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1. %
KEDZ A RGO T4~ L, AL

HIZEBWTIiL10a 4V 300kg Z#iz TWB DI LT,

Z O 50 F[H, BARMFEOINED FRITNE <, 2E
¥J10a 40 170kg (T EF°, 4 A XHILO B KK 2T
IERO—EETE>TWD (b 2010). Z ORI
Katsura ©» (2011) IZXiUETE LTHA XDAEEFH
MOBRBEOERTHY, IWEFRT VXY LORE S
& F TG L7 ek o K (AE D 2011) <
SALBE ORI FE D HARZHRED 7225 (Tanaka &
2011) 3BEE L CTH Y, BUE L MBI 3 el 5L TV 5.
O AKSTEO AR ESUSOFERIZER L,
Ak A XEFEOFMEE % 2 r bV RE Lz
FEHL, CKRIESLTRIT B ARSI AT, FAEEEIC L
TINEOREL TWAEIANZH Y, T HUTER L7
WIS D EZHH L, EXNEOWD Z/MET 5
PR, T72bb, FRE IR 5 0B r R K &
W2 EEHE L (FEFES 2010).

Fl2, ZONEAEEEORE S, RS

% I BGRER ORIFRE TG T & (FdEARDS  2014),

Z ORYFREZ R AT E LCHWS &, AR
FRICKZ RN LS, ARG ONKE G FED
FCLMEEERNLONE L ERELE (TS
2013).

—J5, T ORI, SRR BB, hE R
RERWBEZTHILEN, EXFLOREBEICLVHAL
MR 2oh 5 (F]ED 2013, FIHEAD  2013).

Esr (1988) 2 ki, M EEAMERNALETS
BARNL, @mWHiEER AR 2 ECH Y, —DD
AT UCIRAE R GRS Z SN 5. 7,
HHS (1996) 12 Xk, SRHEERD I Lrahx)
R THEER ZARMEED T7FFH N 12T
MO 2 2 L, BRSNSV, Zh b0
DY 5 &, MR E RS FED /A RIE D &
STIFZHRER O RN ET 5. Thebbh, WM
BERLNHL, SR Z A LT WVBESEIZB WY
T, HIRHER LRI bR TR AR < MEFE L,
TIEEA~DIDOFBHENL N0, FEEEME% Y E
T, LVEVEDLLONEORENERSNDEZ L &
MERH D ETFHREND. LrL, ARMERBSLIW
SERRAR BT SR 35 1T 2 RN BE LSk 2 oA w9 e
DREXDERL, IS L OO HERRE D
BURZ R HEIE, 1FEAEHRLAR.

T, 2012 4F, 2013 4F 2 #AREICH T2 Y, JbifEEH
RGN 2 BRRPENIZIZRE U A KES 1 AR L,
HEMEICBE 2 MR EE T 2 RO 4 SFEIE 0N
FEE AT, BEBEERBRZITV, SEAEEDO KR
T X EBBMBOZREEEZTMAEL, XA XN

AIERNZ IS 1T 2 Al FE (25 2 0B TP DI T,

B OZ BB OEENERL THDNE S i
oMz LE) & LT,
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2. MR L U5k

(1) AR & iz B e

AR, dbiEESAE S L CAREE o2 X
Jb, KERFEE U TERMERD Jack Wz, &6
\Z, & ELFE Harosoy OB MICEE 4 5 FE &5
REE LT, ARMERD Harosoy-dtl, MERHER
@ Harosoy-Dtl Z AW 7=. BBeiED 3% (Maturity
groups YL K MG) 1%, == 7 RV, Jack IZ1I, Harosoy—dt1
B X W Harosoy-Dt1 1£ 0 THD. =7 XL iddbigiErs
H AT ORLRKORKE WE G AN, Jack (3 KEALEE
HMORSETHD. S NCRFEORER
FRIX, 0B TPk 7S S Al oD LR 0D B 250 < 20T
EBFHEOEWEALEIZY, SVWEAICHY  (FE
5o2013), ZORBEHEETLHOIL, BEOREE
BROFER (MIETEEAR 2014) X0 SFEOBEBMEIZIEN
CTHDH2r AN E Jack ZRE L. 51T, DO
iR L ORI TR M EERE T Dol
DEBEZWH LT D201, ORI ELF R
Harosoy-dtl, Harosoy-Dtl % FH\ 7-.
W6 R 22 R R BRI S 1S T 2012, 2013 W4RICHENE 2
60cm [ZEE L, #H% 7.5, 10, 20cm &3 5K D 37k
YEDORAEH LR (B 1) 2 E L. £XixEh
zh, FiBEEICTAHL 8.3, 16.7, 22.24K m?, {H
REARMICT S &, 450, 600, 1200cm® & 72 5. Lee &
(2008) BB L Parvez & (1989) 2 LhiE, ¥4 X
DEE G Db R ZWIRIEE L 8~25 Am? Th
v, Fio, ALWEE OEER 2RI, %A - L)l
(1986) L AUITHENR 60cm #%4 20cm D 2 A&7 T (16,7
AKn?) THHI LG, FEMHEXE LT 60X7.5,
10, 20cm Z3®E L7~ (LLF, 60X7.5, 60X10, 60X20
X). REBRECEE, 2012, 2013 W4E & & ITHER GRE
BE) EX, WEEZEIXET D, SBIXKE 3 XEE
L7z

(2)  HEEHIE

HEER 4 SO 2 B R [ K R SRR 512 C 2012, 2013
BIZZENENS A 27, 14 BIC IR 2RI TRk L7z, &
A& U CAbIEE S A HE | 2RV N-2, P205-12, K20-8g
m? FhRZZ, @Y AR, BB VK A L.
WVAEIERBFFCMSIWT IR TE L, HELZRD -
TERRICIEBE R OIS & MR A HfE L, KRERD 72
W7o B R ERL L. E7-, MERPLBRE LCRATE
MHE CHETRY BREZRB o7, 361, FE
WG E LTERAT, T7I4Y, XU LUK
HHE R T2 7 —H—FS30) & FiF 840 L7=.
TXIAAT, YAITYH, TT T LHEYBROTZD
(o FAosil, [77uexy) U3E 2RALT
THTRE8HA RO 2 EEA L.

(3)  WEHIE
1) &R

HERREE 2 AT B 720DICEE 20 em 2 & O FERIN]
D &7V, BEEEOMTE L 2012 4£12i% 7 A 31 H, 8



A17TH, 9A 12 H, 20134FI2i%7 A 25 H, 8 4 20
H, 98 17 H® 3 %l L7z, SOBX»SAEE P
72 iHE U 7o AR & B X C 6 AR, ATEYEXC 4 A,
BAE X C 2 BRI OV CHIBRE 2 A E D, A 7
b Uiz, AEY 7T EREICTAIL & A% F
W, B TORMEEESEEFE L, SREE S L

(Fig. 1), BE 20cm Z & #@RNCEZE, HEHNCE,
WERA, BE, KeExRT, W OEEEZNE L.
2) FA%FPREE 5 X QUL R A

FARTIERE OFHAE I BT v — (HI0KT3912 5
—&uJi—, UIZ3635) %M\, HUESEA 5 E & 20cm
T L ORERZRE L, xR, WonRE A EH L.
REWIRENE, UToRcL vk, 1 28%N
MREE To ZFEVE B OMREE. /1o % BEENFHSHREE,
F 2R RAfRSRE T2 &,

WA E K 1% Log e (I/Io) =KF
IZLvkdois.

INEFIE T, KE I EIETHERRED 2
i 20 fEREZFX D L, 3~4 BRI AR L-%, =
% - RNCEER, T, RIS LKL E AR 7.
BT, EEEKEMNONEOEREZREL, K50
KE#& LT, SHREEZRkDE
(4)  FHEIE - IEARERR TR O HT, BLOY
W YR O REATG 5 1

SEIXIE 3 K TR A BLE L, 2 7 EOFRK
BERITTWDZ L0 b, FHEINER LU ERERKE
F#1¥, Macintosh (1983) I & A #IHGAER DA FRITIE
WZHEV, FkETEX, R GAEBE) ZElX, S
ZRlx K ETDHEIRIEICESE, HEFY 7 b R &
T oOE T Lz,

F72, BHBEEOZEICH LT FREIENLELT
WAHMHE, TbbiEEIEIC XD oI EDE LA
R&EL, BRI OREL T ICIH L, BifEC
£ 2 FFENEOR T 2N EOHINCE VS Z &
NTE DR O TIEME L EE L (BEDS  2013),
A 5 A TR GRARLZE B O 550) (2%t 2 ke (I
B R - SERE) ORUREROME X 24
FEZ &SR, R ORE (DR TR &
L.

3. BR

(1) Ko

Table. 1 (R O RIR L Bk EEZ R LTZ.
BRI OFERERIRNT 2012 45, 2013 AEfi4E 458 U C
PARIZHEARTEI L, BKEIE, 2012 FEAPARIC T
DN, 2013 AENERNICHRGE L7z, 2012 4F & 2013 4E1
EORREME 2T 5 &, 2012 4£1% 2013 4F(CH~
THERIESRE <, FHCHIFEHO 5 A B JOBREH
D 9 ANPAE L EARTEIRICEE Lz, ET 2012
N 2013 FEICHARTORL, BRHOREARER D 7
AR IOBRMZ -0 8 P4 L T HA R HE
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Bl BLEXY, 2012 FEORBEMITHIE & B3
Wi C7omiR, REARBYOSCRAM, 2013 FIEH
FHOMR & BRZEOZNE L THEBSIT N
2012 AEDJFAY 2013 TR THRE DR LT V0B
BllhoTmbnzb.

(2)  THRIER I OIEREEEE

Table.2 ICABFAT — VB IO EBEFEE 27~ L
fo. ABAT—UIE, BTEAEH RD X205 4
EHMFELE L TRERERNBALNT, K (R8)
Mg E b X)L & Jack DR, 8 L O Harosoy—dt1
L Harosoy-Dtl ORICIX 1 HRREOEZR LR LN
Mmoi=. L, =27 XL E Jack ORLEEA X Harosoy
DYEFRVE AR 7 RN T 10~14 ARRER) - 72,
FAEE AR TRl 95 &, MRS U TR E
IV & &I E & H1Z HarosoyDtl M bm<, =¥
ANREb/NES BERERIEE Cho7. £z,
DR E R EICIE LT, WMAELE DI
HarosoyDtl 23 b%<, =T XRNKkbD72<, S
HHTHERERPRD BN

SR OSER CHEEMZ T 5 &, SR TRINETT
60X 7.5 XM bH %<, 60X20 K¥gb 72, HE
ZERBO LIz, I, SR, B IOEGRR
Reip EOORIENE, TR THRIFEAE U T 60X20 XA
RHREL, 60X7.5 KARb/hSL, AREREERM
ERNREOONT. BHEEEEORBEERER2D &,
BT FEIE, SHUE, SR LUOOERE &
LITIFFAETH T,

(3)  HAER B S

Fig. 2 \Z&RTEINER X OV 7+ EIC LIET
B S H OB Z R Uiz, 2RIEOM A 54
o o wER O (LR, BURERE) 1%, W
il U TR B R0 Jack 2 Harosoy-Dt1 234 [R i
BEID 2 v7 X)L=2 Harosoy—dtl (TR T/NE v o 7.
I 72 %, Jack & HarosoyDtl (== X)L ¢&
Harosoy—dt1 (T~ TR E DR E ST/ S
Moto. ZhiTx LT, oI E O ERREITIC
Jack & Hrosoy-Dtl A3z X)L & Harosoy—dtl |ZEb~<
TREL, AR O OGS MR AR BT Ll A
REREEIZE R TRE NS T

Fig. 3 el L OV RIS RIE T EEEH
WD 2R LT, BB DORRERERE 72D &,
I & & [ARR I G R B D Jack & Harosoy-Dtl
DO EVFRB N AR E R D 2 7 X)L Harosoy—dt1 IZ
EARTHFEEZ LB L TCRENoT2. £, SEREI
DWTH FARICH A & HICERMBFR DO Jack &
Harosoy-Dt1 NARHETRI D7 X /L= Harosoy—dtl
(ZHEARTEIFMREI R E o=, BT, ERMER
SLFEDOH T, Jack 7Y Harosoy—-Dtl IR THEGRE
DEERENRRE L, FRMAERLEOMTIE, 2o
RV Harosoy—dt1 (2 Bt ~_TENFFREL D K & VWMETR
H oz,



Fig. 4 [CBAAELEH (R1) (21T B 2fkE LUV
A BAE TR SR R OB AR L. 2R
BB LU EERET, ARHEFTEO=2 Y XL
Harosoy—dt1 (23 CTIEmAEIm L CEER S A miEIC
EBRVER L, WEOHICIZIEOMHBERBEKRIRED &
e, WEMORIRMRE A IR T 5 &, SEIEmED
FEUFREIL, TN TOREIZBWT, EmEERORK
Mol 2012 FITEEANT, BEHEBREK OS> 72 2013
FIZHARTRED 2. SHEEREORRRSRIL, &
WU 7o BN, R, R E &Rk, R
BT D Jack & Harosoy—Dt1 D [E)FAR %L A3 A BRAH & Y
Dt AR Harosoy—dtl (R THi4EZ 4@ L TR
Edoln. 2 ALl Jack THEET D L, 2B IO
TR BEHAE DR EC BT AR ER T2 7 XL
2 Jack IZHE_RTRE -T2,

Table. 3 (B 5A EHAHZ &9 2 0 BIEE O,
TR L R Z R U, BRI Erx,
B 2MEIE R —CTd D SR N RAEM T35 &
RN, SRR, SRR EOBE TAHTH HER
HBERD Jack NEBRMFELD 27 ZNAZHART, £z,
M PR i B A O Harosoy-Dtl 728 F R & & ©
Harosoy—dtl IZHRTHEIZKE o 7=,

TR T AT A AT AP L [R] U & M Tl L
Th, AREMEMERNAR LI, WS L CIERH
BEICIX Jack>Harosoy-Dtl, ARHEEMTIZ=2 U X
J>Harosoy—dtl TH-o7=. BIIELEH] (R1) DOIEmFE
FRECCT AT BOTHEIVEE & R R & RIBRIC,  HERRAH
BEIELFED Jack & Harosoy-Dt1 NERMEMD 27 X
ST L TED o T

(4)  HEfh R

Fig. 512 2012 fE DB RMII I 2 B R i L0V
Bk, EHGREOHBE ZR L., BBPEREEIL T
WAz X)L d Jack, 8K M Harosoy—dtl & Dtl OfH
THBT 5L, HEFREIL60X7.5, 10, 20 X3 T
DEFEIRRIZ BT, BRI A8 U T Jack= ¥
AV, Harosoy-Dtl=Harosoy—-dtl TH-o7=. Z D
MR L ORI OZERITHREIZ & b2 > THIML
7o B b R R DK E Do 72 60X 20 KD 43 R i it
Bahd e, Wi L O RG22 LHTE RS

RD) IZBWTIFFITNS polzdizxt LT, Biftts
(R ~FFH (R3) IZBWTHEDOMENREL L,
EHH (R3) ICBWCTHE Cholz. &b, EHel]

(R3) 2B FEIKBALEH (R5) (IZF Ty Xl
Jack OSFEMERIZIEK L. L, 60X7.5,
60X 10 PXIZIBWTIE, T4 6 Dl & USRHFER 2
UL, B R3) IZBWVWTH/EL, 60X20 X &1
R0, L LAEFW R3) 7o FFALKBALH (R5)
DO EREDOERIZL VAL T,

IR & B & %) 1 R T Tt Lz
St BB (RD) IR 1 odRix, otk
FEHEULZEmMEZRL, TN TOMEE XTI TR
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WM A8 U T Jack= =7 X)L, Harosoy-Dtl =
Harosoy—dtl TH VY, i oDHFEMZERL X ORM
MIZEEIIBIEIC & b > TR LTz, — 77, 20303,
FORMBBEERXIZBWTY, Jack=z= 7 X)L,
Harosoy-Dt1=Harosoy—-dtl CT&Ho7=. LN L, T D
T3 X ORAEHIZE R IT, B O BE~OER 5
HREOHINC & b 7> TR Lz, RS A &
b O IREZ T 5 &, B 1 AREICRT
DM I FE AR TR E WIS H > 72

Fig. 612, 2013 FDBEMMMB T 50 ER L
IEEER, SEBHSBREOHRE R LI, 2013 FEO0FE
W, R, T 1 R OHERE b 2012 4 L 1ZIE
oMz RL, 3HE L LICRALIM A U T Jack
=177 X)L, Harosoy-Dtl=Harosoy-dtl THY, =D
Fn IR 22 S L ORI 2 R ITEEIC & b 7o TIER
Uiz, Fiz, BEERSHEEREICE 25 BNatkkE
BLOFYE 1 0 EN B R THE THDL Z &
2012 4F L@ LT,

(5)  ZIEHEES

Fig. 7, 812, ZHFH 2012, 2013 4EDBAIELAH (R1)
WZBTS, ABEAT—UNELY L2y XL & Jack,
3 L OV Harosoy HE[RE AR 1R ] CHE%T B & B
FEIES (LAD) omE A E 3 Lz, 2012 4RI281F
Ly A& Jack Z BT 5 &, 2RO LA 13 60X 20
XZBRWTHRBEFERO 27 X LN EREEFR O
Jack ICHERTRE Mo T2, F2, 2R LATICED HE
% 40cm LLEOBIGE, EORMEBERICB N TH2 Y
K> Jack TH-o7=. B 40cm OFARIIRE L, D
FAEEE BE XA BN T O AR BT = w7 X)L 73 R ik
BEID Jack ITH_RT/NE o7z,

WIZ, Harosoy OYERVEELRTRAME THARS &,
ERLALIZ 58 5 5iE 40 ecm LA _EDOEIA 1 Harosoy-Dt1
3 Harosoy—dt1 {ZEERT/INEvo 72, EfE 40 cm OFH
*THRE X, Harosoy-Dt1 23 Harosoy—dt L IZ b~ T <,
HERMER L AIRBEROMOER L, 27 XLk
Jack O T L7568 & REEOHH M 2/~ Lz,

2013 4FEIZHB VT H 2012 4F & RIS, 2K LAT 125
HDHHE 40em LLEOBIG A RMHE R O S 0N
FRB MR BE B LE TR E <, BE 40em OFI%F R
I, RRMER A FRM BRI TR U TE 2 -
7o L2aL, B 40cm OFXREIC I T 2 MERH O
ZEFIE, 2K LAT 2MED > 72 2012 IR W TIZERE X
F &, WIS LAT 285/ h - 72 2013 ARS8V TS, B
FXIFERE L, BMERIZLE.

Fig. 9 (ZBHTEAEH] (R1) 25 SRIEKBAAAH (R5)
BT DWARE OB Z R Lz, T XTOSMEIZE
WT, WRERE LT, WOMREIIRRICE o TR
FL7. F£7, RIS R THIT TOWREED L5
FREEIE, 60X7.5 KTibHKRE, 60X20 XK T/IHhIH
ol Thbb, B NEHA~ONOFERITR &
Higo TR L, EORUDEREE IXBIE X CHEMX L Y



HANS o To. BB L 72 R QNS R BERHET
5 e, WERBLT, FOFMEBEEXICBNT
b, BRI RAMIE 2 U C, Jack<=w X)L,
Harosoy-Dt1 <Harosoy—dtl & #ER{HBF RN A R{HE
BN ART/hE Do T,

Fig. 10 ([ZBATEAEHE (R1) 76 FSEARKBRLAHA (R5)
2B D H A X L8 40em DGO, B lem 240 D
FXHEDIR T RO Z R LT, T72bh, Wkfk
BOEEE T E TOXOBEREERT O LT,
FEPE FIE RS 40em 12 2 OBEREICEH LT, i
PN R Tl L=, Z O E lem 24 Y OFE%F
ORI, mFELE LT, BRIZE bt T
DL, £, BEEERTHETDLE, COEBFTAT
—VIZHBNTH 60XT7.5 K THRHRE L, 60X20 XT
NSV B o 7o, BB EAEELL U 72 R NS R
MHITH T 2 &, WREOHE LR, MEdt
WLT, FOFMBEEXIZBNTYH, ZOK TR
B LB U T, Jack< = X)L, Harosoy-Dtl<
Harosoy—dtl & MERBFRINARBBFTRIE N T/HE
Mo,

(6)  ZZEREBER L OV R & OBIR

Fig. 11, 12 ZZAUBHIEAET (R1) , &2 (R3),
T-EAEKBALEH (R5) (T 2 EtREE L OB
J& 40cm OFAXTREDOK TR L, BTEHEH RD 225k
A (R8) ETOHEOMERLOBEFEERLIL. %
AR L SR DM EE L ORICIE, W@ LT, RS,
REIZBWTHERADHBBIR (r=-0.61%, —0.81*x,
r==0.70%, -0.66%) VFRDH L=, LAaL, RLIZEBW
TIE, FOMBEFREIE -7, kLT, k@
40cm OFEXTHREE DK N & & i & & oI,
FIE L C, RL, R3, RS BAMIMZBE LU C, HERHE
BERAGR (r =—0. 75%k, —0. 79%%, 1 =—0. 8Tskek, —0. 7%k,
r=-0. 83%k%, —0.86%kx) MNiRH HNT-.

4. BB
HA XDSEFAER L OMREIE, dtEEIZRB W TE
KEREZ B LOBRAWMOMKIE, ARSI

TIEDIZ L 0 H SN A EIMIZH D (A - 1)1 1986).

TABLIU8 ADBEKEITZENEN, 2012 24
55, 10% CTH-T=DITHF LT, 2013 41X 77, 136% T
H Y, 2013 FE1L, 2012 FITHARTHEOME L0
R[REFHIC ol BEZLND. BT ORRE
(Table 1.), FFEZIAZIC LIZHATIE, OFIEIC
WA ERERBERNA LD DTN, ST, o
B RAIFR B ER A LD Do T, L L,
TWEMORZEEMZHD &, DHINE, i, 4
B RlTix, @l &R, ALl & R R, 3 KON
B, FR, FHHBED 3 FEOMICHERZAIERA NS
LB (Table 1.), ZH O EIE DR B S
BEORERISITIEA S IS SRR RN EET B &
Ez bz,
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BRI, ERE O SOS % R D b BRI
HBH & (Fig. 5, 6), miaiEls LU 1 48R,
BERESME (60X 7.5) 123V TIEHM LT 2013 4E23 2012
IR TERRIE 28 L TEN- 2. LvL, Bl
%Mt (60X20) IZRBWTCIEEe LA, 2012 FFONHHRRE
73 2013 FRITHE R THBG L LBFEREWEIICH Y, &6
WFOMEmIE, WBHEMLEO Jack I LW
Harosoy-Dtl N AERMEFH O =27 X B L O
Harosoy—dt1 [ZLbRTHHZF CTH - 7=,

o, IR, SRS, SRR K
AIYAPEME L, W90 BIRIER UMk oo S oo bh ik
THIE, FIHERBER S FREFH ChH -2, &
7o, O 3E O TH R EICIT D SRR 2 R
Db RE L, AT O SRR 2R 2R 5
ECRbELTWD EEX LN, I6IZ, RUME
PERI T T 2 &, ARRMMER O TIX, 2013 FF05y
B % B\ T MG TL 0 = 7 XL 43 AT EBPE A A3 MGO
@ Harosoy—dt1 [T~ T, HRHBFRIOFTIZ MG D
Jack DAy FTBVEE 7Y MGO @ Harosoy-Dt1 12T K
Ehofo. ZOMEANEER DA FER Lz, /BT
IRERMBEE & MBI RSN, BAELEIEE
7o, BERMEMEICB WD TREV A Z R T LT D50
A ARG R (B AR & 2013) & ARk %
~LTz.

ZONHREOMERIESE, S E 1 ok
BT TRITT 2 &, DEREDOERICE BRI HE
BT, HEEE Y b L SRERICHD THEELL TV
% (Fig.4, 5) Z&hb, DHHRE O RIS
B2 MFERIZER T, B LY LS 1 SEEOR
BRI, TR, ORI DR AE TR
<, HEOERICEVBI B ENIFETHH LE
ZAbib.

o, 1 oEoMERREE A D &, BEMIC
B b FBIEMAR (R 22 HAERY R3) £ ToOXRH
WO R RN & OFREEXIZB N TH RS KEDN
o7z, BRHEROFEY) 1 o ESARBERI A~
TREVWERZSEMERENSELZT DL, Zofh
BRBHICBT 20 MERENEN & &, HIRMH
BROGHKMERENMET T 555 R3) 2H1FE
JERBALEHT (R5) F TOBRHHFEINC L DM ENE
ATHDHZ EIZHELTWS EEZ .

—J7, SRR EHD L, [F U RBEO MFET N
RHEE CLHES 9D &, Fig. 8 1R L72WOBAR ST 5 &
AR 238 U CERMER < FIRMPER T, FOERIT
2 LALIZ 5% FJE 40cm DOFEIEIE, MR AL 5L FE S
Bcitigd o L, MERHERL 37.4 T, AIRAFRAR
70.1 THH (Fig.7, 8), WIHERMFR AGIRMFT
G- T2, B 40cm (Z331F B AR EE 23 5 |2 A FR i
BUSHBRMEU CTHoT-DIEZ DI LTS &%
Z b,

B 40cm OARSHREEIC 31T B BE MM O =R, &



R LAL 2MED 5 72 2012 4R 12 B W TUTBIIE X & v % B4
KIZBWTREVHAI ZR LD LT, WHIZef
LAT 287 2o 72 2013 4RI B W T, BIE I PR & <,
M & RIC LTz, 2 om % BRE o m e 0%
ERIS OB 2 5 &, T OfER, Bt (R
DA LOSIEmRAICIE, SR L ER, SRR
B, BLOVLTE, #BE, FRIEFEDMICHEERR
HAEARARED BN &b (Table. 1), ZDHE
40cm OFEXTRREEIC IS 1T DB O ARITIE, RL O
TETRS DA FE S & 2 O G 22 R BT S LTV 5
EEZOND. ThbL, ERMERD Jack BIW
Harosoy-Dt1 (Z351) 2 BEMEAE D0k Al ¥AMEDY, A BRAd
BRIRIC LN TRE WD, SRR OFEREZE
P nDIK LT, ARMERO=2 Y XALEB LW
Harosoy—dtl DEEEFEIL, FHFRIZEIT Do MEIC
Bb2BREICELA ST NI EE2RLTWND EHEER
Iha.

F 72, HiE 40cm ORI IREES T T <, Fig 9178
TREYE J8 40em OFBXHREE DD B & A CH, FAEE
EZ b, HICEREER<ARMER CTH-
7o, WERR (1996, 1997) ZLAuE, EMBEMEICH,HD
5, ZREEAN BAF C/NEMSZ Y EDO K X WV IR
NEMERED /NS <, BEMHTFE O BS54 A3 FLiR ) — ¢
HD. £z, HHE (1996) 1k D&, MHERMHERRA
FRELE, BREICT 51T Y, SZORREBNRA LY, H
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9. FXEH

We studied the differences between soybean varieties in terms of yield stability, as determined by branching
plasticity, due to changes in branch yield, in accordance with planting density, and the impact of stem growth habit
on branching plasticity, the using one Japanese and one American cultivar of similar earliness but different stem
growth habit (Yuzuru and Jack), as well as two cultivars that are near isogenic lines (NIL) with respect to stem
growth habit (Harosoy-dtl and Harosoy-Dt1). Through our investigations over a period of two years, we tried to
analyze the factors behind these variations from the point of view of branching growth process and light
interception characteristics. Whether looking at branch yield or total branch length, branching plasticity was higher
in the two indeterminate cultivars or lines than the two determinate cultivars or lines. The difference in total branch
length between the two cases derives from the mean length of each branch rather than from the number of branches.
Our examination of the difference in stem growth habit, mean branch length in particular and from the point of
view of the process of branching growth, revealed that it originates mainly from the difference in the amount of
growth during the peak growth period from R1 (beginning of flowering) to R3 (pod setting). This difference was
also associated with the fact that even between R3 and R5 (beginning of seed growth), branching growth continued
with the indeterminate cultivars, while growth in the determinate cultivars had stopped. We could not clearly
determine the relationship between the difference in branching growth between varieties from the R1 stage onwards
and the extinction coefficient in the grain filling period. But we were able to confirm a significant negative
correlation with the relative illuminance at the top of the community (40 cm). In other words, we surmise that the
difference in branching plasticity of soybean varieties due to differences in stem growth habit derives from the
difference in the resulting planting plasticity due to the amount of branching growth rather than from the number of
generated branches. This magnitude of the resulting density of these indeterminate cultivars arises due to the
advantageousness of light interception characteristics at the top of the community.

Key words: Branch length, Branching plasticity, Determinate cultivar, Indeterminate cultivar, Land area per plant,
Light interception characteristic, Planting density, Seed yield, Soybean(Glycine max(L.)Merrill).
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Figure 1. Stratified clipping method in simulated soybean community.
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Table 1.

Average air temperature and precipitation

during the growing seasons in 2012 and 2013.

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 124 12.0 10.7 69 116 3
Total 3268 3064 2853 533 736 610

* mdicates mean value of 2003-2012.

Table 2. Seed yield and the related characteristics.

Spacing (cm) Plant Land area Cultivar Rl R8 Seed Branch No. of Total Leaf area
Year x density per plant and line stage stage vield seed podsm branch index at Rl
Row width (cm) (IOUK‘:m:) (month (month vield branch length stage
(m'gj /day) /day) (g mc) (g m'zj (m'gj {cm pl'l) Total Branch

2012 60 %75 222 45 Mean of 419 169 125 393 3.96 0.70
60 = 10 16.7 6.0 cultivars 409 218 160 460 3.87 1.00
60 = 20 8.3 12.0 371 259 191 487 3.12 1.38
Mean of treatments Yuzuru 7/29 10/14 365 187 249 130 3.83 0.99
Tack 7/29 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 %75 222 45 Mean of 343 163 184 469 4.79 1.58
60 * 10 16.7 6.0 cultivars 336 189 209 484 442 1.62
60 = 20 8.3 12.0 309 208 230 487 4.02 1.81
Mean of treatments Yuzuru 7/26 10/25 307 129 253 164 4.95 1.75
Tack 7/26 10/25 342 141 480 254 423 143
Harosoy-dtl 7/24 10/19 316 185 549 137 423 1.85
Harosoy-Dtl 7/26  10/21 416 236 639 293 4.33 1.64

Yeal. ¥ ® T s *ik k&
DeﬂSlt}’ Hk *Ek FEk EE 2 &k ik
DenSlt}’xYeal' ook ns *ak kEE *ik kK
Culn‘.,al ek Rk *dkk kR kk Kk
Cllltl\-’al ® Yeal- B FEE ¥ *k *E b2 2
Culn‘..-al. ¥ Den‘Slt}’ Fkk *Ek FEk EE 2 &k ik

¥ E 3 *x kEE *ik k&

Cultivar * Year * Density

T, ¥ ¥EF and ns mdicate sigmificant at the 10, 3, 1 and 0.1% levels and not significant. respectvely.
R1: the begmnmg flowermg stage

26



Seed yield (g m2)

500

40071

300

2001

1007

5007

400(

3001

2001

1001

Yuzuru

Fa)
N
7=-10.0x + 447
r=-0.84

|

¥=841x+117
=000

2012

Jack

¥=001x+ 370
=071

L)

® v=205x+33
=092

Yuzuru

7 =-5.44x + 347
A r=-066

[
r=4.40x + 129

r=0.62

]

Jack

y=-41%+347
r=-0.76

r=137x+81

r=1.00

Harosoy-dtl

Harosoy-Dtl

Harosoy-dtl

Harosoy-Dtl

Land area per plant (100<em?2)

y=-10.0x+417
ﬁj\ﬂ y=-1.63x +450 £=-1.00 ¥ =163%+404
F=-7.82% + 440 r=049 ﬂ’“ﬁ\ﬂ (=087
r=-092 :
L ]
y=2.755+230 - . .*\c - -
1=0.74 y=130x+154 ¥ =-6.08x + 263 ! lfjé gﬁm
r=091 r=0.99 '
5 10 150 5 10 5 10 5 10 15

Figure 2. Effects of land area per plant on total seed yield and branch yield.

/v:Total seed yield. @: Branch seed yield.
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Figure 3. Effects of land area per plant on pod number in branch and total branch length.

/v :Pod number in branch, @: Total branch length.

28

(z-W) youeq uraquinu pod



600[ Yuzuru Jack

_ 400( }'=14152;;4154 y=2T1x+26
a r=0. r=008

£

|¥]

w2001

= ./I-/'.

- v =6.89x+ 68 v=189x-30

-~ r=091 , =096

E

I _

5 600 Harosoy-dtl Harosoy-Dtl Harosoy-dtl Harosoy-Dtl

o, v=368x+41

8 y=330x+17 y=271x+87 r=1.00 | y=333x+57

&7 400 =099 =090 =098

L]

o5

3 y=16.2x -27

200y r=094 y=212% - 67
3':23.9‘3—39 r=0.96
y=147x+ 18 _ -
0 . =095 ) r=098 . . .
5 10 150 5 10 150 5 10 150 5 10 15

Land area per plant (100 cm?)

Figure 4. Effects of land area per plant on leaf area per plant at R1 stage.

Ay i Total leaf area.

®: Leaf area in branch

R1: the beginning flowering stage
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Table 3. Regression coefficient to the land area per plant for various branch traits

(branching plasticity value).

Year Cultivar Branch yield Pod munber m branch ~ Total branch length LAT in branch
2012 Yuzuru 84 = 14 ab 65 £ 16 a 168 = 20 b 0.69 = 0.03 a
Jack 205 = 23 ¢ 27.2 £ 39 ¢ 423 = 24 d 1.90 = 0.06 ¢
Harosoy-dtl 28 £ 19 a -42 £ 29 a 113 £ 15 a 147 = 0.05b
Harosoy-DtlI 139 = 20 b 157 £ 34 b 300 £ 12 ¢ 2390 £ D05 ¢
2013 Yuzuru 44 = 14 b 27 £ 1.7 a 74 £ 18 b 1.54 = 0.07 a
Jack 137 = 29 ¢ 145 £ 4.5 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-Dt1 134 = 1.0 ¢ 167 £ 37 ¢ 17.0 £ 25 ¢ 212 £ 0.09b

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

Leaf area m branch were measured at R1(Begmnmg flowermg) stage.
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Figure 5. Change in branch number and branch length during grain filling period (2012).

:Yuzuru (determinate type), @ : Jack (indeterminate type),
/\ :Harosoy-dtl (determinate type), 4 : 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 7. Relative light intensity and leaf area index at R1 stage (2012).
The numbers in Figure show total leaf area index (LAT).
Numbers within parentheses show the ratio of the percentage of upper part 40cm to total LAT.
Italic numbers in Figure show relative light intensity (%) at the 40cm plant height.
R.1: the beginning flowering stage
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Figure 8. Relative light intensity and leaf area index at R1 stage (2013).
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Figure 9. Changes in extinction coefticient during grain filling period.

(O Yuzuru (determinate type), @ : Jack (indeterminate type),
2\ :Harosoy-dtl (determinate type), 4 : Harosoy-Dtl (indeterminate type)

R1, R3, R5:Beginning flowering, beginning pod, beginning seed stage, respectively.
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Figure 10. Changes in the decrease in relative light intensity of upper 40cm layer
of soybean community during grain filling period.

O :Yuzuru (determinate type), @ : Jack (indeterminate type),
2\ :Harosoy-dt1 (determinate type), 4 : Harosoy-Dtl (indeterminate type)

R1, R3, R5:Beginning flowerng, beginning pod. beginning seed stage, respectrvely.
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Figure 11. Relationship between extinction coefficient and branch length growth

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

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

during grain filling period.

R1, R3, R5, R8 :Beginning flowering, beginning pod, beginning seed and maturity stage, respectively.
* ¥+ mdicate significant at the 5 and 1% levels, respectively.
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Figure 12. Relationship between decrease in relative light intensity of upper 40cm layer
in soybean community and branch length growth during grain filling period.
(O :Yuzuru (determinate type), @ : Jack (indeterminate type),
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