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ol BIEICHWEZAY ) IZAEF M Z#
CTRERDOREAEITRL, 83% O LYRT 2,476
g /%O EYINEEBRE (F—FHR).

ERBEOF a0 ORERFEERNZEZE 3
-3-21Rb7&. WENTHE, RERDRER
B, 2-1 A9 UmEmMRBER] 2%, 2-
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E3-3-3 ZHIYOKREREMNFLIIV1%LYO L PRES LU
LM EICRIFTRE (20106F)

1-1: TZHYYRERER IF 2= HD E6HT DOREITEME, B IL43h.

1-1: DREGLGHB) R JF oD BET=H DY LORIEZL, BERIL3

Rt
Bl * [(FRE LY BELLBL T KETHRENH D LERT. TV RIT EMINE,
AR IERFE YR, B SEREETRT (n=4).

£3-3-1 ZHVYOXREREAF1VIORERRLEICRIZTHE (20105F)

e BER” SEATHFY FITLEY TYNLSY)
EfF &
HRER®G) RAEE RFHEEN) HFEE RAEEN RBE FEREN FEE BREEN BAEE
1-1 —ADUXERE 475ns.  194ns. 18.1% 5.3% 0 ns. Ons: 181ines 36ns 33.1% 9.9%
1-1 BEEL (R ER) 572 241 31.9 181 0 0 11.9 3.0 472 15.6

2)y)x) FEFRE=(1A+2B+3B+4D)/4n X 100. ABCDIZRFEEDNHEICLDRHHEIEL (n=40).
RFEEEORATLLE:

[REFR, BER, SEATR]

0: EICHBRMNBHLNALN.

1:EDI/AUTIZHB/NRO NS,

2:ED1/4~1/212FmMNEBHOND.

3:ED1/2~3/4FHR/MNBHOND.

4EDI/ALLIZRENRBOLND.

wIv) BEE (BHEE)=(1A+2B+3B+4D)/4n X 100. ABCDIZHERENHHICLEIBF4E (RIEE) M (n=40).
HERF)EEORELLE:

[FISLIF, 7INLY]

0: EICHFE (AR MNBHLNLL.

1LEOI/ALTICHRE(RE)NBHOND.

2. ED1/4~172RE(BE)HEDHOND

3 ED1/2~3/AHE (RF) ARDHOND.

4 EDI/ALEIZHE (RE)FROHLND

ERO * FHREICLYRBELE LTk ETHRENHAIEERT. nslTABELL.

0 NMEERLUR] SHENTES, R EDE ETRTTSLVE, JUNLTEDIZ, 2-1
NEBDH LN, TOMOIFRETIE, NEHITH =AU mmRER] &, 2-1 NEFERLUK]
RTENRBDOLNT, 5 EATHITHAR 1 D LT, FEESLRERICENRD 5NN
REFMBRICHEENRBOD SNZMoTz. T, B .
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(3) ZAVVREEICKDIRME
(GHER 3 : 2012 £F)

FaUU IKEDD EYNEE EMEEK 3 -
3-bITRLE. Favl, ZHY Y O
BENZETNT7THI1H~9H30H, 7TH17H~
9H30HTH-z. UEIT, BRVEEZKEMN
WG THo 72780 (K3-3-2), INFEHRM
NELS 2FNICZNOBER &7z, EYIRER,
3-1 IZHDUERER] 411,246 g / %, 3-
0 MEEE LX) 2810,219 g /#k&72 D, [EEEE
X EMRETH 10% DNEENBD SNz, 1Y)
KL, 3-1 IZHYUMEEER] 2176.9% T, 3
—- I ThEEE 2 UK 166.3% & EEARTHR 11% @ o 7z,

BEEEICA W=D UI391% O LY T 7,026
g /RO LYINEERL (T—F1K).

FERBROF 27 ORERFE AR EE 3

BEE3-3-2 EFaVI0FELHREEHR

- 3-3ITRL. WEBRHTHE, N, RHE
& BITFIRER, FRMEDKMEZEITED 5N
molz. DEATRITER L, B2 ERERICH
ENRBO NN o . HETR, YT ILVHE
&3- 1 T=AT Y EEEX | OEFAERED, 3- 1 ME
BE7R LK) EHANTELS, HRXEDZENRD S
Nz, —7%, DUNLVIZEEE TREENRD
S5NEMo .

4. EE
FaUUEORMEICHALEZAT UG,
2010 ~ 2012 F OB ZBE LT, WIhd
AR, EREH, EHRMREREDEFTRAT—
PINFav) EEELEZENS, RBIEEREL
TEFXLWRHEHTHZ EEZEZ SN
FavUONERTIE, 2010 FiEmL =R
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H3-3-4 —HY)OMIGREMNF LIV 1KLY LPIRES LU
LWERICRIFT R (20114)

2-1: T=ADUmERRBIER 120 UBEOR#IT=H DY Z 1 DR, B R.

2-1: BRFZLGHR) R 132y Y BET=A DY LDRIFRL, B (345,

B On s [EHREICLYRBELLBL TSWKETREEARN EETYT. T2 v IEE LI
ARy ORRFELYEEZRY. BEERITFEREETT (=4).

#®&3-3-2 ZHVYORABBENAFLVIOKERREEICRFTRE (20114F)

=i BUERY SEATHE TS LAY HYNLLY
%
RFRE®N RBE RREEN RRE RREEN RRE FEFRE®N FEE BEEN AXE
2-1 =AY EiHRE 27.5ns. 10.4n.s. 832ns.  49.1% Ons. Ons. 900n.s. 583ns. 230n.s. 6.5n.s.
2-T BEEL(HER) 175 6.1 879 60.6 0 0 88.5 60.4 240 73

2)y))w)v)ER3-3-1(ZHF 2. RAD * FHREICKYRBLLLEL TOHWKETHEERENHDEERT. nslTHEELGL.

B1T, AV EXRERELZFaTU 1KY
DO EYNED, BIELBWEHEEEEXXTHT
%, LMBEBK6XMELZZENS, 2011 4
WEBLEZREBR2 T, AU EFaTEED
WS R/ NRECE L 7= = H ™ U WdmiRER &2 il &
7z. LU, ZHYY OBMEREDDIZNEKRK T
&, BIEZTTDORWGE EHRT EYINE, EW
REBIEEFBEDENRN DTz, TDTEMSE,
ZHD Y OBEEEN DN E EYINEICNT S

BEOFHENBFENIZS WI ENBHEN LIRS 2.
2012 FICEML =B 3 Tld, =— AV ) Z[EEE
ELTHWSZ LT, BEZHVWIWESG &N
T, EINEDNK) 10%, EWENF) 11% [\ EL 7.
IN5QZENS, FaTUREANOZHTID
BIEAER, F—HENTORAERESEEIZLS
BIFEO2HEONER THS EEZ BN
Fav) OKREOHETIE, 2010 £ & 2011 4F
ORB 1, 2TZATVZEF a2V ERA—HERNT
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®3-3-5 ZHDYDREEMNTII)1HH-YOEPRER LT
EEICRITTEE (20124F)

3-1: T=HDURER (FaDUBEISHU CTEBIC=A )1 FIESHE, BERIXiRit.

3-1: MEEAL CHR) K3 20 BAE T BB gL, BER(SAR

B eh Dk [FHREIC L YR ELLBL TIWKETHBENHAEERT. TV IAIE VIR,
A2)VOEKRFE LYERERY. EERIIHEREETT (=4).

£3-3-3 ZAVYOHMENAFIVIOREERREICRIZTTEE(20125F)

= B SEATEY FIS LR HUNLLY
EfHTiE
RIRFEG) RBE RFEFREGN) HFE RAHKEGN) REE FERE®N HEE REEN BEE
3-1 =AY pEeE 27.5n.s. 9.5n.s. 238ns.  11.0ns. 0 ns. 0 ns. 66.3n.s.  28.8% 20.0n.s. 6.0n.s.
3-1 ezl (RER) 288 10.7 30.0 143 0 0 725 344 238 8.1

2)y)x)w)v)F&3-3-1[2#£F 5.

RIELZEE, D) Ok ZE DT RIE
WORBENMBELRBRWES EERTELS 2o
m. —H, ZHDUEFaUY ER—ENICEE
9 1 mOEREZ BN TEEICAWEES, KE
WOFRREICREEZBD NN, TDZ
EMS, ZAHTVERFaT) ERAICHEEL TR
BITAHIET, FauU OEEICHT HREER
72 IR EERE LT, FavUREOK
MOILEZR ENBRM I NZDDOEHERINS.

* [FUHRE ISR YR BELLERL TSR ETHBENHDLETT . ns[FHEELL.

FoaUUOHEZEDOHTIE, 2010 4 & 2012 4
OB 1, 3NG, FavUEZHUY ZH—BE
WNTRIELZZHE, 7T ILVEOEANDFAEIZ
KEZIZRDS5NT, TUNLATOEDOEZEIIR
{Bolz. —F, ZADY) ZEEICAWEER
TTILVEOEANDFEZ, AVABNES L
NTHL2D, TUNLATDEOREIREZE
MBDENRMNoT. ZOZEMNS, ZATU %
Fav U ERHICHELTRETSZET, =4
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TR REESRD, HOSNRYE TR
THZENTEDLTUNLYDF a7 YEEAD
REATEN 2B LSO EHREINS. —4,
HSRAT T RIS L OMNEPTEIND T T I 4
VHEICHLTE, BEREBELAEZNDY OFEEE
YRR IERER 2 @78, FoaUUEEAD
FEZRBIEHHMEL2 LD EERINS.

BACBITBEIEOHI S & LT, Bach
(1980) i, Fawy, hyEDad, JOv
JU—DRET, FavUBEDOHE EEXT,
NLY DFREFBEMNMEL, HERBNELS, HBiE
MK TR L7 &84 L T, Risch(1981)°913,
cUEOOY, YA, ARFyYORET, 2L
EOEMERBEDEDZETNLTIED, #
TERHNELS 2D, BHRbEEDLHEL TN
5. F/-, A0 (1999) 3, Frha—rz
BEEICHWD Z &T, 775 L2 ORENHFHIT
EDEWELTHBY, FHBROBED INL LR
BREERANBVED D EZEZLENS.

KiZ, FaU)DRERICHLTAHATUNE
T 2% E (Abe - Matsuda 2000, ¥ Daniel
5 2002'°, #kHE 5 2009°°, HAF 1988, M
5 1994%, EH - A 1991%%, #E 5 19967)
DFEBICE > TREBERADBNENTDONTEZ
THIEW EYOEBRIERAZRIRALEEZHAELT,
H77UHOMIEOQIIVEET, hIIVYY
EERBEMIC, RET TS AEBEDERITAN
TAL T OWELERB S I (T - /N
2008) ? BH BN, KRB TR=HY U NBERE
THMOIEMTS L TEERREFRAZREL L&
EZBTERE Lo 2, HBR1,2T
ZAU) BE-ENTHEREL Th, REROD
BHEICEEX ERBELBRVWK ETREENRD 5
NEboD, BELLBRIELETIESRMS
el &, Fiz, BB1,2T, 775LEOHR
ERHEICRMENBDENT, BIITTITLY
MNEFE LU= 2011 FOHER 2 T, BIERNTY TS5
LVEBOWEERBBTERN > E, FEITR

B2T, DUNLYOEEIZKHEENRD 5N
Mo TiERBENSHRINS.
ZDTEMNS, ZHTY) ORESRN SR
WEBHEBEEEZXD BB LY, BIEZDD
DI X BEMITHRA O RIZERTERNDHDT
Ho7. Root (1973) * MHREY % KRR
g, ZREOHMEEIC X > THER EMEF
LIt B2ETEHDTH BN, TOERD—
DI IC X 5 WMENR TS - BEICXS9FEN
2T 5N TW5 (Finch 1996) . A#&BRIcH
WTH, FaUUBEDRE & TRHR—ERND
BIET, WECTRBIERKEORNE, HETIEY
UNLTVICEDREORR, BEEFIATY 79 A
VHEOEANDFEOERNK SN
AT, AR TIIRFEOFIRAICE > T, Fa
T QEICHT HHRERORECHELERIE
HHRBEIRDENZHDOD, ITNENFaV IR
EONEESCHE (EWE) TREEEEZRIZ
TREROBBENR TH-ZERZEBEZLI Moz, &
ZTCRECIONEEZM EIEZEHELT,
HEBI D #IBH T 3 5 HMERH T B NBR R O R L 2N
EZO6ND. ZHTY OXERECEEICLS T
EENOB/NLREDRFFCRAERR/RE, £FR
BENFEEICHF SN SN, ZOHE,
FHABRICBNTHHN D ZOERNE D LHINE
%t%%ﬁﬁttt%@t%i%hk.
ENTIZ, EEERZHANWZLERBMOBREFI
IBRFFOZREEOMENRA SN TS
(k- I 2011*7, K% 2010%). Lal, %
IS OWREFIIED N E, KEHBRES
DELUEMEFMTIERIIZLWVRIETHS.
SEOF 2T ERNRELEZATVIREDH
L, WEHOHEEZZELLBERLEZD, NEZ
REERNICHE KR T B LV ERIIHFTE RN
2, BEVWEBHAOREHE, He i RS
53INDERHIHEIRBEIES M L AT, FlEEE
5 LETHLUTHEELDI) AV EZ RS TEDD
HENZ—FERELTRILIDBDLEEDNS.
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FAEBFROFRBIBCEBILIHERELZFALLERRBIR

1. HBEBKVEMN

(BRI T TR\ EEE B HIE % 0T 100
FULOBFHMERERRNEEL TS, INHE
KD% IHHEREM R EZ2ERL, 1F%~ED
2ha BEORBICEHEXZP.OIC30BEU LD
MEZEELTNWS. AEREEZTO LTOER
BHEL T, SBEBEOEFATIRBEOO—T—
Tar (&E), A—BBNOERNE DRIE,
MEFOMEREEERZENETENS GRS
2013) P, E7, INHEREHCERLEZEREOEREIX
BEMCREHT IR, TOEEHEAD.
BN, AREBEEMELT, FSARELESA
WIEZ A WD Z ENSW. s Bl EoREn
5, BEBBNNBAINLIONHEETHD, B
BACRBEHEINZONHFHEOINEY TH 5.
— iz, B0 ZED 5D ICREE
WBANSENE. A FRTRI NIRRT L
F, YARTRIZ OISV TRAT U =Ry Fiz
ENREMLZDHOTHS. INSRIEEMITIEE
Y OEMT Z2ITDRWRIICGEREL TEMTO
17 AEEHETIRBERD. BBOFREILT
1, BHAEERYOMGICLDHEEREDR, &S
el SHL T EERN R, TBEORERLR EBBO
YrEE kB3R, BEMICE 2 TEOW RO
HEREE R OEHMGIZIE, TEREORREREES
BMEICLDMEDRBELETH S GRS
2001%, #&JR 1995%%, I - B 2004, HEH
5 20032, A - BEF 2010%, /MR 2010%,
AR H 2010, AT & 20120, =K 5
2005%, LB 5 2012@). Hic, BREITHS
LHOEMTICELETA LFOAT Y —Ry
FREEDONAF YA ZBHZARATESZ &
MAORBELTEZETHS RMb 2001°, 1§
T 19952, A{RME 2010°°, WA - ZEE 20127,

LB 5 20127).

—7, WHREIH T OF KL RS OKFIL,
B A2 RIE T AR IR O 2B - R ME
EEENDRAA, BEOWERICEEE -BIH
ZAIMEEZBEEHEILTWS., BBICKET
HHENITTRBEL S D E LU THRDN, BT
TIHEEPEEEZRET 2 2 LW &7 > T
5. MTHEHERE TR, REHMEREINTE
T=ARF A ZEER UH7ZICHHEEZBD 2E603%
<BREFHFBHTERWED, SERICHEZE R
THZELIRETH S, 20D, EEMICE
LRRWHFEATHEEEEFEI T TWIO0BRTH
5. MEEZBEBICEFETZIERELT, 7757
R TOHREBEERCTERBEBEAFRE, BX4E
ELOEMERDHRENHSNERO TS (G
Mo TE 2011) 7. /e, MEREASAHEZR
AT DR = RIBIR OF B B5 &3 ME L 72/
WIS (2012) *® OWE, Y EMEOH A
DWTH UZE-RH (2006) 2 OMENH 578,
MEFNIENTHY, PEEREEZFA LR
OFHEILERZE T2 LT R 7R,

BHEREET, BREREEREOBIE CREA R
ZEBTOEEE L THENERZRDS, B¥E4E
ELREREZOWMZHFINTNS. P THRR
EAES ORI, R EREEEZHET S
ETEELRBMEFEDO—DEIN, BKEORE
REMBEEEIENROBEHICHR>TNS.

F T, AR T T S ARET T 25 £LL L
BROEEBIEEZER L CTEEBEEEEANDSE
BRIBEHORZHBEHZHRE L. BT
HEEMITEHR, BEABRAINLHEHERZ S
BEAFEHINLHEAERE, BTRREDE
MMEOH) X2 IAAIC L DEBFADNA F T BT
BEZNITEIERNZICDWTHMRAEEZTD
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EEBIT, RIEEMZ BB AMEST 7256 &
TBHIET, MEREEHZAALZBZOEH
BEEOFEREZHSNMI L. £z, TS HE
BRSSO HIBOFEEZREL, REARO
DI NFHRE R B EEEB T2 D OBER
ZiE L.

2. A&
(1) tHEHmERZEESORMRAE
BIMFIEIL 20134 3 AMNS 11 BITMIFTE
fal 7z, WEEHIE, IWREAT 12ha OF B
BZzED () REBSOHEEGOTNS, +
BREZFEUC L, BEWITHFAN 1 km FBRE S B
L, ARRERBFERDN 24EH, 1148, 214
HEZIFEHRBICRZD, ETRESERZEF

EF U <9 % 3 @Sz it himRE i 52 E L
. FRIZ, RELEERMHELMEDTTNDE
KRB EMIEOE 2 EEMT T S ESEZHE
MERELE (BEE4-1).

EEGOMEITIRLI- 1OEBVTHS. A&
B R I AR B AL AL T ARET it e X 28 2 4R B
(BAF Thits (2488 )], BE#EZ 11 45 (B
T DR A14£8) ), KX 21 £8 IR
MR 21 EH)] THS. SEBIIES 620 ~
660m DHPFANICH D, BHBEEITNTND 1L
lhallbZ2ET 5. LEEZ/N\»r EOKLKZ
HRETHEMEEBRERN L THD. BEOK
B, Uit (288)) BWNIZ8A1, T4
TOETEREZRE TAREMOR, 2012FICFH
PR EBICER L 2EHZUADBDOTHS.

F4-1 FAEFRELE-EFHRBIEEEOMR

1877 B ] L TixiE BEOZERE 5 A IRV IR R
. BEOREEE
Y (m)  (ha) i (ke/102)
jt&”“fi*ﬂm 25 H 660 10  EHEEEESAS  A0¥A A/ E—-ERBH-EE 600
jt*igg’fw 11EE 620 27  IHEEEEARY W 600
‘tﬁ;ﬁ*ﬁm 21EH 625 12 WREEEEEAS TNy - 600

z) 20133 A AICA T2 A BIERBER.

YOWFhBERMT, ARBELUAOMMES SRIMEBLRLD.

x) TEIERDOHSERBEFEMALEEIN(3.1%, 70%), P,0:(5.1%, 70%), K,0(2.5%, 90%).
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D7 RyaY —H &S
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MEE (1148)) RE#» S FHEREREIC
RBRL 11 EB20 b0, TFEL C14E£H)]
AR O O A S R ESGICERL 21
FEHEZWZZHDTHS. WINDOIEHEHE
R#THS. BEREIL WTHOBEEEDBES
AHERBZEER L TH D, HEEIE 600kg/10a T
b5.

REEB IR, SEBICBT SHFEOEMTRE,
TER] (BTN, EREH, ICEH, BERIMEENDRA
HH, BEHEALH), NENOSEEDE,
AER, REETHD, HERIIOWTIIEMS 5
WIEIRSERICRET 2 EME, BkER, WE, R
HBELE. AEAERROEBDTHS. &
BOEMFREIZERD, BERD, REEER
EVERANC L 0T, SHE O, BEBEITER
e NREE 100 BRI D W T AT BE /R BR D
FEE2ARDICLORAEL, HEHEOESEEL
THHLZ.

BROEERECNEEORERIISHTREOIE
gy eREE —HErEL (axvdh, FY
LoV U EEYNT 208k, Fr Y, Jova
=72 S 1040, MEFEORER G CRERE,
BRESCEBESG , SEORZENS 10 a¥ED
O¥BEELTHEBLE.

MEREIIEH 2~ 3EEFZEELEHRICK
DREARRZHET D EEHIZ, BEITLBND
ABEEOPEIABEERBR EOIEEREZHERL
B, A1EIENZENEROR, AMOEDHA
EETVW102a 420 HEE L TEMLE. ¥R
EORER, BEOEMIHIMIIEER GERED)
%, HEAHDHERIC X D BEMBIIEB A E N
HEL, SEBO—EXEEEESIC 3EHT D
50cm X 50cm DREERNWTIT> = (BEE4- 2).
DK, BROBECEHENSHE AL ETOH
D2 » AU LicH 556, £FHHEHTCIE
ECBERIMEE 2 N D IATMEREZITo TWBH I &M
5, HADONOBDAEDRIEZ FRIOMEF
ERELTE. '

BRINEEY, B, MEOZEROOTIIEE®
oz, YT NVO—E % 50CT 3 HEE
BERRL, BRRERBOMETVABEICEDE
REABEPUE Lz, £z, BEROBEYRN
510 a¥40oEhEEZEH L. 51T,
MEERE, BRAER, REE MERLERORE
MELCERSTHENDS, BH 10 a“2D0ER

M - B

BILERPFONFZICTDOWTEHL~.

(2) BIEEYZERWEIENHER

BMEBFEOFERIEILEE, BN s8HITh
TTHENTZT D 2O A HIERG N EE P30,
Z T, ORI ZIEMTZHE Ofk
JEEERE BEAasE) ZEML, MERAER
o EEEOBEBEANONA AT ABTERER
WX EWE|T 20, UTOHETHRNAREZ
frorz.

AL, WMABRBET (FES315m) ORE
BERMNE I —NEB T > 2. BRIEEDIEAL
HOFBITHELIZ AROAT ) =Ry F (i
W EDE) EMRROTA LT (B BE)
ERW, BBREKIE, TATU—RyF+I51 L
FIRERX ], ATy FEEX], HRRERL
Kl O3KEL, 2012411 H 5 HITERBXIZ
ATV —=RwF5kg/10a &1 LF 8kg/10a,
BEEXIEIATY —XyF5kg/10a DEFEEZZ
NTNEREL, B<HELL. EFTHEBETXIX
30m (6mX5m) D2REEL%.
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DT LFNHELIHRDZ2013F4H 18 HD
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Ur=.

BT, REHE ALK DBRIEFZONEMS
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H#%®D20134E5H16 H, #ERAB 77T HED
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0y () REEHO, FHEREEN10E282
2 TEE A1E£H)), TR C1EH)]
DOIEZWREZT Y, ELOp HOEELER
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BRRRERE T L 2.

7z, WRBAOFERERS OB OLFHE
EHET 520, 201342 Aicdttdizhii &
U7z B4R 108 H A ORIEDEM T KT L
ESENS TIEENEL, LEEESTLE

3. ¥R

(1) T AERIEEEOR AL

OBXDOEMTHREREYMOSEE UE
WENOEEREESE &S 3 APICERZT

W, XY, Joval—, L¥X, avvF

BREDEREEFH, YHIOFE2E, FERMER
THEMFL TR (K4- 1), HHITIE, T
M (2EE) ) BEENFYXY, TJovaly—,
L& 2 X BEET, EENVTND 2013 4F 3
A26H, WEMNSH15H~6H1H, @A
A6 H 20 H, BMO=HOHEN8 A 10 H,
MIEIX LV R, OV FREEYITKDEET,
EE (A< FidEE) NEBIT9A22H, K
BN1I0H2TH~11 A5 HTH k. EY
DHBEVRIE, BEEBRNEETE%, Kk
BN T78% TH o7z,

R 11E8)] BEENFRY, Ty
aY—, LY RIEBIRIET, EEMN3H1I7H
~25H, MEDONVAZMNE H 31 H, INHEMN
5H18H~26H, #h&AHM6H 30 H, i
Di=HOHFMN8 H 10 H, #EZ 7oy al—,
FrRVICKBIRIET, EEMNSH 24 H, ¥E
DOMODAARN9 H26H, INEHMN10H 20 H~
11 A5 HTH /. NEYOLBFORY, &
TEBFE NI T 80%, FRIEFFHEMNEHET60% T
Hojz.

MR CLER) ] BEENFYXY, TOy
aY—, BUTSU—IZKBEET, EEN3 A
4H, HEONMDAZMNA A 25 H, [XEN4H
30H~5H15H, #HEAAMN6 A5 H, it
DlHOHFENTH3L HBRXUS8A 11 H,
EiZa< v, sUL VDL BEET, BE
M8 A3LH, MEDOMNDAAMNI A 26 H, IX
#2239 H 27T HThole. IHEMDHEBE DRI,
BETHNEET75%, IEHFZIEHNEL
RENEE LN ENS 10%IZIEE- 2.

OB DM ERLEIRR

FRBOMEIT L DR LU ERGIKE %
£®4- 212, HREEEZN4- 2 ITENTIUR
L. Nt (281 BEIEFZONENTH
%5 A ovERnET 5 1 FEEOMMERE
RUCHAEL 208, FEHEEIL 68.3% THEEAZ
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BORTIRAaho7. DIREISRE & CREFICHEE
DFETRDENT, BEHEOINEZ & A TRE
O EAHBKAZT 7T A OABFEMEITANY &
AR ENFELK.

NER Q1)) TR C1LEH)] & @
EABOPHERF Z BRI OEM TR, &
FECRERNCHME N TR E L. FERITIE, FHIZ
Rhr Y, o8, NaxzENESL, BEH
NEHIICHTTIIMI XED, 1 XEI, NF¥
AFIRENMESELE. WESHES 5 ALK 10

AR E THZIABOHHFRIE 2 RV THER O fE R
I HE K 85 ~ 100% L= < MEFF L 7z.

COFROMERLEE, BREEESLUVRAEER

EEGOEMOMEFEER, HBREERB X
VERBEEZR4A- 3R, MERERBRE
YET TNt (24 H)] 23 784ke/10a, TEER
(114 H)J #'1,103kg/10a TR (214 H)]
7Y 949kg/10a TH D, HHEHIEREBF L 10 F
DEOBGTHRERNS N>, FROBTRE

A
(FHRER

TR E 38 48 5H 68

SREYFR
()

7R 8A 98 108 118

[#F4E]
FyAy, TJaya
Y=, Laz

it

LerRety LasE)

LER
avVTE

[ 4%] Vv
F4yAY, Jova ’

R U—. LER

Gy Lot

FaoAy, Jova
Y—

6025

€20 Y
fony, Jova | @N—— ] W

R
(2158)

Y— A2~

[#4%]
avYF, Ry
O%

\%
v v o0—]

v

10£2

H4-1 EEBOERTRE, FRBLIUHROLEERR
SIEIE, OfFfE. ARM, DURHE, XYRHV, V#ERA VHE

z) HEF ORISR T DI A RGHOBET, HRE 10RO RMYICLSHE, REHFRREOFUSLCIRERE (n=2~3) . HATREFER, REERHMEILEHTD

F£4-2 FEBOBEICLIMBE S LVEER MY

B

(EiRE) A/B 4/23 5/30 6/27 7/30 8/26 9/25 10/17
HEAREE (%) 0 683473 0 93.3%1.7 0 0 0
it ZAYEL(36.7)
a4 (61.7) ¥ -
(el (ZE) ZARUE(50) s
e AE7N(3.3) ARET(10.0)
HEHRER (%) 53+0.9 100 100 433+6.0 0 100 85.0%+29
R LA (833) AL rX(383)
s v B s ! 2
b E;E _,_ZE;’:;S(%) /4 (250) LB (100) ARE 1(43.3) ";2: l\.((%sf)) INEZAXH(26.7)
(#E) > ; JRA%Y (50) A ARET(200)
FEFEER (%) 71.7+88 100 0 100 0 86.7%+1.7 100
g R4 /4 (53.4) 0¥ (75.0) AXE 21(81.7) AXE 1(70.0)
™ & b 2 « . g
(2148) EE LO%(133)  Rhr/(383) 4RET(117) e es A=)
() NAR(50) NAR(317) ARYED(6.6) : NFFAES(150)

z) HEHIEARAOFYMELURLERE.

y) & EH 3 H AT O i
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5,000 30
| Nt (24EH) o 4E 1 25
4000 E—— %
S 3000 f ——sxane| | 0 ¢
2 115 %
H : =
= 2000 110 &
1000 | ) 5
4K 5H 6H 78 8H 9H 108
5,000
4000 | BEO1ER) R
2 3000 | <
= 3
5@{ 2,000 | TE
1000 | >
%
0 i
4H 5H 6H 78 8H 9A 108
5,000 30
S = 7 E 490 &
S 3000 f —— EFERE % >
2 2000 0 E
1,000 5
ik
0 0o
47 5H 6 A 7H 8H 9H 108
H4-2 EEBORNMEREEBIVERETE
I ) BB AT (n=3)
#£4-3 FEEBOHERER HBREREEFIUGRAESR
1B MEAHE? (kg/10a) B EAER (ke/10a)
(FiRFH) HEXER DRELE a5t B HhiE &at
- 4% 3,968 3,017 6,985 2,437 1,250 3,687
(2%8) BnE 784 213 997 158 78 236
- 4% 7,938 5,805 13,743 3,459 922 4,381
(1%H) P 1103 428 1531 225 73 298
i 4% 6,160 3,241 9,401 1812 150 1,962
(2158) i 949 264 1213 153 10 163

z) HEREREHFFRREROSHETI ERHICEISICHEATNIRER.
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R4-4 EEBOBSARBRALGREEVFLHLICIIERRX

ERMIEE (keN/10a)

EXRHHHLE (kgN/10a)

1B £ b
(ARER) 38 5 AR Bk ety (keN/10a)
(2";%) 130 103 27
(f‘fg) 130 122 0.8
T 13.0 78 5.2

z) HEFAE600ke/10a X BREEE 1% EMILEION. v) HF, MIEOBFEES (BYE, £4-3) X%
BEOEREEEY. EFROBFREFEE, VM BFF(Av4.2%), BIE(AvATH), TRIR ITE(Av.40%),
TR (Ava.an), TRILIE/E(Av4sY), BIE(AVE.0N . x) BRERE-EFHLHLE.

®4-5 EESORELHERREDEAHIIIBAB~ADERERE

B EFRIETLE (kgN/10a)

(RS g BB At
SO 236 9.8 334
By 38.6 19.2 57.8
B 37.6 128 50.4

z) BRAIEEANOHEERES(HME, R3) x BAEBIOZREE=(29~49%. v) FHOBREE=S
(BIE, R4-3) X EBXDEZESHEL EHROEESHEIIRA4ICET S,

ERCRERR, EWET /NE (248)) 2
236kg/10a, 213kg/10a, TEE (11 4H) N
298kg/10a, 428kg/10a, TRl (21 4EH)] 2
163kg/10a, 264kg/10a T, MRl (21 £H) | 13,
BENCRBIC L DEENKEN -2 I LN HEM
DOHEREERNDIRN- . £, WTNOREE
EHT 0y Y —oFy AV ENERHINER
BBICETREZPLHENT LY, RER
ML WER &Iz T2

@BRDIFAR, IHHHLEBLUVIRE
BEAHEORALBREEYOFLEHLIC

EHBRDONZERA-4IRLE. BEAAK

MRV ERR SN 3.1%, EREHILERNT0%T,

600kg/10a ZEA L= 2 &n5, BREBRADE
FHRARIL13.0kgN/10a TH 5. —F, BFHx
EEYICEIHEROBEHLER, /b (24
H)l " 10.3kgN/10a, TEE (11FH)l N
12.2kgN/10a, [E1L (21 4£H) | 28 7.8kgN/10a
THU, /N (2 £ 8) 143+ 2.7kgN/10a,
M&E (114EH)) 4+ 0.8kgN/10a, MEIL (21
#£H)] M+ 5.2kgN/10a TH - 7~.

KiZ, MELHEBEOHZAAICLSESE
NDEFRBILEZF4- S5ITRLE. FHOME
REBLEREHENSCEHLZERETEI
T/t (24E8)1 2%23.6kgN/10a, MEE (11
£ H)| M 38.6kgN/10a, EIL 214H)] 28
37.6kgN/10a ThH D, BXEBOHE ALK
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£4-6 BEEDELHVIERNILEREOEB OBHEAARPIUERERR

. = - e = %)
_ p— HEIAHZ (ke/10a) BBICLSBREITLE (keN/10a)
RIBDIESE (%)
ATY-A"yF L% S ATI=AYF A it
*8 890+171 6,078x1,080 6,968
ATJ=RYF, 51 LY R 100 5.1 26.8 31.9
BEME 141 +21 1,435+319 1,576
&E 6,148 655 — 6,148
AT =Ry FEFE 100 364 — 364
EME 863 +88 — 863
2) 20125811 5 0185, 20134 R 18BHIEAA. V)2013E4F18BKA. ) ERBEENOBEAH B (EHE) x EHRSHE.
BESHEL, AT)—RyFRIE(365%), REE(4.22%), SALE(187%). RPDLITT|AEBRELETT (n=4).
F4-7 BBPEZAARICEFTLEIIVTOERRRNESLUVRENOERRIIRE
eV EEEY ATVFOBRRRME"  REASOEFRIE”
RIEDIELE
(kg/10a) (keN/10a) (kgN/10a)
&5 4,135+205
AT)—R9F, SALTRR i2.8 5.6
BB 28414
£E 3,748x183
AT )—_yFEF 13.9 6.7
YME 32316
58 2,145+125
Bz 72 —
HME 167=x10
z) ETAAEIZ2EEHETLZaT YOS ERE O THER JURERE (n=2).
y) 2)EME X ATV T DERSERS ATV TOERSHE EER (45%), BIBR (4.3%), RIBLLE (43%).
x) BRIBEMEAAFBEOERRNE - BRIEEFALAEVMEE O BERIRINE.
%4-8 REBEENYSLUBETAHENY O LBESHFE
H EC CaO MgO K,0 P,0 NH,-N NO,;-N
RBOEE P = £ 2 2-s ‘ 3
(mS/cm) (mg/100g)
ATU—RYF, SALFRE 74 0.1 237 65 73 177 0.5 0.2
ATY—RyFEE 7.2 0.1 289 56 69 177 0.5 0.3
@ZeaLY 7.1 0.1 246 60 70 159 0.4 0.6
RO {1+ BT 7.2 0.1 275 70 75 195 03 2.2

2) 201354 A1TRORIBMEAHEIH. v) 2012511 A2 A ORIEBBERTH.

rEFZETTERII /M (24 H) ) 2 9.8kgN/10a,
&R (1148)] 219.2keN/10a, TEIL (21
F£H)] M 12.8kgN/10a THo 7.

(2) BIBEMERWEIBRHEER
ORIBEER LB NDERETE

RAEIEY & L HIC BT L2388 O BIEA O H)
EABEEEBRBTLRER4- 61TR L. 2012
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£4-9 £EBOTEDILFEH?

i pH EC Ca0 MgO K,O P,0;
ST (BHER)
(mS/cm) (mg/100g)

IR

Sl 72 024 532 53 123 35
El

o 7. 0.14 642 75 156 76
L (e 6.0~6.5 — 300~400 50~60  35~60  10~20
(BHEEZEERY) ' ’

2)201342 A I LR (RE0~20cm, 4B O TE).  v) LR REMIEIEIESELE(2011).

F4-10 EEBORSFOEBEERY

- NH,-N NO;~N
B (HIRER e : .
G (mg/100g)
0~20 0.3 2.1
20~40 0.4 2.7
HR 40~60 04 9.9
(11£FH) ) '
60~80 04 11.2
80~100 0.4 10.4
0~20 0.5 1.1
. 20~40 0.5 1.5
(2145 8) 40~60 0.6 5.6
60~80 0.5 5.3
80~100 0.5 55
2) 201342 A {EE 18 4B Fr D F19{E) .
8 1200 - 300 300 350
X A X
1000 % 250 - 250 300 + X
X 250
7 800 200 - X 200 - %
N x ] 200
600 - 150 - 150 -
= 150 -
6 % 400 - 100 - 100 -
100 -
200 - 50 - ETj 50 - % -
pH cao MgO K,0 P,0s

H4-3 IIELIRA DA SO L EIEFEE (n=108)
@ (LMUFL R R EYMAREAE (20114) JICH T AEHEEEERRI TOEE(E.

11 A5 HICHEREL, 201344 A 18 HITHE TALFEANT) Ry FEERLEHE, 13
RAAUEEROFEEERIE, ZYWET INTY— RO LFNELETDHEMTHo 2. RIEIEY
Ny F+ 51 LFEREX] 21 1,676kg/10a, TN EMEANEGEOEUNE, ERTHENSHR
7U =Ry FHEEX] A 863kg/10a TH o k. HLUZBEBANOERRTER, N\TU—XXyF
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+ 51 LAFEREX] 2331.9kgN/10a, (AT —
N FHEX ] 28 36.4kgN/10a TH - /.

QBMFARYVFOERBREL LTRIEL S DK
RE

TRAE D8 Z A BRI 2 fEBEMEMT Lz a<y
FTOEER, ERRNEER4L- TIIRLE. 2
EZ2ELE IV ST OEERBITEYET N7
=Ry F+ T4 LAFEREX AN 284kg/10a, [N
7 —Rw FHEEX) 2% 323kg/10a, T#ERL
X] 2N 167kg/10a Tho7z. SEYE, EFRE
HENSEHLZIRYFOBERRNER (N7
J—RyF+ T4 LAFIREX] A 12.8kgN/10a,
AT Y=y FHEER] H13.9kgN/10a, [
fE7z LX) A8 7.2kgN/10a Th o 7z, RAEER
IO LEFOEREERSBIIRIEEMTOR
BIZEDOSTHMETH- (F4-8). avy
T ORENS DERBNEL AT U —XRyF+
T4 LFEBX] N 5.6kgN/10a, IANT U =Ry
FEIRX | MN6.7kegN/10a EEH U=,

(3) FHRFBEESOTIERAE
ORARHISETBOFE L BEEER

2HROTEDLEEER4- 9ITRLAE. It
M EAR OB ENEEE L ERERN S 1 ThH
5 EMS, oEZ LFIRBEY SRS EE
(2011) ™ OERY T HIEME LB LT, AR
BEEH 11 FHES, 21FHEHEDICD HN
mhole. £z, AR, MR, USEREL, K
BEK 21 FHES TR, 11 FEBEEEHART,
KDZNEMIZH - 7.

RiZ, HBORIFOERIEERER4-101
AU, 2EHBEBES 0~ 20cm DELTIE
TORITERER, HMBEERLBITDENOT
M, HX 40~ 100cm D TFTELTIE, HEEEES
RN 11 EB0ERT9.9~ 11.2mg/100g, 21 4
H#EB T 5.3 ~5.6mg/100g & M- 7-.

@ILE R DHEHIE HBOLS M

BB OB EREEE 108 AlcBiT 5L
Mok ER 4- 31ITRLE. EOFEO R
fEidp HA 7.1, BRAM 404meg/100g, &M
63meg/100g, IMEA 118me/100g, U > B A
28mg/100g TH o 7=, FEiRiEEENEE ™ L1
"% &, pH ME ULENREL, WLFEIERK
OEERETENSANED HT, UZE, M
Hip EASBREERTH - -

4. EE

PENG S LB ER OFRERRIIE, fF
e —EHEERE, WINBIRIFIEMTEHE
EBVICEETE. Ei, MERERIL 3H
BoW, EREEENSEBRN2EBESRIIERED
YERT BRI T AE T 2 RERIMEE VD IR W E T
HoTel, FHREE 11 FHL LD 2 BB IEA R %
PREFETHEORERNE N ST,

B THE INEZHFEZIF vy 70y 0
) —Jz EREFROIEEI ML OB 2 [N & U TH
HHL, AERREZBZBERENICETHREN
Ehnololed, BHENEYOFLHLEITER
B4 7T 10 ~ 12kgN/10a & 72 0, |5 AHEE
600kg/10a i Iz X 2 E R A E 13kgN/10a
LFEREBEELRo . HL, BEOEFCINE
ETIILERKBEREIT 20 ~ 30kgN/10a TH
5720, BSAHRBLN DERKST ORFEHAR
WEETRD.

HEOEMTRETIE, BREBEZBEGMNCE
EHTIENZNED, TOERKRD 20 ~
30kgN/10a DEEEZHEAL TNWS. —F, &
BHRIEETIE, BSAEEORRIZTTHS Z
ENTETNS. ZhiE, BEREBZFBHST
KHEAATNDZ &, FREBICRETIRE
DYEEZHEAATNDE I EIZLBEEZEZLN
5. FiT, AEREZBRFERORVERICBTS
MEICLDEREBILET 38 ~ 39kgN/10a &7
D, Z2REERENOBNT ABREHYANT Y —Xy
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FERFEELTHALEZSSEOERBITED 32
~ 36gN/10a IZLiEl, EFEENLL EERS.
IR S (2012) %03, MEEA - AR
B35 D MRS RMEITREE SR TE N EHRE
LTH0, EEFAICLDPEDEITLRERDE I 2R
LTWw3a,
AEWRE T, BESSAHLRITTREY S
ABEZEIMAZ S & 33 ~50kgN/10a DER % [H
BABILLTWAZ LR, BERALTNWS
HEELL EOBRMBERL TWBHEEBIT, N
S5O—HBBREOEFTIILERBESDODAECEE
Ao TWebDEEZLEND. Fk, FHERERE
B CILEFENICRE T 2 MR 2 MR & A Hftis
TBHZEND, METTDOEED RS NERER
fbanTn< EHEFIS N, F 1 BIOEMTHE
ABETORIEOFAELRERY, FEHZBU TH
BMANCEROBRITLNMTHONTNSE EEZ 5N 5.
BEIG - R (2004) ), =R5 (2005) ¥, E
B5 (2012) P13, RIEOBAIC X 2HEOE
MOBIGIREREL TWD. ZRBRICBNTD
BEZEMT B ETaATYFOEZRRINENS
{Io7zdt, RIEERMTOFEICEDS T HER
DEBEBERENMETHH> LI NS, &
Bl RRBICEENBIERNSTINEI NS
DEEZOLND. HESKREBRERBOEEYZ
B EAOE M OFERERICB VT HRIEZ MEA
U5 E ERFRORRENEN TN S LRI N
5. 3B, AENSRELAEREOEEICKER
U 2B, MBOERMIBIAKEIEDHEHAED A
THBTEETH o2 &Y 5.
—RENTBI TR T, (BT EICEESERE
ZITOREND BN, FEBREIETIIR/NED
MAED A TARRSIIMESLRELREITK VA
7z, TNERESBNCTRREHENEINZI &I
LM, BHRFEDBLDILBoEEZBILN
5. BITERE TR ETHRE LRd WiEkEE
ERLEN, BEEHETO I ETHERLIZLL
BROARRBELTLEIERZRINL, BIEMIC

BILLTWDbOEHRIND. FEHES (2003)
MR- ER (2010) Y RERAEICRIEE
FATHZET, B8 (1997) ™ 3R ARESIC
BAEHEZAATZIET, WINbLEREER
7R ENEEES OBEMFEPIRARENEREL T
BO, RIEEFARICHECISEEEROMEE
RLTWD.,

S, BRRARICE 32V FORIENS D
RRLNEIT 6keN/10a FiE TH - 7205, HEIZ
KBEAERIIBNWTS, BREEILERER
R BEDON, BSIAHIEORESEE DERRS
BZHO>TVWEHDEEALNS. £z, ZhH
L S NZER ORI AL D E B ARER
KARINDZEICXOHETETIHAERIION
THEBRICANDGLERHY, TORHAECHHE
EENOEEIIDWTIISBRIRIE T RERETH
5.

—%, BEAHEEET>TELLEIR, &
p HILWEH, U B, MEARENERICE-
TV ZENGEIOLBESFTHRENSHLNE
molz. ZOBKIE, FAREBESOHRST, W
BB 108 A O B EMN S B FHER DR
MEIZ, A TEICIEL ZMEE U TR
THIENTED. F/e, FHEREERN 10 £
Tl A HEGO—E T, HHEEFROTELA
DEFIERINZ. FORKREL T, F£REI
BASNTELZBIAKERS, BAERIZE->T
TIEANBINHE, BREBROERTENHS
ERELVTERETDEEDIT, BRERLELNE
BEROETTFELIABERLAEZZENEZSN
3.

MR 2 VW AHREED, MR hR
DEREREICEBNETL, WINERRSEL
TEOBIRRICR 2 2 &, E-EHEEROBN
EHHIL UNMAK 2010) ¥, BLWEHREDRZ
RTEVSEEFERETREIENS, FROHLZ
BERATOVETRL, HBHEZMHRLICEHREL T
NS ZENRTEBEEZENS.
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EHICO DERRIEZITY, ZEOMNERE
RET 2EBICBIT 2 ERBRAIT, TENEINE
HEORERROEREEE L/ LT, TETLE
REHRLBETHI ZENEELNEEZBNS.
WIEOHRAEE KBGO AEREIZIS U THIE,
HBENTHAEL T T &T, @EY) CESIE
BETHEOBBNNG D AEHETDHENTE, I
5ICIEBREERO T ELAOBHRMEICbETE
HEEZLND,

BlEDZ EMS, BHEOLHBEMTOREDE
AR, MEREAEZRIRLUAGEEEEL, BER
BOTIRMRR O £ GRM - T8 2011) ” I0& 5
THOHARRET, BEOEFICHERERDEITLE
EYVETEREEEICRESTFEL, ZHUTHED HALKE
FREOHIF: EREARHRBICOH G TES LEX
515, MAES (2012) ¥ 13, BREHKETS
BREARO—D E U THEEA - SRS Z2T
T3, GEMRE U BEREERITEAEE L
MEZEBEEEDBICN I VY —0n—5 Y —#TH
ZADDBOTH DN, WEOEFHMZE U TR
EHELTWB A TIRARRESGETS. AR
B2{TO LT, #E (E4E) JHRRIREDOTIE
72, REEESCHAERBERICER I 2EERE
RO—DELTRETREND D EEZEZON5.
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B5E AHRROEHLRE

BERIE O IIEMS

(1) tEITHE L BREVEREINE

BB OFBREIRENICHRIIL THD I L
ERTIDIC, RERECPRENZREORNS
BITRE LB LEZDONES- 1 Ths. R
BRWwIns 30 AN LOHFXEEEL, B
JERA—/N—72 & L ORFWMEITHRIEZT> TV
% 2 BT, ABITEEE NUFUR AR EIE (1L
BUE B 2005) ] P icEDE, BRNOXER
H50 %E (FEED) % 100 afEfHVIL7Z&BE D}
BEELTERLEDDOTH S, HEEMEIIEE
BEEA (LT (A 23307 a, BHEEEB (8L
T TE¥B)) 2811 aT, LbHICEFTREEL
NRTIEND, BRBEVIHIECHERE 2R &
LTWw3 GRib® 2013) P Z &k s, #EpE
B, AHERIED 2 B & BB & ERTE
WY, B A VIR BB DB AT RS & LERTE .
ZHUTBITRIZ OIRFEHAED, s & FEER
NENE, ZETH HRICORUZEERM (H/

kg) THBDIHL T, EHEBEEVKFETLED
BEERGICX2EEEM (H/ /) TH5aI&
MRESEBELTVWEHDEEZ OGNS,

—7, BREIEEREIMETRE ST
< EELTWS. ZhU, BHSEMETHE
ERNRTHEMIBRENAEL, BROBTLEE
Bd, XBEPINFEMREREDEAZET
52 &, HWESCRE, BRI SIIETHRE SR
BROBRAZETSIEICES. HNANSRES
7= L Blniz BERA IR MEITRE & X
TR, FRRICDNTOEEREIMETRE &
EARTRAEUEHD, WINHHENADOE I NE
FIBiC KR TNBHDEEZSN5.

REEDOBEWNIT & B H BB L O B EEZ
RUEDOMNES- 2 ThD. AHREE, BTRE
EHIZHETI 2 AT, EMORK BRFEIIFERE
Ths. HEBHRFELZDOREERT, BITH
B 8.5kg/ FEREIICRI LT, THHA) 2 7.7kg/
BRR, (EH#B ) N 6.8kg/ BRIE D, %

#5-1 BREOBEWNCIIEERESLIUVREENRX

e HEERE BEES HURA BE S Rig=R
ESohipry
(a) (kg) Fm) (FM) (FR) (%)
BHEE A 307 34,256 12,243 6,906 5,337 436
HBHIEB 811 31,500 11,825 6,500 5,325 450
1B7 " 100 38,070 9,935 5,831 4,105 413
z) INELS B R EE )T R 02, TEHF50G 8 (FER) 21002 F LI 58 OE FHEEHES.
£5-2 HEEROBWMIEDZFEEME LU B B
itk 1B B HEH BEER/SUEE  HRIA/SHEEN {3/ 3 weERR
" BRI/ A) (A (ke/B5TE) (FI/BS7E) (F3/B5R)
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Abstract

Organic Cultivation of Vegetables Based on Cropping Scheme

Diversification, including Mixed Cropping and Intercropping

Organic farming, which is a type of environment conservation farming, has been promoted on a
national scale and in municipalities as a farming method that mitigates environmental load, facilitates
natural recycling functions, and contributes to the conservation of biological diversity. However,
universally applicable cultivation technologies for stable production have not been established for
organic farming, which does not use chemically synthesized pesticides or chemical fertilizers. The issue
is the lack of established technologies, and therefore, this study used organically cultivated open field
vegetables to ascertain the effectiveness of crop cultivation techniques that utilize mixed cropping and
intercropping, which have been passed down verbally and through experience, in order to demonstrate
the universal applicability of organic cultivation methods. This study was conducted to: (1) ascertain
how different cropping seasons make cultivation of different vegetables harder or easier, (2) select
useful crop cultivation techniques by field surveys of existing organic farms, (3) determine how mixed
cropping, intercropping, and differences in their techniques vary while trying to mitigate pest damage
and improve productivity, and (4) evaluate the roles that field management types, such as multiple crop
seeding, mixed cropping, intercropping, and weed sod culturing play in natural recycling functions,

which should be the inherent roles of organic farming.

(1) Organically cultivated open field vegetables and their cropping seasons

During a period of three years from 1998 to 2000, 15 vegetables were tested by cropping throughout
a year. The levels of pest damage and marketable yields were used as criteria to judge whether they
could be organically cultivated and to determine the level of ease of cultivation. The organic cultivation
was compared with the conventional cultivation. Open field vegetables showing marketable yields of
80% of those cultivated using conventional methods, which used chemical fertilizers and pesticides,
or higher yields without pest control were as follows: spinach, lettuce, carrot, Welsh onion, potato,
kabocha, and Chinese cabbage. Vegetables that were susceptible to insect damage and difficult to
cultivate organically in any season were cabbage, komatsuna (Brassica chinensis var. komatsuna) bok

choy, small turnip, and radish. We found it difficult to cultivate cruciferous vegetables.

(2) Characteristics of crop cultivation found by surveys of organic cultivation fields for
vegetables in Hokuto City in Yamanashi Prefecture
Organic cultivation fields in the city were surveyed to determine the factors that contribute to the

success of organic cultivation of vegetables among cropping practices adopted by farmers. From 2003
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to 2004, field surveys were conducted with five farmers (experience: 10-30 years; production scale: 2—8
ha) engaged in organic cultivation in Hokuto City, Yamanashi Prefecture, to ascertain their cropping
schemes.

Some fruits and leafy vegetables were selected as the main items from 30 cultivated vegetables. They
were selected on the basis of ease of cultivation, time of cultivation, yield, and disease resistance, based
on the cropping items.‘To cultivate a number of vegetables in a field lot, mixed cropping was practiced
by arranging the ridges to form blocks. The challenges encountered while cultivating fruits and
vegetables were pests and those encountered while cultivating leafy vegetables were insect damage.
Several measures such as disease-resistant varieties, cropping in proper seasons, sparse planting, rain
cover, and cover materials were employed. Planting was sparse with broad passages to secure adequate
lighting and aeration. Sod culturing was practiced with native weeds between ridges and levees.
In contrast, conventional cultivation fields had bare soil between ridges. More of the native natural
enemies were observed more in kind and number in organic cultivation fields than in conventional
cultivation fields. Field rotation intervals of three years or longer were provided for Solanaceae

vegetables, which are susceptible to damage by continuous cropping.

(3) Effects of mixed cropping and intercropping (weed sod culture between ridges) to
mitigate pest damage of vegetables and improve their productivity

Tests were performed on cultivation methods using “mixed cropping and intercropping (weed sod
culture between ridges),” which aided in mitigating pest damage and stabilizing production. From 2008
to 2012, cultivation tests were performed using cabbage and broccoli, leafy vegetables, and cucumber, a
fruit vegetable, to ascertain the effects of mixed cropping, intercropping, and different mixed cropping
methods on pest damage and productivity. The results obtained are described below.

The covering soil between ridges with weed sod culture or intercropping with white clover mitigated
damage by Lepidoptera and radish aphid and increased the ratio of marketable stocks in the cultivation
of spring cabbage and autumn broccoli. Furthermore, native predating natural enemies, such as spiders
and Caraboidea insects, increased in number in comparison with fields with bare soil between ridges. In
addition to the intercropping, mixed cropping with Welsh onions or lettuce further decreased the level
of insect damage. In the case of mixed cropping with lettuce, crop alternation between stocks increased
the ratio of marketable stocks more than crop alternation between ridges.

In the case of summer and autumn cucumber cultivation, mixed cropping of cucumber with balsam
pear in alteration every six stocks on a ridge increased the high quality product yield per stock by
approximately 7% compared with no mixed cropping as well as the ratio of high quality products by
approximately 6%. Using balsam pear as the upright barrier walls against cucumber ridges increased
high quality product yield by approximately 10% compared with no mixed cropping and also increased
the ratio of high quality products by approximately 11%. Alternative mixed cropping with balsam pear
mitigated anthracnose and feeding damage by cucurbit leaf beetle in cucumber leaves. Moreover, the

barrier walls of balsam pear decreased the number of cucumber leaves parasitized by aphids.
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These results revealed that mixed cropping, intercropping, and use of weed sod cultures between
ridges mitigated insect damage and increased the ratio of marketable stocks in the cultivation of
cabbage and broccoli and leafy vegetables of Brassicaceae, and the effects were greater in more
diversified (more complex) cropping schemes and in intercropping than in mixed cropping. Further,
mixed cropping and intercropping prevented Lepidoptera insects from ovipositing and increased the
numbers of native natural enemy insects. During the cultivation of cucumbers, a fruit vegetable, mixed
cropping and different placement were found affect the high quality product yield and ratio of high

quality products and mitigate damage by diseases and insects.

(4) Nitrogen recycling by weed sod culture in organic vegetable cultivation

We aimed to identify roles, such as mineral recycling that occurs in organic farming, played by
a vegetable cropping type via multiple cropping and weed sod culture. The following survey was
conducted in 2013, in fields owned by an Agricultural Production Corporation (cropping scale: 12 ha)
that was engaged in organic cultivation of vegetables in Takane-Cho, Hokuto-Shi. Three sites (2, 11,
or 21 years of organic farming) with nearly equivalent altitude, soil type, and cropping scheme were
surveyed. The amount of recycled nitrogen per 10 a of field was calculated from the dry weights of
vegetable production, residue, and weed, as well as their nitrogen contents. In addition, green manure
crops (hairy vetch, rye) were planted in plots at the three sites for a comparative test and the following
results were obtained.

In the plots at the three sites where organic farming had been practiced for different numbers of
years, leaf vegetables were planted twice a year, spring and autumn, to yield high levels of harvest.
The amount of weed development was high in the 11- and 21-year plots, where the soil between the
ridges was covered with weed species, which were altered in each season. The amount of weeds plowed
was 784-1,103 kg/10 a per year, resulting in 23.6-38.6 kg N/10 a recycled into the plots, whereas the
amount of green manure crops plowed for the comparative test was 863—1,576 kg/10 a, resulting in
31.9-36.4 kg N/10 a recycled into the plots. The above data revealed that controlled weed sod culture
in organic farming provided organic materials equivalent to or greater than that provided by green
manure, and aided nitrogen recycling in the field.

Soil chemistry survey was conducted in 108 fields with organic farming in Yamanashi Prefecture,
and a tendency of excessive phosphate and potassium levels was observed. Nitrate nitrogen was also
found to leach into the subsoil in some fields where organic farming had been practiced for more than
10 years. We believe that this is because of continuous applications of manure. In organic farms where
weeds are controlled, large amounts of weeds and vegetable residues are recycled into the soil every
year. This is surmised to result in the accumulation of nitrogen, improving soil fertility. Therefore,
based on the characteristics of the cultivation method by using weed sod culture and the results of
soil diagnosis, reducing or adjusting the amount of manure supply according to the number of years of

organic farming and soil fertility would allow for sustained organic farming with little environmental
load.
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Summary

From the results of these individual studies, the following factors were inferred to be important for
the stable production of vegetables in organic farming: grasping how easy or difficult it is to cultivate
certain crops in certain seasons, introduction of suitable cropping types, use of varieties resistant to
diseases and insects, sparse planting to ensure lighting and aeration, and crop rotation to avoid damage
due to soil-borne diseases.

In addition, the cultivation methods used were mixed cropping, intercropping, and weed sod
culture, which greatly contribute to the mitigation of vegetable damage by diseases and insects and
improvement in productivity. It was also found that the cultivation method preserved various native
natural enemies and prevented insect pests from reaching their hosts and ovipositing in fields where
such cultivation methods were practiced. Furthermore, controlled weed sod culture in organic farming
was shown to recycle an amount of nitrogen equivalent to or greater than that recycled from cropping
green manure. It was considered important to utilize these characteristics of the cultivation method
in order to reduce the amount of manure application, improve nutritional balance in plow layers, and
prevent nitrate nitrogen from leaching into the subsoil.

From the above results, organic cultivation method with mixed cropping, intercropping, and weed
sod culture was found to be an effective crop cultivation method for stable production of vegetables,
decreasing environmental load, conserving biological diversity (preserving native natural enemies), and

recycling materials (nitrogen recycling), which are all important for organic farming.
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