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RIF50~B0%IC & KR B, £DT, FEEOU
AEgCE L, BESETRESIDOLALS
%L(%(ﬂof,ﬁﬁﬁﬁz<mééﬁié
na. Pk, YTEEEAERBXLDINE
e, BENEMENZOE, YR
T TR SRR, EENE-T
HBENBRTVARDEEL OGN,

ENE YREMEEHEKUIRE
ikl AL CBIEME
EEHENNEOLE

) v TOBIEEREI>WTIE, Forshey 5
(1970 - 1983), HA 5 (1986), /Nt (1990),
HE & (1087 ; 1991 ; 1992 ; 1993) DRESH 5
55 ReiE (YRR LB LUEEEOKN
Bico WTIRE L BTER 4 & 7 5700,

W13 1064 26thRIEAK Y A 51 0
IFEERTORDL (1993411 H 1 B)

14 10 M. 26FREIGARESREE 50 O
ITHEERTORIE (19934F11H 1 D

AETE, YEHXOSERERC kS,
I e R WVEL L BE OB S S
THRwic, TENMERIEELT, §40
IR & SRS R OV THEBMA LTz,

E1EH MEBIUAE

SHERIT 109341 T - fo. BEERENT 3, HBR
IR 1T 1984 HEFRERE L 7o 104EAZ 0 M .26 ]
HAY R (K13) EFBE#M &0 (B
14) 2EnFN bRV

B DU Y IO Y FIRERGC B 2 E AR S RELICE T A E5T 9

I 211 H 1~165810fTV, BESEHOHESE
FI1H 4 BB D S MERAIC 208 L T
Todo., TOMOFEEHEEE TR/

10034E 1L HI6HI-&B 2R b B, B15 D
Lo T BRI, B, IHEL(GmmELh, b
~10mm, 10~20mm, 20~40mm, 40mmkl

i

AL E I ;58 G
B B J DB (40mm PLL)
C K D IBIR (20~40mm)
D ! IHB (bmm PIT) L B (10~20mm)
E : H8 (5~10mm) M : [H#R (5~10mm)
F . iB# (10~20mm) N ! [HIR(2~cmm)
G . 1B (20~40mm) O #HECmmEIT)
H : A6 (40mm Pl k)

K15 SUATEEL ) v TRIOREE (19934

1HI7ED

By L, WTERIEREERIED T i

DR TKEEL, 2 BB EEL LT, IR
(2~5mm, 5~10mm, 10~20mm, 20~40mm,
A0mmPLE, i) EHFR CmmBlT) o4am
Lic, WLEE, WTHSHE s zhFhotkFEsr
AIER, #2008 8L T, #0 W44,
90°CT 3I~4 ¥R L F18, 105°CT 2~3 IR
WL, ThAE—TEBIKBAE T KL, &
WIEERGE L TSR AR 1.

BB OEME AR E YR EE Uk
B, THOO&FE LMy oRERE L,
1084/ ORA N TEMD 130K ER T,
0azifcb OPHEIRFRE L, F/, BEL
RRE, BEFRHAELLEDENS L UEEER
HTlid Licb o bMIN L, SEEOSYE
MAfz, WAERTRE T PN ROk
PIEIC I, HIBOXMEARES EESR) ©
WYEE A TEE U, HE, BB 3
SFELERISTOWMME R, YN KX O8RS
AR, M5 & 5HE $ TOFRIED O
R AR TEHEL 12,

BB BEAT X 0 10cm LA RIE L 7.
HRBRERMOLELIFI L zob, 208
1092 LT, Bt (WETHR AAC—
400) TEMBEEAE L. A hisig
L, EMEAMEL T, BAUEMEY ) oL
HfEERD ., Cof4Ed & IBD nEOYY

F2 BREEOEVHEM26RERE 3L OEH LNERRIETHE (1993)

v T B omp WESE mew . Bwm B B pE mEm
BEE WO mee T T omam e P By i0a JEEE /A

A cm * of %

YR 5 306 140 1,380 17.06 981
T 5 308 185 1,156 583 B8LD

BREE? NS NS NS ok %ok

nf 7 kg kg ke/mf (@
2831 3.93 1436 50.0 6,945 177 710.0
26.62 3.68 1i28 411 5,710 158 4145

NS NS % * * # * ok NS % %

2oy P<0.0L, % 0.01<TP<0.05, NS HEERIL

#£3 RBEEOEVHMEHRMERE 30 OREFEICRITTEE (1993)

R 1 R&E HoMme ® O Brix{fi DI
g fbs % g/100m]

Y5 348.6+4.4Y 3.0+0.1 12.5%0.1 14.0+0.3 0.35

R 354.0+8.5 3.0%0.1 12.9-+0.1 13.540.2 0.35

kS BRI S 5 —F ¢ — [
Y SpifE e




10 BRESERBEIITRE #3158 (1997)

ﬁb%%ﬁ@%&ﬁ&bk.ik,ﬁﬁ&ﬁ@
ﬁ%u%nﬁ@ﬁ%f*bt.%ﬁﬁﬁﬁ%ﬁ
@ 4 21 BIHIE L.

oW O OR
| HELNESLUREREOLE
Y?%Eéiﬁﬁgmﬁwéiﬁﬁ%,iﬂ
ﬁ%%tn®ﬁﬁ%%ﬁ(LAl)5;ﬁmﬁ
ue&%zmxtt.ﬁﬁ,ﬁﬂﬁﬁﬁ,lﬁ
%t@mﬁﬁﬁﬁm,Yiﬁﬂ,iﬁﬁﬁ®@
ﬁﬁﬁ%ﬂ%b%ﬂm@oﬁ.&ﬁ5ﬁ®%§
%%m%&%tnﬁﬁﬁﬁﬁ%%uYiﬁzﬁ
%1%?,3%%E®&%;012%%<,ﬁ
%@Emﬁ%%ﬁ%bénk.lﬁﬁtbmﬁ
@%ﬁ&ﬁiﬂﬁﬁ%kb@LAI@ﬁﬁﬁ%
ﬁ%b%ﬂﬂbot.ma%tbmmﬁﬁYi
%Eﬁ&%Mgﬁ,zﬁﬁgxbm%mrga
%%ﬂ&@ﬁﬁ%m%mot.ih,ﬁﬁ%1
ﬁ%hb®ﬁﬁﬂﬁfHY$%B,£%%B®
@mﬁ%ﬁm%ménmﬁot.lﬁ%tbm
TEEHI YRR A TI0ETERBX LD 1,74
£ ¢, BEENED LN

v R & TR 0 REREREORRE
%3@&50@&5.$ﬁ%ﬁ@¥?%E,$
%%Z&%&mgmﬁﬁﬁﬁEUf&ct.%
R 1Y FIBR A3 9 TERPRD3.0 LD

B 5 i ¢, LB I Y R M - fo.
A 3 Y TR 4% T, ERBEXO13.5
0k OB - 12, THEREC JEREOR
Wic & BEREED SRILh - T,
7. B LBENSREOLE

VK & E®IBR 010 a ¥ h AP
334 R Ui, REBRFE Y T 4,838
kg, 102 T, EBRERLD16%F < HREVR
Bohi, W FEEERTE, YFEXD3,766
kg, 102 TEBBE LD 15%F <, £, wE
Alicd s &, BRERYEMEH,198kg /102
=, EHIBRD836kg, /10 2 it HNT3% bE
Iao B, TEOBRY, IABOCIERENED S
e - fo. WA KROBRER THREILK
I ZEEED LNIEH - 2hs, RN,
VEBROENIEERE{, FHRERD1LTHE
TH- .

VK & ERBRIC BT 510a 4o b Ot
AW ERREORLLEBY T2, Mk
R Y TR 41Tke /108 THY, EHE
g@L%mg/ma;D%%z@ot.%®5a
Hh FEl oS RER 3 Y T H12,107kg /102
T, TREROFNL V2% ED - T BEH
AR T, BEIFHELEOHERET
BB X AEEEE2ZED P, HEEOH
KEIBBTREREZIED OLEP - T.

}

%4 WREBEOROHM.6HHEARE 5L 0l0aHih DEE BRI BT T (1993)

B U v TOYEEMERIC B A YR AR R BT 25T 11

FO6CRYTFEXEFTREXOHLEEDRE
RIS ECRER U fe, SO EEREE ~ D45
BoRid, YFXD87.2%, FRIEXH388.0%
ThY, BEZEREDONEL-1, ¥, B
BHalic A3 &, MEEORE~NDONERERIYE
X4 495% T, EBMERILDIERISL,
EADOHAFEILY THEX A 14.3%, FHIER LS
154%THY, EEREZEDSREL -1, #
HFE OFA~OSERIZ Y FREREMI0N TE
BWEREOFERIELS, HE~OSERLYE
XM 14 4% CERER D 17.6% I E~~EEIZ
s - fz, HWTERIC>WTH B &, HiEFEDIA

RANDRERIY FEXH 8.9%, ERBR G
92%ThHhH, BEEIEDONEL-F. L
» L, FREYTHEXE 40% TEBER D29
Wik ~EFEICER - 12,

3. HELEYEES S USESEEOIES

BAf% :

T ICRBAGFEOZ R LT 2R o
LA, &, HAREERSEOT AT NEN
HHEOBIARE AR L 7. BERRENES X
UHR¥ IR & o [E OB EH Y o .,
BIFHRIEL A L, BEWES & OtrEss
ORI IEDHESHEBIAEEY S vt, ki, i

#6 BREOEOVHEM6GHHGAR 50 OREMMERICIISTRE (1993)

o E B (kg/102)

# O # (kg/10a)

R

% 3 b B st BE O BE s
Y 49.5 14.3 9.0 14.4 87.2 8.9 4.0 12.8
T 43.1 15.4 11.8 17.6 88.0 9.2 29 12.0
AEET * NS * * NS NS * % NS

* w%  P<0.01, *;0.01<<P<0.05, NS, HEEIL

KT HEHIMAEOSRIAN &L ORYERY (1993)

i - 8% (kg/l0a) i F B (kg/l0a) e
: 2 B EiE o (kg/10
BRI LT gw e et e R e Ge/l0w)
Y F 1,197.9 344 .4 216.3 20075  3,766.1 977.5 04.6 1,0721 4,838.2
FEH 834.8 304.2 235.6 1,912.2 3,286.8 832.79 549 887.6 41744
HEED *x NS NS NS * NS * K NS *

*wx  P<0.01, * ;0.01<P<0.05, NS; HRZEM L

%5 RS OE A M. 26HEAAE HU D103 4 1) OB R ERCFIE R (1993)

wom by s TE a0 REOR L s
SR 0.174
By 0.788**%  (.129
W7E o A THAE R 0.268 —0.468 —0.035
LAI 0.591 —0.024  0.864** 0.053
& 10a 0.161 ~0.375 0411 0.767** 0.578
LS A ED 0.208 —0.519 0360  0.855**  0.392 0.905**
KevCEE 0.753* —0.195  0.762*  0.308 0.668*  0.838*  0.723*
ik EER 0.606 —0.352  0.658*  0.551 0.668*  0.838** (.889**  (.952**

# b (kg/10a) s F # (kg/10a) e
WEE T o | Az B Bz - ke/ 10
BEE  p 3 e B et SE o BE s (e/i0e)

Y# 1,197.9 3444 216.3 348.7 2,107.3 214.7 94.6 309.3 2,416.6

TR 834.8 304.2 235.6 347.4

Gt * % NS NS NS

1,722.0 182.3 54.9 237.2 1,959.2
* NS L NS - *

* x#%  P<C0.01, *;0.01<{P<C0.05, NS HEEEGL

ok P<0.0L, * ;0.01<7P<70.05

*K8 AR LGENSEFEOZRE & OBHE (1993)

. T e WL el BEASE S
PEMNER  BE b W 6 LAl :
Gl gt OTINE g g S10a B E S T
B % 0601 —0513 —0.387 0.894**% -0.303 0514

# 0450  0.346 0598  0.588 0.556 —0.242  0.156
O 0454 0541 0449 —0.863'"  0.351 —0483 —0.906** 0.871*"

H & 0457 0457  0.016 —0.722* —0.306 —0.682° —0.659°  0.135  0.490

HTFE=2mm 0432  0.057 0144 —0.23 0.419
HFER<2mm  ~0.394 -0.353 —0.270 0430 —0.014

0.192 0.306 0425  0.036 0.170
0.269 {.393 0.050 0350 —0.251 —0.506

Tk P<0.01, *x ; 0.01<7P<70.05
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sf EETRRER RS X CREGYE L ORI
FoFESHENRD bhi, 10aXicbh ot
WIVE I BEE, BEYES X CHAER
s oI EOERGEREERSAY b £

LT, MREAEEMERER & ORICIEOHERE
FHEE DY S/,

%8 It BBEHEOBVAEE L T, 248
DOEE, LAL, NEEEoFEATFHETN
L HAEPE DR E R ER & ORI E R L.
4 £ 7 0D LR A 0 S BUER AR L A TR &
i EOE RSB b, SiEREOH
R~ O G IEANOSEE & ORI IEOER
IR, B AR S & CREADRR
Lo HEOERESIEESED o
4l B O (TR~ OSBRI SR TSR, )
B, REE~OHERE ORI AOHRTIHES
Aot [HR, FIRAOATRIZEOER
& B EIHBIBIFR DR Y S isie o e

BIH E =K

FE S (1976) 13, fEMIOEECIGIRTEE
WROBEWASH 0, LB BB MR —
SERIRT 7o b offEER A ER L, REIN
B LTIEONSE &AM S0HERL, Hi
%&%%i@ﬁ,&%%m§$ﬁﬁﬁﬁﬁbf
Wn, ERloELEEC-SWTAERET, &
HeFE NV B TR M 7o 0 Ot EE R & K
~ORTRIT L > THEEI NS,

3¢, VEEXEERFEROMEERICOL
cHELTHBE, YIEXOREMEESE
2 417ke, /108 TEHEX O 1,959k /102 &
1 23%% <, WiAFEREFOMEMED bR S
EEIEE I, BFEE, LAL, NETH- 7
coah, LALRYZEERM3IT, THE
XD 3.68 &0 6.8%EM -7t HEERED
Ihiid ot COkHi, LATREREN
b L IEVIT b b 5, Y FEROMAE
FEENE B - HEE LT, BfEs (1891
S1994a) AHELTVEELY, YTFREE
FHIER I LT, RO S AR
Ex Y, - LEORE X D RIFE IR
AE LN, EOREESNT 2D EELS
na,

ik DR E~DNRRICOVWTERT S L,

B (1960) ik, HAF ¥ORFE~NONEELE
WA IbclE, BEIEORELEDT, B
MR TER L, HEAONERET O SR E
T AT EMNAYITHEBE LTWA, E,
7Ry T, BEMREES TEEEFIRTSLD
HEHEE T 5 2 L BREAOHERLED
BT ETHBELTHS (IS, 1986), Ihb
DL LB OTRINEREEFE LD &, Mk
BER % B B oo I AT BET R LRI TR
Lz, ¥« RIEEOREVADEREN
ORFHRAETE BIFEL T 5 X 5 iEsH
FLLEWS T LIS, o, itk 5(1990)
u&hﬁ,gﬁimmﬁx‘&U’mgﬁﬁ
Wi (FEEE ST ICB Y SHEEDOREAD
A 49% TH B0 L, FEME GER
HosH) BT73% TH Y, BRESHABEORRE
ANDORFER AR NEEERIEL TS SRE
LTWnA,

HETR, YEERICBY 2L EORE
DAL 495% T, FRBRO43.1%6
BT, ERETH ZINBETHRT 5 &,
YRR 16 945kg, /108 T, BB O 5,710
kg 102tk 2%E T, Lick-T,
VR /M S (1990), fEH S (1991) O]
L R B RS - Jo T & bR DOR
EAOHEEEEL LEERO—2LFAON
5.

Lil, T@pcsigss i, BE
OB EETE L a0, RENEREL
CIEFTABDEELLOND,

%1, WEEORENONERICHET Bk
DIE o WTHE L kiR, RESOHEE
LEAY & HRAOAEER & ORI ERIE A OM
WAEED b, AWETRE, MEEOHN
DT Y TR 0.0% T, E®RERO
118% X b EEICEL, 7 ¥y (&%, 1986),
AFVy (BFED, 198%a), v A4 T7N—Y
(RIS, 19911 E T, g OLEEDIHIE
N 313 SO READATEEIMF LD
s L EREOMERL TS EEL NS,

Wiz, HEFEOHIBREANOAREL VTS
2 &, BRA~OATRIY FEK, EREXAS
FN7H8.0% & 0.2% TEERD I, - f 745,
IS~ I3 Y IR A 14.4% T, E#E

B8 DY v IO Y EIRE I B 2YE A SRR B A EEE 13

KD 176% & 0FEL DI, BA (1978) &

HAF ¢, ¥A (1986) 254 7 92 THEL
TWaLII, MOREZMAT, MiEEDOH
HENODREDELTEHT LS, BE~D
NREEHABERHELELCNSL, COXH
i IHR O BITP B & A FE BT (R I &
AEEESED SNB VI bbb 59, itk
FEORMRLEMEDOLNBE I &G, YFET
BEREERIEAEL, FHLIER AR
OFEHICFHET BT &L - T, HrkgPIHk
OHBREREIWET B TRIEVREELDS
ha,

PlED& i, AUFEERBPMOO104ERIC
Y EEE TR & v R SemEEoF
- feBiid e B, JEFEEEXEN, NE
BE ot COYFTEOBELNERE,
T8 & D EROHUULEERNE {, MbEOR
EADHEROE N ST RFHPIHEA~D
FEFEMMEOT LRI BOTHELBHTE
.,

BNVE yrd AU IKEIIEY
EEDOFHMIE(L

BNETY PR T R L0
WHNEENE (, RE~OSEESGV LR
Lizds, BHEPENEFhoOREY, Coiiiic
EOREDHYEVEL LTWADhERL M
T ALENDHL, HI1HTRREEOERE IS
WT, 2 HITRBERORFE YA E OFH]
Tblc oW TR L7,

F18H REOEE

BEOSEEOEREZ, SFEROVIEALF
dhig Ao clind 2 (M, 1982 ; BET 5,
1993) & OHWEL S Z2MEMBEIL>WTHER
Lk bbby, £k, HEROEREE Iz
Bk r Ikt 2 BEOERICET 5
HbabioMw, FITRETREBHIICET
5 v TRECHEEZINEOERE LEHEDOE
TmE O SHE L 7.

t. HRBLUAE

Saftid S EAEM 26 AR Y TR 3
> ©h3a, 19144 H2HB»61ILHOHEZE

100
90
80
7
50
50
40
30
20 )
10 &

8

(B)mW

0 ‘ . ‘ . ;
6/1  5/31 6/30 7/30 8/20 9/28 10/28
H/A

K16 8EAM.26HREARR 50 ORER
ROEEHEAL (1991)

400
360 1
300 T
250 [
260
150 -
106t
50 1

(=) 1 ¥ -

J b | !

(21/11 5/11 6/10 7/10 89 9/8 10/8 11/7
RA/R
K17 8HEAM.2HHEARE L KBIFE

1 REoFEFHZEZL (1991)

T10~15HOMET, REIVEOME LHEE
ZAERECRIE L, £ LT, RRHEEREE
L FIFEROROREL 5 BERNL, #EF ¥
BaflER, £NE wWEERHELL 2L
T, SEHo 1 RE, 1 REwER, BILL
BEOEMFENCHAT LLREOREF LT
753 k5 ICHTE Lz, '

2. % =

K16iciE 844 Y v o 50 ORERKD
FEEIEER UL, REOHRE, MBSO HE
O ST AR THm L ., AFPIHo 5 A
OH» S 5 H290 £ TRIEASRB LY REL,
ZORIGHEREAERE -, W, WiRRED
6 HhFH & 7 H PS8 Lichs, 108
I TENLEY, TokENERE g
—ETH - 1:.

MITid 8EEY v 50 © 1 HEOE
FEER L, 1 RER S BT THES
MWL, 6 HepaitEs SEnsRIcis Dy,
8 HFH& 9 HFEIC oo ER Lz b DI
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4/11 5/11 6/10 7/10 &%  9/8 10/8 1177
R/8

K18 8 4EAM.26RdE AR 3 U OREL
MR OFEE L (1991

G m) e —

04/11 511 6/10 7/10 8/9 9/8 10/8 1l/7
H/B

19 SAFEEM.26HREEAM 35U KBt
| B E oFHEL (1991

& cHEmA O e,

BAFEY v I %L OREMYIROFELL
LA T L-0»Ki18TH 5, mEARo4A22H
DEYIRIT23% EEL, D% A2HFE TR
KT L7z, 2ok, 5 H29HA 5 8 H19H
KT THRAREL -0 9 JI9AF T
BRPEFL, 9B19H S IEERO10H24
et TR O R L,

Bigicid 8a4L) v o &0 © 1 REYEH
OEHEER LA, | BEYEE 6 ArhaF
TREPH ML, 6 Hila S510H LA
S TR PePRITEY, I0H9HMO2
HizdEL {H#ml .

F2HE BHANCHITIEMEEOFHEL

) v T ORAEOEME LT O VT,
Forshey & {1983) A8 4 ‘Mcelntosch’
30}ﬂﬂﬂ;§ﬁ%§ﬁ?ﬁFlJ, IR DR B AR o

#3145 (1997)

20 BRIV AMIPRIBARE 5L
(199348 H 6 H)

124% ML T EREL TV A, B8R
BOHTH LSS 2R B I 2ERED
EHELI D WTHS LA b DRSS BT,
AEHTRSENA D4 ELEM, 9 THRIEKRE 3
L 2HOVT, FHOEE EEEIHEDSE
b > WS L .

1. BEBLUHFE

ekl M. 9 thiliaAs 3L T, 19904F
3 BT F 5 &8220088 35 5 B WRLA RHT 7.
b 147z 0 KEHENA 100kg EHH LK 10kg
EMATELBE L TE- L% 184720
006 Advie, 18470 b OERBIERIEE
i (N : 14, P 110, Kid) 208, EH+A
KB0E, 43 MARI0ETH -7z, Fi,
R TEE (M20) & U, HERZEE
Wt A B, MAMATHICESORES®E
80cm & L, 24EH B FH o0 R % 60cm
LT, AR R TRARLE. 3SEHERE
oSO E A 40cm i, AR Z240ecm D EE
HE4AE Lz, 4EHEER 0RO RER
% 20cmiz, FIEE 6 RiCHIFR L 7z,

B, BIRROAMEICHESWTITY,

() =% 8 W

B D) v T OY IR B A Y EERE & 4RI T AT 15

(B ) Wuptdir

4/1 5/21 7/10 8/29 1(5/18 1277
R/H

K21 44F4AM.9FHEERE 5T oFEE
OHEFE (1993)

4/1 5/21 7/10 8/25 10/18
A/8

22 45EAEM.9 HRTAAR 5L o 1Ry

o b OREEROHER (1993)

10,000
9,000
8,000 |
7,000 |-
6,000 |
5,000 |

() B I

4,000 -
3,000
2,000 |

1,000

3/19 5/25 7/1 8/6 9/16 10/21 11/22
R/a

K23 44EAEM. O rRRIEARR 20 Bt 14
270 OB RIEARE OFLER(1993)

60

50/ -
R
& 40 —a—3E
b Y
# 35 —— B
s =%~ [
% 20

0 ‘ ‘ - :
3/19 5/25 7/1 8/6 9/16 10/21 11/22
H/B

B24  4FEHM.G SRR 30 OBE
IR OEEEAL (1993)

HRETEY 0 10 R U, BRI
199353 H22H, 5H25H, TH1RE, 8 60,
9 H16H, 108214, 11H2Z2H® 7HT, &5

REIOfT o fe A, BB OMERE S D2

CoB7z®ic, 19934F 3 A22H XAy -
Wem OBFHEMFEL, BKOBEOLEHEH
TEBRFRCICIE LS B LK, o -
il LA RE, B Y, (HE (5mm
EIF, 8~10mm, 10~20mm, 20mmblF) iz,
A BB (2~5mm, 5~10mm, 10mmb)
by D) EFR CromPIT) gL, 1
HRPHE NSRS L OSE L &4 RIE L
fo. WAERIERARTORYED & IR
BID 3 R22 0 OWMEAZE LS WTEH L -,
2. #% B

F2licld 454 v 50 0T EHlEE
O AR e, FHFEIR 4 B L oa
BuciEml, 6 At w7 AEkL, 20
EbFhicELT, TATEIERLK

K226 ik 1Y 7o 0 OEmE OB AR L.
EHEZAA 41 BCEEEZRGBL TS TH L
M Tasiclmi 2%, INEo10H21H %
T2 DL, FO%RIIEED »IcaEic
Wb Lz,

H23 iz it S EREREDEHEAR L
I B4 OREFERRILESI LT BEDOSTE
HhigsHE, 3 AL TH 1 BE TRECHIC
WL fohs, #hLiEo 8 H 6 HE Tcolghiz
EFlh-t, &0 8H6BRMAG 9HIEEE,
FTEPPEPMT, 9 HIGH» SNFEED 10
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HolO# cREUE L L, 10A21HPS
%ﬁﬁm#wfu%%ﬁﬂﬁéntﬁim,%
AL - fo b icE L LD L, SRR
%, REREEVH ORI - b,
7 H 1 H o LRI E T OMIMASE Lk -7,
w4 EIES 5 8 [ 6 0 & TOEBEFRIEML,
ZoBEYO0H21BE THIBE—ET, B
FER T A TP Lz, BT EEERI» 5 8 H
6 BT coMmAEL L, BRI 10
HelgE colmizbThTod T, [HE H
muSHmmct&ﬁybt&%&m%mLt
GRS 5 8 H 6 HE THmML.
sl O BT D VTR L

3,500
3,000

2,500 |
i
B 2,000 |
=
7 1,500 |

g

I

[T

1,000 | A

500

0 . ‘ .
3/19 5/25 7/1 8/6 9/16 10/21 11/22

RH/H

§25 AfEAEM.ORRIEAHR S0 Bid B L
- 1y DB RIS P E O FEHIZR(1993)

Fo. BRSO DL TH - 7eh, &
Hyio s Bsa5 5 7 1B, TP PR
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FORHEL B L& T3, 1 HOXRSHEE
EAES TREIDSBROEHARE X £ L, SRR
L, MM ONEREENEN L LT
W5, 7, BEE I dYch ORBRYFEE
RTWE31kg THD, EHTBRD 24kg & KX
H13fEEh -1, Lz -1T, YEEXEH
HaTTH b, FTRIBIHENLA KPP
EWC O 5T, BN OLEHERE NS

SINEMEL - sEBEL OGNS,

Pk, YrELEOB R, ST RS
ZoWTH Ud, BRESEERBE & OM&
KoWTHERT B, RE & FEBRE ORI
DWTE, HAS (1982) B+ v T, EHEE
BUiBfoRERFESEREHME L, K
5 (1991) &, X THWRBE LS 20%6 2 L D#
SiCERT I REFEABENGVEHREIZS D,
& TR B DR EDRISHE - Fo L
LTWwa, &, VrITivh (1984) 2b
WA AREBRTEET, HRRE 209621 T 0861
KB L2RERWEENRE L L LTS, itk
TH, HROBE LERISEEREORVWECA
BEREBEESEVENCD D, BICENRBE
0% LOWA THE OB ORENS - 2,
T, HECET2 1 HOBNAEREXEEH
BRISE Ut fEAL i i b UE WIRIEHERE Y ORIz i,
HEGIFOEBESED S h, Y=0103X+11.0
OGNS -, TOXHK, HRIBORWE
ADRERE ST DR, BRERIEONRS
BEENE WD EEL LA, EEIT,
M 20% P F oM Aic SR LT 2 RE O
HERYFEX TEHB% T, THEBEXD54% &
HAHShc@Es -, Lichi-T, YEHBX
8 IR b H P R S B - o D
3, EBEBORWEAIICE L ORENFR LT



3 BIRERERRSIS  H315 (1997)

WEZEBAEUNBRNTHLLEEALONS.
REQBEBICOVWTALE, RBEREERL
BRI E D s k> TENSE I EHHL
PimEShTVS (EFES, 1992), ARETH,
HEEIE Ty 7 BICHEE L0 0, gk
Ltk 2z, YEBX TR, HWRBH 20961
e BEEOLEITHERLEL, YF
FIXOPEDOHH, SRBHEZ N LRI
e, Ok, YTFEKEERPRICEE
EhEh-mbDEEL OGN

Py, YEERGE®REXICH LA
T AME I bR 597, N7 D DA RERE
gz, INBHELEELDLHEALNE.
10, VYEIBRKEEBEEOR VRIS DR
EMEE LTV HREEEPESEND
boEFTBALOND,
gorad AU KBRS
EmiEREH

EVIE

Ry oWEEEERE bS5 LT, KB
LFE—-ARLEER R SEOHEL DERE
EBLAIELTVS (Monsi, 1953). Est
HREOHERSSETRELEFENT AL
<% BOT, BHOBELA 1 RERMHED S
PHENGELINTELLAI EELONL,
)y T OBELA T2V TE, /NB(1984)
HEBEM6EAR L TRENEDTS-
b OEEETLIRPOLATRZ2~250R
WEHELTVWA, AETE, LATEHHE
B, B XUREGEOBGI > LTERT
Pkeat L.

=15 BRETEBLULAI SEREEORR
1. HESLIUAE

ptakisti, BI49, 500 LHUEEE3EM, iE
10X 10mOIES L e (6X65mm) THELE
1o, 19904E 3 A 26 Bic M.9EARE 5L
£ 1008, 1x 1 mORIFEIEA o, EAN
GRTicid 100m Mz b, EAMEME 5L, NK
fbi (N4 P03 : K14) %60kg, AKX
% 60ke MR L, ZEE 30cm  COLHEE XL
Ba LA, #L7T, M.OhIARSE 10em &
R RERC A & D AN U R, IR S

BERE LT LRI 1A, 2 1000 H72 D
N K{tak% 20kg, #HHAK%E 20kg, + ¥ AW
#1 2% kg B Lie, & LT, #HHHE O HHk
pilbE AR P AEED19934E3 H22 HIC &
OFE%5 X5md 4 KBz e,

SHER R O <3 07 DSS AR T - /2 1994
Fiz, 4905 b0 3REERA VT~ 3
B2 &K O 10 a Mfc h OFAERERE CRAREE
WY A51,0004 (1x1m), 5004 (1.4x1.4m),
2507 (2x2m) 2135 & H i UTBEL,
7 OBEEER, PHAEEEG & OBHAEEII V- &
mﬁbﬁbot.%bf,%®$®ﬁﬁmam

10m =
[ ] L ] [} [ ] L] : L] A ]
P EE OB : Hrb e EE BRI
L] [ A . » m
(1,0008/102) | (250%/102)
. A A A .| A A
|
. A . . ll
‘ ImXim y | ZmXx2m
. . .y . 10
———————————— F o e e e = — m
. . . . o | @ . »
S EORRK | EMAEORRK
. A A A . A
(1,0004/10a) i (800%/10a)
. . A A ol A .
: 1.4mx{.4m
. . . .y A
1mX1m i
» . L . .
[

® i A T

M489 BRIRESEOHBRX & 1027 b DFk
A % 2502, 5004, 1,0004E
U - EtE FE DB

BI50 ERRIRRL O OO 1o R T
e pilllade e S R e W i

B IO YRR B A PE AR & RS S BT 35

£12 WEBEOROG 5 EEM OBHERE 50 04 LRI RIETHE (19940

Wi B 0 )

e HE

EEM ) LAICERmE#S X B

Tk kM B R g B RS B N

10224

A, 10a m m em . %
1,000 1.0XX1.0 188a%* 210.0a 100.0a
500 1.4X14  26.1b  249.2h 100.0a
250 2.0x20 244h 256.4b 57.9b

m af kg ke
5.56a 6.31a bhba  6.3la 7.7a 7,668a
18.02b  10.78b 5.0la 5.3%a  10.5h 5,241b
9.3 49.67b 2.34b 2.42b  11.4b 2.842¢

X153 AEAEL 250 A 10 a DRI DIRE
(LAT, 234, 1994410/ 8 H)

TARTORELRNL, FX2BMIz>0THRE
JEE AT -2, HLATEIC SR b 2 A
L, # RIS, FR, IHE (10mm 2L,
10~20mm, 20mmlbl 1), HTE3 IR (E,
10mmPlF, 10~5mm, 5~2mm), R (2
mmPAF) KA Lz, £LT, EREYHE
kB & CEYER SARE LU, AR

51 ARHEAE 1,000,710 2 OREEN DR
(LATI, 556, 19944£10H 8 {)

P v v OBBERTEIC LD B AR S%KETHEEES D

K52 HAEAE 5004, 102 ORITEH O®IT
(LAT, 501, 19944 10H 8 H)

=ERE, ER, I, IR oiYEI IO,
IHIROMEL RSS2 MATEB Lz, B
[HAR O MAE L R ORI NS K&
B A MM, FinlEh SXFLEFE T
OERED ki, Fh, EERPTHREL
reRE, ERNESEMEICMALL,

2. 8% =B
BREFREODEVVPEETE LA ] BLUNER
REdpEisEi2icn L, IR0
KK & 250 KX AR T, 1,000RKEL, #
W3 250 A K & 500 ARX A% <, 1,000 KK i
Llsiot, TOLIKE, BEEEOEVKXIE
EFHEBE L, KD O B - . B
e SRR 31,000 K & 500 KXKA100% T,
HEREE SIS - TWichl, 250 R I3 57%
T, BO43%IETENT Wiz, BEHABROL A
I 3R AR EED 1,000 4K (51) #5.56
T, 500K (52) &5.01 &Eb - 0w
L, 250KPK (B53) 13234 TP -7, 10a
7D OB E 1,000 X 437 658ke &b
%<, WOTHORKDE 241kg TH D, 2507
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Xi22,842kg TRk D0 - 1z,
1 (IR O WA B I RE S
BBAR LT, WS v THRARIRERE
DBV X ZEENERRD S - s,
| BE 1000 KK SR G/NE L, ROT2H0R
X, 500 KX DA TEY - fz. FIEEIL 2504
X & 500A&XAE <, 1,000 kK3 E» -7, T
DEH, FHEEESEL, LAIOBVKE
EEEARS, REMEEMEL, RENED
5D - .

sper bR I U g R R 1R LT
EEEYRII2S0RXAB134% EEBRE L, K
THE0 AR ®12.2%TH D, 1,0004KXI310.5%
L% 1o, TR EEHR I L000 RX Al DX
XoEM T, o, EH, i BRERK
THERZRAD LRI

E150c BEMBEEOZE VWA LEM D O
TR R AR L. 1RSI

13 FAEEE O O A5 M. 9 hiiE AR
30 ORELECRITTEE (1994)

HiEsE 1RE ¥ BrixE ) IR
A 10a g Ibs % g/ 100ml
1,000 226.9a* 13.ba 10.7a 0.42a
500 262.7c 13.5a 12.8b 0.42a
250 244.3b 13.ba 13.3b 0.30a

I ¥ uh OB ERTEICL DR A CERI 5%
KETHEEZLD

b ORI 250 ARKH 5474 8, LS00 AR A
51338 &% -tehs, 1,0004KKi22,9708 &
Digh-tz, BWEBNCA S E, FIRDA DK
BT 250 AR &S00 AKX A IRIEFE LT L,
1 000AK 72 1T /0 18 0p - T b8, Tl R EEE
R4 A R A8 A s e,

F16I I BEBE OB VWI0a M b OEE
AR E TR TR L. 10a
M7 b OMAEER IR EE ORI 1,000 48X
A32,970kg T, 500K &2 567Tkg EE - 1o
i LT, 260AKX I 1,368kg /D7 - 1z,
HENTH REFROMEB TS - 7.

HiEEE OB OWAREN R T
AR L-OBRFEITTH 5. WEISERIZ>L
THERE S bR ICI2EIED o
no i,

214 FRAHARE O WAL A M. 9 Rl & A
U OFERRHRITTIX TR
(1994)

BEEE RE R W Bl BER HR

A0 % % % % % %
1,000 10.5a* 36.6a 46.6a 467a 44.4a 36.9a
500 12.2b 36.9a 47.1a 489a 49.0b 45.2b
250 134c 375a 48.0a 484a 504b 44.4b

Ly vOEEREIEL DR D WERIC 5%
HIETHERESHD

316 HREEEFORVHLELE M OHESAE 30 018 ) OREMEERICRIE T FE994)
ke Hez I i | 5L IHR iR &t
&, 10a g g g g g g g
1,000 795.5a% 515.2a 622.8a 755.1a 225.8a 55.6a 2,970.0a

500 1,273.1b 929.6h 1,153.4b 1,384.6b 317.3b 75.4b 5,133.4b

250 1,517.3b 924.6b 1,237.3b

1,380.2b 323.4b 9l.1c 5,473.8b

Ty ey vOSEREI L DRE I S%KETHERES 0

F#16 FHEHEE OB OHSFEEM OFHERRE 3 0 O 1022/ b OFRERBEER IS FIE 3 R28(1994)

5L D e # ¥rid [I8E573 1H#R iR &t
A 10a kg kg kg kg kg kg kg
1,000 795.5a* 515.2a 622.8a 755.1a 225.8a 55.6a 2.970.0a
500 636.6a 464.8a 576.7a 692.3a 1568.7b 37.Th 2,566.8a
250 379.3b 231.1b 309.3b 345.1b 80.8¢ 22.8b 1,368.4b

Y voEERTEI L DR AFEEI WK ETHERESLD

BiE U Y T OY FRR I B B WE AR & R M B Y 37

FAT RS OB WAIS RS M. 9 Bl S At
‘50 OHFERSGERICEIITRE
(1994)

HEEEE RE E O OFH B8 DR R

*/10a % % % % % %
1,000  274a* 17.2a 206a 253a 76a 19a
500 257a 180a 2182 2689a 6.1a 15a
250 285a 167a 2222 250a 59 1.7a

LS vh rOEERTICE DRI S CERIC 5%
KETEESHD

B2E LA ERESTOMK

1. BRBLUFE

AT 1993 2TV, F 1 o490k
D | XEWNTHRETO 4 FEM. 9 PSR

‘S0 ESEAVE. HEAGCEE3.5m
T, 0.26miRTE = A AR > TEEMED,
BHIOLAT, #dEEs X CREFELS %
BIELA., LATRIOH2TBICEcEE T
ANTEINL, EmEERDTEELE BER
HOREEFI0H200 & o B EL 10@ES
SEINLT, 153H e, St¥ mE R
SRR, Vv TEESEAERD 2. REREHE
BENEOAHRICE UL, EEEEIRIR2H
(Bb) L10H6H (Bv) o2, KEBOTH
EREA S ORE L BB TR I0BHIE L T
ki, SLA (HREEmfl) 13EwyE 1 82y
fo DEMmMRE L, TR BRI EiE
DF[OEH >V TIEF L 2> TRV D%
19944 4 H20HicHE L 1,

2. ¥ B

2B Y v X/ OFILATESLA
BIUHMBEZR UL Bl EEHholE
LicLAT, #HE»S300emT0.89, 200cm
T2.39, HEHETR4TTSH %, SLARTFRE
KRR BIBEWKEHMEERL, & MRS 8
DLofELII D, TRERLSBE/MOEN T
Lo o, #HERERTBICE 213 81D,
200cm BL R T 20%EL0F, 180cm EAF T 109%
LD EL -1,

WELA T SAEEOBRER L OMK
BATH D, HNBBEERELA ISR KSI
ShERIE AR W TET L, BELA 1528
R T20%I2 0, 35T I0%RER &k -k

#18 AFAEMOBHEARE 3L oER
LAT&ESLARUHEERE (1993)

wi w7 sia f0d

cm et el /g %
15 360-375 3,251 0.33 896 100.0
14 325-350 2,445 0.57 80.7 90.3
i3 300-325 3,193 0.85 92.5 784
12 275-300 3,378 1.23 97.9 63.3
11 250-275 3,422 1.57 107.5 55.0
10 225-250 3,608 1.93 117.9 43.3

9 200-225 4,578 2.39 128.3 26.9
8 175-200 5,536 2.94 132.9 15.2
7 160-175 4,043 335 1452  11.3
6 125-150 5,133 3.86 152.8 8.3
5 100-125 4,337 4,29 164.2 6.3
4 75-100 3,312 4.62 166.7 3.9
3 50- Th 733 4.70 171.3 3.9
2 25- 50 32 470 - 4.2
100 —m
o Y =155.3¢ 0%
80 R =0.996

H 70+

%j’ 60 "

B

% 40 |

o0t
20 |
10 b
0 I 1 E 1

0 1 2 3 4 5
HELAI

BJ54 4 HFESEM 9FHERE S0 KB 5
BELAI LHEBEOBESE (1993)

Jra 50 oBENoREKEIC VTR
LicOAEIGERSTH S, | HE, B oM
@ BEME B L 3EERD -

B, BEEoXER, HEER REEEITE

mméﬁ£&<mat :n*ﬁbf“uyj?f,'

Beli PR EEVERICH - 1o

|56 i< mﬁﬁﬁﬁ&%%m%@X&xa%@ '
EORFEER L. REOCKER, Rl diF
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#1944 MO BIIEAKNE 3L OEIE LI 5 [ AR SRR OMBERBIRL BB ORT, | RERERBOTETFL
FEVEE (1993) ok Y:Z%Z_Ibnéé)_zz'ﬁ ! f:.’ *Hfifﬂﬁfﬁﬁi‘%< 185> TIEEFR R 1oy, TREXOETOLSEETSH - /2.
B ox B np ROZ Brix 17 ” h 1 PRI AR TR L, 10060 ORI % LA TE10a%7: D OREIUEOMRE -
T T i =l B, AR L -1z, T Y PRSI, FRERIZVTIR
m g % lbs % g/00ul & - 13 % I 6UCRLI. YERXKOWERELA L0587
It 250-275 157 2832 49 45 7 16l 131 044 F AT o Y 0.0Tx 114 - L K B3I MESHEERESLIULA | LRED Bl oR T, RS A LTI, LA I
10 225-250 1. T kL 4 5130 0. % an | d - ' 1 ¥
DD 185 LT AL 4818 U 100 % 30 r=0.994 % * : P B 457 8,000kg /10 a F2REE THIMIL 2. & /2,
9 220-2% 239 79 29 45 63 145 124 0 1 P TR
8 175-200 294 3252 24 39 46 145 16 04 2 f iq '3 . UT5iE SMB BB HBAT, HEBEWEOL A I TED
T A% 4 18 42 R B9 U8 oM ol 1 BRI, M2BBHEAN 50 2HY mgpu# s -k, 2hicflT, TREBKS
e n it el | e oRASEES WeMRI~SHE LA L G CRRR
1% 4. 5 18 4 51T 0. 0 10 2 a4 50 6D BAT, LAITL, R K10 . = . v e N
£ 15100 462 3073 14 48 13 M5 107 050 AR (%) i DI %mﬁ §€§E$ Ea%fb Biamlreds, 23WEHERE -5 ]
350-T5 AT 785 14 44 16 154 105 050 | W&, BARERS 20 OREOREN  #hosi YSHXOBML A T XS &
2 %% 47 %92 12 50 4 154 103 050 g (HER, WA (RE) b FEma L. LEl, MESAHE B pmopieEd, REORAER, YEHRO
) € K ST 5 —F ¢ — M X564 FEM.9HHERE 35U ks z HERBDBOHLTIT - f2. HRL3EE Lo 1,
MR & R DEER, BRI (45— j' 2. /@ =
e, F v = HME) DRR (1963) | RIS SRR 210 2 472 ) ORI OB 8,000 Y =—1.48X %+ 275X — 7594
711”5 135 e, YFEERIK>OWTRKE, £/, ¥28 7,000 R=0.706
o RO TER60IR L. YEBRTE,  e00|
10 13 RIS EEREOE B Ao TR 0]
T 12.5 | Bicin L, BiESEEREES 100% TRA L l? 4,000 |
9 - Hofe, THIZHLT, ERERTREESE  D;h0]
a < EREEATONRE E T, TOMAM B3I, 0l
8 £ o1 S TNER R ERF O TMm U208, # o0
1} Y=1.01L.n(X)+9.08 NELE @SSR —E L i o, o ‘
7 A R=0.982 1 Rt AT TR & BART BT 72 0 S & o N e oo
5 05 o iﬁf BfRE, YFEBRI>WTIRK6I, T8EX 560 Mjmmﬁﬂ<wi'ééﬁﬁﬁﬁﬁr
o : ZoWTRE6IDR L., YRR, T8 R b (v
o 10 0 3 4 5 60 I , - A el SR THREE & IR ORI
5 AR (%) & b BN IEERE Y /- b OIS BRI S AR
B457 4 4FEAE M. BHAAR 51wk B3 i
4 SR & LSRN (Brix96) O B (1993) ;
SR 8,900 ¥ =—0.033X +5.4463
S 60 7 000 ¥ =0.362X *+81.0X —5101 4 r=—0.450 % "
o 3 ’ R=0.807 i "
2 50 | w S0 2
e £l & 5.000 %
% 40 | fe 4,000 il
55 FHRAIE & REOHOIEE ) R "
% 30 ¥ , 10 3,000 /
SRR A 18 B o T, BHEd g * " Y=11-§5n0<§4;“3-0 & oo il
%, %@Li@%ﬂ%?ﬂ%&‘fﬁﬁ—bfl. Lﬂb)L; *B 3{9 20 l 1.600 0
W A 15~20% I F o8 Tl B &g R 0l . . , ‘ 30 40 50 60 70 8 90 100
PRI A - 7. 30 40 5?% 60 70 80 90 100 WRLF@HE (%
i B EHEEMR (%
[RI57 12 (RS HRE & SR OB AR L o ” - - . 00 K61 M26HIER 30 O Y TSR
7:.:' *H*‘”ﬁgﬁ)%< f&%ﬂ:ﬁh’(, ;‘é%*}gﬁﬁi i h R i (%) 59 M26 EF‘FE%?%* ‘5 l./' @Yiﬁéﬁﬂgﬁ*}ﬂ Gliﬁcj 6ﬁfﬁzﬁﬁﬁfﬂk$&$ﬁiﬁﬁ?ﬁ¥r
SHBURE A T ER L, 20%D L ORBNC [5s 4 M OPRIAAM 50 ok B I BRI SRR < RE DI Fe b IR & DR

(Bl BEGI206 T o1 PSR S AESFIERRR OBELR (1993)




. Y =—0,0007X*+0.0277X +3.00
4 R=0.736

40 EAREEEMBE S RE 318 (1997)
5
Y =--0.0374X +4.68

i 4r r=—0.724% %
=<3

% 3

H

®

~ 2+

kg

o

st 1—

O 40 50 6 70 80 90 100
BESETERE (%)
K62 M.26PRIEAR 3.0 oXipipiesiitc
B 5 SEERER & BArIEmE

b DOULE & ORI%

8,000
7,000
i 6:000
5,000 +
ig 4,000 |

7
10 3,000 |- Y =3155Ln{X) +2885

1,000 L

0 1 2 3 4 5
LAT
BJ63 M.26MHHRIEK 317 o YV ERass

BFBLAI ENEDORG

2,000 + Y =224TLn{ X) +2657
R=0.907

OG 11 Zl 3J ‘ fi 5
LAIT
K64 M.26 hEREAE 2. U TR

B AL AT LINEDBHR

LA T & HAIEER Y b ONBOMRER
9 &, YFRKIERES, ETHBXIREEDL S
Th D, BAHERRE Y ONEE, LA LR
LEREE TORVIKETH, YFEXEER

(BN slEf JEE

0 1
0 1 2 LAl

65 M.26HRIERE 30 OV ERE
RHcBiF 2 LA T SBEEREY DO

3 4 5

W& & DRAR

&

4L ¥ =0,0089X*—0.485 X +3.14
12 . R=0.761
i
3
i1}
-
—~ 21
kg
@
1P

0 ] L i i

0 1 2 3 4 5

LAI
66 M.26 FBAAKE 500 OEBIEEE
leBirs LA L LBATIEREYS b DY
BOM%

EXOBIESEb RS-0, LATA
15 EIciid &, YEEROANEH VT &M
S bbb,

FAW F B

SeEHEREEOThT, LAISHEAT AL
& - THREEERIICHED L, 0D FED
BB OFE T FEORE ORI - THRT
% (Jensen, 1982). &z, LA I OHINiciE
W, fiARERRNINT 2%, b AR S &,
WEE-FL ReInLE s, L, I
B LS IERE S Dok DRI A L T
Wind st-nic, MEERRBEAELET S
| TERMR & 72D, CoiEERSRALITDL
AlZBRBELAITHESLELTWE (Monsi,

BT Y IO YRR B 1 B P AR & I 4 2 g 41

1953),

ETE, T (1989) oM v a g i A
YERRWT, 10a X2 OFREEEL 1,000,
S00AR, 2504%, 126 RicBiTARMS T DL AL
OFELPFEEL, 250K ET, 8ELD R
B4 &, BEREBRIECLAIMNSBEYT—E
TR AR k- =N P g A

AHETEHLA I A556D 1,000 % 5.01
DE00ARKIE, BRI L 5 - FTBOEN B
RELEET L EPBES NS, 0L
ERRETE LBoEEnR N 20 pk-
T, TREICEHEST BEMEDL, AR EWS
FKOUE LRI LBBL B> TTEOERLS
HEL, BT EDOLAIKEEE-hbDLE
EIoh?, BHLALEDAEEO K,
HBE, 1,000RRM11.9% EHEFICEL, &
WTH00REXA7.2%, 250KKI23.3% &3 h
TH-7o, Lich-T, Yy adTTHLAISD
VPR3 ETEOREAESERIC S LA
Hahad, bitAic, LAIXWATTCFEDHE
SEEE42%THY, BERS (1984) 2ty v
TOEPEFRAFELRERSERIE S %ELTL
BT EDG, LAITATIEENRRESLE -
EZAoN3, Lid-T, BEVEOEERRS
REEMEALIZY v 2 OFEELATR
A o8 (EEF, 1989) XhhihiEL
SEEEEZ GRS,

RIZL A1 EHEERBOBHRIC>OTRES
5, BE986) 7 YT, MidERIILAI
AL THAT A EEHOAIL TS,
FHH & (1876) iz khid, HRFoMARERE L,
FRbE, B, BRTAKERLHENZEL, 10~25
t, ha « FOHFETH 25, FTHRO 2 FHDE
FRILERK Tl 15~25t, ha * SEThH - 1= &
WELTVE, BRticowTaze, ) yor
B, /hiths (1990) @ 9 FEEM 26 AR 45
L (AX15mAiR) ORI B
(FERILSTH) DA 1,3%6ke 10 a & i
LTWa, 7 FyTEERE (1986) 43, #hidpe
BEOE I 1,046ke /102 T, HWEH1,713kg
A0aTh- o EMEL TS, BUEcE
%10 M. 26 RIS AREE 5 L (3.6 X2 mAH
A ) OFiEERE, YFEXA2 416 6kg 104,
FEIEX I 1,959kg 108 T, i35 & 2,189

3,000 -

2,500

2,000

Y =—62.2X24+958X —520
R=0.981

1,600 [

1,000

(=S \&) BREE

500

0 2 3 4 5 6
LAl
E67 Vo sl LA EAEZEOMER

kg 10aThHsb, O, Nbs (1990)
DWEDIEMETH Y, FHS (1976) D2 F
MORRILEER & I FRE IS WMETS 5.
RIT, WAEEROHMIMMCBHEOEWLA T (5
H&, 1986) hoEET 2L, BUETELL
LAI®OFEEF380T, Nils (1990) o 9 4F
EM26EKRE 51 (4Ax15mf i) ©oF
ERERP ST EINE20BEOL A IEE R
RKE<{HENLA, 374bB, Forshey & (1970),
/Wt 6 (1990), #RH S (1991) OB I~
BUHEOHAERLED - ERNOO EH &L
TLATIANES (1990) DHEELAT &b
9BV ELEEILNG, £/, BEIX
LERBCBAMEERS LA L OKE» S,
FhooBRERGTICR L., Thick s &,
MAEREL A I M8EL L3> T ki
ZREOTEML, LAINELBA>RTHy
MHIEBIBICI /o, Licdd- T, ARReeiinm
b A ERE, FRELT, PEES
Heallick->THML, 3t 710afREH
WRT, #OLEDLATRSSBETHD &
EXohb.

UL, BRI T, BRERELEHEL
Nt 5 EHENTHEZOT, MEERLED
FTRITREL, READHERL S, BE
WMo B NAEMP L, BRI BEEOBVER
KwlbET A 0ENRH S, EERERH
SWTE, RS (19903, ME S (1992) O .
Hdibn, RERECEEL2EZ, RFEOR.
KEEFET Hcdicid, EREL L T20~30%
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PIEOSZRENKETHLEWEL TS,
& EEIHICH>WTE, FEROEHBEZ O
FEBEMEL, HRENSEVIWE (K
I, 1994) wid b, AR (1982) WMo LN
Eofiah2 ) vy TREEMOEHRERE S
AT ESSEAE OO TERIEOLREL
Twd, FEABCHRERIcEEERE{T R
Wio, LRHIEET-TVwS R, BRTRE

LTWa0T, #HE, HIEEE - 2
{, RESGOPWrrIERIcEL W, RET
IHWRERE T 3ic>nT, BREWE &
BFE, REMETFL, Uy IMESESENLL
Friz, MR DS 15~20% LI ORI ITHERE A3
12%EIT T, HFEFRG40%LIF LB o Hlgic
Btz £/, AIETHEELLEBD, H
SRS 20 % EUF otz s 2 REBIEE O
BEVWbOMNENL-Z EMOELTH, HER
FF7s B A AT 2 12 DI A B EE A 2096 L
BRI NS,

BE—EL LoRELAEET ZLDICE, R
BISTEFEDOFERBSAETH S, HEEE &R
ERRicoLTERS (1990) &, BEGIES
PR T A Y icZHHED 0% B Eoszit
BOENETHI EHEL TS, REHBRTIE,
FHERE A% 10% LU TR TE Rk R A5 3506 L
T o e T &b ETRRIEFETEET 5129
Wi, 0% Lo BESBRELEL oND.
Lirl, HREENESVEEREE O kR
DME R 9 B & ORE (N, 1990) HEb, K
RETHRE ME L THIEFEREREH -
D, 1R I0REPPERENDE
haotl dicdh, BRBOFZEPED TP
{, EOZHBOZLOFE LRI
b EBEILNE, Lid-1T, RERECIE
Wi & & TR AR FE L A i 209
HELFZLN, TOHOLATE28~3.0L
155,

) TOREL A LicoWT, /Pl s (1984)
BRERBOFA-EOREETZOICE
2~25MEVE LTS, £/, #5(1989) 13
wryaviAvT, NBIRLAINELNES
o THEINT 525, LAIDMGTOE EITEK
KEELD, #nl Rt s L@ Ui g
LT3, KB TH, YEETRLAIH4S

FTEL BRI O>NTINER St /10aBE L
B oS, FHERIELAIM23R K
wEE, WEHMKGt10aBEBETEREKL - 2,
ok, BENEILANLY v ITOEHE
LATWR, YFEPLISEET, F®HIEXIZ23
BRI, EEECIVHOARBOESLS
i,

YEEXROSEHEL A [ B30T TT,
EERAREEEFCE - CREL, EFcE3tE
HEdABRLICYD, FEPREEEVE S CHE
LT, EEisg—icnthisgdinsEioh
3, g LT, ERERTREFEET 5
BIFIHE ST 2 0ERH 0, BIESEHEER
2 50~T0% TILHIThIEH 5B, Tk
W, BIELERRELYZDOL A TEFL LSS
T, THEREY7OOLATRELE-TL
¥5&EI NG, Lol &b, YFRED
BRELATEERELIDHOAIEL, 3EE
EHEAONE, COHFREEO T Fy, NH
DOF v ORE L ZF—FHL, W TRES TR
HET BEEANENE,

PlEoc &ips, YFEBESEBRER X DIY
BAE L, REFESENLZOR, YERBRHM
W CoRhE SEREREMAE L, BBLAIL
EELTAIENTERDEELIOND,

FVE YFENESEEXUERE
BRE 5L ICBITB{EER
EDLILE

HABETE, AT <R, BRPETFEER
FAEAEFET S 120, HEFBERECEH IO
D ILHHIPERE LS  OREEEP LTS,
L LIEAE, BB TRIEEENED T3 &
EbI, BAPRILFOREHEE ~TVWAR
¥, FEEERSEL, BeTHERRLfFET
EZREmEARD o TWE, BEThhTY
HPVHERAERLI) vy TOXHRBE, #
=AY A mpitk &<, BN PN EoEE
i, 2mPlEOEGHEERG S ), fER
DYEE L fEE e S, Fhuc LT, YRR
EH3ImEEL, TNTOMEERTE | mEgE
DY THIFDO ThofTH DT, BAPEELTF
T Uh bHEIIEENTES, Y v

¥ Y v I Y EIEME I B BB ARRE &R Bl A T 43

OFESERERIC >V TIE, G (1993) Ai< s
A Fod 5 TERBEIHELEEREL
oS BN, YFEREERELIE LS
DRAEHIOHEV, ABETHIFE LD %
HOWT, YEBEERERICEY 21EEERD
& A RRRET L e,

E1Ew MEBIUAER

PR gaETIE, 1992481 9 24 M. 26 1
REARE 30 OYTFEREEREXOHAH,
Lz NEhUBEZEAL, HEOIADHAT
Tote., SEHYRNBIIAO4A20H ICHRET, &%
WTWBRIFTRTOERT» . FREs H
6 Hiz, IEXMSEbEHTEoRVWoE 1TEX
w4y 1 BICHIE U, S 6H12HE
T, S 2 B (PHRLEIED 2 L 7.
I 1L H 28T, E=— VBRI
—BRRELF 0L, #20kgADDT TR
FysavFFiBE LA, B HAER
19934F 2 27 HORERBICHE E8TIT, YF
X T RSP R AT IR L2, 10a
- 1y DAVERIE I 1B 72 D DEEEIT,
AT AR 130x2F U CHIBL, B
O, YEERKAE S 08m, FREK
140.8 & 1.8mOkEFHE T 3 RKE DRI %
FhEhEHLE.

TEdEg, ST B L UONBOREER, YT
WK, FHEKE bEEERoREEELE
S WTHT - obs, A, SR & U
s BASTERETE & i O HEEINTE b ek
ATEIBRECTHELL.

g B OR
1. HERHOES SREOHLE
Bog kOB OAES, TEHHE JUEICK

B OVWTRLIEDPRATSH S, YT
EXO#EFRE 3 mOYFHIcFE I LThH B
W3 mMTH - o, EHIEXKORE IS AER
i 3MTH - s, PHEDHUTHAERSTH
345mTH - 12, Y EER oS EEE
96% & TR ERBIE TE - TWhicht, FEEK
1 2AYBEDZERFENT O, 1S
TEHERUE Y FIEE 300 TR BRI LD 1.445
£<, SIS YFIRXA 48K & TRz
012658 o, IR Y PR 136
FETHER L D 125658, 10adih ol
BHYFIEXH6,174kg & FRIEX LD 1355
Do, SR ENEREAS—HLETVOR
HERDTEHERBS - b TH B,

2, BEEBREOE _
YR O & 2 368D X ST,
BX08moEEROTIT» 1203, TREXT
ER69D & 575 1 SMIBE ORI BB ETSH -

e, T, YEEXBRIEARMETE T
218, {FEAREO T 61T 2, FiE
X TR o7 e 22 BT - 7o

01 (SRR R 0B W SN & R B

K68 Y I LA ESE

F20 SEEEOLERE, EHHINEOER (1992)

; e MELE TEZF#
B s woaew AL (i)

SO Ry N B

m %

(#249) (Bf24) (B (10a24)
'y 3] kg kg

YFRY 3.00£0.02° 96.1+2.6 3.0910.17 300.0+51.4° 14751116 136.4£7.4 444427 6,174 -

FEBY 3451008 759+23 2.95£0.16 219.0+£24.1 1251+ 6.8 109.048.1 33.3+35 4ﬁﬁi A

© il LR
Y g 4E M. 26 A AR 3L
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FITEALLDTH A, 10aXih O
BRI Y FIER A 7 s T, FREXE
TR U Th - 08, LEHEYS ) TRYFE
XA230.6F T, THEXOIFHI DAL, ICHE
oo, 10aMin ORI Y TER EE
HEX T S EFZRED SR - fods, 1
M) TRY TR 658 & EREX X
N 24946 - Fo,

Wi, WSHN, R XU AERMIC X
TEEICSWTR L OMER2TH S, 102

RI69  EBERK ORI EE

Fo b RN ERTIE, Y FIREX A L6 B TE
WX E D 1L IEED, - 285, 1 BYkh T
BEAEENE ot Fie, 102 b DI
BRI Y FEX P ERER LD L1IfEER -
feds, 1BMkbh T, YEBXMH2BEE
BEX L DHLIED » 1. 51, HARE
B Y SRS 7932 TERER L D
1LefSEM- 1.

3. FHOEEREMOILER

Y FIEK & ETRIER QRO F IR 2,
B AP TE & o M SE N A A e
REEME L AEEAIEMSETIEE, BEe
AT &% IR & ic 20 TR23
iR U, 10227 b o973 Y FEX
3445 6B TERIEX L D 75 AR RS - 12
B, LfEEERERTIC 5% 2B EE I VS
X, E@EXKE b 6%RE S EL, fEEDOK
fma G T, BEEThES 2 &, B
FHEWHTRE Y FER A 420 S W T T8 IEIX
L0 12f5EMD - fods, BERGERIEERR X
YFEX, FHREXE S I58HETHRUTH -
fo. BEEOHTRSHNREARELEL, &
WTIHERE S 24 « RS K UBEEATD
BTH-i.

21 BREOFEOHIEEM. 26 HEEAR S0 O« R KRIT 2 (1992)

T L e "
S e ez  (0a) D)

hr : min sac hr | min 5eC
YZEiE 7:66%0:50% 06*0.1 75 .46+ 9:46 6.5 0.6
FERE T:22%20. 41 0.8+0.1 72:05Xx11:15 85207

TSP+ mnEEg s

%20 EERE RO WS O M 26 thRIAAR 5100 oS « I « & AERRIIC RT3 2

(1992)
I g N S _ Ok R W A TE IR
SRk — \ — : . o
(10a24) (B24) (1¢a24) ey a
hr I min 560 hr ! min s8C hr ! min
Y 116 : 47+6: 417 211209 48 1 36F3 [ 42 92402 79:32+8: 01
TR 105 :24+6 33 22413 491 25+4 ! 05

4314943 141 i1.0x1.1

BIE ) Y IO Y TSI B BB & S I B B T 45

F23 BEEORVY 9 FE M. 26 PRIAARS 3 U OERM O MERLHEII RIT R (1992)

‘W%ﬁ@ FHEEEM RE 1t 37 b OHEEERE R
Y&k SR YFE FEE
hr hr hr hr
B - B ATE 79.5 49.1 12.9 10.6
HEYAE « 51 16.2 4.0 - 2.6 0.9
T EREE = e mR 96.8 87.2 15.7 18.8
LEHNT - g 140.4 127.1 22.7 215
I e EERE 96.9 87.0 16.7 18.8
__________________________________ N E 429.8 354.4 e s
i - R 8.1 8.1 13 1.7
- O OHEIR - AR 2.2 2.2 0.4 0.5
PITBIEE o 5.5 5.5 0.9 1.2
__________ N 15.8 158 2.6 3.4
Yy 4456  370.2 23T 799

INE 1 t 24720 OHEEFERHERRRTIC2> VT

&5 &, RfpEREE, YFEEXBT238/MT

TREX X0 10%58 <, EEEcry
FEXBEHER LD 9%, PESENELET
[ 24% 5 o 1o. BIEREOS bR - BAEL
BEFEAE - FEER Y FHEESED - 1205,
Z DO VEE FERTEX AR - 12,

E3m £ 2=

BRI EBRITATH 30 5, SE4rE:
R LS EEBHTEETSH S, Lhl,
g (1982) Mg L L3, BT, B
AR 15 < &, SABlE S RIFTRThiEl
oW, BREREEESTREES, &
fz, HBEO LS R CES T
W ARSI EGEETH L. DD,
B OB S RESINAEREL & 5T, 2%
SERME L, Do R LEYOREAD SRS
BVHOT, LErO>EREEERORVLED
WEENB.
ERfofE s b ARdar, EHiBHArT,
P T & asdh 248, HEF (1973) 17 bR
{137 T DB & RN, TR WA 2 3
HEEOY Y2 Iih vEIBIFANEES
B ERE R LTVS, Chickhid, Ib
ARAEILT T, R, RESEROZ2R
EAEEHOERMBBETH 308, NEMEKE
ARSI SERERREMRTHEELTWS,

LirL, HEEEE EF200cik, BE
RO O BEEEESTE 3 & 5 kiR
A2 mBEREZEWICHEBEL TR WA, BIES
HIEREEM 0% BED 120, NEHME  fEEE
ENEDOIEREDEVBH LW EHRE LTV A,
—J, W TE, b RPEREY CERY
0, BEROIEEMMOET2EY, FLER
WOThoITH T EBTED, ZOky, £E
Hi 2R & PR3 02 %4 U 5 M <,
HESEEREES 10K TRANEREB L &
BTED, YERRBIEAEL Tt Tio
T, AE—FR7L¥—DkD EIEEERLHE
HETHTT BT EWTE, WAHITOTHE
K& 0 FEA i & it A & bl Eh B
T EHEIRRITTS B,

iz, BEOREEETBIC> W THEET 3,
=fE (1982) wwkhud, BEHIE, KIgeE
HE i d 2 & BT R £ » O IR
PRV TEL, BREEAE, R, [#ES
CRIBESEEEET AEENE LY, B
THNL L OB THELEL TS, &
B, e (1982) BB OrEEEBRELP K]
BT L & OPIERITEIIESE & LB EEIN % @)
&, HEEEET 3 4 AT OHEL & O E
PIEE L AL TWA, FHifeBLTd T
DO Lichi-TIERZHT Tahl, TOHE
HORESBIIERIZREAEHEELE R,
BERILE N TV B0, £FEERII 5 58]
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EHRYTFEK, ERERE LT 4 BEEK
TEEp -, BRI LT, BEHTERTER
RIFEERL, YFER, EBBEXL DS %%
BEELRBIALOFEREE LD TH . L
AT, BRI AN BEEEOR i
iE, EMHIEAEEOE AR RN ST NE
BHHVEEL LN,

YFEER & THERIC B 5 M E L
EPERRERICOWTA B &, 24, BESLo
{FEEIS R I/ FEEE OBRICEN T VW EBET 5
&, 7 58P 50 REH MEETOBBIE
BMlclk-THESh3EEL OIS, ALSH
K2WTAHLE, FREROEEEESS 0.8~
1.8moOERWT, By oEzRhidohic
ANTEY, fHezhl, BOTRHITLIEL
SEER L DT 7o, BEHEEAEL K3,
Chxt LT, YFRX IS AN TR
MEWED, BEACOFEESBEELEES
08MBEOEVEN TIT3 &P TELZOTHE
BEMAE S T, CoxAk, YEERI
EREXI N, FoB#HtEnRDRED
{ESErh OB BEHSE W EEL SN, ThTh
ORI E T 2HRE S THEL. LEP-T,
YFRER A2 Mo bbb od, 11
M) OFZHPHENHEAEL A, 102y
T TCREBTEL-LbDEELLNS, I
RS & S ORISR & FIRROBH T 1
Bz oM Y FERSERER LV E
Mots, THISHLT, | Bk OSEE
BlRYFEXEEBRER THOMIEFED S
Nitip-to, #OFEME, RY7) OFEER
FODFI LR RIFR E HNTR VY, 2fFE
Il DI 73 2B BRSO LR HEL, =D
EHENIL ol EELLND, PHEE
oW THNIMA 31518, FREXTH,
B EEORE AT 5 odicid, B0
RO hic ANhsd, F0& B oEN
HELYi T, HEffWnELLDT B
EBd D, Fhiod LT, YEERTREED
Tholl#t+sicwic, B2 FIINETE
BEWHFENH D,

BAEIEE R, H2EPR o0& ZERD T,
EoREME ML, £LT, HAEOHE
EWUBEECTHBEIL, EPsTlia &V OEE

RO oeh, Rk, BE, HAED3
DOBRIEMETE D (EHES, 1983). YFIE
R OMIBE L 1824 72 0 #9404 & BRI L
I 2RES L, FORICRAEE BRI AR
B R LR hiERsiinwo T, I8
R &0 FAEEESRIERE LS. LrL,
HAFEREEODEVRFBRITONEDT, I
RRFaHH 0, RMEEE IR Ei9 T
EbIR G,

RY 4 R REYEES TS (BMokeE
SEEHEHIE, 1992) ickiud, RER D102 4
fo ) OER ORI, FUED ‘<2 hy
bATTURY Y FY T 882, BEUE
O A oA 49K, ILBVE D ‘H
b 43364858, B BEE A IT3RHIE
EER-TEY, h v ITREHFROBESE ©
DA 455G, & U M3B4EFRIT
H5., ZEE BT A Y FRE OIEERR] i 446
T, FHREXOINMLEL, BER
o TAHHE FUPEFRO ond LiE
FEETH - 1. L L, BEELOEEANE
Wi OYEERIEITH S, WE1 t B os
VEEERER IS, Y ERRMT23HRT, FHIEX
LV 10%5G <, BAUNEM /20 OFF IR
YFERBE N &I 3,

i IA 572 5, B OIS ENT
TEEDORERIL, TERZTOREEI X - TR
155, THbhbHEEENEWEES LKW
TR2ED FOHENRDZOREB LW & TR
B, 2303 A, YEEK & FRERE
B s &, YFEERIEIBREX I ~HiEo
ZoW|hic {, hoEEOBENELLTE
BTh3d, FRERKETENL 2D, RAER
BE L T ORI ORCE P, EEES S0
B L {, BRTIENMBELLoBETH
B, T LT, YEEREEEAYE

TH 5720, HRORIEPHEIEER & HEME

fEEE LTITA R D5, HEDBWMEESETD
Wi BN T B LB HBNEEICTX 5,
FDRDI, YEERITHER & ke
VERDBEEMEMNB LI CEL GRS, £k,
ARRiC BT A EHREROBER, YFEXEE
gy MITFTTRIELTWA72D34MTH -
fodd, B v TETiE 4 mPl FBEETH B

B ) v IO Y FIEMERNI B SRR & s T B R 47

BB, EEOBEIEMIES 5B BB EEL
5hd, TOTEEFERTHhIE, EREOfEE
BRI YFRL 0 S SR amb LAKW,
P hkoXsie, YFER, biETc—#iciT

DR TOARTFEREL Y BANEY - DIcBIT 2

RIS RS DRERE R, SBR[
LT ERELVS I EMTE S,

FXE BREER

W Lo LSk avF -2 2 & 88
TEBELIATI, RicHbE-IERELEE
RBIEMTES, LhL, BRRiBIFA2Y
BAEPRR LA EYRE E, Bohito
TRAMF -2 TELLTERICZY 5 &R,
i~ DENRL HIGFICHAEZT B L5 G
botbDTHB (Monsid, 1953). HEkbkes
EBEWTHREHTH 24, ARl sass
B, AMENBOT < T EERHICBN
ZHHELTWS, 0%, BEoRIETR
(LB 2 0 OFAAE NS, 20
EYOREADHEERME N &icinz, BE
B EDORBEID LT 308N H
b, ZELT, bOEGRERH LY v I3
B DR OYRIFIH & M o %
Wile B ThHEE LT, YERIERE L2
AT & BRI O Y FIsR & Mt
L.

Pk 5 SRR DR EMASGT (BHokEE
FEETIEEIER, 1995) W kiud, REROEIY
B, U IH2,080ke, F 512,000keg, 7
Fobil,1l0kg, €©EH14T0kgTH S, K,
EBREZOI0aN72 v 0 HENER, Vo
U EFvo A A4, TEY D
‘FouLT7 W15t TED JEKEE A
2L RBE VDN TWS, COREEELYESE
EhoHbE, BHOEEHRBESKELLTD
WETIRR, ¥PEE L TCOENEETH
5, SRMOHBENECREOWYRER UL
10a /-y OREHWEIL, VY v T 560ke,
F ¥ Hi440kg, 7 FuH270kg, T EH260kg
Eih, Y raIgsEn, Lal, Jrail
FAREY AR EIC B & h B BHED SR
% TOHMA 210 B & + > D 120~150H,

T FEYD90~100H, TEDI~I120H & H-<
TRV, 20T, BEGYE 2R T
BRL7 L B OB YERHEHE LT
HBE, YrIN26Tkg, F W 293kg, 7
Fohi245kg, EEM226kgTHD, + o8
bo L bEV. ARED Y FERONEIL 104F
£T6.9t, 108, 1 B4 DREEYLRN
i3 463kg &0, OB MOBREET S
DEOFOITTIEL, EHEL D EWESE
i, YYEOEEENED TE W 8
MITIE -1z, iz, REFEBVCTE, 182E
TRYFEXETRIEX TEMED SR -
febOD, HEEERBWLThOESL YEEBXD
HsEL, B TEEDSERICE P -2, &
fz, HRBEOROY TRX OEFIEE, BH
EHENSHRYH -, TOX3iT, YIEE
B EmiERic kS, BREREES Y
BT EMBTEL,

INEEYEECHP SR 2 R0 XS
2785, RENEIZHAHHITEREM 72 0 ol
EREERE~OHRRIcL - THEShS (&
¥, 1986), REoMAERIE, 7Py TIRER
(1986) 4%, R ER 13 652~1,713kg,10a
T T, 045kg /10a Th-71o& L, Tl
0 F U TIR/NER G (1983) 48, 745.3~1 419.1
kg 10 a T 1,053kg 108 & 75 - = & 4
LTWwa, i, 41 F927TEF HWHr—74
¥ H31,561~1,865kg 10a (#kA, 1986),
M T1,016~1,225ke, 102 (BIEDS,
198%a), £ED HRE 1X916ke 102 ({5
5, 1983) WEOWEND S, Chbofiliclh
~EWE OMEERR Y T M 2,416 6kg,~
10a, FHIEXEH1,9592kg, /10 a TR 58
ERINT 5 A

YT OMAEERNE { - R E®RE
A, NES (1990) iwdhid, EBRicHITS
TR v IR OMAER LY L T1,3%ke
J10aT, £DEEOLA I OWTMEIZ20T
bh, KPOMEEENFGOOIRLA IHEV
kHEELLNE. LHL, NS (1990) @
HAERGLAIF2 LBV E2ZEThE,
OB HNTHVWESAS, TOXSicH
3&, Uy TRENNEITHD, YYITHS
HEMEL FTE VTV A D, Ehdn 1
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BHEbELLND,

Wiz, YEREERBEOEECEMECK
FRICOWTEET 2, ) v I bithofd L E
BRlcHMidERRLA T Lk, LichssT,
BcidEResEd Liaedhid, LAL%
EHh b ThaAM, HT X35 LR
EES B s7ch, FEBEILE, b b,
B REAERTRE LTENTE T EHBT
EORML A I MEET B, YTFRIERSE
HTHEHZELZE - TWa LY, FBEIIE~N,
BELAIAE T EHTERTENYT
EOoMAEREE LTWATERNTHS, 3
5z, VEEREOEEVSRWEREEOHS
PECEEYEERENE L, YEBREREX
WCH, FEEERE L, T, HER
BiAE w0, EmEsEIcERsh,
HEEBMBE B -fbDEEL LN,

REAOHRRICOVWTASLE, TFIOR
EAOSHERIE, FT26.7% T, BEid48.9
%THY (518, 1986), + v TlIEAERH
32.9%, {EKAERHZ21.6%THH (MERL,
1983), 41 F V2Tl ‘MHF—74v O—3X
FEEAMITIRNT, BEOEREIIBINTS -
fo EHE (MR, 1986) L, SEIEET oBbE
B2 178% ThH - 12 (ATES, 1989a),

) v TN S (1990) OB D, M.26
B LU OERGN73%, EESRB
ORTH -1, FREOYFERICE T 2RE
NOABIERIZA965% T, MG (1990) OEE
stk 00D, WEEERPCEE (1986)
Ty THEDLEEBLFRLUTHSE. CDLD
i, HOMEERY ¥ TR ORE~DFERIE
WO RBEEEASEME I kT 2iRE S 1 tho
HENOAEBPEVWI L X300 LN
W, Fi, ALbWEARTH-TH, YFEE
XOREAOANREITHER I N 64K8E
o e, T ORERYEEREEBRERICT
~EHAE O, TR OSEESMEN Y
TR, HE~NOSRRGEL, TOEREEL
TRENDHDEUENEE - bDEFIL LN D,
UED& S5, YTRONEPFBRI AT
VDU, MEERNE (, REA~DHERD
BOWIEREBbDTHLERNEND,

L RE, YFROBRML A TizoWTRET 3,

R ALF-ZHlTELAl ORAMTH B
BHELALIE, 14, 34F, 14X, 51+
FUHEHE, FPUEwaY, vz S6H]
B, ¥ hOFE, NS Y BNASEETE S

EHE (Hdr, 1982) ahTtw3d, Bty
Y'Y a9 ih v T CEE, 1986), Ao
3D S @B55THY, Yrvavih
YEDEL, FPYEOI VDN v XDET
BEOBEETHLEELONS. BRI TIIN
BRADOBIZORGEAAOT &, AIFEISHR
DABOBEN R EEKEICEELRTRER
LIVOT, SaEL A | ZMiEEESEALE
HLATTREL, BEwiiEDHd 2 REMEIY
TEALHLAI TRIRZHNSI, Biisyt:
EDSDY »ITORBELAIZ55Th-%k
M, FMOYFTHERO &HU B3 5EH
HELORBELA 13, N8B BEVIELEE
TEBREP LA T28~3ThHT. A=A 5 Y
TRRETTHHR TV S Tatura-trellis 12 Y FIE
X BEETH D, HRERL T30,
FRE DR EZET %139 L& (Forshey 5,
1992) EhTWwa, YFETIRTES 2%
KETE->T, BRBEYESKE: 2 vE—-%
ERCRAT A ABEVEELLNE, ZLT,
HREARLTA DI, YEHKELTER
PEOH—IciE T 5 T E8AYT, BBk
H5XHIWEZITE, FETPEFRATEIRE-T,
LATI2BELSHMETTED, 30,
REOH FLOBEERHE L TRECHERE LS
BYLBL S ThiT L,

WIET A &, ) YT OV SIS, £
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Summary

Recently, the apple cultivation with some dwarfing rootstocks has been increasing in
the Chugoku district of Japan, In the usual training system (Central leader gystem),
tree grows higher than 4m and wider than 3m at the base to take the less than 202
light penetration intd the interior of tree. Therefore, the central leader system has
many problems of low yield, poor fruit quality, low efficiency in orchard management
and so on, which accounts for unstable apple cultivation in temperate area of Japan.

Characteristics and advantages of the Y —trellis system with ‘Fuji” apple trees on
M.26 .~ Marubakaido (Malus prunifolia var.ringo Asami) were studied to prove the

superiorty of the Y—trellis system in the temperate area.

1. Tree form and trellis structure supporting trees of the Y —trellis system

The tree spacing, tree form and the Y —shaped supporting trellis of Tuji’ apple trees
on M.26. Marubakaido trained to a Y —trellis system were studied.

1) The Y—trellis system was planted at 3.6X2m (1,389trees, ha) with a north—south
rows.

2) The Y —trellis system had a continuous inclined plane canopy at the angle of
50° above the horizontal with a 60-cm long trunk. 20 lateral branches trained for each
side of the Y —trellis were distributed in a rectangular arrangement. The tree height

was 3.0m. .
3) The Y —shaped supporting trellis with netting culture was devised.

2. Comparison of yields and fruit quality between ‘Fuji’ apple trees trained to a Y—
trellis system and a central leader system.

The yields and fruit quality of Fujl apple trees on the M.26 interacted trained to a
Y —irellis system were compared with those from a central leader system. The experiment
continued until the trees were 10—year—oid,

1) The trees in the Y —trellis system consistently yielded more fruits annually than did
those trained to a central leader system ; the former produced 6.9t.710a, 1.2 times more
than did the latter in the final experimental season.

2) No significant difference in fruit weight was observed between two training systems,
but the fruit color was superior to and soluble solids content (brix) was higher in fruits
harvested from the Y —trellis system than from the central leader trees.

3) The crown density of 10—yr—old trees trained to the Y-—trellis system reached
989 whereas that of the ceniral leader trees attained only 812 ;the maximum leaf
area indices {LAIL”land area) were almost the same, about 3.8 in both training systems,
and the maximum LAItree crown area of the Y —tirellis was 4.5, 1.2 times higher than

that of the central leader.

4) From above results, it seems possible to assume that the superior yield and fruit -

quality obtained in the Y-trellis is due to its higher crown density as well as flatiter

foliage,
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3. Comparison of dry matter production and assimilate partitioning between ‘Fuji’
apple trees trained to the Y —trellis system and the central leader system.

The dry matter production and assimilate partitioning ratio (APR) in each organ
of ‘Fuji' apple trees on M.26 Marubakaido irained to a Y —trellis system were
compared with those trained to a central leader to make clear the reason of superiority
of trees trained to the Y-—trellis in yield.

1) No significant differences in current shoot length, shoot number, and leaf area
index (LAI) were found between trees trained to the two training systems. The yield
of the Y—trellis trained trees was 6,945kg, 10a, which is 22% higher than that of the
central leader trained trees.

2) The dry matter production and the fruit dry weight of the Y—trellis trees was
2,417kg,10a and 1,198kg. 10a, and 23% and 43% heavier than those of the central |
leader trees, respectively. The APR into fruit was 49.5% in the Y —trellis trees and
43.1% in the central leader trees. The APR into the current shoot and older wood in
the Y —trellis trees were lower than those in the central leader irees.

3) There were'significant positive correlations bhetween the dry matter production and
the current shoot length, LAI, and yield, The APR into fruit was positively correlated
with the crown density, whereas it was negatively correlated with current sheoot and
older wood.

4) Tt can be concluded that more efficient dry matter production and higher assimilate
partitioning ratio into fruit of the Y—trellis trained irees gave rise o the superior yield
over the central leader trees,

4. Seasonal change of dry matter production in ‘Fuji’ apple trees
1) Seasonal change of fruit growth
The seasonal change of fruit growth of 8—year—old ‘Fujl' apple trees on M.26,7

Marubakaido was investigated,

(1) The seasonal growth curves of the length and the diameter in ‘Fuji’ apple fruit
showed a double—growth pattern,

(2) The dry matter percentage of the fruit was 23% in Apr.22 of flowering period,
highest throughout the growing season, and then decreased rapidly until May.29,
increased gradually from May.29 to Aug.19, after that, decreased slowly until Sept.19,
and increased again from Sept.19 to Oct.24 at harvesting time.

(3) The increasing rate in dry weight of fruit was low from the flowering time to
mid—June, and relatively high from mid—June to early October, and subsequently

highest from early October to the harvesting time.

2) Seasonal change of dry matter production in young apple trees
The seascnal change of growth and dry matter production of 4-—-year —old ‘Fuji’
apple trees on M.9, Marubakaido in a pot of drum cut into halves were investigated.

(1) The leaf area per tree increased very rapidly from April 4 at the leafing time

to July 1, and decreased gradually until Oct.2] at the harvesting time, after that,

decreased rapidly in consequence of the defoliation.
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(2) The dry matter percentage (DMP) of fruit increased gradually from May 25 to
the harvesting time, DMP of hoth leaf and current shoot increased from May 25 to
Sept.19. DMP of old shoot decreased from the beginning of the growing period to
May 25, and subsequently increased gradually, restored to the percentage of the
beginning time at Sept.19. DMP of old root decreased from the beginning of the
growing period to May 25, and subsequently increased gradually until defoliation time.

(3) The increase of dry matter production showed a double —sigmoidal growth
pattern. The dry matter production of fruit increased rapidly from Aug.8 to the
harvesting time. That of leaf increased rapidly from early April to Jun.l {(the first
growth period). That of shoot increased rapidly from early April to Aug.6. That of
old shoot and old root decreased until May 25, and subsequently increased gradually
until Oct.21. That of new root increased from early April to Aug.6.

(4) Net assimilation rate (NAR) increased as the growth period proceeded from Apr.4
until Aug.6, and decreased from Aug.6 to Sept.16, and increased again from Sept.16
to Nov.21 (harvesting time), subsequently decreased until defoliation time.

5. Seasonal changes of leaf area and current shoot and comparison of those bestween

‘Fuji’ apple trees trained to the Y —trellis system and the central leader system.

The characteristics of leaf area and current shoot W ‘Fuji’ apple trees were
investigated, and those of ‘Fuji’ apple irees trained to a Y —trellis system were
compared with those trained to a central leader system.

1) The relationship between current shoot length and leaf area was represented by a
single regression, while current shoot length and shoot dry weight was represented by
a quadratic regression.

92) The leaf area of spur began to increase simultaneously in early Apri, and ceased
in early May. The leaves on the vegetative shoots increased gradually from the base of
shoot, and ceased in mid—June.

1) The periods that the leaves on different shoot reached their maximum areas were

as follows : early June for 3ecm long shoot, and the end of June for 2lcm long and

39¢m long shoot, and early September for 62cm, 114cm long shoot, respectively.

4) The current shoot number in the Y —trellis system was more than that of the
central leader system, and the average shoot length tended to be shorter in the
Y —irellis than that of the central leader. Especially, the number of spur (less than
10cm) of the Y--trellis was more than that of the central leader annually,

5) LAT per tree increased rapidly from May to June, and kept constant from late
July to the end of the season. The enlargement of leaf area in the Y —trellis was

completed earlier.

6. Comparison in light condition, fruit guality and photosynthetic rate between ‘Fuji’
apple trees trained to a Y —trellis system and a central leader system.
The light condition, fruit quality and photosynthetic rate of TFuj’ apple trees on the
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M.26 interstock trained to a Y —trellis system were compared with those trained to a
central leader system in order io make clear the superiority of the Y-—trellis system in
the yield and fruit gquality.

1) The foliar canopy in the Y —trellis was V—shaped, the leaves covered evenly the
ground surface area ; whereas, the canopy of the ceniral leader tree was cylindrical
and the leaves were concentrated around the trunk,

2) The survey blocks (foliar zones) with more than 20% relative illuminance were
evenly distributed over the entire canopy in the Y—trellis, whereas those of the central
leader tree were concentrated in the periphery of the canopy ; hence, the canopy of the
Y —trellis was superior to that of the central leader for light inferception.

3) Percentage of soluble solids content in the fruit from the Y —trellis was higher
than that harvested from the central leader tree. The brix of fruit exposed to relatively
intensive illumination tended to be higher than those growing in the shade.

4) There was a significant positive correlation between PPFD {photosynthetic photon
flux density) and photosynthetic rate,

5) It can be concluded that, in spite of the smaller leaf area index (LAI), the higher

photosynthetic rates on trees trained to the Y—trellis give rise to a superior yield.

7. Optimum fleaf area index in ‘Fuji’ apple trees

1) The relation betwsen LAl and dry matter production

The relation between LAI and dry matter production was investigated on 5—year—old
‘Tujf apple trees on the M.9 interstock trained to the central leader system. The trees
were planted with three spacings of 1X1m (1,000 trees/10a), 1.4X1.4m (500 trees./10a)
and 2X2m (250 trees,”10a).

(1) LAI of the apple tree was 5.56 on 1,000 trees/10a, was 5.01 on 500 trees10a, and
was 2.34 on 250 {rees,/10a, respectively.

(2) The yield and dry maftter production per iree were inversely proportional to the
planting density and those per unit land area were directly proportional to the planting
density.

(3) The higher planting density was, the lower fresh fruit weight and soluble solid
content were,

(4) The maximum dry matter production was 2,970kg,/10a, and LAI was 5.56.

2) The relation between LAl and fruit quality

The relation between LAI and fruit guality of 4—vyear —old ‘Fuji’ apple trees on the
M.9 interstock trained to the central leader system was investigated.

(1) The relative illuminance decreased as accumulative AT was higher, and was 20%
as accumulative LAL was 2.8,

(2) The percentage of red color, color index and soluble solid content of fruits
decreased as the relative illuminance declined, especially de(;réased 'éﬁ.trer'r;'el'y'v as’ the

relative illuminance was less than 15~20%.
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(3) The percentage of flower—bud formation decreased with the decline of relative
illuminance, it was less than 35% when the relative illuminance was less than 109,

(4) In order to produce the fruit with good quality, it was required that the relative
luminance was 15~209%, and LAI was 2.8~3.0.

3) The relations among crown density, LAl and yield

The relations among crown density, LAI and yield of 3—tol0—year—old ‘Fujt’ apple
trees were investigated.

(1) The each crown density with a maximum yield was 100% and 802 in the Y —trellis
and central leader system, and LAT was 4.5 and 2.3 in the Y—trellis and central leader
system, respectively.

(2) The optimum LAI for maximum yields with good fruit quality was 3 and 2.3,
respectively in the Y —trellis and central leader system.

8. Comparison of work efficiency between ‘Fuji’ apple trees trained to Y —trellis and
central [eader systems.

The work efficiency of ‘Fuji’ apple trees on ‘Marubakaido’ rootstock with M.26
interstock trained to a Y —irellis system was compared with that trained to a ceniral
leader system.

1) The bud and fruit numbers from trees trained to the Y —trellis system were more
than those from the central leader system. EHspecially, the yield in the ¥ —trellis system
was 6.2t 10a, 1.3 times as much as the central leader system.

9) The conventiona! work required special technique was about 96% of all working
hours. .

3) Working hours for the pollination, fruit thinning and harvest per yield in th
Y ~trellis system were shorter than those of the central leader system.

4) The annual working hours in the Y —trellis system was 445.6, 1.2 times as long
as the central leader system. However, the annual working hours per yield in the
Y —trellis system was 10% shorter than that in central leader system, and the productivity

of labor per vield in the Y—trellis system was superior to that of the central leader

system.




