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FI1E &S

HARIZI T 2 KIH B & ITF % W Lisel), TS TORRRER RS b L, A
AR E NI LTV 5. 2SR L, BEHOMEITIERL, ZHuceE
S BEOFEFEI OB Z AR L CE 72, FR, HER L2 <, AMEES G &
N WERIE, W, MR EOREEEO BAEEIT 12%RMKES 2014) &K< 72
STWD. F7z, EFEONAA FTREE OBET, Wik, iR EDORER{EDOZEIL
DHAEFEBROBA NG, WO EBMAS LM L, 2014 4FBIE, 2006 FEIZH~dH
IZED LAEND 2.0 (5 OKEEMKES 2014272 > TR Y, ERNOEE: R 51
KREEDLZENBBEOMEL /o> T D, 0T, fEAKRRIE, R E<CHER
HHOIEHRATRE TH Y, IWH OFIERIT AR LR CRIHAR TH D 720 H Y M0
<, F7, HIEEEND RV EOHFE EOFLE(RE 200)A %0, E0n, BN
OEEERE L LT, ARSI TN D

SRR I, IRIEEE & 72 2 B DK LR & R DA — 7 vy T A L=
b bR EARICEV RIS, MESERIN TV S, MR O BIERIL 76% TH

DK LT, RIEFEOBHERIT 12%Th 0 (EHKES 2014), BHERHB EOB S

DITMRIEE R LRI ATRE R BB AR ORE R E L S D, £z, iR — 7 m
Y T A L= D TIINEREIZRGA— L 7 vy T A L — VU HEH OB L TH D D
(23 LT, AR K TIRRER D& ALK SRR O F B & i E N @ L TRl 0 Bl AR

ECTHDH(PE 2011). 5T, HOB~OKEFIZHOWNWT, hUEr IO 30%E



L CHERE LIZRINEOEINB KOSV Ok, hvEnas2e28EE LZGEA
CRIRETH Y, WA~ORBRIIFRETH > CER - 15 2013). T, LK
TEROFAEL LTHOEE TORNREENARETH Y, ML, FEELXB IO X b
DEEWICIEDN D, ZO &9 RN G, REDEEH KR OFRE 28121247 5 58, W
ORI ZBR & LT-fB KR REORRE NN TH D LB XD, 1970 R0 & ik
KRB A HEHET DBV X 1T o 728, ENOALES &g AR & ORI KX 7ok
R oTloles), FEROEEITD EVERNZE NIRRT, £ DKk, 2008 i
IR Z s I [EB 2B OMSEBIC LY, AP HEOEREZED S LI
720, 2009 FFIZKRZ DO F T iEA~OF ORI B3 2 EEA 1T S 4, BN TofE
MABEE DILRPE N T WD, AAROER K OFIE AL, 2004 421213 45ha TH
723, 2012 FFI21E 3.5 T ha & R&E M L 72 (EMKES 2014). FBFHEAE D KIEIC
BN U722/ & LT, 2010 4F0> AT DI TV D BIFTAAE £ 7 /L 3R 0 7K TS
B DA RIS XY, FEH KO EIZEG U T 5.5~10.5 7 9/10a O @& W B4 DR
3T TWb b EBEx bk, —JT, fEKOMEITR MK & k425 L4
MMM Th Y, FEKRAREIC L DA, #fMBIEICELMORRE L, 5% b RKYE
DGR 25T B D O H REH ThH 5. 2020 4F O Y EE A A= 0 B 19%
THY, ZTAZEDE TERAK OIS HERL2Y 8.8 77 ha, LEREN 70 Tt ZHAEE L
TWD(EMKER 2010). ZOREEZERT D700E, AR Z MBI &ITKAF LTz
KIEEZWAL, BELTEWNAZHELND ZENEBETHDH. £ODITIL, SBEHXD

BB LE L Sh, K= 2 FRESCRIE EEIR O AR 5 TnD . Fiz,



FEHHKIZEE & L CEEICHZABNTRIC, TOENTH LA - IR HE Sh
5Z&T, MBENCERARED ERICHGT D2 Lichd. Ko T, kKN ERE
HESIND/NERRG EFREL Lo BGHRRN LR EG 5729121, 800~900kg/10a
BREONENLETH D ERBE I TWAHAGR - /NE 2009). 2D X 9 2RERNG B,
BB R RIF I Z B W CTRIE L 7o @ AR EE IR DL RO BTV D
ZOXIRERND, T, BHMTERINIZZIESEL T.0I, RRKOEEIR
D 80%HY & 72D 900~1000kg/10a & HAE & L CHFENITHOILCWDH(HARD 2012, HIEF
5 2012, FEH S 2012, K5 2012, £H 2012, H7k 2012). FEHH KK Z KU &
900kg/10a O /& A pE & FERK T 5 (2, KA ¥ oo 4228 U &S 20kg/10a LB TH V),
ZIEREE N AR EEZ BN DH(FK 2009). LiL, (LFEEHC L 22 BOEREA
X, 2 A POBEMSLRE~OAR BB IN, FEERBHRBICRET L 2L TR
LDEMADZENARETHLEEZDND. o, FEVMMIZ L 2 2EHREHEIX
T4 HVETHY, ENOEPEHED 28%ICHEL TR Y (H ARG ER 12 2010),
INOEFATOILERS L. L, REOBMAFRHIKE L-EE T, kHEn
TR K72 FE BRI O A C R FEHICIE T T 2 2 LIXTE T, TE, FaEdEit o HIx
W L, BEERIIH X TV D (S - Rl 2009). Z D78, HEREOFEMRE 2o F 23K
HDHNTEY, ERHERICB W UMM FEIERHC R 2, )5 E OBEFY 4 HEAEL L T
ATHZENEEND. fEoT, AFFETIE, LFIEEZHIRL, HREHHT S Z &
THE~OFHHORETEFEEL L, INHE L7 OB~OMET L 2 L W HEH SN

FEZHIE L THIMAT 2 WO RBEBRMREREZME L, SRR 2R L.



ZAIVE THEAE DA EH OBLE D B K TOHEAEFIHIZ OV TH 2 2 RE e S 1
TWD . HERRAEFIZ DWW T, BEEELL LA 35 2 &1 & 0 KFRIE A N3 5 (A1
Mo« 3 2002, =8 2007, KIL5 1998, BB « B 1998) & OGN H 0, HEAEHE
FKBIZBENT oL FIEEEH & FREL FONEEZGOND EEZEZ NS, EHIT
HERE b I IRE 1 L 2 528 & 2008, KZE 6 2013), KHEH ORI - JHE 2007,
EHE 5 2002, HES 2011), N kI X 2 HEIE H k225 O R e K FR ~ O I B iE
(Matsushita 5 2000, EZE S 2004), VU o fgoh U7 8 DRHELUSN D LI (HE
5 2005, 4xH 5 2005, AIH S 2005, £ 1989)78 & Okk 4 st T Tins. L
NL, THHOMEDZ L, RAKEIEICET 260 THY, FEAKHEICHKT S
HERmhE B 5 AT e v, BHKSFEOREE T, MESEWRON L2 X570
DIEEEEBITHIL TN DD, SEH K S FE Ok 8s Tl A= 3L ¥ — 7 & O fEH
BRIz EEMR T D RS E AR SN TWD. £72, ST KO SRR L5k
DEMASEE RESERRY, FFICESEREITEAKRSHE L LAV RIS 1988)
LEND. O, FEHREIEICE O T, (LR 2 HRICRET 254, Rk
PRI AR EOHEE AN LETH D &35 2 b, SR KO & BHTE 72 & %
BRL, BULRHEEHEL BT 208 RS L. I, HEEDOIELSRII(bFIE X
VIRV, [LFIERHCHA_RZEOEBSTANEREIND. LL, ZUT kY, &F
RN IR EREEAFERE LY BH-IANRE L, KEOHEZH S (KEDL 2007)7% &
DERFEAMICEN D EHER S D D3, BB TK SRR I8 R Sl 12 B3 I & A3 %

WD (ARfA B 1988), ZmOHEISEHIC K D EREE DI SN DAREME LB X B



. Ko T, LR HHEIEICAE L2354, HEIEOSEE Kk~ DB/~ D 5
AL T D2HERDDH. T2, HEIEHEHIZ X2 1 0 ERE-CEEE K
O SWIUZ DWW CHHET 2 2 & C, Sk AT I3 2 8 50 7 HERE M ) & > it
AT 7.

F7o, ZIMEOFRH K REE, SAKRFEL RR5MERH Y, TOZINERIC
WTHMEZ IR DREEZ R LTS, 207, XK ICBWT, 20%
WERZHONZT 52 EITINEHMNZX D ETHETH S, AR THO I EBHH K
FAEE X mv g, INEMOM EA B S U CEBERATIEIT O IR65598-112-2 % —[alH]

L. ZNOWEE 203 52 R LR L TERINZFERAKGRETH LS. EIrv O
RN AR T 2 23, B R < s CIaBAEIC R U, BRRIE A ARG T,
BT 72 <, BANT M ERCH Y, HLKIEIL B ARG LY 38%m I &l
Th D (BHAKES 2009). £7-, TIo~<0%, WERMENBGEHES  2011), 552
PR o 42 B L AP it A C 28 it IR & 24kg/10a DR RS DO FEHZ BT, HLZ KL
BNZH TV BB 2 5 EINE(873kg/10a) % 7k LCEAR S 2010), ZAEEESIC#E LT\ 5 &
EZoN, EFRUEHEOEINC X 2HINOFTREMEELZ /R L TS, ZiLE T MHTED
ZINERIZ OV T A R RFIA R S TR Y, ZOH T, HEOZIETED ZIEK

E LT, BEHARI R o, BEEERE(ARA D 1988, £ 5 1998, 7FAE DS 1990, #5 1988),

H)d#

SFE~OERF(AIS 5 1988, K5 1990b, ZEHB S 1998, B 1997)k L O 1k
BAOEM S 1992, 758D 1990, K5 1990a, HEE S 1998, RS 199NIZFHEA R 5D

EHEISNTVD., EI a2 iZBW0ThH, IWEOHANZIX Y — AREEOHIR(FH K 2009)



KRB X D BASE O ECEARD 2010030 ETH 5 LR SN TR Y, AWM T
DAEBFBPNEIZRIETEEIRENWEEZOND. AIEIZEN T, (LFIERDND
DT, fLFAREHC RSN T 2 BRI LG T2 Z LIC LY, BRI o

FUIR AR - 17 B &, @Rk ROBEMAEFEIND. £, BEREOL &
RaiE, €3 v~ OfEHMIEIC RIETHDEEZ HILD. SHEIZ K0
75 & OEEIE Sy G RIT R 2R 0, FEHH K SRR IR KRR B SRR IS & E 2 R
GENSOVEEED 2009, #OD 201D ERRESINTND. FEEKOWOIE~DKE
A ME L7256, Rk VX —2 IS 572 0121E, 1HLA FTRE 70 flikiE O & &
ERIRRL L, ORI Z NS 2 0ER S 5. R KSEOWIL, WOFIE 2
ZWICOHMBHES AEREL 2D L SNAERD D 2011), BHRAOUEIC XV XA

BOEIEN/NE 20, S ARZEMADL I ENARETHL EEZXLND. F

7=, WORERBEEITHY NIV EEHEREEOMENH Y, EEEEEOHEIMIZ LY
REFZWINENEINL, BWKkOX R EEGEEOEMIBENDEEES 2009 & ST

W5, ZOT, FEMEEDO R EIITEERRAEDOEIMA R IR TH Y, HEAELD

% & it X BB DI ER 5 L FPRISH D, S5, ARAMOES O LERER

BROFEAME ZKDOZ NI EERERLEOEOHBGE - HH 1999 MK DA

& ZARDRERIRE L OIEOHBIA - JBEF 199003 HE SN TEY, ZD k) Bl

RN b, I~ OB T OLEBTNE R RETREBIIREVWEELDN

5. BEXY, £ n~vrOBRAMM T ORERWING L O EEZ PO & LIS

HROMHANMETHY, £7z, BHEHEOHHANZNOICKITTRELHLNCTT D



CEHLHETHD.

T TCARMFZERIZEW T, BEMIEOZEHANEI n~ OAFTB L OIREICKIFE

TROE e, BRI TP ORIV & W ERER K OTR A~ DA 2 AR E L 7RI R & AR

BERSIT T O TR OV B AT & EEE LT, Mt L7z, & 618, BB L OB

DESERELMET 22 LT, HIERKMIZ X 2KHRE~OEELH LN L. DL

D, U ZRHENE R B 2 T L, BRERICOZ BRI L 5B KT I n~

> DN EFEBAN ORENL 2 X - T2



B2E HREBE

AGRERIE, 2009 46 Z T8 2010 4RI 40 43 1 IR AT HOR R R AIIIROK FIZ 3 v T AR
BHAARRREE I n~v BTN E ROV E AR Z MR L, B L Lz, &
BRok 11X, 2007 45 X 0 i bV 22 086 % 60kg/10a(pl/y L L C %% 6.0kg/10a, U >
B2 10.8kg/10a, # U 7 A 9.6kg/10a) N L7z b FEE(EIE)IX |, FHEHEIZ
1.8tDM/10a 38 4Ffits FH L 7= MEATHEARIX | 36 K O 3.6tDM/10a #L4FE i L 7= 2% s HERIX |
ZZENZEI 20mx50m OXMEC 3 KERH T, EInvr a2k L. 2009 FE LD,
FRBRXNICE I v~ AT Z BARRE &35 Uiz, RRBRICHER L 72 RIS, #4811 IR
NOEFEHOHEZ TR E THHEHINTH . 2B, BB TIE, ARBKE TR L
FEINCOWEEEE LT AL TS, BEAEIORSZERBEIIL, 2009 £
FON2010 & bIZHMBHT- D 2.1%, C/N HIZ-DW\T 2009 4F1 11.7, 2010 1% 11.9 T
o7, 2010 FEDOFHHHEALIZ DOV T, K3IE 23% TH Y, b 7= 0 Oy TY Vg
84%, BV UL IN54% Th-o7=(5 2-1 &), (LR L OHERE A &1, BIRIZE

(T % BRI 0D fti I B5 VE (feh 23 ) T SR BR BE SR Ry 2008, B T WL R ARSI 3 MR 1989, K3

m

/\%%I

Y.
Vi

AA X — 2007), MG - REF(2004) 00 EFEHEAR O /K B E S BT 2 RS,

HENEE AR b FH K IC K 28, BB L OWAK S OEFZORACKE 2001)Z55E L
WRE L7z, ALFIEE S K OB EHEIEIC X 2FMTo 10a b7V iAo =X, (et
X TIEe%E#H 8.0kg, U 8 10.8kg, # VU 9.6kg, EITHEILX ClxezEF 39.8kg, U v

fe 151.2kg, U 97.2kg, ZE&HEINX CTlI4e%E# 77.6kg, U Uk 302.4kg, 7'V 194.4kg



ThoTe.

2009 FEOREEMEITRD LB TH L. BITHIEK IS LOLEHIEX TIE3 A 11 H
IR HEEHENE A R mICHCE L, {LIEX TlX 4 A 26 BIZ/bFIERIZ MM L7z, 1BITHE
JEX I LOLEHIEXITIE, L L Toes 2 Ue o7z, SRBUKHIE 4 A
18 BIZHHEEZ1T\, SHSHBLUVS A 21 HIZRIEE Lz, EI v~ Bl OHAR
%, 4 A IS B/ X EWHELEE2K L LT 165kg BREL-BFEMIC, BELZWE

BWHHI-Y 180gHEEL, 1 EXEFWELZ 1.okg BHL7=. 5 H 22 HIZ 21.2 #/m?

N,

HAEBEE T L., BREBOEOERIT, TIo~rN 41, BREN 35 Tho
7o, BIRIEAEXKICEBWT 7 H 20 BIZ, RFEZEHRM T 2kg/10a i L7z, BREIX

SATIIB SRR T THTUS, BRESALES K OO BB BR O SA L F L7 o 72

N

e rOHBEMIIEIEX T8 A 18 H, BITHIEX B L O EaHIRX TIX 8 A 19 H

THY, MEIILIEX TIZ 10 A 15 B, 1BITHIEXBS X OZEHEEX TIZ 10 A 16 H

Thol-. ARBEOHFENIIAX TS H 19F, KAMIEXTIOH3IATH-T-. X

RIS BRRIC IV E I 0~ OBKRGRN 15% LU F Lo ciEm e L, midnfis

HiZ10 H24 HTh -7, WA & & [ THIBS CTUHE UGN R B L7 o T, 2KEE

Ze WS TT Lo T,

2010 FEDHEE 11T 2009 FFICHE U 7. BATHIEX B T O EHEEXIX, 1 A 18 HIZ

HERR 28040 L, (BFIERHXIE, 5 H 20 BT bieRk 25 A L=, REBKHEIE, 4 A 18

HIZHHEL, SH7THBEOS A 20 HIZREE L7, I o~ BIXOHARKIL, 4 A

WCHEERE L, S H 22 HICBH L7-. SBIEIX7 A 18 BIZ T 7=, I a~ 2o



BB I K OMBITHENE XTI 8 A 18 H, ZEHENEX TIZ8 H 20 HTH VD, mzMIX
EIEX I LOMEATHEIE X TiZ 10 A 15 H, ZEHEEX TIZ10 4 17 A Th 7. HAN
OHBEII X T8 A 18 A, MAMIIEXTI0H2 A Th-o7z. INHEIZ 10 A 25 AIZ
iTo7z.

2009 4F-33 K TN 2010 4F D AFRER 12 B B TV AMeDAS BURIME (I E 4 (KT % 55 2-2
KR LT, 2009 FEOEVHRIRIT 15.8C, FEREAKEIT 1822mm, A V¥ H BEEIX
148 Bffil T o7z, & HIZ, 7 A~9 A0 HEHRIRIE 22.5~26.2C, A HHREFRHEIT 89
~157 Bl Tdh o 72, 2010 FFOAFFHRIRIL 15.9C, FFEKEIX 2067mm, A V¥ H R
RpfiE 167 Rl ThH o 7= 7 H~9 A DA A REFIT 174~244 B¢, H FHE5RIRIT 24.3
~28.5C Tho7z. 2009 FFETl, 9 ADREAKENIFEFELY DL, HELHRIRITEFER
JE, 6~8 A @ H B4R L 0 o 72. 2010 FETiE, 8 A DRKEITFAEL Y Din
<, 9AEZ -, BEHRIRIL 6~9 A THELY EL<, HREEME 5~9 A TFEFE X
WEMNoT. F12, AAREOZEHIX T, 2009 4F 10 A 8 HIEB L TV2010 459 A 25
HosEIC LY, JKHEPEICERAAONTE. T u~vrOZEHIEX T 2010 49 A
25 HOMEUZ LY —8, ERL7Z. 26 OREBRX TITEIRIZIA S o 7.
72%5,2010 4 9 H 25 H OFRA(E 3 F=5 2 fids L OV 3 Sl mld) I TEURATAT H vz,

JRERICLHAEEBISX TR LN T-.

10



Fo-1% i AHEIE DSy (2010).

T-N T-C PO, K0 Ca0 &KFE

2.1 25.0 8.4 5.4 20.0 23.0

FRET TR B 7 D OfE
%

$o-258%  FHBR/KH D KA.

I Rt 7K 2 (mm) A AR (C) H HRIER] (h)
2009 2010 AR 2009 2010 AR 2009 2010 LA

1 183 14 61 5.4 5.2 4.6 166 213 174
2 79 138 68 7.1 5.7 5.3 130 120 158
3 122 231 141 9.2 8.9 8.6 154 139 155
4 169 223 152 14.7 12.1 13.8 222 137 170
5 200 112 151 19.2 17.9 18.2 166 190 164
6 207 160 189 21.9 22.9 21.5 101 150 122
7 145 133 181 25.2 27.1 25. 1 89 210 151
8 185 95 193 26. 2 28.5 26. 5 157 244 183
9 53 391 244 22.5 24.3 23.0 143 174 126
10 244 248 205 17.7 18.3 17.4 146 82 129
11 159 90 109 12.4 12 11.9 128 162 143
12 80 235 58 7.8 8.2 7.0 175 189 172

AR 1Z19814E~20104E D 2 & L2 H

11



BIE WABERBLIOBE

1M BEBEOZEHWANSETI v~ OAFTIIRIETHE

F1H EInvroE, (¥, ECAEOHE

AETIE, EIn~vUrBROAARBOREL, FEH, EAMHEIZHONT, MERFIYICHHAET
HZ XY, BRI E DHEENSE I v~ OREAR A B IS 56 208 KIE$

WEBREPALNITLHZEEHNE L.

EEE Tk
2009 & 2010 2, B, ZEHB I OFEMIZONT 1 Kbz 0EkE L7z 15 a3
DT, BE 45 BRIZOWTC, 2 R — AR U 72, ZEAEIT3ER SR 5 SPADS02(MINOLTA)

MV, K EEEZ 3EFHIL, £oYEEzEAES L.

il

%5 3-1-1-1 [XIZ 2009 4, %5 3-1-1-2 X2 2010 FE O FELOHER 2 2 E s L. 2009
FOEIROFELT, 7TH4AEFTIHMUERTESHERE L, 7 8 18 HLIKRITIEITHE
JEXE XL &BHRX TENroTz. £z, Az [ —iHXH Tl 5L, 7H 18
HURE, AARBICHE_RTEI v TESHEB L, 2010 EOEIn~Y 2 ORLY, 7
A2 BETIHMEEX THE<,7 A 30 BUBRIZEITHIEX B LOZEHEX CTrirro 7.
Fio, WA EEAXM kTS L, 7 H 16 HLURE, BAKFIZHERTEI g~

vTCEHER L.

12



55 3-1-1-3 [XIZ 2009 4, %5 3-1-1-4 KT 2010 “EOEBOHEB 2 TR Lz, Wi4E
EHiT, AEMMAZ®L T, SFETIEAARRE, MHXE CIEZEHEX TELho72. 8
AHaICRB T2 BHIEXK O I u~rOFKIE, WEL HISIE 270 A/m* BETH -
7z. 8 AT HOLEHIEX O ZALIEX & T 5 &, 2009 FTEIr~ T 1.48
%, AT 143 1%, 2010 4EIZEIn~>2T195 1, AARET 186 TH-7-. HEJE
FERIZ X 2 HINEIS X, SR CIXAARBICHEREInv U TRELS, FEFRICED
ENRKEDNoT.

55 3-1-1-5 (X1 2009 4, %5 3-1-1-6 [XIC 2010 “E O EAEDOHEB 2 TR Lz,
& BT, M XHE TIEZEHENEX TE < HERE Lz, mishfE 2 [ — ] XHE Tl T 5
&, 2009 0 7 H 18 HEIRRIZEHWT, HAFICHANEI v TE ROMEMAHRH
NIz, RPN TIE—EDMBRITA b oTz. £72, Wi s H1T, 2009 4% 7
H 4R, 20009127 A 2 BICRKEEZRL, TO®BDTL2EHARAONZ. £
<2010 4ETIE 8 A 28 HUIKE, EIn~r OLEBHEEX TRb m < HB L, FElC
KD WADEED/NED o7z, 2010 D 8 A 28 HB 9 A 25 HOWAEIAIL, ZEHE

BPXDOEIv< L THRLNEHoT.

EFEI v~ OREKNRAETIREZ A ST L, BEAENM 23240 512 RIFT 8

ﬁ

IZHOWTHELZEL, INIORLE.

EFInvrORLT,BESEETHL 7T HMUETIHMEEX TS > L bmho 726

13



3-1-1-1 ¥4, % 3-1-1-2 [X). LR TIE, BT O/bFEEHE A IC & 0 B I o L)
RE<HEMLIZEZEA bR, L, KBEICBTL2EBERDOT E=TERERIT,
BEICE VB S 4~6 BRRECTHKT DL INTEY (L 2004), ARBRIZEHEW
Th 7 AAURITETHIE XS KOS &8RRI, (BEKTERSH#EER L TE Y,
LR OIENIR T LTz B 2 b, B, ik L OEAEORITE R WIL
BLHBERSH Y, FHAXOHEIMIZRZRINEINORE L RLCRES 19949 s TH
v, 7TAYALIEIZENT, BRI AT S < HER LBITHIEX S KOS EH
JEX TiE, BEAEEOERIBPHER SN TV EHERI SN, TIn<r0EKICo
W H FOL & AR, BB A_RHEIRfE A 21T > 7 X TR E (5 3-1-1-3 X, &
3-1-1-4 X)), HEAEfEAIC &0 ZHBHINT 2R AN, Edlo@Ey, 'L, XK
BROEAMHORIT, ®HRWIEEHEANDCRIE 1994), HERLHEH 24T - 72l X1
B 2EE OB, BEBILENBEM L7220 EHRIND. T a~vr OEAMEIT
7 A BRIV, WARFEE b ISEAEENC S o 72 (5 3-1-1-5 X, & 3-1-1-6 XA, EI
~ OB EIGIT AARRIZHA~/NS <, FRTEITHEIE XS X O &HIE X TIRED EI&
PNEoTo. BARREICHARE I v~ XE DG b EAMEZ & HEREL, 2 ofmix
HERERE AL K D iR E o 7. FEEMIE, ERERBE L EOMBEND Y, HEALHEHE 21T
T K CIBRBI b RER R E A B S HEFF L T S HEZR S D . EAMOTE
X, R EMEOTETHY, MMEREREIEZ T2 O TIE AW, Rl LRI
DELY 21TV, BALBIOZERBELZHL NI LEE 3 H), HHEbOEFREGE 3 H)%

HET LD LT, BREBRICTBW OREIEH AN ETERREIC LT TREL IOE

14



e~ OEPERBE DG EFEREICRIET B OV TR R RE 21T o 72.
AIFFECBNT, EIr~v U OFELIIHARBF LY @<, SHICHEHERRAICLY S
DICTE AT DN b Tz, KRBOELOEINIERIZER D LS TWD
(HRDL 1991, AL 1996). F7z, FEH OB EHELHMICLVEML TRY, &K
D A 72 AN TR B ER ML 3 1T D DI IR O, BUR DO FTREME N " £ 5. ABFFEIC
BT EHIEX O B ARE T, fXKE KL TCEHRLL, B @7zl &3,
WEFEDOHIMZ T E L TWe LRI b 00, —5 T, BURICEN D IEK N E
KIZ72> Tt B2 b5, I u~rOMERMEIEE L, CEBEEREFP LHERFIND
GEHS 201028, I v~z HWZEERBR CEIRCEIT 201208385 S Tnd.
AHBRIZBWTHEIr~ UL, ROELPRL, ZHREZH- L BHIEX TIE, H
AN L L TRE Cho TR L TR Y, #EAZ L&A LI2GE, BIRIC2NT
EETRETHD. Fio, FEAXE BHKEOEEOHBELaA METFTDD
MEBRTENMTONTWD . RIFRICBW T H YL EBHEREAAE L, KOEHF 15%LLTIC
7257210 A 25 HICINHE L TH Y, INEE TOMMNEWZD, ZO X5 emind bH
RICEEDBLETH L. AR TR OEIRN A 6 v 7e 2 EHENE X2 36 1T 2 HENE i 1 &
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ARETHh o7, ZOFE, BRWMPORILEOCENEZ b7-6 L, FEEINCHFHT 5
EEZ LN £, BEMIEOZEKAIX, FULEMEZHEAKSESL20 TR, H
ERMWEHIC IV EIr v ORERRNEL NS, BEHOLERRBELZRDDL L
T, KEBKBEEZFmO TV EHELEIND. SHIC, EIRrVYDONRICKE REEL &
FTRARBIMPICBWTCHBREHEIEOZERAICL D b0 ITE RS T
Wz

ALY, REFRINEZ NS T2 ERNEOHEIMZHFG L TWD Z
ERBBMNE R oTen, REFRUSNOMSORAEBILIEX & gL T <, ZH AL
SO EIZONWTHIEICHEEZRITT BN D. iz, I X T/ E L THEEME
EIZHETLZ LWL H Y, MFANPLETHD. UITIZ, EIavrOBEMRDOR
I S0y e 5 O SRR & B HE AR M 23 2 AL S I RIET B OV TR L 7Z.
WHEHEIILY VBOGAEENEWD, HEICE D) VBl E S 2 <, BEHEADE
Hicky, E3n~ro B2 ) UEBRER EITEEM L TV 3-1-2-10 %). U
EHE R B O BEMMNFEE O EN D L ST Y CKIS 2001), ARERIC

WTHHENEHE N X 25 U el &= O A FEE DI B LT/ REMEN E 2 b h

Pr

. T, HEERE I SRR O U BRI SIS M AE T 2 L3 e <, FERNIHENE S

WX D) UEBBOMBINICEEIN W E W) HEEEDS 20118 EHEIE i A IC X 5

TP OFHEEY VEROBININE~EELZ LT 20 EWVn o HECkD S 20000 &

L. AREBRIZENT, ERHBIUORO U CERRIREITIW AT S IS ERIEX TE2 o

B3, ABIERKIZ AT Y U lehi B DS WBATHEIE XTI, ABIEX KD U U iRE A B3
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ML7eb DDV VEEREDOHEINIA NN oT-. TDTc, HBEAEEHICLD U
i fite FH 2 DB IN 28 KRB D55 F K OBEBUC RIE TR BIC >V CUE, ARBRN T —
IR A LN TE LT, ZEOEMN Y VBOEBZID2bDLWET L2 LIXTER
MmoT.

bl 129 572 E OO LIRS FEIZ W T, HEIILIEOXEETH U U ARENE
LM SN TRBY, 20 &ENEBN 2 WEREICEN D LRESN TV DGE
] « $5K 1986, AfrD 1988, Patrick 1987). EI < IZB W THEITHIEX S X
UL BHRXOER EBRON Y U LNREREN ST, 207D, @A U U ARENE
R P OBOEFRICH S L TRV, BOmYEHMNERO—>Tho7z LHERIND.
DT, BESEIEIEAIC L0 M EMAEOD ) U AEHFENSEML, ZE&SHIEX T
BEBRBIOEEON Y U LARENEGL 2o T2 LD, BHEAEIRD LB 137
DR ZE @O TN EHERE SN, £, ARBRTIE, ke L TOMORIMEZEE L
TWDER, ML LICONWTIESIEORAIEREZ L, 1Y U AEEOBE»OHRFL

S ET, ML EZKHIZETT %G, MbbiIHE~ON ) v AiaEn L <, K
FE~DWIN=RA GG <, AV T LAERBINT 5 E®E SN TWDH(EFE 2009, FHiE
2011). AP AIC LV EEEERO DY v AGEABINSE, Bl BRIV
HOH ) 7 ARENEL R-oTEY, HE~0H U 7 AR E L TORb 5 F H T
BEThDHEEZD. —HT, HEE L LTOMMAEZZZEA, WA Y 7 LRENR]
LD, —BNS, Rt oY U AEEOEINE, S 72 FA O FEIR O FTREME

NEFEDZECREDHIMI L AREAMICEN D LINTWVD. b LICHEE D=



R—NIayTH AL —UDEAETHLN, HNIZ2%L T THDL I EREELNE
IND. KRBRIZB T oM EHREOD Y v LAEEEGYMENS T ) U LAREZRD
5 EEI T OEX T 1.89%, BITHERX TIE 1.71% TH - 72DIZX LT, L&
HIEX TIX 2.22% CTh otz F—Nr7 vy 7T A L —T0F, —BiiaEx LchGE,
fofEt & RSN D72, B U 7 ARREOHEIC X v Mkt UCRIAHRZRL 5
DT TIE VR, BEEEOZERMBIEZCENT, EIn~r OB ) U AREICIEER
MLETHDLEBZEZDBILD.

T, EIv~v T, BEMINGETICE D AT ARIREEIN L T e, B
DAY T BRI T LT 2GE 3-1-2-9 #, 5 3-1-2-10 ). IFBE~DFHREE &2 487E
LI, ZBOIN T U LARERENDGD, ZEHEXOEIr~ DALY T AR
FEIKRTLTEY, fMEMIECK T THL EEZEZ LN, LrL, BKIZBWTHLY
U LREMMELS EDNNEholoZ b &, BEARTH AT U AREDMRNZD, Iy
U AEEREHCHINT 5 2 E BRI LE o TND I END, WLy T ARERTFIZED
fEHEE A~ DO EIT NS W EHER ST,

KFG~D~ 7320 L I K0 BRERG ORRGIRE 2NH <, EHDEAZEH L,
LEBERINE CHOREWEREN MR T2 2 LR HERD(FEE 20100 & HE I LT
L. B~ OBETHIEXE LOZEHINX T, EHO~ 7R T MRED D>
2D, AR X 0 BRI T O OEAE S HEFF L, i AERERD
EMOERD—>L LT, BHO I XU AREOHMNEZ b, BT, £

YD LERO~ 72T NRER G T2 L0, BRI O A~ DR R D
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WincEwE L& BN

IED X512, BERIEHHIC LIV Z OMGOEER I OREZEINSEZZ L2,

I~ OBRRMIM T OEmWAFEIZES L TEY, FINEDEINCE N > TW\b L H#E

ganiz. —GT, BEHEHEAL, VU U LREOEINC & - TEEMEE O T I 5

PNHFRMENRS D, EEPLETH L Z L) VBREH RO AT LB K&

ET B BRI _ERELEZHD.
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F3-1-2-1F £ I~ rBIOHAKREOHALIFHE (2009).

il e W e W) @
fepe 19.2 8.7 29.6 57.5
Elmvy AT HE AR 18.9 9.6 38.3 66. 7
% BHE 27.9 15.8 46. 6 90. 4
fepe 23.8 10.8 30.8 65. 4
ERNIT [HATHEAE 17.8 9.0 26.0 52.9
% RHE 27.5 16.3 41. 4 85. 1
mh A ns ns ns ns
HEAE it e ok ok * ok
ZHAEM ns ns * *
ML fE & b, 2009429 H 25 HIZA] Y Hito 7.
w6, %, nsiEIZNTNI%KETHE, 5% KETHE, AEERLTHDIZLERT.
H3-1-2-28% I v~ B LU H AR OMALRI 4% R (2009).
fepe 0.78 1.04 0.98
TIRVY TEATHERRE 0.55 0.85 1. 00
% RHE 0.75 1.10 1.02
fepe 0.35 0.58 1.02
H AN [HATHEAE 0. 46 0.64 111
% RHE 0. 59 0. 86 1.15
mn *ok *k ns
HEAE it A * * ns
ZEHAEH * * ns

i AhHE & 6, 2009429 H 25 HIZAI Y Heo 7z,

k%, nslIENZTNI%KETHER, 5% KETHRE, AFEAERLTHDL I LER
7.
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%3-1-2-3F% I r~v B LU HAREOMA 22 E 5 (2009).

fin Al Rt o e W
e 149. 8 90.3 290. 8 530.9
ETIwwr  ETHER 103. 2 81.6 383. 1 567.9
% BHE 209. 3 174.5 475.7 859. 6
""""""""""""""""""" R 81 625 3143 460.9
H AN [HATHEAE 82.3 57.9 288. 1 428.3
% BHE 162. 1 140. 0 477.0 779.0
mn * * ns *
HEAE it A * ok * *
ZHAEM ns ns * *

MR & 4, 20094E9 H 25 HIZH Y Bt 7=,
wk, %, nslEETNENI%KETHE, 5%KETHE, AEEARLTHHILETR
7.
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G'8 (v +) €90 28 (9 -) g0 L8 €62 (¢ +) L0 L% (€01 +) S°T1 AN AWILE Aoz
1°g (e1 =) L0~ 8°G (ve +) 171 Ly il (1 =) L= 291 (65 +) LTI N7 eliiers
HeoH6  (CHMEDTERE  HotHS  (DISEBDEEE  HTHL HECHE  (GMMEDBWE  HHS  CWREOEWE el Y
L i
(H/3) &3t (H/3) -+ B3

(0100) HMOHEGTHNEINROME HO TS 20 T2 FP-5-1-68
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#3-1-2-6K E I v~ 2 d LU H ARG OEBALRI A% FRIR L OHER (2010).

HEFE+TE (%)
wh e i
TH25H  BEJE GEEEIES) 8H26H  MEME (GHEEIE) 9A25H
{LHE 0. 68 -0.22 (- 32) 0. 46 -0.11 (- 25) 0.35
EImwr  EITHIE 0. 62 -0.21 (- 34) 0.41 0.00 (- 1) 0. 40
Z BN 0.94 -0.16 (- 17) 0.78 0.09 (+ 11) 0. 86
{BHE 0.78 -0.30 (- 39) 0. 48 -0.09 (- 19) 0. 39
H ARKE TEATHENE 0. 60 -0.16 (- 27) 0. 44 -0.02 (- 5) 0.41
Z BN 1.16 -0.46 (- 40) 0.70 0.00 (- 0) 0. 69
infE ns ns ns
HE#= it AR AL ER * * %
R HAEH ns ns ns
L (%)
wh e i
TH25H  BEJE GEEEIES) S8H26H  MEMEE (GMEEIE) 9A25H
{LHE 2.12 -0.91 (- 43) 1.21 -0.24 (- 20) 0.97
EImwy  EITHIE 2. 06 -0.78 (- 38) 1.28 -0.36 (- 28) 0.93
ZEHEN 2. 62 -0.72 (- 28) 1.89 -0.35 (- 18) 1.55
{BHE 2.32 -1.05 (- 45) 1.27 -0.50 (- 40) 0.76
H g TEATHENE 1.97 -0.87 (- 44) 1. 10 -0.25 (- 23) 0.84
ZEHEN 3.06 -1.43 (- 47) 1. 64 -0.51 (- 31) 1.12
in il ns ns ns
HE#= i AE * * *
R HAEH ns ns ns
& (%)
wh e i
TH25H  BEJE GEEEIES) 8H26H  MEMRE (MEEIE) 9A25H
fbhe - C =) 0.83 -0.01 (- 1) 0. 82
TIm~wr ETHIR - C =) 0.94 -0.06 ( - 6) 0.88
% mHEfE - C - 1.18 -0.01 (- 1) 1.17
fbhe - C =) 0. 89 0.08 (+ 9) 0. 96
EFNI TEATHENE - C =) 1.02 -0.08 (- 8) 0.93
% mHEfE - C - 1.19 0.04 (+ 3) 1.23
in il ns ns
HE#= it e * *
ZHAEH] ns ns

ok, *k, nsiEZNENI%KETHE, 5%KETHE, AEERLTHDL I LEFRT.
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H3-1-2-73% FEOTYEO BRI F OB/ & NS ERBITE (2010).

g
e 11.7 9.3 (79 ) 2.5 ( 21)
Einvr  ETHE 24.2 25.2 (104 ) -L.o (-4 )
% HENE 29.3 219 (95 ) L4 ( 5)
""""""""""""""""""" e 1o 92 ( 71) a8 ( 29 )
H ANi§ TEATHENE 13.8 10.5 (76 ) 3.3 (24 )
% HENE 21.1 171 (81 ) 4.0 (19 )

8H25H 1 HIA25H £ TORIDEEDHINE A FIIMERHINE L LT,

8H25H 7>5H9H 25 A F T LR M TE ORI & A BRI oy & Lz,

FEHA TEIEIN B> & BB T D3N 5y & 25 LB\ o b D A0 & D474 & Liz.
FEIN OB I IR TN B2 1008 LT, ZTRENOENEHDEEGEE TR,

H3-1-2-8%  FEOREREBOBIMM PO b ONCEREBATE (2010).

e e " .
LU L 74V R T/ v
e 96. 1 50.5 (53 ) 45.6 (47 )
EInwr  EfTHEE 205. 5 181.4 (88 ) 241 (12 )

% RHEE 339.9 280.7 (83 ) 59.3 (17 )
"""""""""""""""""""""" e L3 3.0 (2 ) 962 (13 )
H AN THATHENE 120.0 70.9 (59 ) 49.1 (41 )

% BHE 267. 17 129.5 (48 ) 138.2 (52 )

8H25H M HIH2H ETOMOEEREBOHINEZEEREEHINE S L.
8H25H N HIH25H FCTOM EIAERE BEOWINEZ BRI T oy & L.

FAEREFEBINED L Z NN OB T O %2 L5\ b O 2 MERL D OBLT
S Uiz,

HRAN O SRR RIS & ORISR S AR 21008 LT, TAZROMA ko
DEEE LR TRLLE.
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H3-1-2-11F% £ I o~ B ILOHAKEOENLI/EER (2010) .

e E ETR
B e, i S el e
{LRE 38.5 13.6 47.9 20.3 20.0 59.7
I~y [BITHEE 33.7 12.3 53.9 18. 8 15.8 65.5
% EHEE 38.0 14. 6 47. 4 29.6 20.4 49.9
9= 40. 8 16.0 43. 2 22.6 17.6 59. 8
H A TEITHEAD 38.0 14. 5 47.5 21.7 16.9 61.4
% EHENE 34.5 18.9 46. 6 23.3 20.7 56. 0
- ) ) TR
ik R e il i FTRT T e
{LAE 40. 4 22.7 36.9 53.8 19.1 27. 1
EIn~vy [BITHEE 28.6 15.5 55.9 53.7 21.7 24. 6
% B HEAE 32.9 17.1 50.0 55.0 26. 3 18.6
e st 31.4 13.5 55.1 60. 6 21.9 17. 4
EFNI TEATHERE 35.1 12.9 51.9 54. 8 23.9 21.3
% B HEAE 34.7 17.6 47.7 46. 9 36.4 16.7
iy - __ w/:/?A __ V&i/?A
TEREHRR Ly il ERSHRE By il
fEAE 78.5 5.3 16. 2 42.3 9.8 47.9
EIn~vy [BITHEE 75.9 7.9 16. 2 38.1 10. 2 51.8
% B HER 81.7 4.3 13.9 42.0 14. 5 43. 5
7777777777777777777777777 {2 84.4 55  10.1 327 159 5.4
H Al 1B THERE 80. 6 7.6 11.9 26.5 12. 1 601.4
ZEHER 71.7 10. 8 17.5 32.5 14. 6 52.9

gL FE & b, 20104E9 H 25 HITH Y B> 7-.
%
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B3I I~ OB T OREEE
ATETIX, BEFEABNCERIA D B 247\, AR ORI ETRE, RS AR L O
HAAEFEEELFETH LT, T3 o~ OFEBEFHALNCL, FOZENRER

0~ OB EOEYEEIZED L HIZEE L TWADONMET L.

MEEE D5k

20099 A 25 H, 20104:7 H 25 H, 8 H25 HRB XU 9 A 25 HIZ, HXH-DE
fot L7z 10 Bk A& SEAE 212 3 A& O, 31 30 RIS DWW T, BRRD RIS K OZEH A MIE L
TRk 6 MR L7z, SERICHIE LT- LS EAETE L U, Bk L 7o kRO A8 A 1
E LT, 20em Z & OREMHNCES ZX D ERY, AEFE LB L%, AFEOEME
ZPE L. SHIT, 2010 T, i B EOEMAMESPAD )2 EL, 7 ¥
¥ /) ¥ —7F 7 A% —(LAI-2000 Li-cor fYD BT —%2H\T, HE2 S 20cm
T DOFENE LUK T ONRE 2 RIRHZHE L, & BOLOMR LR 2 R iz,

(2, B, Imm H CTEi-o7-%, C/N =2—&—MT-700 Y a/o#r LE¥EAR)CTHEY

% 3-1-3-1 312 2009 4~ 9 H 25 H(ERMINOEFRMAZ R LT, BLIE, I~y
TEHZEHIEX TR bLEN->T-OICK LT, AR CIXEITHIEX TrbE <, LEH

BRI AR > 7o, [F— i X T 4% &, BAFICH~NEI n~v 2 Tarol.
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2, AERB LOEREIIMELRM THEZER DV, mMmfls bICZEHEX TR
Erolo. F—AXHTHhHET 5 &, 8B LIOEERT, £~ IHAARK
TErolo. EmEIL, M T—EDBEMITA LRI T
%5 3-1-3-2 KIZ, 2010 40 7 A 25 0, 8 H 25 AFERIH®R)B LT 9 A 25 A GER)
BRWERLE. £, FHEIZOWT, [THA2HBH8H25H] BXWU I8 A
25 B9 A 25 By ICKITA¥BELRL, WMEEEZ7H 25 HBX0V'8 A 25 HOHE
Z100%& LIZESRTRL, HEEAELE Lz, 2 CTORBEEBICB\WT, it AL
THEENADLN, ZEHEX TRE N7, £, BEXTEIr~ T, EHBIOY
AERIT A AR TZENENRE CHER Lz, ERB L OERRHIL, €I~ Tibe
AT ANEATHER X CRE Do 7oy, HAEOEITHEIRXIX, (LIEX & FREENZELL
TOEZRL, MM TRRLERRA LN, ENEZHET L, EIrnv O
KIE, AARREICH, 7H25 A2vD 8 H 25 AOHMENKE L, HMEIEbmE< o
Tz, 8T IZBWT T A2 B2 H 8 A 25 HCREL A L, ZD%k DN
EbTnThote. AREHIT, 7A25 BB 8 HA 25 HIZBWT, ZEHERX O H AR
T Ld ooy, ZRUANADRKTIE32~48% & KEL B LT\, EIn~vy
D8 H 25 HArb 9 A 25 A OREAEIAIE, (LIEX TIE 28%, HITHIEX T 7%, =
HEEX T 11% Th Y, HIEMA Lzl X CAEEROKRGFRIIE»-7-. —FT, H
RIE DAL OWAEGITNTHLOR B FEERTH Y, F—EHXHECTlKkT 5 LEIn
v RV REDoTz EAEMEIE, 7TH25 BB XU8 A 25 H TR CTHERZEIT

MmoT=i, 8 H25 B 9 A 25 HOBAEIGIZHARKIZEREI o~ T/hEL, E
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IV UOEAHEIIEXICHAAEITHEX S LOLEHEX CE MR an. 20
72, 9 A 25 HOEATHIEX B KL OZ EHERX OEAREITH AFICLE~NEIn~ T
moro o, [AERIZ, 8 A 25 HOERMITAARETREL, 925 HTHILIEK L&
HERE X IE B AR TR E Do 7oy, EEREOBMADEAGITE I r~ VT ARECTRE 2o
7.

55 3-1-3-3 &I 2009 49 H 25 H Ok dH 72 0 D@ BIBEmAE, 5 3-1-3-1 KU BN BIZE
B G 2T NEhoRr Lz, 2009 429 A 25 H OREABIZERE /> AEGIZB8 0T,
RLREREEZ5DEIE, I~ rOLEHERX TIX 80~100cm DET, i
LA D X TIX 60~80cm D ThH -7z, EIn~vrOLBHPXITELNEL, MK
W, FRICEREA AT DEmA R LN, £, Kb REAREGE2EDDIEOHE
HRESAMAEIEIEL, £ In v O{LRX TIE 38.6%, BITHEALIX TIiX 35.3%, ZEAEIEX
TIEL 36.9% THHTZDIZK LT, HAKOIIEX TIE 45.6%, FEITHEALIX TIX 41.3%,

ZEHEIEX T 44.8% TH Y, F—MH XM THET 5 L EI v~ AZHXAAREFTK
ol

95 3-1-3-4 KIZ 2010450 7 H 25 H, 8 A 25 HB X9 A 25 BHOMS 720 OB
WA, 5 3-1-322 KSR MEIG B KO EZ ZnZius Lz, B
BTV ORENLHNEERFE(ER 3-1-3-2 )T 5 20em = & DR JEN DO EEmFE(E 3-1-3-4 &)
DEIG Z @R OEmEAEAE Lz, 7 A 25 HOBMIERHMEEIBWNT, &
LREREAEZLED TOVEREIE, £IovrOfLIEX T 20~40cm, 1EFTHEEX T

20~40cm T&H Y, 40~60cm b FEIFEE L 7> TE Y, ZEHEIEX T 40~60cm DJETH Y,
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EATHEE X B L O &R XIS mEN oM L T\, 8 A 25 H

D JE N1 2 T A BT, b REREEZEDTWIEZEIL, I~ f{bEX

T 20~40cm, EITHEAEIX T 40~60cm, £ EHEARX T 60~80cm DJE TH-7-. 7 H 25 H

&[RRI, EATHEIE X 3 K O EHEE XITALAR XIZ b~ B I e AR 23 o0 AT 3 2 ) 203

AT, £, RO RKEREELZEDDIEBOERMBOMESIL, TIo~v 2 TiIEK

T3T%RRETH-T=DIZx LT, HARFEDOLINX T 40.5%, BITHEILX TIE 50.2%, %

EHEIEX T 41.1%TH Y, F—HAXME CHKT 5 LTI n~ Tt H AR CRKE

Mol b RERENGEHD DG ERNWTREREOGF & A —Hi XM T L7z

BAY, EIu~v I HNAABTREDNS7. 9 A 25 HTHREBEOMEME NS 1,

EKLREREIEGZ 5D TCWEBOERBEISIE, I~ OfLIEX T 39.1%, EfrH

JEX Tl 36.7%, ZEHEIEX Tl 35.0% Tdh > 7= DIk LT, BARFEO/LIEX T 50.2%,

TEFTHEIR X Tl 46.6%, ZEHEIRX TIL43.3% CH Y, [F—hifHXE Chigd 2 L £

YA RAARBETRED 72 kb REWEIEZ HED 58 ERNVTREREDOER!

ZHE LT E b REBRIC, EI o~ At _RAARBTCREN-TZ. 2D, 8 A 25

HBXU9H 25 BIZBWT, EIua~ i ARFICHS, —oDBICERBNET T

5 Z &7 MEIRWEIZ /3§ DM A S 7.

7 H 25 H®O 0~20cm 3 L 20~40cm DOFEREHRE X, WibfE & I EHEIEX A

X E VKo7, 8 H 25 HIZERIT D, FHXTHED 40%LL T O DOE S AL,

I~ OfEIEX T 39.0%, BITHEIEX CTiX 1.4%, ZEHEIEIX CTlX 73.4%, H AR

DOALIEIX TlE 44.4%, BITHEIEIX TliX 33.2%, ZEHEIEX TIX 90.2%TH VD, XL
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JE 40%LL T O g OFEEAFI A X, s & b IR IS X OMEITHEIR I R T &3
EXTRE L RDMEMMMAH B, F—HHXHE TR 5L, I n~ XA ARRICHT
ANTHIREIREE DY 40%LL T DJE DEEFEEI G/ NS o7z, iz, MHXETRED 80%
U LOEOERBEEIAIE, €I n~rOEX T 264%, BITHEIEX TIX 40.7%, %
EHEIE X TIX 26.6%, HARFOLIEX TIX 152%, EITHEX TIX 16.6%, ZEHRX
TiX 98%Th v, M—hHXMETHET DL, £~ i3 BARFIZHATHHOLR
& 80%LL EDOJE OEmEEI AN RKE o7, 9 A 25 BIZEBIT D, FAXIIEHRED 40%LA
TORBOEREESL, £ I~ OIEX T 21.8%, EITHERX T 47.1%, =
HEAE X TIE 31.0%, A AREOLIEX TIX 0%, BITHEIEX TiX 25.5%, ZEHIEX TiX
84.1%ToH Y, (LIEXKE L WETHIEX TIXEI v~ T, ZEHIEX TITHARE TK
LR DMEPMB T B AT,

%5 3-1-3-5 &IZ, 2010 F0> 7 A 25 H, 8 H 25 A(FERIH®R)B LT 9 A 25 A GER)

DY AR L. BRREOZ RS 4 R WO BT, BAIERBEE & Mt
JE 75 & (Monsi,M.Saeki, T. 1953, K&JII 2009)EH L7=. I v~ rOLEMERX Tk
7H25H1%0.63, 8 H25HTO0.58, 9 H25HTO0.71 THY, EIa~rDLIEXE L
OMEATHEAE XA B, NS VWVEZMERFL7-. BARETIX7 A 25 BB X9 A 25 BIZH
W, BIEX TR /NSVWEEZRLZ.

55 3-1-3-3 {12, 2010 /-0 8 A 25 H(FERiHI#) B L9 A 25 HEEAW)DEI v~
BIOHAREOREMAOEY LERBEZ R L. BB OESRERREIL, 22X T

EREPS FREICHIZON TR R A AR BN T2 g & TEORES DO eERR
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O, AARFICHEREIr~Y L ThEholz, F£iz, 8 A25 AHICH~R9 A 25 HT
TR TREHBRE D LTODER, ZTOEDEAIZHARBICHREI o< TS
<, 9H 25 HOAERRE LR —MAKM T2 LEIrvr TREL, FITE
IRV UDOLEHIEX TIIRE T 14% B2 L TRBY, MKIZHERFEFICRKE )
-7z,

%5 3-1-3-4 [X]1Z 2010 =0 8 H 25 H (FERiIA%) I LN 9 A 25 B GHAH) O @B o 3E

L
e
M

DEEREGELY, F3-13-5 HIZEDRMN D HAEAEEZ R L. BEHEEEREEOSE
EOAEFEIL, WS HICEEHIEX TE o7, Fl—hifXE iy 25 &, LB
XK TIIEAETLL, BITHREXTIIEIrv L TEL, L2EHIER ClEIEIu~v b

HARE CRBEETH-7-. 0~20cm B LN 20~40cm DOIEEL 4

%ﬁ

FEROE

Tl

7 [A) —Hid

)|

AXECHET 5 &, fH & BICEIn~vr LN HAE CREEL EOEZR LT
7. F7z, 0~20cm I KT 20~40cm DFEL 22 R E & O A EIG A [F—h X T
WTHE, 8H 25 ATIHFEI v B L THABTREL, 9 H 25 A TITEITH
JEXTIZEI R~ TREL, MOXTIIWBFECRBRE Cho7-. S HIT, MLk
FE(H 3-1-3-4 )Y 80%LL Lo DESERZ &L —MHAXM CHEET5&, 9 H 25
HOABIEX CTIE H AR TE 2o 7233, EATHEIE KIS KOS BHECX T H & HI2E
B TREL, BICZEHIEXOEI v~ OEGEREGRITIL L, O NBEE

THY, MEEITHONTH RBEOMEE A 5T,
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ARBRICBWNT, T3 o~ rOAEKBS L OERMIL, BEARBLV/NSWETH- -

Dy, BRI T OBADE ST NI Do TG 3-1-3-1 &, F3-1-32K). £72, EHOL

FREIIHEAKBICHARNEI v~ TEHERF SNEE 3-1-3-3 X)), EITHEX S LW

ZEHEILIX TIE, FEAMEOBRBMME T O EIGIT NI o2 3-1-3-2 &), EHOD

ST, EZEYEA BGEE (CER)ICHE B2 EO MBI & 5 (R H - BART 1990) & i,

E I v~ OB OEESE AR IR T, e AR bR S s L HE
gEahiz.

HKHA990)E, TEFENA TV v T A AZENT, JBALBIOBEERE /A0 DS i A P
CHBERIFEL, ZNERO—D2THDE LTS, ERFEOBEITINEA kA& D
INZFHET 573, —FH CEREOBEIZEMNT, WEXE RV, EREHTZY DA
AFERRVME TN L, MERAEEOEINCERN L2V H L. EREN KRS HEML

EHEAICBWT, ARAEEICREL KMFTHIRERN 2D b0 L LT, THEERO

\

BRI FHAG ) RO [2REE) BNEX D, HEBEN TN DICEELZ RIFT L X
NTEY, 20X RERD SR ORI M P EEICB N TEETH D LH#
gans.

RIFFRIZBNT, I r~ r OERBENIE, AR B2 5[ %2R L, SRR
O JENLR] DA MIZ OV TR A Bz, 8 A 25 HEERi#Z) B L9 H 25
BGERM S BT, I~ id, BARICHARELAESHER L TBY, HErmfEn—

BIZETTDHZ 7L, BIEWEBIZHOAMN L TV 3-1-3-1 &, %6 3-1-3-2 %, #

3-1-3-1 X, % 3-1-3-3 %, 5 3-1-3-4 %%, 3 3-1-3-2 [X). HH5(1989)i%, HEmAE AN



—ODBITHER LIS WEREEEIC oW T [ BERME E MRV AR E) Tbo &
LTS, EMEPHAREIT) 2 ICE > TREAFO BALRENPHEE S, BEDN
fta SN D720, BEERNORKD ZFIGIRFRENED LTREL 25, 20X 978l
0%, KEMEITHIOEORE CEL, EEEMNE L XiTns. akiclsne, ZEkMb
RFEOPAZIIEIE CH Y, EHRERENEL 78D LT, RERAEEDK FIZEMNS &
SNTWD. 2O, EEMRAEEICEWT, ERERAEZHEMERFTL2ZENEET
b5, MENREL22I1TE, EEENEPES DS TEY, EoEMEZ#<
MEFF T 27201201%, ERREAEELORIOEERDLETHLLEBEZXLND(RKD
1970,0% « ‘&)1l 1970, JFE - KK 1982). ZERFE O FE, JeARRIC X 5 iRk
PR DML EA N L, BTN O B0 R AR T 925 28, ZEm R B MK
PREERE S I, EAREENEE D D KRR T ~OKER PR LT <, KR D IEEREENES
O VIR FEDOBAS BTN <, EEREENAS 8 O L RFRE DR T A< Z
EMHARETH D E L TWHERES 1989, KH 5 1983). ZD 7=, BRMEFDOEI 2
v E, HARREIZ B A_FERREE MK <, EAREEPER O BB R F IR AR T LIZ< W
HRAEZR > TV RIS, HRAIZEY, FEEESHENT 5 & & HIT, FNR
BN 5 2 LT, BEEEPEIAVBICOMT DI LR Y, EEEEEARMmLIZL
<720, ZEMUIRFREN DT 2 2 L2 < KRR E RIFREE O B IR R E 2 HERFT 5
ZLENHREThHoTmEE LN,

ZHREB D LU S FRIC RIET B L LT, HEIRMO SIS TH 55 23 &

IZBWT, HEBILUROEMAEERPRE S, £OZ LI PRESEZELTY
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D EGRIED 1990)°, ZUUMEE FFofth o SRR I\ T b BB R B 032 BB AN L
WMEPEICR B Z LT T Z ECRD 1990a, BEE S 1998, FrEH 1997)7 En#E & Tn
. 8 H25 HOEI v~ %, HARIZHA, FAHEIRED 40%LL F O o5 i E|
BBNE L, BOHITAR TR DY 80% LA LD JE DEEFEREFI G N RE < - TkY (&F
3-1-3-2 X)), BEH7= ONFHADENE N EHER ST, —F T, 9 H 25 BIZBWT,
LI X3S X OMBATHEIE X T ik, FExE LD 40%LL N Ofg OEHAEEIANE I r~ I
HARAABE /NS, FROMMEREILTE I 0~ TR CEWEAN S bR
7o LarL, Zofmid, BEXE X OMEITHEILIX 0 B A O F K ORI K&
CIERFLTWZHTHY, EWAEDOEITITFRE R enrolc. MimfE s bICLE
HEAE X T, BB IS X OMBITHEAR XA FE~ZEHERE IR & Ao 7223, FXEIREE Y 40%
UTOEOERREGPRE S, BFAHADRNMETL TS EELLNZ. Lirl, £
BHEXOEIn~v 0, 8 H25 HBXU9 H 25 HE HICTHARI & 2 &R
FEDY 40%LL T D OERBTEIA /NS <, BN ETREE DS 80% LA o> & D T Hiff
HENKEL, ZNOLDOREOEGLEFRIRE @m0 lo (5 3-1-3-2 4, # 3-1-3-3
X)), BAMEICHARST Y OXFIADERFE P EHREIND. EIn~vrBXIO
H AN OFE & By DAL ERARIZ OV TE, AEBRTIE20em Z& DXV Y Tho 77z
W, FEAIIALERREIEZ D Z T Lo 7o, EEED (1990)1%, FEIZ X 2 HEERR EE 3
REIC K> CTHRAED ZEEZRE LTI, T2 u~ it BRI TR R D 220
ST, IR~ ORIC X DRI/ NS o - LHER S, KR B ARKE ORI

DEEMPEE TH > L BHREX TIIEDOENRE hoTcbEZEZXOND. £z, IR
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T BARRIC AR TR E < (5 3-1-3-1 &, 5 3-1-3-2 %), B0 m g A F
BZONWT—DDRFIIHAT 2FIE NS <, IRV BTS00 T DA 5 DAL
(56 3-1-3-1 1, 55 3-1-3-2[4), FE~OXOFE N HARGIZIERBIF ThoTo LHEES
N, ZOZENRSEHEX TOMMEOZIRADERIEN T LB BN, KE
258 B EOZINMEAFEIZB W T, HERICBW L RERGTARNE MR A TY
D EATEENHEEZAT O L L TRV (EEE 1990), 7=, HEXIIREEOm WAL
WD) OEFRRREOLVIEG N L 0T 5H 2 L CXKREMEMT (&5
2006) L HESH TS, ARRICBWT, F3n~r 0 LBOEOREREBEEITAA
HFLUESHEFF SN TRY, FIZZEHIEXOEI o~ U TEVETH - 72(GF 3-1-3-3
). & 512, MRDEHEED 80% EOED, HERBENMEGSPEFOLERGER X
ORBREENMENAIL, TIa~vr TREGH 3-1-3-4 %, % 3-1-3-2 X, % 3-1-3-4
X, %5 3-1-3-5 X)), @EESCIKEOHIICARIREEBETCHL LB LN, £
7o, BRI B OEY RERBEOR L EVE L IRWEORES L ERBEDE
N HARRFIZHE NS 3-1-3-3 X)), EEE FTEOEGHREDENNSWEEZ BN
7o, KXo T, FTEOEIZOWTE HARIFICHASTEYEERD R LR EN. —
J5C, PR AEE~O T EIID 72, TR T 2 FLEY I K OWINEE 5> D

FERRA) 72~ DERFE AU E O IIMLETH H(EEH S 1998) L LTW\5 . ZEHE

H

EXOFE I o~ 0%, BAWVBICERBNSMT2HEANH Y, FEOEY 2EHREE

N

Fm<HEFF SN TWER, TROEFEERZEOSMEIGIIAARN EFABRETHY

(5 3-1-3-5 M), TREICAEFEDPBFNCERHRL TCWinweBx bhie. £/, HAKET
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JREEFH CEUR A BT, EI v VT ARFICHXTOTMRERTHY, 0

ﬁ

L ERHMIPEXOZHAES S LW AEFEROEZRITE L B2 o],
LLEX Y, FIv~oid, BRMIMT S EmEL L OB ORERIRE L 5 < Mk
LTBY, #EOZERMICLY ZOEE RELRo7z. S HIT, I v~ 3ERE
BROEGERGEOSMATIED, M EREOREW LECTEL 2o THY, SR
ROMMEETH -T2, £72, TIn< 3 LAE<, EREAEE LI WEET
boloZ LIZEY, BENO ZBALRFMLGENITONCT <, FTE~ONOFER? BAT
b EEzoNlc. T3, 20X RUEEEZFOHEMETHLZ LICLY,
HERR O S B I L0 EREAKRE BN LZHBATH, BELICRS T, Enfdbi
O OHMEFENFEMET LIZS K RoTWe R INTZ., 2D, EIr~v Ui,

HER o 2 Ehi Aokt U CHAIZRBEEME CH D EWVWr b.
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H53-1-3-13% 9H25H (FEEAM) D AF (2009).

U ) s (o et
{LAE 106. 7 11.3 29.0 735
EFIn~vr [BITHIE  113.3 9.3 31.3 1040
ZEHEIE 117.3 14. 3 44. 7 1474
fEAE 95.7 16.3 45.3 829
ARG EITHER  101.3 12.0 37.0 830
ZEHEE  93.0 23.0 65. 0 1525
fi il * Kk * ns
AEA it A ns * * *
ZHAEM * * * *

ok, ok, nslITNEN1%KETHE, b%KETHE, AEELLTHDHIL
ZRT.
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#3-1-3-3% 9H25H (FERH) Ok 72 v O B HIZERIFE (2009) .

dnfE e e 0-20cm 20-40cm  40-60cm  60-80cm  80-100cm  100-120cm
196 85 239 283 123 5
TIm~wr ETHIE 43 258 367 273 99
Z RN 38 251 495 544 146
196 68 320 378 63
EFNI TEATHENE 121 267 343 100
% B HEAE 120 471 684 251
cm’/ Bk
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H3-1-3-4F Kb 7= v DOJBNHIZERETE (2010).

i e e 0-20cm 20-40cm  40-60cm  60-80cm  80-100cm  100-120cm
fbhe 153 457 224 10
ETInwyr EITHE 151 654 639 84
7H25H % EHEAE 212 946 1218 543 25
”””””””””””””””””” e 95 o1z sel 124
H A TEATHENE 229 907 431 12
Z BN 268 1141 1112 189
i e e 0-20cm 20-40cm  40-60cm  60-80cm  80-100cm  100-120cm
ke 17 283 266 152 51
EInrvwy  (BfTHER 16 245 422 315 134 19
8H25H % EHEAE 4 205 745 968 569 127
fbhe 51 528 528 194 4
EFNI TEATHENE 17 402 633 209
Z BN 25 592 1302 934 311
i e e 0-20cm 20-40cm  40-60cm  60-80cm  80-100cm  100-120cm
fbhe 4 105 195 158 37
EIn~wy (EITHID 93 329 316 157
9H25H % EHEAE 209 289 561 463 82
196 109 334 210 12
EFNI TEATHENE 5 156 294 177
% mHEfE 95 648 789 290

cm®/ ¥
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%3-1-3-53% 7H25[, 8H25H (FEMIHIT) L N9 25 A (F#h
) O SEAR%R (2010).

Wi e A 7H25H 8H26H 9H25H
{EARRX 1.24 0.93 1.48
TIm~vr EITHEX 0. 68 0.58 1.14
% mHEEX 0. 62 0. 58 0.71
{EARRX 0.45 0. 68 0.74
AN BATHEARX 0. 68 0.74 1. 20
% mHEEX 0.76 0. 60 0.81
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BHLEETHD. EIn~vid, EHoWNGLEETHLD, ZEOHEEKMIZ LY &
B ADNENHEINT S L & IRV X —AFERICONTHEMNT 5 2 & 23R
ENb. KT, ZEOHIEHANE I 7~ OIER X OB I RIZ T FEIC

DWW LT,

kL E J5ik

I H (2009 4F 10 A 24 HE X TR2010 4F 10 H 25 EHCH X H 7= 0 i L7- 10 Bk % 1
TEZ1T 3 DT R, G 30 BRIC DWW THlE BRI RZ HIBR 2 OXI D IRy, b HE, FK,
I, WEZHE L2k, HE 1.06 THARZITY), BRGAZEHLEZ. 61,
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L, MOTEITHERX, KIEXODIETH 7=, —FH T, —FH, MW TREL IO
BRBE I AAEM CHERZILADNRNo T, £, BB KOG EIT AR
EC, —FE, MHHBEBLIOCHMEIZEI e TENENRE NPT
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WS KO TR EIZE I r v TERENRE o7z, BITHEIR X 36 L U EHE
XOMMEIL, BARFBICHESREIrY L TRELS, I v TIHEBERIT B TH
JEX T2 REDOMETH 720y, BARFOIEX SBEITHRX OAEITE I v~ U(THAUNE
MmoT.
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<, MMMEEEERE Mo T, AERERRYEERIL, FEEN R, RB=x
LX—L, BMEEHT- Y OBOFAARERT I X—8& L LT, OHROMHEE L B
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REBHELKTH 2 5 TH o 72(5 3-2-1 ), BRBEOWBDRRET, HARICH~
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FOZEHIEX THEAD L TV 3-2-2 ). &0 o0& &I X OV A X T
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AIERENARI OB Z B2 % L B2 biviz. —J5C, MBS ASRIE, mmfEe H1C
SZEHEEX TRLELS, FICTIa~rTE L.7%TH Y, BAEEREK Y ICBT S
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#3-2-23% MO — kAR ) (2010).

(%) (Mcal/Kg) (Geal/10a)
(s 5.2 1.8 12.3 6.0 74.6 3.01 1046
ETInwr TEATHEAE 5.6 2.0 10.7 6.0 75.8 3.07 2010
EZ2 = 7.4 1.7 10.3 5.2 75.4 3.10 2645
fEhe 6.1 2.7 8.8 6.9 75.5 3. 11 1276
H I TEATHEAL 5.9 2.8 8.4 6.5 76.5 3. 14 1488
% AR 7.6 2.4 8.7 5.6 75.6 3. 14 2529
i FE * *k * * ns ns *
B i A2 ok * ns * ns ns ok
ZEHAEH ns ns ns ns ns ns *

wk, %, nsiTENTNI%KETHE, 5%KETHE,
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AT AR, HIBIC LA SBOEEANE I o~ 0AEFCHEHMIME, X5I12IE8R
BADAMREEHA LT HIRERND L. £, AFRICEWTIE, EFEMHEL K
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FIXDHT2 Y 8 T EAEZ T, HHEZRE 0~10cm 3 KLU 10~20cm D 2 JE2H L 4L
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5H25H, 10 H2 HOTHEIZOWTIE, pH, WHHEY B, ZHMED Y T4, H
PEI N T b, RV~ 7R BERIE L= pH X pH A —X —% AW CHIE L 7-.

Al R

EOE
=

VEBIT I, AWAME ) U U A, ST LT A, R~ TR T A
VR FROEIEIZ R - 7.

F72, 2010 T KIZ IV TRE 8 20T & MEAFE 24 128 OY, TR 15em 36 KO 50em
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LR % Hibth, MEEREER, 7 U E=THEEHRICOVWTFIAJET, UV VBRSOV T

ST ER T AT LT,

i R

B 3-3-1 RICHIBRERN O RERIREOHB 2~ Lz, HHEERE 0~10cm TiX 2010
o7 H 31 BIZBWTERTRRBERL 722, A CIXiia 28 L <% a4t
JEX CEMEZ R Lz, BHEERE 10cm~20em TiE, 2009 40 2 A 25 A XL &HEEX
T, 5 H25 RidMEIERTENZ LSS, 9 H 20 RIZAEKTHREBETHY, KLY
fHA N R 572, 20104 Tk, 1AL EMH4H25HETE6A29 ABLVT A 31
AECIIZEHEIEX TEL, SH25H, 8 H26 HB XL UN10 H 2 A, 2X CTREET

HUY, 2010 FH R X W EA SRS T,

]

% 3-3-2 EIT 2010 FFO HEEEERN OMBEERIREOWHRE 2/~ Lz, THEE 0~
10cm TiX, 1 H1LEH”AS3H20HE 6 H29 BH2xH 8 A 26 HIZBWT, ZEHEEX

TEMNo7=D, 4 A2 BBXOS A 25 H CTIHMEIEX & L EHEIEX DO EIT/NE o 7.

76



THERE 10~20cm TiX, 1 A 11 BB 3 HA26 HETE 6 A29 Hovn 8 4 26 HiZk W
TEEHEX TR bELS, —FHT, 4425 HEAXKCTRBEETHY, 5SA25 HBXW
10 A 2 BILIEX & ZEHEIEX CRRE TH Y, EITHEX TR, Kok ®x
DM A H BT,
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LIEX CThe b mnoiz. TRLAORTIX, 5 A 25 BIXIBITHIEX TE<, 8 A 26
HBE X110 A 2 HIZTAKCHRBE CTh o7, THERE 10~20cm (2 O>W Ll %
U THEIEX A O KIZ e _RFEIRRELL EThH - 7=,

55 3-3-4 RIZT 2010 0 1 A 11 BHEERAAT, 5 A 25 A@MER), 10 A 2 A EHR
YO HHERER O IE 2R Lz, pH T, B, HHSEEZMDL, ZEHIEX
TEL, [LIEXTRbIEN -7, 72, pHIZWIRE L B2 1 A 11 B TEL, TO%E
DL, 10 A 2 BTHROIES eo7z. FHGREY ERIZ, MITREL & & IZRUBR X TR 72
ENHONLEHEEX T, ROTETHIEX TH Y, (LIEXKTRbE -7, 2K
T1AILH, SH25 HIZH~10 A2 HTENoT. KHBMED U 7 ATRH, REZ
o3, ZEHEEX TRbES, EKTRBEN-Z., 2XKICZBWNT1 H 11 BTH
<, ZOBRBADT HMEMMBAH LT, ZHET LT LB ZEHEIEX TR b & < HER L
oo BXICBWT, 1A 1L HIZk~5 A 25 BCIEEML, 10 A 2 HTIX 0~10cm @
EIEX ZFREED LT, ik~ 72U A0, 1 A 11 BIZBWTERELS 8D
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A1 HEBXO®7AH25 HZBWTE2XKTHEMELS EZXD T TH o720, LA Tl

IEX TR, ZEHEX CEVMEANA L. HEERE 15ecm O LR T, A

M ZBE L TEIZIES 6 H4 H2H 7 425 HECTTIIEXCRIEETHY, 8 A 8

HCITETHIEX T, 8 H22 BB X9 A 5 A TIIZEHIEX CEloT-. HHEERE

50cm O FEEVRHRIE, 6 A 4 H CIHMEIEX T, 6 A 27 HEB L8 A 8 H TIXIEITHEIEX

T, 9A S HTRZEHEXK TELELmL, ThUNATEIEXTRRETH 1. *

Tz, WRERNZ A% & HHEAK TEVMEZ RN A b, TREICHD 532X TR

IO RELS (L, 7THILHBBLXWOT7H 25 B TIHE o 7.

336 FHICHAEAKB IO TEREO T v BT lERHZREOHB EZ < L. HEAK

X,6 H4 B L6 A 27 HTIHMEIEXT,7H 11 BB X9 A 5 BITBITHEIRX T,

8 H 8 HEIZEMIEK Tz Lhm<, FHIICX Y B sBmnsonic.. HEERE

15cm @O HIEWIKIL, 6 H4 H, 6 427 B CIIZE#HEX cEm<, 7H 11 H, 7H25H

BLOOH S HCTIIAXKTRHEE, 8 H8 HB X8 A 22 A CIHEBITHIEX TE <,

BRI K0 B2 A A Hivlz. HHEEERE 5S0cm O HEERIE S HHEEE 15Sem & [RIEE

WCHEHAIC K B B MEBID A BT,

% 3-3-7 RICHEAKRD U VBRIREOHB 2R Lz, —B L TEZEAHELX THEVEZ R

L7 BATHEIEX B KOS EHIEXITB N T8 A 8 H TIXZALE TOFA X 0 E3HN

LT,
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TR ORERREIT, FRAE L TEEXS X OMEITHIEXIC R L BHEEX T
VMR A A B IVTZ(GR 3-3-1 £). Lo C, ZEOHIEMAICLY, LEEFICEROEM
R HILTW Tz, 2009 422 A 25 HOREE TELBEHEIEX O RIREL, MoKz~
B0l ED, ZOMEENE, D & bEERA 3 4E B OHEIE i T ORI
CCWzEHEZENnD., £z, BAAIQ009 45 H 25 H, 2010 45 H 25 H)DOFHAEIC
BWT, 0~10cm TiE, LIEXAAEITHIEX & FRELL ETHY, 10~20cm TiX, 1k
JEX N Z EHEAR X & FREOEZ R L TEB Y, MoK & Em e > Tz, 2
e e I L VBB O RERZRENEM Lizlzd B2 oz, £z, HEEkEH
72009 4F 2 A 25 H, 2009 4E 1 A 11 B)IZOWT, &K T 2009 412~ 2010 4F TH
MLTEY, B TEROEEIK LN TV EHER I L.

TG OT B =T RRE SRR, HENRHEH 21T o 7o X & i L CEIER TR E W

EmnHbn-0F 3-3-3 ). HEMEHEZO HEICB T, 2 BIEE T v E=T 1

ERDEMEERIIED LR 2010 L RESNTWD. 2072w, HEOHEHZ1T 72
WX TET e =T7 RERDPHMREBERIIE LI, 7o E=T BERITIREDH

IMZITER S iamolc LHER ST, Fiz, HERA 21T > 72 W XI%, LM OMEEIE

ENHEINT AN BRI N, ZDT0), MEFIZ X 280 WINE S HBRIXIZ LD AR

PWECIZEBEZADLND. KRRICEB W TERPINEDOHKITHEY, BHEPOEERERE

o

B3IV T2HFIAE 2012tV o7-HiE b H Y, MR EOMWIE DR FWRINE N+
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WOT =T RERD EOEMEBERAREICHEL LTS LHEESND. UL, K

RERICBWT, MR R LOERRINEICOVWTHELIT>TBLT, 41

DR PBETH D

2

fmv

Eikoimv, HERH#HEO HEICBWT, 2EMIEETTY VB = T RREZE N YEER

RICEDD b, HEEREH 21T - 7o WX Tl HH O IR R IR NS 5 &5

A6 50, HERMARTTHL 1 HOHELLEL T 2 AR LU 3 HOfid TITHEE

fE oA D 5F, B TEEOMIREERREN BT DMHMN AT, 1

FOMBRIRZEFR L, FBERPHKICI VKL, BERLICEY 12 8FIZETH

55 0R 2000, A D 2009) & Eb. AKRBRICEBWT, SR A21T-72 2010 £ 2

~4 A OBEMEITFFED 1L5~25RETH Y, BWENZ -7 2 R)(JLIT).

B, 2T OEBMOED L2SEmIc L0, —FpKHE N EACIREEIZ 722 > Tz,

ZD-, THEPOMBEERIL, HERRIOAHL, ZTOFEREL-EEZ2OND.
HEAEHE I L AR FE OB N Z LR 2 BOMEIC LY, HETOMNEIEZEEEE T

IR Lo EHEZ S, HEERE A & 0 IR R N E R SN D Z & 3o 7.

KA I P b AR IS A BR B R TR T 0 & Sh, BT ORI AR 2 38 13K

DAEBFICEE L 5 2 THZRWETE S 2009, HES 1985) L M ST 5. KRB

BWTH EREET OMAEX TERCHEB L TB Y, #EEHRAIC L 223D TH-

T8, JKAG 0D 2 SR WU E-CUL B IHERE G 24T > 7oK TR E oo 2 & HEh O

THIRRE E RIR T TN BRI E L LT LTIV RN EZ 2 bk,

—GT, BEPOT =T RERL, AEX L R L TESREAERX TR, HEE
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ALY BEEho 7T =T RBERNEINT S Lol 6T, HEFOT
YEZTRERRENMEWVICO D ST, HEEOAEOEIMIHEN, EInv X
OA A OZREFZWINE TR L T, R X0 AFOH o MRS o7 %
STHRRERREEN/HEML, 0%, XX 0 &720, ZRURITHEN MG INT v
FToTREERITIT ICARICER S E LTHWD0R  2010). F7-, KiFOZEFREIL
EOHKIMHEY, HEPOERRBERSEIBOTLIFAL 20120 LTS, 2
LD EMnb, HEIERMIZ X2 HEPOBEBRERREOHEMNNAA LR LY, EF
fERE BTN L e L HER S, HEREHE IS & 2 KR O 2 BRI R O BN A 5 7o
EEZ LD, I DI, HEIRIIH A% AT 0 KRS & 4125 (Nishida 5 1999)
EOWELH Y, HNEOEFHE I LV AEEBERNERM L2 L THBREERDOOE
ENEIL, K~OEZBMEEOHEMCERN L EEZX NS, Fiz, HIFKOKE
THIICAR HBREEIEMEIZ DN T (1997)TlE, BREEEAVER 1 6 &5 1 HIC L D H T KD
KEGEIARDERE EORMIZHOE NORELRET D L THERTLZENREELL
HEMEZTFEDTEY, WEBREERICHOWVWT, 10mg/l AL L TW5D. ARERTIEX, H
HKE L O HHIAIE O IRRE R HIRE X, 7B = TR TN, &K TE /N
<, AEMMAZBLT, EEEL FE->TRY (G 3-3-5 £), mWHXHETOEL DT
MTHY, BEEENOHATHHIEHMIZLD2EE L/ NI NbDEEZ L.

UL bEnt, HERENE IS K 2D KR~ DB MAG OB I E OB INZIE R - TR Y, #
TR ZATD 2 & THOREBRMEEVBAEETH Y, 7 ICBRBE A NES L[R5

WIS B B IIR o 7oy, —J7 THEREME A 7> B KRB Bl AR £ COBIM T —ER&DEHR
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BOVERLTWD LEZ BN, THEICEREBERNERIND Z bRz, HEE
fE AR DWW TIERF RS ETH D EE 2 bz,

H 1%, ETHEX R X OLEHEIEX CEBEXIZESTE2 o 26 3-3-4 ). £z,
X CHERE AT A 11 BT, EO®%B LTz, Bl - FEFH2002)1%, HEAE
HAERHKHIZBWT, pH 2 EHT2 & S, ARBRTHLREBROMBmNAA LT, K
FROEFICHEY) 72 pH IX, 5.0~6.5 OFFERMETH Y, TAH V) LHTIE, v T o087
EDOWMERR MWL ST <725 LTWAHEIR  2010). HEAEGEHIC XL Y pH 2.k
AT 570, K pH BEICHOW T HEUBRR L7503, & pH HHETIEIRREAET ~
DEBEIZONWTHEENLETHSH.

AIFARE Y ERIE, KFRBMERT(S H 25 H)O HEEREE 0~10cm (2B W T, (KIEX T
1.2mg/10a TH->7=DIZxf LT, ZEHEILX TIX 25.9mg/100g TH YV, HEEMEHIZ LY
BB TR L CUWT(E 3-3-4 %), ENED I /B IEASR# TR L TV DK L3
ZRUT HUEEIE(1984)1F, 6~29mg/100g TH Y, 30mg/100g LA Tix U o i F /K
WThHDHLELTWD, AFAREY UL, HEARMERIC LY BRI L, HENLEER 4
FHORRCTEOBFLAECEL TBY, HIEOHORMA TY ORI TH -
7=, —5 T, BITHEIRX TIE 6.2mg/100g TH Y, [ENED - IEELAES TR L
TWADKHETEHEICBT 2UEBREO FIRTH D 6mg/100g Z L L T\ 25 728, EITHER
XOAFERE Y VI OWINEY, ZEHERXKICHS TS hote. 2070, HEElEHO
HCHERMEICET 2 ) vBOMREZERT 256, BERAIC LD Y VBROEREE

JE L, #EAE O fE A & % 1.8t/10a(TE1THED X i H &)~ 3.6t/10a( 2% & HE AR X i &) O #ipH ¢
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ETHRETHDLEEZ LN,

REMET U T LI LM L 0 2, HERRRE I X 0 N3 2@z bz
(5 3-3-4 £). TN~ 7 320 MIEX CTRERE & 720, HEREH I X 2 8o
TH B2 o (F 3-3-4 £). ENED-MAEELARH CTRL TV D SEBE
(1984)TlE, BV TL IV TN v TRV LOEHEEOYEIT 1:12:4 L L
TV, BV TLTH L TN T AOEEE, dERETHD 1: 121K LT, W
TNORIIZBNTHEX T, Dy T AENSVHEAN A DIV, Hi ] L 7= 3EHEe
FANT T LB EENTEY, KT 21T > 72/l X CIEAZHNE D L o D L AN
T ORI BT, R Y U A FEERICHEIML TE Y, YETH D EERX
Pl VU LI L THNA T T ADOREREL RDIERBE LN, TD2®, (LI
ATt U CHERER I 24T o 7 W XII A Y O L & VT 7 LD AT o R 8 LT
EBNZDN, WTHORTHYUHERETHD 1: 12I1CK L THLT T AEDSME
MHBLNTEBYBEENLETH oo &k~ 7 X 7 MIBX TREBE TH 72D
KU CTARHAMES VO MIHEEFEHICE VML TWe, 2070, BV UL TRy
VAOYEEL, JGEREL IS 1 4 ITETHIER AR i<, ZEHRXTIEL
DR L~ 7 RV T AOWEMEL, KAIEEXTIE 1 6~9RETHY ~ I X
LDLEREN T, AN TLEZ TR T A0 EETIE, LIRS RS SGE B R
WL, R 24T > 72X TR AL T LAOEIML TWA 78, v 7 3227 ATkt
LTCHNY T ADOWERINEGMERN A DTz, BLED X512, EEAT A1, HEEE

I X BB HB NN, KRRBRIZBWT, 2hb0Z ENEFITH L THEREE
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ERIFTZ LT o7z L, HIEMMIZE D AU T LRy ASEEEEIZEEN

L7ZDIZH LT, ¥ 7R T LOMWIMNEIHLNR -T2 b, HENERTIL, FED

BOOBPENT 52 & THEAT LV RACEBELD EEZ LN, EENPLETHD

LWV 5.
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H3-3-73  MEAKD U EREEE OHER (2010).
6H9H THI11H 8H8H
e 2.9 3.8 3.3
TEATHERT 2.9 3.0 7.5
% B HER 3.7 4.1 10.0

ppm
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BAE HREEZR

AR O L B ZITV, EIn~vrBLOHARKEORIERBRAIT o 2GR, i

ML HITHINEIIZEHEIEX TR RS <, HEOZ BRI L VIREENZXS Z &

INAIRE CTH o7z, EI v~ OMMINET, MIEAHM THEEERHY, WFEL HIZE

BHEEX THRORELS, BRBELY KRE o7z, £, I~y OLBHEX TlE—

HCEURR A B v, HEAE O Z L LL B oo FHTER O X 2 I O FIREHENE 2 b

7o, BARBICHRT, ZOREIZ/NEL, WE~ORELDLT N ThoTe. Zhbd

b, EInV ONEITHREREOLERMICI VMM EZ bR, S

OIZ, INHE L2 FEORMMEL LT, B~DOWMOE L TOMEENARETH Y, WTO/K

BTN, FHEEIERELa A FOBBICEN D EEA OGNS, £ 2T, KRB TITINHEL

e FROBA~OME L TN LV P S DB EOHENEFIH 2 880E L, KB O &Sy

EROT. ZORMR, ZEAERX T, K@z =03 X & AEEN 2 <, MBI

BENRORE D7 E0b, BEMEHZY ORB o F—EEE bR b KE<

2645Gcal/10a L7e-7-. U ED X 9T, BEMEOZLERM21TH Z & TEB LV

WM EEHT- D ORBFo gL X—AEENENML T\, ZOERICHONT, EIuo~

OB T OEFWINI L O ERER EDOLINER 2 .o e LTELL, LTI

RLTE.

B B oD finl B} Aifs D Jii I JE HE 7 & A& B EITIRE L 72 AL IE X o fi IE Bk oy B (4

3
i

8.0kg/10a, V »fi% 10.8kg/10a, YV 9.6kg/10a) & Lbifs L C, Z&EHENEX o jifi fE A% 7y (4

Z=F# 77.6kg/10a, U EE 302.4kg/10a, H U 194.4kg/10a)i, BAF IS, LHEFME
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WEBELREWEEZLND. 2010, £, B H S IRk
FTHBLTRL, TNAOLREI NV DEBICRIETEEICONTE LD,
THEEAEFREL, FREZHE L TEEXS L METHEXICHEA_ZE&EHEX TRE W
flim A bivic, Lo T, #ROZERHIZL Y, FRkEZHE L T HEEROEFBK
NTWeeE 2 b, ZoMRNE, P & bHEREERH 3 4FH ORI TIIAT T
- HEER SN D, BHEAIT(2009 455 A 25 H, 2010 4F 5 A 25 H)D HHERE 10~20cm D
TEHOREREEIL, LEXTHOX & H_FEREMU EOELZRLTEY, ok

CmN RS> TEY, (bFIEEHEHOFELEZE 2 bz, TERFOT VE=T7 =

-ﬁ&

X, 4 A25 H~7 A 31 HTIHMEIEXCTRE<, 8 H 26 HUBLEX CRIEETHD,
HEERE I LA 8IMT R T, 2R ITRR2HEAR LN, — T, £33~
DEEFWILE L, HENESEH 21T > 72l X TIEIEXIC % <, BRI o kR s

SAISE L R DA A BT HEERE I & BT o7 ' =T REHR

T
e
S

BINE—EMR%R, 1ZF0 &Y, ZRUREBHEREN LG SN T ' =T RBER]

¢

T IZARRIZRINE N TWZE LTWAUR 20100 2 &2, KA EE FWINE O HE K

eV, HIEPOEEEREZS BT TLIEFIAD 20120 ESINTWD. ZnbD

TLenn, KB —EUEEFTT L2 L TRMOERWINEBEBEML, H#EP»HS

SNTCERRERZKRWICT IR L TWe && 2 bn, IR I X2 HiEd

oy

i
DEHRBERIREOHMA L LN &b, B2 ERZUHEEITHM L Tz & HES
S, HEREREAIZ X A KFROERRINEDEMMAAIEE ThH -T2 EX bivd. I b,

HERR X G 2 S0 1T o 72 0 KA RN & 415 (Nishida > 2008) & D#RE L H Y, HEED
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BRI LD AHEEE RN EE L2 2 & CRRAEBT IR b oA HIEZE £ D /i &»

L, K~OEFZRMAGEZHINSEL LN THL LHRIND. o, K

Z0 CIRHENE i ) 2 & 30T AT VY, HERRSEJH 2> & KR OFedks £ THEIRICE Y 2~4 A O

7238 > 7=, AW OHEREHE X, 1RO BAKOER L OEEDOHEILZ AR E LT

5. KHSEMETOREHNEOERELRIRIL, LHICHANEWOT R REVWE AT

H(PARS 2002). AFFRICEWTY, EI o< OBRANThZEHLIREIZ, HEE

R ZAT > 72X TE I v~ OERBPINEITIHINL TRV, o7 BEEREE 2 ftia

TELEZOND. FO120, BHAKE OEESEO T DIEBICHEIEE T 217> T

b, TEIRYUDOEFICTOREEMRGT L2 ENWRETH 723, —J7 THEESE ]

B ARIBREET AR £ COMM T ERDOERELS DN L, HRICHEREBER N ERS

NTIEWRWEEBZ N, 2070, BREAMN OB G ITHEIN G H RIS VT o

BRIPBETH D EEZ B,

F 7o, MR D KRR ORI AS, AGER O HENL i & o 6 T H & o

BN EVIRT T2 Z &ideinolc. 20, ARBROUENNMH & O TIX, HEE

i B O NN E, B EDOMAZX D Z ERAEETH Y, ZEHEEXICIBNT

b, EBEEREFIAEC ol LhL, HEOKH 21T > M XKIZH W T, HEEiC

FOMMEHRRE LKL TEI v O EEAROEREIIEL, RAF LIZER O

He HERA~OERE R ENBAIND. KEA~DEZOMHGIE, {LFIEEE X OHEE D

M o, KRG B 5. RIRAE L1E, AR VIKE KUK B DEFRUAFIT X

5HDTH DH(Kuma 2004). AR % 1T > 72MIRAK BT 2 0 A WkEs X OB 7
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EDORIRBR O BRI EIL, FRICLDEBTNI L, KFEOBAME CORETI
~10kg/10a & AL SN TWH(EH 2011). ZD X 5 ITERB L ODAB VKNS D%
FOWALDHY, EEOBERBHEEIZISHICRENVEHEIND. ZhbDZ &nb,

ZHRMAROBLENOEZ D L, HFEREZENRD Z L THRAZBD ST 2 &R
HThdEHEINT.

AIFARE Y ERIE, KERBHERT(S H 25 H)O HEEREE 0~10cm [2B W T, (KIEX Tk
1.2mg/10a TH>7=DIZH LT, ZEHEEX TIX 25.9mg/100g TH Y, HEEMEHIZ LY
PRF IR L TV e, U U RIS — I HIC e~ T, AKHRE CRIAENR LV & &
TWDH A 1993). £7, MREDO U URIUIRH L2 B X0 b 180 b O
WX DEENBREVAFE 1993). D7, HHEICERBLEZY U BAFIHT 5 &R
FEECH D, EPE DA TR LTV DKHE LEICE T 5 %#E B IR
(1984)1%, 6~29mg/100g TH v, 30mg/100g LA ETIT Y VS HKETH D & LT
H. ARRREY R, HEARMERIC R0 HEICERE L, HEADESSET 4 E R ORI CTEO
HEEEAEICE L TR Y, HEOLORH T VBOWRNATRETH 7. — 5T, BT
HEEX TlE 6.2mg/100g TH Y, ENE D 7= R AFRE TR L TV DK H B3I

BIFHUEHEDO FIRTH S 6mg/100g K LT\ 5. EIa~wrD U ORI E
IFAEIE AT EE B THEIE X 3 T O EHEIE X TR & <, ARBRIZHB W TS, HEALKEH %
IToTMmX T, {EFIEEHZ L2 ) VBBOMEZ T 5 2 L7, +07k ) otz
ITO ZENARETH T, £, HIRIC L 2 U Ui H &SR L TRIEO RN &EITD 72

<, FRZENRD Z L THETOEREP NS D LB X o, HIEEFER 3 4
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HL 4EH THLIARARBUICENTL, UV UBBRIC L2 KOAEBREIXR ONR0 -
7o, 20D, U rBOME AR O A T BEEAEL kT 235G, S A I X
LYV VBBOEREZE L, HEEOMHE% 1.80/10a(tBTHER X H £)~3.6t/10a(Z% EH4E
AR i H &) O#iE CHE T XEThr B2 b, MHAFREZEND Z L TlH%
WO TWS ZENBETHD RSN, £72, U Ul HEOE M AL O
INMZEER D EHMECKTS 2000) I THY, (LB & g LTl LRk ) s
BN L TOWEITHIEX OE I g~ 2> Tl (BIBXIZ R U CTRE ML T\

DIZXF LT, # EE2ED U g E &MU & B THEL X CRRRE Th - 72 H AN T
X, BB ORABRE Cho72Z &h b, KRRV VS B ORIMITAKREOFEIEIMIC TS
LTWebkBExbNn5., —HT, BEHEILEHIC L2 HEROFHGRE Y EROBINIT

NEBELRITSRNENIHECKOD 2000083 H 52 L0, fEFD ) UEREED

feim

HINIASEE L7 H SO RIcE £ Y  OBEINC27223 0, ARFIZEN D &
Wo B b H 5. FOw, HIEKAIC LY U BRI EAZEN S S5 2 LT T
HoTey, TOZ LN EDORENEDOHIZELE L TWDH2, Eio, FEHEE~D
REZOWTITFFMICHRFT T 2 0N H D LB b,

7, EIn~oOERLBREON Y U LAREITH AR LI Lo, HELIE

DEETH ) U ARENE L @RS 2 LB 2 WEREICBR D G
]« $5AK 1986, AKSD 1988, Patrick 1987) & HE SN THY, WA U 7 AJREN
BRI P OBMOMEERIRICHF S L THBY, MOEHEBINER O —>Th o7z & #E5

SN, BEAIEHKBICL S FEOKZEEME S U T A0k, #EHSEo s Y v
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LERENEML, ZEHEX TIIEREBBIOEGON Y U LRERES 25 TW
Tl Emn, BEHIEOZERAIIZ O REED TV EHEREINTZ. — T, £
R~ OERERON ) U LAREOHINE, INEEZORIHIEICEELRITT. bbbz
KNSR T 286, MbOIXEHEA~ON Y 7 AMHGENRZ <, KFE~OWRIEh RIS
<, I ULAERGMT 5 LHESINTEY(EMB 2009, HiE2011), HHE~DHY
UAERIEE LCoOfbLRANTRETH L EEX D, LiL, MfAkt: LCoRIMA%
BEZIGE, MWV U NRENNEE 25, WMER OB ) U LAEEIT, R LICHE
BOIAR—N T vy T A L=V O8E, —BIIZ 2% U T THDLZENEELINE S
A, FRME DA ) U APREEDZ VL E OISR S V2 H A DO REIR O I REMEN B E D
ZERREOBINC L DBRBEAMICERD L SN TND. 2070, FHIEHEIED L &
MBIFCRBNT, EIr~r0oh ) U AREOEIMNIEENPLETHL LEZXDND.
71V 0L L FERIC, AN J Y T O M LT ARREEDEEI L TU
722 lT, Bl u~v O EERERO LT ARIEITHEM L EHER SRS, L
L, ZEHEIEXTIITHEO I T AREIIET L TWe. B3 AIRE O T IXAE
MEDIE TIZ 2N 508, BEARTH LS T LARENMRNZD, BTy LEfEEHT
BINT DR LTS TND I END, BTy AREMKTFIC X 2 fGEHfE~o
T NI W EHER I T

— 5T, TEPOZHM~ 7R AREL, AV TLARHINT T AERRY, 2K
TRBETH Y, HEIEMTIC X 2 BT A N7, BITHIEXE L UL EH

XTlL, FEIu~vr0EGO~ 72T AEENENST-. KEG~D~ 7 %7 Ll

97



12 &0 BRI ORRFEEEE 3 <, BEHOBEGAE EL L, BB E T L
NEMERFT D EDRHRDEE 20100 L WESNTWVD. 207w, FHIEHENLHEH I
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The establishments of high yield production of forage rice variety
Momiroman by heavy application of compost

Gaku Arisawa

Sammary

Rice consumption in Japan continues to decrease every year, which also
causes decreasing paddy rice acreage and increasing production adjustment
of fields and desertion of cultivated land. Moreover, along with expanding
consumption of livestock products, large amounts of animal feed have been
supplied through imports. Particularly, the self-sufficiency rate of
concentrated feed 1s as low as 12%. From the perspective of feed
self-sufficiency rate improvement and present conditions of remarkable rise
of global grain prices through competition with biofuels, improvement of
domestic production of feed presents an urgent problem. Therefore, feed
cultivation using adjusted fields and deserted -cultivated land, and
maintenance of functionality of rice fields is anticipated as domestic feed
production areas.

In feed rice cultivation, low-cost and stable production are demanded as
necessary conditions. The ideal yield amount is about 900-1000 kg/10 a from

the viewpoint of the food self-sufficiency rate improvement effect. As for
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Momiroman, a kind of forage rice, it is thought that large quantities of
chemical fertilizers are necessary because 20 kg/ 10 a of nitrogen absorption
1s indispensable to achieve high production such as 900 kg/ 10 a of gross
brown rice yield. However, with respect to large quantities of chemical
fertilizer application, increased cost and environment impact are concerns.
Therefore, it is necessary to use compost as a substitute. The enormous
livestock waste by raising stock is attributable to large quantities of
imported feed, which raises environmental problems such as water pollution
to rivers, without the ability to return all waste to farmland use. Considering
these factors, instead of chemical fertilizers, it i1s desirable to use compost
from livestock waste to the greatest extent possible in crop cultivation.
Additionally, feeding of crops to domestic animal and return of excrement of
domestic animals have great meaning for the performance of rice fields from
the viewpoint of sustainable agriculture. Therefore, it is necessary to
promote decreased use of chemical fertilizers and reduction of organic
nutrients to soil in forage rice cultivation. Greater quantities of compost
application are required compared to that for edible rice if we use compost as
a substitute for chemical fertilizers in forage rice cultivation. However, little
knowledge exists about large quantities of compost application to rice fields.

It is necessary to investigate nutrient changes in soil that take place through
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compost application and nutrient absorption of forage rice, and to clarify
appropriate quantities of compost applications. For this study, the author
cultivated Momiroman with application of compost, with subsequent
investigation of nutrient changes of soil and soil solution, in addition to
growth, nutrient absorption and the yield of Momiroman. Mainly in relation
to properties about grain production of Momiroman, this study analyzed
factors for large yields, and ascertained appropriate quantities of compost
application by clarifying the influences of compost application on those
factors, with planned establishment of stable high yield production of forage
rice Momiroman by compost applied in large quantities.

We cultivated a forage rice Momiroman and an ordinary paddy rice
Nipponbare in paddy fields with compost or chemical fertilizer in 2009 (third
year of compost application) and 2010. Plots of three types were prepared:
one with chemical fertilizer (CF); one with small-quantity compost (SC) (N:
2.1%, 1.8 tDM/ 10a); and one with large-quantity compost (LC) (3.6 tDM/
10a).

Results show that the paddy yield of Momiroman in LC was the greatest in
both years. The Momiroman of LC had 6-52% larger yield than that of
Nipponbare. It reached 1004—1087 kg/ 10 a. In addition, metabolic energy in

LC is on the same level with other plots. Metabolizable energy production
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per unit area in LLC became 2645 Gcal / 10 a. It is thought that increasing the
yield of Momiroman is possible through compost application in large
quantities. The author considered mainly the factors of dry matter
production and nitrogen absorption of the ripening period.

As for dry matter production of Momiroman, the ratio of using materials
accumulated in assimilation parts before the full heading time was small,
and the ratio of the assimilation part in the ripening period was large. This
tendency was particularly strong in SC and LC. Therefore, it was assumed
that the dry matter production ability in the ripening period contributed
greatly to the yield of Momiroman.Nitrogen absorption ability during
ripening period of Momiroman is high in comparison with the Nipponbare. It
was caused to accumulate enough nitrogen of ear and maintain a high
nitrogen concentration in the leaves during the ripening period.As a result, it
contribute to an increase in dry matter production during the ripening period,
an increase of ear weight, and the increase in feed value due to increase in
protein content of ear.Heavy application of compost increases the
assimilation part. High nitrogen supply by heavy application of compost
increases the total nitrogen uptake and the total nitrogen concentration of
leaf. These effects of application of poultry manure compost in a large

quantity were maintained high at ripening period.Therefore, the increase in
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the nitrogen supply from compost annual application had led to an increase
in yield.The increase of Decomposition of the organic nitrogen by compost
continuous application was led to an increase in nitrogen supply to rice.
Nitrogen had been absorbed Momiroman as soon as it is mineralized during
the growing season. Inorganic nitrogen concentration of the soil solution did
not exceed the environmental standards. On the other hand, the
concentration of each nutrient that including nitrogen tended to decrease
during the period from compost application to paddy rice transplantation.
Therefore, I thought to require studied compost application time.

In addition, absorption amount of the nutrients other than nitrogen by
poultry manure compost application that has increased, it has been inferred
that have contributed to the increase in dry matter production of ripening
period and paddy yield of Momiroman. On the other hand, there is a
possibility that the increase in rice of potassium concentration by poultry
manure compost application leads to a reduction in feed value. Increase of
phosphoric acid concentration of rice is should consider the impact on the
growth and feed value. It is necessary to note the above.

As described above, Momiroman maintains a high nitrogen concentration
of leaf during ripening period, its value was also increased by a large amount

application of compost. In addition, Momiroman was maintaining a high leaf
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area during the ripening period. Momiroman has structure of high light
utilization efficiency by the distribution ratio of leaf area and leaf nitrogen
amount is high at high upper of relative light intensity. The leaf area of
Momiroman increased in LC, and the decrease ratio in the ripening period
was less than that of Nipponbare. In addition, Momiroman is taller than
Nipponbare. Therefore, the leaf area can not crowd in a part and leaf area
density is lowered. The CO2 supply from the air is easily conducted and light
is transmitted to the lower layer. Because the leaf area density is low. Even
if the leaf area was increased by heavy application of compost, Momiroman
difficult to reduced dry matter production efficiency per leaf area.

Therefore, the community structure of Momiroman is advantageous to
heavy application of compost.

Paddy rice of Momiroman have many crude fiber and small crude fat.
Compost application was reduced the crude fiber and increased the crude
protein of Momiroman. It was possible to increase the feed value. On the
other hand, compost application was reduced the crude fat. Increase in
intra-abdominal fat leads to decrease of egg-laying rate and to increase of
1llness. Decrease of crude fat by compost application is expected to reduce the
abdominal fat. However, Crude fat content of Momiroman 1s lower as

compared to the crude fat content of the paddy rice in Japan Standard feed
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ingredients. Increase in metabolic energy requires an increase in crude fat
content.

Nitrogen uptake and dry weight were greater in Momiroman than in
Nipponbare in both chemical fertilizer and compost plots. The results also
showed that the ear weight increases with the increase in assimilation
during the ripening period. The leaf area was large and leaf nitrogen
concentration hige in Momiroman in the large-compost plot, even during the
ripening period. Momiroman had longer plant length than Nipponbare, and
its leaves were widely distributed from the lower to upper part of the stem:
this structure reduced the loss of relative light intensity regardless of the
leaf area increase and maintained good radiation interception. Consequently,
although Momiroman has a smaller leaf area than Nipponbare, the dry
matter production per leaf area and dry matter production are larger in
Momiroman than in Nipponbare at the ripening period. From these results,
we conclude that application of poultry manure compost in a large quantity
increases the assimilation at the ripening period; thus compost in a
large-quantity compost can increase the yield and protein of Momiroman.It
was inferred that the above-described factors led to the increased yields of
Momiroman. However, the nutrients in soil accumulate by annual

application of compost in large quantities every year. It is therefore
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necessary to watch the soil nutrient density closely to ascertain the quantity
of compost application when performing large quantity compost application
every year. Higher than 1000 kg/10a was achieved, which was the intended
yield by poultry manure compost application of 3.6 t/10a. Even application of
1.8 t/10a gave a yield of 850 kg/10a. Nutrients in paddy fields accumulated
by compost application of 3.6 t/10a. The possibility that further application
led to environmental loading was considered. Therefore poultry manure
compost application of 1.8 t—3.6 t/10a achieved the intended yield. It is a

suitable application quantity that does not engender an environmental load.
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