD 2D

2, ESLTHLBFEIC R oG EITIE, BRI e L THFEE



2L THIERHERINTVDLEADL 1998). T4, BRIz
KEa L X MBS ERATIHDT ORI EWTEOIT, EkD 6 F
BEO 150K m?> TRWETZHE(FR L 2011)LL4H 2 5 FE IS
B EERICOEZERDPE R SND Z LiTD .

Nl gV Tl B A G 0 (Il helb S RV Gl = O 5 T )L ) S Rl T = /A
ETDHENILEDWENH Y (Cooper 1971a, Wilcox 1977, [E 4y
il H 1985, Johnson and Harris 1967), = O MM ZR O F 7= 5 BEK

RO IR FE S Th D (P - R 1981, FFESH 2010)&
EhTWw5

A AXDMFEIFTY V= AT, RHEOPTHAIZES AT, BA
e L CARLTERLEINGEIH 1987), hyEravRa AF
IR THORORBER N ZE L T, MEYHEOMEICET 2 HE 2
Kitafo2EZZ2bND. EDOH, XA XD EFREMEZ kO
KRR E O I & & F b7, Bl % B BOs O FE B (5 2k o 55 B2 7]
MY RICIR 2, MR E L CHET LI &L, ZINEHEBLL
RT VW RES, R T 23 F I ERER CTHEHDBE R OME N E
CRTWELEORBONEMERDOFNTADO > 2 TEETHDL LB
bbb,

4. PR EHOERLEZOBREMNES. BLUBEHRE

EHOIE, BVNEICBW THREBEEICL D FRNNEO LN DA



WHE, TR2LOLRMEEICIDIOKEINEO BN KE L, B
L5 EXNBEOE F 2o EOEMICL > —JF, BT
DREOMEBEEFED VT MmEI L, ZELIEEROEE KIS &
TIMWEE XA XD HEMEL L TERLE.

O WBEEEO DL LIE, LMTDO XS & A X0 ELE
PICBTLZ2UTOEY R Ay bbb EZELXLND. B —I1T, X
HRIZED2WMRRBEOCERBELS FHIND. 7TAFIZBNTIE, K&K
JE SO AR AR D AEEEAR IR T 121% DO ELXZ AL, REKICK DI E
WAEMET L2 ERAMHILTWVD R 1986). ¥ A4 XIZBWTH, 4
AR OREIL, CORBEMEENEWVAREEL RO EE X
bihb.

BN OLEHICLINEDOALRELMDOKBRH T LD,
ViR BB HIIC W T, A A OBERFHI SRR & H 22 57201,
FTELTWEHHICHEE TCEARAWVWEANRZ W ILDS 1987a). & &
HMOBIENL, ¥4 XOKOMEZIME L THEY OH LR S
B, WEPBLLIHAENZ WIS 1987b, KEE 1980, H A - B
B 1986). L L, i ABEos s mEEA VWD L, XEALARY
Mo EnEOMENIMEI SN2 LM TH- ThH, ATEMENRE
I, BHEBHOECLINEOEEF N VN ERTRHREIND.

SHICE =S, BEFETCEVE AL EO D IZ AV &



EORSTIEFWVWT 2V AORINEBEDREINEZONLD. T4b
L, Ly, HiEgZ 80cm UL EE LR TIEIWITRWES, HIE
WEE LB LR OBMINEORKES TREND.

B, ERATIE, LELEIRBEARVYHORKIBRICEHEBLAESR
AEGEIRBEDND Z DDV, HEOMBIC XD EHBEAR DI
D, W HHH 1986). ZDO LI RGAHTH->TH, BT
O FE X, B R R <, RO oM & OE S E o R
rFFO(PTHERS 2015728, KEBIER, SEPERICHE L,
fMiBAR LD DREMA D AIREMEL R .

B, EELXA ZADOREERBEOR LN S, BREFIZAMHEH
FIEORBE» DR L OFGICEWSY A XEEN, bbb, ER
MEREEN NS, ZHEO EAMNEL, BRI D MENK
D 5 AL TUW D (Kurokawa et al. 2015, Norsworthy 2004). 4y &% ] %8 4
D\ fl X, BRSO KBEENERICITONDL O, X
DB DPDLOLTEWVWHEEELEOBEF N ERT N THRIND.

o, BERKREWNRMmE LTIE, Er-ROKBEAZZXLOND.
HEHEXREICEWT, BRFEAMMEICIDIEERELSRALICITDN
TWD R, OB THANEMN~OEAFITHH L TR O HAN D &
& L T\ 2% (Chen and Wiatrak 2011). #HE A% 2 & /NRIC L+ =

AREEOTZ LT, BFRICE > THROLBFBEHRBEERI FiEO 1



DOTHLHY, BESEOR EIX, YA XREOEELREHEAEED
1 o & /5 TW % (Rigsby and Board 2003).

SR EE WO MR A H W BEE o F%EIX, & L TRARI
WTH LI, BRI T 20 EAE, B E R EFRE R (Smith
and Jordan 1994, Steingraeber 1982), & O f#f ffi i} 7= ¥ (Bisht et al.
1993), ifif f& ¥ (Banez et al. 1999): O AR BF S AL TWb. L L,
FAXDGEABEMEICERLT, FENRELEOBBERFT LIEHRE
TFEAEHBRLNR .

5. A RAERICEATAITSTAMOREN

IR BFRAE L LT A XOBEBHH R~ LR T
FHIeDITIE, < DOF A X EFE - RO o AT YE 2 FE AT 5 %
Wndh D, LorL, SEATBEORMO 7= DI2iE, KK 3 KED E
DR LR 2 R 3 SO CROE L, S Bz 5 L 72
TniEesd, WRKRThiRAzZzEL, Z<onfELHRT L0
FEFEICHETH D, £ T, HEHWITELE D MM D 5B ] %%
EHBICRMET D HIEEZMHLT D ERNRARERD.
6. P ERAEMHDOFMEEOEEEZERICEAIT LSBT OFIE

KWL, 6 DD EBEHABR(TableI -)&2 FEM L, LTFTDZ L %2
AL, Bl A XOBBEERZ FAME LT+ 2N &L EMEIS

B b o, T bbbty oHLVWEEENS, 20O

10



AR AZREHAOL I L., FLIC oMM ER L EHZICEHD D
BENBLOEMERNERNO 2z Raf L. B IR KkO ST

MPEICE T2 FHICH ST 200G o —&E2mHmatLicb
DTHD.

T, FNBICBWTCHXRSNEOFENEOKREZICEDS EED

IF

NOBEEEICSTHDNBEORZEEDEREZHLNICL, Zhiy

5

BOBMEBEEIEORE SOBEKICOVWTHRFT LE. RIZ, Z0F
IVEIZIB W TR DORAEEEIS D RE S 2o M & E
COBREEFMT L FEEREZS L L. BEVEICEBW THRH
I EDOREDFEREEFN DY, TADNEDORXRERKIZL > TH
KEEIALTWLI2HLMNZLES & L.

I H I, BEVIEIZEBWT, ZLOMBEOSETBEEZHAEL,
KOBEHELBICHERD T DD L ERESFEMEEZEREL L
E L7, E72, BVIREIZ I\ T oy B n MM B U 7 3B A5 A 45 1

ZTOEMFHERO — 2 R ONERE» b RE L.

11



BFIE #MEEIUAHE

ﬁ‘ >
1

i Tl N7 oy B R AR O FE Al & 2 oo B A B D MR AT & IE

FENCCiih % 728, Tablell -1 1278 L 7= 6 - @ [l 8 34 Br % K f2 5 4]

/

R EEE Y (LT B #&ET) T 2009~2013 £0 5 » FITb i
DFEM L7, 2012 I DOWNWT O K, JbifidERENEE o Z — IR
ML T EEXE,r E)TORFBICHBRZB Z o 2.

AR 1 T, 2009, 2000 FFiCENERHKRLS L2 w2 VW5
IKYE DI FEE R A FE i L, H oK R O B B RS O E W & B
Sz Lz, B 2 TiX, 2011, 2012 4FICZ N A K& 3,2 dh i
I 7o R BRSO L, Sy Bl AR o R A& R Al 5 7 A
(IR MEE)E ZER L. & 602, B3 TiX 2012, 2013 Wi4E |
BRMER BREFEO EHZ 1 SEORMEEERRLB IR o .
LLE, BB 1,2,30 5 »F3 6 MFHICH T H5K[LENR &4y wT ik
HOBEBERANL, ROLLE L oMl 25 B RE % 2
RrLES ELT.

W2, R4 LTEMBEO K ATBEEHEELZMEL, FRkoFHE
ORI DI, [FBENOKE Z BB IC 2L S 8 7 B
REBRAZ 2013 4FICEMLL. I, RS E LT, HEKL 3 MM

TNENEMELICHETLIBRAEREEFEZAT 24 3 RZta 2012,

12



2013 AR IR L, 3 EEEoRMEERBR 2L 22, AR 1, 2 Of
RELdbbW T, AT EMEMNE B ERS X OXMEME L O BEKZ2 B

Lzl Lo Lz,

mBIc, BB 6 & LT, 2012, 2013 4FD 2 »4FEIThbT-0, £F X
T=UNIFIFEHELU LA XRELE I BEEXMBEEELFICE D 5 %R
Bl 2S5 1 2 E2HY, BMEEELBHECRE, DB ER

BRAEFEL, XMEMEN S TEEMBEICRIZTEEL, T HESE

FE LIeEMFRERO A2 LMIc L LS & L. SEAE

PEAE O 8 5 REAG 28 ATRE 2 & 2 )& et LTz

1. BEBERKICET2BXGEBREEGEER 1

(1) $EmE

Table IT -2 (25 BR 1(2009~2010)F 2B A2t 2 R L 72. 2009

FIZIFAEBEERMHEO b3 A2 X L KEMLEDO Athow %, 2010

FCFdEEREO hI LA ARXE NI AT, BRXOKEMLED

Athow & LDO00-3309 Z V7=, b 3 A 2 X (58 L& 0F JE 6% 48 + B

BEABLG(BRERICTERINTZABRRMORBELZ LD, £
EdmfEch L. ba b EFBEXTER L. (KR EHHE

AR E AT ERL, 2 NS VINEEES S WA TH D .

Athow & LD00-3309 & b IZKE AV /7 A4 M THKS 1L,

Non-GMO(M FEFE L OB THE THEAFTEN I NTZREDO 2 V)H)Z

13



@A TH Y, LD00-3309 IZDRFALECTH L. WmAEE LI,
KEFETO S KM TH D, F B O Maturity group:
MG(Hartwig 1973)/%, P33 LA A L I L1, Athow 251,
LD00-3309 NIV TH 5. ZMEMEIL, FILAAL MINLAIRE
FR & A, Athow & LDO00-3309 WHERMER CTH 5.
(2) HEAE

Pk R o Bl R FE BRI 35 12 T 2009 ARIC R 2 AW EEA S A 1S BIC,
2000 4RI i3t 4 A S H 24 HICHE B L IR 2 RhifE& & L C
MEZRIZT2HEMAETSE, YIEEORERBZICHSI L 1 R TE
Lic. HEFELR»oHKICE, BEEKROMI & xR EAK 2 fE LK
O M BEVE & VERR L 7o bt AE 1 b v G B AR AT ME IS AE W, SRR & L
TEHR, Vv, BV virzEnNZEnmEr oy E=vLs, @) U BA
JK, WifeH Vv AickY, N, P20s, K20 & L T2, 12, 8 gm™ /i
MU £, BEENE CHENRZERITWES LERLE L.
IHIZ, WERpRELTEZXAAT, 77763, XFU LV
LW EEBESTED, ZV—27 FS30 2 @M L=, 7%/ A4
T, IAITHIT, TTTLAVBROLD, FIFAHM, T E
2V CHAIZIRM LT A TALE 8H T 2 EHAmML L.

A E E WA S I, MM 10cm 2 E LBEGE % 50, 60, 70cm

(=25 Z 7= [X(50, 60,70x10), MEUE % 70cm (T [HE LK &2 2 2 K

14



(70x7.5, 15 Dt S KEDOFKWEEE 2% & Lo, ABRXAEE X, HiE

BRAZEIX, MEZTZAIAXET D3I ESHRKESE L.

3) MEAFE

1) RT3
Fehr and Caviness (1977) ® FiEIZE v, BHEHBRD)ITEX LT

—AEBAAE L 7ol i), FRIEKREBBRS)IL, TEBMELZEZSE

LTCWAEEDOR EMAEDO S HO o TR 3mm 28 L

oW, RCEAHI(R8)IZ 95% DN AL R LM E L, BLER
D 50% L EoEENAEREHICELZB A, &M D R1, R5, R8 &

L.

2) RERESLVEREE
IWEFEIIEAICE XN AT THR 20 KEZ FXD L, S5
CAEBTRERSEAKEREL, 200D 3MMEKITEX-SEICE,

P, TRICHT THBZELICED 70C72 MU heg ¥, 2y

EEPELEZ. &6, SEERIIEX - SENOXE, #%, %Kik,

TEH, A, < TEZRELLCTFER, GRELHEAELL. £

o, FENREZT200K2ATHEL, KT EZRELEFEEREL L

CRFE L., FEELZWET D5BEICE, ZEKSF(PM-600, 7 v
MY A Y, FEKSEARBERICHE L. 3EEMNE TK

ORIV B ELRE R L., £/, 5 MEFHAIC

15



DROIZHKE, BREZ2PORRNICESINT, — KN E2 EX,
BB HE M L7
T F2UL £ (g m™?) = HHL (m™7)x — KL B > B (g)/100

B, AARXOKMEBERISE, WEBEREENL D L, Fk
XK & 72 % B ROt & 75 4 (Herbert and Litchfield 1982, Lehman and
Lambert 1960, Lueschen and Hicks 1977, Weber et al. 1966)® (2%t L
T, —RWNR K, BREOZEITREIT I X TIHEF I/ IV (Wilcox
1977, HH - &)1 199572, —HRKWKh K, AR EIL, FHRELT
KR Lotz Thitflbo T, EXE, HERBREICSOVTIT,
BEEKIGHREWV(ERTDS 20097212, WEMEFEE L L CRR#ll L
7.

IO, FARXOFFENEIL, —M&ID, BoAESLMES B A SREIC T
RTEL, REGQOI)IZ I iE, JbvE oM TR AN 1
HEERE SN2 & 1%WNERENTD. ZhbnZ b, REEtko
WEZHELESAO BN &% LT 57 %, Board and Kahlon
(2013)D FiExa AW T, I EZ 7 R KB4 8 (RS E CTo K E
BRABCTHRUMEEE ES IR E)Z2 G E L, oI & o dh =R
g L.

Flo, BREEL LT, ZA0EKOREE L KRS (RO I FE [

1205 BRPE(0 : EFHE, 2 KEE D 451K, 4 90°58 & MI{R) T,
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FX 30 HR A AL 2.
4) SEZBE
AERLICBT2ABFHE O FEHKE, MAKESIOCHNED
Hefe % Fig. W-112, AMOFEHRIE, BAKEEZD 5~10 A DEHE
fE% TableO -3 IZ/R L7C(BEREFERKE Y —S— XL 0). 2009 Fi%,
BHACAA I 2 MR AT 2~ S BB EIICH S 32 7 AP s 8 A LA
VI TORRIEEEZN, BLOTFEERMIZHEMYT L 8 A Fan
59 A FAOCRIEEDVHEBFEEHTH - 2.
TR LT 2010 ik, HEFERENAGBRAE 2 EMATICHESE T2 6
HERANS TATABIOREBE NG FEIRERMICE S 8 H LA
59 AFHOEIE, BIEHO 7TA LAOZHE L THMKST L
o Fm, BMBEESEZ 25 &, 2010 2 2009 FI2 R THEL,
HHE M AKRE D 2010 28 2009 FEI2 X TE 0o 7.
2. PRI DM EGG R 2)
(1) #EmE
Table I -4 {27 BR 2(2011~2012)IC B 2R 2 R L 7=, B 1
THWZ FI LA XL bI AL, Athow & LD00-3309 (20 % T,
It EERO 2T YL, KEMFED Jack 2k L7z, = v Y ridde
WEMEBATORRKROREWVAEGCHOBALETH S . KIRFICIX

B Lo <, MBI, R S A % fE 7] |2 Jack 13 K [H
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HEMOIRMECTH D, MmMEE HIC MG Th 5. X F I
2TV RNHRMER, Jack NERBHERTH 5.
(2) HEAE

AREBRITEE R PR R ERBRE S THEM L, 2011 F Xk 6 il %
5H27HIZ, 201213 4 fEA S H 14 BICHEREL, 18K 2R
HEEZ 2BEMBICMBIE LI AYTE L. ZOMofis kiR
Bl AR TH D.

FeE L, 2011 & 2012 A L C, BEGE & 60cm (Z [H E L KK [H
7.5, 10, 20cm & L7z 3 KEDORME EX 2R E L. FAEEEIX
ZhEh, 83,167,222 K m?, HE A EHMEICT S E, 450, 600,
1200cm® & 72 % . Lee et al.(2008)F X % Parvez et al.(1989)IC X h iz,
FARXODBERIEOR S KEVWREBEEIL8~25 A m? ThV, F
7=, Ab e O A e 2o B R 0T, BEME 60cm R 20cm @ 2 AN T
(16.7 &K mHTHDHHEAR - 1)l 1986)2 &b, BEMEK L LT
60x7.5, 10, 20cm % &E L 7= (LL T, 60x7.5, 60x10, 60x20 [X). &
BRACE (L, 2011, 2012 W4 & HICHREEE 2 EX, Mz E K & T
D, mEIREIKEE L.

3) RAEAXE

WEREITEX2OAFTHRHFR20@EKEZ FHNY L, S HIICEFF

R 8 ZEEL, 205D 3 MMKITERX  DEHNICEE, KHE,
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THEREZE, 5 HEITER, S, & wwrEH, B, <F
GErRELEFEELZMAE L. FENE, —KANRNK, BNEL
AL .

I, XA RO KIS, — RN, BhEOE(ITHR
BIZHA_TIHEFIT/HAIWD, B 1 ERKIC N E, HRE
FERERELTHRTRET, EXR, SERELZINERMERE & L TR
WL F, Ao ELZHEL ORI EO LI & LT, Board
and Kahlon(2013)® J7 V£ % A\ ik o> il 1E 4> A U0 & % 3H 8 L, 2y B Uv
EOMMBMAERZMEHR L. £/, AR 1 L FEKEOFIETHEREE
A L.

4) PHEAEHEOHESE

Al D X512, BB EIZ XD 0K EOZE(NREWNEE, +
bbb, BRI B O3 E A @EEIZImE L, BRI EXINE
DI T Z oI EOHE NI KX VA S5 2 &2 TE DR % o0 bw]
EEFR L. WY OREEERR L > TH O 720 8w B % o 15 £
% 8 Gy oy BT B & U, B R S iR CROAE B E 0 OIS T 5

SR (I & - Sy B - oy B &) @ Bl B R O = ([ F R )
LR T L ICE B LT, ML .

5) ZRME

AR 2ICBT2AEFHE O FEEKIE, BMAKESITCANED
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Hefe % Fig. W-212, ABOFEHRIE, BAKEEZD S5~10 A DEHE
il % Tablell -5 1277 L7=. 2011 1%, BRAE4a BT 2 38 [ A 2> & B JE 4a
MY T2 7 A2 6 8 A LM ITFToRREmEE DN, B
FOFERERMCHEHET 2 8HTHNL 9H LAORREIEEEZW
DEEHBE CThH - 7.

ZHITHR LT 2012 i, MEFER2OBRE 2 BHEAICHE T 5 6
HEANS TATABIOREBE NG FEIERMIZE S 8 H LA
2H 9 H FTHOEIRET, FHKIEOHRE T 2011 FI2ELE LTEY,
FEFRUUAEABTBAT —YICBWTERBICHERE L. BAKEIX, LMY
ST 5 7TH TS 8 A EAICELO TAHRL, 9 LA
ZHThol. FAXOEBHEOHMBAERIELZ 25 &, ABRE
R2rFENTHGFECHETES, 2012 FiF 2011 F LB L T
Mol FEERKEITHRER 2 7 FVTNEFEFRICHEITEHEL,
2011 T 2012 F iR TH @ oz, £, HHZEIT 2011 FRD
<, 20120 %<, WTFNOFERSFEELY Lo T,

3. ERMEEICHE-P R TERECOREEGER 3)
(1) HHEMEBEERHEF &

Table Il -6 (234 Br 3(2012~2013)iIc B F Ak L fE 2 = L 7=, B 1

BIXORER 2 TR LA FIT L X AL Athow, kI NI T,

LD00-3309 % 2012 & 2013 “Fi2 b FH W72, 2012 4E 1213 2 = [E K
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KW E ALY R & — LR AL A, 2013 4R IS B R R
RPEBRBE CORRBRAE I L. FEHE, RMEEELEEB X
OCZORABIXEEIZRR 2 EFEEKTH S.
Q) PRAEHREOHESE

[ 35 5 BT 35 1 D 43 B AT W Ik o> 48 A (T 45 43 B T M fiE ) 1, BUBR 2
& AR B R 5 A TR CRORE 28 o W OIS 3 2 BOE B (IE - 4y
FRE)YOBFEMROME 2L BE T L2k, FHE L. R 1,
2, 3 bbELE 6 LRI T 2RMEBEERRICONT, BN
AV & Rk, ZTOFEKRMERZRF L.
3 RERME

2012 AR O b E R EM T v ¥ — 5 LW 2013 4 OB R R K
MERSGICET2AFHMOANFEHR[E, BKEBLXOTANED
Hefe % Fig. W-312, ABMOFEHRIE, BAKEEZD S5~10 A DEHE
fili & Tablell -7 277 L 7=. 2013 1%, BAE4AH 2 8 M A 2> & B AE bR
MY T2 7T A2 L 8 A LM ITFToRREmEE DN, B
FOFERERMCHET S8 TANL A LAORLREIRLEZEZW
MR CTh o7z, THixt LT 2012 F1%, HIFERE S BRAE 2 8 M
AICAH S5 6 A s 7H T XG, ALK 2L FRIEXR

WcE 2 8 LANDLIOA TAOmIEL L THREST LK.
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4. PHRAEMHOE S EMEEGER 4)
(1) #HHE&KE

B 4013 IR T AR LR L O RM%Z Tablell -8 278 L 72
B 1, 2 THWE 6 MMM % T, Harosay, William, ST % #t
(Stresslandx % FF YO XM EHICEH O L EFE B 1 6 RTH (T
nZENARMER Harosay-dtl, William-dtl, ST-dtl, 2[R & A
Harosay-Dtl, William-Dt1, ST-Dtl)% FH\>, & 12 WFE - R %2 LR
L 7=. Harosay, William,Z 1 Z 4, »F+ &, KEILEHE KL E T, B
Wt P o 43 ¥ MG 1% Harosay 7% 0, William AT T& 5. ST & # L,
TS K AR R E Y B R R N B R L 72, Stressland & % FF 4
NaEZRLTZRHED I H, MG3 R TAbifEE T B 2 vl g8 72 B4 0 &
ThdD.
(2) #HERHE

D 12 SRR A S A 13 BHIZ 1 ERE 2B THREEL 2. AR
PSR HFiETRAR 1T ERETCH L. B MEE LT, F—
DOHF TIHRIT LI Z 28 S 7B (BREBEBEE)Z T, HEE
BRI Z, BENOEEKZHELZOEICEs THEL IS L.
RE 5 B B 1 N oo ] (R i {8 A Figll -4 (2o L 7= BERE] 2 60cm I[85 & L,
BENIZ, BER % 30, 25, 20, 15, 10, 7.5, 5, 7.5, 10, 15, 20, 25, 30cm &

EAHIIHIZ, MESAEmMBIC T  OKEELZFEL, F—HfEE 2
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R 1A EIR AR L. THEOFRICZ OB BRI Z 2 1 T
J, 20 2REOKMBEMELZ I O 2KEGH4RE)TRE L 2.
RN LRI o o R B P E O Bl & 1, 2 WIEELBRIE TH 5 .
ZOE, BEOMmMb OMEMK O EEE L2505 h & o /A
35cm (Z#HE — L7z, Tablell -9 (C45 A 5 mMEZ R LIz, B
51, 14 8K B o R 54 AL 1950em?, 2, 13 il K H 1Z 1650 cm?,
3, 12 fE & B X 1350 cm?, 4, 11 {E{& H X 1050 cm®, 5, 10 fH 1k B X
750 cm?, 6, 9 fE K B % 525 cm?, 7, SMEMAK A X 375 ecm® &2 5. K
] B [ E oD i o D I8 (R 1F & BRAE S 1T, R o AR &R SR L
0, FRROXIICEMEIT LI ER KON &R ER, FFICoK
WHZz#HET L2 LX), okwEEEELHEEL LS & L.
3) WMEFE

1) KEBERESTIORTEMEDEE

5 I X 2 B O HEEE DK 7 & Fig. I-5 12~ LTz,
FR ORI BEHEBEICIB W T RS BLPRIIC, FRROFBEIZ DWW TH
KT LA EZAT VY, RS AEBEY T 208 E O BERKZ,
R B2 W72 @ G Rl X o ot oREME L. M
ARAELLZBEIL, RSIZBWTIEHEX - S OAE L ZYEE X
CEXE, BiiosEETH L. REIWCBWTIIHM Ly E, =

ER, XK, BEEFRE, oK, oEEE, #HilE, BXLO
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BB O E Th 5.
2) BEMEDOBREFIR

HEMOREZMET S FIEZ Fig. M-5 1278 L7z, ¥R B PEREIC
Ko TROIE R TEEOH EMN AR 2 TH O M55 ]
HEICEORE#EST 20, TO#EAGME Fig. -5 12/ L7 TFIAIC
LORE L. B oEATEEE a T OHEEME al & oMo R
O DI, WMEOHMMAKEERL, HEREEZHEB LESEDRE
e L.
5. ZEHMEMNASRTERICRETEZEGFRS)
(1) A REEHIESE

Table I -10 [Z&kBR 5(2012-2013)iIc B iF 2R B X O R 2w
L. B4 EFRERIC, LMBEFELO FI LR A, Fanrh, o
v YL & K E L E PE I E B O Athow, LD00-3309, Jack @ Ft 6 fh i
CMZ T, ZHMEHICHOWTORERE BT 6 K H(Z LA R
B O Harosay-dtl, William-dtl, ST -dtl, #& R {1 5 % & Harosay-Dtl,
William-Dtl, ST-Dtl)Z v, & 12 WfE - T2k L=, BT
EBIORERELIIZONTIE, §XTHBR 2,3BL0 4 & [
Thb.
Q) ARAEHEOHESE

B 2, 3 & AR IS8 R A T R CRORE 2 B o0 0 HO)IS 3k T D 4y BOTE
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B oG REZ BB EEEE Ui, 2 o850 w8 E %

AT, B FEOXMEMEL L ORI LIET#

B L.

6. PHREBRABLZRES oA, PRTEHRICETIGEHMEER
DERMBHGEER o)

(1) #HHE&E

TableIl -11 (23 BR 6(2012-2013)Ic BT H A L FE R L O R # & =

L7z, Rk fix, ARMERO= Y YL, BMEMEL O Jack,

Harosoy O XM EMEICH T 2 ¥RMEBEFRHHK L LT, ARMHEFR

@ Harosoy-dtl, MR F % © Harosoy-Dtl Z W\ 7=, Z 45 & fE T

Wiz HRmoREFHB T, 3B S ITV T ok vl 28 i o B ik
W AEMZY, EFAHOEVEBALEIZE, W EPIIH Y

(D 2013), TOREZMEET LD, BEOKRERR O

BT HEARS 2013a) L0 WO BBMENIZIER L TCHDI2 T YL

& Jack ZEE L 2.

(2) #HERHE

MK R 2 T K 2% S BRI 25 12 C 2012, 2013 i 4F (S BESE &2 60cm (2 [ E

L, Bk % 7.5, 10, 20cm & 3 2 X D 3 KU D A% FERBR %2

L7z, 3 4 FE - B2 & 2012, 2013 FFiIcE= N4 5 H 27, 14 H

W IR 2KRTCRELEZ. oMo EHFETZTITHE L, 28 IO
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3LMABRTH 5.

3) WEHE

1) BAIXIY
EHEEZRET H2-DICEHE 20em T & ORFMNX D 2170, B
mAE O W E & 2012 X7 A 31 H, 8 H17H, 9A 12 H, 2013

X 7H 258, 8 H20H, 9 A 17H® 3 EFEM L. HULHKX
DT PE e kL LR A2 B IX T o6 K, X T 4 E K,

BRAE X C 2 ERICOWTHIBRE Z NI Y, A&7 re L. 3

Y TIVITEREIC TR &R E W, B 5T o BAE E S

=

AHB L, BEMEK L L(Fig.T-6, 7), B & 20cm = & % BB 5 &

H

TSHTH I, X, SoEHMNICE, BN, B, Ko,

i
=

e EEZRE L.

2) A ABESIVURERE

Ft e E oA I E F & v —(HIOKI 3912 F— X% n
J—, UIZ 3635)% v, HiFEH 2 5 5 & 20cm Z & O LR E % Ml &
L, FXEsRE, RAFREERERB L. Z2B3WEHEEE, U ToX
TRk, THBEENKRE, To 2 FE¥% Ll ONKKE, Vo %
PEH N, FARAERMEER L T2 &,

W Y #% 4 K 1% Log e(1/1o)=-KF

Zkvkovons.
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WNEFAETIE, REZLICEFTPERRIKD 2V iER 20 64K %2 F
XY L, 3~4 M ABREHE L%, £X - SEBNCHK, %8, K
BBEIORELZRDZ. 612, EXELEHHMINOSEOZXE ZH

EL, HEoKEZAF LT, O ELZRD L. vk, — KK,
R O R RS L, RIS RN TIEF IS W, KB 1,
2 EAERICS, —ZENAIE, BREEMARLLTERTIES, BENS
DREWVWHSKHBEZINEREBE E LTl L.

4) FENE-NEBREROSBRSH, BEUS ] 2 14 0 FF
A&

EIXE 3 RETRBREEZEEL, 2 y FOFERKEZRT T
HZlnb, FERINEL X PN &K EFEIT, Mclntosh(1983)(Z
BB DR E M IEICHE Y, FERE EX, RECGES E)Z &
X, miEzZExXET LR ECESE, RV 7 F [RI &2
WTomaE T Le. £/, BHotcrf My, |2, 3, 521H
BRoFiETHEB L.

G)AEME

Table Il -12 ([Z5ABR 6 (2817 2R BRI M O KB QM & KR Z R L
7o PRUBRWI o B A SURIEL 2012 4, 2013 FliFE 2@ C CTFEEICHE
NTmE <, BAKREIE, 2012 F 0 FEICHXTAHM, 2013 FENL WIS

B L7z, 20124 & 2013 FMFE O R PRI E LT 25 L, 2012 4F
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T 2013 FICH AN THAESE? &<, FICHFEM O 5 A LB RHE
o9 ANFEFELESNTHEHRBICR®E L. WX 2012 F25 2013 4
CH_TAHRL, FIZKREERERZFLFO THB I OBRALZ YD 8/
MPAELERTHEDRSHEBE L., LEXD, 2012 FORES5MH X
HMEHEBRMBULEESE, REELARZHMOLRLAN, 2013 4%
FHOMKIB EBEABLLEDOLZHE L THEB ST SR, 2012 F£0 5K

013 FFICHRTHERMMELLTWVWEREICH 2 WVWZ D.
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FINE BEEERBICETI2BXREMZEER

1.AEBRT—Y, FENERLIVNEMERE

TableIl-1 (Z 3Bk 1(2009~2010)IC BT HAEBAT —V L, FFEIN
BERBLOZOMEREELZ R L. EFAT—VELRET L L, XKE
fn AT U C, AbiE SR B X TR AE A Y 1 R BE, Rk A
MN3BMEREEN-TZ. LN -> T, KEFELMEOLTELER MM
2 HEIRRER o7, MABMOBR XHEREZRZTEEICKE L
2010 FF I B W T RE W 2~ L 72

2009 F D F 3 AR A L Athow Z kT 5 &, EX L O EIARIC
L7z2koFRIINEIL Athow 28 F T AR AICHNTEL, TOEF
B ICT 2IEEIER L, 16.7 K m? LU F OB X T2 o5 E %
BRIIAE T, £/, ML EEEELHELOMICAERLA
TER DA ED BT
EESEMNICHAE FRNES IO EHEEE 2425 &, 2009 4
DO &, #E, ZRIZHOWTiELE LT, S IO E QLB
CHBEMENRAZ LD B, EENEITHEMX(50x10)Z RV T, ~ I A
A A >Athow Th o 7o W, HIE, HEHHE, XK, SE#KRE
EHIZ Athow> F I A A A Tholz. fE L 5 ELIR O HAEH

X, PRCHEHTLIBETEINTAHAE T, EEXKEK, X
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RICIIABER R LD N o T,

2000 F O HERR AL TR CTH T 5 &, DB HE LT VWEREICSH
ofcled, FENELM EHEYELS I, A LE L THE
FEMVERIZ & B ALY 2009 FFIC X T e < B ELEM O & BRITH
BTl Rhotc., L2L, mfELEBEELRABOLZHEFEMOMICITAH
BN ED L, KE2HFEDHARLFEICHETEH, BfEIZ
LRI AN Do, T O EFEKEEENO L E LW
(Tukey-Kramer test) D & F, 16.7 A& m™ LLF @ BAE XTI # 1 K [H &
FERAHARMFEICHESTHEIZEWNWZ ED HEND BT

2010 FlZBIT D2 EXELDENICATZFRINE EZFDOMERE %2 &

W

HE, BREBEMERSLIOMELEBEEOLEMEMRICIE, SHICH
TOHTANTOREIZEBWT 2009 FLFRAKRICAEERNA LD LN
BN, EFERICBWTIZ 2009 F L R0, B ELHEMZRIIAE
TE o, 2, 2000 FE TIETRTOMEIZE W THEEREMM
CHY, BEBECIZ2EXZECBTA2En BB CELLEE
DThHrEEREDLNS.

CHEEBEERIS

Fig M-1 IR 1 BT A2 FHENEFICAFTTHEARKEAFAEHEOZE L
AL, FEEORZARICLEE2EKRO FERINEITE T 5 HUHEK &

BREXOZRE T, R L-Z 208 EE b, WMRABRERICHEL TXK
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E 2 SRS BAR 2 RIS T/hE otz RS & 2RI
BELOMICIER L CTAOHBBEBRRA LD LI, WHE O IFR KT
KEMFES AARBEICESTE» > 2.

2k LT, ERREOREEEFRBEICE SRS E L, R
2 ML bW AERICHE L CREMERNHAMMEICHE~NTRE N
To . E RS R & AU R L o IS A& e IE O FH B B AR 28 A
OB, WHEOBFAAREITKEMELS A ARAMEICHE X TE»- 2.
Fh, ZoRREFEEEAELBEOM CHEEI 5L, LD00-3309 2
Athow [Z =T <, LD00-3309 O K 5 A i fE 12 x5 5 0 B &
D EALIE Athow [T R T R EZ o 2.

Fig. -2 (2B 112k RIS F L OV BR R R TR
HEEBORELR L. SEEIE, BAEX & R ORI
FEELbAREMLME> AARRHETH 7. HEK LA EE L 5 FKEE D H
i, KESEICB W T EOHMBERA A L O B, H O R
BEE, RKEGHEPIABARLBEICHXTEN P, £, KEHEOD
hC 3 5 &, LD00-3309> Athow TH o7, HHEBREICHSOWVT
b, X EBX OERTWE LS G REME> B ARKMLTETH - 7.
RS AHEREE DEEEOBICIIR L TEOHBERAAR LD LN,
W H O ERAR R, oA R L RIS, KERE >R AMETH Y,

KESBEOBICITSEMEZRNA L O 51, LD00-3309> Athow T
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3.8 B

2 FIEEDOGEONOMENS, NEPLPHKEO L IZB W T, Ml
CHREBEELBLOMCAERLTEEANRD N, X LN
Z A BT U T AR R O R AE FE B RO T, KR E SRR 2N B K dn il (T
RT/hE L, Fie, S BN R OB B RCR TOKE SRS BOAR SR b
NTREWEWR T, Tbb, KEMMEITAARSMIZ N THAE
BEICE LRI NI EOEE N K E <, B O X XIE D
oIl ZENTE, REEEZICH L TNELLELTWVWD L
Hr Cc &7z, ZoOXKEMED SR MEL, SBER, SERE, &
BMREICBITOHMBENISOREZLELTH IS HOLDLDR TV,
RS AEBEE SRV E, FICORNEZ RS ENSHE,
B O EXNBEORD LM OMEZ o TBELEERT DL, 2
DOXREMFEO W EATEMER, 2 »FORBRER» S, KRN
OFTEHAEHOMBEHEZLR, FREAEZERLZBEIOIFHRETH D & HEE
ST,

Carpenter and Board (1997a, 1997b)iC L #uiE, £ %k A R & A
i TR 0D B RE 2 B RS A i X TSR R, BN R 00 i AE G P A% IR U R
%, ERFOSKEMEOKICHNKREL, WELMETE 280

<, TOmWORE O EERICIE, ERETNLHD L, BE
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IKF D Gy B~ DR 4y BEE & 28 i <, B R BE R A 88 00 3 BE (CGR) 2% 2
EAERHMEEBRAGHEAMrE TCE<HMTEIALI LI THEED
Snd. ARBRIZBEWTH, A1 A LEZEFEIZOWTAERMRE
BrZ JEhe L7 /6 R (5 2010), B AR o K E &R o 5 m i
BLXOHHFMADERLELS, CGRAFWHEBIZH 72 &b, 3t
HWLEMERICH- T WD, LaLl, R LAEKEMEZ, KR

fER T MGII £ 72XV i A4 & fl, dbiigE a0 fl LA R F 2T

e

MGI O RAGFECTH o722, HEMERS L OB E BN E
NifREsbnwz s, ERLEEZLZ L, XMEM, BEBko
Al LizsM - ZEEHY, IWEMEZHHN, EEMETE21T 5 X

ENDHAHD.
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FIVE S8 EH%OFE

1. £EBRT—Y, FENERLIVNEHERE

TablelV-1 2B 2(2011~2012 )T BT L2 AHEFAT -V &, +%F
NEBIOZoEEREEZ s L. £FAT7T— 0%, A1 & EHU
L7elrm Zor L, BASEM I (R]), A (R8)E HIT MGT @ k3 AR
A, bEa AR EDLBEL, RWT MGOD O =7 YL, Jack IR T
MGII @ Athow DJEIZH <, MGIV® LD00-3309 Wik bEN - T-. =
7Y e Jack XIFIERUCAEFTAT -V E L. 27 YL E Jack
EAEL T H L, Rl, R TN ZFNICHEIT 2 MERZRT, b3a A
A A, I ANV TIN 4~6,10 HEFE <, Athow 28 4,7 H#E < ,LD00-3309
210, 15 HET#HEN 7=, LERN->T, RSETOEFHEIZI L=
DARAL NI AVAIR 95 BHEIE, = UYL L Jack Y 104 H AT,
Athow 7% 108 H fii#4, LD00-3309 2% 115 H T& » 7=.

EXLEDPHEZRAARIC LEER2EKINEIT 60x7.5 KIZBWTITKRE R
MM ERIIADN N o2, 60x20 XIZE W TiE LD00-3309,
Athow>Jack= 2 7 Y /L =2 hI AR A, hINLITDIETHEICKE
o T

YA B IE 60x7.5 KIZH W T H, K[EMFED LD00-3309 & Athow

WO RIS~ TE S, TOMMEEERTBEMEICT 2T LKL,

34



60x20 X TlT AU &IFIZFRELIZ, LD00-3309, Athow>Jack, = U
V> hALARAA, PANAVADOIETHEIZCKRE N7, HIESH
NExZATHbmMAEMEZROMERIFIZIZHEL L TBY, XKEMSE>H
AmfETholz. SEFHL, N ELRKLEOMEmMERL, o
HiEEETHOARELE>AALE THY, KEMLFEOF TIX
LD00-3309 > Athow, Jack, HARMMBDO P TIL hI LA A, I NJL
N>V IILDIRETHEEICRKRE - .

FEERIE, ERMEMEOKE MM ARME O B AR R
THRICELS, BRSEMEOR T, A MES RAELMEIZH T,
Eolz. S E#E L LD00-3309, Athow > Jack> H A i FE o JIE T 47
BICEL, ZoOMMEMERIT 167 K m? L FOBMX TIHEKLE.
ZRHICK LT, o Ei b LD00-3309 > Jack, Athow > H A/l o I T

BILEholed, PHRETHALDNLE LI REENIEITAL LR
Mmolz. LN o T, F¥W g EIT 60x7.5 X TiddnfE [ 722 5213 7
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FRARH R > = 7 > )L & Harosoy-dtl [ZFB W CIT Mm@ L TME S
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B U 72 o B R, Ay BCHE R, RO R & R ARIS, HE IR F R O Jack
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bV, TOMMRAERS L ORMHAZRITEMIZE b TIERL

65



e, e, EERSAEBICE LR WMMEIOERESLOYS 1
HEDRDHEBICHERTEEZFTHDLIZ L 20124F @ Tz,

4) BAES

Fig. VI-11, 12 {2 Z L F 1, 2012, 2013 £ O BB RDICE T 5,
HRHFEAT—UNEP Lz Y e Jack, B & 8 Harosoy % [F'E &
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m3 5. ARG 6 oWwE & RIS, %Ko ERMH S5
ZHEBOFFERER I LEVWR D.

XL, PHRBRERVELAT HDBRANMBOSEMERE L D
MO ZRFLIr R, RO DR R Z RS WA
& O FH B B FR (Fig. VII-16) 12t~ T, B % L g &0 oo A5 b it 58 B o e /D>

B L OMB RN > 2 (Fig.VI-17). T 74bb, SEOMERELE

72



HDOFBWFEROBEEMSEIL, ¥ A AHEREIY HE LEICE W TR
<, TOMWHBEBEBRIZIEARANM A S N, BEICEREL TWVD5
BoMEIZIE, HBETEBBSLD S EEHONEFEPEETHL Z &
oL TWD.

RS 00)IC KX NIE, XA XREY R~ LVOgERER, &
Hifr OFE X EIREE 35% LL N2 2 M2 b AL, S b x2S
10% L T2/ b &, DD 40% BHET DL TWD. £, —
i, FEHEDIX, XA XORMEEIT 3T D 5 B M oy B R
BEI0s, BELEOBKOMEELBEBOWNZ EEZHLMNITLE
(FIHEAR S 2015). T RXTOREICIEWVT, WAFERE G I B AE G B
(RDICE. & 40cm THXLIEE 40% %2 FE>TWDH I b, B
i 40cm L EOBER LB OB N AT B O BEHEICEET
bHZENEMNTOND.

LEXY, ARMEH B LA-FOEBMHMEELEICE T 59

KAl D&E S %2, DEOBAEABIOCMERENS 2D L, BifEE

5

BILREREDSEBOZ S, BRAOPOLSEMREERE O S, B
PRI R SEEMEOR S 2 EOBEEO YR AEIZEE L
bolfiRkThHy, ZOERMELIZEH SRR EEO RSB
LOEERCO S S, EAERMRICE T 2% LET o2 OLE

BOFEMMEIZLVAELCTND EHELEL .

73



1. R BRI BERMEZEROFEL EGHEHEEOEE

HA X MTEDOKMEL KT HINEDOLEM L, /5N & O
BERISEZ, XMEHORRLIEREEEFRAREEZD TEZHOM
fi e R e L, 5 »FICOTVRAELLKRE, SEINEORM
BEESICIEWA O MEREZRNFEEL, ZORMEE I LT
IR MNZE LTV DL, 558 OB ERIG RN K E 1ol
A XD OFEfIE, ok, SEEEE 1948)° " E, i
AEND BRI EOBRAELS 1975V ETHY, HSEOMERE,
FRICAKBD X H12, DFHOBMEBERISORES, T2bb, 5K
AL D AT RO S OR AT, WERERICEDL D H L
WEM AR AR R LIZEWVRD.

RO RE X, RHEEFLEZHMERICERSEEIND Z
EMRBR IR, BRAMTEELITERMEMLSE TCRE WVEHREAN AL
N, £, T XToOMMICHEE LT, MWERMHEENARSERIC
EEAR_RTRENSTZEME-2). LarL, ok H>ic EEARBREEMY
:# & {5+ E1, E2, E3, E4 R EH &R+ D2 5tk vl
Pl kE TR, BEOR, e Tik22<, El, E2, E3, E4

BLODR2IZHOWTIE, BFREEMLEFREAAF LT Va2

74



AMLT, ST EEEZHN, SEETFONREZBIEL THLE
N 5. R, dLEICB W TIE, A4 X088 2 b o #hig ic
ERTHEL, BbEADZ XK~ LA elnl/e2/E3/e4, FAHFED K
LA A, hIA K elnl/e2/E3/E4, B MITOBRAEMREL Y YL
S El/e2/e3/E4 THDHZ ENFhoTWNH I b, SEATEMEL
iR & < L, 2o %2 KiE 8T S & 722 B A6 B B & A
T OMABEDLELTRATTLHIENEETHA .

I BT, Ao REIICE, XWMEME, BEAEHEEERKRT

UsS o EZER OB G bR 5. BENICE, ha XAl

N
g

NI AL TITEBEEWICEFICHENLBRETHY, EdRD LS|
MEELBEEMEEEEFIZIAL TH D, ETEMEEIZ, 20
BEICBWTH FIARAAR NI AL HICHRTRE Do (R,
2, 3, 5. £/, AL KXKELHEIZIEB W TS Athow, LD00-3309,
Jack, Williams X\ 341 % elas/E2/E3/E4 TIHETH 523, ik i
MAE 1L, LD00-3309 > Jack > Williams > Athow T & - 7= (R B 5).
A E M, BEAE B E ME LA A D gy B R B & SR S D 0 s A B A
DEIIZIE, Z2HOX A XML R A2 MR L o820 &
L, MULEMBEELEEHREZFEFEOSRERICKSL, THLENLD 7L
— 7O THREBEORENKR, F, hMEAEAOEREL D5

FMOBENBEEL RD. L OTDIIE 5Bl A% O i 5 7 Al o B %

75



MDARFARTHHS .
L. AR ABEHOHZTMOILLINR

B 4, 6 DFERND, HAEEE Z LSO pEHRE O
MMZRTOBEOFEETIT RS, SHOMRRBREICK T 2 5 FHEHE
Blickovm<ELA&hbEtvnzb. 72, sido ko, ERMHEEH
b E s L, FERKRBEBHHRET, 2K HMET L L
DHOho TWDH (M HZEARD 20150 T, S aJ@MEO A FRIETO
AP EE L <, MSEEME VWX EY RS IBOREIXRA#ECTH D
EEZDLND.

LorL, BVETHRLEEX DD, o8BI FICITFE KM ER
WH LI, K% 60 HOMAEKENMKRWEKR, T7hobb 6~7 AN
MIBICERBLEGASCENICERE LZBICRELS R HEARD
2014). ZOZ DDA BMEICITERMERN DV, HALB] Dk
BEROTHOKEAEEMEZ RS 2L, FRBEERZOD Ry, X
DRZELEHMOBEICIONT, HEFROMEIZLY, RFALT
WS WERNH A D .

B A XTI, BT 5 & o MMEMMMANELS 20, o
ERME S5 (KAMR 1980). 2o Z & x=FMAT 2 &, BT X
LZEBHEPEMINDZ 0D, REHMEPNELS D &L BT,

DREOEMLICE Y OKREORENHMEIC/RZ R TREIND.

76



CoHE ROVMEEREOS WHIMZHEDORT b LETH DN,

SRR O M RN ERICENLLIBHOBE L, S HR DM
Gt D —JFRELD S DLEZLND.

F o, BRMIB MM 2 R U7z o0 B n] AL o HEE I BN IC A T
9B EAEDOFENBIRBERE RN LESE, BEEEETSED
MO 1 S&7kosTWD. Thbb, 558 8K 055 B & 13 BH 2k 4
THhoTHbHEWHIICH D Z &2y, AT BEMOHEEMz2 NLE
fts¥s. 2T, KR L OMRRETIEARS, BMAGHEEL L)
BT Nv—7 & U TRRIA &2 GRS 2 e (5 AR BR ] By P e ) 2 B & L
AR 2 RSBk L THAMEKERETE D LI RFTIE
bEAaEOmEEZ2EXL ETUELSED -DOTHDLILEEZADLND.
SHIZ, LVfiEREEFMEEERTLL, BEERZLEDD
TENDH - TH, REBFEEICR T D MAN 7255 B o BAE 5 K RS
AR LIZEBRAALEEZSSD, Thaz 2B amElzRid LT
WS Z bR BB AEAE L TIELE VA D.

£, OB, EERICIEFESOMS ZBE L, HE
RRICIXTHFEB 2 MG T2 L W HFEBORERH LSV X
52 ENTE D, KIS, BRI 2 TE 248 55 30K o 407 il 12 B2
X, FXEZUWM T O5MOLEBEO SIS ELEEELRES L L TM

shd. A%, MLICEXD20RMEEOFMANETH D00,

7



ZRf o 15K E L THRFETLSMEND S .
3 HMEABRENCHESBAEXLROABRERNLELSIERLE 2D
thDdEZONSIRBHALGER
HVIE-1 ISR W Ty, Ruett, XMEMER LoBEan
HRIZRELSEAESNDZ LZzWLEMNICL, BIVE-2IZB W THER

MEMMEO BB G S ITHENRENL A2 D L, BRI H

=
I

BT OHE LEBONNFEEMEORIICHKRT LI L E2HLNITL

My

7. LU, ZOntk@ltoffEiEZRIcET 2% < oRMBEH R
HRNFEAET D EEbN 5.

ERo X5, SETEETHRMEEICET2EFERBEL O
BREOHI L EHRDHDILHTELI b, HEESLZ(EET
% 74— % ¥ (Huff and Dybing 1980), %0k o i & % (g # L 18 I & 5
#9544 b A4 = (Kokubun and Honda 2000)D 4y i & &
DNRTUANRNHBIZEI-o TR Z b THRIND. £, HHE,
TtEF O AR ET DL, RICEKINDOIANIITTFT T D

SWEPHEML, 7 =" AFx a7 —wWREOKEE2RES S 5T,

>

RMBEHEOHMEZMH T2 RO TWVDRRE 2014). o

L{-L

Ao SEEER I COVWTOABMMIAICIE, 2o 0BEEN T
Hans2AZVrvEUVEEOLERZEZROBRTFAIAATBEETHLI EE LD

nao.

78



Elo, pEABEOLERER L, SEREROHEBNGAEFT AT —
VHNC A D L, AT O R E 2 ML B 1 D BRIy OO RE R 7R 4y
AR oM, BHIEHH (R S EFE 4 M (R3)E T Oy #E
EomS &, EXRHBBIRI) 26 FRIERAHHRS)E TOoEME

kORI ICL T TWna B HFZERSL 20152
ENGMoT VD, ZOZEND, SEEATEEICEN T BREL, X
BAREAMERNERD, &b EDWIENZ VR ERH R,
OEFRIBHMMERETCOHMBAHEA  1980)I1C, EEXDRORHA L &y
A LR b oK ERSMESYI2RBNDEAET L, T2bb, &
AMMOBSFEAGICHZ S DT OBSBIECHRIIGEO & S %
MHRFLTWD2LEEZLND. A%k, EVWREBEFHR LMD DS 5
AEMEICEAD D MR EZRZBRFT L TWS Z L HEBETHAS .
4. ARTMERBREEICEHTSISEROEE

Fig VII-1 @& ot B MEOBRICEAT 2RELZ R L. KR

IRBWTIE Ao MEE, SBOBEMED I A A K7
ZEMO —HERMLAZICEBES, SV SBRTEELREOLREEE
T 270liE, TROXIRZDEWMPOLEEZDLNLD.
ESC RN Rl (el o 1 B i S N e -1 2 K N il AR 7 B o RS N 7
MEMEHEUAD HELZD THRFIL, KbELEZTELZHIYT L2

EMEETHD.

79



B, ZhEfIALTEZEoMEAERAEL, XMEME L BB

L@EF 27 Vv—700 T, SEAEEORVGE, Ky, |
MBEEOMMEAZHEL, RELEZEESTDIILENAATRTD L.

B, INLOoEEEO S VRSV EEE R L, X
MBEMHLS LR DS IR < b5 BinEkz ¥ 6

T DOHEND D.

FIIZ, 2D o BEICE DL 5 BIioEHE A2 2N mfEIZE AL,
RLULEEO®K, ZUIrO@a KT BEERFoOMEEERT S &N
RARTH 5.

BEIL, O E oA RREICBT D ZIEEMEN LR
SNOBEREZIALNICTLHZIENLETHD.

INOLOWMBEBPEETHLIEEZEZDLN, ZNULDOHEENLE XD
E, ARIFIICEAIHSICBET, SB% LMENR Y A XRS5
AT IC BT 2 EWFH, BRFPORFELZE T TV LERH
59
5. AR EMHONEXREM~AOERENOERIOLEN, BRI RE

ARABEHREE

Flo, DEABENRES N 0L, EEERERIC L D% - 7B AE

fh, REESERE L 772 810 K25 MBS, & 25 WX B kT

RUE, FHORLICEDHEORE, MENMB S, HilkHF

80



BT OREICEBITIANELERIZRKESAERT L2 THIALZ L
FEiRo®Y ThHhDH. LLl, EFEEORHE L, Zo kX hEMtFiTo
WTEDOREDOINEMEZ R L, BMINEREZIME 52500, Z0Od&h
M ERZBSGRBRICBODTHMAL, S8 EDRE I D EAKIL
BEOMER, FENBEORNBICRIETHELRINT L LITEH
ThAI.

Fle—F, PEABERLYBEDZL1E, =X~ 2D LX)
KRB TERNEEREALRNBEICT 2 TPHRIND. H,
W, HBICR 2 E DO X~ AEMTIE, 1412 10~15 BE/EH R &
D, 3 ESZ IR, AREICHEORLLIAELHWT, T

DO 722 B L CWad . ik 3/EH CH — M2 &R
HHT, EFEHFT LB TCEEEREST LI I EOEOMERBL L,
BIROWTIE D EALFEIIWCEET DROEA LT OERK &L o> T
WHCEE DS 1988). =X AMEOLHIC, WELD b MEZ IS
HMAL, EBAONICHKEET 27— X TIE, “BcoREILR 07500 8wl 4%
D/NS 72N, REEHEZRF T L EEZoND. 4k, MK
DRBERN, REEIFE, AR U0 8o EMIC >0V T

oA O RERFEORENEALZRICHFT L TS LERD A I .

81



1. ¥R

HARD X A XLFEOREIIEZZ 2 50 FHIAAR LN WD K L
THREREOBIWITEAEMLEZONEKETETETHERLTEH
D, TOHERKRD 1 DIXHEEEISDEWVICEDINELEEDED
BEhT2LBE26ND. WK, ¥ A4 XMEOHGBACE T 5 3 1L 5
R DIBRIT L EF D, 5B DR RGO R E S (A
WYEYIN O Hle X A A EZRZRF LEAITIAE LR Y. 22T,
HA R LFEOFRAEEE T oo a0 Mk L, Zax v
Ty RE R IC B 2 M AR L EMENER O — %
BonicLEos &L
2. MPBLUAE

2009 05 2013 FED 5 » IO D 6 DO MG AR A EE R
RFERBEH B L7 0 =V REHEHRE X —1EMAEERT —
a LT X EB)TEM L. £72 2012 FI250TDOH, 1 DD
15 R B & ALl R M v ¥ — (LR T B X)) T b A ISR B
B Iol.

AR 1 & LT, 2009, 2010 FFiCZE N E R H KA 1, 2 dnfl 2 JH Wiz

5 KWEORME ERBRZ I Z 2wy, H KL O BALE BRSO E W

82



B LMLz, B2 & LT, 2011, 202 F I ENERH K% 3,

2 SR A T R B A FEE L, 4y Bk AT oo R B (43 KL RT

PEMYEZREM T 2 FiEaBR L. &b, B3 & L T2012,2013
FICHBMER, MEMHEROETE 1 REORKEEERR L B 72
W, R 1,2,305 5 FE0F 6 MIGHRICEITIRRER L 5B

MY O BREZRE L, b RE L7/l vk fE o H s 72
DB EERRL LD L LT,

Wiz, R4 LT, ZamEOSETREMEEZFHAEL, FRkoOF

5

2 DRTF 5720, WREICHER Z S0 28N O/ 5 R 7 foE %
FBR 2 S Ly BT B E O S RE M S T RE N E D A RRES L .
I, ABRSELT, BASE3IABEEEXHEHERFICHEDLD
HFEEE T4 3R 2 2012, 2013 AR I3 L, 3 BB o $ i 5 B
RBprksZowy, A1, 20RO T, il M S F ik
MBI OCXMEELOREEHALNICZL LS L.
BB, RBR6 L LT, EFXAT— UM IEIEEB LA KK 16
MLEXMBEMEERTFICEOIEREER TS 1RRE MY, HiHE

BELREEONEREE, DM EMEELOMBKBEZREL, XMEER S

i

AEMEEICRET B COEDFRERO —H2H LN L XD

L7

83



3. %R
() ZFBEERLICETSBRGERMEZEEGEFHR 1, 2009~2010)

K E AL FE S AL E SRR N T 16.7 A mP UL F O BHE X IZEB W T
X, 2 yFREBLTAEIZCZN T 7. £, XKEMLEOSKIL
BEOBERISITAARLBIZHET/NhSL, #HIC, SENEDREEK
JSIERE o7, Tbb, KESEITH AN A~ TR E
TELRIONKEINEOEH N RKREL, HHERFO EXINEO D %+
DO ZENTED, Thbbh, HHEEEICKHT D 088N
MWD, WENLEL TWD &M Tk,

Q) AEEATEEOAMEEDHETFGEHER 1, 2, 2009~2013)

KEMMEOFENEIT, 4 FHEE L TALEE 5 I A~ TBE
KIZBWTHBICELS, ELoWONTORKR, DI EICKIT S
MLERMEEBEEORABEHEIEFRTHETCh . T2bb,
ATMMEORE SICEW M EMAEZRNFEAE L., Z Ok 8
PEDORE ST, HFRNE, DRSS IOOHEBEOBEERIG L L
Th LRI, 2o HEBE OB S A @RI T 2 E R %K
(IR E) TR CE 5 LB b,

Q) EREAERIPOAT-FHRABHEOREEGIER 3, 2009~2013)

SRR E AEBTHHOR LR L OMBERFTILIZLE 25,8

~OHOBRBHE LY &K OIERICHET D 6~7H OREKIRN

84



IR MEICBEE L TR, HICHEREZ 60 0 o HAHEKEXIRE & 0k
AIMEOMICITAOHBEBEER LD bR, Thbb, SikmH
PEERBARAMFEOBMAIBENBRVWERSLREFELEESG AR RD,
ZOMMHAZRGILKRT 2EMICH D Z &N R@BINT, i
PEEIE BRI &, SRR R R E TOM MmN R b LE LT
BY, TOMBERZITFRZBEZL THEREFLBETH > 7Z.

4) PEFABEOHRFMEDERGFHER 4, 2013)

A 5 A RIS 7 BRPEOMBZ o oM RRF R EE)ZRE L,
BEN ORMBEEICERE L., FRIERBEGH, RABICE T
kT8 A& 2 Eh U, B SFEICE SRS SEBE O R REEG
BRT VMR O HEE i) & SR &, B GRBRIC 51T D 4y BUR MR & B
L7-. BMAMEZESRBEICESW A MEEo M chgd 2 &,
TR KBAAE I & AW L m LT, SRR RIS S < R MR o
BYENSECE, DRERES, S, mBE, R, o/ EX
HIZH AT, @hole. SHIEHKEHMMNICAHAD L, PIEKED X
OVEE — AR ZE i Bk 0 oy B R 1T & 3 < R ME oo HE E I AN I E o fif fE S
HAEMENOH TR ELTWD EEZX LT
5) PHEFABHLEREZERFTELOBFKGIER 5, 2012~2013)

PFHIE R BB L OAEBTRE L o Bl E e oK ERFT L L 2

AH, MELLABRECHBEBEENA LD G, BEAMMEITE S

85



AMMEE S mhoTle. o, ZMBEMHLEOMKERLLEZ A, HER
MEMO S EABEEENAERMERICECTHLMICEI o2, &
o, IR UCREMEXMBEEEZFEFEOMETY b ] B 28RN
HHID T LD, WERME & TN U T2 oy R B o 5 FE A o A7
fEb I
6) PRBEBRBLIAEEHOH -, PRTEHOSBHMERICE
THEREEFGIER 6, 2012~2013)
SRR E & i R MR BB ORERE 2 » FITDEY

Mt Lice 2 A, @ L THERMEM 2 M - KRB0 SR EICE

>

oA
[

IR ME I AR 2 Al - RIS TE LS, 2 00 EH#
BICBTI2WMEBOERISEE LY BFEH I pEEICHKLE., =
DV R ICEBT 2XMEMBOER 2 SR MBREBRELLLD L,
T & L TRI(AELA SN2 S RIGERIHOMERBELICE T 2MME R
DAEBIZERLZ. AT, R3INH RS(FEIERMABEIICENTY
TR AR B R A R R AN kE < ookt LT, A BR B R R I
EREEDZELHHEEL TV

A Rl LBEOS MR OMBER AR L, BEGH O %R
EORMICITMMERBEBRIIANTE S oD, BE¥H LEEH O 40cm
DB EOH D EEOMICIE, BRAMABEB L CAHAERAOHBERSE

BB HERTE . bbb, ZMEMHOEWVICL L XA XMED

86



AT O ZRIT, o AERLIV bR EEO ZR ICHEKL,
COMBHBEHLFEOSKEMEEOEERIEOKRE 1L, HE LB
DZNEBOFFIEICLVAELL TS EHRLTE.
4. W

BA R DI LT kG D 4y A W R R 22 RN AEAE L
ZFRIFEAESAEEREGT 2 OBEORIFH/RECIHMTER-. 0y
B E T AR S RO ERMERLFETCREWNEHAICH D,
OB FR SO WSO ER O —o1%, BE%LEE
DZREHOGRMEICELVET TR, &b, T8 Eom E
BREDOZO O LM & LT, REBRBEIEIS X S% 1 ABEH B KO

DREEMNWND GIEBAEETH - T2,

87



KEMFEDOANFITH > TIE, 4V /7 A M K% O Randall L.
Nelson i +:, 77— > ¥V — 2 K% @ Larry C Purcell f# £1IZ Z W /)
LTWkeZnwiz, Fiz, dbifgdE mfE ol 27z o Tix, duigid sz
WAEMERBIED 7V — 7 OB ERELICIH L CHWE, £
FREFAEBIOYF 7Y 70 HoWT, BEREKY BEZR
BEHEM A EEB LI OCEREYSEH EOFNREDOZ S OFAGH

BllWOhzBrr., ZhoDHT2xIlLIVEHFROEERT D,

88



51 A X @k

Agudamu, Yoshihira, T. and Shiraiwa, T. 2016. Branch Development
Responses

to Planting Density and Yield Stability in Soybean

Cultivars. Plant Prod. Sci. 19 : o-o. (in press)

Fil AR « F8F KBH - BB . 2015, BREBEICHT 5414 XM

OB ZEMEIC KIS EMFEORZE. — 8w B o b fE H

ZR L S RE®EREEZHES O AT EREMEAPT — Research of

One Health, 2015/October, 17-37.

Byt R - FREFFE T O RME - AN — - BAESLE 2013a. R

DAL R B B SRR T

B LOHEBEDOH KRS A X MEFLE. H

EAC 82(A 1)94-95.

~1

frf 2R « KRB - ANIkE— - BANE 2013b. X A X O FAH

METHEEORE - EREER TR

IF

A9 D Sy BT

TN

=
S

e — . HAER 82(51 1):96-97.

fif 2R« LR - ANIE— - BAENE 2014, XA X MF D5

Ferf ¥ O FE M —FE R ER L ZOER EZEE L2 ME oK
af—. HER 83(H 1)74-75.

HAEE M 1948, Ko MFEOERR, BEKOEZE. 23: 617-620.

Bernard, R. L. 1972. Two genes affecting stem termination in soybeans

89



Crop Sci. 12: 235-239.

Banez, G., Gyokusen, K. and Saito, A. 1999. Plasticity in the branching
characteristics of four year old Quercus acutissima and Q. serrata
seedlings in response to low light intensity and additional fertilizer.
Bulletin of the Kyushu University Forests 80: 27-39.

Bisht, R.P., Toky, O.P. and Singh, S.P. 1993. Plasticity of branching in
some important tree species from arid north-western India Arid
Environments J.25:307-313.

Board, J.E., Harville, B.G. and Saxton, A.M. 1990a. Branch dry weight
in relation to yield increases in narrow-row soybean. Agron. J. 82:
540-544.

Board, J.E.,B.G.Harville,and A.M.Saxton. 1990b. Narrow-row seed-
yield enhancementin determinate Soybean. Agron.J. 82:64-68.

Board, J.E. and Kahlon, C.S. 2013. Morphological responses to low
plant population differ between soybean genotypes. Crop Sci.
53:1109-1119.

Carpenter, A.C. and Board, J.E. 1997a. Branch seed yield components
controlling soybean yield stability across plant populations. Crop Sci.
37:885-891.

Carpenter, A.C. and Board, J.E. 1997b. Growth dynamic factors

90



controlling soybean yield stability across plant populations. Crop Sci.
37: 1520-1526.

Chang, J. F. 1982. Yield and agronomic performance of
semi-determinate and indeterminate soybean stem types.Crop Sci. 22:
97-101.

Chen, G., and P. Wiatrak. 2011. Seeding rate effects on soybean
maturity group IV —VI  for the southeastern production system.
Agron. J. 103: 32-37.

Cober, E. R. and Morrison, J. M. 2010. Regulation of seed yield and
agronomic characters by photoperiod sensitivity and growth habit
genes in soybean. Theor Appl Genet .120: 1005— 1012.

Cooper, R.L. 1971a. Influence of early lodging on yield of soybeans.
Agron. J. 63: 449-450.

Cooper, R.L. 1971b. Influence of soybean production practices on
lodging and seed yield in highly productive environments. Agron. J.
63: 490-493.

Donald, C.M. 1963. Competition among crop and pasture plants. Adv.
Agron. 15: 1-118.

Duncan, W.G. 1986. Planting patterns and soybean yields. Crop Sci. 26:

584-588.

91



Fehr, W. R. and C. E. Caviness 1977. Stages of soybean development,

Special Report 80. Cooperative Extention Service Agric. & Home

Economics Exp. Sta., lowa State Univ.

T IE S - BRI S As - R PGS A - ORI 2 2015, 18 s A AT IS

BUTAHREEEEREOB & EWIER M E. L& 82 : 34-43.

HTHWED - -FHILE - ILTFE 2008, BE# CoOREEMBLEICBIT S

A X MY F a2 oighe FEAEERBE. B AER

77(4):409-417.

HBAEFTE IUAE 1970, SHHOBEICE T 5 HF 5L
BIIEHIRTIRIE N IE R ORFEB L OZHBIC RIET 2,

B 100 : 14-19.

EOFHBAE 2011 b.BARE - M. 1.32 i 0RO . 1.3 R

7

Bk, B1E FAX. GHORE MM, Btk §8

EHE AR, 71-75.

Hartwig, E. E. 1973. Varietal development. Soybean: Improvement,

Production, and uses. 187-210. In: Caldwell, E. E. (ed.). Agronomy

16. American Society of Agronomy, Madison, WI.
7T AXXx. 6

JRIEA 1986, 7 XX H R O LuEHE G . ARSI R

4-5. RRIZX2MEHKOMESR—F FE/ . B 334 +F

i 60x20cm 2 AN T. BEFEINKESR, (EWMm. B XCWH  HaL.

92



fAH] — 1980 RKEOERF LREER. EFOEKA. 77-93. FELEKE -
RAPRFESL SR . KT DA & BRE Hilr, B, HL.

WA - EEEE B - B E (20060) A L —TH MY ER a2V RAENR
T D PR mE R M A B (BT 0BT OB 5200 1) @ 56-57.

Herbert, S. J. and Litchfield, G. V. 1982. Partitioning soybean seed
yield components. Crop. Sci.22: 1074-1079.

Heatherly, L.G. and Elmore, R.W. 2004. Managing inputs for peak
production. In H.R. Boerma and J.E. Specht eds., Soybeans:
Improvement, Production, and Uses, 3rd ed., Agronomy Monograph
no. 16. ASA-CSSA-SSSA, Madison. 451-536.

P REEZ - ZHHEE 1988, REZRFREICK T 2 I &EE
TSR B RS AR A-8: 53-56.

Huff, A. and Dybing, C. D. 1980. Factors affecting shedding of flowers
in soybean (Glycine max (L.) Merrill). J. Exp. Bot. 31:751-762.

W 2000, X 4 XERBEEOMAFEICE D S ER. BHAERL 69:12-19.

BEEEEEL - BT - B 1996, BHISM TR T D MR M &
BRI Z A XOREREMIE & ZO0EE . AER 65: 599-604.

AHEXH 1973, P EwvwavoOREHGEm E £ OEFEICET D HF%E.
b 38 K 5 A w3

Johnson, B. J. and Harris, H. B. 1967. Influence of plant population on

93



yield and other characteristics of soybeans. Agron. J. 59: 447-450.

S

AT — 1980. KRE O EMEICHT 2 KIE—HiH KISV T—.
HE - BEILEE RS ® 20 3-4. -

Katsura., K., Homma K., Kawasaki Y., Purcell, L. C., Nelson, R. L.
Yoshihira, T. and Shiraiwa, T. 2011. Factors causing the soybean
yield gaps between Japan and USA. Proc. 7th Asian. Crop Sci. Assoc.
Conf., Bogor, Indonesia. 38-43.

FEEH - ZFERHB - AHEFEEH -7V — "=t - APz - A&
EZ 2009, Z A XHEIL O B K MEE O KR IS L EH 5
E—KEICB T DHRBHRE—. EWHFIE 54:149-154.

= 4y ¥ 1988. K& @ Ideotype DX il & MiGE. HAL R AW 77 -
77-142.

E oy Bt - @1 B =200 1985, KL OO RRAE & BE 2 &F 3 2 KOS @ i Fil i
AR (TH) A ERILSE® 112-115.

Kokubun, M. and Honda, I. 2000. Intra-raceme variation in pod-set

probability is associated with cytokinin content in soybeans. Plant

Prod. Sci. 3:354-359.
I EF - AR - &EERE 1995 Mo A/ R KgMfET R X
<N JONEB X R RICKIFTTHFEY, FEEE, &It

HE - HIEdL W E R GE S 36:112-113.

i

94



78 - P I oA S AT - i L - AR R 3 - BB AR KRS 2005.
P ICR T 2 T Fa2a 20 ) ORMAPES FHFEREICLD
WE R Rk BF . SRR 17 AF R O R b [ DY [E R AT JE R TR . 55-56.

TH B - AR - BRI — 1992, X A R DAL F KA A I K IF
THEBEOEE. AERL 61:425-432.

Kurokawa, S., Makita, H. and Shibuya, Tomoko 2015. Canopy
height-to-row spacing ratio as a simple and practical onsite index to
determine the time for terminating Ipomoea coccinea control in the
Japanese soybean-growing systems. Weed Biology and Management
15: 113-121.

EE S 2014, MW OSKZHIE S 5 A =X L0 B
fir SE AT 98 A 4 BR B85 28Rk . News Letter 5:20

Lehman,W.F. and Lambert, J.W. 1960. Effects of spacing of soybean
plants between and within rows on yield and its components. Agron. J.
52:84-86.

Lee, C. D., Egli, D.B. and Tekrony, D.M. 2008. Soybean response to
plant population at early and late planting dates in the mid-South.
Agron. J. 100: 971-976.

Lueschen, W. E. and Hicks, D. R. 1977. Influence of plant population on

field performance of three soybean cultivars. Agron. J. 69: 390-393.

95



Mclntosh, M. S. 1983 Analysis of combined experiments. Agron. J. 75:
153-155.

HTHAISE  1987. fEHE L To~ A BANLREMY ~—~ A
D —. 256-260. FBERIEFE - KAREILR. ~ A& AH —%
D—TEORER—, HA5ER. H.

Mann, J. D. and Jawarski, E. G. 1970. Comparison of stresses which
may limit soybean yield. Crop Sci. 10: 620-642.

ROk sE— - @R — - AR E 2003, THEMRMEICEN D X A X B
MTYyFaZn) o - B ES L. BAEDZEZ LM
KB H 69:53-55.

Miura., H. and Gemma, T. 1986. Effect of square planting yield and its
components of soybean under different levels. Jpn. J. Crop Sci. 55:
483-488.

Miura., H., Wijeyathugam, K. and Gemma, T. 1987. Variation in seed
yield of soybean as effected by planting patterns.Japan.Jour.Crop
Sci.56:652-656.

Hkr B — - RIS - Z)IBE— 2011, ERHMIBICE T 5K E &N E
(& 723727 OmmBELEREE. LR 78 0 299-304.

P A - BRI 1981, KT, hE, REOEEARICET D

HWEAEYZRTE HI3® HEEEZRILLLAICBTDOK

96



T ORWAE. HAER 50 @ 38-46.

AT R T RE - BERE U B 1986. FEME ML K X 2 KRE B 0% E(1).
K OV = 61 1 62-66.

PR & - R BEGL - B - | AR 1996, X A XEEEICE T

LEMME LT NNEBBOMEREZL. AAEWFESBE R W
11 : 76-77.

W SE B - M IEEL - B R - mIE R 1997, R 72 2 R E
B DA RXOEM L ZHMES. BAEDFSERIEH SR 12
62-63.

B G - SEHTEA] - KPEBER. 2004, F A XOBMEEEIZLD
HZRDOEEAEF - WE.  HAEA 73 : 175-180.

HEF R - AR — - AHEAS. 2001. ¥ A XIZEBT D FMMEER
XBEA N O ELAEABTBICKIETEE. HAIEK 70 40-46.

VOl - BRI B - LA R - BRINFE 2 1987a HAHUIE R G O FEFEH -
XEBIOCTFEEOREMK. JUINREFEMNI 49 @ 54.

va g - B - IR R - RN 2 1987b, R RIZER T L iR
MR T OB - XHEHIPB X O % EO BRI OIS 7 5w 508 o
LK. R R BRI HRGEEEBM)IS 0 85-93.

BERKESL 2014, KEOF O, www.maff.go.jp/j/seisan/ryutu/

daizu/d_tisiki/. (2016 4E 1 H 13 H)

97



Norsworthy, J. K. 2004. Soybean canopy formation effects on pitted
morningplory (Ipomoea lacunosa), common cocklebur (Xanthium
strumarium), and sicklepod (Senna obtusifolia) emergence. Weed Sci.
52: 954-960.

ROARFEIL 1980, BRESRMGEREZOET FHEMYLRKUOEF.
106-111. FFHEERME « KARFMEILR. KE O AR & BE S, =X
. A

KAEESR - BRHEKEF - BEBHIEFY 2012, TEOIWEE X A XFH KR

/.

MO BN LA RBREROEARROMIE. HE - HAEILMEE
XA TR 530 65-66.

K BESE M 1980, Mol Bl B Bs £4ifr JuIN. 323-362. FBRIEFE - KA
TRFEOLIR. RE DA & RS, R, RL.

Parvez, A.Q., Gardner, F.P. and Boote, K.J. 1989. Determinate- and
indeterminate-type soybean cultivar responses to pattern density, and
planting date. Crop Sci. 29: 150-157.

Rigsby, B. and Board, J.E. 2003. Identification of soybean cultivars that
yield well at low plant populations. Crop Sci. 43: 234-239.

TEIR AT - SEHA - MR F 2007. ¥ A XOAE R A FKI KX
IR &R O . B AER 76:204-211.

Saito, M., Yamamoto, T., Goto, K. and Hashimoto, K. 1970. The

98



influence of cool temperature before and after anthesis, on pod
setting and nutrients in soybean plants. Proc. Crop Sci. Soc. Japan.
39: 511-519.

Vopk e = AR PO B — 1R N - EIRE 2008, K= TV =
VIR ] OB EF IS D B RRRE & IR E T AL R R TR
61:83-84.

e - RIME— - BIR 2010, 4 XBEEHESL FPUEBR I
111-125. B KR B E PER 1 0 = . 8Os - fBHED o dn FEAE L
HOARF &5 pETR 7 B = . AL,

Sionet, N. and Kramer, P. J. 1970. Effect of water stress during different
stages of growth of soybeans. Agron. J. 69: 274-277.

HAENZ « RSt - BEGEZ - JIIFEE - HAHEE - AMEE - 8
R - BHEFZ - HEPH 2011 X A4 XHUL O H K HUK 2 0 ik
RERICHEHTS2EMFZHREE —HEREE 2 BHXEIZE T 5 H
- fFE B —{EWAFIE 56 1 93— 98.

Smith, J. E. S. and Jordan, P. W. 1994. Stand density effects on
branching in an annual legume (Senna obtusifolia). Ann. Bot. 74:
17-25.

Spaeth, S. C., H. C. Randall, T. R. Sinclair, and J. S. Vendeland 1984.

Stability of Soybean Harvest Index. Agron. J. 76:482-486.

99



Steingraeber, D. A.1982. Phenotypic plasticity of branching pattern in
sugar maple (Acer saccharum). American Journal of Botany 69 :
638-640.

W W& G5, 1986, dbiEiE O EEEIN—KRER—. REIE T LB =,
FLR .

G RZFE A - N E - BTEFE F 1998, B M F 1T BT D RKEE AN E TR
7 vv] O@EBEEE O OH1IHR HHEHLLBEEECO VT, LR
65 : 256-260.

EAGEE 2011, d. LML 132 WIS oo R, 1.3 g
B 1R A X SHOME R, B o keEm. WaEIE,
HRat. 81-86.

EAEER - B FEAN 1987, XA XOZNMEERE. /) EEEKR,
PREICBI L2~ AHOFM. WXERE, HA. 265-285.

Tanaka, Y., Fujii, K. and Shiraiwa, T. 2010. Variability of leaf
morphology and stomatal conductance in soybean [Glycine max (L.)
Merr.] cultivars. Crop Sci.50: 2525-2532.

H A A - )1 B 1995, % 4 X0 BERL BEE 3 X OV % B 23 L &
BEOIWBEMRERIC LTS RE. BERL 6400 1) 30-31.

Thseng, F. S. and Hosokawa, S. 1972 Significance of growth habit in

soybean breeding. [ . Varieal differences in characteristics of growth

100



habit. Jpn. J. Breed. 22 : 261-268.

TRRE - PR DHELE 198. F A XOERBICMTS
Isogenic Lines O A% E K. HE - H EAL & K56 = #H 26:9.

NIHE - @ EHW B - MITHE R 2004, KHEIEBBEMWMIEL A XD EX L

SEACEFR LI FEZ N7 HEEAHERE BREEY, BAEE oM
fR. HAEA 73 : 287-292.

USDA-ARS 1997. Agronomic Performance of Modern Asian Cultivars
in the U.S. the Report of the Soybean Asian Variety Evaluation
Project. USB and USDA-ARS. 1-102.

BARR = - )i 1986, dbifpiE O GAEE T —OERm—. BELR
K=, LR,

Wilcox, J. R. 1977. Response of three soybean strains to equidistant
spacings. Agron. J. 66: 409-412.

Weber, C. R., Shibles, R. M. and Byth, D. E. 1966. Effect of plant
population and row spacing on soybean development and production.
Agron. J. 58: 99-102.

2O RB - ERZ /DB — - BENLE 2009, b E KOS IZ BT
LHXRF A XMEB OLE. AF - BAEILMEE K= 50: 3-4.

FOERME - B — - AENLE 20100 RRAEE EGICEB T D A K

A X ZER —dbiEE R RSB T D —. BAER 7905

101



1)340-341.

FFERE - B ER - DNRE— - AEE 2013, FAEE E IR
LA B KM - Bt ok —. HIE
#d 82(51 1)98-99.

FFERB 2015 b v w3 BRSBTS o B A R B EE O BRET.
& 3:91-95.

HAEEGL 2011, = A F OREE ALVEE O 3 A F B 71-93. /WD
WL - EBAER. BEOKRE M (EMEREEEAR 3, HAE
. RO

D Hm-BRHMHE-HBAE 1975 TREHAERE | BT A TH

B O3 HOW T HAER 44 ; 479-480.

102



Method for evaluating and agronomic factors related to varietal
differences in soybean branching plasticity in response to planting

density

1. Abstract

Although seed yields of Japanese soybean cultivars have not increased
over the last 50 years, US cultivars have shown continuous
improvement. One of the factors underlying this expanding yield gap
between Japanese and US cultivars is believed to be different in yield
stability resulting from the cultivars’ differential responses to planting
density. Past investigations of soybean branching patterns have focused
solely on branch number and branch architecture, and no attempt has
been made to evaluate differential branching (branching plasticity) of
soybean cultivars in response to planting density. Therefore, in this
study we developed a method for evaluating branching plasticity of
soybean cultivars in response to planting density and attempted to
identify some of the agronomic factors underlying varietal differences

in branching plasticity.

2. Materials and Methods
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Six field experiments were conducted between 2009 and 2013 at the
Rakuno Gakuen University experimental field and the Field Education
and Research Center, Crop Production Station (Bunkyodai, Ebetsu City).
In 2012 only, the same field experiment was simultaneously replicated
at the NARO Hokkaido Agricultural Research Center (Toyohira-ku,
Sapporo).

In Experiment 1, conducted in 2009 and 2010, one Japanese and two
US cultivars were planted at five densities to clarify differential
responses of Japanese and US cultivars to planting density. In
Experiment 2, conducted in 2011 and 2012, three Japanese and two US
cultivars were planted at different densities, and a method was
developed to evaluate the degree of branching plasticity, based on
assigning branching plasticity values. In Experiment 3, conducted in
2012 and 2013, one determinate type cultivar and one indeterminate
type cultivar were planted at different densities. We investigated the
relationship between climatic conditions and branching plasticity values
in the six field experiments conducted over five years (two years each
for experiment) and attempted to identify the branch architecture
resulting in a base value that could be used for calculating the most

stable branching plasticity value.
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In Experiment 4, we investigated the branching plasticity values of
multiple cultivars. We conducted a simple planting density experiment
with decreasing inter-plant spacing within a single row to determine the
potential of using such a method for simple evaluation of branching
plasticity values in breeding.

In Experiment 5, conducted in 2012 and 2013, three Japanese and three
US cultivars and three near-isogenic lines (NILs) with respect to stem
growth habit were tested at three planting densities. The results of
Experiment 5 were combined with those from Experiments 1 and 2 to
clarify the relationship of branching plasticity value to earliness and
stem growth habit.

In the final experiment, Experiment 6, we investigated the relationship
between planting density and the light environment of the plant
community and branch development to determine the influence of stem
growth habit on branching plasticity value and to identify some of the

relevant underlying agronomic factors.

3. Results

1) Differential responses of Japanese and US cultivars to planting

density (Experiment 1, 2009 to 2010).
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In both years, yields of the US cultivars were significantly higher than
those of the Hokkaido cultivars under sparse planting, with planting
densities of 16.7 plants per m? or less. Compared to Japanese cultivars,
the US cultivars exhibited lower variability in total yield but greater
variability in branch yield as a function of planting density. In other
words, the change in branch yield in response to different planting
densities was greater for the US cultivars than Japanese cultivars and
was sufficient to compensate for the decrease in main stem yield under
sparse planting conditions. Thus, we concluded that the yield of US
cultivars is more stable due to their greater branching plasticity in

response to planting density.

2) Method for evaluating branch plasticity (Experiments 1 and 2,
2009 to 2013)

In all four years, the seed yields of the US cultivars were higher than
those of the Hokkaido cultivars under sparse planting. Furthermore,
ANOVA indicated that the interaction between cultivar and planting
density had a significant impact on branch yield in all years. In other
words, clear differences in branching plasticity value exist among

cultivars. Differences in branching plasticity are also evident from the
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differential responses of branch yield, pod number per branch, and total
branch length to planting density. We believe that branching plasticity
can be evaluated using the regression coefficient (branching plasticity

value) of land area per plant on these branch characteristics.

3) Stability of branching plasticity value across years (Experiment 3,
2009 to 2013)

Analysis of the relationship of branching plasticity values to climatic
conditions during different growth periods revealed that accumulated
temperature during the peak branch growth period (June to July) has a
greater impact on branching plasticity than accumulated temperature
during the grain filling period (August to September) and that a
negative correlation exists between accumulated temperature in the first
60 days after seeding and branching plasticity. These observations
suggest that branching plasticity will tend to be greater in years when
accumulated temperature during the early stages of vegetative growth is
low or in early sowing years, and that the varietal differences will also
tend to be greater. In addition, total branch length was found to be a
more stable indicator of branching plasticity than either branch yield or

pod number per branch and to exhibit nearly identical varietal
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differences across different years.

4) Proposal of a simple method for evaluating branching plasticity
(Experiment 4, 2013)

Cultivars were planted with decreasing interplant spacing to create 7
land-area-per-plant levels within the same row, with the goal of being
able to evaluate differential responses to plant density in a single row.
Individual plants were inspected at the beginning of the seed filling and
seed maturation stages; the resulting regression coefficients (i.e.
estimated branching plasticity values) for land area per plant on branch
characteristics were then compared to branching plasticity values from
the field experiments. For both the beginning of the seed filling and
seed maturation stages, the regression coefficient of land area per plant
on total branch length was found to be a more accurate predictor of
branching plasticity than the regression coefficient of any other branch
characteristics, including branch dry weight, ratio of branch fresh
weight, branch number, branch pod number, and branch to main stem
ratio. Furthermore, based on ease of measurement and prediction
accuracy, we believe that the length of branch arising from the primary

leaf or the first leaf node is the most suitable predictor of branching
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plasticity value.

5) Relationship between earliness or stem growth habit and
branching plasticity (Experiment 5, 2012 to 2013)

A positive correlation was observed between branching plasticity value
and days from sowing to beginning of seed filling or maturity, with
later maturing cultivars exhibiting higher branching plasticity values.
In addition, the branching plasticity values of indeterminate type
cultivars were clearly higher than those of determinate type cultivars.
That said, branching plasticity was found to vary even among cultivars
with very similar maturation timing and stem growth habits, suggesting
the existence of a cultivar-specific branching plasticity characteristic

that is unrelated to these factors.

6) Factor analysis of varietal differences in branching plasticity
from the standpoint of branch development and light-interception
characteristics (Experiment 6, 2012 to 2013)

We investigated the relationship between branching plasticity values
and branch development and light-interception characteristics over two

years. In both years, estimated branching plasticity values based on
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total branch length were found to be higher for the two indeterminate
type cultivars and NILs compared to the two determinate type cultivars
and NILs. The differences in total branch length were derived from
differences in mean length of individual branches rather than
differences in branch number. In terms of branch development, we
found that this difference in mean branch length arises from differences
in stem growth habit during the peak growth period from R1 (beginning
of flowering) to R3 (pod set) as well as the observation that stem
growth stops in determinate type cultivars between R3 and RS

(beginning of seed filling) but does not stop in indeterminate type
cultivars.

Although we were not able to discern a clear relationship between
varietal differences in stem growth habit starting at the R1 stage and
light extinction coefficient during the early seed filling period, we did
observe a significant negative correlation between stem growth habit
and decrease in relative light intensity 40 cm above the plant
community over the entire seed filling period. In other words, the
varietal differences in branching plasticity among soy cultivars
resulting from differences in stem growth habit are attributable to

differences in length of individual branches and not branch number.
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Further, the elongation of branches in response to increasing planting
density confers an advantage to indeterminate type cultivars in terms of

light interception at the top of the community.

4. Conclusions

Soybean cultivars exhibit varietal differences in branching plasticity
responses to planting density, which can be evaluated using the
regression coefficient of land area per plant on branch length.
Branching plasticity values tend to be higher in late-maturing and
indeterminate type cultivars; one of the factors underlying the higher
branching plasticity value of indeterminate type cultivars is related to
increased ability to intercept light above the plant community. In
addition, we demonstrated the potential of a simple evaluation method
based on a single row of plants with decreasing interplant spacing and

measurement of the branch length arising from the first leaf node.
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Table II

-1.

Abstract of 6 field experiments.

. Title of Experimental No. oftested Cultivars and Description
No. ofexperiment K . Year K . Test contents
experiment location cultivars lines chapter
One each of
Response of planting Rakuno 2009 2 Japanese and US Fine level Chapter 111
i Iti
Exp. 1 density of Japanese cutivar planting density
and US soybean Two each of .
vars experiment
cultivars Rakuno 2010 4 Japanese and US
cultivar
Three each of
The measurement  Rakuno 2011 6 Japanese and US
fhranch " Three level
ofbranc t
Exp.2 . v planting density Chapter IV
plasticity in Two each of .
) experiment
soybean cultivar Rakuno 2012 4 Japanese and US
cultivar
The stability of One each of
branchi NARO 2012 2 I dus
Ianc. ?ng l a;:a.nese an Three level
ticit t
Exp.3 plastieity value v planting density Chapter V
fromthe point of One each of .
experiment
view ofannual ~ Rakuno 2013 2 Japanese and US
differences cultivar
Three each of Planting density
Simple method Japaneseand US  experiment
for evaluation of cultivar and three within row by
Exp.4 branch plasticity Rakuno 2013 12 pairs ofnear theridge which ~ Chapter VI
in soybean isogenic lines attached the
cultivars differing in stem inclination to
growth habit density
Three each of
Effects ofstem
th habit Japanese and US Three level
growth habit on ree leve
& . NARO 2012 12 cultivar and three . .
Exp.5 branch plasticity i planting density Chapter VII (1)
. pairs ofnear i
in soybean . L experiment
" isogenic lines
cultivars
Rakuno 2013 12 differing in stem
Varietal Three level
arieta One each of ree leve
difference in Japanese and US planting density
branching . experiment,
Jasticity and Rakuno 2012 4 cultivar and one branch
Exp.6 plastiaity an pair ofnear ranc Chapter VII (2)
factorial analysis . - development,
fomthe noint of isogenic lines ight
0 ight-
omthepomn differing in stem g
view ofbranch growth habit intercepting
development and Rakuno 2013 4 characteristics

Rakuno:Field crop production station Rakuno Gakuen University

NARO:National agriculture research center for Hokkado region
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Table II-2. Tested cultivar (Exp. 1)

Hokkaido cultivar US cultivar
(determinate type) (determinate type)

Year

2009  Toyomusume  Athow
(TM) (AT)

2010  Toyomusume  Athow
Toyoharuka LD00-3309
(TH) (LD)
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Fig. I -1. Changes in average air temperature, solar radiation and precipitation
during the growing seasons (Exp.1, 2009-2010).

@, O and B, [ indicate average temperature ,solar radiation and perticitation in
normal year and this year, respectively

Table II-3. Average air temperature and precipitation
during the growing seasons (Exp.1, 2009-2010).

Average air temperature (‘C)  Precipitation (mm)
Month 2009 2010 2003-2012* 2009 2010 2003-2012*

May 125 11.0 11.1 37 58 69
June 16.0 17.6 14.7 94 67 47
Juy 185 21.0 19.3 206 176 101
August 203 234 20.3 49 190 150
September 16.6  18.6 16.8 40 106 151
October 114 113 10.7 105 75 93

Total 2904 3135 2834 529 671 610
* indicates mean value of 2003-2012.
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Table I1-4 . Tested cultivar (Exp. 2)

Hokkaido cultivar

US cultivar

Year ) . .
(determinate type) (indeterminate type)
Toyomusume Athow
(TM) (AT)
Toyoharuka LDO00-3309
2011 (TH) (LD)
Yuzuru Jack
(YZ2) JA)
2012 Toyomusume Athow
Yuzuru Jack
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Fig. I -2. Changes in average air temperature, solar radiation and precipitation

during the growing seasons (Exp.2, 2011-2012).

@, O and B, [ indicate average temperature ,solar radiation and perticitation in
normal year and this year, respectively

Table II-5. Average air temperature and precipitation
during the growing seasons (Exp.2, 2011-2012).

Average air temperature (C) Precipitation (mm)
Month 2011 2012 2003-2012* 2011 2012 2003-2012*
May 103 125 11.1 69 62 69
June 16.1 16.0 14.7 40 77 47
Juy 214 205 19.3 141 81 101
August  22.8 229 20.3 137 205 150
September 18.7 21.8 16.8 231 196 151
October 11.6 124 10.7 145 116 93

Total 3067 3247 2834 762 736 610

* indicates mean value of 2003-2012.
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Table I -6 . Tested cultivars (Exp. 3)

Experimental Hokkaido cultivar US cultivar
year . . . .
location (determinate type) (indeterminate type)
Toyomusume Athow
2012 NARO
(TM) (AT)
Toyoharuka LD00-3309
(TH) (LD)
Rakuno / 7
2013 Rakuno ) N

Rakuno:Field crop production station Rakuno Gakuen University
NARO:National agriculture research center for Hokkado region
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Fig. I -3. Changes in average air temperature, solar radiation and precipitation

during the growing seasons (Exp.3, 2012-2013).

@, O and B, [ indicate average temperature ,solar radiation and perticitation in
normal year and this year, respectively
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Table II -7. Average air temperature and precipitation during the growing
seasons in Exp.3 (2012 NARO, 2013 Rakuno).

Average air temperature (‘C) Precipitation (mm)
Month 2012 2013 2003-2012* 2012 2013 2003-2012%*
(NARO) (Rakuno) (NARO) (Rakuno)
May 11.8 10.5 11.1 91.5 61.5 69
June 154 16.6 14.7 40.5 77.0 47
July 20.1 209 19.3 72.5 81.0 101
August 219 22.0 20.3 97.5 204.5 150
September 20.8  17.9 16.8 266.5 196.0 151
October 11.7  12.0 10.7 110.5 1155 93
Total 3117 3064 2834 679 736 610

* indicates mean value of 2003-2012.

Rakuno:Field crop production station Rakuno Gakuen University
NARO:National agriculture research center for Hokkado region

120



Table II -8. Tested cultivars and near isogenic lines (Exp. 4, 2013).

Hokkaido cultivar US cultivar Near-isogenic line
(determinate type) (indeterminate type) (determinate type) (indeterminate type)
Toyomusume  Athow Williams-dt1 Williams-Dt1

(TM) (AT) (WL-dt)) (WL-Dt))
Toyoharuka LD00-3309 Stressland X Stressland X

(TH) (LD) Tochinagaha-dt] Tochinagaha-Dtl
Yuzuru Jack (ST-dt1) (ST-Dt])

(YZ2) JA) Harosoy-dt1 Harosoy-Dtl

(Ha-dt]) (Ha-Dt1)

Table II -9. The land area per plant in row by the ridge which attached
the inclination to density (Exp. 4, 2013).

Plant number 1,14 2,13 3,12 411 5,10 6,9 7,8

land area per plant

, 19.5 16.5 13.5 10.5 7.5 5.25 3.75
(100xcmr)

Fig. I -4. The row spacing the ridge which attached the inclination to density
for simple measurement.

O O O O O0O00O0O OO0 O O O

P P> PO — > —> —>
30cm 25 20 15 10 75 5 75 10 15 20 25 30cm

(O :soybean plant
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1. Evaluation of branching plasticity

in field experiment

(field branching plasticity value)
=Regression coefficient to the land

Branch traits

3. Verification of estimate value

field branching plasticity value

area per plant in branch traits

Y=ax+b

land area per plant

estimate value by simple

measurement al

az

as

2. Estimate of branching plasticity

by simple measurement

(estimate value of branching plasticity)

branch length at seconde nod

branch /main stem weight

total branch length

Y=a12+b:

land area per plant

r2

Y=asx+bs

land area per plant

Fig. I -5. Verification procedure of estimate value in branching plasticity
by simple measurement (Exp. 4, 2012).
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Table II-10. Tested cultivars and near isogenic lines (Exp. 5)

Year ExperimentalHokkaido cultivar US cultivar Near-isogenic line
place (determinate type) (in determinate type) (determinate type) (indeterminate type)
Toyomusume Athow Williams-dt1 Williams-Dt1
(TM) (AT) (WL-dt1) (WL-Dt1 )
2012 NARO  Toyoharuka LD00-3309 Stressland X Stressland X
(TH) (LD) Tochinagaha-dtl Tochinagaha-Dtl
Yuzuru Jack (ST-dtl ) (ST-Dt1 )
(YZ) (JA) Harosoy-dt1 Harosoy-Dt1
(Ha-dt1 ) (Ha-Dt1 )
Rakuno
2013 Gakuen I /i Il n
univ.

NARO :Nation agriculture research station for Hokkaido region
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Table II-11. Tested cultivars and near isogenic lines (Exp. 6).

Vear Hokkaido cultivar ~ US cultivar Near-isogenic line
(determinate type) (indeterminate type) (determinate type) (indeterminate type)
2012 Yuzuru Jack Harosoy-dt1 Harosoy-Dtl
&7) (JA) (Ha-dt1) (Ha-Dt1)
2013 I I i i

Table IT-12. Average air temperature and precipitation
during the growing seasons in 2012 and 2013 (Exp. 6).

Air temperature (‘C) Precipitation (mm)
Month 2012 2013 2003-2012* 2012 2013 2003-2012*
May 12.5 10.5 11.1 85 62 69
June 16.1 16.6 14.7 40 77 47
July 20.9 209 19.3 56 81 101
August 229 220 20.3 106 205 150
September 21.8 17.9 16.8 178 196 151
October 12.4 12.0 10.7 69 116 93
Total 3268 3064 2853 533 736 610

* indicates mean value of 2003-2012.
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Fig. II-6. Stratified clipping method in simulated soybean community
(Exp. 6, 2012-2013).

Fig. II-7. Wooden frame for control distance between plants in simulated soybean
community (Exp. 6, 2012-2013).

Red line : 60X 7.5cm (sparse planting)
Blue line : 60X 10cm (standard planting)
Black line : 60 X20cm (close planting)
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Table III-1.

Seed yield and the related chracteristics (Exp.1, 2009-2010) .

Experimental ~ Spacing(cm) ~ Plant  land area Rl RS RS Growth  Growth  Total Branch  Branch yield per  Branch Main Tatal ~ No.of  Awrage  Lodging

year x density  per plant cultivar stage stage stage  period period seed seed growth period pod stem  branch  branch  branch score
(month  (month  (month  (Sowing-RS) (Sowing-R8)  yield yield (Sowing-RS) number  length  length length

Row widthem) _(m?)  (100xem’) /day)  fday)  [day) (day) day)  @m?) (@md) @midy) @) lem)  Cem)  (r)  (empl) (04

2009 50x10 200 50  Toyomusume  7/25 R 101 100 a 130 a 340 a 9l a 091 a 208 a 79a 126a 22a 57b 12 b

Athow 82 917 10124 116 b 153 b 338 a 128 b 110 b 249 a 90 a 11l a 28 a 40 a 09 a

70%7.5 19.0 53 Toyomusume  7/23 8/29 929 98 a 129 a 3452 108 a 110 a 228 a 74a Illa 25a 45a 0.5 a

Athow 728 9/14 1021 114 b 151'b 356 a 155 b 1.36 b 314 b 93b 132b 33 a 40 a 0.5 a

60 x 10 16.7 6.0 Toyomusume 724 831 1012 100 a 132 a 308 a 122 a 122 a 207 a 80 a 73a 24 a 30 a 08 a

Athow 81 9/15 1022 114 b 151 b 335 b 144 b 1.26 a 264 b 95b 112b 33 b 34 a 11 a

70 % 10 143 70 Toyomusume 722 8/30 1011 9 a 131 a 282 a 118 a 120 a 281 a 6l a 107a 27 a 39 a 03 a

Athow 729 9/12 10119 112 b 149 b 338 b 169 b 151 b 367 b 8% b 173 b 37b 46 b 02 a

70 x15 9.5 10.5  Toyomusume 721 8/29 929 97 a 128 a 275 a 127 a 130 a 283 a 57a 135a 32a 42 a 04 a

Athow 729 9/11 10/17 110 b 146 b 344b 215 b 195 b 371 b 77b 190b 43 b 45 b 02 a
Cultivar o+ ok ok ok ** ok ok ok o * ok
Density s s ok ok s ok ** ok ™ ** ok
CultivarxDensity ns ns * ** * ** ns ok ns ** ns

2010 50 %10 200 50  Toyomusume  7/18 821 9n7 98 a 125 a 3462 124 b 126 b 292b 81 b 131 b 37a 36b L1b

Toyoharuka 720 821 917 99 a 126 a 328 a 103 a 1.04 ab 24a 79 a 136 b 31a 44 b 03 a

Athow M8 9/10 1020 118 b 18 b 344 a 125 b 1.06 ab 276 b 119 b 88 a 37 a 24 a 0.5 ab

LD00-3309 7125 9/14 10124 122 ¢ 162 ¢ 374 a 117 ab 0.96 a 223 ab 135 ab 95 a 35 a 27 a 0.7 ab

70x75 19.0 53 Toyomusume 719 8/21 918 99 a 127 a 34a 157b 159 b 334b 80 b 159 b 39ab 4lc 14 b

Toyoharuka 720 8/22 918 99 a 126 a 368 a 130 ab 131 ab 244 ab 79 ab 81 a 36 a 2 a 0.7 a

Athow 721 9/10 10121 119 b 160 b 353 a 153 ab 1.29 ab 333 ab 106 ab 146 b 40 b 36 b 0.7 a

LD00-3309 726 9/14 10/25 123 ¢ 164 ¢ 337 a 124 a 101 a 362 a 126 a 157 b 35ab 45 ¢ 08 a

60 x 10 16.7 6.0 Toyomusume Aty 8/20 917 98 a 126 a 321 a 147 b 150 b 406 b 77 b 173 b 46b B a 12°b

Toyoharuka 720 8/22 918 99 a 126 a 303 a 123 a 124 a 163 a 8 a 120 a 27 a 44 a 0.6 a

Athow 721 978 1018 116 b 156 b 343 a 163 be 140 ab 342 be 102 be 119 a 40b 30b 1.0 a

LD00-3309 726 9/14 1022 123 ¢ 161 ¢ 353 a 182 ¢ 148 b 420 c 122 ¢ 162 b 44b 37b 08 a

70 %10 143 70  Toyomusume 717 819 9N1s 96 a 124 a 3062 154 a 1.60 b 320a 76 a 186 ab 48 ab 39 b L1b

Toyoharuka M9 8/20 915 97 a 123 a 305 a 144 a 148 a 2402 81 a 89 a 43 a 2l a 03 a

Athow 721 99 10119 117 b 157b 375b 219 b 1.87 ¢ 424b 113 b 210 b 540 39b 0.5 a

LD00-3309 24 913 10/24 121 b 163 ¢ 383 b 201 b 1.66 b 448 b 128 b 179 ab 47 ab 38 b 0.7 a

70 %15 9.5 105 Toyomusume  7/14 817 92 95 a 121 a 266 a 167 b L77 b 254b 69 b 203 b 51b 40D 1.0 b

Toyoharuka 4 8/18 9/10 95 a 18 a 245 a 135 a 142 a 1442 8 a 92 a 37a 25 a 04 a

Athow Aty 91 10/14 115 b 152b 351b 224 ¢ 194 ¢ 400 ¢ 103 ¢ 240 ¢ 47 b 5lc 04 a

LD00-3309 7123 911 1022 120 ¢ 161 ¢ 375 b 248 ¢ 2.07 ¢ 483 ¢ 119 ¢ 326 d 55b 59 ¢ 0.7 ab
Cultivar ik ok ® ik o ik * ™ x o ok
Density ns ns ns ** * wE ns HE ** * ns
Cultivar<Density s s ik ok * ik s ok * ** ok

Means followed by the same letters in the same column are not significantly different at 5% level by Tukey-Kramer test.
*** %% and ns,indicate significant at the 5, 1, 0.1% levels and nor significant,respectively.
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Hokkaido cultivar (determinate type)

US cultivar (indeterminate type)

LD00-3309

A
o
A

Ay 3951338
= 0.46

Iy

y=22.6x+22
r=0.92%

400 - Toyomusume Toyoharuka Athow
[ J
8 A ° y=-6.2x +403
_ y
2 A y=1.0x+346
=S r=0.48
e
5]
2 300 f
<
°
H
y=-21.2x+480 y=-17.9x+430
r=0.97%* r=0.90*
250 , , . . . - : ;
250 - y=16.1x+68
r=0.82F
A
200 F Y=3Tx+128 y=-6.1x+192
~ r=0.82+ r=0.841
=
&0 150 | %O/O
© © &
[&]
=S M A 2
= +
'ﬁ 100 F A y 143 x+ 66
= r=0.96**
& y=4.6x+82
r=0.73
50 t
0 1 1 1 L J 1 1 J
2 5 8 11 5 8 2 5 8 11
land area per plant (100 X cm?)
Fig. Ill-1. Effects of land area per plant on seed yield (Exp.1, 2009-2010).

O, @, /A, A indicate Hokkaido, US cultivar in 2009 and 2010, respectively.

T, *, ** indicate significant at the 10, 5, 1% levels, respectively.
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Hokkaido cultivar (determinate type) US cultivar (indeterminate type)

Athow LD00-3309
soor Toyomusume r Toyoharuka [ A
y=18.4x+231
~~
=400} A
5 y=-10.9x +37
—g =0.77
E L0 y=33.7x+ 160
Esof A0 y=-149x+306 | A =074
8~ r=0.70 °
~ A A L
< C()jo y=18.7x+ 183 A
= L : i PP
g2000 T 30x+1s . =081
o =0.62 A A
100
400 [
o
=
=)
=
2.300
g y =23.5x-5
= y=10.7x+99
=
5 r=0.86*
27200 A5
9 Adﬁx“f&w —
N ~
= _ = .
S pop' y =3.8x+51 Ly 33.5x*:3
£ ool Oy=114x+69 | =0.40 I o =099
NS A A = r
= r=0.96%* 0\ y=20.7x+41
<
= 1= 0.98%*
o}
S A
0 . . . . . . . . A
2 5 8 11 2 5 8 112 5 8 112 5 8§ 11

land area per plant (100 X cm?)

Fig. Ill-2 . Effects of land area per plant on branch pod number and
total branch length (Exp.1, 2009-2010).

O, @, /A, Aindicate Hokkaido, US cultivar in 2009 and 2010, respectively.

+, *, ** indicate significant at the 10, 5, 1% levels, respectively.
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Table IV-1. Seed vield and the related chracteristics (Exp. 2, 2011-2012).

Experimental land area R1 RS R  Growth  Growth Total Branch  Branch yield per  Branch Main Tatal No.of Awrage  Lodging

year  Spacing(em) Plant perplant  culivar  stage  stage  stage period period sced seed  growh period  pod sem  brach  branch branch score
x density (month  (month (month (SowingRS)  (SowngRS)  yield yield  (SowigRS) number  lengh  length Tength

Row width(em) (m®)  (100xcn) /day)  [day) /day) (day) (day) @Em’)  (gm?) @m’day) @) (em) (em) (pr') (empr") 04

2011 60x7.5 222 45 Toyomsume 715 831 930 97 a 126a  324ab 86 ab 089b 18 b 62a 55 a 20 a 2 a 15 b

Toyoharka 718 91 928 97 a 242  315a 57 ab 0.58 ab 171 b 65ab 69 a 15a 2 a 0.7 ab

Yuzru M7 97 109 104be  135b 3124 48 a 046 a 78 a b 87 2la 27 a 170

Athow 721 910 1015 106 ¢ 14l e 3M4b 94 b 088 b 1238  77b  15b 33 b 21 a 00 a

LD00-3309 728 919 1025 115d  ISLd 353 b 166 ¢ 44 ¢ 249 ¢ 9 ¢ 191 ¢ 49 ¢ 36 a 00 a

Jack 718 9% 108 102b  134b 323 87 ab 085b 74 a 9l ¢ 112 b 24 a 35 a 03 a

60x10 167 60  Toyomsume 713 829 930 95 a 26a  208a 70 a 074a 230 b 68b 37a 28 b 4lab 23¢

Toyoharka 715 830 928 95 a 24a 290 9% b 1.03 ab 206 b 55 a 56 a 19 a 30 a 10 ab

Yuzru 718 97 1010 104bc 136 b 284 b 53a 05la 43 75be  7lab 23ab 43 ab 13 b

Athow 720 99 1045 105 ¢ e 345c 188 d 178 ¢ 448 ¢ T4be 101 b 40cd 8 a 0.0 a

LD00-3309 729 918 1025 115d  Isld 342c 205 d 179¢ 558 d 90d w5 474 470 00 a

Jack 719 9% 109 12b  135b  302b  136c 134b 394 ¢ 8¢ 24 35¢ 45.ab 03 ab

6020 83 120 Toyomusume 713 827 928 93 a 124 a 189 a 105 a L13b 358 a 52 78 a 29 a 29 a 17 b

Toyoharka 713 827 928 93 a 24a 210 91 a 0.98 ab 3B a 50 a 6 a 26a 27 a 0.7 ab

Yuzuru 719 9% 1010 103b  136b  258ab 88 a 086 282 a S6ab 8l a 23 a 364 17b

Athow 720 98 1045 105 ¢ Mle 319¢  22¢ 2024 664 b 85 ¢ 175 b 47b  42b 0.0 a

LD00-3309 729 918 1025 115d I51d 33 23 186 ¢ 760 b 7606 301 c 58 ¢ 53 e 00 a

Jack 720 95 108 10lb_ 134b  287b 1D 176 ¢ 698 b 90 c 285 ¢ 43 b 48 be  03a
Cultivar m x| x x x x x| ox o - orx
Density 1 s s s . . * x - * 1
Cultivar<Density ns ns hiid hiid * hiid * hid ns hd ns

2012 60x7.5 222 45  Toyomsume 726 92 929 1l a 138a 325a 101 a 091a 295 a 68 a 104 b 26b 40 a 0.0 a
Yuzuru 726 912 1042 12Lb 151b 316 105 a 087a 207 a 94 b 60 a 12a 50 b 00 a

Athow 730 917 1020 126 ¢ 159¢  366b 135D 107b 301 a 87b  13be  37c 30 a 00 a

Jack 727 9n lom 1206 150b 3524 110 ab 091a 4396 1B 123 ¢ 35 36a 0.0 a

60x10 16.7 6.0 Toyomusume  7/26 91 929 111 a 138 a 307 b 119 b 107 a 478 b 66 a 189 be 41b 46 ab 0.0 a

Yuzru 726 912 lm2  121b 151b 263 a 137 ab L13ab 249 a 87b 130 a 30a $Bab 00a

Athow 730 916 1020 125 ¢ 159 ¢ 354c 155 a 124 399 b 85b 158 b 374 42 00 a

Jack 727 om lon 121b 150b 324 b 15la 125b 470 b 106 ¢ 197 ¢ 41b 48 b 0.0 a

6020 83 120 Toyomusume 726 92 929  112a 138a 260 a 160 b 143 b 402  S8a  207a 550 40 a 00 a

Yuzru 730 91 1m2  12Lbe  151b 296 105 a 087a 295 a 796 201 a 4la 50 b 00 a

Athow 730 9ns 109 124 ¢ I8¢ 334c 202 be 162 ¢ 462 b 82b  3160b 440 Tlc 00 a

Jack 730 90 1om2 1206 151b  317c 28 ¢ 190 ¢ 604 ¢ e 44c 50ab 88 d 0.0 a
Cultivar - ox * - - x x x N ¥ s
Density s s s ex s nx * nx - o 1
Cultivar<Density ns ns * hiid * hd ns hhid ns hd ns

Means followed by the same keters in the same column are not significantly different at 5% level by Tukey-Kramer test.

* %, #%% and s, indicate significant at the 5, 1, 0.1% levels and nor significant,respectively.
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Hokkaido cultivar (determinate type) US cultivar (indeterminate type)

4501 1 . ]
Toyomusume Toyoharuka Yuzuru Athow LD00-3309 Jack
—~
&
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= 3501 =100 | =099 | .\‘ :
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land area per plant (100 X cm?)

Fig.IV-1. Effects of land area per plant on seed yield (Exp. 2, 2011-2012).
O, @, A, A indicate Hokkaido, US cultivar in 2011 and 2012, respectively.

T, *, ** indicate significant at the 10, 5, 1% levels, respectively.
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Hokkaido cultivar (determinate type) US cultivar (indeterminate type)

1000, Toyomusume.  Toyoharuka Yuzuru 1 Athow 7 LD00-3309 Jack
& ] y=22.1+338
5 800 1 y=60.4x - 199 = 1.00%*
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q y=17.6x + 88 ¢ 09 .
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500 1 1 1
g
= ] |
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Fig.IV-2. Effects of land area per plant on branch pod number and
total branch length (Exp. 2, 2011-2012).
O, @, /\, A indicate Hokkaido, US cultivar in 2011 and 2012, respectively.

*, ** indicate significant at the 5, 1% levels, respectively.
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TableIV-2. Regression coefficient to the land area per plant
in branch chracteristics (Exp.1 and 2, 2009-2012).

Year Cultivar  Branch yield  Pod number in branch Total branch length

2009 Toyomusume 3.7 =12 a 139 =03 a 114 £25 a
Athow 143 =05 b 187 £0.6 b 235 =06 b

2010 Toyomusume 4.6 =13 b -109 =89 a 107 =15 b
Toyoharuka -6.1 £4.0 a -149 x£29 a 38 £28 a

Athow  16.1 0.7 ¢ 184 =09 b 20.7 =09 ¢
LD00-3309 22.6 =14 c 337 £16 b 375 £12 d

2011 Toyomusume 3.5 =45 a 176 £33 a 49 *£37 ab
Toyoharuka 2.9 =19 a 222 *£58 a 0.6 £25 a
Yuhzuru 5.5 *28 a 257 £78 a 09 =27 a

Athow 124 =30 b 554 6.0 c 92 =18 ¢
LD00-3309 49 *09 a 474 x£27 b 141 *£12 ¢

Jack 107 =14 b 583 *£34 bc 194 =18 d

2012 Toyomusume 5.6 *=2.5 a 6.6 =47 a 12.1 £2.1 a
Yuhzuru -2.5 *£2.6 a 10.5 =45 ab 178 *£20 b

Athow 104 *£22 ab 184 £33 b 269 =30 c

Jack 158 =22 b 221 =17 ¢ 423 *x24 d

Means followed by the same letters in the same column are not significantly different

at 5% level by Tukey-Kramer test.
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Fig.IV-3. Relationship between days from seeding to the beginning seed stage (R5) and
regression coefficient to land area per plant in branch traits (branching plasticity
value) in Exp.1 and 2 (2009-2012).

O, &, A, A, O, @, ], W indicate Hokkaido, US cultivar in 2009, 2010, 2011 and 2012, respectively.

+, %, *** indicate significant at the 10, 5, 0.1% levels, respectively.

YZ: Yuzuru, JA:Jack.
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Fig. V-2. Annual difference in branching plasticity of Toyomusume

Toyoharuka, Athow and LD00-3309 (2010-2013, Exp.1, 2, 3).

O, A :Determinate type, @, A : Indeterminate type

TM: Toyomusume, TH: Toyoharuka, AT: Athow, LD :LD00-3309
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Fig. V -3. Relationship between regression coefficient to land area per plant in total
branch length (branching plasticity value) in Exp.3 (2012 NARO , 2013 Rakuno

O :Determinate type, @ : Indeterminate type

YZ : Yuzuru, JA : Jack, TM:Toyomusume, TH:Toyoharuka, AT: Athow, LD : LD00-3309
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Fig. V -4. Relationship between accumulated temperature and branching plasticity
value by total branch length (2009-2013, Exp.1, 2, 3).

O: Toyomusume (determinate type), @ : Athow(indeterminate type)
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Fig.VI-1. Relationship between land area per plant, and ratio of branch fresh weight for total
fresh weight, branch fresh weight and total branch length
at RS (beginning seed filling stage) in Toyoharuka and Athow (2013, Exp.4).

Regression coefficient of branch characteristics to land area per plant indicate estimate value
of branching plasticity value by simple measurement
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TableVII-1. Growth development in Exp.5.
(2012 NARO , 2013 Rakuno).

Sowing Sowing Sowing

Year Cultivar R1 R5 R8 | [ [

stage stage stage R1 R5 RS
(month/dayy—— — (day)

2012 Toyomusume  7/22 8/14 9/26 72 95 138
(NARO) Toyoharuka — 7/23 8/15 9/27 73 96 139
Yuhzuru 7/29 8/24 10/13 79 106 155
Athow 7/31 8/28 10/17 81 110 159
LDO00-3309 8/3 9/2 1024 84 114 166
Jack 7/30 8/27 10/14 80 108 156
Harosoy-dtl 727 8/18 9/29 77 99 141
Harosoy-Dtl 7/28 8/19 10/1 78 101 143
Williams-dt1 7/27 8/26 10/23 77 108 165
Williams-Dt1 7/27 8/29 10/25 77 110 167
ST-dt1 7/26 8/24 10/13 76 105 155
ST-Dt1 7127 8/28 10/24 77 110 166
2013 Toyomusume 7/15 8/5 9/14 58 79 119
(Rakuno) Toyoharuka 7/15 8/5 9/14 58 79 119
Yuhzuru 7/24 8/17 10/14 67 96 149
Athow 7/22 8/15 10/23 65 99 158
LD00-3309 7/30 8/26 11/1 73 108 167
Jack 7/23 8/19 10/23 66 100 158
Harosoy-dt1 7/23 8/14 10/16 66 96 151
Harosoy-Dt1 7/22 8/15 10/19 65 96 154
Williams-dt1 7/22 8/16 10/23 65 98 158
Williams-Dt1 7/25 8/24 11/3 68 105 169
ST-dtl 7/26 8/21 10/24 69 102 159
ST-Dt1 8/2 8/27 10/30 76 109 165

ST: the line crossing between Tachinagaha and Stressland

R1, RS and R8 : Beginning flowering, beginning pod and beginning seed filling stage, respectively.

Rakuno: Field crop production station in Rakuno Gakuen University
NARO: National agriculture research center for Hokkaido region
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TableVII-2. Seed yield and the related chracteristics in Exp.5 (2012 NARO).

Plant land area Seed  Totaldry Seed Seed No. of No.of  Main Tatal  No.of Average Loding
Spacing(cm)  density per plant Cultivar yield  matter yieldof yieldof  podin podin stem  branch  branch  branch  score
x weight mainstem branch mainstem branch  length  length length
Rowwidth(em) (m?)  (100xem’) em?) (em?) (m) (m?) (@) @?)  (em) (cmpl)  OUph  (cmipl) (0-4)
60%x7.5 22 45 Toyomusume 383 778 179 204 54 411 42 100 43 23 —
Toyoharuka 361 669 251 109 79 235 52 59 2.1 28 —
Yuzuru 404 796 253 152 115 226 61 72 L5 49 —
Athow 408 780 275 133 137 311 74 102 2.9 36 —
LD00-3309 432 912 242 190 146 608 94 230 49 48 —
Jack 369 598 280 89 164 351 95 107 3.7 29 —
Harosoy-dtl 416 570 182 233 86 626 54 181 45 39 —
Harosoy-Dt1 433 750 239 194 158 804 89 237 4.9 48 —
Williams-dt1 504 769 293 210 113 420 51 98 3.6 28 —
Williams-Dt1 483 756 287 196 120 286 95 119 43 28 —
ST-dt1 545 826 246 299 69 568 59 169 43 40 —
ST-Dt1 412 842 232 180 88 453 100 202 49 41 —
LSD(0.05) 29 90 37 16 34 121 17 90 0.6 8
60x10 16.7 6.0 Toyomusume 344 836 137 207 79 409 44 138 4.7 29 —
Toyoharuka 301 761 160 141 90 292 44 70 32 22 —
Yuzuru 359 726 188 171 118 308 74 131 3.1 46 —
LD00-3309 405 450 177 228 185 748 81 285 6.3 46 —
Athow 466 555 261 206 187 574 74 204 5.0 41 —
Jack 396 606 195 201 222 696 83 236 54 44 —
Harosoy-dtl 379 472 123 256 120 701 55 231 5.5 42 —
Harosoy-Dt1 453 708 187 265 200 943 88 306 59 52 —
Williams-dt1 500 978 235 265 170 601 51 169 52 33 —
Williams-Dt1 496 720 224 272 185 673 96 250 5.8 44 —
ST-dt1 459 733 188 270 106 494 55 194 4.6 42 —
ST-Dt1 404 668 167 237 118 548 108 235 5.1 46 —
LSD(0.05) 35 148 35 28 29 93 18 42 0.8 8
60x20 8.3 12.0 Toyomusume 312 576 79 233 169 486 41 195 6.6 29 —
Toyoharuka 258 502 94 165 230 346 41 141 53 26 —
Yuzuru 332 593 115 217 257 437 65 246 53 46 —
LD00-3309 389 441 97 292 400 822 84 492 8.0 62 —
Athow 421 677 130 292 458 807 74 337 6.4 53 —
Jack 378 446 107 270 534 804 91 362 6.9 52 —
Harosoy-dtl 349 578 89 260 303 658 44 208 6.7 31 —
Harosoy-Dt1 428 538 113 315 422 882 85 416 8.1 51 —
Williams-dt1 367 664 135 232 375 620 45 218 6.7 33 —
Williams-Dt1 496 554 172 324 432 677 96 419 7.7 55 —
ST-dt1 442 595 120 322 233 509 50 198 5.6 35 —
ST-Dt1 342 595 107 236 305 540 104 418 8.6 49 —
LSD(0.05) 60 66 39 37 66 115 20 89 0.8 10
Cultivar Hokk ok sokok ok sk sk sohok o ok sokok
Density sk ok ok ok sk stk #k Hok ok sk
CultivarxDensity ns ook ns * ns Hohok ns ok ns Hohk

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

Means followed by the same letters in the same column are not significantly different at 5% level by Tukey-Kramer test.

NARO: National agriculture research center for Hokkaido region
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TableVII-3.Seed yield and the related chracteristics in Exp.5 (2013, Rakuno).

Plant land area Seed  Totaldry Seed Seed No.of  No.of  Main Tatal ~ No.of Awerage Loding
Spacing(cm)  density per plant Cultivar yield matter  yieldof yieldof  podin podin stem  branch  branch  branch  score
x weight mainstem branch mainstem branch  length  length length
Row width(em) (m?)  (100xcm’) gm?) @Em) (Egm) (Egm) @) (m?) (em) (cm/pl)  (Upl)  (cmipl) (0-4)
60x7.5 22 4.5 Toyomusume 399 778 251 149 343 604 39 117 54 21 —
Toyoharuka 299 969 111 188 424 358 44 74 3.8 19 —
Yuzuru 302 985 129 173 271 209 70 126 4.1 31 —
Athow 326 780 92 234 458 558 67 86 39 22 —
LD00-3309 249 912 120 129 469 402 104 184 4.7 40 —
Jack 349 681 143 206 526 464 99 167 49 34 —
Harosoy-dtl 372 752 231 141 384 619 45 144 59 24 —
Harosoy-Dt1 408 778 224 184 360 585 86 222 6.7 33 —
Williams-dt1 323 769 135 188 451 404 72 160 5.7 28 —
Williams-Dt1 306 756 155 151 367 327 110 206 59 35 —
ST-dt1 383 826 215 168 333 540 66 158 53 30 —
ST-Dt1 303 842 122 181 324 367 115 154 6.7 24 1.6
LSD(.05) 32 94 24 27 64 67 18 35 0.9 6
60x10 16.7 6.0 Toyomusume 287 836 180 107 310 547 36 116 5.5 21 —
Toyoharuka 332 761 135 197 347 292 44 70 3.6 19 —
Yuzuru 341 912 178 163 194 322 64 174 5.5 32 —
Athow 355 555 155 201 363 378 67 127 4.6 26 —
LD00-3309 262 900 148 114 402 807 96 401 6.9 58 —
Jack 297 773 162 135 383 424 101 215 5.5 39 —
Harosoy-dt1 357 691 221 137 271 547 35 113 5.6 20 —
Harosoy-Dt1 417 905 275 142 316 644 86 293 6.9 42 —
Williams-dt1 324 978 198 126 410 748 76 302 73 41 —
Williams-Dt1 318 720 201 116 347 418 103 295 8.0 38 —
ST-dt1 333 668 189 144 265 400 67 198 59 34 —
ST-Dtl 325 733 171 154 283 471 116 270 7.8 35 1.7
LSD(.05) 24 107 27 12 62 127 18 38 0.8 9
60x20 8.3 12.0 Toyomusume 304 676 177 127 168 340 45 132 53 25 —
Toyoharuka 243 552 127 116 189 237 36 78 5.0 16 —
Yuzuru 278 831 176 102 109 228 60 193 5.7 34 —
Athow 320 927 208 112 210 468 62 209 6.0 35 —
LD00-3309 234 791 174 60 163 651 87 568 8.0 71 —
Jack 303 884 221 82 224 552 97 379 7.1 53 —
Harosoy-dtl 297 563 192 105 185 480 41 154 6.5 24 —
Harosoy-Dt1 422 815 335 88 196 687 77 365 7.7 48 —
Williams-dt1 307 664 205 102 227 603 65 219 7.2 31 —
Williams-Dt1 310 804 229 81 155 518 98 431 7.0 62 —
ST-dt1 324 635 233 91 137 317 52 195 6.7 28 —
ST-Dt1 199 740 133 66 176 385 112 416 73 57 33
LSD.05) 37 94 42 15 34 92 18 95 0.7 13
Cultivar sk ek ok ook 3k soksk ok sofek sofek sk
Density ok ook ok Hokk ok ok ok sokok wok ook
CultivarxDensity ns sokok ns * * ok ns swokok * ok

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

Means followed by the same letters in the same column are not significantly different at 5% level by Tukey-Kramer test.

Rakuno: Field crop production station in Rakuno Gakuen University
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Fig.VII-1. Effects of land area per plant on total seed yield
(2012 NARO, 2013 Rakuno) in Exp.5.

A, A, O, @ indicate determinate type, indeterminate type in 2012 and 2013, respectively.
*, ** indicate significant at the 5, 1% levels, respectively.

Rakuno: Field crop production station in Rakuno Gakuen University
NARO: National agriculture research center for Hokkado region
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Rakuno:Field crop production station in Rakuno Gakuen University
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Fig.VII-3. Effects of land area per plant on total branch length

(2012 NARO, 2013 Rakuno) in Exp.5.
A, A, O, @ indicate determinate type, indeterminate type in 2012 and 2013, respectively.

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

Rakuno: Field crop production station in Rakuno Gakuen University
NARO: National agriculture research center for Hokkado region
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Table VII-4. Regression coefficient to the land area per plant of branch traits
(Branching plasticity value)in Exp.5 (2012 NARO , 2013 Rakuno)

Year Cultivar Branch yield Branch pod number Total branch length
2012 Toyomusume 4.1 =+ 1.8 ab 108 £ 1.7 bede 114 £ 3.1 cd
(NARO) Toyoharuka 64 = 120D 13.1 = 11.4 cdef 3.8 £ 3.8 abc
Yuhzuru 84 =+ 0.5 be 263 =24 gh 10.7 = 0.7 bed
Athow 192 =+ 1.7 ef 584 =+ 38 i 235 =+ 54 ¢
LD00-3309 128 =£ 19 cd 23.8 =12 fg 347 = 21 f
Jack 205 = 13 f 483 =27 1 375 = 10 f
Harosoy-dtl 277 =+ 2.6 ab 1.0 =70 ab 49 =+ 4.8 abc
Harosoy-Dtl ~ 13.3 =+ 0.5 cd 46 = 0.5 abc 06 = 22 ab
Williams-dtl 0.5 == 0.7 a 199 =+ 79 efg 09 £ 05 a
Williams-Dtl 147 =+ 1.7 de 374 == 20 hl 92 =+ 1.3 abcd
ST-dtl 47 =+ 0.6 ab 49 =+=72 a 141 = 1.1 cde
ST-Dt 52 =+ 0.1 ab 79 £ 1.1 bed 194 =+ 1.5 de
2013  Toyomusume -7.2 £ 1.0 a 350 £49 a 22 == 14 a
(Rakuno) Toyoharuka 1.1 £ 03 bed -142 £ 12 bed 08 =+ 04 d
Yuhzuru 44 =+ 14 cde -27 =£27 cde 73 £ 05 a
Athow 13.6 = 0.2 fg 05 =+ 18 ef 156 £ 0.1 bc
LD00-3309 64 *£ 04 de 163 *£12 g 45 =+ 26 d
Jack 102 =+ 12 efg 145 *£23 g 279 =*= 12 d
Harosoy-dtl ~ -5.1 =+ 02 ab -164 =+ 7.1 bc 29 =12 a
Harosoy-Dtl 139 =+ 0.9 g 11.7 =+ 49 fg 170 £ 12 c¢
Williams-dt] 6.9 =+ 0.0 de 121 = 1.0 fg 1.6 =+ 10 a
Williams-Dt1 92 =+ 0.3 efg 229 =+ 04 g 279 £ 14 d
ST-dt1 39 = 02 cde -252 £ 57 ab 33 £ 30 a
ST-Dt 07 =04 abc 26 *£32 de 319 =+ 01 d

Means followed by the same letters in the same column are not significantly different at 5% level by Tukey-Kramer test.

Rakuno: Field crop production station in Rakuno Gakuen University

NARO: National agriculture research center for Hokkado region
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Fig.VII-4. Relationship between days from seeding to the beginning seed stage (R5)
and regression coefficient to land area per plant in branch traits (branching
plasticity value) in Exp.5 (2012 NARO, 2013 Rakuno).

O :Determinate type, @ : Indeterminate type

YZ : Yuzuru, JA : Jack, TM:Toyomusume, TH:Toyoharuka, AT: Athow,
LD :LD00-3309, HA-dtl:Harosoy-dtl, HA-Dt1 : Harosoy-Dtl
ST-dtl : Stressland X Tochinagaha-dtl, ST-Dtl1 : Stressland X Tochinagaha-Dtl,

WL-dt1 : William-dt1, WL-Dt1 : William-Dt1

Rakuno: Field crop production station Rakuno Gakuen University

NARO: National agriculture research center for Hokkado region

+, ** indicate significant at the 10, 1% levels, respectively.
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Fig.VII-5. Relationship between regression coefficient to land area
per plant in branch traits (branching plasticity value)
in Exp.5 (2012 NARO, 2013 Rakuno).

O :Determinate type, @ : Indeterminate type

YZ : Yuzuru, JA : Jack, TM:Toyomusume, TH:Toyoharuka, AT: Athow,
LD :LD00-3309, HA-dtl:Harosoy-dtl, HA-Dt1 : Harosoy-Dtl

ST-dtl : Stressland X Tochinagaha-dtl, ST-Dtl1 : Stressland X Tochinagaha-Dtl,
WL-dt1 : William-dt1, WL-DtI : William-Dt1

Rakuno: Field crop production station in Rakuno Gakuen University
NARO: National agriculture research center for Hokkado region

*** indicate significant at the 0.1% levels, respectively.
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TableVII-5. Seed yield and the related characteristics (Exp. 6, 2012-2013).

Spacing (cm) Plant Land area  Cultivar R1 R8  Seed Branch No.of Total Leaf area
Year X density perplant  and line  stage stage yield seed podsin branch index atRI
Row width (cm) (100><cm2) (month (month yield branch length stage
(m?) /day) /day) (gm?) (gm?) (m?) (cmpl') Total Branch
2012 60x7.5 22.2 4.5 Mean of 419 169 125 393 396 0.70
60 x 10 16.7 6.0 cultivars 409 218 160 460  3.87 1.00
60 x 20 8.3 12.0 371 259 191 487 312 1.38
Mean of treatments Yuzuru  7/29 10/14 365 187 249 130 3.83  0.99
Jack 729 10/15 381 180 486 255 3.13  0.86
Harosoy-dtl 7/30 9/29 381 250 503 214 3.56 1.07
Harosoy-Dtl 7/31 10/1 438 258 548 280  4.08 1.18
2013 60 x 7.5 22.2 4.5 Mean of 343 163 184 469 479 1.58
60 x 10 16.7 6.0 cultivars 336 189 209 484 442 1.62
60 x 20 8.3 12.0 309 208 230 487  4.02 1.81
Mean of treatments Yuzuru  7/26 1025 307 129 253 164 495 1.75
Jack 726 10/25 342 141 480 254 423 1.43
Harosoy-dtl 7/24 10/19 316 185 549 137 423 1.85
Harosoy-Dtl 7/26  10/21 416 236 639 293 433 1.64
Year ke * 'i' ns sk &k
DenSlty K3k Kk sk ks sk sksksk
DensityXYeaI' sk ns seekok skeksk ek skeksk
Cultl'var ok ks sk sk sk sk
Cultivar X Year ke skeksk ek &k skk skeksk
Cultl'var X DenSlty skoksk Kk sk sksksk sk sk
Cultivar x Year X Density o Hx e ok o o

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

R1: the beginning flowering stage
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Figure VII-6. Effects of land area per plant on total seed yield and
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branch yield (Exp. 6, 2012-2013).

A:Total seed yield, @: Branch seed yield.
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Figure VII-7. Effects of land area per plant on pod number in branch and total branch
length (Exp. 6, 2012-2013).

A :Pod number in branch, @: Total branch length.
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Figure VII-8. Effects of land area per plant on leaf area per plant at R1 stage

/\ :Total leaf area,

R1: the beginning flowering stage

(Exp. 6, 2012-2013).

@ : Leaf area in branch
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TableVII-6. Regression coefficient to the land area per plant for various branch

traits (branching plasticity value) in Exp. 6 (2012-2013).

Pod number inbranch  Total branch length

LAI in branch

Year Cultivar Branch yield
2012 Yuzuru 84 + 14 ab 65 + 16 a 168 +20 b 0.69 £ 0.03 a
Jack 205 £ 23 ¢ 272 £ 39 ¢ 423 + 24 d 1.90 £+ 0.06 ¢
Harosoy-dtl 2.8 + 19 a 42 £29 a 113 £ 15 a 147 £ 0.05b
Harosoy-Dtl 139 + 2.0 b 157 £+ 34 b 300 £ 1.2 ¢ 239 £ 0.05¢
2013 Yuzuru 44 + 140 27 £ 1.7 a 74 £ 18 b 154 £ 0.07 a
Jack 137 £ 29 ¢ 145 +£ 45 be 280 £ 27 d 1.82 + 0.04 ab
Harosoy-dtl  -6.1 + 2.8 a 117 £ 27 b 44 £ 12 a 1.62 £ 0.03 a
Harosoy-Dtl 134 + 1.0 ¢ 16.7 £ 3.7 ¢ 170 £ 25 ¢ 212 £ 0.09b

Means followed by the same letters in the same column are not significantly different at 5% level by Tukey-Kramer test.

Leaf area in branch were measured at R1(Beginning flowering) stage.
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Figure VII-9. Change in branch number and branch length during seed filling period

O:Yuzuru (determinate type), @ : Jack (indeterminate type), (Exp. 6, 2012).
/\ :Harosoy-dtl (determinate type), A : Harosoy-Dtl (indeterminate type)

R1, R3, RS, R6 and R8: Beginning flowering, beginning pod, beginning seed,
full seed and maturity stage, respectively.
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Figure VII-10. Change in branch number and branch length during seed filling period

O:Yuzuru (determinate type), @ : Jack (indeterminate type),

(Exp. 6, 2013).

/\ :Harosoy-dtl (determinate type), A : Harosoy-Dtl (indeterminate type)

R1, R3, RS, R6 and R8: Beginning flowering, beginning pod, beginning seed,
full seed and maturity stage, respectively.
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Figure VII-11. Relative light intensity and leaf area index at R1 stage

R1: the beginning flowering stage (Exp. 6, 2012).

The numbers in Figure show total leaf area index (LAI).
Numbers within parentheses show the ratio of the percentage of upper part 40cm to total LAIL
Italic numbers in Figure show relative light intensity (%) at the 40cm plant height.
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Figure VII-12. Relative light intensity and leaf area index at R1 stage

R1: the beginning flowering stage

The numbers in Figure show total leaf area index (LAI).

(Exp. 6, 2013).

Numbers within parentheses show the ratio of the percentage of upper part 40cm to total LAL
Italic numbers in Figure show relative light intensity (%) at the 40cm plant height.
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Figure VII-13. Changes in extinction coefficient during seed filling period
(Exp. 6, 2012-2013).

O:Yuzuru (determinate type), @ : Jack (indeterminate type),
A\ :Harosoy-dt1 (determinate type), A : Harosoy-Dtl (indeterminate type)

R1, R3, R5:Beginning flowering, beginning pod, beginning seed stage, respectively.
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Figure VII-14. Changes in the decrease in relative light intensity of upper 40cm layer

of soybean community during seed filling period (Exp. 6, 2012-2013).

O:Yuzuru (determinate type), @ : Jack (indeterminate type),
A\ :Harosoy-dt1 (determinate type), A : Harosoy-Dtl (indeterminate type)

R1, R3, R5:Beginning flowering, beginning pod, beginning seed stage, respectively.
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Figure VI-15. Relationship between extinction coefficient and branch length growth
during seed filling period (Exp. 6, 2012-2013).

O:Yuzuru (determinate type), @ : Jack (indeterminate type),

A\ :Harosoy-dt1 (determinate type), A : Harosoy-Dtl (indeterminate type)

RI1, R3, R5, R8 :Beginning flowering, beginning pod, beginning seed and maturity stage, respectively.
* ** indicate significant at the 5 and 1% levels, respectively.
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Figure VII-16. Relationship between decrease in relative light intensity of upper 40cm layer

in soybean community and branch length growth during seed filling period

O:Yuzuru (determinate type), @ : Jack (indeterminate type),
/\ :Harosoy-dtl (determinate type), A : Harosoy-Dtl (indeterminate type)

(Exp. 6, 2012-2013).

RI1, R3, R5, R8 :Beginning flowering, beginning pod, beginning seed and maturity stage, respectively.
** %% indicate significant at the 1 and 0.1% levels, respectively.
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Identification of varietal difference in the response of branch
development to planting density (branching plasticity)

Establishment of the evaluation method of
the branching plasticity value in the field

Establishment of simplified evaluation of the branching plasticity value

L

Investigation for variability in branching plasticity value among diverse
genotypes with the simplified evaluation method

Determination of standard cultivars on the branching plasticity for
different types of earliness and stem growth habit

A
[ \

Determinate type Indeterminate type
Early Medium  Late Early Medium  Late
Maturity 00, 0, 1 I m, Iv 00,0, I I m, IV
group
A \
The degree [ \ ( \
of branching High  Medium  Low High Medium  Low

plasticity @

Elucidation of quantitative traits loci of determinant genetic
factors except stem growth habit and earliness

U

Introduction of quantitative traits loci into high-yielding cultivars

V

Breeding of high-yielding cultivar with high branching plasticity value

Fig.V[-1 Vista and process of breeding in high-yielding cultivar
with high branching plasticity value.
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