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HEARRCHE RS & BHIRETIC BT 2 20NN £ F0 T, RKRAEIHE L RIGE AN EEE Y
Z ZUET B 5 BB O F SRS KO LRI EN BN L OB EH3—5&ITRL 7, it
HIBIERET A % & 1994 4F, 1995 EDWMFE & &, KRR ATHIG I E 2B b O F195%GR I L O 1KH
B EWBHALIEOMBERCS 57, & 612, BRHAROEE YR RENGEEE 25 &,
19944F, 1995 F DIz &5 TEAMM b D FISIRIZ 5% KHET, LREEG AN T he
Nn10%KHE, 5% KETHETH -7,

#£3-5% AMESHMESEREOYBRERNS L URHEMFRE

i Bkt IBGTIES
SRR AL E R
KM (n=18) 0.70** 0.60**
1994
@ (n=18) 0.56* 040t
N (n=22) 0.48* 0.53*
1995
AN (n=22) 0.47* 0.53*

T, **3%%10%, 5%, 1%KETHRETH S L ERT,
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RIS, #EKEHRRNZ B 5 KO Rk & BLRNFHEIC 20T, SRR IZITR CICi A
TR AR S & HOl U TR 247 - 7. BRI AR RIS & R 3104 DMK B O KD ik
BAOMIL, BHEIRIARTEHE B S 5 I #E (RIF6 1993, #)5 - HEH1994) 2 5,
EZAN, AMRO K5I, BHIEHAIZIZEE CHAICE, KIS BRI L T, &
WA ENR, KOZ VS BEAFEIIRL, TIv-AFHEIRKL, 73057 5840
BEREIIEL, Tv—20 89 3 KkENT AL,

BOKEERIED 2 VS BEAFIZML T, BIES (1970) SRETIRIC & BB DBWMT, XK
DFRELEDD L L BIIHESHEREDBIILEZWOMIL TS, £/, W5 (1974) &, &
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EADE, TOWMHICIIFEAIBIBHRAEED 6, RIRBAFFRICE U TR NS i
FHATCHBZEMNREENS, F/, Marsue et al. (1994) (2 KA 1 x4k o Aok & 51
fliis, 2XAEBWHEENORKBAGTFMIHRL TESIZLARE N TH Y, LREESERENS
BERBAFMIZAZ S HEERITL T B I LS 5,

AT, KREOBRIFHAIZTEC T, EIRRLE CHE O KEBRY - BilkEs o
BRAICE L 7=, ZORR, HAKBEBREIC B 2 NSRRI U T 2SO TN T5 %K
72, ROBRBEFHMI B AKEIBRIEOHF R EN, ZOBRIE, IREFESEEIENA»£EL
20, FPRAPEWRSESE/BLELAZLIZE ST, 730 -28FEDKRTL T I sy 5 454D
BERENES LD, TV 80 RKRE AR LIZEBEDEEIONDS, kb, Wik
EENC BT L XA LRI CHA (19944EE X eHh V), 19958 ‘FXeHhY, ‘3274
B, ‘B2kHRY, VI UERTL') TH, RKORWKBAFEMISHAEBRBEIZBOTE > TV,
—%, RREZ VSO BEDHEBEBMSE A TR EN o0, ZOFRERIL, Fkdos v 2 BE8G
BIDY, TIO-ZAGHROBT L7 Ivs 5 A ME0RALARIKICHEBERIFLTVEED L
HEgxhts,

EHIZ, RORMKEBLFENRMIZIIL TS, SRR & BRSO BRI E W IEO BB
BFEL, BRI 50O TRO A & B LR AB R T2 SR, BEAREHRRE s
TEFERTBILENBOOI, ZOZLH5, BAREFRERAORAKSHOFER - BEizY
oo Tk, ABRXERIZH IR 2 2 DEL F 3 KEBRIE L EHT 5 Z L h <, BAERE
T TRIRERERBRZ 1TV, ROBILEMFEHEL MRS 2 2 L2k, HAEBHO R AKS
OB, - BEMNTUETHB I LERLTINNS,

34



£2H HBULEENRE - BKICEx5HE

KRR C B0 2 IE 2 W B SIS DO TR S < O RH 5 (FEW - FTEl 1984, i
51984, il - FHA 1984, bt 5 1984, 1985, 1986, A S 1988, )15 1988, ki 1988, |-
51989, =f151990, fr4A - #1990, PHIE S 1991, PS5 1994) A%, 5 iF & i3 5 B 14 5
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LRl (B4 51985, E551992) A5 ONCEMOK X 2 ME L 7=, PBEHBUIH 1IN0HEE 7+,
AR L8mm B EORZRETE L 2, X612, TKRONBRBELHEEL , AWROEHERE ‘2
YeHY & URWREMERRIC & 5 R (WUT, RS, ko s o Bat®, 7
IU-ABARBLVT 3027 LEEOREKIEL 7L — 2 9 ¥ BHIBOFEIZ T THE L
7ze

BRELUER

1. HIASEEFETHLIUOTERSEICRITTRE

EYSEEIET L L UTHEHAMIZ RIE TR A B3 —6RIST U7, BRI OB 5B &
ENBB0AR~1004,/ m KIZ b U C, B3 X ORI (B%) 13204/ w K Cl22HEL 20,
1504/ m', 2004/ wXTIR1AKL 20, HrbBEMOMEEEL kot IMMBIEN T BE
BEAEWEEL S, BEW L BEEAIE 204,/ WX Tid14.94 /#k, it 8T 58I HE 200
K/ mMETRIAR/TH 7z, BEIEISEEOHELSIT, HF—FTho, FOAX
3, BV SEEMENEEKRLS Koz, MITHEROK X LREMRAERATRL, M 5EEMEN
ETRES, BABBERHOE TN E» o7, FROKZIIHEOTERBEEIAETL, 85
HENSELS BB LR oz, MUBMLICHIEIZ, BT 5EIEA2004, n K4 5 404,/ X % TO
MTIEELBEESE TR EL AD, 40K/ K TREAEL{MiEFRLE, UL, BTS
FEEAMEN 204/ m XD LB U IHAII3/D & A 5 7o BT 124074/ of ~ 1504/ ' X 1245 7%
BERBBDONLEr» -k, HLBEEIREMMO204,/ X &% 802004,/ of X CHIKER
ERkES< o7,

D&, BLBEEOME 204,/ o X CHIRREE 12,0 27 L 22013 LRBEOA B £ < &
D, 1ML OMUBLIHHEANE L oD ELOh S, —F, BYbBEENBEEL
2004/ W XTRHRBEAM 22427 L2013, BOKE, BITEPEROK X A/NXL<ED, HLE
LIBHHEY NS o EXI6h 5, LES (1988) 13, BREOHBTR LSz BT
EHEPREA»SHIM L T84/ ni A RELEWALBTHEE LTS,

PEORRY» S, £, BHABMEE b & CBHYRYES & =P84 W B EIEIL, 404K~ 100

F3-6% HBALSEBEIEFOHSUBHBEREICRIZTES

HAL® MM R MR ok M e ﬁﬁgt iR

X/ w AR /8 cm cm g mm g/R
20 8.15a 149a 77 36.5a 1044a 1.25a 26.2b 2.0ab
40 8.14b 6.8b 77 36.3a 1061a 1.20ab 449a 0.2d
80 8.13c 3.4c 78 30.6b 930a 1.10ab  31.2ab 0.4d
100 8.13c 2.7ce 78 29.4b 847ab 1.06b 27.4b 0.6¢cd
150 8.12d 1.8deg 78 21.5¢ 631c 0.96¢ 26.5b 1.2bcd
200 8.12d 1l4fg 75 21.8¢ 701b 0.97c 20.3b 2.2ab

Fifi 66.40**  499.9*** 171 42.40**  15.79** 13.00**  5.97** 6.71**

1) *, **, *** 3% %5%, 1%, 0.1%KETHETH S L 2T,
2) FFWITIE, Tukey® L TWME TS ARMBTHETH 52 L 7T,
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1INz B T 3 BEIEOBSRROBADOELIZ X 3 LR U, 20K/ XL 404/ nKizHn
THARNEL RBREL, RESENR - 70, 1HHENAERIZEL B- 22 LIZXHBHEDTE
AUz BHEDEILD b EEZL 6N D,

PEDERE D, U, 5 APEEN L BEEIZA0ER~1504K/ mTh Y, ZKRGHEH» 5 AL
WEE LB BEIRZ80E~150K/ mMThHdLELbNhS,

3. BIBEBENIKORKEIBLAMIFEICRIZTRE

WA BBIERROBIES & OB RIETHE L HI—8KIIR L=, BINHBEELKD
RYNSIBEEBLOMBEEARSD L, HALHEIEI004/ XKD 7.4%IZHRT, BIALBERA20
*/mX (8.0%) THL ABHAMIZH -7, Zhid, Hb (1974) BMEL TS LT, EHhE
JEEA—EOBRE, EFRAVPXOSML, EFROKEORMIZILXTHYMIZ SEHEMCE
ANBZEIZED, TRZVINVBEAENRMNIIES kB -DTHBLEALND, 7TIu—
AGHHIZ1004,/ nXiZ17.8% T, REX & DHLHEENEOI504 /oK & 2004,/ X TR
EL 3R ALh, B BEEFMEVE TEL k3RS A S N, BEMEL, 1004,/ X
IR L T204/ WX & 2004/ f KARREL LD, Tv—2 49 VR LHEEHROENZILS
at-R A L | A LS A

KIZ, B BEE L AWEEFGEOMBREAS L, AWBAGMISEHERIZHRL T, 20%/
m X A3-0.47, 2004,/ m [XA3-047 L FFEIZED, 1504/ mE2-040&FH -7, —F, 404K/ nX~
1004/ n KO L5 BHE CRAKRAFMOARAZIRD A, o, i, 20K/ 0,
1504/ m' X %2004/ m KiZSEHER & Hdt U T, SHBIC KR E AT hh 5k, IRPRED A0S
AffimAAohiz,

W HEEHNRL IR0 RWE M & B2t e ORRERD L, 206/ mWX TRy >
NOBEEENE L, ESHEMMELS 20, RKBAFMIZS -2, 200K/ X TR7 Iv—2F
HEEPREL, BEHERIPREL Ko, RREEMOR D IX5 D, AKKE AR
o7z BILS (1991) 11, HfRICE T, 2 VWV BEEEB LT I u—-AFHREIYPYML , Wi
ERNE, Tv— o8 VIMETL, Z0ORDRKIZES LHEL TS, ZFERICEWTE, #IR
FE2.0 &R L 72204/ ot XS EHAFE 04~ 1.2 % /R L 7280FK~ 1504/ nX &N &7 I v -2 GH
BIZEVE AT L 728, ZOMOBMEEMNEEIEILS (1991) O & FRkL %R L 72,

flkH & ATAFEEN L SEIEE, 40F/ m~100K/ mORHICHHLEFELLNS,

PLEDZ D, ‘FReH) 2B 3MAEAHYBEEL, WERED 51340AK~1004 /',
PG A 512404~ 1504/ of, ELRDEH» 513804~ 1504 /o, RIEH 613404K~1004/ n' T
atme THhoDKERMS, MERYE, IR, LREAE LUVRKEEDFEANLEL TENSIFEL
W BEIEIZ80AR~1004K,/ MiZHBLHAoh, BEHLHERIZ0E/ mMADIZHBL5T
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H%5,

Wl b EE I L > TRESZEPMEEATH D, WAL - JeBEHE TIEm 2720 90
A~1404 (/0 - HH 1984, HHf 51984, 1985, 1986), BW - BB TIZS A LAHETidm Y
7= 60A~1004, 5 RDOKIETIZ1004~1404 (HAKR S 1988), Wb Tixs5 A TaHE T
m%7060A, 6L - hRMTIINS0A (HIES 1991) »FELSIEEEL EhTw3, /-,
W OS5 AT I Y2 08404 (LS 1989) AMFEAE Y BEEE LAEREH S, Z
DESI, EEMCA-FEEE L SEBE R Y0506~ 150KTH B NS MR 50, 'F
ZeH) EHALAAPEOERTE, NRELSIZAWRIIREEBVTEZ B LB AMIZE
BT B EES, L - LIS RRIEGR & D LR RENE S TH 5,

L7hto T, HKEHRERAORRRDEE TR - EE T3 REEE TOEEIRERBRICBWT,
R OAFE, IR, NESE, s KU 2 RLSBIE IS BEEH80K /o
ELT, EENMBRERREZTZE, RN LBETHETE 5,

B3-TR BIUSERNINBSIUZARRHICRETES

MY5  wom owwwm TU0 pmsa FTRE K R OLEK  RESH

w K Y

A/ o K/ m b7) X 100%# % g kg/a
20 338c 88.2a 298 76.3c 22.1c 50.6c 2.7a 53a
40 345c 78.7bc 271 90.0ab 22.2bc 52.0c 1.8a 5.0a

80 360bc 76.6bc 276 83.7bc  22.7hc 55.1ab 0.8b 3.6b
100 364bc 74.5¢cd 2n 85.7bc  22.7bc 52.3cb 0.8b 3.6b
150 411ab 67.0de 275 86.0bc  23.0ab 52.5¢cb 0.4b 3.6b

Ffii 4.99* 27.06** 0.90 4.35* 4.30* 7.36**  46.17** 3.73*

1) FLEX  BERAECLI3IORORERELE L, 00K ~5@) DEEE TR,
2) REFH . 10F L ~42F L ~73% L)~ T)DIBRETH T,
3) MISHARETHRETHSI L, RXFMIZTukeyD BHRE TSBKIETHRTH I L %

iy o
B3-8R HULEBERNKORKSIURLZMFGICRIZTEE
A BRE BEE By TIV= e TV
B M AkBANE S B B % p HWEAFE 25A% gy v
&/ % % B.U. B.U.
20 -0.47* -0.13 -0.27 -0.33 8.0 17.5 439 202
40 -0.13 -0.13 -0.07 -0.07 7.7 17.3 462 209
80 -0.20 -0.13 -0.27 -0.20 7.6 17.6 471 208
100 -0.13 -0.07 -0.07 -0.13 74 17.8 465 204
150 -0.40 0.07 -0.33 -0.40 7.4 18.1 466 202
200 -047* -0.27 -0.33 -0,53* 7.6 18.0 458 204

BRROEHORIT "I eh Y’ T, *BEERIZH L TEBRETHRETH B L %RT,

38



£IM HEGANRE - BRICE 2552

HOR TIPS, =40 (1975) iRl (1978) Bz CHIR & h -kl Th 5. T Ol
WA Fo 1 2 SRR IS I8, 5B, BUB2 5. T 0 OfFRERGRIICIZ 2 h 2 PUET - I
RUSEWD D B Z LG XA TS I - #R151982, 17 5 1983, FHE - Ei% 19962, 1996h)
A, FERIAR O M AR O IR R B S E I RIEF B Iz O W T RE A s X hTuanE S
Th Db REMRERM &N E Lm0 8 - 854 M5 220101, $BRiR E ks o R
BReWoMrCLTHEL LB RUTHELEELZLRS,

TIT, ALEIINZ I 1 B ARRRO MAIERE 50 2 FERERGR AR RO T, I, SRSVE
TR L2 R BUE T 3 BIC D0TRET L 7=,

MRELUHE

W 1995412, BEPERIFSE T O KIS 17 - 720 MEEREVERIZ  H5 06 L 00 S50 B C db 2 4 542
B SF X0 ERVERE RN 2O, KRR B0 B RERTNTL LA 3 25 1 s
HEC, BATR N b IIRI 2 o 7B 2SR OUAHT (DS —116) A2 O 2 itk L 7= A
ANORRRUE6 H 1 HIZHT - 2 MR, 205, 5F B JOBURO SHE GR3—6l) & L7, 4
P32 30em T CAIRISHRRI L | s 1341 30cm X B 15cm D 1154 ~ 54T & L, SEX
PSR OMBREL 7 BEREEIE I, Wi s RS A 1004/ nf & 4058 L, KALBHX = & 12 [ o %y
30% R & RERE L 720 VMBI B 12 W B AB O BIIE 2 T Ol SRR 1004/ i & L 7=, BERIVER 13 3
MLk D0~0.5cmé& L7z,

SEROMENESE GR35 1 BB 445 2[R 1210272 D%, F XA Y 1250420+
Lokg, "W 136.0+2.0+15kg & L7z, U UBIZIHIEO R HEIT L, MBS 1027 0 1% 5T
FREAYT E5.0kg, WEN 360kgk Lz, A ORI, SEOREINEIZEL S L,

R, FRIE, REJR, RIOCE & UMMM A A LA, ACRRERE 1. 8mm B OSSO TE TR L

FI3—6( HEHAHBROKTF
AEAEX, B AKX, CHIEBR, RE:x¥Xepl), BESAK: 27H.
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FIRFNEIZ0 (J) ~5 (&) DR L UTERBIINAL 72, MIRBMIBHIEImm2HiEFEC T,
N3fiOFROA X 5 T OMIFE, HAI14~21 HEOMLH LIEDitiZ s CIZEBROK T #MAL
fo. EEFBRBITFEIMISHEC /2, 2512, FBSE, BkoidEksE asen) LER
DREHERER I & B AURARHE, RO Z VS HATTH, 7I0-ZAFARB IV T I 077 45HED
RERIEL TV — o &9 v A ARRF1EIHEC THAL -,

BRBLUBE

1. BERRAI’EBSIUOMEAREICRITTES

KRR B0 B B S T B & OTREIRPEC BIE T RS2 B3 —9FRITTR L -, HUiX
RABXATH LS FEAEOETEROERAAS WA, RBX & GHXIEY—2Wrs5Th
o7 (#3—6), RO X - TR REZIZE A S Rk h -7, BEIRAMIETIZE
VT, BOKXPBFHRIZZIBABRRAOMNI 3R B AW > 728, EROKZIZHEHT
ENALN, FIBX AR & D BB P Kotz —F, MUELIHIER AL & I8
RAMcHELErAGR, MIBXARE A& LM (‘FXehY’” [ 381g /M, W
48.0g /) %L, £BRihBmLfiz R, HEEARENEOFEERL 2, 2, #IREE
RIRAIE A AP E L, BUEEAKEN o, ZhEDZ EA S, RSB A&
T,

s (1983) 13, &4%, ik S UBURKR 2168 L, BARRRMIZMEIREREVWE LTS,
/o, TH - TR (1996b) (3054 & RAMARMOMEIAMEE L T, Sifkiis#ER3E LT3,
FHROBRIZHEOTE, BIEX IR LR MR &0 L LE LIEHA/h & < & - T, #RFE
BHRRKESEDZIENYENE L -7,

2. BHEKEAHIVNBESIUERRHAICRITTLE

AR IR 2B O TR AN RS S OLRS B RITTHEEE3 108U -, M
BUTIRABR OB X 323 A6 N A o728, 1RIBUI AR AL L, IBEAP L, -7,
m M DRI, BORX A EREE, BURKIC AR TH RO AL S R, BIEA L TR
MO IC kB ERALRED -, WhaE, BUSKA M Y72 DA D L h - 2 D REGK
B LUK IR TE o720 FLERORER ‘FXeH ) I2£L A5h00, BRI
ZlIh<, RESFWIZEZ 3 ah o7,

3. BEGAFERKICRIITEE

4, R KOS & & ORRIRRRARO R PL AL ENFHEIC RIETHEL B3I - 11RO
Uz, RKERERMEIC 0T, AWRRARHE, SHEL, ok, B0 TENMBITESAZGNE 0D, 1§
FiRRC 2R AL hA M o7z, KD & V37 BEFEHITMBEACRLNHRNZH S DD, £
DOBLENREICZRB A M o7,

PEnZ &b s, KBRS 2 MR OB T & B ZORG T2 KD Rk L EHEZ T
MICHEBEEIRD S h L -7, UL, BALS (1991) i3, FIRIZK D RRAET 45 LHGL
THy, BIRRENKEL, MLUE LEHES D X2 - A HURR OIS e T RO
ETHMEEhD,
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FI-9R BKEBERZCHIDBERA I LTSS OTERRICRITTRE

MG BENS mEm RR Roks ma 900 MLEL gu
HH cm o z mm g/l

% 1h 8.13 79 29.6 849 1.06 28.0b 1.5b
FRXeHY LR 8.13 80 285 896 1.07 38.1a 0.7b
B ) ik 8.12 80 28.1 841 1.02 19.5¢ 2.2a
F i 1.00 0.10 0.10 0.18 0.66 18.35** 5.81*

% 1 8.22 74 21.6 900 0.91a 29.6b 0.2ab
M & J= I 8.22 77 25.8 980 0.90a 48.0a 0.0b
_____ ﬁ;f( el 8.22 73 21.6 870 0.81b 18.7¢ 0.6a
F i 0.50 1.88 1.17 1.31 10.50*  46.61** 5.73*

1) FlEZSRRIORR,

2) *, 3B 45%, 1% TARTHB &, LLFMIITukeyD £ TRE T5%KIETHET

B EERT,

$3-108 BKEBERZCSTSEERANREN B SUEREHICRIZTER

WAIE IR B H oy D40 T emm R Rk i
A/ B X100%s % g kg/a

% B 346 74.9ab 259 84.6 22.5 52.8a 0.8 3.3

FXvAHY = 342 76.7a 263 85.6 22.3 52.0a 0.8 3.3
it 4 349 69.6b 249 84.1 227 49.0b 1.2 4.0

F d 0.05 5.33* 0.96 0.07 1.74 4.98* 2.38 0.80

% % 317 77.1a 244a 839 229 48.1a 0 2.0

L J - 325 78.1a 254a 80.8 22.9 47.5a 0 3.0
B % 323 72.2b 233b 82.1 229 45.9b 0 3.0

F fi 0.24 8.06* 3.94 0.77 0.02 5.96* - -

1) JLEK BT X 3FLERORERIE XL
2) RAESH  10% ) ~402% L) ~76% ) ~9@S T DBt X3,
3) *IS5%AKHETHETH ST L, RLFMI3Tukey? £ TikE T5% KB TCHEZTH S Z & &T7T,
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B/I-1R BKEERBICHISEERSIKORRE S UBLLNBRCRITTES

TR RERTAN . -z e -
il R S TR TR AT
% % B.U. B.U.

% & -010 -010 -010 -030 741 174 472 204

FXkH MO 0.05 0.10 000 -025 768 17.5 464 212
e 18

BRRDIEHKIE ‘T2 H ) T, IR L CS% AL THETH B 2 & 7R,

wm =

ACEBIINIZ 3503 B KR KRB B AR SHIOE - B LoRBNMRA B2 BT, i
AREIBRIGZ B5 1 5 K0 ek & BL SR D O CBRBUS I A LEIFR) UL B & 2 ReRaRis & ik
afL7zo &7, W 5HERCHBRMRRAKROLET, Bk, TXROIESE L L UKD RKIZRITT
WEBERGIL 7=,

1) oW T RUERB AT A B 22 SRR KRR T & B h, KRB RRER A3

MR I U TR T,

2) RKICEBLU 2RO 2 V0 EHERLT 30— 8EEB L U0'7 3 vy 5 a8 4 ORI
FHOREGE A AR TR O AT KRR & Ml &R/ L 2=,

3)  HOKMIRIRIEDO RO BN L, BAREHIIEB L T o v o M EERIIRREL . T
IT-ZBHRIEL, 73027 2N ORERBIEL, TLv -2 X9 i3 kEr o7,

4)  BOKEIEBRKEOPRMEIE, BRI L T, o M7 DR L ClEd 5 2228, 1A
HHRAEWBER»E< A0, TREATL, BREAMRE» - 2, BHIARhOEH&aDHE 4
BRI & KD - A5 IR, IR A FRME & 1 XAEHE A A O BN I3 S L I AR
Hohits,

5) MOKERE TRKBRATHIAEN DI, RROTRENE ELEZE2L3730-2
BHOBETE, BREMEB LU TL -0 4 ORIk EEI N,

6) fHR, Wit TROABSE, KERORIRL L UBMLEMEN» 5 BAMICHINT 2 &, 6%
UMD FEARBEARARIZZ 5511 2 6 Fl_LAMBRIO T8 5 3 5 B3804~ 1004,/ m ¢, Hhite
MHEEIZOR / MTHEI AWML ko7,

7) HRESRREC ST B8, RBRBIRO3 00BN & AT, UL, ROIMURE S X
RO BRI FITTHBERT U 2R, A E LB BAREET HsE U TR R U
BERER, AKICE > TEREL BRI TH 2 LA o N L Ko 7,
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BAFE FERSAHC & B RERRE O ERE DR &
HKERBHRERME - REDEE

FEAAREE S 1517 B HIRISHME I 20283, AR 2 RAbA & (380 (1962), & 7= K
DEIRBREIZ >V T3k (1968), O REI%E W TR ERN RibA 5 38 (1952), K5
SN A O A SERERNIC DT (1985a, 1985b) Al LT3, LA L, K ERS
1250 B BRI OENFHEDILE Iz >\ T, s (1977) 56 (1992) AL T3
EThin,

BT E Tl \WT, BRI T COM USRI LIS 2 A 2 30KeTiG R MAE - ROk,
MWW OBROK 212 & BHBIRIEORIE, 55013, BHEBHEAT TSSO TORRWEHAD
A B W TOMAELAE SN, BAMIHIN 3 RIEHHEI RO B 2= HER TR R Rk i
DR - BENTETH B Z L EIEEW oML,

A i, BIE, ALREUSLIR TR S h T 3 B AR - REEE FICHGAL T, BW1RPH2
BT 5 S L 22K TR COMBIR IS+ 3B RIZ2WT, ERAFHFHEHV
MOMFERA T, ZOHHIZKD, SHOMARTIENE AWK FROT - HEDEROMEIAMES
5.4 3 EDOMHMMESH O Mz k2 5D EWiFEh 3,

X512, ZhoDHEHRMEORBERE M T, BHEOBAWRH - RHEO YT, HKTEHRE
ZATFIZHWOTZ AURIEHR SO - RKOREE1T - 7

B8 ERIIMKIDIRREMEOMEIARIEDOFE

PR LR TR S M TV 3 R ARG Z AL , MoK RIS &M T TOMBMIRMEIZB S
BIFEIZONT, ERI I FAIC & B 0 HiEl A,

HRBIURSE

RERIZ 1994 4E & 19954ED 2 M AT b2 5 T, MEENFFRATO KRG TIT - 72, EERMFHI, 1994
IEAZAEBE IR LA TS & T B BRI - R4l (BUF, HADRBAWKDH) &R
DENB HAOHSHE - RHE7 LB BT, 20 HAMH) L CEBEHETTHEREINT
%7-7 A AGMSOG 54 0H - REE (T 2RV, 22T BRWEME T, KA - 228
SESEHE R (MRS MR 1993) 12\, BkA [Lot] B, 3880 TR
fik) LEBXRATVBRMTH S, &b, BRI OWTI, BIEHFRN TIAE L 7 RURE HEIRER
TRWEAFES ‘BAR X0EhZ302BAWRHE Lz, 1995513, 1994 1E DGR 54
EARR - RO B IR 2.0 KA TR L HAOR AWK 13 L BEDHARDORM6 I LT T
AU HEEE203F21 5 - Rtk L OB AKOMEIRESEE LT, "B LTE £MA 7§22
Fi - J#E ((F£3) £V, EGENIS 1SS 1T, > FRIRIC & - 2R IR A A
(AN23—17116) WO U 2, HIX19944, 19955F & $126 H 1 HIZHT o 7=, 1%
FEI3 4 15em XARBI3.3cm & LT 720 133K 2 ML, BRI E B I LHEAKEm YD
100AUCHIIE L 7= (851 —3[), SRt GHE-+5 1ER0E-55 2 L) 13, 10aX7- D%
iR eI 5.0+ 2.0+ 1.5kg, PAANE6.04+2.041.5kg, hA:RZ.0+2.5+ 1.5kg, BRAFIIZ7.0+
30+20kg& L7z, V) VEEIEIEOLIZHN L, ZORIBRIL10aY 7 DK% T, Y4 RE5.0kg,
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BT A U SR E & A 254 KO RBT RS E 8L 7=,
:h%@@ﬁw%#e,%@mwumTﬁ%éhfu6B*@Eﬁ%%muhnfu,ﬁﬁﬁ%
wﬁ@@ﬁ@ﬂh@@hﬁéﬁ.ﬁﬂﬁ%mﬁ@ﬂmokécﬁmtwﬁm¢éu:a&mbfu
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#4-1% SEBRHOBRGEREE (1994%F)

S PRRE N Rok& el HEROK &

cm mm’ g mm

H Ao 5 kM 4177%8a 23x4b 687+166b 0.95+0.07b
BEOBARDN 876+9a 26%7ab 854+192a 1.010.11b
7 A Y ikl 5721+13a 31+7a 8431-80ab 1.211+0.10a

1) #MROK, FYHsREEE RS,
9) Scheffed £ TMEIZ & D WL ENTRSHARTHETHEZ L ERT.

BA-2F% SHERMOSEREEREHMOMMRN

ABRE Bokz i BOX
A B -0.40*** -0.21 -0.25
1994 (n=54) Bok& 0.60*** 0.63***
W 0.43***
B & -0.16 0.14 0.05
1895 (n=22) Rokx 0.81*** 0.69***
# 3 @ 0.64***
*xx 120 1% KETHRTHE I L ERT.
"W r i "
(A) =044 (B) r=0.14 (€ r=0.18
w P ® 1 - g
. e o B L
2 9fF S
®
& o Yoo o® o." I ° .o
®
N o s ' s d ’.. - ® ".. .
® ® e ®
| % | . ! .
60 ° N [ 1 t 1 Y 1 ot L 1 1 1 el
15 2 % 30 a5 20 400 600 800 100 07 08 09 1 11 12
2Ok & (mm) #ird(g) _RROA & (mm)
(D) r=0.51™"
T % o

o

© o ofP
% S %
o) 5 | Gg-0® .o"

) o %o
®
15 t‘
[ A 1 1 | —
200 200 600 800 1000 07 08 09 1 14 12
firi(g) BIRDK & (mm)

FE4—1 BAOKTEE AKSIEC H 13 ZEREBEHEMOBERR (1994F)
1) (A):y=-1.05x+101.69, (B):y=-0.01x+81.82, (C)y=-20.55x+96.87,
(D):y=-0.01x+16.28, (E):y=13.20x+10.66,
2) ** (32 a1%, 0ABKETCHBTHZZLERT (n=41),
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2. ERDSBIIC K DHIER DT

M EHR D B 7 B A URS RO JEREMIHE 4 SR A M 1l 4 3 723512 RUIR B B O FI 4T 57)
Y LIS, FRAHHE O TRIRBBIBENIC & 3 BAKS IO GHEREOR A 0 4 51 4 1994 4F
& 1995 FDRAIE TN TIRA Lz, ZOMHI L > TEHENAH 1~ P3RS & BRI HET 3
BH~s b, Bl 585 L OCRRTPSEES4—3K IR, 19942 BT, 1~
W2 K BEGEDO BT HI2800%Iz 5 572 L0 b, M BRI D8 A 10 e BRAT 12 5 B e
TBUZI L~ W2 EBIH K > TRBADBRMTE B Z L B bh o7, BLERFIROK X JbIF
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Evaluations of Character‘fs in Rice Varieties adapted
or

Direct Sowing Culture in Flooded Paddy Fields

by
OGATA Takefumi

This study was undertaken to find, 1) The evaluation of lodging tolerance under direct sowing culture by
pushing resistance of rice plants under transplanting culture. 2) The evaluation of lodging tolerance
under direct sowing culture by crown root thickness during seedling stage. 3) The explanation of palatability
and physicochemical properties of milled rice under direct sowing culture. 4) The estimating of lodging tol
erance based on principal component for a highly palatable rice cultivar under direct sowing culture and the
selection of the rice varieties with good eating-quality adapted for direct sowing culture in Northern
Kyushu. 5) Quantitative trait loci (QTL) analysis for the leading characters (crown root thickness and palata-
bility of milled rice) of rice under direct sowing culture.

1. Under direct sowing culture, lodging degree showed a significant positive correlation with pushing
resistance. This result indicates that it is possible to use pushing resistance as an indicator of lodging
tolerance under direct sowing in Northern Kyushu.

2. Pushing resistance under transplanting culture showed a significant positive correlation with the lodg-
ing tolerance under direct sowing culture. Therefore, this result indicates that the lodging degree under
direct sowing culture can be evaluated by pushing resistance under transplanting culture.

3. The pushing resistance of rice plants, which were transplanted by a seedling per hill, at fifteen days
after heading was normally distributed. In the case of selecting rice varieties with high lodging tolerance
adapted for direct sowing culture under transplanting culture, varietal difference of pushing resistance
could be showed by 5 hills per a variety for sample numbers. It was concluded that this small sample
numbers for survey as 5 hills per a variety was extremely efficient in selecting rice varieties with high
lodging tolerance.

4. Crown root thickness of seedlings at 18, 20 and 30 days after sowing showed a significant negative
correlation with lodging degree, and showed a significant positive correlation with the pushing resis-
tance under direct sowing culture. On the other hand, there was no correlation between crown root
thickness of seedlings at 10 or 12 days after sowing and lodging degree and pushing resistance. Fur-
thermore, in the case of testing many good eating quality rice cultivars, crown root thickness of seedling
at 30 days after sowing showed a significant negative correlation with lodging degree and a significant
positive correlation with pushing resistance. In conclusion, we found that the lodging tolerance of the
cultivars with thick roots at the seedling stage was generally resistant. This leads us to suppose the vari-
eties with good eating-quality adapted for direct sowing culture could be selected at the juvenile stage
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based on crown root thickness of seedlings.

5.  Individual variation of seedling which was grown in seedling pot was smaller than that in nursery

box. In the case of carrying out investigation into crown root thickness of seedling, seedling raising in
pot was superior to that in box.

6. It was undertaken to clarify the palatability and physicochemical properties of milled rice under direct
sowing culture in comparison with those under transplanting culture, which had mostly the same ripen-
ing period with direct sowing culture. The correlation coefficient between direct sowing culture and
transplanting culture was 0.958*** for palatability, 0.868** for protein content, 0.985*** for amylose
content, 0.992*** for maximum viscosity and 0.976*** for breakdown value. Therefore, highly palat-
able cultivars under transplanting culture showed a relatively high palatability for the milled rice under
direct sowing culture.

7. The milled rice under direct sowing culture showed a higher protein content, lower amylose content,
and higher maximum viscosity and breakdown values than those under transplanting culture.

8. The direct sowing culture was about 5% lower yielding than the transplanted rice due to the
decreased number of panicles per nt, although it showed heavier 1000-grain weight and a higher per-
centage of ripened grains than those of the transplanted rice. Therefore, it was concluded that the ame-
lioration of palatability under direct sowing culture was caused by the decrease of amylose content and
an increase in the maximum viscosity and breakdown values, which was closely related to the extent
of grain filling under direct sowing culture.

9. When the lodging tolerance, yielding ability, grain quality, palatability and physicochemical properties
of milled rice were put together, the suitable density range of seedling establishment under direct sow-
ing culture in flooded paddy fields was 80~ 100 seedlings/m'. And the optimum density was 80
seedlings/ .

10. A comparative study with three sowing forms under direct sowing culture was made on the lodging
tolerance, yielding ability and palatability of milled rice. The forms of hill and row sowing were supe-
rior to the broadcast sowing in the lodging tolerance, yielding ability and palatability of milled rice.

11. It was undertaken to identify and map quantitative trait loci (QTL) associated with crown root thick-
ness of young seedlings. Recombinant imbred (RI) lines developed at the Kyushu University (Tsune-
matsu et al. 1996). Rl lines, which were used for QTL analysis, of rice were developed from a cross
between a japonica variety, Asominori, and an indica variety, IR24, by the single seed descent method.
A statistical analysis was used to evaluate mean differences between Asominori type and IR24 type by
t-test. It was conclusion that a putative locus, marker C924, on chromosome 7 was indicated for crown
root thickness of young seedlings. In this putative locus, the Asominori allele reduced crown root thick-
ness. In the future, the QTL of crown root thickness of young seedlings must be proved by using near-
isogenic lines in connection with this putative locus.
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12. The QTL for palatability (overall eating-quality and stickiness) and physicochemical properties (pro-
tein content, amylose content, maximum viscosity and breakdown value) of milled rice using DNA
markers were detected from the analyses of Fy and Fy population derived from the crosses between
Asominori and IR24. Stastical analyses was used to evaluated mean differences of palatability and physic-
ochemical properties of milled rice between Asominori type and IR24 type by ¢-test. In the examina-
tion by the analyses of Fy and F, population, a putative locus, marker C1447, on chromosome 5 was
greatly indicated for palatability and protein content of milled rice. In this locus, IR24 allele reduced pro-
tein content and improved the palatability. In the future, the QTL for palatability of milled rice must be
proved by using near-isogenic lines in connection with this putative locus.

13. Under direct sowing culture in Northern Kyushu, most of Japanease good eating-quality rice cultivars
tended to be longer culm length, smaller breaking strength of culm, thiner culm and crown root thick-
ness than USA varieties, which were improved with direct sowing culture in USA.

14. It was undertaken to classify highly palatable rice cultivars based on principal component analysis
for plant characters. It was possible to use culm thickness, breaking strength of culm and crown root
thickness as an indicator of estimating characters of lodging tolerance under direct sowing culture for
the selecting of good eating-quality rice cultivar with high lodging tolerance well adapted to direct sow-
ing culture in Northern Kyushu.

15. Good eating-quality rice cultivars with high lodging tolerance well adapted to direct sowing culture
in Northern Kyushu were 'Kinuhikari', 'Mineasahi', 'Chikushi 7', 'Tokuhikari', 'Asanohikari', 'Hohoe-
mi', 'Chikushi 15', 'Aoinokaze' and 'Yumehikari'. Especially, an early-maturing 'Chikushi 15' was the
cultivar with high pushing resistance, thick culm, high breaking strength of culm and thick crown root.
This cultivar has high palatability of milled rice and high yielding ability.

16. These results obtained in this study will provide for practical informations for selecting highly palat-
able rice varieties with high lodging tolerance adapted for direct sowing culture and for establishment
their cultivation methods, and will contribute to preduction of good eating-quality rice under direct sow-
ing culture in Northern Kyushu.
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24}

& % nofli - Riifits fr g # 5 Wil - R fr Bg
1 Ik Hy Lok, & 42 El Ahi§ Hod b
2 Uiy ok 43 Yokl thoy |
3 VA= tot 44 LAk b |
4 Az Lo 45 R kDT
5 VEHITh ot 46 2105 -
6 FIa=vF Loh, F 47 FeHI98% -
7 bHE-ZES Lo 48 HF753 -
8 NFIFEY ERBBME e
9 FIF DR tok 49 IvYEvESF —
10 g R LW, T b
11 FEXFO M D ok 50 M-302 —
12 2L Lo 51 Lemont -
13 (S Loh 52 M-7 -
14 BLOMY Eonp 53 1202 -
15 YeeHy tot, F 54 M-401 -
16 W% Lo, F
17 E/eHnY ot 1) Nal~45i%, JCEEMSLAR ©, BIERN X hT
18 VD EL BAuk VB R HIRE,
19 A B T4 Ltow, F Nod6~48i it (R 48D (B 5 1 Rk
20 ik 3 ot Nod9(T TR D B B KSR,
21 W AD D Lo NoS0~54i3 7 X V) h &,
22 YwEa Lo, T AN A SAMIXERRE AT CHEREh TR
23 v a95 L - BAuE ¥, RS COmMBIRIEZERS,
24 il =9 B Ak
25 HHE kot 2) feMid, KER - ZIREHAAIIEE R (B bk
26 HEIHh lok HIRERZFH1993) ORIKOFE ¥ & UBRARIZ
27 Hox¥ L, ok B BRARORE,
28 *¥RXkHY koL,
29 127%e ok
30 #FoLL Lol
31 5 L7H totk
32 ELOMD L
33 i) 3 L - Bk
34 IZIEA L tot
35 5< L15% kot
36 FARE-12L 3 1)) ok
37 axeHY Lok,
38 3IF3IeHhy Loy, F
39 D tot
40 I kot
41 aIHErvHY Lo
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%2 GEMOTROASICLSWMBEREOTFHEERHI-RHE - Rl (19944, 1995%)

® B il - R £ W * 5 il - RiA fr Uk
1 avesy koL, 40 VAR kA% thod 1
2 143 3% ot 41 X E L thod |k
3 HH = F rtolk 42 AR +oTF
4 Al Lot 43 2105 -
5 vLBiITh ok 4 FM98H -
6 Fa=oF tow, F 45 LFK753 -
7 hETZED 21 T
8 NFIFEY t - Bk 46 IXFIvESF -
9 IFIFIEOM > X o b e bt
10 s Ltow, F 47 M-302 -
11 weory Lot 48 Lemont -
12 L XL 49 M-7 -
13 S Lo 50 L-202 -
14 BLOMY Lo
15 YokhYy ok, F 1) Nal~39i2, JCBEHURBIMIT, REREESIT
16 i % Low, F V3 e iR,
17 vk tok No40~ 4513 T IR MO B h 5 KGRl - ik,
18 VBHOEN Bk Nad6i i RIR M B h 5 fEA i,
19 iake o ST o N Lot T Nod7~5013 7 £ V) 7 &hfili,
20 Hioo rot 7 2 Y GBS RG T THRENTEZ
21 WHAHRDY) Lo fo 8, TSR COmBERIERENS,
22 A Lo, Lk
23 1Yy 95 1 - Bk 2) ki, AAR - BHEEHREAEER (MoK
24 il = I3 S H A RE11993) ORMKOFEE & & UBER:
25 WA ot B17 5 A EOFHI,
26 ®E i ot
27 Ao¥ L, otk
28 FRbeH) FoL, b
29 1379k Lotk
30 BoLL tol
31 5L L8 ot
32 Livmn Lo
33 W L - BAuk
34 A Lok
35 1< L15% kol
36 FARE- Y213 1/ B X N
37 AeHY Lok,
38 1F3ieHY Lo, F
39 DR ot
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NR3 ERASWICLBIBAREOSELHH R - T#h (1995%)

& 5 il - Rk Bk # =B il - RikH g
1 IvkeHhy koL, 15 B Anf o |
2 FRvHY rok, 16 Yo vkeL thoy |-
3 IFxTHE kot 17 RE ho |
4 BoL L lot 18 #2105 -

5 5L L7 ot 19 FH985 -

6 EL V2D Lo 20 HF753 -

7 ¥ £ RBIE b
8 IFEX A otk 21 M-302 —

9 5< L15% ok 22 Lemont -

10 5L L1758 B Rk

11 =AY ok

12 ZAkHY oL, b

13 3F3ikHhy ot F

14 EOR ok

1) Nol~141%, JCEEMBLIR CRERE *h T SRS K URARKETH 0, 19945 1= AT RIS
THRIRTREE2.05%1M & T L 2= AR B RSl - Rk,
No15~20i3£E 0 H &5,
No21&22i3 7 »* V) 7 2f,
2) ﬁﬂt !é. *g - MBS (MokEE & R85 1993) DRUOFEHH LUz 1T 3
'ml/ ‘a)ay o

f4R4 RFLPEEIEE FC 5135 K BOBORROAS ICHS TR TS TOMR (1995%)

B # ! REk#HS  RFLPw—» -0 p? % R
1 C86 0.009 +0.065mm
8A 7 C924 0.009 -0.064
SROEE 7 R1245 0.006 -0.070mm
118 7 C924 0.003 -0.078
11 XNpb115 0.009 -0.071

1) RFLP< - — : RFLPAEHRIZ1£5 % , ZRFLPEETHEIZ 2T ‘BEADN R ‘IR24 WE2
DOBEFENIMNT T, WEDTROBEOEW(Hi % REIZ Lk DI L 22BE, 19%KETHELENA
SN ON, BB EOBAT - H—4TT,

2) P RFLPMHHEENZ 35 %, KRFLPBIZTEEIZOWT ‘240" T ‘IR24’ MD2 20 BIET
BN T, MBDTROEED T % BEIZ L D HMK L -BEORESE,

3) MR RFLPEETHIZONT, ‘52200 MEFRLARKOENWH 6 IR MERL - Rk
DEIMHEH U -l %S,
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35 RFLP@%M.tl:ésl#éﬁkﬂ)ﬁﬂiﬁdtlfﬁfbﬁﬂ’ﬂﬁﬁt: R5ToResfgs zonR

(19944F)
E &’ BT RFLPv—# -1 p? 2 Ry
2 Cc777 0.003 -0.95
4 R2737 0.002 +0.97
5 XNpb251 0.001 -1.05
AR A 5 C1447 0.0003 -1.10
6 G2028 0.009 +0.98
7 R2677 0.001 -1.02
11 ~ R1957B 0.003 +0.95
12 XNphb88 0.002 -1.02
2 c777 0.006 -0.75
4 R2737 0.001 +0.86
¥ " 5 XNph251 0.001 -0.87
5 C1447 0.002 -0.78
11 R1957B 0.001 +0.86
12 XNpb258 0.002 -0.86
1 XNpb54 <0.001 -1.24%
4 R738 0.002 -0.99
5 R aER 5 C1447 " 0.003 +0.85
7 R2677 0.002 +0.97
8 XNpb397 0.006 +0.93
12 C1069 0.005 +1.03
2 Ky6 0.004 +3.66%
3 XNpb232 0.0602 -3.58
5 G1458 0.003 -3.60
TIu—Z2EfH$ 6 C607 0.008 +3.43
8 XNpb41 €0.001 +4.06
8 XNpb68-1,277 0.007 +4.06
12 R1957 0.003 -4.17
7 G1068,C383,C145 <0.001 -64.26B.U.
0% A
9 R2638 0.001 +57.88
7 (1068,C383,C145,C479,C39 0.003 -40.06B.U.
AP R &3 8 R902 0.008 -36.69
12 R1957 0.001 +48.51

1) RFLPv—# — " RELPASUIRIC JE-5 % | % RFLP{E FRE = 21T ‘BEADY KL IR B2
DOBETERZZ T, WEDBBEO LB 4y BRIz & DL B3R, 1%KRETHEENL SR
RN, 18 WBOBMO~ — 5 — $04,

2) P: RFLPMSIORI- S5 % SRFLPB(E THUZONT ‘52400 Ky ‘IR24" D250 8%
BB T, WHEOKO S X CHEILZMIEED I 4 BT & b i L 7BEDMER,

3) AR ! RFLPH{RFHiIZ DT, BETARDY BERLLEREOEWEH» 5 IR BEmRL = Rdk
DFEMEE ML Ffili % 23,
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f+R6 RFLPﬁﬁﬁ!’._I:l:a*sl'J'é*d)ﬁ[’*B&Uﬂfh?ﬂ@ﬁﬂt:ﬁ%?é%éﬁﬁﬁt%0)911%

(19954)
i 2 | pakfs RFLP® —# — "V p? H R?
1 €970 0.005 +0.67
3 C1677 0.004 +0.70
AR AR 5 C1447 0.004 -0.65
10 C1361,R844B 0.002 -0.72
12 €901 0.007 -0.66
2 c777 <0.001 -0.75
3 C1677 <0.001 +0.84
B 4! 5 C1447 0.006 -0.61
10 C1361,R844B 0.003 -0.65
12 ’ XNpb258 €0.001 -0.78
2 C370 <0.001 -0.79%
R ZAVA-C-L:E 5 C1447 0.001 +0.76
6 XNpb172 0.007 -0.71
2 R418 0.008 +1.65%
4 C621B 0.007 -1.62
7 3Io—-AGHE 5 G1458 <0.001 -2.05
8 R902 <0.001 +2.13
9 C506 0.009 +1.58
. 8 C259G 0.001 -45.14B.U.
1%
9 C796C 0.002 +43.91
VAR &% 8 C1121 <0.001 -45.65B.U.

1) RFLP7—# — ! RFLPMGHLEIE T &, ARFLPARETHIZOWT ‘' ZA0D ME ‘IR24" %2
SOBEFRN AT T, MEDEBHHOTEIM %! R & 0L =B, 1% KB THRENLLN
FHIROR, b EOM\e - —ERT.

9) P RFLPMHEEI- -5 %, SRFLPERTFHEIZOWT ‘B2AHOY KE IR RO2OOBIRT
RUZ4HT T, TEOKO RS & OTLEORED Tt %1 BRI R L 2 IFOESE,

3) A5 : RELPBEFHIZOWT, ‘$ZAHOD R 5 L RGN ESfE» 5 TR24 UL ST PR AL )
DTl ERC liEET.
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1) ABAFERLERI lines)iz ‘BZHDY’ & ‘IR24’ #HET S,
2) ZOESHIRICIE 375D RFLP v — A —FPRIE[I IS hTHEY, 2RIE12754cMTH S,

3) Dis.DFIDIEIZ, BEHEDRFLPBEFEMDIERH (M) 2R,
4) MOFIDHIEIR, SEEBO—BLEOT-H—»5DHEH (M) ERT,
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