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AbNBv, BIFETIE, VY <V F 2 LA IOV, v ARMEEZ R L2 2 1
—FI—YDOYVE YT VFAREES AR E, ZHEORBREICL 554 XD ¥y 7< Vv F
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WE DB TORBT— 5 2EMTHILICED, VEY VT 2 L 228 2 3 Bl o #ear 73
METx 5,
X—T7—FMENKR, Yurzo—nN, A4 —ra—r, ¥4 X, FHEH VLY IILT

Cultivational Studies on Field Crop Production with Living Mulches : Shigenori MIura* "’

Abstract : Living mulches are cover crops planted either before or with a main crop, and are maintained
as a living ground cover for all or part of the growing season. The objective of this research is to
explore the practicality of employing living mulch systems in Japanese upland agriculture. In particular,
weed control efficacy, nitrogen competition between main crops and living mulch plants, and the growth
and yield of the main crops were investigated in both sweet corn-legume and soybean-winter cereal
living mulch systems. This research shows that the sweet corn-white clover and soybean-winter barley
living mulch systems showed high weed control efficacy without herbicides without significantly
affecting main crop production, in part because nitrogen competition between the main crop and living
mulch plants is small. These results may contribute effectively to crop and weed management in upland
field agriculture in Japan.

Key Words : Barley, Living mulch, Soybean, Sweet corn, Weed control, White clover
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A

0 1 1 1 1 1
0 20 40 60 80 100

BIZBHH (%)

B8 MRILHHFEE L DRR

AVEYTIVFX (). AV Y7 VFX (Bhl).
OWBfTX GFf), @IETX (BiH)

MEELH VLR OBBRENIAIRL, MHED
MIZIZEOBEREH L Z ENRBENLOD, F
HMHEBRIEED SN ol —H A4 —F

a— Y OMRERESR (RGRC) &yuso—"otf
A% (RGRW) Lokt (RGRW/RGRC) %%
WL, R bEEOMBREAL L, WEOHIZIZH
BELRAOHMERRED SN (MIB).
3) ZH

LMEIZBWTA 4 —ba—VOIE LKL HE
DECAHBERIEOHEzH 7228 (M8) b,
RABIZBWTH, T-1THERMELZEBY, VE
YRV FERETIE. ML LEDN LA — b3
—VONEEEDLLDICEETH DL I ENMHEHES
N7z HEFS (1999) (& FRAEVER S EH ICKER %
AHRHERE L 7256 BB KE W ETTBERNH
LAKTFTAZL2MmMELTVS, RRkERITBWT
b, BRUBFRETORENIII 70— oL L
WEICE2bDLEZOND, T4bH, YusO
—NEHRERBEE LI 205, SHEETIZ6H
PR AR THRATICA ) o 722 m 7 10— D
N A4 — b a—r oWAEEIH S R,
FE3E U 72 MBAR AN U 7246 2R, MROZBFRAMKT L 72
LEZBND,
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duzu—NoOEYE (gm-2)
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RGRW/RGRC

K9 VUEUYIeNFEEICBIFLYusu—n"oiYE (A) KRURGRW/RGRC (B) &k HH L ORR
RGRWIZ Y 12 0 — "ORGR (3%Hif% 4 BME). RGRCIZFA 4 — F I— Y ORGR (LB . %% 13 1 %KHETH o

HHi 4 A OO 70— OEWEE X 4 — b
I— Y O LEOMICIZAE R HEIZRD Sh
Mo 7zh LMRICB U 2 M4 4 B DA 4 — b
a— Y OMIAERER (RGRC) s a—notf
A% (RGRW) &0k (RGRW/RGRC) & A
4= bha—=vOKRIELEREDOBICHERADOHED
Boohiz (K9), MEBFOHLIFAL—Pa—TE
duszu—NoMdNEERERTHELEZON
LI ENS, VE VI NFEREICBOWOHRYLE %
RS A 7201213, By a2 a—NoFEORT
Bl A4 —=tra—rvi&yurza—"EROMH
MBI EZET 2ULENDH L EIRE SN,

P EoiRPS, yurzu—N2kayEerrw
WFBRETAL — b a—=VONEEERT H7201C
3 MY EHRT A EDRERETH )., B
BIZIEAs—ba—rvEyura—N"olEOMY
MR EEE L. BHPHEE A4 —ba—
YOREBIHMREMET THRET A LA TH
bEEZ LN,

F72. KRBOY ¥ ¥ 7=V F 3T, Bk
% 2 L CHEATHE L 0 MR E T o HBR DML
MR 2SR F ), b WIN$ 2 6I2dH - 72
(#2), &5 (1995, 2000) . KILKIEIZBIF
HAPHREEE TR, ¥4 X, Frhba—r, BERo
M EBEMEEENE ZE2WMELTEY., ThIC
FHEARSDEE L TwaE LTWAD, #Rllico
WTIEHLRIZ R TRV, VEYITILF + R
PHEsas 2 X 2R O LB RERRIZOVWTE, 4

BESIRF LT BERDH 5,

3. yaya—nNzfALEXs—ba=-20DY

ECITIFHREICHITIERIO-DHTE

OI-1RCT-21ZBWT, yvZ7u—nN2X3)
CY 7V FE2FHE LA 4 — Fa— YO T,
BRI B 2R T E NIEREH 2 VT IZA 14— b
— Y OPRER B IIEITESE RS THhLI L E
HOIC Lz ZOREIR, Yara—nNE R g —
Fa—YEDBOBERIINT HHEINSho72Z
EERRBLTVWS, LAL, YEZ =R
ERAA4 — M A=V \OEFBEL EEROBREIC
DWTAPLEEIE v, 72, ) E V7 VTR
BIFsEHET7u—2 LN LIEIZA LNV,
ZZT AREBTIZ, Yurzua—n"z2FJHLZA
£ —PFI—=VDYE U IINFRBIIBITLEED
W, i, S0 2 O — NOMRIC X B [EESE
Fa, Yurzu—NiREs OIF, Yuru—
NEEEV) BHAL— A=V \OEHEBITRE
FHOLPILT, VEY I VFEEICBIT58%
TJu—ZETRE LRI A LT, Yursu—n
EA4—ba=rvEOMOEROBE % TEIIIHG
L. VeIV FREECB W TER N & %1%
KT & BUHEMIC OV TG L 72,

1) MR O

HHR 7O —OHEICHT 2R (FEB1~3) &
20004F 2 52002412, @ FE ORI FEGERER (F2Bk 4 )
1£20024F & 2003412, Wb HULREN L ¥
— O YT 720
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(1) A4 =ra—=vROvyara—n"ngEH
AR L EESEROFGHREOHME (1)
AR, BELDRLLIMBEN T T 720 W
oMY HEITROER 7 1T, 2kFE (T-0)
13 1.65%~1.74%. 4x%#% (T-N) i 0.17%~0.20%.
C-NHI39.2~98. pH (H:0) 1359~64TH . ik
ERAT 2 ~ SAERNZEAEIC Y VT A, ZAEICF 4 2 F
ERE L. BN L TR O —LE K- 72,
MEEL LTY Ery = F#EX (LT, LMK
E95) ROHEATHIEX (LT, CCXET2%) %
U7z, ABRIXIE. 20004F & 20014E A% 1 X i 48
m? (8mX 6m). 200242%35m* (7mX 5m) T
3AEDEIE L LTz,

LMEid, I -1 TRLAEEERR (K1) 2%
DWTC, Yuarzua—N (@i 747) OfTE,
RERHTAEDFK (19994F 9 H28H . 20004F 9 H20 H &
OF20014E 9 H13H) 124 ~5gm &L Ccu—3
—THE L7, R3ITRTHMEH ICLMX D0y
O—N2NYI—F A TET7TTHE?LSHS5cmd
FHETAE Y, 90cm x30cmifE (3.7%km™?) 18
T THESIcmBEORZEY, A4 —ba—
YO (A F v yXF86) & 1R 3RT OB - B
T U7 AR, &% UV VB ) 2RI EH
T2 RAMEDOCDUNE ({ A HVWCDUBHERE TR
S555) % &EFW A T20gm 2k 2 b X S KM
B L7zo CCIXIL, MaMEMHHE L CA 4 — ha—
YERERL, DELARERIOT VY ET TS
O — )b & B L7z LMX TR 1+ A
BICEHOY 70— HEP S 5 cmDE S
TAHLY  (BUF, HHEAMED &v9), A4 — b3
— Y EMBGIE L TIAMEETE L7z, PUHEIZALHELX
TR E22~24H HIZAT 572 (£3)0 W
EHOPRZE ST - 1 OFEEICHELD T - 72

A4 ==&, HHEATRY KR ODUHERRLC 4

xR3 Aq—ba—roOFMH LD ROy
T—NOHREAIED H (FEB1. 2)

F A

RN ik Ciiigige| 00 H I3HE H
2000 CCIX 6}122H - 98 7H
LMK 6}122H 7TH19H 8H31H
2001 CCIX 6J120H - 9H 5H
LMK 6J120H TH17H 8} 30H
2002 CCIX 6J120H - 95 9H
LMK 6J120H TH17H 95 5H

RO Eif% > 7)) ¥ 277 L T90C THRI48HE
B LB EENE Lz 720 IR 8 m?
DOHRNOMERINEZRE L7z, a7 a—NIFA
4= b= ORFMHT, PRI R OZ 4 — b
I — ¥ OYHERFIZ e O 391 7 B ¥ h 1250cm X
50em® 3 FZ— b & 1 &R i EE A L 72,
A4 —ba—r, yara—nNebERERNERD
AE L, EFRSTHERD 6 "NORE IR
L7z, BEFEARIE, EPELEREAROKICL
DEHLZ, Yurza—NIBIFsEERFZEOEL
RROHESEFZREIL, "NHRFEEL (6°N) %27
AL 72PNAREE (Yoneyama 1987) 12L& 0. X

KzeHWTHE L2,
0 "Nsc — 0 “Nwc
0 =
%Nta 5 "N — 1 x100

0 "NsclF A4 — b IT—=> D6 "Nfili, §"Nwcld 1
JU—=NND I NETH b, [ IIBEREEDALTE
FHETHIUrU0—NDFNETHY), 22T
X f=-26 BEXRTKHEE LA or7o—n
D6 NMH - TIRFEBRIC L B) & L7z,

BB, REIHBGERESKEVHECETH L S
ENH, BKEBTIEA A4 — PI— YD 5 NEIZIE,
FAEOLMRKIZBIFE A 4 —ba—VAEFHO §°N
EOFEHHEERAL, A4 — b a— V3FHER (24
— PI—UHEE LRV 2 &G o> o
U= NOBEREAHEIINT LEEERKOFGHFE
BHH L7

PN O 53 M1 13 % 58 ) AL AR & o0 AT EFANCA-SL
(PDZ Europaft#) K OUDELTA plus (Thermo
Finniganft#) 12X D772, EEEAHFFIICNT
— % (Yanacof! : MT-600) THlE L7z,

(2) @ERBHEOHE (FB2)

BREPEL [KRERERED-0D O RERIEE
=y )T aT V] (BWOKER REBRT BN
FFET  1999) 1D EHEE L7z Bk 1 DRlIC
TDREHK 2 EMP-917 (ESIALR) %%l
L B gL L 72K s 7 e — 7 (20004F 1%
CCIX. LMIXIZ4 1 4, 20014F, 200241345 2 &)
LR L CHE R A 590cmiR T TORE S
KA DEALZ R IHE L7z, TR EK R L,
OB EKRFOEILE € v & —NOLKRBIILEE
ICEER S NEME2 O H N L7z, FEIZ, K=
AH w7 (CCX, LMIXIZ&18A) % #i#Eihi A 590
cmDFE SO AL, EW GE 1 mIFEE) 12+
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BREKZ L T, B L T S HIRE SRR
X —=FTFITAYT (TF 2 - v—HH) THHT
L7z, @FREHEIE, TR L REEER
ORI X L7,
(3) Yur7u—rBREho0EEBITROH
£ (FEE3)

20014E Je UF20024E12, Y a7 a— &S A 4
— b=V NDOEROBITEYSPIZT H720IZHE
BHEREMOON D L =Y =R E T > 72, PNT TN
Viariuarsua—nNig, N—3IF2T54 bEREL
S BRERI2000 v MVDT T AT 7 — AN
L. 79 ZimBE N TARBIRSES L 720 RFHE OB,
30atm-% D*NT 5 ~)b L 72NH:NO; (115mg/L).
NaH.PO. - 2H:0 (50mg/L). K:SO. (89mg/L).
CaCl: + 2H:0 (147mg/L) . MgSO: + 7H-0 (405mg/L) .
FeSO: - 7H.0 (5mg/L). MnSO: - 5H.0 (2.7mg/
L). H:BOs (29mg/L). ZnSO: + 7H:0 (0.04mg/L).
CuSO: * 5H:0 (0.04mg/L) M U'Na:MoO: * 2H-0
(003mg/L) Thb, Y a—NB+5EET5
FCT, LxAT2~3HBEIC1H1 7 —RAH720
2000mIDF;#WE 525 L L HIT. KEDO/N—3
Fa2T4 ML BEVE S BEEEKL S

BRI, 2001 E SRR AR AR 2 - (T-C:
6.38%. T-N : 043%. C-NJt : 147, pH (H:0) : 5.9).
20024E A5t AR 7 10 (T-C © 1.68%. T-N : 0.18%.
C-NI 195, pH (H:0) : 6.0) DM TIT-72, [
Yo 1 XMk 1220014E4%20m? (5 mX 4m). 2002
FEH35m? (7mx 5m) T, 20014F1% 6 H28H.
200241 6 H20H IR 1 OLMKX & FERIC S v 2
O— N2 BN BA 4 — b T— RIFREL 7,
2001413 7 H25H, 200241 7 H13HIZY v 7 o —
INOHAIRY 2475 72,

b7 03 RN S O AT D RIS BT
B 2 HERX PSR EARCT1.8m X 1.8m (7 & 15cm)
D% T, ZNENORHNIHRN TR > 72> 1
70 —NOH EEE Lo KBIEREIC L YV ENT S
NV LZREEOY G 70— O e B Rz
720 AMLELE H20014F 1% 2 KAH. 20024F 1% 3 SAH T
To72
Aq4—bha—Y ROy a—NoLEFRER,
FIATER Y KON R 4 — b a2 — VRS (20014F 1
9 A7H. 20024E1X 9 A5 H) XATo 720 HEND S
A4 =P =Y F4HEAEKE, Paro— N
25cm X 25cm® 2 K — M EA: L 72k 2 s

#1107 (2009)

MOMECY . EER 1 L EBO LT E, BEE
FHHRERONEGHFZYE - 5 L7z
(4) V¥ 7= VT8RO RMIS RS
(FEr4)

20024 JL UF20034E12, 5870 B 3 & WV TE K
JEEZEZ 72 EDA 4 — b a— v OEE RO
) E YT OMK) LEITHE (CCX)
TR L7, WO b kxR BE R 7 3T,
aji#F (T-C) 131.54%~1.65%. &=# (T-N) 1
0.17%. C-N}i39.1~9.8. pH (H.0) 136.0~64T
Y. RBT 2 ERIZEEICY VT A ZAEICTA
L F &3 LES 0¥ —1b % M- 7 @ F il i,
0. 4. 8. 12, 16, 20gm*® 6 EtME & L. K205
BP0 A & X & X il TF 2 120gm & L
720 YO 1 SRBRIX AL 13£20024EA%40m? (8 m X 5
m) T4 1 8. 20034E7%30m* (6 mX 5m) T4
2L Lize A4 — b 32— OREFEIZ20024F 13 6
H 6 H. 20034E1 6 H18H. LMIX @ RIAIE Y 13
FNFENTHA4H. 7HISHIZAT > 72, 20024F1% 8
H29H~9 H5 H. 20034:1% 9 H12~22HIZ A 1 —
=R, PR R Ve E A A L7z,

2) KR
(1) A4 —tra—=rvRUOvyara—1"ozE%
A EFEEEROFG RO E

A4 — b 3= OEFIE. 20004F & 20014F 1 NEH
THo7zh, 20024E12 7 H LAE L KM TH 2 8
A IR o 722 2 Eh S, HLEEE
W E SRR/ S SRR S Do e 3R
ZEBLT. LMXIEICCR LD R4 —Fa—roH
WAB R SR S o 7z720, IUEH b 4
~THRF -7/ (F3). M LifwyE, BEEH
R OMERRDUR: & AR RE B D 5 D O DMLHLX [
TOEEFBADOOLNT, A4 —ba—vOREEGHE
OFHHEIZCCIX T9.39gm 2, LMX T9.10gm T
o7z (F4),

LMRO Y a s u—nNoigEid, A4 —ba—
VBRI I213152.5gm 2T dH o 72A%, P IDAIEL b B
FCICHELZY T 7 0 —N3986gm ™2 H AL
DIPHA4—Fa— PR E TICHAELZZD DI
46.1gm 2L WHE L7z (£4), Yuru—nNoxEHk
GARIE, PR I136.85gm 5 WA b KEIZIX
487gm *TH Y, MEDETH 511.72gm *DEHR
AR Ik > THERICHB IR L EZ DR
oo PNARRIBEICE DR Lz B 7 a0 — N E
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R4 A4—ba—roH Y E

BREARLOCMRINGE L 07 0 —NORYE

EBRT

A4 =k a—r (I

Uy u—NoOYE

7 % % |
s % ;‘i; e hA ﬁi R A ;;Ff;; e
(gm~2) (gm~2) (gm~2) (gm~2) (gm~2) (gm~2)
CCIX 2000 526 10.55 1,107
2001 522 9.78 1,244
2002 463 7.86 782
] 504 9.39 1,044
LMIX 2000 611 10.83 1211 182.2 83.3 54.9
2001 501 8.46 1,120 1449 1484 532
2002 503 8.01 812 138.2 64.0 30.1
] 538 9.10 1,047 1525 98.6 46.1

TE. MERDUR AT, SRAERE = X 4 — b O — 2 ORI, XY R = a s o — SO XY B PR = 2 4 —

b a— ol (UEORELFEL).

&S5 YOZUO—NOJBNE, EERGHEBEEHRERGHERLPHEEROFGH

W& B vazu—ngk A4 —ba— U

e (fEE) Ero0EFME Mo uso—1ro

fREEF(A) RN B (B) WU (C) @B (A+B) 22 FIE (B+C)
6 NH -1.18%0.18 -1.01+0.77 —203+0.70

ERFEAE () 6.85+0.70 487+1.25 2.24+037 11.72 711
FEHREFZEAE(Q) 493+0.52 315+0.75 1.95+0.50 8.08 5.10
[ E B R DH5H (%) 72 65 87 69 72

. 2000 ~ 20024F O TI9fl + FREERGE (n=3).

BHEOFGRIT, HBEKIZ72%. PEDVEY K
65% TdH o 7275 IHEREIZIZ87%12 N L 720 W
AITHL Y g e O IHERF L2 BT 5 v 0 7 g — N E %
FRIFZhZN315gm 2 1.95gm > T, WHOHT
» 5510gm H A4 — b aT— Y EFHB P OB EEE
FREfEshs (#5).
(2) @EFBNEOHE
R—=F AN v T THRAK L LEER B KO RRESE
FREOWR 2 IR Lz, TEERE KO HETE
ZEFRIAEIE. 20004E1ZCCIK L LMIX & b 12 IZ[A Ul
THERS L 724, 20014F J% UN20024F 13 CCIX Tl i
AN B ) 2 7R L 72 D428k LLMIX Tl i Rl 1
BELTBY, A4 —1ra—roAFLLEDIIHKX
DFFIKEL B BN D o 720 TIEREKE LAY
FRRE SRR A S E L - SR B R, 20004E 12
WZCCX ELMIX TR U Td - 7225, 20014F & 20024F
IZIZCCXALMEX & D K& WEIICH Y (K11, X
12). 34 FHTIZCCKA3.0gm ™2 LMK A
20gm *TH o 72,
(3) Yuzu—rBRE0b0ERBITROMTE
2001, 20024F 0 2 4F [P OYHERF 12515 2 A 1
— MI— O FEEEYEIZ525gm T BEREAE

138.97gm * Th o7z BHEEARED I LN L —
H— BRGS0 5 U 7= JE RIS K OV AR D
Koo rzuo—RIHBREZROFGRIIZZN
105%. 16.7%TdH Y. FalT273%yuru—
NERSHREHEE SN (F£6)o A4 —bT—V
PR RICEE LY a7 0—NoBEEERED
)by a— N REHBREROFGRIEH ALY
LY WEI2IE7.7%, WHEREIZ134.2% TH - 72 (T ).

(4) VY IV FEREERRICBIIZEHRY

0 — O E

FRoOKREIY, Yuru—NZkB A4 —b2
— YOV ITINT BB LEF T u—%f
EL. EITERR EELz (K8, M13), YV E Y
FINVFHFETIE, A4 — bIT—VOERBINED
I 56.62gm 2SR IRk L HEE Sz, £
7z. a7 a—NOEZFERIED ) H155gm 2AH T
B OMRH SR & e Sz S & BHREHE
POHEE LYy SV FHEIBIT A TERS
DEFOT7 My b (TEROEEHROEHR
W + S HREBE) 131017gm > TH > 720 — s
BT Tk, HEPSOEKOTY M Ty MR
1239gm *THh o720 Thbb, VEV I FHK
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20

20004F
15 ~O—- CCK  —@— LMK

fRRE IR (ppm)
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A4 —ba—viEHi%HE (H)

K10 TIEEREKOWHEESRKIREEOHR
TR EKITBEE D S590emiENHKR—F A A v FIT X
0 [\,

S ).Q 3

#1107 (2009)

47
[ ]CcCK [ PRYIES
37
g
Lo
2+
:5
&
5
]
17
0
20004E 20014E 20024E
B11 A4 —bha—rEEUMNboERERZEOR
iy

WHEBBRIE, 90emiFIC BT 5 TIER B KR & AR
FIE DR,

e UK EREE (MP-917)
R =F 2Dy TORBRN (BTFHEEEX)

F12 =REREOWEDIRI (20004 6 H)
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£6 BNPFL—H—HBRIIBIFELA4—Pa—V KT BNbIFL—H—HBRICBUILIHEL O

O FEHOVME, BREEFE L ORI HEK O—NORSHREZOFGERLGHE (M
BEROFGX )
WL 2 & RSHRE REHKEE REHRER
BNRE  Fk EWE AR Row5sE AL ] R DE5E DEH R
(gm~2) (gm~2) (%) (%) (gm~2)
TRAE R 2001 562 1041 134 H AR D) R 2001 10.8
2002 490 748 7.7 2002 46
F 526 8.95 105 FEy 7.7 0.37
HIAIER D g 2001 514 9.05 15.2 IR 2001 44
2002 536 8.92 18.2 2002 4.0
F 525 8.99 16.7 FEy 4.2 0.09
Gl 2001 286 . ORSHREHOGHRIL BESHRELOF LR
2002 259 5 OLEELEARE T UTHM LR E .
F 525 8.97 273
AT HES )Y LT R

EFEEE
7 a0

20.0 20.0 N .
o o [ Zuzm=n ]
248 0.46
6.62 1.55
s 9.39 h
1 peadieh l ptadih
30 20

K13 A4 —bFa—rEEHHEROEET7 O—-0 K

DAY 7y b M7 LE7y b DNUFAL 7L
M oBFIREFOR (gm=2),

K8 VE VIV TFREOBEFE T u—IIBITLH
BRllogFE R EME s 2o Mk
5 H R i
(gm~—2)
A4 — b a— v OEFERINER) 910 %4
db vyuru—nEEHEB 248 Ax273/100 (%6)
I R OHRERC) 662 A-B
207 0= NOBEEWIED) 711 %5
I EEEHZAEE) 510 #5
yaru—NERHRE) 046 037+009 (£7)
S5 R O R(G) 155 D-E-F
ZEROEREH 20 Mo 34EMOF-
HEISDTY NSy MR 1017 C+G+H

H14 BIEFERERERDIRDL (200349 H)

EATHE (ERFH) XTI v F L
72 A4 — Fa— Y OEFIHEN,
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HEREIN S (g m—2)
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0
0 4 8 12 16 20

HEFEMEEE (gm=2)

K15 ZHEMOEE R 1 — b a2— r OMBINEE OBER

FClxEaIES L) HErS0EEOT Y N Ty b
EA20gm FEE/NS W EHEE SN,
(5) HEEDENWAA L — FIT—YDILRIC
item 1
14, I5ICEEREREEZ GBGO)VE VY r<
W FFHE B OHEATHRE ORI & A 4 — b a— v DYL
BOWREZ RS VY7V F 85, B
bEROMEREDOBENIENR 4 — b T— DIl
BRI B D 5720 ) E Y IV F RS
EAEATHE A T A L. 200248 13 25 F A =
12gm L TFTOXTY E VY IV F R LIz A 4 —
b I — Y OIEAEATESE & Lo Twiz, 20034
. EATEE CTRIEMORF ) A I DR BA
BRRBEll X 28R Z o722 & &0 b, &%
W BV TV FEEEONED R CHER L, FFIC
BRI ZITDO R -72K TR, VE Y IV TFH
BIZBITSA 4 — Fa— 2 OILRITEITRED 2
bt otz
3) E%t
I-1KOI -2 Tiio kB RErs, vus
O—NZEBA4—bI—VD) ¥ ¥ r< L FHk
Tk, a7 m— 2 AED) 5R S 5 5 O MR RE S R
MRMAIC L D EERBE L EVA4 —ba—v ey
07 a—NEOEEBAEIEH L Tw 2RSS
B2 AR I N, ARBRIZBWTH, VYT
RNVFEEE LA 4 — b a— v OER M Y
EMPEITEIE RS THoz2  (F4d) »5. &
FBEEINEho72b0 LRSS,
ZZT, YO0 N"OMKIC X EESRE

BECNHRAEL (6 °N) 2 FAH L2SNAREC
LVHEE L2 ZORE, U s u—NOREER
BD) LEEEFED L LEE (FEEZOHG5H)
. A4 — b 3= VIRHRETT2%. DY BET
65% Tdh - 725, WHERFIZIZ87% i L 7= (&
2 —5)o Mallarino® (1990) ¥ h—V7 A7 &
Yz u—NOREFERO T 70— N8B 5
EEFEOFGHRIIIZIZTONU ETH S L E2HEL
THEY, KHBRIIBIT 2 HFSGRIIZ oG L I1TIT—
FHLTwd, Yaru— "ORRRIC K 2ERKETE
fEld. EEOMEICE > TR T T2 2 LA s
Twa (Job 1981) 75, KRBT a7 0—s3C
BIFDEEREEOFGHEHRA A — b 3 — YR
HEo72ZliE, A4 — b= OEFHIIOE
BRI LY EFWHNHATHEgE T o
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Rkt 20024F & KL B dr o 720

(2) ¥4 ARORGEAF LAFOEFTRERDY

W EOHER

F A4 ZO W HIZ20024E2055 H31H. 20034E2% 6
H4HTHo 7 200245135 1 A0OBAEMIA 7 H27
H. BREAATI0A22H T UHXIZ X %5#E
RO BN o7z, 20034E1E 74 X OBIFEM A5 8
A2~3HTELIEXDASH S5 H. BEMAMEITIX
T10H19H THUDILX TIZ10H20~24H TH - 726

VEY 2V FE2FH LALLM+ BREAX KL
MR D754 A+ A F oW HIE20024E255 H28H
2003%E26 H 1 HT, WfEE b5 4 AL h 3 HEL
WE3E L7z, B2012Y) B ¥ 7= L F 3B X L BT XIS
BUIBLTAZARPAEFF LFOEFOHEZ/RL
720 ANHEA T AXFORFEIZ, 20024E 13 IEHE%37H H
(6 A28H). 20034 \&#%Mit245HH (7 J10H) %
THA X% Lo TWizhs, ORI AR5
FTAFOREHIEAITHILLIZ LD THERGHML &
D, WL HIFFERTOH HE (8 H hAg) 12Xz
W L7 ¥ ZeVFHIEX O 54 X ORI,
EFDICIIETX E R TETFRHVENICSH -
720 TDH, 2002413 ¥ ¥ 7OV F R IX L EAT
XOBICEHE DI R h - 7275, 2003413 BIFE &
MOMEITRAY) v 72V F X % Ry, #&6E
H2HHORETIIHNIScmD I E AN A SNz
(121, [122),

T4 X 1Y 72 ) O EOHER % 231278 L
720 20024F13, LM+ BREAIX, LMRXKEOEATX
TlE, ZWEOBNMICK E ZEN TR S ho
7o s, MEALERIX CIIIRREAR76 H H DR X2 A5
DOUHX LY /NS L, PEEM D 1 @E24720 ozl
EIX17.3 g CHEATXD48%IC L2 5ETH > 72,
20034E1%, 67HH (8 H1H) DR THEATX O
AR DKREC, LM +BREAIX L O L MO
FIEATX & D BTN S KHER L7zo BREH X Oz
WEIZ67THH £ TIXEATX EHBETH 572205 £

120 120
90 [~ 90 [
E
60 [ 60 [
it
30 - 30
0 0
20 40 60 80 100 20 40 60 80 100
WO % H K WO % H K

K20 MEITREVE Y IV FHEIEXICBIT S5 4 ARVAGA + LA FORHBOHR

OEf#EE (CCX) D& A4 ADHRHE,

@IV UL VFHEEDF A A0k (LM*H* K ELM*H- XOF1H) .
ATV FREONRELSF LAFOES (IMTHYX ELM+YH-KOF31lE) o

1o HAHEHAEH
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¥4 R E NG AFORFEORR
(LMIX : 20034 6 H10H)

7 A4 ZBAEIE ORI
(71X : 200348 H 1 H)
OB, FRHOMEE FRCTRE L

RNE&F T b X LB ORI
(LMIX : 20034 6 H27H)
A AFOEENRY A X% LHo>Tn5

74 XFAEME DKM
(LMIX : 200348 H 1 H)
ANEFFHAFIZITEAERMIEL TS

21 54 AOFRFHISHEELET TO 54 ARNEF F 2 FOAEFRA

DRI EORMASAL L. DHEH > 1 k1472
) DEZY EI1X20.9g THATIX D49% Td o 72 AL
HX 120024 & [FIBICHERE 267 H H DU, S B A
wH/NEhoTz,
(3) MEEDFARN & W EOHR

FAZDFF LA LENT, BREHLEZ 1T -
TV LMRXE A Tl3% < OMEDOFAE
PRDONTz, FRLRMRERIL, /X2, W,
FAAXEF, A RET, AR LR AL IN
THY, ¥4 AFEMPEICIE T *F 7 2 aa 7
bASNTz, MO EOHER % 13K UFEI4Z
RL720 20024E13 LM + BREHIX, L MIX K OMEAT
XET, WTFhORAEIICBWTHHEOEYEIC

HREAEITED SN b o 725, BB X OMEF O
MEIIMORIXIIERTHEICKE L, 8H6H
1213762gm ™2 9 H12H1213625gm &%) ¥4 X
ZIZIFEVREL TV, 20034128V TH, MEALAL
X OMEFZY E I EUEXOP TR KE D72,
P F X O MR EIE 9 A 1 H1213192.2gm ° T
UK TREDPo 2, —H VEV T2
FHEX TR O EIZE L AR KRk
B % BEH L7z LM + BREHIX Tl &7 4 X380
ZHMLTHERIZIEALEAON R P/ VEV S
Y VF R OBRRA O A % BN & F B 5T 2 AT
ST RER, ) E Y I VT R OBEA & ICHER
HEFHIHIRD A AR Sz,
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7 A A DFARRIAE DRI 7 A4 XD FANEIIE DRI
(JATIX : 20034E 9 A 5 H) (LM +BRE#IX : 2003429 H 5 H)
AT IR T B A

7 A A DFARRIAE ORI 7 A ZDEBIH ORI
(4ALFRIX 2 20034E 9 A 5 H) (LMIX : 20034£10H30H)
MEIZE D F 4 RFEBEAERZ AW Bk R L, —HBRESRONS

K22 ¥ A XOFMEM D S5MAM L TO Y A4 ZOEF G

50 [ 50 [
20024F

40 |- W0 -
0
& 30 30
=
=
il L L
= 2 20
E

10 [ 10 |

0 0

40 70 100 130 160
# HE % B K #® E % B K

K23 ¥ A AOWHEOHR

@ LM+EBEHIX O LMK A REAKX X mesx B ETx
o B4 H
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®13 FRRXIIB T MO EDHER (2002

#1107 (2009)

&4 FRBRIXIZ BT MR ORY EOHER & 5

i) IATRER (20034F)

- M O Y (gm —2) ML DR (gm —2)

BRI 7TH2H 8H6H 9H12H AT 7TH9H 8H1H 9A1H
LM+H*  44b* 18 153v+ 79  151b= 83 LM*+H* 13b+ 04  64b+ 44  09b+ 05
LM+H-  93b% 29  608b+201  259b% 49 LM*+H- 143>+ 12 291b+106 219+ 6.1
LM-H- 6222205 7623°+584 624.6°%142.2 LM-H*  281b+101 10920=627 19220=599
cC - 1375108 14b+ 07 LM-H-  1234°+118 31382=450 43252=739
Ve, PIME £ S (n=3), cC 40+ 21  69.6P+145 0.7v+ 04

Iﬂ;ﬂﬁﬂﬁgf%ﬁ;;ﬂ;%ﬁ L 7281213 5 % K HE ST

O e = 0w FREOATRE * *

5B o VE VIV FORE *% %% %k

RKHAEH k% % ns

400 —

20024
300 — a A
200 —

TFFERE (gm~2)

100 T

LM*H* LM*H- LM~H~
A OBROKX

. £ RS (n=3),
[Al— 34 H N O F—FL5 % A L7228l I21E 5 % K
THEED WV (Tukeyik),
CCXIZ 8 H 1 HOFAM THICFHY Bz i (5
WA HNZAEIAET) o
*135 %AKHEE, *%13 1 %KIETHE,

400 —
20034
a a

300 |- Ta
5?
=
2
200 - (
%
= b
M

100 |-

]
0 |

LM*H* LM*H- LM-H* LM-H- CC
B K

B24 ¥4 XDFFEN=
LM*+H*=LM+R&HX, LM*H- = LMK, LM-H* =R#IX, LM-H- =LK, CC=1#1TX,

HOHEFIIERERE (=3 ),

RN T =T 2 L7EOBIZIE 5 %KETHEEDS R (Tukeylk)o

(4) &4 DR OYLE: & H5k

24705 A X OFFEILEI1Z20024 % 20034
EDITETXEY E Y IV F HEX I TRRAER
ZLRRD LN o 7273, HALHLX K O FREA] X T
BAEBIKT Lz, RISIRL2K D12, PUEHIC
AL 7oAE, FERKOERIE, WEL b EAITX
FO) € e vFREX I THERZ RO bR
Lo 72As, 20034E13 ) B Y <oV F B X THEAT

KX D /NS WD - 720 FaFEFEIT, WEE D
EITX TR <. LM+BREAIX, LMXOEI
WAL, X THEREIC D h o7, ANEITE
MBX L b HERAT R, K FAERRBIZIEY 7
<V FFEEX TEATXICHARE D 2 72, 20034F 1218
TXTHF A X0BRIZIFEAERD NP7z
A VY TN F I TR RE, BREAIX E
LI TR L WEIRDSE S S 7z,
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K15 A X QYU 0 U B R 5 1% O B L
i TR T A
4 F% e . [ER o /N
UV K R s S s 2 1;]}#22
(gm~2) (cm) (mm) (f) (2) (cm) -
20024F- LM+H* 571.72 72.8b 7.92 31.32 40.92 21.1ab -
LM+H~- 581.62 70.9b 7.82 30.62 42.22 21.0ab -
LM-H- 218.2b 92.92 59b 15.8b 38.9a 23.82 -
CC 541.92 67.3b 8.0a 34.7a 38.82 15.6b -
20034E LM+H* 57442 64.8b 8.4a 37.82 39.92 24.82 2.0
LM+*H- 537.4a 70.1b 8.4a 35.7ab 40.0a 24.82 23
LM-H* 301.8b 80.7ab 6.7b 20.3bc 38.9a 2244 33
LM-H- 91.1b 94.3a 5.0c 6.0c 38.82 184a 4.0
CC 580.82 72.3b 8.8a 39.7a 39.62 2252 0.2

. AERN TR =5 24 L7 EEIZIE 5 %KETHEED R (Tukeyik)o
* 1 0 20024F 13 % FATEEEME, 20034 X2 B THIE L 72k FAETER.
*2 10 (BIRZA L)~ 4 (BIRE) o 5 Bl (200242 1338 & % L) o

3) BE

B - il (1978) &, BIHHE O ¥4 AEICE
B BRELENIMNIIA3BH E S LTV b, —H,
WAL HIRIZ B W TUE 7 A X OB 2> 5 EF Y
DEIMAME AL 54 ZOBEHBIKAEND Z &0 BBk
HFEZ45~55 H R L ShTwa (B0 - &
M 1997) o %, IEFERICMHEH 3 % L i
F DR H D FEF5 U LB 20~ 30 H AR JE (BFIT -
BRH 1997) TH A7, WLHIE TIZTHREE
WL LI RR A O WA & 2 MR B AL T H
B, HPkE I ATHERT I & 2 ) RS SR L
BAGENRHDLI LMD, VEVITINTDOEAI
L MR & AT,

KRB TIE, AL T L F (B RATVWEX)
EEHBLIEC Y 2T L LTRH LA,
BRI OF b 53, HEREET L BV
BRSO STz, BREAZMEH L 2 o72LM
X CTld, HEEORIFITMUIRX & FRICERO b/
bOD, R4+ LAFOPEIZL ) MEREOAE A
EIN, MEOEY RSP TE LD
Blrole B2, VE Y IV T L REH] 228K
&3 % ik BRE AT 5 7220034E Tl 5B O
(E14) »5, V¥ I F, BRER L S ICHEE
EIREEIEDO SNz, LAL, 8 H1 HOLMK
DOMERHE Y EAT29.1gm > Ty FREHI X R EATIX & L
RCHPhholl b, At T LTV
JE Y7L FiE. P T7VT) v EAGBREERH]
B X D 8 RAE o722 vz b, EHIT, Y
Yy 7y VvF L BREA A G b LM + BEA

XTIE LM & ) MR EH A% <L 5T
BB I~V F L RERE O BAEAPE R
ThHbHIEhb, MHOMARE DEIL IR R
EEDDLIEDNbhoT, ThbE, THERERE
F D F 7 BB BREAALIE 2> & H3F LT < DM
OB THLHZ s (BT - HH 1997), V¥
U TRIVF L RS R A DR IGEE IO
HEEDPWMP L7z EIZ, VY IV T OBEIC X
> CHEEDOAEF IR SNz 7z0, HEFIFEAL
ALNADolbEZBND, BREANC X %M
MR RAE BRER QR Sr TIEOTEIH R K55
FAEMEOMBE R LIS X ) EBT 5 (- &M
1997) 728, KHBROKERD A D 5 FHEIE T E 2w
D AGFAFLAFIZEDBIVE Y I NFIET A AME
2B B RRER OB & L THIfFTE %,
VE VT VFRIECBIT L 574 A0 EIR,
20024F D 3 EE TIIMEATHEE £ 1ZIZF U CTh o 7295
20034 E TIIMBAfTHIE L D o7z (X23)0 2K
ELT, FAXEAREFTF LAFLOMDIRESIC
T B BAEDOREDSMIETRL > TV 22 EhEZ
bhb, Thbb, 20024E 135544 L FOEFK
BICTH 2 6 Higin b FHORIMA16~19C Hif4
IS REFF A F R EMERL (K200 AFIX
Wz ohsze MAT, 7 ADRESEICERICES L
72720, REFFLAEFOEFIRSMELL T, ¥4 XD
B EIEEEICHIN L7 (23) 2 &, A5
FAX LT A ZDOMONREFH T AN
ol fEEIND, EIx L T20034E1E, 6 A
i~ TFHORIRA20~23CHiE (K19) TAGAF
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LAEQEFMERE Wb 20T (I 1985) (2iE
Molze TORH, NEFFLAFXFOEEIEHL (K
20) BV E LD, ZOBHIZS 4 XL DO
HRBFIHTEHEVPREL R EZLN
%o 51T, 2003%E1%. 7 ALY 4 ZBIAEHE 0
8 A tH F TR T H IR 234 2 2 o 72 (19)
720, EEBREAZWZ TV A4 Z0EFHIEN,
ANEFF AXBHIE L 725D T OREIFE- T, ¥
A X O EIEITHEN R NEE THE L 2o
TeiEBEING,

L L%dss, RREBTI) €y 7~ F#i5
BIF 254 AT EIRIZE TR L RFEETH -
72 (X24), Ateh and Doll (1996) 3. 4 L ¥#%
V7= VF & LTHIAT A2 & THERE 2 X110
HIEITE 5% ¥4 XN % H D 5 I35 R
FIZTA AFEMBTLLEND D LABRTWV5,
HR S (2001) 1E, BKIREHEIAFEVAS A X
HRHE I MEBR A T b MR IR R AT & B &
LTWaEA, A4 XDFEHFFEMECWED S & i
WR R BB - (1990) 1F. I U8 LIk
BN T ZZ O M - EFIC L > TREMER DR
A EFRIH S NS DS, REE A XL 0BAIC
L0 PG IFA0% RN L 72 L i LT b, Z
DEH T A XRELHORMERY) € ¥ 7~V F ks
Tl &4 XD 25 G035 0

—7J. Elkins & (1983) 1. £ FRHCE % Hv 72
FYETAY RO A XD ¥ LTI F R R
Ty ¥4 REEFEMEIC) € v r< v F R oEE
EMH L CTO o EIHONE I e 5,
FyERITEIN B Y I VFHEIE LA
WThHhbrIEEEHLTWS, Bl (1985) 1. ¥
A 3N % W2 X ) HNEFT OB H - 72
AT, PHIDIRIC TS BRI EONS X9 R
SEMETHTTHICHBE L, PEICHT 28I
BHVERL TS, 72, BEHS (1985) 1&. E
R TIE 9 HORREMAFEEDOTEICEHE
BRELRDLZEZEML TV D, ARBRIZBWTY
C Y IR NVFRECBT D 5 A X0 EHIEIT
B X0 %55 7220034 H LR 1] 55 T dd - 72 3 2 Bl
& FA4 ZOBBMTH B 9 HUBRICKES R A >
722D, RERBEREDMETIX & MRS
o7z (K15) 7z LiEgEEnG, AT, #LLIE
LOLEDANFF I LXFOCNIIZIORE (=i
RFEF) AL, W L7z 8 AU & 5 AE

#1107 (2009)

ATHBIZERZRINTHEEZOLNLZ LMD,
COERDVT A ANMEG ST Z S h7zn]
b H 5.

) UV VTR T EATEE R TRIR
BRENE»- 7 (15, KRBOY LV <V F
BT HEE R o A EREIEATIRE
XNEotzZ el BRBIIERERS R E Wb
B (HW 1998) ZfThAaho/Z LIk
D VBT L D ERBRENREE e E R 5N,

3. ZOBEDEVWHFLTAZIDVEL TIILFH

BIIRIFTHE

M- 1K - 208RE»H. KESEOF VA
SGFAFAFEZYVE Y IINFELTH A X LRI
T HI LT MHEORE - EFSIHI SIS Z
LBy FA X BUT B Ak B LSS W
TMHETHAL I EARBEEINT, LL, VEV TR
VFELTHMLZDE, A+ 2 Fo1a
(RATVEE) ODATH -7, DHFETIE, A%
FALFUNDOFTFLEFL LT, ARENT AL
(LLF. NFHAF LT D), 544 AFHHES
NTW5, bAEEONY 7 AFZ, Wik ER) 5
AL E LRI ANGE T AF LR 5
TWhe 72 “5FFAXORMDE ITKIE X
HAENE VI FE D > Twd, —J, A%
BMELTIIAFPROLCHRE SN TEY, B
M F A+ L F LI SNG, ZOXHI,
EOMHI L o TRBWLFEAIR L2 9D,
V¥ YRV F L LCTHATY % Z o= i)
Rlpo 726 WMFREOBE OFLEE, MR BRE) R,
TA XD EDR % RS H S, £ 2T,
RRBETIE. DOENCBW TR HEDS . i
EUDVEEH (REAFLAF NFHhAF R
AF) BYEY LT E LTHRAL, ZoMEHS
SR D E AR S OV A X DR 7 81 T
BIZOWTIHA, M L7,

1) MBI O

B, 20024F K US20034F IS UL B3 TE 2 v 4
— OB CTHEE L 720 sRBREY; O 151335k
ERs 1T &R%E (T-0) 1318%. &xHK (T-
N) 130.2%. C-NIi39.6. pH (H.0) 1364TH .
A ZOHiE (ZE) 1394 AFI LBz
fTo7ze VEVZTNFITIE. AFKTFLF, NG
ALE, TAFEMKL 2, HEmifix, A5t 4
LFE NFH LFITOW T4 E o B2 K O
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&16 VY YIS UL R oM, il & BRI R, W, R R OOEE TR

%P (RPD)
X 555 (em) WY IE (gm~—2) R (%) RPD
ROWE - RRE 20024 20034 20024F- 20034 20024F 20034F 20024F

ILF T AN LF 36.9 256 88.3 126.3 224 114 0.405
FrTanr¥ 36.0 254 1049 140.7 315 217 0.375

/NN 34.7 24.1 832 1204 38.7 274 0.389
JNVFLF1)3) 36.7 - 1219 - 29.6 - 0.395

£ 94 54F2) - 240 - 68.9 - 235 -

NEFFLF YT aRY 42.8 29.7 1748 1278 39.3 38.5 0.062
TEnHF L3 425 - 1739 - 334 - 0.126

N LY A 31.1 245 99.2 1359 359 224 0.292

TT7AN=RI Y 432 30.6 1252 107.8 354 32.0 0.274

RATVEE 486 351 1556 165.2 318 286 0.092

JukEre35% 46.5 352 111.0 1315 37.3 40.2 0.244

I/ AF 485 35.7 1214 1274 334 291 0.267

IaFAFLF 499 338 161.2 1433 32.6 280 0.210

LAY 2) - 234 - 1344 - 226 -

NG T HF AFNIERY 324 238 86.3 119.3 24.1 153 0.468
VIIRNT T 385 16.9 1154 985 32.7 109 0.247

FTINT 38.3 229 1240 789 22.3 49 0.305

B TNT T 39.1 245 139.6 103.7 278 15.1 0.252

TUAVRY 36.6 232 109.6 150.7 30.2 19.7 0.334

IR 38.0 237 1409 1130 232 114 0435

1) 20024 D AR,
2) 20034 D H i,
3) A& RSO M.

AT, 20024E257 H 3 B (Fw, Mk, RPD) KU'7 H5H (W), 20034E456 H27TH (R, REHE=R)

RO7 H14H (ZWE).

YRH. TAFICOoVTIEHEI, dbiEEoR=E)
M L. 20 BRIEEMREAT L Lo i -
RTOE ATV T REZR B ) AT ROV H KR
L. ZEFRBRIC & 2 JE 3 3R DMK o ol &2 B <K
SAFLAF MM, NFHAF6 M, TAF 40
fliL L7z (#£16) . VUBHXIHAEIZ35m? (7mX 5m)
Ty WD KD 5 e AR & Lice T
JEiE, EEORTIO? — VY472 )N, P.0s. K:0%
200241k Zh 4 kg, 16kg. 16kg. 20034F (k%
nZN 5kg, 20kg, 20kgk ., &M 1 ~ 2 AMATIC
W Am G T — 5 U217 72,

2002413 5 H27H. 20034FiZ 6 H3 HICF A X
(WHE: ZFFHN) 2a—21) v —FI2X )5k
60cm, HEf15cm (2 M#KE) CTHRME L7, 20Dk
Yy 7= v e LTHHT 528 % FM LA OE
fitk (72770727 7 Kigt) %ffioTy 4 A0Sk
W28l & 72 % & 9 4 MI30em TR L 72, ZH O
FEEIXI07 — V24720 8kgk L. IRHEHZ O LM
PRRERNIHH L e holze WIRE LT, ¥4 X

Tl PR A 2 i L. bk - B A AT
BATIX (CCIX) &V ¥y < F b BEH b ]
L WERIEX (NTRX) %% 2 )72, AT
Xk - 57 41E, 20024:1% 6 H17H. 2003414 6
H20H12AT > 720 Wi4E L & 8 HpAa 6 9 H Ay
M T RBHERIRA (FA 7 72— M AFN) K
U m#H (MEP%7:137 = "L L— b} + MEP)
A ERLVELIXAZ 3 MU L7z,

20024E13 7 A 3 H. 20034Fik 6 A27HIZ, X%
VEY IR VFELTHEELZX (BT, Ve r s
TVFRREX ET D) OXOFE LR E WAL
720 WIBERZFIHT 2720, FYINAATEHV
T WBEX OREE % ETIZHIIC0.8%0.6m D
PHCHi L7z WIEEIRENT Y 7 b2 H v TH
BICMEAL L. BfESS O E ko R &
L. VY7V FRE X OMRD 5 HIT XD
HEHER (54 ZORPER) 22 LIV DE %k
HORBERE Lz, ZHOREEEEE (Multiplied
Dominance Ratio : MDR) (&, Kobayashi® (2002)
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ALF (TANTLF)

ELZICTROFHEAICL VRl L7,
MDR =ZHOMEEHR (m* m ™) X ZHDOHE (m)

20024 D H v ¥ 7R ¥ — (LI-CORH) %
H THALBLX OREF N B OSSO 2 W IZ B W
THREONEFRHELWEL, TilostERic
L D AR T HEE (Relative photosynthetic
photon flux density : RPD) #&H L7,

R P D =#EE N O 10 OG- A HEE il A
72\ O K O S AU EE

MEEOFATIZ, 2002413 8 H 6 H. 20034E1 8 H
5H& 8 H28HIZ. 90cm X 60cm® £ )5 O X i Py
OEARZEAI Y ILY | BRI X V90T T2 HIl
RS T, EWELZWELZ. ¥4 X3, 200248
1210H 240, 20034E1Z11H 6 B BIRRECTRIRRE
BER TR L 75, 24m*NOMEZ N D B> T B
B RELCTFEIUEE RD 7,

NT I AF (ERER)

X125 ZOHIHEY O O E IR
(200247 A 4 H)

2) KR
(1) ¥4 X EHOEFRMH
A4 ZOWEMIZ, 20024EA56 H 7 H. 20034E4°
6 H11H Td > 720 20024E13 7 4 XA OAF T ANE
T, BT T H20H . BEIAS1I0H22H T, W
TNHUHEXIZ L BB CITRD NG h o7z, 2003
IR O BERTIC & ) Wbk 24T o 72 AT X DAL
FA4RZFE LB RSNz, BEIE8 H 8 H
THHLXIC X B Id e d o 7225, EIE, EAT
RA10H23H TR DAL, YV IV FHRX T
10H24~30H , 0B X110 H 30 H T b A - 726
VYV IV FREXOFEOMIEMIZ. 20024F
H6H2~3HTHA ALY 4~5HFEL, 20034
H6HIH (Y55 NFHADA6AIIH) THFA
ZEY 2 HERER 72, WHEL L, WTFhoZil
b7 H W T CHEBICAT L. EHOAFEY
2B B HE, AR R O E % RK161CR T
FERAERIZE BIEHDEEH DA ASEE F L FIE.
R R R O E L b RWEE R L7,
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TAFENTH AFIHE LEWEIZZIZFETH
BH HWEREINT I LAFOH PR REDr o7 T
N, NFhaxoft (El) SEVETHY,
BEAREEDDIZ VEWIEEZEL TS (X
25) WTFNOZED 7 H FUEEFIIHENHLL
LD, ARFTFLAFRONT I AXIET A Fln
58 H MAE, I AFERRENTSH LARrLH
HEIZIZIZRIE L 720

20024F (258 L 7= 20 SR B 0 3 F2 1) o> AR
TH#HE (RPD) #FK16lZ. ZOFEH - W RIC
F L OZRPDEM26IIR T, &EFIZVEY I3V

1.0 —
08 [~

06 - | ‘
04
02 —
sBA nBA WH CC NT

K26 BEVEMNHEEIZBIT 500 EFREE
(RPD)

200247 A 3 Hifd,
sBA 1 A4 4 AF KX, nBA  NFH AFX,
WH : 2 2 FX, CC: HEITX, NT : BIEX,

RPD

600

FHIEX ORPDIZEITIX (0.72) X D/NE o 7295,
PARBEOBE N L B EDPKREL, YV aRY,
RAFTVWEETO1%Z TlH>TEB Y, HEHEA X <
BRI TV EEZ LR (£16), —J. T,
R & DIV A F 3 R Y TIERPDAS0.47 Tt
bEMPol. XOMEHTIE, AEAFLFD
RPDASERZIZ/NE Do 726

(2) ZOMEDE DM EIZITT

/.
W

H27 2 EF DO AT BT 5 8B 5E (MD
R) tMEOMYELOMBRERT, ZFHOMDR
&, 20024E. 20034E & HICAKA F A FOMETK
&L TLAF NT A LAFOMET/NSET DD
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Cultivational Studies on Field Crop Production with Living Mulches

Shigenori MIURA

Summary

Living mulches are cover crops planted either before or with a main crop, and are maintained as a living
ground cover for all or part of the growing season. The objective of this research is to explore the practi-
cality of employing living mulch systems in Japanese upland agriculture. Especially, weed control efficacy,
nitrogen competition between main crops and living mulch plants, and the growth and yield of main crops
were investigated in both sweet corn-legume and soybean-winter cereal living mulch systems. The results

are summarized as follows.

Sweet corn-legume living mulch system

1) To select the most suitable living mulch plant, weed biomass and the growth and yield of sweet corn
were examined in a sweet corn-legume living mulch system. Weed growth was effectively suppressed
by alfalfa, red clover and white clover without herbicide application. Both the stand rate and yield of
sweet corn with white clover as the mulch crop were larger than those of conventional cultivation, but
alfalfa reduced the yield of sweet corn. Red clover also reduced the yield of sweet corn. The nitrogen
absorption rate of sweet corn increased with its growth, but nitrogen absorption of mulch plants decreased
with the growth of sweet corn. These results suggest that white clover is the best of the three legumes
for weed control, without reduction of sweet corn yield.

2) The relationship between sowing times and sweet corn stand rate was investigated. Stand and yield
of sweet corn sowing in May reduced compared to those sown in June. However, stand and yield in trans-
planted sweet corn were same as conventional regardless of sowing time. Sweet corn stand rates were
correlated with the ratio of relative growth rate of sweet corn to relative growth rate of white clover.

3) To estimate nitrogen competition between crop and mulch plants, nitrogen flow in the sweet corn-white
clover system was compared with that in conventional cultivation. During the sweet corn growing period,

the amount of nitrogen supplied from white clover residue to the soil was approx. 11.7 g m™% Nitrogen

2 2

uptake by sweet corn was 9.1 g m™% and by white clover was 7.1 g m™? 72% of which was from nitrogen

? which is lower than in conventional cultivation. Tracer examina-

fixation. Leached nitrate totaled 20 g m~
tion using “N showed that 27% of the nitrogen absorbed by sweet corn was from white clover residue.
The estimation of nitrogen flow showed that nitrogen removal from soil in the living mulch system was
about 2 g m? smaller than that in conventional cultivation. Sweet corn yields with living mulch were
higher than with conventional cultivation when nitrogen fertilizer was applied at lower rates. These
results suggest that nitrogen competition between sweet corn and white clover is small, and the amount

of nitrogen fertilizer application could be reduced in a sweet corn-white clover living mulch system.
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Soybean-winter cereal living mulch system.

1) To select the most suitable living mulch plant, weed biomass and the yields of soybean cultivated with
3 kinds of cover crops were examined. Weed growth was effectively suppressed by winter-type six-rowed
hulled barley and oats drilled in the soybean inter-row spaces. Soybean yields with drilled barley living
mulch was comparable to conventional cultivation using standard seeding, but yields with drilled oats
reduced because of lodging in both soybean and oats. Hairy vetch broadcast into the inter-row spaces
of soybean covered the ground slowly, resulting in high weed biomass and low soybean yields.

2) Because of the initial potential for weed suppression by the winter-type six-rowed hulled barley living
mulch system, soybean growth and yields were investigated in detail. Inter-row barley drilled just after
soybean seeding in late May emerged 3 days earlier than soybean. Barley grew taller than soybean until
late June. The leaves of barley turned to yellow early in July, and died early in August. Weeds were
suppressed without the use of herbicides or mechanical tillage. In addition, combination treatment of
living mulch and herbicide suppressed weeds more effectively. The dry weight of soybean in the barley
mulch system was the same or less than in conventional cultivation in growing period, but soybean yields
showed same as conventional. The risk of soybean lodging increased with barley as the living mulch
plant.

3) Weed control, and soybean growth and yield were investigated with three winter cereals. Six-rowed
hulled barley, naked barley and wheat, which have different morphological and physiological character-
istics, were used as living mulches. Each winter cereal grew well until the beginning of July. Six-rowed
hulled barley and naked barley died off between the end of July and the beginning of August. Wheat
lasted growing until the middle to end of August. Weed dry matter in the six-rowed hulled barley system
was lower than controls, and was negatively correlated with the multiplied dominance ratio (MDR).
Soybean yields in the six-rowed hulled barley mulch system were the highest among the three cereals,
but were only 67 to 85% of conventional cultivation yields because of weeds and lodging. Winter-type
six-rowed hulled barley was more suitable than naked barley or wheat as a mulch crop because the MDR
was higher, die-off was earlier, weed dry matter was lower, and soybean yields were higher in the six-

rowed hulled barley living mulch.

In conclusion, this research shows that the sweet corn-white clover and soybean-winter barley living
mulch systems showed high weed control efficacy without herbicides without significantly affecting main
crop production, in part because nitrogen competition between the main crop and living mulch plants is
small. These results may provide an effective contribution to crop and weed management in upland field

agriculture in Japan.



