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5, 1988) . AEBOVXEZXEHKT L L, ZXO
T EEHINESIRECH IR S HERS L, LA E OFAE, I
FEBLUCLREDRKEWVVEAZEO b, b 0lE
EIFIFERBRER E o2, L L, ZRENTRLK
UL THD &, ZROEM EEHATE R T LK
DRI Th o7, HEHNEIRECIZ12H A5 53 A
FTRHETER TR, WEBLOUREIFEEL EL
Ipof. ARFEBRTIE, 2T LIEOIKEDKIS0% &Y
LV REIIRF S TO2RVA, ZROIEIE)NT
LKL BT, BEHIPNVEIRIR EE 0T i LKL R O E T
WL, ZhonZ hh, RURT AR A1
EERFS IR R TR LK DORI50%, DF Y b~ kDK
BOS0%FMEL L, &Y & BEWAKEIHIET 52 & T,
NI LR ERSES LIEENL EOEE, ENE
bhdEEZ LT,

Brt B A DA T D RIEFIRIE L BT 6 0 F
AL L, Wat L7 PHR S (1974) 11X, W& OFF
WA FMICHE L TR0, HSIRA R L X ORsH
TEHO LMK TE DAV AT ML, Wi ORIKIEDORER
EbEFobo L Bbhi. $bb, EHlkKKRIC X
DN OARIZE AR 2G5 & & big, A
W D R ORF IR 8 OHUEEE 2 Mz, BEBRAK
6 BFEBRGEFIA L O R ISR R 2 655
TEICRY, fEMOKGTEEITKIS LTIoERN TE, B
O REIEINEH] EAEM DK A N L ADIKFEAKND &5 %
bz,

b~ N OFKGBRIUIEHNC HITHLITND Z &A%

(7). DREFEFRZ K TES, DRTENE LR TW% (Masudat, 1990 ; Terabayashi, 1991) .
237 BAVTC. P SQEY=Y L [MAT RS 7 0 L 1e SES AR
F7x EMERAOBRBRENNEFLIVIREICRIFIHE
AR H B A] B R 2 (kg /B8) & (kg/RR) " 1RE

1H 2H 3H 4A 5H AR ] R (g)
HK 0.3 1.4 2.0 2.0 2.9 9.0(18.1)  8.6(17.2) 186
% X 0.3 1.3 2.1 2.3 3.2 9.6(19.2)  9.2(18.4) 194
2T LIX 0.2 1.2 2.1 2.1 3.0 9.4(18.7)  8.6(17.2) 192

COYNOEFIT10a2 72 0 (THE L2 IE: (t - 10a )
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FLARLS G TE DV AT LATHSL EEZ LN
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PIFFEL A% D L <IXZnLL oI, EF DR T
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OEFBEL, EAE% X V02U, 12A W (B3R E
BIAESD) (2120.3L/8k, 1A Ay (HSREBREY) ik
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U 72 B D A % B WOKFE BT 2 BRI 3 5 R
BN L OBEW AN OEREE, F~ MOAF,
U B MAE T 5B E gt Lz,

i

I #MHEEIUAE

N~ FOFEARB L OBEARMEITHELIE & RS L.
200249 A 6 HIZHEAR T L OVEAR & #&7E, ARIE2FEH DA
8RR OO DOEEE 21TV, AEAEM O 210/ 8H
ICARY AT LTER L2, 3EEEE, #90, D (3A
26H) , R R L OREEITELIENICE T T,
FERIIBA26HICHET Lz,

B ARAL DT (XA & ARk & L7, FRIRECIE, B
TiEl2dS - m*& L7z, Ehif% CTIE12H3H £ TA31.2dS
-m’, 2110 £ TA1.4dS + m*, 2JJ18H % T#31.3dS -

m?, 4A48H £ CTA31.2dS+ m*, 5A16H & TA31.0dS - m*,

SHITE ML ERK T ETIIHIAAKE Lz,
LBRIX L, BEWAMRIEAEIT 5 BX, BERKMERE

WaATHO TR LI DI & T 2 X DK &3 72

HX O EIAREOEFRIIELII®O LBV L L, &
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B OKFERIRIT10 A 23 H I BiAA L5180 & [RER IS HIE L
To. XTI HL A G L 73R R & B WOKAS IZ i 2
FIAT2 b0 L L, K EEGKEIIELIES O L5
BICEBL L2, 7k, WX TR MUK R & BE WA
O B WE T O BEHEAS3cmBLN & 72 2 35 A 1R B R AG T
B L7z, 1A% 720 o AR EITEX E S
0.1L/BkE L, [EIZCCHRMEiL7-

fai e, NG K OB B R TR, AR,
U BB LI HE U TR A LT

m #% &

W REITA KIS W B2 BAE L2108 TAIC—#E
M Z Do T2 LA EEIX A RIERER 2R & A0 (5517
X) , WHREEIIAX23162.9LKk, X 23161.0L/Mk T
Hotz.

RN ESIRECIT M X & b E%IR T L, EFICEIRT
7212 PR LARE TG R T ETOIF L A EDFERIC
FEX L0 AR RS HER Lz (5F518Ka) . BE WK
WIAIKECIE, AR TITMRIRECE IZITHE LVWMETHERE L
okt L, MR TIXILA FRIICEIET, SF#iNER
ECH EFICHR U EZOLR2A TANOHRAICEED, 2
H A LBEIIIA K EIZITRRICHER Lz (5518b) .
B Hi NI O NO--NIE FEIX i X & B EC & [RIER 72 H#ERS &
720, K, Ca, MOREIZLH R H2A FHETHK
TR ORI CIEEN 2 <, P L OSIEE XL
NI ol (T—2AM) . BERAKENER O
RET, AXITEEREOMRDRE (F—240) LBk
PRELWRETH-7- (BH19M) . #EXTIE, NO-N
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E8R BERKE~DHADARIMNELSLFIREICRETE

AP A BT B R & (kg /) I & (ke/BE) B
15 2H 3H 48  5H 2R RIES (g)

F X 0.2 1.4 1.6 2.4 3.0 8.8(17.6) 8.6(17.2) 176

X 0.2 1.3 1.6 2.4 2.6 8.4(16.8) 8.1(16.2) 163

ZOYNOETIF10a4 7 0 ITHE LN E (t - 10a )
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E

ol 12 ¢
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B0 FEBRKE~ORBROAELSERICRITIZE
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Mg, SEEIE, HBRGEHEWIAT L VAR T £ THRX
DB INTIR S HER L 72
FRIIESRFE TIIMX TR -7, ZTOMORE
TN EEDN DR o T (B0) . AR
AR IS A @ MEIANC H Y, 2RI LUV IRR

INFITHEXTEVMER & e o7 (BB8K) . LREHLAK
THWMHARTH 7.
v & £

KL AT N LRGSR - FFERA AT A (&
- RE, 1990 ; RS, 2000 ; FEA S, 1999) TIX,
TNy FIZIFZ L, BERSIZFA L TEDICHE
MmEINdffELE o TVD. ZOIFAN LN DEERRIT

B2 FICHATE SN BRI A @R L= b D Th 5.

SDFV, INH VAT ATITIHE SRR E N> NICITZ
DIREEE Y AT LTI, TOEBPRVAT LER
7e%. FEHiA @R LRI E Ny RICIFEZ DV AT A
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T, BFA ONERIEOMER, A&k L R
RHbDEEZ BN

TIC, FP R KRB A @i L7 B R A AT
z 56 & MEREERIR & IT 2 DA 1DV TR L
7o BEMIA R L ERERIEO R EITZ DA (EBX)
BEWAMEANEIRECHE, 11AHMICE LK TH%, 24
AN I RS DEC L IZIER UE & 22 o7, 20
TR Doy IRV, BB W KA R ESTREC MK O B 1
KRy & bR ER X VRS, EARER S IZER T
EC& 72 o 7o il TIIKIREE 1T & < DR iR B 1T
bR 2oz, 2D X 91T, BERAKMEHAEIR DM,
TEFEIXECIEIZ B O P AR B O FK, R & Hop
L2 EBRHLTR ST, —F, AR TIEBERAMEN
B O, WA EIR & FERECTh o7 X
BRIXESEFE DAMT M KIC 2N TS, INEIZ b KR
WiER L feolz. ZRBDZ ED, BERAKENIEIR
DR, BEERR > THAEFTOREICK X 2 EENR
HHENRNT EAURB S, tE S (1988) 1, ke
k OER L E DS H N B IS TEWIN AT 5
ZlERELTWD., RERTIE, AK, EXL LR
BOWB L LOBBIKRRICEN 2L, HHERIEEOR
F0 b, WK EBIZZFBEDOESZWINL L7z & e
TED., ZOXIITESBNENZIER CTH oD

B, WENFRREIZR BN,

WIZ, BBREOHBERICOVWTHEB L TARS. HEX
TIXBE WA N ORI A KE LT KB TR 5
ez &int, ERENOBERAMDKMIIG U THK
BB L. UL, EEREEICRT 58 B S
DOWBIEIE DOy Ve ELdT—oDRKE L, Rt
T LRI EEEET 570, FUREANTIENY RZ
LRI DI TE R, EM ORI UAE
AT =V THRNOBITNC L > TR D 2 & A RERY
IZRDHHNTWS. 2FED, Ny RITEIHEMORK R
TR LU TEL. ZOXS R End, BHROMA
G - FEIBBRA S A T A TR 288 LNy RIZiF R
DI ORI EII Ny RTLICR R D AREEN K E <,
E DOWoKE K0 WRITAH S NI BRI A T2 b
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LT D. AVAT LOFEMEEE RIS, KBk
HASDIIRITNL 2Dy FERfFEE L TR Uik

LT BM, BEWAKEETNIS Ny B2 & OBEETRKNL
WIS T2 BN TE DR AR o TobDE 5. ZO X
I, BEBRAMIGI R A 15 EE0 & sk &I b
LBy FTLICEHTELZ L0, RUAT LD
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Z OEARROMAL, WEITHHESKEFAEThDL L
BHELMNERST-. L, Z0OX D RBE WK
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RIPNT EWRE Tz, BFEFA Y RO HRIR A FE3E
IHRNEDITIE, BEWAKENOERREEZ Ny NZ
LIEHT D LEE AR LT

F3H FED

KU AT DB DRREEEEHLT 57201, B
H_EE A~ DRI R K OBE WA ~OFIR DA HIZ S
WTHRE Lz, £, B B~ R b~ ok
KEOHIREMGT D &, MUsEMG LTz & 22k
THIHINBIRBEDNZE LB L, EMRFBOEENK
<, WERRLRLEWHN L7202 ERPLNERoT

WIZ, BEWAKE~ORIRIZOWT, KA @i L7
BRI OB % BEWAMEIITE T 5L, TOBEERD
ECHAMEHIEEIK ML ThoTH, MAHDOMA, BE
TR Tve, BE BRI I A 80 L 7o 58K
HHTR D 10, MR A B U7 5 03 B N R
RIRENRE L CHER LTz, BEWAE~OREILR S
HWOHK~y B2 L OEBRBKIOE CTERT S Z i
LV, FEHINEEROMAL, WREOELAmHI L, PSR
BIFSHC LD b~ MEEORE, BHROIENICFH 5
TEDZ LRS-,

27



WA UL S RBR AT JE Al s 5625

58 FYHMERRHBIBICEITSHE
BERREEREZDEL

I # B
FRHAS CILAFENE 2 | 2 7o T gk & fikfee L T4
KNI AT 5 BFAEEN L. BIFETIIARE OBREE
Z R BBICHIE Lo &0, HEEHOLEER
e EEEEE LT WD & A O AR ICIR D MR
FTOFEE RS> TS, ~~ NI IR MEL T
LHE D —2TC, BRI & OIS, Mk - &
MEFHUZREREIC L EENICEESNL TV
(GuR, 2006) . {EE!E U CIIRAGEES, “PIERGES,
MK TS, Ml S EAER L shTng (B A,
2003) .
BRRIEORF&2EN L b~ bR E LTI, K
Exéﬁ T L UFHBIR TR 2 R 2 % 3 2 S IR oo F b
—JEERE L7z G 2R 2 7 LITIRIE —E R 2

Téﬁﬂ?ﬂf‘aﬁ@ﬁiﬁﬁ%z bhad. HiARRIZE TS b= b
NFmLAr vy 77— VBT, (RECREEORERL 48
FEIFOANOTAICHIEN L, ERA8A, INFHEAL0A
NHBFEEH ETL R RHBOHRE: (LIF, {EnkkH
BIEE VD) BEEALETH D, (EREMENE CIXEH
D5 ERE E TRRIROE b @RI Y720, 20tk
AZRIRIFME T LR D722 20, 3HUBRKIRS
AEAHONEE-TL5. 20X, HEHMMTOR
DB KR E WP TORIREIRIT, FEERE T
(TARDD16dS - mUATHE, AWEEDD2.4dS - mUFIE &
HZZL L, MIRETEAKSRIUCA DE CHRRE (R
B EE X 100) #20~30%1272 0 K HEET L2 &0
EARLENTHD (B, 2002) . HEITOMREKE RS
TIXEMED BB T £ TOHIMBNL0MAIZH KD
AL 53 % 65 AU T2 BRR DS R SIS S B EE S D Z LT
20, HEHED IR EAR OMESL S MLEE L g5 TU
5.

BRI L7 BRI & OFH U7 PRSI IR RS o 2 7 A
(R 27 L) IZPASHR - FEPRER 5T, BRI
B L Oy FNOBFERAKEO2HFTIC G TE 5
K ERD. KV AT AOREBIREELZRET 5720
(2, HEIEETIT AT ORI IR B 2 A L=k R %
TN T IR BRI - IREE & BAJE L, HE4= TlIhi

RS L OBERAKERROEREZWAS ML 2
O OFHIOA P RETE, 10H TR ER, 10 T

MH5H FTAIE TS D b~ MERGEE: TIT-> T& 7.

L%, RVAT LAORREER D 1-9I121%, REOBLY
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IR DR E RS U= T 3T R L U4
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PRIARRR: CITME N R Y b 720,
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BRIREHIEE S5 L LTRRE MBI ek E
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ERBL EOICRE L, RAREIRITIERREE#IC LD 12
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FIEFRR R HERE L 7o T

B PNVATIRECIZK & 72 1IINO-NIZHERL L 7= iR 2 7R L,
PRAIX TI1%0.2~1.6dS - m*, {EpkE X T1%0.4~2.6dS
cm*OEICH -T2 (F25K) .
ERITEEX TEFELIRF R ARSI LERFIEE
INEL e B Th o7 (BE261K) . AR CIXH
BRETREL oo TREX & [FFRIZ R o TR BB TR A £
TIHIL Y, TOBKEL 2o THIBEE TIRK &2
D, FMKETNT X2 — &Rl

LR FE OBRAE H 36 I OUHE B I ER X CIE11A 141,
1H30H, MEAEMIX TIZ9H9A, 10A30H Th -7
(F27N) . F—HREBIZBITLHEANLIERETO
HEx, AKX CIXEIRE C8LH L b E < LIk REE
REFEEFEL ol RREHX TIEHELRFEH51A &
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EBERBREOFA L b~ o ASIRIR R BT 205t

R 16 7 o frpgi e (ElEmx

24 (mm)
—
[\
T

10 F
1 N i | 1 | 1 N | 8 Il Il Il Il Il Il Il Il Il I
8/1 10/1 12/1 2/1  4/1 6/1 L 3 5 7 9#11 13 15 17 19
B (H/H) K5
o5 i NREE C O F£26H REESLIVERERIRICEITS2EZOHTR

I OREGRITEERGE (n=4) 275

o PHIEH o XFEH
5/3 | ] ] I } I I
T 33 IHN HHH
o
= 1/1H(H 4““
N
o
11/1 F I ] ] } I ]
9/1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 3 5 7 9 11 1 3 5 7 9 11 13 15 17 19
RRX. (B5) RAEWIX (R5F)
210 RERBLIUVEREHRICBT2EEEDORMEA B LUVINER
F10xR RERSIVREEHRICEITIREOERLS
ALBRIX IHE R AL IV & (kg /FR) * I RE B RIREEIS %) REAPESh R
(RFE/HR) E2E S AR (/) e BhE oY FERS (Neg-ke)
TR 12.0 8.8(17.6) 8.5(17.1) 176 78 11 8 3 2.2
TR X 19.3 13.0(26.0) 12.6(25.1) 164 82 6 9 3 2.4

O NOEFIE10a2 72 ) OILE (¢ + 10a )

RFET X BN L S B, GHIEE

YN, RIBNR, BOETERWELE 22 - GLER%E
g () /AR FIE (ke)
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b, F22RE (B8H) LIKEFEIRE (81H) £TE
<Y, URBIZEERFEIZEEL 2oz,
IS B R IR X TL12.0 R FEIRR, 1R RHAX ©19.3

REMET, REEHX TIIREBMEL -7 (FHL0R) .

BRY 720 OINENE, 22K, WTHCR & BIRREHIX THI48
%%holo. IRBEIHMERK TORLEWMER TH - 7.
R OEISITMRREIX TE < BdH & ROFIE LK
ST BRINEZ1IKGE D DICHLBEREHE (EHDOR
FAEER=pEHRZ AR () ERIE (kg) ) 13E
REWIX T2.2g - k¥, fE&IX T24g - kg* & 1ZIEREBET
Hoi-.

N £ B
AR 2B U CRI 92 & 8BRS 28 R DR 1 30
BRI OMR & B D Z LB REIN TS (KT 5B,
1999 ; RJII « Ak, 1996 ; %, 1986) . Z D X 5 72 ffsR
AR IR DAL O ZEAL 2 Il LAk R 3~ 2 72018, #RiR
% RS, 1988 ; i b5, 1990) , HEagiHER (BROE
- WTH, 1992) , EuEss Calr - T3, 1999) (Z-oW
TRFEINTVDE, T bOWEICIIT 2 INHEREH
1T6~8REME L D72 <, BRHIBOREFICK T 2T
INTW2RV, REBRTHE, RREHROIGERFEIT
RAEK L V73R EMEL VI93REMTHY, THLT
MBI HLL EIZhbiz D PRk a3 2 LT,
IWEIIMHARONTFH LK e v 7 o— #1281 DAk
FHREOBEE S b25t - 10a° (K5, 2000) &
FIERRBETH DL Z LR ENZ. 22T, Rk,
RO F B, BN TATRIR S, IR 7R & OFRERE R D

R AT BT K DR E IS DA IRECHE BLIZ S\ T,

WX Ok ER X O e ENZERE L 72572121
HARIDRT & %I TRET L.

TR E WX O FG Er s & OVEE Fe i F = 1 X ERE 2 o & 1
L, 10HHmICkKEZRTZEBBEOLNTE. ZD
X5 Mg, ARFEBROIA L5107 A D ek
EHRIRN23.0C EEFICHE LZRE (FA, 1997) T
BHotto, REMOBITER O R KL R 25 I A
FETCOHENELS Y, £F, REERBR R L
ks eEZX DN, ZOMOBIKECIZOWT, EM
2 H9H30A £#1.2dS - m*, 10H 1A LIEE1.4dS - mHZE
Wil 2 A, BHNEBERONOSN, K, SIEENEE -
7o HEF 5 (2006) 1 AKEFCHRITIE O B i 2 WK & & TEEE
L b~ hoEHARICOWTHRAFL, TAEN
0.5L/Bk/ B E T A4 W11 o> 28 36t FH i 3.5meltk/ B T
F WS, WK EOBINTIES U T9.3me/kk/H £ THI&ET
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DZONRENE LTS, KFERTIIFHIKECE 1.4dS - m*
(A L 7= MR 04GR R O EIT L ALK, % 3 i A B
DY IT146melkkIH & 7x o7, HWikEEZFEL L2
A, BRHAREZ3me/fR/ A & 57-HI2iX, FBIREC
(31.0dS - mEE L /25, L L, 10H16H IZHIRECE
1.4dS - m*'7251.2dS + mMNIEF L7z & Z AR HINAER O
NOs-N, K, SHEIIE FEm &Y, 20k ko
FEDOBMB B SN -T2, 10H LA DORKBIKEC
131.0dS - m*E T FIFFICL2S c MmO FEF TN EE X
bile. £, EMEHIH THE T LUI0H Ta
5127 LA E TORUKECIT, HEH P EATE# BE 23 el 1)
LELTRIB LT27e, REROEFHTIWEEZ BN
7o, ThoDZ &b, RIREMFEEICH T D HIKREC
IXERE H12H EAE T12dS - miCERY D Z L TR
NI IRE T RE L THB T LB bR

127 AR, IR ORIk B, 28 3 i &
DR F O sy OBt B IR AR X & FIERIER & 72 o
7o BEHNIRIEONOs-N, P, SIREOHERIIMX & biF
EF T, K, Ca, Mgl ITMEE X To0m < #
LI EET D 2 L idleholz. ZoZ ehn, 12 k-
L DORIKECO B IR K LR TI VW EEZ S
niz. 2B, RATROEBTAT — JIHERKX CTILF4
RERMEH (12H20H) , EAERHK TIXHI0RERE
# (12H10H) BROHEAREIES (12A9H) Th-o
7.

EHRMHARENEORE AL &, EFEHHRERITRE
BRI TR X O F91.65%, BB FIEITILEE T
botnd, EHROREAEEDFRITMERIK T2.29 - kg,
ek £ W1 X T24g - kg*& 1FIF R EE 2 M6 <, &I
(1997) 7R L7=#ipH (2.2~2.8g - kg") -T2, %=
FRORFEEDRIZONT, xR - K (1978) 132
R ES TSR T OEWT L D 1.74~2.71g +
kg't /e 0, EHRBENE VLG THEMMETTLHEL
TWa. Fill (1991) (2B XD b~ MIRWT, HE
WOBEFRBEZ —E LT HRLY EEMGT 5 X THE
MEWZ & a2, ERPE-EXTIEXLEOLYN
EEMiGX LV ELS, REERETH TLEROMRE
Bl 5 XHEOERENMT D Z L2 WEL TN 5.
ARFEBRTY, FLHIERKE TRES<I2oNT,
K& HIREND FEEE TOERBIRFEIZRE D EN
R CIELS Role 2 LB S, ZERITHEML TV
SlEBbhl. InNbLOZEnE, FHHRNERD
NOs-Ni BE 23 i1 ¥ » 7210 T A O FFIRECE T I B4
HOEZPRELERTSED 2L, BREREFFADS
ICAEET DR 2 RFEBROFEE TI0ARTL Y S HICHE
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WHTEILEY, BRORFEAENRE@mDDH I LIAT REIX3H TRIE T, EFRMAREIT2H LA F CrnEm

x5 LEBLZONT. o7, BEHUNERIRIR B IR AR WX CIMERR X & [F

DR EHDITHER LTS, e SRIRRE 2B THE

V F&8H BT 2 IR bR T, BLEN D, (ERENR

kv MERE IR 3B AR E (BIREC) FZ BT DHBIKECOE I, M H12H EAIE TN

BEEICOWTHRE L7z, BB IRICITg BT & AT, 12ds - m’, ZO#%2 k, HAETLAS - m', DIRIK

(RS I O # R 5 J OVZE T8N R IR 0 2> D FEEAS ERICLO0S - mTE FOEEASES H L EAD
L10A FHiIci Al a L v, ZO%12A faE T L ni.

7o, 1R2A PN DIMERX &I ZIFFAHERHEBR LR L, &
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F6E AXHKRIEMOERLEHOE
tEEBLUV Y FIREDOBER

I # B

0y 7 U= NAHORBMTH L e v 7 T—E, L
WIEpHD @ <, A A 2 B 3 1~2me - 100g™ & 1
DK FBEREILIE & A E72\ (iE, 2003) . #yEibE
DEHNHIX, FLBROFIG R EOO THRAKEN % < KITE
PSR Lo VW IRBEIC B B 2%, (E I BHAGTRIC — B
SHDEWKIIARRBICRD. vy 7 U—LiX, EkEd
2 WIEBRIEA DI ICAPESa— 7 A 2RE, &IRT
LU S ORITHHEE L, ZhEEML 7=/ —
TEHOWIBMEZ -0 THS. Lien-T, 0D
BY D RFIZ BT D AR RIETESe, #Eo oMY
2k B %O OREES NRIELE ShTns
O, BRI PN TEAEEENE L, HA%L
HORSREFEHARD ST D

IR, IFBIEILTE DAEMERM OB, v — M
A, XU E e v 7 — LRI B ERBEIC
BLWEHLE LTRIHSN D K92 >T&E 2. Mo
(2001) 1%, AHEEEHLO YR,
0y 7 U— UG & LRl U C AR R, Lk e
— 7 HEE ORGSO ERMEEZRD TN D, 25 - Al
JE (1989) 1, AXMIEIINET VO AH#E TH D
EEL, AL (1999) 1T AL A E LA T
ARG AT L& LTV D, 2EOMM TE)
SHE S D A X e L OB EITERBTA T M L #HEE S
i, TEHGEREM, B, FEMEERE L LTRIAE
NTND 5T, PeHEDL3.8% DI ITEEALE S
TWD (4 - #E, 2003) . LA L, BEHWFICBET S
Bl 2320024 (28 b 4L, BERQER S R EEZR DL & 72 o
THEY, HUgRFAER & 72> T D8 OF AR
Kb TS

WA BN F5 1T 2 ZRAR I FE15349,642ha C I £ D54.5% %
B, A XFWHEFEIL69,380ha (RAMKRDA) Lo TW
% (WARIRHAFES, 2006) .
P ENDHE 2 EOARENA A~ ARIFLTImIC b
AT D (BHKERRES, 2007) . @iidkor v 7
T — RO A AR T 5 & & bic, HECRFIAE
JHE LCORAXBROIEREM 572012, RVAT AT
NS R PR A WD 2 b & LTz,

B (2001) 1%, BEHUBRIC 31T D BE R AE AL T O B
R Y 1= o TUE, BEHIO RIS UK E B O Rt
SN Z T, YR 7R B & B e 2 iR 9~ % 6 B
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KRG RFFRFVE 2 fRR L,

RIS T b 2 HA Y,

BIRARTND. HIFICRME A E 7213 UER O R Xk RS
HIZ DWW, ks, AN, ZMafiZze CaRb,
1994) |, EEH OMEBREFE IR OpHE X OVEERE k2 O HE
Bk L UCEC: E bt CEiR - T3, 1999) 739

ICENTHD. LHL, AFBEITERICEEH
SHEAEAL 2B Z 0 BYLSEE S L L, £F, NEICEE
ERIETZENTRIESNS. BFES (2002) 1%, 2fFH
AL AXBEIIAKRF AR T U TICEDREN AN
0, MEEEDE S B LOIBRITED v L s L Tw
5. M- BIE (2003) 1%, AXMHZEIM TR T A %
QEHEA L THREEFEDLRVWI L ZHE LT D.
LnL, _n6@ﬁ¢fiﬁﬂ®$%’&5EM$ﬁ®
AR, FOEHAEE, IR HEIZHOWTE
KSR TR0,

Z T, H6E TIIMEAMME T M~ bzl Lo
DFTp B A X R 2 T, B HES & o P L
P, REHINRIRIREE, b~ FOEF R L OUEO R
LML, KT ZRT MBI D R XBEEE O
AT b NSRBI B BRI K ITTEIZ OV TREF L
7.

I MEE&LUEE

REBRICHW B BML, AFHICE / Sk E
BWRALIZbD (LLF, AXMEEVWD) &Lk fit
AU AR HIY, WA REETICH 2 TR
B DSEREO B T4 HHE W T2 A R 2 5 - 4E T B FE
K%, LLTO LB ER L. B Ic kv 2 e s
57200 REIEEAZ QL L%, OV E2EE LIE
20cm, £ &40cm, [EEX7emd &R ZEE D, HE T T100
COEEIRFRIIN 2 B AU U7z, R SH e B 1 o> 78 B2 1
218.7+14.3g - L' TH -7z,

WXL, KR AT L% HNT b~ MERGkE: 21T -
T AT OB RHERIC LV kD LB & Lz, #
B TR THREFIC BT D UE R Z VR, MERSRE U721
HZ2EX, [FERIC2/E#EA L7231EE 23X, 4E#E
L7=5fEH 54X E LT, LB EZFIT-. giEL 72
% b~ MERckE X, 9H R, 10H EM THEI0E 2
129 FEE CINHET BEUEDIER L LT~ IR THO
A X EEHIEH TR (2R ES R ; EC: 0.2dS - mY,
pH: 7.0, NOs-N: 0.2me- L*, Ca: 10me- L', Mg:
0.4me - L*, S:04me- L") THEEDEHTNIEL, KRIE
FCRY T LU THEE L TRE Lz, 51, EMEaT
ICRRBIX & b FFFRICHSIRIE L.

b= BRSO ZBRKERT , BRI A



EERMREIA LI b~ S ORI RS CBE T 2%

E5H 35 M Lz, BIAR X OEARLE 200349
HOBIZHERE, AWM DOIH 24 R ITHA LTk, A4
IO A 10H IR ICA Y X7 AITERM L=, BIRI%23
CTRENFA L2 CHEL, KIRIXRGEREIZED 16
CaAMF L7z, FIRFORMITILA BRICHED, &%
BHEEHACPA (h~ b h—, 100574 R) W% "EH%
L, EREBZIEEL-VARERD I OMR L. 4
H1BICH15RE Lo23EAR L CTRHL L, 6H7THICAT
DREEZUHE UARIE A2 T Uiz, BB 2%% 1
RLULTE B 2 —HZH L, NO~N:P:K: Ca: Mg
:8=7.0:20:49:32:12:12me - L L T B HK,
BEEL L. BREEEIESEEE (EC) THEL
FRURECE L U B~ OB BT E28K o LB Y &
L7z, BEWAMA~ORIEIT, BEEEEEmNS SR 5
IcmE VEEN=5, 3cmEEIC/R D L HOFHE L.
KRBUFIR Y 720 O~y RE33mIZ146k Gt 2300
BE-10a'HY) &L, 2B LT

FEGHE T RICKALPRX D =M 5341, K% OGO &=
BEAL, WA Ao (CEC) BRI UEROMDY iA
HELLTFOFETHE L, iz, AKX & 3RNTHH
DAFE R (UUT, K e o) 2o THREER
DOFMEZITV, B &g U, JESBITEFR O
DIAZMEA, MOEEIFIEE Lz, oM HEEE
ICEBEZEE O, WREE (BAHr, 2003) 12 LV pFL5ICHE
FEL 7o & S OERE, WRAE, JHBELZHE L. #HK
B ORI O E R LITE A H T KIS HRIE L TRV
AT HIZKL, 05, 1, 5, 10, 20, 30, 12057t&IC &
ZWE, 050 %OEREICHT 2HE (EEL(LoEIG=
( (0553t DO EE-JERFOERE) /055 % OEE) X

100) THFE L7=. CECIIEi A Ralg, ML CTREIE L

Ta—L oYL=k (ke 2003) IRV RE L.
EHROMYARTRO L B FE Lz, B2 H KT
P HECLADS - m* OB BIRICLIA MR E®%, EHKk%E
Pt L7z, 20t%, RV =F LR ANEBRAL, 25C
OfEIRZT1, 10, 20, 40, 80FR MR FEL7=. k2 &
434750185 (K92000G) T1043 R LAt L, HEL 7=
WK ONO=NIE EE % A A+ > 7 F 7 A4 % — (1A-100,
TOA) TEELT.

BT R B A X ORIRIREE, 1IRY 72
D23, BEHIAR IR Le R —F A v 7 (I X
F—b, REBYELTE) THRELE. Thba%ETo
BAELTH T LE L, ECA—%— (CM-30, TOA)
B L UpHA — % — (F-21, HORIBA) % i TECHE &
OPpHZERIE Li=th, AR OA F 2 7 F T A F— T
RROT IR & R LT, ERITAHMEBERE ORE Flemd

— FE A - AR

L2 Lo

EC@S-nh

10/1 12/1 2/1 4/1 6/1

ko (L/R/R)
(=]
(1SN

0. 0 1 1 1 1
10/1 12/1 2/1 4/1 6/1

A CH/H)
SE28R #HRE CH LU ERMADGHENER

ERE{RRBONME THICHE Lz, (R ER 22
EFTVY, HFARRO AT EHEICR S LT, ATHRI%80gLL
FORERBIOREDZEL DR, BROEE, HWERL
L, BB IOCRELHALL.

m # B

FELAE TIRF OB B X D =FH 5041, (RHE S L UCEC
BEEILRITR L. A L0 B K O E K
T U7z, ARSI 2 @MY, SRS T3 28
MAHZRLNTZA, WINHEAKBICITAERITRD L
IR To. HmK e T 2 &, BB L OSHEE
I2XERORTHELRE, FUBEKELAERICKLS, &
FHRIIWTNOARX & b A EICHE -T2, CECIZE
WXV EL 72D, FARKICHRTUER TIENL4E, 3
EXTIE2.06%, SERTIT25M o7z, £72, 1ER
W22 b3 2 CECIX, #HdhIX & UEX 0 #7323.5me + 100
giCiRkbREL, HATAICLIZAWAS L R AHAT
BTz,

KB DR E AR L 2T DK LT 1% DRG0 B 528
{LOEIE ZFHXNIR LTz, EEE(LOFIE T4 LXK
ELEURNICRA LR LR, 100% 00 O EFITRES
DT Te o T, EEE(LOFIE IR TR KH30% &
K&, EHEENREL 2513 E/hSL< Y, 1FKT
#120%, SHEXTIININ TH 7.
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BUNR ATEEBEHBOEANMHISMELUVCECIZRIEFITRE

— A5 A (%) CEC
R Bl ek B fotE (me - 100g™)
Brin X 11.4 g* 20.7b 68.0 a 0.156 a 55.9 d
JEESP 9.6b 34.5a 55.9b 0. 140 ab 79.4 ¢
2K 9.3b 33.6 a 57.2 ab 0. 133 be 96. 0 be
3K 7.3 ¢ 39.8 a 52.9b 0.122 cd 113.5b
X 7.2¢ 40.8 a 52.0 b 0.106 d 140.7 a

6] — ST 1E Tukey 2 IR E (PO, 05) THEZZ L

30

20

10

ARELOESE (%)

0 30 60 90 120
PRI (53)
B2E R¥EEEHMOERIRKBROEMOES
FILDREICRIFTER

O: Brdnlx, O MEK, A 26X, A 34EX, @: X

12
T.J
c 8
o]
E
«
o}
Z 4
O —T {F 1
0 10 20 30 40 50 60 70 80
@B %(R)

FIOE XFEEIFMOERANZERORY AHITRIFE
TRE
O: #idl, O UEK, A 26X, Ar 3K, @ 5FK
R ORI ERFE (1=5) &R
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NO-NJREEIZIFEK, 2K, HFEXIB L UBERD T~
TT40H £ TR T2, HEXTII40H TOme - LY, 2
FRBLOIFEXTIEE BT T 4T T80H TIZIE
Ome - L' 720, BEEXTIX40H 124.5me - LUK L7z
BITER 72 hr o7 (B30 . Hif X TiXlH T6.4me
cLUYZER T LI0HIZIE0me s LTE 720, FAFHK LY
NOs-ND B 232 Lo 7.

EEHUNIR DECIE, VFEKITILA #6128 Ha) &
T0.4~0.5dS - m* L IRVMECTHERS Lo EH- L, 1A¥
ANTIEL4dS - mP e Fe o7 (BB3LKa) . 24FE XIS L UBEE
RIZIMAPAICIER CIRIFE LWMEE -7 % EH L
1A HAIC3FERX TIEL5AS « m*, 24EX T132.0dS « m*e
7poto. SERIFXI2APEICREAAME (0.8dS - mY) Lieo
7%IA TAETERA (25dS - mY) L, AP Tk
EVMETHER L7z, 28 DI CIXLER, 2K I L UBF
KENZIFAEE D23 72 < 0500 51.9dS - m*\ij#L & HeE 4
B ENSENSTDITH L, SEXIZLA~2.7dS - m'E
KT T < HERB L7,

R HUN VSR O pHIZ B 7> B 1R 2 128 F D8 1 25 7
HAL, pHOZETNIIER PN R H KE <5402 H73TED
MEIX1.95H - 7228, 2K, XIS K OSHEX CIIA B IE
1307205098 /o7 (BE31Kb) . SHERDPHIET.2
~84L MM EZBB MO LY BmHBL, HHANS
WK EEVMEMA 2SR D T,

B H PSR 00 BERE R0 T BE D HERS A& 55321 R L7z
NO-NITEH M IZ LV mE 2 M2 D 6, 15 EALL
FE CIXIE X TR, SERTESHEB L. £z, 1
K CIREML A %0110 EAic0.1me « L'E TR 2o
72, KIZVEX T #8 LSEX T < #EB9 2 mn
o, 2FEXRB LOMERIZVER EFERX O HE T
NO=-N & I ZIZ R R DM AR D bz, Cak LW
MgIZLFEX D4, 5H ZBREMERTEHLHEBL L, ok
X OB AR Cenro /o, PBLOSITAE O
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ECS-n))

pH

10/1 12/1 2/1 4/1 6/1
B (A/R)

FIIM RALWEREMABRDOECE LU p HOHER
O VX, A 2fEX, At 3K, @ 5FEX

lh 5 r

10 10

5 5

0 0

12 6

8 4

4 2

0 = 0 A
10/1 12/1 2/1 4/1 86/1 10/1 12/1 2/1 4/1 B6/1 10/1 12/1 2/1 4/1 6/1

A (A/R)

FR2E AXBEEMABROBERSREDOHS
O: HEX, A 25X, A 3EX, @ 5FEX
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F12R AXHEREBOERANMNESESVRERREICRETRE

I (kg/#K) IRHE wn BB BRI (%)
HLEERC T g (&) e mrs W
JREES 10.0 ab” 9.8 ab 165 a 77 14 6 3
2UEIX 10.6 a 10.3 a 167 a 77 12 6 5
ST 9.8 ab 9.4 ab 157 a 79 11 5 5
5HEIX 9.4 b 9.1 b 156 a 75 14 6 5

“R— 3TN (X Tukey Z BLR E (PO. 06) THE A L

15

13

% 11

13 5 7 9 11 13 15
7=

FIBE AFHBEEMOERANZRICRIETEE
O X, Af 2K, Al 3K, @ 5K
BROREREIRGE (n-0) 2R

BRH ORI T,

1, 3RFBOERIT2ZERK, IFEXIB LUSER TUERK
FYVRWMERTH o723, BERE LY EORETITL
HEIZZTA OB o7 (B33 . 2FINE, ATk

RIE L BIEX LV 2EXTEWMEM R A2 b, 24E[X,

IFEX I LUSEXHE TITEM T 513 LUK T 2l m A7
Hohiz (5125K) . FEROINEIT2ZFER LV FEICD
minoto. LRER X OB R R B G TR 0 58 )
BN PoT.

N & =
B 2 I3 2 BIREG > A T A TR A OF K
Med> 2V TR, By O - i, CECE DI LT
@%Eﬁ?é%%ﬂ%é(mm,m%).ﬁ&&&wﬁ
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BEREHIZ W TIE, =ARS 0, PRAKE, CEC, ZEHDHL
VIAZIR ERHAL SN TWD (Hi)Il 5, 2001 ; &)
5, 1994 ; R - T, 1999) . LavL, TS OHE
THWO NI ARSI RERACTH D, B & ik
ot LT 2 oD TG, FEEMCHEA L7z
AL PO ERTTT 2 2 EAREEEZBNRD. A
FERTIE, b~ D ERRBCERES LI R D AR
Bz VT, BB b, BRHINERIR O o IR
AE, WEREHAAL, BoBbEtEoR b, HiREE
B L OMAELICHOWTER L.
AREBRITBWT, RIS L ORI XA R <
LB N A 72 <, RAKMERBAMEITEFRFEH LT
ElLanwetEx b, LarL, BEFFELSIORE
WHERICLVABICHEAD L, SO/ E oMM TE
Alick o< m< sz e8I sn=. FIL (1961)
WEAMBEF$ 2 L 2EBENIBDT D LB, BRL
(2002) IZAXHILBAKEASNZ T U TICL YV BEIND
TeEWMELTEY, BRI OMRILEORDIIE
WAV OREFENEBL VWL EEX LN, ZOXD
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Studies on a Closed Hydroponics System with a Capillary Uptake Method
Using Organic Substrates in Tomato Production

Yoshiyuki Ishihara

Summary

1 Management of nutrient solution for tomatoes was studied in a closed hydroponic system developed in aim to decrease load
on the environment. The main purpose was to establish a nutrient solution management scheme for a non-circulating closed

hydroponics system, where all the nutrient solution will be absorbed by the plants.

2 The new closed hydroponics system has a capillary uptake method by organic substrates made of cedar bark. The nutrient

solution in this system can be supplied separately to the substrates and also to the reservoir.

3 The EC, NOs-N, Ca, Mg, and S levels in the solution within the substrates of this system tended to be higher than in an

open hydroponic system.

4 An improved nutrient solution formula for tomato production was evaluated in this system in aim to reduce emission. The
improved nutrient solution formula (NOs-N: NH«-N: P: K: Ca: Mg: S= 7.0: 0.2: 2.1: 5.6: 2.9: 1.0: 1.1 me -+ L") has higher K

level, lower NH.-N, Ca, Mg and S levels than the conventional Ootsuka-A formula.

5 EC, NOs-N, Ca, Mg and S of the solution within the organic substrates were lower when the improved formula was applied.
Yield of 18.2 t-10 a* from twelve clusters per plant was obtained without emitting exhaust solution by applying the improved

formula in this system.

6 Tomatoes were grown in a greenhouse using an open hydroponic system with the improved formula. Fluctuations of NOs-N,
Ca, Mg and S levels in the solutions within the substrates and in the exhaust were smaller with the improved formula than with
the Ootsuka-A formula. EC also was lower with the improved nutrient solution. Changes in the ratio of nutrient absorption per
water consumption (n/w) were small and the ratio of n/w to nutrient concentration was 1.0 to 1.2. It was shown that the

formation and the concentration of the improved nutrient solution matched the uptake ratio of the tomato plant.

7 By reducing the application volume of the nutrient solution to half of the uptake by the tomato plant, the concentration in
the substrate fluctuated lower, and stem diameter of tomatoes between the upper clusters and the yield increased. When the
nutrient solution was applied directly to the reservoir, not by passig through the substrate, the nutrient concentration within the
substrate fluctuated somewhat lower, and the yield tended to increase. It was suggested that the composition and the fluctuation in
the concentration of the nutrient solution within the substrate could be maintaind adequately by applying decreased amount of the

nutrient solution directly to the reservoir.

8 Control of the concentration of nutrient solution for a long-term forcing culture (LTFC) of tomatoes was studied in this

closed hydroponic system. The improved formula was applied in both LTFC and normal-term forcing culture (NTFC). The
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volume of the nutrient solution and nitrogen supplied in LTFC increased immediately after planting and reached a maximum in
mid-October, then decreased until mid-December. Thereafter, the trends of nutrient solution and nitrogen supplied were similar in
LTFC and NTFC, i.e. nutrient solution and nitrogen supplied tended to increase until late March and early February, respectively.
Concentration of the solution within the substrate fluctuated somewhat higher in LTFC, but there was no ingredient that markedly
exceeded the concentration of the nutrient solution applied. It was suggested that adequate levels of EC in the supplying nutrient
solution would be 1.2 dS - m* from planting until early December, increased to 1.4 dS - m™ then lowered in February to 1.0 dS -

m™.

9 Tomatoes were grown on substrates made of cedar bark for five years to investigate the changes in physiological and
chemical properties of the substrates, the concentrations of the ingredients of the solution within the substrates, and the growth
and yield of tomatoes. The substrates were fixed in the closed hydroponic system. The liquid and gaseous phases of the substrates
did not differ, while the solid phase decreased as the year passed. The annual weight loss of the substrates grew smaller, CEC of
the substrates increased, nitrogen absorption by the substrates decreased, and NO:-N level in the solution within the substrates
tended to fluctuate higher. K, Ca, Mg levels in the solution within the substrates were higher when used for five years than when
used less than three years. There was no difference in stem diameter of tomato plants at the first and third clusters, except that the
plants showed thinner stems on the one-year-old substrate. The yield of tomato fruits tended to be higher on the two-year-old
substrate than on the one-year-old substrate. The yield was lowest on the five-year-old substrate. It was suggested that the

substrate should be replaced after five years.

10 Carried out were investigations on a suitable management method of the nutrient solution for tomatoes in a non-circulating
closed hydroponics system developed in aim to reduce load on the environment. An improved nutrient solution formula was
developed based on the apparent nutrient absorption. Its effects on the concentration within the substrates and growth and yield of
tomatoes were evaluated. Characteristics of the aparrent absorption rate and concentration of the components, the ratio of nutrient
absorption per water consumption (n/w) in the improved formula were revealed. Application methods of the nutrient solution to
the top of the substrate and to the resevoir were established. The life of the substrate was revealed by physical and chemical
investigations of the substrate and the growth and yield of tomatoes. Based on these investigations, a model for nutrient solution
management was established. These results should contribute to the manualization of nutrient solution management and nutrient

culture for tomatoes with decreased load on the environment.
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